
AN ABSTRACT OF THE THESIS OF

Jonathan M, Shenker for the degree of Doctor of Philosophy

i 2 Col]ee of Oceanography presented on April J, Jib.

Ti±le: Biology of Neustonic Larva], and Juvenile Fishes
and Crabs off Oreoon. 1984

AStraCt

A survey of the neustonic larval and juvenile fishes

and invert ebrate macroplankton was conducted biweekl

alonc a 50 kin transect off the central Oregon coast ibm

io:ril throuah July, 1984. A Nanta neuston net Used tO

assess the abundance of larval fishes and zooplankton,

.Jjie a 1ara neuston trawl with a mouth ooeninc-r 3.5 m

1.0 m was used to collect the previously unstiidied juvc-

nile fish component of the neuston.
Larval and juvenile fishes were abundant in}iab.itarJ:s

of Li soner 1 in of the ocean during the nqbLime, hut
.cre rarely collected during the day. Several spocacs

sp. , Ronuilus jordani, Hemilepidotus 50w3-

sos anc acorpaenichthys marrnoratus) were stjhutea abc
I transect, while other soecies were more restni crea in

oboir distribution. Offshore species included Accp1croma

ii obi-ia, Enoraulis mordax and Sebastes spp. Parophoys

wai.e cbcndarAt at the inshore s-ta tins in earlo'

Tv of the dominant species, Hexararimcs op. d R.

were generally widely dispersed, whi le Lho other
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'The domi cant component of all catches was the vega-'

I c.a of the L;anqene se crab, Cancer va etc r. Do-a a
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were usually highest at night. Despite their broad di:trii
hution over the transect, the largest aggregations of

raegalopae were found in association with specific environ-

mental features such as convergence zones and rafts of the
pleustonic hydroid Velella velella.

Live juvenile sablefish (Anoploponia iiinbria)were

brought into the laboratory for an investigation of their
feeding and growth biology. Sablefish were capable of

consuming >30% wet body weight/day, and achieved rates of
growth in excess of 2mm/day. Live mysid shrimp were su-
perior food to live adult brine shrimp. CQastal and

estuarine juvenile fishes have slow growth compared to

sablefish. Several other epipelacic species have juve-
niles that grow as fast or faster than sablefish. This

eattern suggests that strong selective pressures for rapid

growth exist in the open ocean where refugia from preda-

tion are very rare, and that sufficient food resources for

such growth exists in the epipelagic realm.
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BIOLOGY OF NEUSTONIC LARVAL AND JUVENILE FISHES

AND CRABS OFF OREGON, 1984

CHAPTER 1

GENERAL INTRODUCTION

Terminology and Objectives:

The surface layers of aquatic environments have long

been known to contain diverse and abundant assemblages of

species. A surface-dwelling biota was first recognized as

an ecological entity by the Swedish hydrobialogist Naumann

(1917, cited by Zaitsev, 1970), who proposed the term

'neuston as a name for the community of microorganisms

inhabiting the surface film of freshwater ponds and

puddles. The definition of the neuston has since been

expanded to include the organisms living on or near the

surface of an aquatic system, in addition to the

inhabitants of the surface microlayer. Subsequent

investigations have demonstrated the existence of

neustonic communities in virtually all freshwater,

estuarine and marine environments. Although numerous

classification schemes have been proposed to describe

various components of the neuston (see Zaitsev, 1970, for

a review of the terminology), current usage has divided

the surface-dwelling species into two basic categories,

the pleuston and the neuston.
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The pleuston are organisms that are positively

buoyant or are attached to buoyant particles, such as the

floating hydroids Physalia physalis and Velella velella,

the gastropods lanthina spp. which produce rafts of air

bubbles, arid cirripeds (Lepas spp.) whose cyprid larvae

attach to floating objects. Cheng (1975) provided the

most current review of the biology and ecology of

pleustonic species.

The organisms associated with the surface layer below

the air/sea interface comprise the neuston. A compilation

of classification schemes, summarized by Hempel & Weikert

(1972), divides the neuston into three distinct ecological

categories. The euneuston are obligate inhabitants of the

surface zone. Facultative neuston frequently concentrate

in the neustonic habitat, and are generally vertical

migrators that move to the surface at night. Finally, the

pseudoneustori occupy a broad range of depths. Their

distribution maxima often lie well below the surface

layer, yet their vertical range, especially at night,

include the upper layer of the ocean.

This research program was designed to examine the

neuston off the coast of Oregon during the spring and

summer of 1984, with emphasis placed on the juvenile

fishes of the surface layer. Until recently, the juvenile

stage of fishes has received relatively little attention.



These juveniles have survived through the critical periods

of high mortality experienced by larvae (May, 1974). Stock

size estimates of juvenile populations may thus prove to

be more accurate predictors of subsequent year-class

strength than larval population estimates. Current

projects at various laboratories are devoting more

attention to the biology and ecology of juveniles in

estuarine or near-shore habitats. The present program

includes one of the first examinations of juveniles in an

open ocean habitat, and the first comprehensive laboratory

feeding and growth experiments on neustonic juveniles of a

pelagic species. Objectives of the study include:

1) The development of techniques to collect neustonic

juvenile fishes from the pelagic environment.

2) The characterization of the species composition,

abundance and distribution of the larval and juvenile

ichthyoneuston and neustonic invertebrate macroplankton

off the Oregon coast during the spring and summer.

3) An analysis of the relationship of the fish and

invertebrate taxa to the hydrographic environment.

4) An intensive laboratory examination of the feeding

and growth of one of the dominant fish taxa, juvenile

sablefish (Anoplopoma fimbria).
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The Neustonic Environment:

The neustonic habitat is perhaps the most easily

sampled environment in pelagic ecosystems. Small-scale

hydrographic "structures' (e.g. convergence zones, fronts,

and flotsam) are often directly observable in the surface

layer, and may have important effects on the associated

plankton communities. On larger temporal and spatial

scales, variations in oceanographic conditions and the

responses of the neustonic biota can be monitored

relatively easily. The ready accessibility of the habitat

and its utilization by numerous species of phytoplankton,

zooplankton and early life stages of fishes clearly

indicate the suitability of the environment for intense

research on the biological characteristics and ecological

interrelationships of many marine plankton species.

The coupling of biological and hydrographic processes

has been termed "dynamic biological oceanography" by

Legendre & Demers (1984). Recent research has shown that

hydrographic processessuch as upwelling, eddies, fronts,

internal waves and Langrriuir circulations have dramatic

effects on the biota of the epipelagic realm. Biotic

responses to these events include enhancement of local

primary and secondary productivity, concentration or

dispersion of plankton populations, and advective

transport of the populations through an ecosystem (for



5

review of the pertinent literature, see Owen, 1981; Denman

& Powell, 1984; Legendre & Demers, 1984).

All of these hydrodynamic features may be evident in
the neustonic layer. Large events are often detected by
remote sensing with satellite temperature or chlorophyll
scanners, while shipboard observers may detect smaller
features visually or through monitoring of environmental
characteristics such as temperature, salinity, chlorophyll
and turbidity.

The sea surfaces in upwelling zones are generally
characterized by the presence of low temperature, high
salinity nutrient-laden water (Barber & Smith, 1981;

Vinogradov, 1981): Upwellirig frontal systems develop where

the pycnocline intersects the surface, and may be
characterized by sharp variations in phytoplankton
chlorophyll (Pearcy & Keene, 1974). Small & Menzies (1981)

found phytoplarikton blooms in upwelled surface water, with

the location of the blooms in relation to the upwellirig
front varying under different upwelling conditions. Water

circulation patterns associated with upwelling fronts have
been implicated in the retention of zooplankton
populations in the near-coastal region (Peterson, et al.
1979).

Eddies can develop through a variety of mechanisms,

including meandering of oceanic currents (Richardson,



1976) and the movement of currents past islands or

headlands (Barkley, 1972a;Reid, et al., 1958). Cyclonic

eddies induce upward movement of nutrient-rich subsurface

water, and are often clearly visible from satellite

imagery of sea-surface chlorophyll patterns (Denman &

Powell, 1984). Impingement of oceanic eddies onto

continental shelf zones exchange significant portions of

the waters over the shelf and can affect the species

composition and productivity of the coastal waters (Denman

& Powell, 1984).

Oceanographic fronts develop from a wide variety of

conditions, typically in regions of some form of

convergent circulation, or between waters of different

densities. Fronts range in size from tidally-induced

convergences only a few meters wide (Ingram, 1976) to

major fronts up to several hundred km wide that separate

different oceanic regions (Roden, 1977). Owen (1981) and

Denman & Powell (1984) discussed various types of frontal

systems. Briefly, fronts often develop along continental

shelf breaks, upwelling zones, in shallow seas or

estuaries with large tidal currents, along estuarine river

plumes extending into the open ocean, along the edges of

eddies, and around topographic structures of a coastline

or in shallow water. Fronts on all scales are generally

characterized by turbulence between the adjacent water

masses (Griffiths & Hopfinger, 1984), often leading to
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enhanced phytoplankton productivity along the fronts

(Parsons, et al., 1981; Tranter et al., 1983). Convergence

of water masses may also aggregate planktonic populations

(Pingree et al., 1974). Frontal aggregations of prey can

attract predator populations such as young yellowfin tuna

Thunnus albacares found in surface waters along thermal

fronts (Murphy & Shomura, 1972).

Internal waves in coastal waters are common features

that change the vertical distribution of plankton as the

waves move across the shelf (Denman & Herman, 1978).

Vertical displacements of phytoplanktori alter the photic

environment experienced by the plankton, and affect their

photosynthetic production (Denman & Gargett, 1983). When

the crests of waves reach the sea surface during calm

weather,discrete slicks along the wave crests may be

visually apparent, Off southern California, these wave

crests occasionally were found to be sites of aggregation

of neustonic crab megalopae (Pachygrapsus crassipes) which

were being transported toward their nearshore benthic

habitat by the wave motion (Shanks, 1983).

One of the most obvious dynamic features of the

neustonic layer is the Langmuir circulation. The

circulation develops in open water during periods of

constant moderate winds, and is characterized by

counterrotating helical vortices of water in the surface



layer. Measurements of the currents associated with

Langrnuir cells were recently made with instruments

deployed from the research platform FLIP (Wailer, et al.

1985). Horizontal surface circulation converged scattered

surface drifters within 1-2 minutes into parallel rows

approximately 20 m apart. Water flow under these

convergent margins of adjacent circulation cells was

directed downward to at least 20-30 m and downwind at a

vertical angle of approximately 45, with velocities

reaching 0.2 rn/sec for both the vertical and horizontal

components of motion.

Langmuir circulations can have important effects on

epipelagic biota. The convergent motion of the water in

Langmuir cells aggregates positively phototactic or

buoyant plankton (Stavn, 1971, Alidredge, l98l Barstow,

1983), while vertical displacement of phytoplankton alters

the quantity and quality of light available for

photosynthesis (Denman & Gargett, 1983). Larger, more

mobile juvenile and adult fishes are often attracted to

the high concentrations of prey organisms found along the

convergences, attracting in turn higher level predators

such as seabirds and fishermen (Fedoryako, 1982; pers.

obs.).

In addition to transporting neustonic organisms,

surf ace circulation patterns can transport man-made



pollutants. Many pollutants have been found to be

concentrated in the neustonic layer as compared to deeper

water, including heavy metals (Duce et al., 1972;

Schulz-Baldes & Cheng, 1980), chlorinated hydrocarbons and

other pesticides (Duce et al. 1972; Bidleman & Olney,

1973), radioactive particles (Zaitsev, 1970) and petroleum

hydrocarbons (Horn et al., 1970). Consequently, neustonic

organisms may experience exposure to very high

concentrations of pollutants. The potential for immediate

toxic effects from pollutants or their bioaccumulation

further illustrate the need for additional study of the

neuston and their environment.

The Neustonic Biota

Virtually all major marine taxa are represented in

the neuston. Many of the smaller euneuston display the

general tendency to accumulate only in the surface film or

in the upper few cm of the water column. Bacterial and

protozoan abundance in this zone in the Black Sea can be

up to tens of thousands of times higher than in water

immediately below the upper microlayer (Zaitsev, 1970).

Sieburth (1971) found these elevated abundances only in

certain oceanic regions, while Bell & Albright (1982) did

not observe unusually high bacterial counts in the neuston

of the Fraser River estuary. The factors affecting the
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abundance patterns and trophic relationships of bacteria

and protozoa clearly are poorly understood. One possible

factor that may strongly affect the abundance of these

taxa is an "antirain" of dead buoyant organisms,

particularly crustacean zooplankton, which may accumulate

in the surface layer (Zaitsev, 1970).

Phytoplankton components of the neuston zone are also

poorly known. Concentrations of some species of diatoms,

dinoflagellates and blue-green algae have been observed in

the upper few mm of the ocean (Zaitsev, 1970; Hardy, 1973;

Hardy & Valett, 1981). The taxa living in this layer must

be capable of withstanding intense solar radiation that

could inhibit photosynthesis in other, deeper living,

species (Denman & Gargett, 1983). Blooms of species living

at the surface have been recorded, such as an intensive

bloom of Gymnodinium breve in the Gulf of Mexico in 1965

that caused a 'red tide" (Zaitsev, 1970). A major bloom of

the diatom Thallassiosira diporocyclus was observed in the

neuston in the Gulf of Mexico in 1978 (Turner & Collard,

1980)

Other neustonic vegetation include the macroalgae.

Rafts of Sargassum spp. constitute a unique environment

that is occupied by a wide variety of specialized

neustonic animals (Stoner & Greening, 1984). Similarly,

detached rafts of Macrocystis pyrifera have been shown to
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attract a wide range of ichthyoplankton species (Mitchell

& Hunter, 1970).

Numerous taxa of metazoan invertebrates also inhabit

the neustonic zone. Zaitsev (1970) summarized the early

distributional studies and showed that rotifers, the

larval stages of polychaetes, gastropods, cirripeds and

echinoderms as well as larval and adult cladocerans and

copepods are major components of the neuston. Some groups

of species have evolved into a strict association with the

surface, and fit Hempel & Weikerts (1972) definition of

euneuston. Examples include the copepod family

Pontellidae (Turner et al., 1979; Turner & Collard, 1980).

Other taxa, such as the appendicularian Oikopleura

longicauda, have been found in very dense spawning

aggregations in surface convergence zones created by

Langmuir currents (Alidredge, 1982).

Other invertebrates comprise the pleuston communities

of floating organisms. The most obvious pleustonic

species are the siphonophore Physalia physalis, and the

chondrophore Velella velella. These species possess

gas-filled floats and often occur in extensive rafts on

the ocean surface (Cheng, 1975). Massive stranding of

adult V. velella occurred along the Oregon coast in the

summer of 1981. Juveniles <5 mm long were washed ashore in

the same area in spring, 1983, while dense rafts of
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juveniles and adults were observed from the shore to 320

km offshore (pers. abs.) in 1981-1984. Unfortunately,

relatively little effort has been expended on examining

the biology of the extremely abundant V. velella and the

organisms that associate with it. E.ieri (1961) showed

that V. velella preyed heavily on fish and euphausiid eggs

and appendicularians. Other organisms, including diatoms

of the genus Coscinodiscus, small copepods and

meroplanktonic larvae were also consumed. Obviously, the

large dense rafts of V. velella can exert significant

predation pressure on the neustonic community.

In addition to being a major predator on the neuston,

V. velella appears to be a food source for a wide variety

of species. Bayer (1963) showed that pelagic

float-building gastropods (lanthina spp. and Fiona

pinnata) fed primarily on V. velella and P. physalis. The

stomachs of dogfish sharks Squalus acanthias collected in

the surface waters off Oregon were sometimes packed with

V. velella (pers. abs.). Megalopae of the Dungeness crab

Cancer magister were found to occur on 16-88% of the V.

velella collected from 0.8-9.6 km from the beach at Bodega

Bay, California. The guts of the megalopae were filled

with tissue from the V. velella hosts (Wickham, 1979).

Wickham speculated that crab megalopae benefitted from the

association with V. velella by obtaining abundant food,

shelter from predatory pelagic fishes and even potential
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transport into nursery areas near shore.

One of the most important components of the neuston,

from a commercial point of view, is the ichthyoplarikton.

A wide range of species of fishes produce buoyant eggs

that develop and hatch near the surface. Kendall & Clark

(1982 a & b) and Clark (1984 a & b) showed that fish eggs

in the neustonic layer off the west coast of the United

States were very abundant. The dominant species included

bothid and pleuronectid flounders, northern anchovy

(Engraulis mordax), king-of-the-salmon (Trachipterus

altivelis) and lorigf in dragonfish (Tactostoma macropus).

These eggs are particularly vulnerable to predation by

other members of the neuston, such as V. velella and

larval and juvenile fishes.

The larval fishes can also be highly abundant in the

neuston. Kendall & Clark (1982 a & b) collected 40 taxa

of larvae in their coastal survey, dominated by northern

anchovy, rockfishes (Sebastes spp.), sculpins (Cottidae),

cabezon (Scorpaenichthys marmoratus), lingcod (Ophiodon

elongatus), greenhings (Hexagrammidae), and sablefish

(Anoplopoma fimbria). The last three taxa were very

strongly restricted to the neuston collections and can be

considered members of the euneuston. The other taxa were

also collected in standard bongo tows, and appear to be

facultative neuston or pseudoneuston.



14

Studies in other waters also demonstrate a marked

reliance on the neustonic habitat by larval fishes,

including gamefishes such as the marlins (Bartlett &

Haedrich, 1968). An exhaustive collection of fishes from

the neuston of the South Atlantic Bight by Fahy (1975)

contained 107 identified species as well as specimens

assigned to 51 families that were riot identifiable to

species. A neuston survey along a cruise track extending

from the Indo-Pacific region through the Red Sea and the

Mediterranean Sea found fish eggs and larvae in all

regions sampled (Hoidway & Maddock, 1983). Eggs were

occasionally so abundant that they formed surface slicks

2-3 cm deep that were visible from the deck of the

vessel. Unfortunately, identification of the eggs and

larvae from the survey by Hoidway & Maddock (1983) to the

species or family level was not performed.

Juvenile fishes may be more important members of the

neuston than indicated by previous studies. This is

because juvenile fishes often have the ability to sense

and avoid towed nets, particularly in the daytime. A

large body of literature documents the net avoidance

ability of larger larvae and juveniles of many species

(e.g. Eldridge et al., 1977; Lindsay et al., 1978; Brown &

Cheng, 1981). The collections that do exist indicate that

juveniles are present in the surface zone, although their

abundances are undoubtedly underestimated. For example,
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Kendall & Clark (1982 a & b) used 0.5 m wide Sameoto

neuston nets (Sameoto & Jaroszynski, 1969) in their survey

of the Northeast Pacific Ocean in 1980. The majority of

fishes collected were larvae or early juveniles less than

20 mm SL, although occasionally fishes as large as 40-50

mm SL were taken. These larger juveniles were

predominantly sablefish, lingcod, greenlings (2 or more

species), saury (Cololabis saira), petrale sole (Eopsetta

jordani), sculpins (4 or more species), cabezon, northern

anchovy and English sole. All but the last four taxa

appear to be members of the euneuston; they were not taken

in bongo tows during the day or night. Adult myctophids

(primarily blue lanternfish Tarletonbeania crenularis)

were collected from the neuston at night.

The actual abundance of these larger juveniles off

the Oregon coast has not been determined because of their

ability to avoid small neuston nets and because their

vertical distribution near the surface but below the

sampling depth of neuston nets is unknown. Little

research has focused on this problem, and most sampling

programs continue to use a variety of 0.5-1.0 m wide

nets. The use of larger sampling gear can improve the

assessment of juvenile fish populations. Zaitsev (1970)

reported on a surface trawl net constructed by

Danilevskii. This net had a 23 m long head-rope, which was

maintained above the surface by floats, and a lead-line
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that fished to a depth of 4 m Samples from this net

contained juveniles of numerous species that had not been

collected before by standard gear. The abundance

estimates of commonly collected species were increased by

up to 250% through the use of Danilevskii's trawl net.

These data clearly indicate the limitations of standard

neuston sampling gear for collecting juvenile fishes, and

suggest that use of larger sampling gear will provide

valuable information on the biology and ecology of

juveniles of many fish species.
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CHAPTER 2

FIELD SURVEY

MATERIALS AND METHODS

Sampling was conducted at approximately two-week

intervals from early April through July, 1984, on an

east-west transect along the 44°40N parallel, several km

north of Newport, Oregon (Fig. 1). Stations were located

at distances of 1, 5, 10, 15, 20, 30, 40 and 50 km from

shore. The stations were occupied twice during each

24-hour cruise, once during the day and once during the

night. On one cruise (8-10 June), the 50 km station was

occupied for 27 hours to assess diel variation in

abundance of neustonic organisms. In response to several

weeks of strong upwelling and presumed offshore transport

of the surface layer, the basic sampling scheme was

modified for the two July cruises by eliminating some of

the inshore stations and extending the transect as far

offshore as 90 km. Only night samples were collected

during these July cruises.

One of the primary considerations of the survey was

to collect samples while minimizing net avoidance by the

target organisms. Reduction of vessel-induced disturbance

was accomplished by deploying the collecting gear from the

ends of 12m-long outriggers on a chartered 23m commercial



scallop-fishing vessel. Gear was towed at 2-3 knots. Two

different nets were used to collect the samples. Larval

fish and zooplanktori were collected with a Manta neuston

net (Brown & Cheng, 1981), modified to have a mouth 1.0 m

wide x 0.7 m deep. The Manta frame was equipped with a

green-colored 333pm mesh net and cod end bucket, and a

General Oceanics model 2030 digital flowmeter. A

two-point bridle was attached to the upper corners of the

frame. Drag on the net while towing kept the entire

bridle and towing wire assembly out of the water.

The second net was designed to collect the larger

juvenile fishes that were presumed to avoid the smaller

Manta net. The neuston trawl was constructed with a mouth

3.50 m wide x 1.05 m deep (Fig. 2a). The frame consisted

of 43 mm (outside diameter) heavy-duty galvanized pipe,

with towing points welded at the four corners. Floatation

for the frame was provided by 3 inflatable spar buoys.

These 40 cm diameter floats had hollow tubes running

through their centers and were fitted onto -the upper bar

of the frame. Total weight of the frame and floatation

was approximately 30 kg. The net was constructed of 4.8

mm Delta grade mesh that was dyed green to reduce its

visibility in the water. The net had a mouth slightly

larger than the frame (3.70 m x 1.20 m). There was a 15

cm-wide cloth collar around the mouth, with grommets

spaced at 20 cm intervals, so the net could be laced
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around the outside of the frame and floatation buoys. The

ends of six 12 mm polypropylene rope riblines running the

length of the net were shackeled to the frame for

additional support. The 8.5 rn-long net tapered to a 10 cm

diameter cod end clamp for attachment of a 50 cm-long PVC

cod-end bucket. The neuston trawl was also fitted with a

General Oceanics model 2030 flowmeter tied in the middle

of the net mouth.

A 4-point bridle of 6.4 mm wire was attached to the

corners of the neuston trawl. The upper 1 rn-long leg of

the bridle on each side of the net frame extended

perpendicular to the net mouth, and a 1.4 rn-long leg

attached the lower towing point and the end of the upper

bridle leg (Fig. 2b). The two upper bridle legs were

attached to a 6 m, V-shaped bridle, that was attached to

the towing warp. Drag forces kept the entire bridle and

towing wire (except for the two short segments attached to

the bottom of the frame) out of the water. Less than 5%

of the mouth area was obstructed by the presence of the

bridle. A length of S cm polypropylene rope was attached

between the upper towing points on the frame, as a bridle

for use in deploying and retrieving the net. A length of

rope attached to the retrieval bridle was passed through a

block tied in the rigging over the deck to a hydraulic

capstan.
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Deployment and retrieval of the neuston trawl

required two winch operators, and one or two net handlers,

depending on sea and weather conditions. The trawl frame

was leaned against the side rail of the vessel, with

approximately 2/3 of the frame inboard. After the frame

was raised in the air by the polypropylene rope, the cod

end was tossed overboard. As the towing wire running

through the end of the outrigger was hauled in, the

polypropylene rope was slackened, thus moving the entire

net outboard and into the water ("tightlining"). The

towing wire was then payed out until the net was

approximately 8-10 m off the side of the ship, just astern

of the transom and ahead of the wake of the vessel. The

polypropylene line was slackened, but remained attached to

the vessel, and floated in a broad arc behind the net

mouth. Retrieval was accomplished by reversing the above

steps.

The neuston trawl and Manta net were usually towed

simultaneously from the port and starboard outriggers, at

2-3 knots. Tows were generally made either against or

with the direction of the prevailing swells. The Manta

net was usually fished for approximately 8-9 minutes per
3

tow, and filtered about 300-400 m . The Neuston Trawl
3

generally filtered 2,000-3,000 m during a 10-11 minute

tow. While rough sea conditions and high winds

occasionally prevented the use of the Manta net we were
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able to fish the neuston trawl in winds up to an

estimated 40-45 km/hr, and in white-capped seas of 2-3 m.

The floats on the trawl frame kept the top of the net

approximately 5 cm above the water surface, and prevented

the net from submerging under the water surface. The

heavy weight of the frame was sufficient to keep the

entire net mouth in the water except for short periods

when the net came off the top of a swell during rough

weather. During these times, up to 1/3 of the net mouth

area would be exposed for several seconds.

We used the two nets simultaneously for the first

sampling at each station, with one net deployed from each

outrigger. Additional tows with the trawl net were

frequently made at a station to assess small-scale

patchiness and to sample visible structures' in the

surface layer, such as convergence zones marked by foam

lines, and rafts of the pleustonic hydroid Velella

velella. On several cruises, onset of high winds and

rough sea conditions prevented use of the Manta net during

the daytime sampling of the transect as we returned toward

shore. Trawl net samples were collected at alternate

stations during the periods of adverse weather.

Several very large catches of Dungeness crab

megalopae in the trawl net were subsampled by volume at

sea, with the majority of the megalopae being returned
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alive to the ocean. We preserved samples from both nets

in 10% formalin and returned them to the laboratory for

analysis. Trawl net samples were sorted to remove all

fish, Velella and flotsam, generally leaving only

megalopae in the sample. The large catches of megalopae,

occasionally mixed with euphausiids, were then subsampled

by weight. Megalopae were individually sorted from the

Manta net samples. After extrapolating catch sizes from

subsample counts, the data were then normalized to produce
3

density estimates of organisms/bOOm

Hydrographic and meteorological data were collected

at each station. Surface water temperature was determined

with a hand-held bucket thermometer. Water samples were

collected for laboratory analysis of surface salinity

using a Model 8400 Guildline Autosalinometer. A 200 ml

surface water sample was filtered through a 0.3 in pore

size Gelman A/E glass fiber filter for determination of

chlorophyll a concentration. The filters were stored in

dessicant over dry ice at sea, and then in a freezer,

before acetone extraction of the chlorophyll a and

analysis with a Model 10 Turner Designs Fluorometer.

During the daytime, Secchi depths were estimated using a

30cm disc, and surface irradiance was measured with a

hand-held General Electric Model 214 Light Meter. Other

data collected included weather and sea state conditions

at each station.
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CHAPTER 3

HYDROGRAPHIC CHARACTERISTICS OF THE NEIJSTONIC LAYER

INTRODUCTION

The coastal hydrography of Oregon has been summarized

by numerous researchers (e.g. Huyer & Smith, 1978;

Peterson et al., 1979; Small & Menzies, 1981; Mundy,

1983), so only general features of the circulation

patterns are described here. The dominant factors of the

coastal circulation are seasonal shifts in the prevailing

currents, wind-driven upwelling and runoff from the

Columbia River.

Alongshore surface currents off the coast of Oregon

shift with seasonal changes in the prevailing winds.

During the fall and winter, predominantly southwesterly

winds drive the Davidson current northward along the coast

(Wyatt, et al., 1972). Following the spring transition to

northwesterly winds, the California Current flow is

generally to the south, with peak velocity reaching 35

cm/sec in a southward jet 12-18 km offshore (Huyer et al.,

1975, Small & Menzies, 1981).

Upwelling generally occurs during the late spring and

summer when northwest wind drive the surface water in a

southwest direction, thus inducing the upwelling of cold,
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high salinity, nutrient-rich water. The upwelling fronts

frequently occur within 5-10 km of land off central Oregon

(Peterson et al., 1979). Several models of upwelling

circulation around the upwelling front have been proposed

(Peterson et al., 1979; Small & Menzies, 1981). Given the

degree of variability of the strength and timing of

upwelling, each model may hold under different

conditions. Recent satellite imagery of the coastal

waters indicates that a third type of upwelling

circulation occasionally occurs. This circulation is

characterized by offshore transport of surface water in

localized discrete "spurts' of water moving westward,

rather than extensive flow of the entire surface layer

(Mickey, pers. comm.).

During the upwelling season, the Columbia River plume

generally flows southwest from the river mouth. Its

characteristic low salinity, high temperature and other

physical attributes enable the plume to be traced up to

400 km from the river mouth (Barnes, et al., 1972). West

of the offshore edge of the river plume, clear, relatively

warm oceanic water prevails. During winter, the southwest

winds push the surface water and the river plume northward

and onshore.

The variety of wind conditions and water types

characteristic of the Oregon coast interact to produce a
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very dynamic hydrographic regime. Frontal zones between

the different waters are common, and often can easily be

visually distinguished by the color of the water on either

side of the front (Pearcy & Keene, 1974; pers.. obs.).

Additionally, "tide lines" marking convergence zones or

separating water types moving in different directions or

at different velocities are often present (pers. obs.).

The coastal headlands extending into the alongshore flow

can cause eddies that are visible from aircraft to develop

on the downcurrent sides of the headlands (R. Brown,

pers. comm.).

HYDROGRAPHIC DATA

The neustonic realm was characterized by distinct

temporal and spatial patterns that reflect the highly

dynamic oceanographic processes of the Oregon coastal

zone. Daily upwelling indicies derived from barometric

pressure data (Fig. 3a; Bakun, pers. comm.) showed that

local winds varied in direction and strength in April and

May. Weak upwelling (defined by Small & Menzies (1981) as

positive upwelling index values, less than 50) at the

beginning of April brought relatively high salinity (32

ppt) water to the surface near the coast (Fig. 3a), while

low temperatures (lO-1lC) predominated along the entire

transect (Fig. 3b). The weak upwelling, and perhaps land
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surface layer for the development of a small phytoplankton

bloom, indicated by chlorophyll a concentrations exceeding

5 g/l near the coast (Fig. 3c). During the following two

weeks, strong southwest wind (negative index values)

induced onshore flow of the surface layer. This onshore

flow trapped lower salinity and higher temperature Yaquina

Bay water along the shore, and apparantly reduced nutrient

availability resulting in low phytoplankton biomass along

the transect.

During May, weak and variable winds occurred.

Salinities were constant along most of the transect in

early May, with slightly, lower salinity water found

adjacent to the coast. On 18-19 May, low salinity water

was found along the middle of the transect, from 10-30 km

offshore. Daytime surface temperatures were relatively

constant along the transect during each cruise, ranging

from l0.5-ll.5C in early May, and from l2.3-13.5C later

in the month, Chlorophyll a patterns indicated a slight

bloom of phytoplankton within 20 km of the coast in early

May, but very low chlorophyll a values were observed on

the subsequent cruise.

The hydrographic regime was altered by the onset of

continuous northwest winds in June which induced the

upwelling of cold, more saline nutrient-rich water along
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the coast. The strength of the upwelling through June and

July was considered to be weak, since upwelling index

values greater than 50 were not reached (Small & Menzies,

1981).

During the 8-10 June cruise, newly upwelled water was

apparent only within 5 km of the coast. Farther offshore,

salinities rapidly dropped to 26-27 ppt, temperatures rose

to 12-13°C, and chlorophyll a concentrations declined.

The low salinity, warm water found more than 15 km

offshore appeared to be plume water from the Columbia

River. By 19-20 June, continued offshore transport of the

surface layer pushed the inshore edge of the plume water

to 50 km off the coast. Low chlorophyll a concentrations

near shore on 19-20 June, low temperatures and high

salinity indicated the occurrence of active upwelling.

tipwelling persisted through the end of the sampling

program near the end of July, with temperature and

salinity profiles similar to those observed during the

second June cruise. The patterns of increasing

temperature and decreasing salinity farther offshore

continued to the limit of sampling of 90 km on 8-9 July,

and to 70 km on 23-24 July. During the upwelling in July,

a significant phytoplankton bloom occurred in the surface

waters near the coast. On 8-9 July, sampling started at

the 30 km station where a chlorophyll a concentration of
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19.4 '.ig/1 was detected. Chlorophyll a decreased rapidly

farther offshore. During the final sampling, chlorophyll

a concentrations ranged from 23.3-26.6 i.g/1 within 30 km

of the coast. Again, chlorophyll a and salinity decreased

while temperatures increased at stations further offshore

of the upwelling zone. The band of phytoplarikton in the

30 km near the coast was broader than the surface and

subsurface biomass concentrations determined during a

previous upwelling study (Small & Menzies, 1981). Peak

chlorophyll a concentrations during their study reached 20

.ig/l under conditions of weak upwelling.
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CHAPTER 4

ICHTHYONEIJSTON OFF THE OREGON COAST

IWTODUCTION

Ichthyoplankton surveys are a standard tool of

fishery biologists to define the temporal and spatial

distribution of fish eggs and larvae. These surveys

provide important information identifying spawning and

nursery areas of various fish species or different stocks

of a species (Ahistrom, 1968). Egg and larval abundance

data can also be used to estimate the biomass of adult

populations (Saville, 1964; Richardson, 1980), define

"critical periods" of high mortality (May, 1974), and

examine the density-dependent and density-independent

factors that affect subsequent year-class strength (e.g.

Houde, 1977; Nelson et al. 1977; Bailey, 1981).

The ichthyoplankton off the northwest coast of the

United States has been the subject of several plankton

surveys. Richardson (1973), Richardson & Pearcy (1977),

and Richardson, et al. (1980) reported on the spatial and

temporal distribution and abundance patterns of larval

fishes off the Oregon coast. Samples were collected from

subsurface waters using a variety of bongo nets, meter

nets and Isaacs-Kidd midwater trawis. From March-July,

1974, monthly neuston samples were taken out to 28 kin., and
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occasionally to 65 km, along a transect off central Oregon

(Richardson, unpublished data). A neuston net with a

mouth opening 1.0 m wide x 0.35 m deep was used for the

survey. In addition to describing basic distributional

patterns of the species collected, cluster analysis of the

data indicated the presence of distinct coastal,

transitional zone and offshore assemblages of species

(Richardson et al., 1980).

Surveys undertaken in a joint USA/USSR program

collected data from off the coasts of Washington, Oregon

and northern California (Kendall & Clark, 1982 a, b;

Clark, 1984 a, b). Bongo nets were towed in oblique paths

to assess subsurface egg and larval abundance, while 0.5 in

wide x. 0.3 m deep mouth area neuston nets (Sameoto &

Jaroszynski, 1969) were towed alongside the ship to

characterize the ichthyoplankton fauna in the surface

layer in the sampling region. Separate estimates of

abundance of species were produced from the neuston and

bongo samples, and coastal and offshore assemblages of

species were defined. Comparison of the surface and

subsurface samples showed that many species were found in

both depth strata, while an additional group of species

were collected only from the neustonic zone.

These data indicate that the rieustonic habitat of the

Northeast Pacific Ocean is widely utilized by egg and
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larval stages of many fishes. Similar investigations in

other regions (e.g. Bartlet & Haedrich, 1968; Hempel &

Weikert, 1972; Eldridge et al., 1977; Lindsay et al.,

1978) have described the neustonic occurrences of numerous

other species. These investigations have primarily

focused on egg and larval stages, with the samples being

collected with relatively small nets (mouth widths of

0.5-1.0 m). The use of these small nets is appropriate

for the sampling of relatively slow swimming small

larvae. However, the increasing net avoidance ability of

larger larvae and early juvenile stages (Barkley, 1972 b;

Murphy & Clutter, 1972) indicate that use of traditional

neuston collecting gear is inappropriate for the sampling

of these more mobile fishes.

The assessment of the utilization of the neustoflic

habitat by larger larval and juvenile fishes requires the

development of sampling techniques to minimize the

presence of avoidance-inducing stimuli by the collecting

gear and the vessel, and the use of appropriate nets to

efficiently capture the target organisms. This chapter

describes the results of the neustonic survey conducted

off the Oregon coast in the spring and summer of 1984 that

was designed to meet the above criteria. Conventional

sampling gear and a new net designed specifically for

sampling juvenile fishes were used to collect the samples

(Chapter 2). The data were analyzed to compare the
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relative effectiveness of the different nets, and to

characterize the temporal and spatial distributional

patterns of both larval and juvenile components of the

ichthyoplankton.

RESULTS AND DISCUSSION

Diel Fish Distribution Patterns:

A total of 107 Manta net and 142 trawl net samples

collected 48 taxa of larval, juvenile and adult fishes.

Nighttime sampling (59% of the Manta net tows and 62% of

the trawl net tows) was far more effective at capturing

specimens than was daytime sampling. Nighttime

collections accounted for 93.3% of the total Manta net

catch of 2384 fishes and 96.5% of the 1751 fishes taken in

the trawl net. Four Manta net and 8 trawl net tows were

made during twilight (45 minutes before and after sunrise

or sunset) at the 50 km station on the 8-10 June cruise,

with a twilight catch of 5.4% and 2.9% of the total number

of fishes taken with each gear type, respectively. The

nighttime abundance and species compositiondata are

summarized in Table 1, and daytime and twilight catches

are summarized in Table 2 for each month and type of

collecting gear. Abundances of a taxon were computed as
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3

the mean number of specimens/l000 m for samples in which

the taxon occurred.

Tows made during the daytime collected very few

fishes. The relative paucity of the ichthyoneuston may be
attributed to vertical movement out of the surface layer
or enhanced net avoidance ability during the daytime.
Larval saury Cololabis saira was the only species
collected rela±ively frequently during both day and
night. The few juvenile fishes taken during the day were
usually collected when flotsam (especially Macrocystis
pyrifera fronds) was picked up by the nets. Mitchell &

Hunter (1970) also observed the association ofjuveriile
fishes with floating kelp fronds during daylight. Settled

zooplankton volumes from the Manta net (unpublished data)

for daytime catches were also generally lower than during
the nighttime. Given the reduced availability of
zooplankton prey at the surface, and the lack of
protective habitat outside of occasional flotsam rafts,
the low abundance of most fish taxa is not surprising.
Henipel & Weickert (1972) attributed the relative sparsity
of the rieustonic fauna in the Northeastern Atlantic Ocean
during the daytime to migration out of the surface layer.
They acknowledged that visually mediated net avoidance by

fishes may have contributed to the low daytime abundance

estimates.
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Different species of fishes in other ecosystems may

be much more restricted in their vertical movements and

remain in the surface layer during the daytime., while

other species migrate out of the neuston during the

night. Off the southeastern coast of the United States,

26 of the 40 dominant taxa of rieustonic larval fishes were

most abundant at night, 8 were most abundant during the

day, and 6 were present in the neuston at all times

(Eldridge, et al., 1977). A different pattern was noted

during this study for larval northern lanternfish,

Stenobrachius leucopsarus, which were abundant only during

twilight. Larval lanternfish were taken in 50% of the

twilight tows, but in only 2.2% and 6.1% of the. day and

night Manta net tows, respectively. Mean abundance in the

twilight tows with larval lanternfish was 27.6 larvae/l000

m as opposed to peak day and night abundances of 1.9 and
3

2.8/1000 m

Species Analysis:

Dominant species in the samples were selected for

examination by arbitrary crit

occurrence and density. Data

than 15% of the night samples
3

densities exceeding 40/l000m

analysis focused on the broad

ria on frequency of

on species found in greater

of either net, or with peak

will be described. The

temporal and spatial
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distributions of each taxon, the occurrence of

aggregations of animals and the association of fishes

with hydrographic characteristics. The patterns of

aggregation were summarized by coefficients of dispersion
2

(s /X) for all catches of a particular taxon, and by using

a simple index of aggregation. This index was calculated

for species occurring in 20 or more nighttime and twilight

samples with either net as the proportion of the total

catch that was contributed by the 10% of the samples that

had the largest catches.

Nine taxa were.numerjcal dominants in the nighttime

neustonic community. The temporal and spatial neustonic

distributions of these larvae and juveniles were

determined, and these patterns were compared to their

subsurface and neustonic distributions described in

previous studies.

Northern anchovy, Engraulis mordax: The Manta net

collected large numbers of northern anchovy larvae only on

8-9 July at the 70-90 km stations. These stations werein

low salinity water (30 ppt; Fig. 3), indicative of

Columbia River plume water. Peak and mean density of the
3

3-9 mm larvae at these 3 stations was 368 and 210/1000 m

respectively. This cruise was the first time that samples

were collected further than 50 km offshore. Anchovies

were not taken during the final cruise at the end of July,
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even though sampling was conducted out to 70 km.

Richardson (1973) found small larvae concentrated in

near-surface (upper 10-20 m) waters during July in

association with the plume water of the Columbia River.

The larvae sampled in 1984 were less abundant than the
3

peak density of 4500/1000 m sampled by Richardson (1973).

Richardson's neuston survey (unpublished) found anchovy

larvae in 4 of 44 tows made within 28 km of the coast.

Blue lanternfish, Tarletonbeania crenularis: The

occurrence of adult blue lanternfish closely resembled

that of northern anchovy, with high densities taken only

on 8-9 July atthe 60-90 km stations with both gear

types. Higher densities of fish were generally collected
3

with the Manta net, with peak abundance of 315/1000 m

Fish from simultaneous Manta and trawl tows displayed no

difference in length-frequency distributions. However, a

significant decrease in the size structure of the catches

was observed in the offshore direction (p<O.Ol,

Kolmogorov-Smirnov test). Mean size of the fish decreased

approximately 10% between adjacent stations, ranging from

a mean size of 50.9 mm at 60 km to 37.8 mm 90 km

offshore.

Northern ronquil, Ronquilus jordani: Elongate,

slender larval and juvenile ronquils were collected

primarily with the Manta net starting in mid-April and
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were most abundant in July. Mean lengths over this time

interval increased from 8.7 mm (N=8) to 26.6 mm (N=43).

Ronquils were ubiquitous along the transect, and size or

seasonal effects on distribution were not detected. Half

of the total number of specimens was collected in samples
3

with densities exceeding 10/1000 in with a peak density
3

of 40.3/l000rn . The low index of aggregation, indicating

that the top 10% of the catches accounted for 36% of the

total catch and the relatively low coefficient of

dispersion of 7.63 (Table 3), demonstrated that this

species was generally widely dispersed compared to most of

the frequently occurring fishes.

The distribution of ronquils in 1984 was imi1ar to

that determined by Richardson & Pearcy (1977), who found

ronquils most frequently within 28 km of the coast, but

occurring up to 111 km offsore. During their did study,

fish were restricted to samples from the upper 10 m of the

water column at night, arid were not collected during the

day. Ichthyoplankton surveys conducted off the coast from

northern California to Washington, however, found larval

abundance estimates based on bongo (subsurface) tows to be

approximately 100 times larger than estimates from neuston

tows (Kendall & Clark, 1982 a; Clark, 1984 a). Diel

patterns in their catches were not analyzed, but sampling

occurred both day and night. Because the present study

and Richardson & Pearcy (1977) did not collect rortquil
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larvae during the day, the low neuston abundance estimates

from the coast-wide surveys may be an artifact of the

pooling of day and night data as equivalent sampling

effort.

Rockfishes, Sebastes spp.: Larval and juvenile

rockfishes were among the the most common fishes collected

during the survey. The larvae were found in nearly half

of the nighttime Manta net tows, but were abundant only on

8-9 July at the 50-90 km stations. This pattern closely

resembled that found for larval anchovies and adult blue

lanternfish. Of the total 814 rockfish larvae taken, 87%

were captured at these five stations, with peak densities
3

of 684/1000 m The other larvae were scattered among the

stations on all cruises. It was not possible to identify

the 3.5-7.0 mm larvae to species. The predominantly

offshore distribution of the early larvae was similar to

the spatial patterning of rockfishes described by

Richardson & Pearcy (1977) who found peak densities

occurring 46-65 km offshore in May. They ascribed the

offshore appearance of the small larvae to spawning of

adults near the edge of the continental slope. A 4 year,

spring-time survey occurring in March and April,

1972-1975, also found larval rockfishes predominantly in

subsurface offshore waters (Richardson et al. 1980),

although they were taken in 30% of the neuston samples

made within 28 km of shore in the spring of 1974
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(Richardson, unpublished). Larvae less than 10 mm in

length occurred in both surface and subsurface collections

(Kendall & Clark, 1982 a, b).

Juvenile rockfishes were generally taken with the

trawl net. The most abundant of the five identifiable

species of 30-50mm juveniles was the darkblotched

rockfish, Sebastes crameri. All but one S. crarneri was

taken at the 50 km station between mid-April and mid-June,

with 27 of the 34 specimens collected at night during the

diel study at the offshore station on 8-10 June. The fish

were widely dispersed, with densities less than 3/1000
3

m Few juveniles in the 30-50mm size range have been

collected by othr surveys. Data from Kendall & Clark

(1982 a, b) indicated that early juveniles are highly

neustonic. Virtually all of their rockfishes collected in

subsurface bongo tows were larvae under 10 mm in length.

Neuston samples also collected small larvae, but the bulk

of the catch consisted of 10-20 mm fish, with several

specimens up to 40 mm.

Sablefish, Anoplopoma fimbria: Juvenile sablefish

were taken in 22% and 19% of the trawl net and Manta net

collections,respectively, made during twilight and

nighttime. Small fish (10-45 mm) were taken by the Manta

net, while the trawl net was more effective at collecting

30-70 mm specimens (Fig. 4a). The 10-25 mm fish were
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collected primarily at the 50 km station from April

through mid-June, although specimens were occasionally

taken as far inshore as 5 km. Fish in the 25-50 mm size

range were also collected predominantly offshore from

mid-April through mid-June. The 50-75 mm fish were taken

only during the 8-10 June cruise at the 50 km station.

Only 2 individuals were taken subsequent to the onset of

strong upwelling in mid-June. These 120-130 mm juveniles

were captured 80-90 km offshore in early July. The

collection of juveniles up to 250 mm with a purse seine in

offshore waters during late summer months (pers. obs.)

indicates that this species remains pelagic during at

least their first summer.

Although the juveniles were most frequently found in

low densities (85% of the trawl samples and 65% of the
3

Manta samples with sablefish had less than 5 fish/l000 m

the majority of the sablefish were found in several large

aggregations in low salinity Columbia River plume water at

the 50 km station on 8-9 June. The two largest trawl

samples of 118 and 40 fish taken in the plume water

produced an aggregation index of 62% of the total
3

sablefish trawl net catch (peak density 45/1000 m ), and

the coefficient of dispersion was 18.26.. The two largest

Manta samples were also taken in the plume water, and

accounted for 50% of the total Manta net catch. Due to

the small sample sizes in April and May, and the wide



41

variation in lengths of fishes Captured in June, changes

in the length-frequency distributions over time were not

computed. Juveniles reared in the laboratory were capable

of growing up to 2.2 mm/day when provided with ad libitum

rations of live prey (Chapter 6).

Larval and juvenile sablefish have been collected

almost exclusively from the surface layer of the ocean.

Kendall & Clark (1982 a) did not find any sablefish in

subsurface tows, wlile neuston samples collected 621 fish

(all less than 30 mm) in April-May, 1980. Only 23 10-36mm

specimens were taken in the neuston in May-June 1981

(Clark, 1984 a). Fish were widely distributed throughout

the survey area, from northern Washington to northern

California. Richardson et al. (1980) described sablefish

as being members of an offshore assemblage of species,

although abundances and frequencies of occurrence of

sablefish in their samples were low. Their small and

infrequent catches of sablefish may be attributable to the

use of subsurface sampling gear, and the possibility of

catching sablefish only as the gear was deployed and

retrieved through the surface layer. Sablefish were taken

in the neuston survey by Richardson (unpublished). Density

or size data were not available for the species, but it

was not one of the 10 dominent species found within 28 km

of the coast.
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Greenlings, Hexagrammos sp.: Although greenlings were

the most frequently collected taxon, occurring in 44.8% of

the nighttime trawl net samples, they were the most evenly

dispersed of the abundant fish collected. Densities of
3.

greenhings never exceeded 10/1000 m in the trawl, and
3

6/1000 m in the Manta samples. The broad dispersion of

the species was reflected in the low index of aggregation

of 42%, and in the very low coefficient of dispersion of

2.22 (Table 3). Some evidence for aggregation was the

catch of 19 juveniles (and 150,000 Dungeness crab

megalopae) when the trawl was towed along a convergence

zone marked by a foam line 5 km from shore on 18 May. The

largest catchof 20 juveniles was made in Columbia River

plume water at the 50 km station on the same night that

the large aggregations of juvenile sablefish were found.

Larval and early juvenile 10-20 mm greenhing were

taken by the Manta net only during April, while larger

juveniles were collected primarily by the trawl net from

April through mid-June. The length-frequency distribution

of the total catch illustrated the increased efficiency of

the trawl net at catching larger numbers and sizes of fish

(Fig. 4b). Only one greenling was collected after the onset

of strong upwelling. This pattern may indicate that

juveniles use the upwelling as a cue to settle to the

bottom. Mean lengths of juveniles taken in the trawl

increased from 35.8 mm (N=10) on the first cruise to 51.4
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mm (N=66) after 64 days.

The strict neustonic character of greenhings was

demonstrated by their complete absence from the subsurface

samples collected by Richardson (1973), Richardson &

Pearcy (1977) and Richardson et al. (1980). Simultaneous

neuston and bongo samples from a coast-wide survey in

October-November, 1981, collected a total of only 60

larvae, all less than 10 mm, within 20 km of the coast

(Clark, 1984 b). Spring and summer surveys rarely

collected larvae or early juveniles (Kendall & Clark, 1982

a., b; Clark, 1984 a; Richardson, unpublished). These fish

apparently were generally able to avoid the small neuston

nets used for the above-mentioned surveys and the Manta

net used here. The neuston trawl net was the only type of

sampling gear capable of collecting juvenile greerilings.

Brown Irish lord, Hemilepidotus spinosus: Brown Irish

lord juveniles were the numerically most abundant and the

second most frequently occurring species in the trawl

collections. Larval and early juvenile (10-20 mm) brown

Irish lords were taken with the Manta net in April and May

only at the offshore (40-50 km) stations. Larger (20-30

mm) juveniles were collected with both gear types from

April through June, and were distributed a.11 along the

transect. The onset of strong upwelling was associated

with the disappearance of juveniles from the neuston
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samples, and may have triggered the migration to the

benthic habitat. The trawl net was more effective at

capturing fish (Fig. 4c). Although 47% of the total number

of trawl-caught specimens were taken in densities less
3

than 15/1000 m , repeated sampling in one large

aggregation accounted for the bulk of the catch

(aggregation index 63%, coefficient of dispersion

14.12; Table 3). This aggregation was detected by three

sequential tows at the 50 km station on 5 May which
3

collected 36-76 fish/tow (15.6-38.5/1000 m ).

Very small (5-10 mm) larvae collected during

January-March were found to have a broad distribution

along a 56 km east-west transect off Oregon (Richardson &

Pearcy, 1977), unlike the offshore distribution of 10-20

mm fish taken during this survey. Fish in the 10-25 mm

size range were found in the coast-wide April-May survey

of Kendall & Clark (1982 a) and Clark (1984 a), with the

highest frequency of occurrence in the neuston samples.

Cabezon, Scorpaenichthys marmoratus: Two distinct

size groups of cabezon were sampled. Larval (4-10 mm)

specimens were taken by the Manta net from April through

June, with peak abundances during the first month. The

4-6 mm fish were taken only at the 1-15 km stations, while

larger larvae were distributed along the entire transect.

The larvae were the third most frequently collected
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species in Manta tows, and were occasionally clumped in

dense patches (aggregation index = 67%, coefficient of

dispersion = 92.67; Table 3) with maximum densities
3

reaching 207/1000 m . A second group of cabezori collected

only by the trawl net ranged from 20-38 mm in length

(Fig. 4d). More than a single specimen was never found in

any tow, but they were encountered at all stations along

the transect from April to mid-June.

Larval cabezon were the second most abundant

neustonic taxon collected by Richardson in the spring of

1974 (unpublished), occurring in 32% of the samples and

accounting for 12% of all larvae taken. Richardson &

Pearcy (1977) classified cabezon larvae as members of the

coastal assemblage of fishes, unlike the more widespread

distribution observed in 1984. kendall and Clark (1984 a,

b) found cabezon to be strongly neustonic, although they

also occurred in subsurface samples. The majority of

their specimens were less than 10 mm, with 17 fish in the

11-35 mm size range.

English sole, Parophrys vetulus: Juvenile English

sole were abundant only in April, although specimens were

collected as late as June. Specimens were primarily

collected within 30 km of shore. Size-frequency

distributions indicated that the Manta net collected

smaller fish more effectively than did the trawl net.
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I(o1mogorov-Smirnov test, p<O.Ol). The fish displayed very

patchy distributions, with the 3 largest samples from the

Manta and trawl nets comprising 80.4 and 69.3% of the

total catches, respectively. Peak densities were 75/1000
3 3

m with the Manta net and 18/1000 m with the trawl net.

English sole spawn during the fall and winter off

Oregon, and larvae are usually most abundant within 18 km

of the coast (Laroche & Richardson, 1979; Mundy, 1983),

with settlement of planktonic larvae completed by late

spring. Larvae have been found at all levels of the water

column, although the majority of the larvae have been

taken in subsurface collections (Kendall & Clark, 1982 a

Clark 1984 a). However, on one occasion in the spring of

1984, large swarms of larvae were visually observed during

the daytime in the upper few cm of the water near the

Oregon coast (Mundy & Clarke, pers. Comm.).

Several other species were very abundant in the

March-July, 1974, survey by Richardson (unpublished) but

were not dominant components of the ichthyoneuston in

1984. Larval smelt (Osmeridae) accounted for 80% of all

larvae taken in the neuston within 28 km of the coast in

1974, and 60% of larvae taken in simultaneous bongo net

tows. Subsequent surveys (e.g. Kendall & Clark, 1982 a;

Clark, 1984 a) found larvae concentrated in subsurface

waters. Smelt larvae were taken in only 5 Manta net
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samples in 1984. The change in abundance of smelt larvae

off Oregon as determined by the two surveys may be due to

the timing of the sampling. Richardson & Pearcy (1977)

documented two peaks in larval smelt abundance, from

December-March, and from May-June. In 1974, sampling

started in March, and collected the winter spawn of

larvae. Although the April start in 1984 may have missed

the winter group, there was also no evidence of a strong

spawning in the late spring-summer. Alternatively,

spawning of smelt may have been reduced in 1984, or the

larval vertical distribution patterns may have changed in

response to environmental conditions. All of these

hypotheses may be invoked to explain the differences in

neuston catch composition between the surveys.

The other dominant species collected in the neuston

by Richardson (unpublished) included sand sole

(Psettichthys rnelanostictus), sand lance (Ammodytes

hexapterus), butter sole (Isopsetta isolepis) and lingcod

(Ophiodon elongatus). Sand sole larvae have been found

close to the coast during most months of the year, and

were usually very patchy in spatial and temporal

distribution (Richardson & Pearcy, 1977; Mundy, 1983).

Early larvae (4-10 mm) were scattered within 15 km of

shore in early April, 1984, and one patch of larvae near

metamorphosis (17-24 mm) was found at the 1 km station

just south of Yaquina Head in late June. Sand lance off
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in mid-winter (Mundy, 1983). The relatively late onset of

sampling in 1984 may have missed the peak of larval

abundance, and the elongate slender juveniles would have

been able to pass through the mesh of the trawl net. Only

a single 19 mm butter sole larva was collected in 1984.

Lingcod are also predominantly winter spawners (Hart,

1973). Larvae were present only in April and May, 1984, in

low densities. As with the sand lance, the long slender

larvae and early juveniles may have been able to escape

through the trawl net mesh.

Hydrographic Associations:

The broad distributions of several species and some

of the large aggregations of fish encountered during the

survey were associated with some of the hydrographic

processes and the Oregon coastal oceanographic

characteristics described in Chapters 1 and 3. Small-scale

features affecting the distribution of animals included

two frontal zones marked by foam slicks and flotsam lines

along the region of convergence. These fronts may have

been generated by convergence of surface waters influenced

by wind and tidal forces. The proximity of the fronts to

Yaquina Head suggests an alternate explanation that the

fronts marked the edges of eddies generated by the passage
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of the alongshore current around the projecting headland.

These convergences contained the largest aggregations of

Dungeness crab (Cancer magister) megalopae sampled during

the program (Chapter 5). with an estimated 60,000 and

150,000 megalopae collected from the two fronts. Although

the first convergence did not have large numbers of fish

associated with it, the second slick contained 19 juvenile

Hexagrammos sp., a species that was normally found to be

highly dispersed. Only a single Hexagrammos was taken by

the Manta net towed on a parallel path approximately 25 m

from the convergence. The Manta net, however, was not an

efficient collecting device for these juveniles.

A larger environmental feature was noted in June when

relatively warm, low salinity water of the Columbia River

plume covered the outer portion of the transect. The 27

hour diel study occurred while the 50 km station was in

plume water with a salinity 26-27 ppt. This sampling

detected the largest aggregations of juveniles encountered

during the survey. Sablefish dominated the catches, with

up to 118 fish taken per trawl net tow. Great variation

was noted between tows, particularly for the trawl net,

and some tows collected only 1 or 2 sablefish. The total

community of fishes in night collections had mean
3

abundances of 33.4 larval and juvenile fishes/l000 m in

the Manta collections (coefficient of dispersion = 5.30, N
3

= 4) and 16.9 juveruiles/1000 rn in the trawl (c.d. =
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15.65, N = 7).

The plume habitat appeared to a relatively stable

environment that may have attracted the juvenile fish

fauna. The simple existence of the plume as a discrete

entity was one indicator of its stabiltiy. The

persistence of the habitat was also indicated by the

occurrence of coastal algae and seagrass flotsam (e.g.

Fucus and Zostera) in 95% of the samples. Virtually all

flotsam was colonized with small, 3-10 mm, gooseneck

barnacles (Lepas sp.). This high frequency of occurrence

of flotsam and barnacles was never observed at any other

station on any date. Horn et al. (1970) measured growth

of about 1 mm/week in the laboratory for Lepas pectinata.

Assuming a similar growth rate, barnacles found on the

flotsam were approximately 1-2 months old. The

convergence of the flotsam into the neustonic layer of the

plume, or the continued association of the flotsam with

the plume water during its passage from the river mouth

indicate the relative stability of the habitat. Such

stability can allow the development of plankton

assemblages that provide an appropriate feeding

environment for fishes. Lasker (1975, 1981) demonstrated

the importance of habitat stability and associated

plankton patches for the successful feeding of

weak-swimming early larvae. The more mobile juvenile

fishes sampled here probably are able to cover wider areas
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in search of appropriate feeding environments. The

plankton assemblage of the plume water and the feeding

habits of the fishes collected during this survey are

Currently being analyzed.

The onset of strong upwelling in mid-June triggered a

dramatic change in the fish fauna. Previously abundant

larvae and juveniles, including sablefish, cabezon,

greenlings and brown Irish lords virtually disappeared

after mid-June, while other species appeared in large

numbers for the first time. Among the fishes abundant

only before upwelling, greenhings and brown Irish lords

have benthic juvenile stages that live in coastal waters

(pers. obs.). The occurrence of upwelling may trigger the

movement of the fish to the bottom, and thus prevent

offshore transport of the pelagic juveniles. Conversely,

the sablefish may have been transported seaward beyond the

sampling area, although their increasing size and swimming

ability would tend to reduce the significance of water

advection on their distribution. The capture of pelagic

juveniles up to 250 mm with purse seines through the

summer illustrated the continued pelagic existence of this

species (pers. obs.). The fateof cabezon larvae

following the start of upwelhing is uncertain. Previous

studies (Richardson & Pearcy, 1977; Kendall & Clark, 1984

a, b) have found neustonic larval cabezon in coastal

waters, and evidence for offshore transport is lacking.
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Data on time of settlement to the bottom is also not

available, but at least some larvae grow into the 20-38 mm

pelagic juveniles collected during this survey.

The initial burst of upwelling in mid-June brought

water with a low chlorophyll a content to the surface

along the upwelling front close to the coast. Higher

chlorophyll a concentrations developed seaward of the

front as the water was transported westward. Throughout

July, the surface water within 30 km of shore had very

dense phytoplankton populations, yet contained few fishes

of any species.

In early July, large numbers of larval rockfish nd

northern anchovy and adult blue lanternfish were found in

offshore waters. Anchovy larvae were restricted to the

low salinity (30 ppt) Columbia River plume water at the

70-90 km stations. Adult lanternfish were found from

60-90 km, while larval rockfish were abundant from 50-90

km. By late July, these species were absent from the

collections. Anchovy larvae are most abundant in plume

water (Richardson, 1973), which apparently had been pushed

westward of the 70 km extent of sampling on the final

cruise. Larval rockfish may have also been transported

farther seaward, although Richardson & Pearcy (1977)

reported them to be most abundant from 45-65 km offshore.

Adult lanternfish are vertical migrators that occur in the
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neustonic layer only at night. They thus should avoid

offshore transport in the Ekman layer, and their

disappearance from the neuston may have been associated

with the changing structure of the zooplankton and

ichthyoplankton prey population.

These data indicate that the neustonic habitat off

the Oregon coast supports a diverse assemblage of species

of larval and juvenile fishes during twilight and

nighttime periods. The varying degrees of aggregation of

species indicates that different schooling and feeding

strategies and responses to hydrographic processes are

utilized by different species. The patterns of

aggregation noted here strongly suggest that intensive

sampling is a necessary component of field programs

designed to estimate stock size abundances of larval and

juvenile fishes.

The ecological characteristics of a neustonic fish

fauna have not yet been intensively examined. The

accessibility and ease of sampling in the surface layer

make these neustonic larvae and juveniles attractive

subjects for investigation of the trophic relationships

among the fish and plankton populations, and the effects

of various hydrodynaniic processes on their survival,

feeding and growth:
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SUMMARY

1. Larval and juvenile fishes were often found to be
abundant inhabitants of the upper 1 rn of the ocean off the
Oregon coast. Twilight and nighttime sampling collected
over 95% of the total catch of fishes from 8 24-hour
cruises made from April-July, 1984.

2. The small, fine-mesh Manta net was efficient at
collecting larval stages of fish, while the neustori trawl
was more effective in collecting the larger juvenile
fishes that have not previously been examined.

3. Dominant species displayed distinct temporal and
spatial patterns. Several species (Hexagrammos sp.

Ronquilus jordani, Hemilepidotus spinosus and

Scorpaenichthys marmoratus) were ubiquitous along the

transect, although the smaller larvae of the latter two
species were more restricted in their distribution. Early

H. spinosus larvae were found in waters 30-50 km offshore,
while early S. marinoratus were found close to the coast.
Offshore species included larval and juvenile Anoplopoma

fimbria and Sebastes spp., larval Engraulis mordax, and
adult Tarletonbeania crenularis. The only dominant

inshore species, ParOphrys vetulus, was abundant only in
April.

4. Different species were found to have different
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patterns of dispersion in the catches. Hexagrammos sp.

were generally widely dispersed among the samples,

although the two largest catches were made along a foam

line marking a convergence zone, and in plume water from

the Columbia River. R. jordani were similarly widely

dispersed. The other dominant taxa displayed a more

aggregated distribution, and the few largest catches of

fish often accounted for the majority of the total catch

of a species.

5. Distinct associations of fishes were noted with

particular characteristics of the hydrographic regime.

The largest concentrations of juveniles of several species

were found in Columbia plume water that spread over the

offshore end of the transect. A dramatic shift in

ichthyoplankton species composition and distribution was

noted following the onset of strong upwelling. Prior to

the upwelling, juvenile Hexagrammos sp. H. spinosus, and

A. firnbria were dominant components of the neustonic

fauna. These species were rarely collected after

upwelling became established. A large concentration of E.

mordax and Sebastes spp. larvae and adult T. crenularis

were subsequently found offshore, but they disappeared by

the last sampling cruise.
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CHAPTER 5

UTILIZATION OF THE NEUSTONIC HABITAT BY DUNGENESS CRAB

(CANCER MAGISTER) MEGAL,OPAE

INTRODUCTION

The plariktonic larvae of the Dungeness crab, Cancer

magister, pass through a series of five zoeal stages and

one megalopal stage before settling to the bottom in

coastal waters and metamorphosing into juveniles. The

survival and growth of these larvae exposed to a wide

array of biotic and abiotic factors may influence the size

of the year-class recruited into the fishery. A more

complete understanding of larval population dynamics may

help predict the size of the year-classes, and determine

causal mechanisms of the cyclical Dungeness crab fishery.

Several studies have provided a general description

of the temporal and spatial occurrence of the plariktonic

larvae of Dungeness crabs. Lough (1976) conducted a

survey on a transect line off Newport, OR, using bongo

nets towed in an depth-stratified oblique pattern. He

observed early zoeae in January and February within 16 km

of the coast, but the later zoeal stages were rarely

encountered. Although Laugh attributed their absence
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primarily to "undersampling" as an artifact of small

volumes of water filtered by the nets, he proposed an

alternative hypothesis that larvae were transported

offshore during development, and thus moved out of his

sampling area. In support of the latter suggestion, a

seven-year study off California (Reilly, l983a) showed

that early zoea do occur primarily near-shore, and that

later zoea are found mainly in offshore waters. Reilly's

survey included depth-stratified sampling of the upper 25m

to investigate vertical distribution of the larvae. Zoea

I were found to vertically migrate from l5-25m depth in

the day to the upper 5m at night, and older zoea were

reported to follow similar movement patterns.

After approximately 90-100 days progressing through

the zoeal stages, the zoea V molt into megalopae. This

stage persists for 25-30 days (Hatfield, 1983) before

settlement and metamorphosis into benthic juveniles. The

data for the megalopae suggest that they primarily inhabit

the surface layer of the ocean. Reilly (1983a) showed

that, although abundances were generally low

(approximately 1,200 megalopae were collected in over

1,900 samples over 7 years), almost all megalopae were

taken in net tows that fished in the upper 15 m of the

water column during both day and night. Wickham (1979)

found large numbers of megalopae associated with, and

feeding on, the surface-dwelling hydroid Velella velella.



An ichthyoplankton survey conducted from

vessels along the California, Oregon and

from 1981-1983 provided both neuston and

information on crab larvae. From pooled

data, Methot et al. (1984) calculated t

population were found in the upper 0.15m

column.

Soviet research

Washington coasts

oblique tow

day and night

rat 44% of the

of the water

Horizontal distribution data from these studies

indicate that megalopae move inshore to coastal zones to

settle. Hatfield (1983) used i.ntermolt aging techniques

on the collections described by Reilly (1983a) to show

that the youngest megalopae generally were taken offshore,

while older megalopae were taken closer inshore. An

analysis of demersal fish feeding habits off central

California (Reilly, 1983b) indicated that settling

megalopae were consumed by benthic fishes in waters as

deep as 60m, although 97% of the megalopae were found in

fish stomachs collected in waters less than 25m deep and

within 10km of the coastline.

Small-scale patchiness of all larval stages was noted

by both Reilly (1983a) and Lough (1976). Variations in

abundance in Reilly's study at a single station were found

to have 95% confidence limits of 42-240% around the

geometric mean, while Lough occasionally sampled densities
3

of megalopae reaching as high as 8,000/l,000m
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Despite the broad background information on the

temporal and spatial occurrence on larval Dungeness crabs,

little effort has been devoted to examining the

smaller-scale distribution patterns of the larvae. This

chapter presents the data on Dungeness crab megalopae

collected during the 1984 neuston survey. Crab megalopae

were the most abundant organisms collected throughout the

survey. The data provide insights into the general

horizontal distribution patterns of megalopae, arid the

association of larval patches with physical structure in

the neuston. The observed patterns should be considered

when designing future field studies and the development of

models of larval crab population dynamics and transport

mechanisms.
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Dungeness crab megalopae were the dominant component

of the catches throughout the survey, with an estimated

total of 350,000 megalopae collected in 251 net hauls.

Megalopae were present in 71.4% of the Manta net daytime

tows and 93,8% of the nighttime tows, and in 90.9% and

98.9% of the day and night trawl net collections,

respectively. All 14 twilight hauls captured megalopae.

Despite the higher frequency of occurrence of

megalopae in the trawl net, the Mantanet proved to be a

more accurate estimator of larval abundance. The capture

efficiency of the two nets was estimated by comparing the

catch sizes of simultaneous tows of the nets (Fig. 5). For

58 pairs of nighttime catches with densities under
3

2,000/1,000m the Manta net was approximately 3 times as

efficient as the trawl net at collecting megalopae. The

larger mesh (4.8mm) of the trawl net apparently enabled

some megalopae to pass through the mesh, and avoid

capture. Escapement of megalopae by crawling through the

mesh was observed while the net was sitting on the deck

after retreival and before washing. However, the large

size of the megalopae (approximately 11 mm total length),

their appendages, and the long anterior and posterior

carapace spines enabled the net to retain a portion of the

catch.
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The relationship between Manta and trawl net catches
3

was li-near below densities of 2,000/l,000m (Fig. 5
2

r =0.718). Variation in escapement, as well as small

scale patchiness sampled by the nets of opposite sides of

the ship, contributed to the deviation from the regression

line. More similar estimates between the nets were

obtained when greater densities of megalopae were
3

collected. Two Manta net catches of 4,000-5,000/l,000rn

were 1.3-1.7 times as large as their respective trawl net

catches. The densest aggregation of megalopae sampled had

identical Manta and trawl net estimated densities of
3

21,500/l,000m . The trend toward increasing similarity

between the nets with increasing megalopal density may be

a result of the large numbers of animals clogging the mesh

near the cod end of the trawl net and the clumping of the

spiny megalopae into large masses in the net.

Given the greater efficiency of the Manta net, the

analysis will focus on the Manta collections. Trawl net

data will be employed when they illustrate patterns in

distribution that were not sampled by the Manta net, or

when the trawl data reinforced the description of unusual

events that were detected with the Manta net.

Summaries of the nighttime distributions of megalopae

show that the larvae were widely distributed along the

transect during the survey (Fig. 6). High densities



occurred most consistently at the 40 km

virtually all stations occasionally had

densities. The megalopae were abundant

cruises, and no distinct seasonal termi

planktonic larval stage was observed by

sampling in late July.

station, although

similarly high

during all

nation of the

the end of

In general, densities of megalopae in the daytime

were lower than at night for each station (Fig. 6). The

difference between day and night was particularly apparent

at the stations west of 30km. Disappearance of megalopae

during the day suggests that diel vertical migration of

the megalopae is more pronounced offshore. The highest

daytime densities were observed on the 18-19 May cruise.

Shortly before daybreak on this cruise, a sudden shift in

weather brought in very dark, overcast and rainy skies,

winds estimated at 40-45krn/hr, breaking waves and swells

up to 2-3m high. It was impossible to deploy the Manta

net under these conditions, and the trawl net was used to

collect data at alternate stations. Two of the four

stations sampled had densities of megalopae of
3

l,600-2,400/l,000m . Despite the probability that these

densities were underestimates of actual abundance, as

discussed earlier, these stations had the highest daytime

densities observed during the survey. Unfortunately, it

was not possible to collect Secchi depth data on this

cruise.
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Most large daytime catches of megalopae occurred when

light levels were relatively low (Fig. 7!. above a light

intensity of 4000 lux, only one out of 11 samples had a
3

density exceeding 200/l000m . At lower light levels, 11 of

22 samples exceeded this density, not including the

highest densities sampled during the stormy weather in

mid-May. The difference in daytime onshore/offshore

distribution maybe affected by water clarity. Secchi

depths always were shallowest at the coastal stations,

with a deepening of the euphotic layer seaward. A sharp

increase of Secchi depths was often observed at some point

along the transect, corresponding to the crossing of a

frontal zone separating water types. Megalopal densities

were always low in the offshore waters in the daytime

where Secchi depths exceeded 9 m, whereas higher densities

were observed in waters with Secchi depths of 4-9 m (Fig.

8).

In addition to the wide distribution of megalopae

along the transect, data were obtained indicating discrete

aggregations. These events are denoted by letters in the

station blocks in Fig. 6.

Event A: Simultaneous tows of the Manta and trawl

nets at the 5km station on 16 April produced megalopal
3

densities of 373 and 325/l,000m . Shortly after the tows

were completed, a long foam line was observed, indicating
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the presence of a convergence zone in the surface layer.

The trawl net was deployed and towed along the foam line.

An estimated 60,000 megalopae were collected from the

convergence zone, with densities estimated to exceed
3

24,000/l,000m

Event B: At the 50km station on the same cruise, a

series of 5 consecutive tows with the trawl net was made.

Each tow covered a linear distance of approximately 1km in

a westward direction, with an estimated distance of 300m

being traversed between tows. The entire sequence of tows

covered approximately 6.2km. Megalopae were very sparse in

the simultaneous Manta and trawl tows at the beginning of
3

the series, with densities of 0 and l.9/l000m

respectively. The subsequent trawl net tows produced
3

density estimates of 79, 3,555, 2,414, and 187/l000m

These data appear to indicate that rnegalopae were

aggregated in a large patch extending at least 5km in the

east-west direction.

Event C: Following a period of southwest winds, an

enormous raft of the floating hydroid Velella velella was

found to cover the ocean around the inshore station on May

5. The sjzof the raft could not be determined at night,

even using the searchlight of the vessel. V. velella were

generally found at offshore stations, and at densities far
2

lower than the 36kg/bOOm level taken here. Their
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convergence near shore (and subsequent strandings noted on

the beach) was a result of the 10 day period of southwest

winds and downwelling prior to this cruise (Fig. 2).

Associated with this raft of V. velella was a very dense

aggregation of megalopae, with Manta and trawl net
3

densities both estimated at 21,500/1,000m

Event D: At the 10km station on 18 May, the Manta net

was used to get an estimate of background density of

megalopae off one side of the ship, while the trawl net

was towed along a foam line off the other side of the

vessel. The background density of megalopae was
3

790/1,000m while the density in the convergence zone was
3

estimated at 46,400/l,000rn . This large sample contained

approximately 150,000 megalopae, with a total volume of 16

liters.

Event E: During the cruise on 8-10 June, the 50 km

station was occupied for 27 hours. A total of 15 Manta

samples and 23 trawl samples were collected during this

time. Both the Manta and trawl data indicate that

abundances were highest during the twilight periods around

sunset arid sunrise, dropped off to zero during the day,

and also decreased below peak levels during the middle of

the night (Fig. 9).

The sampling scheme was altered for the first July

cruise by eliminating the 5 inshore stations and sampling



out to 90km following several weeks of upwelling and

presumed offshore transport of the surface layer.

Densities of megalcpae collected by the Manta net for the

60, 70, 80 and 90 km stations (not shown on Fig. 4) were
3

369, 71, 9 and 8/l,000m

The 1, 5, and 10km station on the last July cruise

were characterized by very dense phytoplankon (chlorophyll

a concentrations of 23-26 ig/l) ,and high concentrations of

hydromeduse that were visible from the vessel. Only th.e

5km station was sampled, and although net clogging

problems were severe, no megalopae were collected.

Stations at 50 and 60km were also sampled, with megalopal
3

densities of 10 and 0/l,000m

To summarize the abundance of megalopae during each

cruise, abundance estimates along the transect were

calculated as the number of megalopae present at night in

a im wide x lm deep track extending from the coast to 55km

offshore (Table 4). The track abundance figures were

determined by multiplying Manta net density values for a

station by the volume of water along the track from the

midpoint of the distance between the adjacent stations.

Thus, the 1km station track extended from the coast to 3km
3

offshore (3,000m ), the 5 km station track started at 3k
3

and extended to 7.5 km (4,500m ), and so on. The

western-most (50km) abundance figure was calculated from
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45 to 55 km offshore. For the first cruise, the 1 km

station was not sampled at night, and the 5km density

estimate was used at the 1km station. For the last

cruise, the high phytoplankton and hydromedusae densities

at the unsampled 1 and 10km stations appeared very similar

to the sampled 5km station. No megalopae were collected

at the 5km station, and they were presumed to be absent

from the 1 and 10km stations. Data from the supplemental

samples collected by the trawl net at various stations are

also listed in Table 4.

These data indicate that the megalopal abundance in a

im wide x im deep track extending from the coast out to

55km contained from slightly over 4,000 to almost 78,000

megalopae when only the standard stations were used.

However, these estimates ignore the concentrations of

megalopae in convergence zones or other aggregations that

were sampled by the trawl net. The two convergence fronts

that were sampled contained approximately 60,000 and

150,000 megalopae, in densities of about 21,100 and 46,400
3

rnegalopae/l,000m . The first convergence sampled had a

megalopal abundance that exceeded the total estimate of

the 55 km track abundance for that cruise by a factor of

15. The second front contained 5 times the estimated total

track abundance for the cruise. Similarly, the wide patch

of megalopae sampled by the series of five consecutive

trawl net tows at the 50km station on the second cruise
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3

had a cumulative density of 5,500/5,000m that would not

have been detected if the sampling were concluded after

the first pair of net tows.

DISCUSSION

Dungerless crab megalopae were broadly distributed

across the continental shelf in 1984. Megalopae were

abundant in the neuston at least as far offshore as 50km,

over water depths of 250m, and they were present in large

numbers during the entire survey, from April through July.

There was little consistency in abundance at any station

between cruises, and little obvious association between

megalopal distribution and major hydrographic

characteristics such as upwelling or the Columbia River

plume.

Within the large-scale distribution is a great deal

of variability that may have implications for both the

transport of the megalopae and their survival. Although

many megalopae were found to be dispersed along the

transect, the aggregations of megalopae along discrete

features in, the neustonic zone usually accounted for the

majority of the larvae found on any cruise. This

structural heterogeneity in the surface layer included the

presence of convergence and frontal zones, as well as the



physical presence of V. velella rafts and flotsam.

Structural characteristics within the surface layer

have recently received attention because of their

association with assemblages of a variety of species. One

form of internal structure is the parallel windrows of

flotsam or foam that develop along the convergent margins

of Langmuir vortices. The Langmuir cells have been found

to function as aggregating mechanisms for various

zooplankton species (Stavn, 1972; Alidredge, 1982), and

may attract juvenile and adult fishes (Fedoryako, 1982).

Shanks (1983) demonstrated that tidally forced internal

waves can produce surface slicks in calm weather, and may

drive the onshore movement of neustonic crab megalopae

(Pachygrapsus crassipes) in southern California. Both of

these oceanographic phenomena are unlike the foam lines

that contained the large aggregations of Dungeness crab

megalopae described here. These foam lines were single

structures, unlike the parallel windrows of Langmuir

cells, and were oriented roughly perpendicular to the

shoreline, unlike the surface slicks produced by internal

waves. It seems more probable that the foam lines were

generated by convergence of surface water masses under the

influence of wind and tidal forces. Alternatively,

alongshore currents can generate eddies on the downcurrent

side of projecting headlands (Reid, et al., 1958). The

convergences that were sampled were found on different



70

dates at the 5 km station. Their proximity to Yaquiria

Head makes it possible that they marked the edges of

eddies formed by the interaction of the currents and the

coastline The two lines sampled contained an estimated

60,000 and 150,000 megalopae. Each of these lines

contained more megalopae than the estimated track

abundance for their respective cruises.

The association of megalopae with the foam lines may

result from the passive movement of the animals with the

converging water masses, or may be oriented movement into

the system. Lasker (1975) pointed out that successful

growth and survival of anchovy larvae depended on the

larvae finding stable patches of high densities of food

organisms. Convergence zones may provide such patches by

aggregating zooplankton, as well as megalopae, thus

providing the megalopae with a more favorable feeding

environment over the time period in which the convergence

zone exists.

A second type of aggregation of megalopae was found

in the very dense raft of V. velella found close to shore

following several weeks of southwest winds. A similar

association was described by Wickham (1979) off northern

California. Megalopae were found clinging to individual

hydroids, and were feeding on the hydroid tissue. This

association was noted only on V. velella collected within
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10 km of the coast; hydroids collected as far as 24 km

offshore, or washed up on the beach, were devoid of the

megalopae. The wind and current patterns that drive the

movement of V. velella rafts may be important in

determining the success of the return of megalopae into

appropriate coastal zones.

Patchiness need not be associated with visible

surface features, however. This was demonstrated in the

sequence of successive tows made at the offshore station

that suggested an east-west patch dimension of about 5km,

with no animals on the inshore edge, and densities in the
3

middle of the patch exceeding 3,000/1,000m . The

dimensions of the aggregation in other directions were not

determined. Wickham (1979) noted two similar bands of

megalopae swimming freely at the water surface within 10km

of the central California coast. One band was estimated

to be 2km wide, with the other being about 5km in width.

Densities in these bands were visually estimated to be
2

approximately 1/rn

Although the megalopae were very abundant in the

upper meter of the water column throughout this survey,

their vertical distributions were not examined. Movement

out of the neustonic zone during the day was apparent in

the comparisons of day and night abundance patterns (Fig.

6) and in the 27-hour diel study (Fig. 9). Reilly (1983a)
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found that megalopae were primarliy found in the upper 15

m during both day and night, but finer detail of the

distributions were not available. Methot et al. (1984)

calculated that 44% of the megalopae inhabited the upper

0.15m of the water column. Since they pooled both day and

night data, the neustonic tendencies of megalopae are

probably stronger at night and weaker during the day than

suggested by the analysis. A preliminary sampling program

off central California in the spring of 1985 found

megalopae only in the upper 15 cm at night (Shenker &

Botsford, unpublished data). During the daytime,

megalopae were scattered through the upper 60 in at

stations from 10-40 km offshore. The water at all

stations was clearer than found nearshore off Oregon, with

Secchi depths ranging from 11-17 m.

Laboratory studies of the phototactic behavior of

Dungeness crab megalopae (Gaumer, 1971; Jacoby, 1982)

suggest that the rnegalopae are positively phototactic to

dim light, and negatively phototactic to bright light.

Their findings provide a behavioral explanation for diel

vertical
migrations and help explain the did patterns in

the data. The differences between day and night neustorlic

abundances were stronger in the clearer offshore water

than in the more turbid water close to the coast (Fig. 8).

In addition, the higher daytime abundances were found

under relatively low light levels (Fig. 7). Highest
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daytime abundances were detected during a stormy period

with very overcast and rainy skies, and rough sea

conditions. Interestingly, the turbulence generated by

2-3m swells and overlying whitecaps did not prevent the

megalopae from occupying the upper meter of the water

column.

The 27-hour study at the 50km station further

illustrated the diel variation in megalopal abundance in

the neuton (Fig. 9). During bright daylight, the neuston

was devoid of megalopae, as well as most other zooplankton

and ichthyoplarikton. Only under twilight conditions were

large numbers of megalopae and other organisms collected.

In the middle of the night, however, consistently lower

numbers of megalopae were found in the surface layer.

Similar patterns of "midnight scattering" have been noted

with other zooplankton and fish species (Owen, 1981.).

Movement away from the surface at night has generally been

attributed to the lack of light cues that enable vertical

orientation of the plankters. with the coming of dawn,

the gradually increasing light levels provide an orienting

mechanism, and animals reaggregate at the surface before

beginning the daytime downward movement. The

applicability of this concept to Dungeness crab megalopae

is uncertain, since large numbers of megalopae were taken

at all hours of the night at a variety of stations on

other cruises. Peculiar characteristics of the 27-hour
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study, however, are that it took place in low salinity

water typical of the Columbia River plume, and that very

large aggregations of juvenile fishes (primarily sablefish

Anoplopoma fimbria; brown Irish lord, Hemilepidotus

spinosus; and darkblotched rockfish, Sebastes crameri;

Chapter 4) were collected in the nighttime samples.

Previous research on crab larvae off the Oregon and

California coasts (e.g. bough, 1976; Reilly, l983a)

indicated a general larval transport pattern that utilizes

seasonal shifts in the coastal current flow regime to

disperse early larvae initially, then return the older

megalopae into the coastal zone. The zoea primarily hatch

during December and January, when the coastal Davidson

Current (Huyer et al., 1975) flows to the north. Larvae

appear to drift north with the current, but also seem to

disperse offshore, in contrast to the general onshore

drift of the Davidson current (Peterson et al,. 1979).

Late larvae have been taken as far offshore as 300 km off

central California (Reilly, l983a), and 250 km off the

Oregon and Washington coasts (Methot, pers. comm.).

Reilly (1983a) proposed that the larval offshore movement

may be induced by estuarine runoff along the coast, or

perhaps by local upwelling in California waters, It seems

likely that this anomalous offshore movement is enhanced

by mesoscale events, such as eddy patterns in the currents

(Huyer, et al., 1984) or turbulent storms. The zoeae are
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found throughout the water column, arid some evidence of

diel vertical migration of early zoeal stages has been

observed (Reilly, 1983a). Movement into layers of

different water velocity and direction can add to the

dispersal of the zoea.

From the data available on the velocity of the

Davidson current, Lough (1976) estimated that zoeae could

be transported as far as 280km per month to the north from

the time of their release (January) into the plankton

until the spring transition in currents (March-April). His

calculations assume constant alongshore transport of the

zoea, but he also mentions the possibility of larval

entrainment into coastal eddies that may keep larvae

closer to their spawning grounds.

Megalopae have been collected during the spring and

early summer (Lough, 1976; Reilly, 1983a; Johnson, et al.,

in review), when their habitat is usually influenced by

the spring transition in the currents. This transition

generally occurs when the prevailing winds shift from

southwest to northwest, inducing a breakdown of the

northerly flowing Davidson current and the development of

a southerly flowing coastal current (Huyer et al., 1979).

This current is further characterised by sporadic

wind-driven upwelling events which cause net offshore

transport of the wind-affected Ekman surface layer.
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Despite such offshore movement of the Ekman layer,

large numbers of neustonic megalopae succeed in returning

to coastal nursery habitats and generally settle in waters

less than 25 m in depth (Reilly, 1983b). Successful

recruitment of crabs requires that a sufficient proportion

of the megalopae converge from their widely dispersed

distribution in offshore waters into coastal or estuaririe

habitats. Southward transport may be necessary to

repopulate the areas near the southern end of the range of

the species. Timing of the onshore and southward movement

must coincide with the developmental maturation of the

megalopae so they are physiologically capable of settling

and molting into the first instar of the benthic juvenile

phase when they reach the appropriate areas.

Alternatively, it may be possible for the megalopae to

discern their proximity to shore or the presence of

appropriate settlement depths and substrata, and utilize

those cues to alter their developmental rate to allow

successful metamorphosis and settlement.

A possible answer to the apparent contradiction

between offshore transport of the Ekman layer and the

onshore movement of the megalopac is suggested by the

vertical structure of the Ekman layer. Water transport in

the Ekman surface layer is a summation of the vector

velocities of progressively deeper layers and results in a

net movement of the Ekman layer oriented 90 degrees to the
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right (in the northern hemisphere) of the wind direction.

The water at the air-water interface moves in a direction.

closer to the wind direction.. In theory, assuming an

unbounded ocean and constant vertical eddy viscosity, the

upper-most layer moves 45 degrees to the right of the wind

direction (Sverdrup et al., 1942). Madsen (1977) developed

a more realistic model of wind-induced drift near coastal

areas, and calculated that the difference between wind

direction and surface water movement would be only about

10 degrees. With the prevailing winds in the spring and

summer coming from the northwest, the very surface-most

layer thus maintains an on-shore and southerly movement,

in contrast to a more southwest movement of the entire

Ekman layer. Johnson et al. (in review) used data on

spring wind stress to examine the potential transport of

neustoriic larvae in the upper Ekman layer.

Autocorrelation of the wind data detected a cyclical

pattern in the onshore wind stress that significantly

correlated with the apparent 10-year cycle in the adult

crab fishery, with the appropriate time lag for

development from the larval stages.

The neustonic habits of the Dungeness crab megalopae

thus appear 'to assist in their onshore movement by keeping

them in the water layer that is most susceptible to

wind-driven onshore transport. By migrating below the

immediate surface layer during the day, however, they may



move into water layers moving in a somewhat different

direction. If they move below the Ekman layer they may

also achieve landward transport in the onshore flow of

water that replaces newly upwelled water along the

pycnocline (Peterson, et al., 1979). The depth to which

they migrate, and the duration of their stay at different

depths can control the rapidity of their return to the

coastal zone.

The correlative relationship between spring wind

stress and the cyclical Dungeness crab fishery suggests

that larval transport and survival may be a critical

component in the establishment of the year-class. The

data presented here illustrate basic distributional

patterns of the final larval stage that must return to the

near-shore environment to successfully settle to the

bottom. Both the large scale distribution patterns and

the smaller scale aggregations are indicative of a great

degree of spatial and temporal heterogeneity that expose

the larvae to a variety of physical and biological

conditions. The biotic predator-prey interactions and the

responses of the larvae to abiotic conditions within their

distributional range will strongly affect the survival of

a larval cohort and their transport into potentially

suitable juvenile nursery areas.
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CHAPTER 6

LABORATORY FEEDING AND GROWTH OF JUVENILE SABLEFISH,

ANOPLOPOMA FIMBRIA

INTRODUCTION

The sablefish, Anoplopoma fimbria, is a commercially

important species occurring along the continental shelves

and slopes from Mexico to the Bering Sea to northern Japan

(Hart, 1973). Few details are known about the early life

history stages of the sablefish. Spawning of large

(1.8-2.2 mm) eggs reportedly occurs from January through

April, with peak activity off British Columbia occurring

in February at depths below 300 rn (Mason et al., 1983).

Incubation time is unknown, but larvae have been reported

to first appear in the plankton in March and April, and

have been found from coastal waters to more than 300 km

offshore (Richardson et al., 1980; Mason et al., 1983;

Kendall & Clark, 1982). Most larvae and juveniles have

been collected with neuston nets, and have rarely been

taken in subsurface plankton collections, indicating that

late larval and early juvenile stages may be obligatory

members of the neuston community. Juveniles (66-149 mm



SL) have been observed in association with floating kelp

rafts during the summer off California (litchell & Hunter,

1970). Off Oregon and Washington, pelagic juveniles up to

250 mm SL have been collected by purse seine in the

surface waters from late spring through the summer (pers.

obs.), and they were attracted to ship-board

night-lighting systems (Grinols & Gill, 1968). The

juveniles eventually settle to the bottom, with adults

most common at depths of 350-1000 m (Bourne & Pope, 1969).

Although adults have a maximum life span of about 40

years, they approach an asymptotic length of 50-70 cm

within their first 10-15 years (Beamish & Chilton, 1982).

This chapter presents the results of a two-year

laboratory study of juvenile sablefish collected in Oregon

coastal waters. The work conducted in 1983 was primarily

designed to determine the feasibility of collecting early

juvenile sablefish and establishing them in laboratory

culture. Diel feeding patterns and growth of a small

number of specimens fed on an ad libitum diet of live

adult brine shrimp (Artemia a1ina) were determined. Once

it was apparent that the wild fish could be collected in a

healthy state for laboratory investigation, the effort was

intensified in 1984 to characterize growth patterns of

juveniles fed at 4 ration levels and on two types of live

prey: adult Artemia and mysid shrimp (Archaeomysis

grebnitzkii).
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MATERIALS AND METHODS

Collection and Experimental Procedures:

Sablefish for the preliminary study in 1983 were

collected in early May off the north and central Oregon

coast. A single 4-day sampling cruise was made aboard the

Soviet R/V Equator. Specimens were collected at night

using a 0.5 m Otter surface sampler (Sameoto &

Jaroszynski, 1969). In 1984, juvenile sablefish were

routinely collected during a survey of the neustonic

ichthyoplankton and meroplankton off the central Oregon

coast (Chapter 4).

During both years, healthy juveniles were removed

from the cod end buckets of the nets and immediately

placed in water-filled plastic bags (capacity about 1

liter). The bags were then sealed and floated in ambient

temperature (10-14°C) seawater in a fiberglass cooler.

Water in the bags was exchanged approximately every 6

hours until the fish were returned to the laboratory.

Pure oxygen was periodically bubbled through the water in

the bags during 1983, but not in the following year.

In the laboratory in both years, specimens were



maintained in a controlled environment at 13.0 ± 0.5°C, in

water of 28-30 ppt salinity. A 14:10 h l±ght:dark

photoperiod, approximating the springtime daylength, was

provided, with illumination intensities of 1950 and 10

lux, respectively.

The primary objective of the 1983 laboratory study

was to monitor the growth of the fish under an ad libitun't

feeding regime. All fish were initially placed in

individual 10 1 glass aquaria, and provided ad libitum

with adult Artemia sauna for 20 days. The aquaria were

shielded from disturbance by observers by black plastic

sheeting with small holes for viewing. Food was

introduced through PVC tubes extending from outside the

sheeting to holes in the tank covers. For the first 4

days of the experiment, hourly consumption rates were

monitored for each fish. During the daytime the number of

prey left at the end of an hour were counted, and then a

known number of prey were added to the tank for

consumption during the next hour. Nighttime consumption

was determined by counting the prey in each tank before

the night period started and again at light onset.

Additional measurements of hourly Artemia consumption were

made every 3-4 days through the 20 day experiment.

At approximately 7 day intervals during the initial

feeding study, each fish was briefly placed in a narrow



glass aquarium (15 x 9 x 4 cm) with a measuring grid on a

movable back partition. The grid was moved to within 1 cm

of the front of the tank, and the total length of the fish

was measured. Standard lengths of these fish were

calculated using a standard length-total length regression

developed from fish studied in 1984.

Because of their rapid growth, the fish were

transferred to 40 1 aquaria at the end of the ad libitum

study. They were then provided with unmeasured quantities

of live mysid shrimp, Archaeomysis grebnitzkii, collected

from the near-shore zone with a beam trawl. In mid-July,

specimens were transferred to 200 1 tanks and maintained

on a diet of minced fish and squid through October.

In 1984 the growth of juvenile sablefish was studied

for a variety of ration sizes using two types of live prey

species for food. Specimens for study were collected on 3

cruises in April, May and June. As fish were brought into

the laboratory, they were added to the experimental series

to increase the number of feeding categories being tested

or to increase the number specimens used within an

existing category.

The fish were kept in individual 40 1 tanks equipped

with external filters, and maintained under environmental

conditions identical to those used in 1983. Each fish was

provided with approximately 0.lg of live Artemia (40-50



animals) per day for a 1-7 day acclimation period. At the

start of the experiment, and approximately every 7 days

throughout the study, individuals were anesthetized in a

solution of 0.5g MS-222/4 1 of seawater, then placed on

blotter paper on a Mettler PC 4400 balance, and weighed to

the nearest 0.01 g. Standard and total lengths were

determined to the nearest 0.1 mm using a dial caliper.

The fish were then placed in a beaker of fresh seawater

for recovery and transferred back to their individual

aquaria. Lights in the laboratory room were extinguished

during the measuring procedure to help minimize shock and

handling stress. A flashlight was used to. provide light

while measuring fish.

The first groups of fish brought to the laboratory

were provided diets of adult Artemia, with ration sizes of

20 and 30% body weight/day. Subsequent groups added to

the experiment were given 10% body weight/day and ad

libitum diets. Other fish were established on

similar-sized rations using the mysid Archaeomy-sis

grebnitzkii as prey. Several fish were initially started

on Artemia, then switched to mysids to monitor effect of

the change in diet on growth. For convenience, these

dietary groupings are signified by initial (A = brine

shrimp, Artemia sauna, H = mysid, Archaeomysis

grebnitzkii> and ration level (10, 20, 30 and Ad). For

example, P.20 refers to a diet of Artemia at 20% bw/day,



and MAd is an ad libitum diet of mysids.

Shipments of adult Artemia were obtained from a

commercial supplier on a weekly basis. Weights of 100

individuals from each batch were determined by blotting

dry 10 groups of 10 individuals, then weighing the groups

to the nearest O.00lg on a Mettler AC 100 balance. Ration

sizes for the fish were then computed using the mean wet

weight per prey in a batch to determine the number of prey

to be fed to the fish. Live mysids were collected 1-3

times/week with a fine-mesh dip net from sandy-bottom tide

pools on the exposed ocean beach. Fifty individual mysids

were blotted dry and weighed from each collection, and the

mean weight was again used to determine the number of prey

comprising the daily ration. Four batches of Artemia arid

mysids were dried at 65°C for 48 h to determine the

wet:dry weight relationships of each prey type. Three

dried samples of each prey species were then analyzed on a

Perkin-Elmer model 240B C-H-N analyzer to determine carbon

content. In addition, a batch of 50 Artemia and a batch

of 3 mysids was frozen at -20°C, then later thawed,

homogenized and assayed to determine lipid content of the

prey items (Foich, et al., 1957.; Marsh & Weinstein, 1966).

The fish were fed two or three times during each

daytime period, depending on the size of the meal. For

fish receiving less than 100 Artemia or 60 mysids aday,



two equal sized meals were prov±ded. Fish receiving

larger numbers of prey had their daily ration divided into

three equal sized meals. On the day before size

measurements were taken, the final meal was presented

14-16 h before the anesthetization procedure was to

begin. This allowed a constant time for digestion of food

to occur before weighing. Fish on an ad libitum diet were

not deprived of food, however, and their weight data thus

includes the weight of freshly ingested food.

Because the fish were growing rapidly, it was

necessary to provide a daily increase in the ration of

each fish to maintain the fish at a constant

weight-specific ration size. Fish receiving a 30% body

weight/day ration had their ration boosted by 10%/day.

Fish on 20% and 10% body weight/day rations had their

daily food increased by 5%/day and 5%/2 days,

respectively.

To avoid the influence of small tank size on growth

(Theilacker, 1980), experiments were typically terminated

when fish reached 95-110 mm SL. Several fish fed on mysid

diets were removed from the experiment before reaching the

target size because of increasing difficulty in collecting

sufficient mysids as the season progressed. At the end of

experiments, fish were frozen and stored at -20°C for

subsequent analysis of biochemical composition and



condition (Hennessey, J.P. and Shenker, J.M., in prep.).

Analytical Procedures:

Growth was expressed as daily increments in standard

length (SL) and weight for each weekly period between

measurements. The rates of growth in standard length and

weight as a function of body size for each interval were

calculated as

GR (in F - in I) * lOO/D

where GR growth rate (% SL or % body weight/day);

F = SL or weight at end of interval; I = SL or weight

at start of interval; D = days in interval (Ricker, 1975).

Data from fish on identical diets were pooled for

analysis of each dietary grouping of fish. The effect of

size on the various growth parameters was examined by

regression analysis, with the mean SL of each fish during

the weekly intervals between measurements as the

independent variable. Regression lines were plotted only

over the size range of the fish within the feeding group,

without extrapolation to smaller and larger sizes. Tests

of similarity of the regression lines among dietary groups

were conducted by calculation of the t-statistic from the

ANOVA regression components and slope and intercept



coefficients (Neter & Wassermann, 1974).

The weight of food given each fish each week was

determined by summing the numbers of prey consumed, and

multiplying by the mean prey weight. This weight was then

compared to the targeted ration. This real ration size

was summed for each fish over the duration of the

experiment to determine the mean ration for the fish over

the course of the experiment. Gross conversion efficiency

(Brett & Groves, 1979) was computed over the entire

experiment as

K = (TF/VJG) * 100%
1

where K = gross conversion efficiency; TF total weight
1

of food provided during the experiment; WG = total weight

gain of the fish.

RESULTS

Juvenile sablefish were hardy fish able to withstand

the stresses of collection and transport to the

laboratory,. and to survive and grow in laboratory

culture. The anesthetization procedure used in 1984

proved to be a successful method for measuring the fish,

with little or no visible adverse effects on feeding and



behavior. In general, a 30-45 second exposure to the

MS-222 was sufficient to immobilize the specimens so

measurements could be taken. Recovery usually required

1-3 minutes, with fish readily consuming food one to two

hours after anesthetization. Several individuals

successfully went through this procedure up to 8 times

over a 2 month period. A total of 167 anaesthizations

were performed on 31 fish over the course of the

experiment, with only two deaths occurring.

The two prey species used in the feeding trials

differed in chemical composition (Table 5), and presumably

in nutritional quality. The mysid shrimp (Archaeomysis

grebnitzkii) contained more than twice as much dry

material per unit wet weight than did brine shrimp

(Artemia saUna). The lipid content of mysids was three

times that of Artemia., but the carbon content (as a % of

dry weight) of the two species was similar. Nitrogen

content of the mysid shrimp was slightly higher than in

brine shrimp. Because the mysids were generally 4-5 times

larger than the brine shrimp, different fish consuming

equal weights of the two foods might have to expend more

energy to capture and ingest greater numbers of prey when

feeding on Artemla.

Actual ration levels, determined from the numbers of

prey provided and their mean weights, were close to the



target levels.. For Artemia, the mean measured ration

sizes were 10.09 (S.D. = 0.10), 19.03 (S.D. = 0.53), and

29.65% (S.D. = 1.05) bw/day. Mysid ration sizes were 9.45

(S.D. = 0.10), 18.19 (S.D. = 0.57), and 28.17% (S.D. =

0.70) bw/day.

Hourly observations of ad libitum feeding in 1983

showed that approximately 80% of the daily consumption of

prey occurred during the 14 hour daylight period, with

only 20% of the consumption occurring at night.

Growth Data:

In 1983, a preliminary study was conducted on 4 early

juvenile sablefish with estimated initial SL of 21-33 mm.

After 20 days of ad libitum feeding on adult Artemia the

fish reached estimated lengths of 58-76 mm SL. The 31

juveniles tested in 1984 had initial lengths ranging from

35-67 mm SL and weights of 0.55-2.54 g. They were

maintained on the 3 measured diets or on ad libitum

rations for periods of 21-66 days, until sizes of 52-110

mm SL (1.33-16.55 g) were reached (Table 6).

ish fed on Artemia at a ration of 10% of their body

weight per day (AlO diet) had the lowest growth of all

fish tested. Three fish in this group had initial SL of

40-43 mm, with final SL of 52-56 mm. The one larger



specimen grew from 62 to 82 mm SL. The daily increments in

length of all 4 fish decreased with time over the 41 day

observation period (Fig. 10 a). Size-specific rates of

growth also decreased for each fish, from 1.15-1.53%

SL/day during the first week, to less than 0.3% SL/day. In

terms of weight, the three smaller fish grew from

approximately 0.65 g to 1.3 g, but daily growth

continually decreased (Fig. 10 b). The one larger fish in

the AlO group grew from 2.39g to 5.J.3g, with an increasing

daily weight gain. Because the AlO diet did not allow the

fish to grow continuously, and small and large fish

responded differently to the diet, models relating growth

in length or weight to time or size were not developed.

Daily growth data of fish fed on a Ml0 diet indicated

that length increments were relatively constant throughout

the feeding trials with a mean increase of 0.90 mm SL./day

(range = 0.71-1.07 mm SL/day, S.D. = 0.13; Figs. 10 a,

11). Significant trends of daily growth in length with

time or size of fish were not detected. Daily weight gain

(Fig. 10 b) showed a distinct increase with increasing SL

that was best summarized by a power regression model (Fig.
2

12; r = 0.90).

Daily growth in SL was generally higher at higher

measured rations for a given food type, with mysid-fed

fish showing greater growth than fish fed with equivalent
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measured rations of Artemia (Fig. 11, Table 7). Growth

achieved with ad libitum feeding was similar for both prey

types. Mean daily growth on a rnysid diet increased from

0.90 mm SI/day at the lowest ration level to 2.24 mm

SL/day for fish fed ad libitum. Mean daily growth on

Artemia diets ranged from 0.35 to 2.18 mm SL/day. Wilcoxon

rank sum comparisons of length increment data (Snedecor &

Cochran, 1980 Fig. 13 a) indicate that, in general, the

daily growth achieved at a given ration with mysid prey

was most similar to the growth achieved at the next higher

ration of Artemia prey. Growth on diets of MlO-A20,

M20-A30, and M30-MAd-AAd were not significantly different

from each other.

The size-specific growth rates of length decreased

linearly with increasing size of the fish within a feeding

group (Fig. 14, Table 7). Growth rates for 40-50 mm SI

fish ranged from about 2% SL/day for fish on a M10 diet to

nearly 4% SI/day for fish fed on a MAd diet. The rates

decreased to 1.0-2.5% SL/day for mysid-fed specimens ill

the 80-100 mm SI size range. The use of Artemia for food

resulted in growth rates that were lower than those from

fish fed on equivalent diets of mysids, with the exception

of the fish fed ad libitum. All possible combinations of

the regressions were tested (Neter & wasserman, 1974), and

a greater degree of overlap was noted between adjacent

treatments of growth rate (Fig. 13 b) than was found in
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daily length increment (Fig. 13 a). Within the set of

growth-rate regressions generated for a prey type, the

regression for a given ration level was not significantly

different from the immediately adjacent ration levels

(e.g. M20 was not different from M10 or M30, but was

significantly different from MAd). Comparisons between

prey types showed that a regression generated for a given

ration size of Artemia was most similar to the regression

of the next lower ration level for mysid-fed fish. Again,

no differences in growth rates were noted between fish fed

on M30, MAd, and AAd diets.

The estimated mean growth of the fish raised on an ad

libitum diet of Artemia in 1983 was similar to that

observed in 1984, but a much wider range of daily growth

values was observed (Fig. 11). During the first week of

the experiment, these small fish grew very quickly

(2,8-3.2 mm SL/day; 7.6-9.9% SL/day), and reached the

approximate initial size range of the fish tested in 1984.

During the two subsequent weeks of the ad libiturn study,

the mean daily growth of 1.73 mm SL/day (S.D. = 0.27) was

not significantly different from growth data collected on

the AAd fish in 1984. Size-specific growth rates during

these two weeks fit within the 95% confidence band around

the 1984 AAd regression line. At the end of the ad

libitum study, the fish were transferred to larger aquaria

and presented daily with unmeasured quantities of rnysid



shrimp for several weeks, then with minced fish and squid

for approximately 4 months. By the termination of the

feeding in mid-October, the fish had reached sizes of

180-200 mm SL., and weights of 68-111 g.

The daily growth increment in weight for each feeding

group increased as the fish grew in length (Fig. 12, Table

8). Maximum growth of 0.8-1.0 g/day was achieved by larger

juveniles, ranging in size from 100-110 mm SL, with

weights of 12.0-16.5 g. Greater growth was generally

found at higher ration levels for a given prey type, and

for mysid-fed fish at a given ration level than

Artemia-fed specimens. Log transformed data were used to

generate linear models which could be statistically tested

for similarity. Daily growth in weight was similar

between diets M10-P,20, M20-A30, and M30-MAd-AAd (p<O.lO);

this pattern of similarities was identical to the pattern

observed in the daily length increment data.

Growth rate (% bw/day) decreased linearly with

increasing length of the fish for each feeding group (Fig.

15). The smaller fish fed on the largest diets initially

added 13-15 % bw/day, with the growth rate decreasing to

5-7 % bw/day at the end of the feeding trials.

Regressions on data from fish fed on mysids generally had

shallower slopes (-0.05 to -0.08), than did regressions of

data from Arternia-fed fish (-0.11 to -0.12; Table 8). Only
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the data from fish fed on MAd had a steeper slope (-0.15),

however this regression was based on only 2 fish and 6

data points. Comparisons of the regressions showed that

all possible comparisons were significantly different

(p±O.l0) except for two pairs of diets; M30-AAd, and

MAd-AAd.

The faster growth achieved with rnysid prey over

Artemia prey was further illustrated with the four fish

that were initially fed with Artemia for three weeks, then

shifted to a mysid diet for the duration of the

experiment. Two fish initially fed an A20 diet had a mean

initial daily length increment of 0.91 mm SL/day (S.D. =

0.23); when they were shifted to a M20 diet, their daily

growth rose to 1.36 mm SL/day (S.D. = 0.32). At a 30%

bw/day ration, the mean daily length increment of two fish

rose from 1.23 mm SL/day (S.D. = 0.29) to 1.91 mm SL/day

(S.D. = 0.14). Daily weight gains and size specific growth

rates also increased following the dietary change, and the

data were used in developing the regression equations for

their respective dietary groups.

The coefficients of the length/weight regressions for

each group of fish (Table 6) indicated that allometric

growth increasing body robustness (indicated by a

regression exponent 3) was achieved on most diets. Fish

provided with diets .20% bw/day had regression exponents



ranging from 3.29-3.56, although distinct patterns among

the diets were not apparent. On the lowest diets (AlO and

Mb) the regression exponents were 3.07 and 2.87,

respectively, and were indicative of isometric growth.

Gross Conversion Efficiency:

The conversion of food into somatic tissue was much

more efficient in fish fed on mysid prey than with Artemia

prey (Fig. 16). At the lowest ration level of mysid prey,

the mean conversion efficiency exceeded 40%, with

decreasing mean efficiencies at higher ration levels.

How.ever, conversion efficiencies of Mb0-M20, and M20-M30

were not significantly different at different ration sizes

(Wilcoxon sign rank test, p<O.05). The mean conversion

efficiencies achieved on Artemia prey ranged from 18-23%,

but A10-A30 and A20-A30 comparisons were not significantly

different (p<O.O5).
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The data indicate that juvenile sablefish are capable

of consuming large quantities of food per day and

efficiently assimilating it into somatic tissue. More

rapid growth was achieved by fish fed on mysid shrimp

(Archaeomysis grebnitzkii) than on adult brine shrimp

(Artemia sauna). Comparisons of the prey types showed

that % dry weight and the lipid content of the mysi.ds was

more than twice that of Artemia (Table 5). Individual

Artemia were 4-5 times smaller than mysids, thus requiring

additional energy expenditure during the search and

capture of larger numbers of prey for a given weight of

food. The effect of the latter factor would appear to

minimal, since the aquaria were sufficiently small so that

search and capture of all- the prey was quickly

accomplished. Fish fed at 10% bw/day were capable of

consuming their entire meal within 1-2 minutes after the

introduction of food, regardless of prey type. Fish on

larger measured rations took up to 10-15 minutes to

consume their meals. The short durations of the feeding

bouts would indicate that only small percentages of the

daily energy expenditures were spent in the process of

feeding. The relatively poor growth achieved on Artemia,

a food type often used in studies of larval growth, should

stimulate investigators to consider using more suitable



food organisms when possible.

The superiority of mysids over Artemia for promoting

growth was evident at all measured ration levels, and was

particularly strikitig in fish fed on the smallest ration.

Fish fed on an AlO diet were unable to maintain continual

growth. The three smallest fish in this group (initial SL

= 40.3-43.0 mm) showed continual decreases in their daily

increments in length and weight. The one larger fish

(initial SL 61.8 mm) also showed decreasing daily growth

in length, but appeared to be able to utilize the low

ration to continue increasing the daily increment of

weight. Although too few fish were tested to accurately

determine the relationship between size and growth, it may

be that the differences between the larger arid smaller

fish was due to the decreasing size-specific metabolic

rate found in larger animals (Brett & Groves, 1979;

Boeblert & Yokiavich, 1983). Under such a constraint, a

higher proportion of the minimal diet would have to be

allocated for metabolic maintainence for the small fish,

while the large specimen could channel a greater portion

of the diet into somatic growth. In addition, the larger

fish may have reached sufficient size and possessed

sufficient energy and nutrient reserves before capture

that it was better able to utilize the little food

provided. The three smaller fish probably did not possess

equivalent internal reserves at the time of capture, and



were unable to continue growing. External evidence of

poor health (e.g. fin erosion, fungus infections, color

changes and obvious behavioral changes) in these fish was

not apparent.

In contrast to the poor growth of fish on an AlO

diet, juveniles fed on a MlO diet showed continual daily

growth in length and weight. The initial size of these

fish ranged from 50.2-62.4 mm SL; fish smaller than 45-mm

SL had trouble ingesting the relatively large fflysids. The

lack of overlap in size between the smaller fish on an AlO

diet and the fish on a M10 diet prevented a direct

evaluation of the similarity of response of small fish to

M10 and AlO diets. However, given the greater growth of

the MlO fish over the large specimen fed on the AlO diet,

and the superiority of mysids over Artemia as food, 40 mm

fish fed on a 10% ration of food of a quality similar to

mysids would probably achieve faster growth than obtained

on an Artemia diet.

The differences in growth between mysid-fed and

Artemia-fed fish appear to be primarily due to the

differences in the water content of the prey items.

Regression of ration size in units of dry weight of

food/wet weight of fish against daily increment in length

detected a strong association between the variables,

regardless of prey species (Y = P.181 + 0.879*ln X,
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r =0.995; Fig. 17). Although the dry weight of the ration

appeared to be the primary factor controlling growth, it

was likely that other nutritional components of the prey,

such as lipid content, chitin content and other unmeasured

parameters also had an effect on growth.

The maximum ration levels consumed daily by juvenile

sablefish (> 30% bw/day) are larger than have been

observed for juveniles of the relatively few other species

in which this factor was investigated. Comparable

laboratory studies that present daily consumption rates in

similar units of % wet body weight are summarized in Table.

9. The only fishes investigated to date that may have

consumption capabilities similar to sablefish are larval

and early juvenile bilifish (family Istiophoridae).

Field-preserved specimens of five species of bilifish were

examined by Gorburiova & Lippskaya (1975) and Lippskaya &

Gorbunova (1977). All species were found to be highly

piscivorous when 20-50 mm long, and were capable of eating

ichthyoplankton up to 50-75% as long as themselves. These

diurnally-feeding neustonic species were estimated to be

able to consume as much as 20-26% of their own body weight

in one meal. Digestion times of larval fish prey were

estimated at approximately 4 hours, arid average stomach

fullness during the day was 10-15% of the body weight.

The authors assumed that fish could feed three times per

day, thus consuming a total of 30-45% bw/day.
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Growth in fishes is often estimated from various

sigmoid size vs. age models (e.g. logistic and Gompertz

curves, Ricker, 1979) that commonly show slow growth in

the youngest stages, followed by progressively increasing

growth until an inflection point is reached, and then by

progressively decreasing growth increments until an

asymptotic size limit is approached. Over a relatively

short range in sizes away from the extreme ends of the

model, the slope (growth/time) of the sigmoid curve is

essentially constant. In the juvenile sablefish, this

pattern of constant daily increments in length for fish on

a given diet was observed. The magnitude of the daily

increment in length varied widely, depending on size of

the daily ration and the type of prey (Fig. 11), but

growth did not significantly change with increasing size

of the fish.

The calculations of laboratory growth in juvenile

sablefish closely approximated estimates of growth of wild

specimens. Boehlert & Yokiavich (in press) developed a

growth curve of wild larval and juvenile sablefish from

length measurements and daily otolith ring increments.

The resulting Laird-Gompertz growth model had a slope of

1.88 mm SL/day over the size range of 40-100 mm SE. This

value is almost identical to the mean growth rate of fish

in the same size range fed on a M30 diet (1.95 mm SL/day;
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Table 7), and slightly under the mean values of fish fed

on AAd or MAd diets (2.00 and 2.24 mm SL/day,

respectively).

The small fish fed on an AAd diet in 1983 similarly

had a mean SL of 2.18 mm SL/day, although initial growth

of the 20-33 mm SL fish was markedly elevated, averaging

2.95 mm SL/day. The very rapid growth noted during the

first week may indicate a growth pattern that maximizes

growth in length over the 20-40 mm size range. Such a

growth pattern may enhance the swimming ability of the

small juveniles, which in turn can aid in searching larger

volumes of water for prey (Blaxter & Staines, 1971) and in.

their ability to avoid predators (Parker, 1971 Murphy &

Clutter, 1972). It should be mentioned that the measuring

technique used in 1983 (visual estimation against a grid)

was less precise than the process of anesthetization and

direct measurement of the fish with calipers performed in

1984,

The allometric growth patterns achieved by fish fed

on all but the lowest rations are indicated by

length/weight power regression exponents >3 (Ricker,

1979). These data show that the fish were increasing body

robustness more rapidly than they were growing in length.

However, isometric growth was noted in wild fish. The

length/weight regression determined from 180
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formalin-preserved specimens (31-79 mm SL) captured during
-6 3.02 2

the field study was Wt=9.04*l0 *SL (r = 0.99;).

These data indicate that although laboratory-reared fish

fed at high ration levels grew in length at approximately

the same rate as wild fish, the laboratory fish grew more

rapidly in weight. The restricted activity of the fish in

the aquaria appeared to be the most likely cause of the

elevated weight gain.

Our data indicate that juvenile sablefish possess the

ability to grow more rapidly than juveniles of many of the

other species that have been investigated, although direct

comparisons between studies can be misleading.

Differences in growth among species may be due to

variation in factors such as quantity and quality of food

provided to the fish as well as different environmental

conditions. Temperature, in particular, can exert a major

effect on the growth of fish, with higher growth generally

achieved at higher temperatures within the natural

temperature range experienced by a species. Growth data

for juveniles of various species are summarized in Table

10. Among these species, only several epipelagic fishes

(dolphins, mackerel and skipjack tuna) had growth rates

similar to or faster than the juvenile sablefish.

The efficiency of the conversion of food into somatic

tissue was markedly higher for mysid-fed fish' than for
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Artemia-fed specimens (Fig. 16). Brett (1979) showed that

the typical response of gross conversion efficiency to

increasing ration size is a dome-shaped curve, with a

gross conversion efficiency of 0 at very low ration

levels, rising to a peak optimal efficiency at a higher

ration (R ), then decreasing to lower efficiencies at
Opt

even higher ration levels. Data from both diet types

indicate that similar curves may exist for the sablefish,

but not enough ration sizes were tested to fully define

the curves. For mysid-fed fish, the curve decreases from

10 to 30% bw/day rations, indicating that R was
opt

achieved at or near the lowest ration size. Artemia-fed

fish had a shallower gross conversion efficiency curve.

For these fish, R would appear to be in the vicinity of
opt

20% bw/day. Again, the higher water content of the

Artemia prey appeared to be the primary factor for the

differences between the gross conversion efficiency curves

for the two prey types. without dry weight data for the

fish, however, it was not possible to calculate gross

conversion efficiencies on a dry weight basis.

The peak gross conversion efficiencies of

approximately 40% determined for fish fed on mysids at low

ration sizes are higher than have been observed for most

other juveniles. Sebastes melanops was found to have

gross conversion efficiencies reaching 20-22% (Boehiert &

Yokiavich, 1983), while Clupea harengus was able to
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convert only 7-12% of the food weight into body weight (De

Silva & Balbontin, 1974). (Oncorhynchus nerka) had a

maximum gross conversion efficiency of about 25%, at a

R of 4% bw/day (Brett, ct al., 1969).
opt

The overall pattern of growth of neustonic juvenile

sablefish indicated that these fish have the potential to

grow very rapidly when sufficient food is present.

Similar or faster growth rates were achieved only by

several species whose juveniles also live in the

epipelagic or neustonic realm. These planktivorous

juveniles may have evolved under selective pressure to

maximize their growth and rapidly increase their swimming

ability. Such a growth strategy would enhance their

ability to find individual food items or patches in the

relatively dilute food environment of the open ocean, as

well as aid in the avoidance of predators in an

environment in which physical refugia are rare.
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Figure 1. Location of statiOns along the transect off

Newport, Oregon
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Figure 2 a. Front view of the neuston trawl; B

inflated 40 cm diameter spar buoys; C = cloth

collar around mouth of net; R = polypropylene

rib lines on the net.

Figure 2 b. Side view of the neuston trawl showing

construction of the towing bridle. Spar buoy floats

were removed for clarity.
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Figure 3 a. Day and night salinity profiles in surface

waters along the transect on each cruise. Daily

upwelling indicies are presented for 14 days prior

to the first cruise, and for the interim periods

between subsequent cruises. Positive index values

indicate the occurrence of upwelling winds.
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Fiyure 4. Size frequency of larval and juvenile fishes

collected by the Manta net and the neuston trawl through-

out the survey, a) sablefish Anoplopoma fimbria;

b) greenhing Hexagrantrnos sp.; c) brown Irish lord Hemi-

lepidotus spinosus; d) cabezon Scorpaenichthys marmor-

atus.



E

10oo

(0

a.

.2
(0
0)

E

500

Li)

C
a)

4)
C

to 0

0 500 1000 1500 2000

Manta net density (# megalopae/1000 m3)

Figure 5. Comparison of Dungeness crab megalopae densities made by pairs of

simultaneous nighttime Ianta net and trawl net tows made at regular
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Figure 6. Daytime and nighttime densities of mega-

lopae collected by the Manta net. Rough cqeather

prevented use of the Manta net during the daytime

on 19 May; data from the trawl net for this

portion of the cruise are presented. Circled

letters in the figure refer to events discussed

in the text. n = not sampled.
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Figure 7. Relationship between density of daytime catches of megalopae and ambient light

levels. Large catches of megalopae were made oniy under relatively dim light conditions.



117

Figure 8. Relationship between density of daytime

catches of megalopae and water clarity (Secchi

depth). Megalopae were found only in relatively

turbid water close to the coast in the daytime.
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Figure 9. Diel variation in density of megalopae

collected with both types of nets during a 27 hour

study on 8-9 June at the 50 km station.
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Figure 10 a. Relationship of daily growth in length against size of individual

sablefish fed on mysids (M10) or P.rtemia (AlO) at a ration size of 10% bw/day.

Each data point indicates mean daily growth over an approximate 7 day period.
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Figure 11. Mean (± S.D.) daily growth in length of fish

fed on different prey types and at different ration

sizes.
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against length of fish fed on different diets.
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Figure 13 a. Significance levels for all possible

comparisons of daily growth in length for all diets.

Figure 13 b. Significance levels for all possible

comparisons of size-specific growth rates of length

for all diets.
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Figure 16. Gross conversion efficiency for groups

of fish fed on different prey types and at

different ration sizes.
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and dry ration size.



Table 1.. Nighttime abundance (A raean of all. catches/l000 a3) and frequency of occurrance ( nuither of catches) of all ichthyoneuston

taxa collected by each net during each month of the survey in 1964.

April May June July Total

Hanta Trawl Manta Trawl Manta Trawl Mania Trawl Manta Trawl
Species A P(15) A F(23) A 'Cl6) A F(22) A F(19) A p(24) A F(15) A T(18) A F(65) A F(87)

UPEInAE
Cliapea haengus 3.67 2 - - - - - - - - - - - - - - 3.67 2 - -

E7e2RAULXfl.E
tngraulis mordax - - - - - - - - 1.98 1 0.25 1 127.90 5 0.28 1 106.91 6 0.27 2

SAJ.MOt4I0P
Oncorhyrichus keta - - - - - - 0.51 1. - - - - - - - - - - 0.51 1.

0. Jcisutch - - - - - - 0.73 2 - - - - - - 0.41 3 - - 0.54 5

Sa1n gairdneri 2.59 1 - - - - 0.60 2 - - - - - - - .. 2.59 1 0.60 2

OSMERLrDAE

unidentified 8.78 2 0.40 1 - - 0.37 1 - - - - 4.32 2 - - 6.55 4 0.39 2

sTEnNOPTYcHIDA
Danphosoeu1ata - - - - - - - - - - - 1.68 1 - - 1.68 1 - -

MYCTOPH TDAE

Diaphus theta - - - - - - - - - - - -. - - 0.71 3. - - 0.71 1

Stenobrachius 1euc-
sarus - 0.43 1. 2.36 1 - - 2.16 1 - - 2.82 2 - - 2.54 4 0.43 1

Syno1ophorus calitot-
nianus - - - - - - - - - - - - 1.81 1 0.52 3 1.81 1 0.52 3

Tarletonbeania crenu-
lane - - - - - - 0.43 1 6.26 1 0.38 1 153.11 5 42.71 5 128.64 6 30.62

GADIDAE
ffl.coadus proximus - - - - - - - - - - 1.02 1 - - 0.42 1 - - 0.72 2



Tdble 1. Continued.

April May June 3uly Total

Manta Trawl Manta Trawl l4anta Trawl Manta Trawl Manta Trawl
Species A P115) A P123) A F(16) A P122) A P119) A P124). A P115) A P118) A P165) A P187)

ScIflIBERESOCIDAE

Cololabis saira 2.76 3 0.36 2 - - 0.43 1 7.27 3 0.34 4 2.33 5 1.30 3 3.79 11 0.64 10

GASTER0STEID
Gasterosteus aculeatus - - - - - - 0.32 1 - - - - - - 1.29 1 - - 0.81 2

BATMYMASTERIDAE
Ronquilus ordani 4.50 5 - - 5.59 6 - - 4.53 11 - - 15.54 5 0.33 2 6.80 27 0,33 2

CRYPTACANTHODIDAR
Delolepis gigantea 2.63 1 - - - - - - - - - - - - - - 2.63 1 - -

Lyconectes aleutensis 5.00 1 - - - - - - - - - - - - 5.00 1 - -

ANNODYTI OAR

Ameodytes hexapterus 2.58 4 - - 9.71 1 - - 1.64 1 - - - - 3.61 6 - -

STRMATEIDAR
Icichthys lockingtoni. -. - - - - - - - - - 5.36 3 - - 5.35 3 - -

$ PPAENI OAR

Sebastes crameri - - 0.44 1 - - 0.75 3 2.65 2 0.94 9 - - - - 2.65 2 0.86 13

S. melanops - - - - - - - - - - 0.42 3 - - 1.01 1 - - 0.57 4

S. pinniger - - - - - - 0.38 1 - - 0.28 1 - - 0.53 2 - - 0.43 4

S. reedi - - - - - - - - 1.74 3 - - - - 0.34 1 1.74 3 0.34 1

Sebastes spp. larvae 19.42 4 - - 10.42 4 - - 18.58 8 - - 238.28 6 - - 77.07 22 - -

Sebates spp. juverdles - 0.43 2 8.99 4 1.62 6 - 0.49 7 1,42 2 - - 6.47 6 0.93 15

H
()



Table 1. Continued.

April May June July Total
Manta Trawl Manta Trawl Manta Trawl Manta Trawl Manta Trawl

Species A F(15) A F(23) A F(16) A (22) A F(19) A F(24) A F(15) A F(18 A F(65) A F(87)

AN0I'1I3P0MATID.E

Anoplopolna fiiyg,ria 3.09 4 1.35 4 10.35 6 3.18 3 8.68 5 11.73 7 - - 0.34 .2 7.86 15 5.97 16

Hexagramxs ap. 3.85 4 0.79 13 3.60 5 1.31 11 1.83 4 1.80 15 - - - - 3.07 13 1.33 39

Ophiodon elongatus 12.91 2 - - 6.28 2 - - - - - - - - 9.59 4 - -

Oxylebius pictus - - 0.61 1 - - - - 1.64 1 0.52 3. 1.61 1 0.30 3. 1.63 2 0.48 3

cOTTIDIE
Artedius harringtoni 3.44 3 - - 9.71 1 0.36 1 4.51 3 - - 1.74 1 - - 4.39 8 0.36 1

Cottus asper 15.68 2 - - - - - - 4.47 2 - - - - - - 10.07 4 - -

Memilapidetus spinosus 5.45 3 1.05 12 7.39 7 6.11 15 2.40 3 3.77 6 - - 5.79 13 3.84 33

1.eptocottus annatus 19.09 1 - - 2.22 1 - - - - - - - - - 10.66 2 - -

Scorpaeniehthys
inarinoratus 47.19 10 0.47 5 15.16 5 0.37 3 3.11 10 0.76 5 2.66 2 - 21.63 27 0.56 13

AGONIDAE
Agonopsis vulsa - - 0.37 1 - - 0.45 2 - - 0.46 4 - - 0.34 2 - - 0.42 9

LIPARIDIDAE
unidentified 3.99 2 1.28 1 - - - 2.91 6 0.57 7 3.85 4 0.34 3 3.39 12 0.57 11

5HI8AE
Citharichthys sordidus - - 0.43. 1 - - - - .- - - - - - - - - - 0.41 1

C. stigmaeus - - 0.43 4 - - 0.67 2 1.98 1 1.24 7 - - 0,50 4 1.98 1 0.81 17

I-
LI



Table 1. Continued.

April May 3une .luly Total

Mant Tx-awl t4anta Trawl Manta Tx-awl Manta Trawl Manta Trawl
Species A F(l5) A f(23) F(16) A i22) ? P(3.9) A P(24) A F(15) A F'(18) A F(65) A F(87)

PLE01NECTIDA1
Eopsetta jordani - - - - - - 0.39 2 - - 0.71 2 - - - - - 0.55 4

Glyptocephalus zachirus 2.50 1 - - - - - - - - - - - - - - 2.50 1 - -

Isopsetta isolepis - - 0.41 - - - - - - - - - - - - - - 0.41 1

Parophrys vetulls 22.38 6 4.42 9 2.53 3 0.68 5 1.59 1 0.25 1 - - - - 14.35 10 2.89 15

leuronichthys ap. - - - - - - - - - - 0.51 1 - - - - - 0.51 1

Psettichthys inelano-
stictus 9.48 3 - - - - - - 8.04 3. 6.61 2 2.20 3. - - 7.74 5 6.61 2

UNIDENTIFIP.3EE 7.92 4 - - - - 0.51 1 2.32 3 - - 3.89 3 - - 5.29 1.0 0.51 1

Total * of Taxa 21 18 13 20 21 19 17 17 33 34

Mean abundance/1000 m3 63.53 3.39 22.68 6.43 20.64 7.48 199.91 12.81 72.49 7.24



Table 2. Daytime abundance (A mean of all. cetes/1000 and frequency of occurrence (F nimer of samples) of all ichthyoneuston
taxa collected by each net during the first 3 months of the survey. Daytime samples were not collected in July. Twilight
sampling (45 minutes before arid after sunset and sunrise) was conducted at the 50 Jali station on 0-10 June, 1984.

April May June Daytime Total June Twilight

Ianta Trawl Narita Trawl Manta Trawl Narita Trawl Narita Trawl
Species A F(15> Ap(l7) A F(8) A F(22) A F(13) A Ff18) A F(36) A Ff47) A F(6) A (8)

ENGRAULIDAE
Engraulis mordax - - - - - - - - 2.41 4 - - 2.41 4 - - - - - -

OSMEBIDAE
unidentified - - - - - - - - 1.56 1. - - 1.56 1. - - - - - -

MYCTOPHIDAE
Stenobrachius leucop-

sarus - - - - - - - 1.89 1 - - 1.89 1 - - 27.62 3 - -

SMMERE$OCIDAr
Cololabis saira 2.48 4 - - - - - - 2.44 4 - 2.46 8 - - 2.75 3 - -

EATHyMASTBIDA
8origuilus jordan - - - - - - - - - - - - - - - - 4.71 3 - -

CRYPFACANTHODIDAE
Lyconectes aleutensis 2.54 1 - - - - - - - - - - 2.54 1 - - -

AMMODYTItIAE
Aimnoiiytes hexapterus - - - - - - - - - - 0.33 1 - - 0.33 1 - - -

SC0RPAEMID
Sebastes crexiieri - - - - 0.32 1 - - - - - 0.32 1 - - 0.97 2

S. - - - - - - - - - - - - - LS0 1 - -

Sebastes app. larvae - - - - - - - 5.39 2 - 5.39 2 - - 4.59 2 - -

Sebastes spp. juveniles - - - - - - - - - - - - - 4.50 1 0.S0 2

I-n



Table 2. Continued.

April May June Daytime Total June Twilight
Manta Trawl Manta Trawl Manta Trawl Manta Trawl Manta Trawl

Species A F(15) A F(17> A F(S) A F(12) A F(13) A F(18) A F(36) A P(47) A F(6) A F(S)

ANOPLOPOMATIDAE
Anoploposia mbria 2.60 1 - - 2.87 3. 0.38 1 - - - - 2.74 2 0.38 1 2.30 2 1.48 5

MEXAGRAMMIDAE

Hexagranmios sp. 2.74 2 0.81 2 - - - - - - - - 2.74 2 0.81 2 - - 1.10 3

Ophiodon elongatus 2.52 2 - - - - - - - - - - 2.52 2 - - - - - -

unidentified - - -. - 1.57 2 - - - - - - 1.57 2 - - - - - -

Clinocottu globiceps - - - - - - - - 1.57 1 - - 1.57 1 - - - - -

Heii1epidotus spinosus - - - - - - 0.35 1 - - - - - - 0.35 1 10.30 2 1.17 7

Scorpaenichthys
reaxmoratus 2.52 2 - - - - - - 1.58 1 - - 2.20 3 - - 1.93 1 0.46 1

LIPARIDIDAM
unidentified - - - - - - - - - - - - - - - - - - 0.37 1

PLEURONECTIDAM
Eopsetta jordani - - - - - - - - 1.61 1 - - 1.61 1 - - - - - -

Parophrys vetulus 2.76 1 0.94 1 - - 0.32 1 - - - - 2.76 1 0.63 2 - - - -

UNIDENTIFThELE - - - - - - - - 1.89 2 - - 1.89 2 - - - - - -

Total # of Taxa 7 2 2 4 9 1 15 6 9 1

Mean abundance/bOO in3 2.22 0.15 0.75 0.11 3.24 0.02 2.26 0.08 24.60 2.83

I.,.)
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Table 3. Aggregative tendencies of dominant larval and

juvenile fishes as measured by the coefficients of disper-2
sion (C.D. = s /X) and the aggregation index (A.I. = % of

total catch collected in the largest 10% of the catches)

T trawl net, M = Manta net.

Total Total
Net #of #of

Species Type Samples Fish C.D. A.I.

Ronquilus jordani M 30 145 7.94 36.4

Anoplopoma fimbria T 21 263 18.26 60.3

Hexagramrnos sp. T 42 151 2.22 42.0

Hemilepidotus
SpiflosUS T 41 300 14.12 63.0

Scorpaenichthys
marmoratus M 28 221 92.67 66.6



Table 4. Abundance estimates of Dungeness crab megalopae in a 1 ut wide x 1 m deep

track extending froni the coast to 55 km offshore. Estimates were based on extrapolation

from nighttime Manta net samples at each station. Aggregation abundances indicate

trawl net sampling on specific targets, or sampling in addition to the regular station

pattern.

Date

4/6 4/16-17 5/4-5 5/18-19 6/8-10 6/19-20 7/8-9 7/23-24

Track
Abundance 58,000 4,000 78,000c

32,000 47,000 26,000 8,000

Aggregation
Abundance - 60,000

150000a 4600e
5,500

a = Abundances along convergence zones marked by foam lines.

b = Total abundance across a 5 km wide patch of megalopae near the 50 km station.

c = Estimate includes 62,000 megalopae collected in association with a dense Velella

velella raft covering the ocean around the 1 km station.

d = Sampling at the 30, 40 and 50 km stations only; inshore stations were not sampled.

e = Track abundance from 55-95 km.

C.)



Table 5. Size and composition characteristics of live prey used in juvenile sablefish

feeding experiments.

Prey
Species

Ar tern i a

sal ma

Archaeornys is
grebnitzkii

Range
in mean

weight of
individuals
per batch

(g)

0.0024-
0.0044

0. 0115-
0.0175

Dry weight
(% wet weight)

5f (S.D.)

11.3
(0.22)

25.5
(2.40)

Lipid content
(% wet weight)

2.5

Carbon content
(% dry weight)

X (S.D.)

45.83
(2.28)

43.58
(1.00)

Nitrogen
content

(% dry wt.)
X (S.D.)

10. 68
(0.25)

11.41
(0.17)



Table 6. Summary of experimental design and size relationships of )uvenile sablefish.

Length/weight

Range of specimen sizes Duration regression
a

parameters

Prey Ration size of Start Pinish of trta1s a_6 2

type (% bw/day) fish SL (nun) wt @) SL (mm) wt (g) (xlO )
r

Artemia 10 4 40.3-61.8 0.55-2.24 52.3-82.3 1.33-5.39 41 6.72 3.07 0.99

Mysid 10 4 50.2-62.4 1.16-2.04 68.2-80.5 2.85-4.49 21-30 15.55 2.87 0.98

Artemia 6 40.6-48.7 0.51-0.91 61.5-88.3 1.97-7.54 22-66 1.35 3.46 0.99

Mysid
20b 5 46.9-82.4 0.95-5.90 79.1-97.7 5.12-11.90 21 1.94 3.39 0.99

Arteinia 7 35.5-52,5 0.26-1.13 67.8-91.8 2.67-9.27 22-46 0.96 3.56 0.99

Mysid
30c 51.6-80.4 1.11-5.59 94.0-109.8 8.7816.55 16-21 0.89 3.56 0.99

Artemia Ad libiturn 3 42.5-67.0 0.67-2.54 95.5-110.2 9.50-14.53 21-28 2.83 3.29 0.99

Mysid Ad libitum 2 48.3-51.9 0.91-1.23 93.7-100.5 8.99-11.04 21 1.85 3.40 0.99

Artemiad Ad libitum 4 20.9-32.9 --- 57.9-76.0 --- 20 -- -- --

(1983)

a: Wt asIP

b: 2 fish switched from A20 to M20 diet after 21 days

c: 2 fish switched from A30 to M30 diet after 21 days

d: only length data collected in 1983

0
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Table 7. Daily length increments of fish provided with

different diets, and parameters of linear regressions

between size-specific length growth rates and standard

length (GR = a bSL)

Daily
growth

increment Growth rate regression
# of

Diet measure- X
2Type ments (rnm/d) S.D. a b r

AlO 24 0.35 0.19 ----
Mb 12 0.90 0.13 3.47 -0.0314 0.56

A20 29 0.82 0.22 3.46 -0.0355 0.55

M20 15 1.52 0.32 3.29 -0.0162 0.45

A30 32 1.25 0.23 3.48 -0.0226 0.43

M30 7 1.95 0.30 3.86 -0.0173 0.44

AAd 10 2.00 0.25 4.87 -0.0284 0.70

MAd 6 2.24 0.22 5.08 -0.0265 0.83

AAd 11 2.18 0.65 14.50 -0.0378 .0.83
(1983)
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Table 8. Parameters of power regressions between daily

bweight increment and standard length (DI = aSL ), and

linear regressions between size-specific weight growth

rate and standard length (GR = a + bSL).

Daily weight
# of increment

Diet measure- a5
2Type ments (xlO ) b r

Ml0 12 1,59 2.09 0.90

A20 29 2.47 2.00 0.71

M20 15 0.12 2.88 0.93

A30 32 0.30 2.6.5 0.93

M30 7 0.19 2.82 0.95

AAd 10 2.37 2.24 0.94

MAd 6 1.79 2.34 0.95

Growth rate
regression

a

7.32 -0.0512 0.56

11.62 -0.1115 0.57

11.23 -0.0546 0.36

14.05 -0.1069 0.62

15.45 -0.0847 0.71

18.69 -0.1244 0.81

21.45 -0.1480 0.95
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Table 9. Maximum food consumption rates of uvenh1e

fishes (% wet body weight/day) *

Species Size

Clupea 7.5-11.8g
harengus 8.2-18. 8g

Oncorhynchus 41-?mm FL
keta 0.45-9.9g

Temp. Consumption
C) (%bw/d)

6.5 3.5-5.0
14.5 8.1-12.6

14-16 > 17

Urophycis 92-157mm TL 11
chuss

Sebastes 63-69mm SL 7

melanops 67-82 12
64-82 18

Anoplopoma 35-110 mm SL 13
fimbria

Reference

DeSilva & Bal-
bontin, 1974

LeBrasseur,
1969

7.4 Luczkovich &
011a, 1983

2.4 (per Boehiert &
5.0 meal) Yokiavich
6.6

230 this study



Table 10. Maximum growth achieved by juvenile fishes receiving elevated rations in the laboratory or growing in
the wild. All lengths are SL unless otherwise specified. L Laboratory feeding and growth Study; 0 Otolith
aging study; C = Cohort growth study; 11 Mark and recapture study.

Species

Clupea
harengus

Oncorhynchus
keta

Urophycis
chuss

U. chuss

U. chuss

Length Weight
Growth growth Growth growth

Type of Ration Temp. Length in length rate Weight in weight rate
Sthdy size C) (mm) (mm/d) (%L/d) (g) (g/d) (%W/d)

L ad ljb 6.5 - - - 7.5-ll8 0.04 039
14.5 - - - 8.2-18.8 0.09 0.71

1. 17%bw/d 14-16 41-7FL - - 0.45-9.9 0.17 5.7

ad lib 21 14-72TL 1.4 3.6-7.3 - - -

L ad lib 11 92-157Th 1.2 0.93 - - -

L ad lib 6.7 50-177Th 0.6
8.6 60-201 -

11.5 89-209 1.5

Hexa9rammos L 2 10-17 20-45 0.5
otakii

Sebastes L satiation 7 63-69 0.09
melanops (once/dI 12 67-82 0.26

18 64-82 0.31

Mugil C - 20-31 25-142F1.. 1.17-
curema 1.33

Micropogonias M - - 25-86
unclulatus 1.0

0.61
0.81
1.00

1.65

0.14 6.9-8.6 0.03 0.38
0.35 8.1-14.6 0.11 0.99
0.43 7.3-16.1 0.16 1.50

1.45 -

Reference

fleSilva & Balbontin,
1974

LeBrasseur, 1969

Luczkovich & 011a,
unpublished

Luczkovich & 011a,
1983

Steiner, et al.,
1982

yukuhara & Fushimi,
1983

Boehiert & Yoklavich
1983

Richards & Castagna,
1976

Knudsen & Herke,
1978



Table 10. Continued

Length Weight
Growth growth Growth growth

Typo of Ration Temp. Length in length rate Weight in weight rate

S_pecies atugy_ size C C) (mm) _(znm/d) (%L/d) (g) (g/d) (%W/d)

Theragra 0 - - 40-100Th 0.58 0.88 - - -

chalcogramma

Coryhaena 0 - - 50-200FL 2.8 2.57 - -

eguiselis

C. hippurus 0 - - 60-400 4.71 - - - -

C. hippurus 0 - 50-200FL 4.62 - - -

Sconiber 0 - - 30-70 2.35 4.98 - - -

scoznbrus

Katsuwonun 0 - - 40-270FL 1.60 1.36 - - -

pelamis

Reference

Nishimura & Yamada,
1984

Uchiyaina, et al.,
in press

Oxenford & Hunte,
1983

Uchiyaxna, et al,
in press

Kendall & Gordon,
1981

Uchiyama & Struhsaker,
1981

Lii



146

LITERATURE CITED

Ahistrom, E.H. 1968. What might be learned from an ocean
wide survey of fish eggs and larvae in various
seasons. Ca1COFI Rep. 12:64-67.

Alidredge, A.L. 1982. Aggregation of spawning
appendicularians in surface windrows. Bull. Mar.
Sci. 32:250-254.

Bailey, K.M. 1981. Larval transport and recruitment of
Pacific hake, Merluccius productus. Mar. Ecol. Prog.
Ser. 6:1-10.

Barbar, R.T. and R.L Smith. 1981. Coastal upwelling
ecosystems, p. 31-68. In: Longhurst, A.R. (ed.).
Analysis of marine ecosystems. Acad. Press, N.Y.

Barkley, R.A. 1972 a. Johnston Ato11s wake. J. Mar.
Res. 30:201-216.

Barkley, R.A. 1972 b. Selectivity of towed net samplers.
Fish. Bull. 70:799-820.

Barnes, C.A., A.C. Duxbury and BA. Morse. 1972.
Circulation and selected properties of the Columbia
River effluent at sea, p. 41-80. In: Pruter, A.T.
and D.L. Alverson (eds.) The Columbia River estuary
and adjacent ocean waters. U. Washington Press,
Seattle.

Barstow, S.F. 1983. The ecology of Langmuir circulation: A
review. Mar. Environ,. Res. 9:211-236.

Bartlett, M.R. and iLL. Haedrich. 1968. Neuston nets and
South Atlantic larval blue marlin (Makaira
nigricaris). Copela 1968:469-474.

Bayer, F.M. 1963. Observations on pelagic mollusks
associatd with the siphonophores Velella and
Physalia. Bull. Mar. Sci. Gulf Cab. 13:454-466.

Beamish, R.J. and D.E. Chilton. 1982. Preliminary
evaluation of a method to determine the age of
sablefish (Anoplopoma fimbria). Can. J. Fish. Aquat.
Sd. 39:277-287.

Bell, C.R. and L.J. Aibright. 1982. Bacteriological
investigation of the neuston and plankton in the
Fraser River estuary, British Columbia. Est. Coast.



147

Shelf Sd. 15:385-394.

Bidleman, T.F. and C.E. Olney. 1973. Chlorinated
hydrocarbons in the Sargasso Sea atmosphere and
surface water. Science 183:516-518.

Bieri, R. 1961. Post-larval food of the pelagic
coelenterate, Velella lata. Pac. Sci.. 15:553-556.

Blaxter, J.H.S. and M.E. Staines. 1971. Food searching
potential in marine fish larvae, p. 467-485. In:
J.H.S. Blaxter (ed.) The early life history of fish.
Cambridge Univ. Press, Cambridge.

Boehlert, G.W. and M..M. Yoklavich. 1983. Effects of
temperature, ration, and fish size on growth of
juvenile black rockfish, Sebastes melanops. Env.
Biol. Fish. 8:17-28

Boehiert, G.W. and M.M. Yokiavich. In press. Larval and
juvenile growth of sablefish, Anoplopoma fimbria, as
determined from otoljth increments. Fish. Bull.

Bourne, N.F. and M.A. Pope. 1969. Deep-sea line fishing
off British Columbia. J. Fish. Res. Ed. Can.
26(9) :2527-2531.

Brett, J.R.-1979. Environmental factors andgrowth, p.
599-675. In: W.S. Hoar, D.J. Randall, and J.R. Brett
(eds.) Fish physiology, Vol. 8. Academic Press, N.Y.

Brett, J.R., J.E. Shelbourn and C.T. Shoop. 1969. Growth
rate and body composition of fingerling sockeye
salmon, Oricorhynchus nerka, in relation to
temperature and ration size. J. Fish. Res. Ed. Can.
26:2363-2394.

Brett, J.R. and T.D.D. Groves. 1979. Physiological
energetics, p. 279-352. In: W.S. Hoar, D.J. Randall
and J.R. Brett (eds. ) Fish physiology, Vol. 8.
Academic Press, N.Y.

Brown, D.M. and L. Cheng. 1981. New net for sampling the
ocean surface. Mar. Ecol. Prog. Ser. 5:225-227.

Cheng, L. 1975. Marine pleuston - animals at the sea-air
interface. Oceanogr. Mar. Biol. Ann. Rev.
13:181-212.

Clark, J.B. 1984 a. Ichthyoplankton off Washington,
Oregon and Northern California, May-June, 1981.
N.M.F.S. Northwest and Alaska Fish. Ctr. Proc. Rep.
84-11. 46 pp.



148

Clark, J.B. 1984 b. Ichthyoplankton off Washington,
Oregon and Northern California, October-November,
1981. N.M.F.S., Northwest and Alaska Fish. Ctr.,
Proc. Rep. 84-12. 41 pp.

Deninan, K.L. and A.E. Gargett. 1983. Time and space scales
of vertical mixing and advection of phytoplarikton in
the upper ocean. Limnol. Oceanogr. 28:801-815.

Denman, ICE. and A.W. Herman. 1978. Space-time structure
of a continental shelf ecosystem measured by a towed
porpoising vehicle. J. Mar. Res. 36:693-714.

Denman, K.L. and TN. Powell. 1984. Effects of physical
processes on planktonic ecosystems in the coastal
ocean. Oceanogr. Mar. Biol. Ann. Rev. 22:125-168.

De Silva, S.S. and F. Balbontin. 1974. Laboratory studies
on food intake, growth and food conversion of young
herring, Clupea harengus (L. ). J. Fish. Bid.
6:645-658.

Duce, R.A., J.G. Quinn, C.E. Olney, S.R. Piotrowicz, B.J.
Ray, and T.L. wade. 1972. Enrichment of heavy metals
and organic compounds in the surface rnicrolayer of
Narragansett Bay, Rhode Island. Science 176:161-163.

E1dridge, P.J., F.H. Berry, and M.C. Miller, III. 1977.
Diurnal variation in catches of selected species of
ichthyoneuston by the Boothbay neuston net off
Charleston, South Carolina. S. Carolina Mar. Res.
Ctr., Tech. Rep. 18. 22 pp.

Fahy, M.P. 1975. An annotated list of larval and juvenile
fishes captured with surface-towed meter nets in the
South Atlantic Bight during four RV Dolphin cruises
between May 1967 and February 1968. NOAA Tech. Rep.
NMFS SSRF-685. 39 Pp.

Fedoryako, B.I. 1982. Langmuir circulations and a possible
mechanism of formation of fish associations around a
floating object. Oceanology 22:228-232.

Foich, J., M. Lees and G.H.S. Stanley. 1957. A simple
method for the isolation and purification of total
lipids from animal tissue. J. Biol. Chern.
226:497-509.

Fukuhara, 0 and T. Fushimi. 1983. Development and early
life history of the greenlings Hexagrammos otakii
(Pisces:Hexagrammidae) reared in the laboratory.
Bull. Jap. Soc. Sci. Fish. 49:1843-1848.



149

Gauzner, T.F. 1971. Controlled rearing of Dungeness crab
larvae and the influence of environmental conditions
on their survival. Comm. Fish. Devel. Act Closing
Rept., Nov. 16, 1965 to June 30, 1971. Oregon Fish
Comm. 43 pp.

Gorbunova, N.N. and N.Y. Lippskaya. 1975. Feeding of
larvae of the blue marlin, Makaira nigricans (Pisces,
Istiophoridae). 3. lchthyol. 15:95-101.

Griffiths, LW. and E.J. Hopfinger. 1984. The structure
of mesoscale turbulence and horizontal spreading at
ocean fronts. Deep-Sea Res. 31:245-269.

Grinols, RB. and C.D. Gill. 1968. Feeding behavior of
three oceanic fishes (Oncorhynchus kisutch, Trach-
urus syn-imetricus, and Anopiopoma fimbria) from the
northeastern Pacific. 3. Fish. Res. Bd. Cart.
25:825-827.

Hardy, J.T. 1973. Phytoneuston ecology of a temperate
marine lagoon. Limnol. Oceanogr. 18:525-533.

Hardy, J.T. and N. Valett. 1981. Natural and microcosm
phytoneuston communities of Sequim Bay, Washington.
Est. Coast.Shelf Sd. 12:3-12.

Hart, J.L. 1973. Pacific fishes of Canada. Bull. Fish.
Res. Bd. Can. 180. 740 pp.

Hatfield, S.E. 1983. Intermolt staging and distribution
of Dungeness crab, Cancer magister, megalopae. In:
Wild, P.W. and R.N. Tasto (eds.). Life history,
environment, and mariculture studies of the Dunge-
ness crab, Cancer mnaister, with emphasis on the
Central California fishery resource. Calif. Dept.
and Game, Fish. Bull. 172:85-96.

Hempel, G. and H. Weikert. 1972. The neuston of the
subtropical and boreal Northeastern Atlantic Ocean.
A review. Mar. Biol. 13:70-88.

Hoidway, P. and L. Maddock. 1983. Neustonic distribu-
tions. Mar. Biol. 77:207-214.

Horn, N.H., 3.M. Teal and RH. Backus. 1970. Petroleum
ituTips on the surface of the sea. Science 168:
245-246.

Houde, E.D. 1977. Abundance and potential yield of the
scale sardine, Harengula jaguana, and aspects of its
early life history in the eastern Gulf of Mexico.



150

Fish. Bull. 75:613-628.

Hunter, J.R. and CT. Mitchell. 1967. Association of
marine fishes with flotsam, in the offshore waters
of Central J'imerica. Fish. Bull. 66:13-29.

Huyer, A., R.D. Pillsbury and R.L. Smith. 1975. Seasonal
variation of the alongshore velocity field over the
continental shelf off Oregon. Limnol. Oceanogr.
20:90-95.

Huyer, A. and R.L. Smith. 1978. Physical characteristics
of the Pacific Northwestern coastal waters, p. 37-'

55. In: Krauss, R. (ed.). The marine plant biomass
of the Pacific Northwest coast. Ore. State Univ.
Press, Corvallis, Ore.

Buyer, A., R.L. Smith and B.M. II.ickey. 1984. Observa-
tions of a warm-core eddy off Oregon, January to
March 1978. Deep-Sea Res. 31:97-117.

Huyer, A., E.J.C. Sobey and R.L. Smith. 1979. The spring
transition in currents over the Oregon continental
shelf. J. Geophys. Res. 84:6995-7011.

Ingram, R.G. 1976. Characteristics of a tidally-influ-
enced estuarine front. J. Geophys. Res. 81:1951-
1959.

Jacoby, C.A. 1982. Behavioral responses of the larvae
of Cancer magister Dana (1852) to light, pressure,
and gravity. Mar. Behav. Physiol. 8:267-283.

Johnson, D.F., L.W. Botsford, R.D. Methot, Jr. and T.C.
Wainwright. In review. Wind stress and seasonal
cycles in Dungeness crab (Cancer magister) catch
off California, Oregon and Washington. Can. J.
Fish. Aq. Sc!.

Kendall, A.W., Jr. and 3. Clark. 1982 a. Ichthyoplankton
off Washington, Oregon,and Northern California.
April-May, 1980. N.M.F.S., Northwest and Alaska
Fish. Cent., Proc. Rep. 82-11. 44 p.

Kendall, A.W., Jr. and J. Clark. 1982 b. Ichthyoplankton
off Washington, Oregon, and Northern California.
August, 1980. N.M.F.S.,, Northwest and Alaska
Fish. Cent., Proc. Rep. 82-12. 43 p.

Kendall, A.W., Jr. and D. Gordon. 1981. Growth rate of
Atlantic mackerel (Scomber scombrus) larvae in the
Middle Atlantic Bight. Rapp. P.-v. Reun. Cons. mt.



151

Explor. Mer, 178:337-341.

Knudsen, E.E. and W.H. Herke. 1978. Growth rate of
marked juvenile Atlantic croakers? Micropogon
undulatus, and length of stay in a coastal marsh
nursery in southwest Louisiana. Trans. Am. Fish.
Soc. 197:12-20.

Laroche, J.L. and S.L. Richardson. 1979. Winter-spring
abundance of larval English sole, Parophrys vetulus,
between the Columbia River and Cape Blanco, Oregon1
during 1972-1975, with notes on occurrences of three
other pleuronectids. Est. Coast. Mar. Sd. 8:
455-476.

Lasker, R. 1975. Field criteria for survival of anchovy
larvae: the relation between the inshore chlorophyll
layers and successful first feeding. Fish. Bull.
71:453-462.

Lasker, R. 1981. The role of a stable ocean in larval
fish survival and subsequent recruitment, p.80-87.
In: Lasker, R. (ed.). Marine fish larvae. Morphol-
o.gy, ecology and. relation to fisheries. Wash. Sea
Grant, Univ. Wash. Press, Seattle.

LeBrasseur, R.J. 1969. Growth of juvenile chum salmon
(Oncorhynchus keta) under different feeding regimes.
J. Fish. Res. Bd.Can. 26:1631-1645.

Legendre, L. and S. Demers. 1984. Towards dynamic
biological oceanography and limnology. Can. J. Fish.
Ag. Sci. 41:2-19.

Lindsay? J.A., ER. Radle and J.C.S. Wang. 1978. A
supplemental sampling method for estuarine
ichthyoplankton with emphasis on the Atherinidae.
Estuaries 1:61-64.

Lippskaya, N.Y. and N.N. Gorbunova. 1977. Feeding of
sailfish larvae. Oceanology 17:340-344.

Laugh, R.G. 1976. Larval dynamics of the Dungeness crab,
Cancer magister, off the central Oregon coast,
1970-1971. Fish. Bull. 74:353-375.

Luczkovich, JJ. and B.L. 011a. 1983. Feeding behavior,
prey consumption, and growth of juvenile red hake.
Trans. ?m. Fish. Soc. 112:629-637.

Nadsen, O.S. 1977. A realistic model of the wind-
induced Ekman boundary layer. J. Phys. Oc. 7:248-



152

255.

Marsh, JB. and D.B. Weinstein. 1966. Simple charring
method for determination of lipids. J. Lipid Res.
7:574-576.

Mason, J.C., R.J. Beamish and G.A. McFarlane. 1983.
Sexual maturity, fecundity, spawning, and early
life history of sablefish (Anoplopoina fimbria)
off the Pacific coast of Canada. Can. J. Fish.
Aquat. Sci. 40:2126-2134.

May, RC. 1974. Larval mortality in marine fishes and
the critical period concept, p. 3-19. In: Blaxter,
J.H.S. (ed.). The early life history of fish.
Springer-Verlag.

Methot, R.D.,, Jr.,, D. Johnson and L.W. Botsford. 1984.
Distribution of Dungeness crab larvae. Presented
at 1984 annual Ca1COFI conference, Idyliwild, CA.

Mitchell, C.T. and J.R. Hunter. 1970. Fishes associated
with drifting kelp, Macrocystis pyrifera, off the
coast of southern California and northern Baja
California. Calif. Fish and Game 56:288-297.

Mundy, B.C. 1983. Yearly variation in the abundance and
distribution of fish larvae in the coastal zone off
Yaquina Head, Oregon, from June 1969 to August 1972.
MS. Thesis, Oregon State Univ., Corvallis, OR.
158 pp.

Murphy, G.I. and R.I. Clutter. 1972. Sampling anchovy
larvae with a plankton purse seine. Fish. Bull.
70:789-798.

Murphy, G.I. and R.S. Shomura. 1972. Pre-exploitation
abundance of tunas in the equatorial central Pacific.
Fish. Bull. 72:875-913.

Naumann, E. 1917. tJnter das neuston des Susswassers.
Biol. Centralbiat, 37:98.

Nelson, W.R., M.C. Ingham and W.E. Schaff. 1977. Larval
transport and year-class strength of Atlantic
menhaden, Brevoortja tyrannus. Fish. Bull. 75:23-42.

Meter, J. and W. WAsserman. 1974. Applied linear
statistical models. RD. Irwin, Inc., Homewood, IL.
842 pp.

Nishimura, A. arid J. Yarnada. 1984. Age and growth of



153

larval and juvenile walleye pollock, Theragra
chalcogranmia (Pallas) as determined by otolith
daily growth increments. J. Exp. Mar. Biol.
Ecol. 82:191-205.

Owen, R.W. 1981. Fronts and eddies in the sea: Mech-
anisms, interactions and biological effects, p. 197-
233. In: Longhurst, A.R. (ed.). Analysis of marine
ecosystems. Acad. Press, N.Y.

Oxenford, H.A. and W. Hunte. 1983. Age and growth of
dolphin, Coryhaena hippurus, as determined by
growth rings in otoliths. Fish. Bull. 81:906-909.

Parker, R.R. 1971. Size selective predation among
juvenile salmonid fishes in a. British Columbia
inlet. J. Fish. Res. Bd. Can. 28:1503-1510.

Parsons, T.R.,, J. Stronach, G.A. Borstad, G. Loutit and
R.I. Perry. 1981. Biological fronts in the Strait
of Georgia, British Columbia, and their relation to
recent measurements of primary productivity. Mar.
Ecol. Prog. Ser. 6:237-242.

Pearcy, W.G. and D.F. Keene. 1974. Remote sensing of
water color and sea surface temperatures off the
Oregon coast. Limnol. Oceanogr. 19:573-583.

Peterson, W..T., C.B. Miller and A. Hutchinson. 1979.
Zonation and maintenance of copepod populations in
the Oregon upwelling zone. Deep-Sea Res. 26:467-494.

Reid, J.L., Jr., G.I. Rodin and J.G. Wyllie. 1958.
Studies of the California Current System. Ca1COFI
Rep. 1 July 1956 - 1 Jan. 1958.

Reilly, P.N. 1983 a. Dynamics of Dungeness crab, Cancer
magister, larvae off central and northern California.
In: Wild, P.W. and R.N. Tasto (eds.). Life history,
environment, and mariculture studies of the Dungeness
crab, Cancer magister, with emphasis on the central
California fishery. Calif. Dept. Fish and Game Fish.
Bull. 172:57-85.

Reilly, P.N. 1983 b. Predation on Dungeness crab, Cancer
rnagister, in central California. In: Wild, PW. and
RN. Tasto (eds.). Life history, environment, and
mariculture studies of the Dungeness crab, Cancer
magister, with emphasis on the central California
fishery. Calif. Dept. Fish and Game Fish. Bull.
172:155-164.



154

Richards, C.E. and M. Castagna. 1976. Distribution,
growth, and predation of juvenile white mullet
(Mugil curema) in oceanside waters of Virginia's
eastern shore. Ches. Sci. 17:308-309.

Richardson, P. 1976. Gulf Stream rings. Oceanus
19:65-68.

Richardson, S.L. 1973. Abundance and distribution of
larval fishes in waters off Oregon, May-October
1969, with special emphasis on the northern
anchovy, Engraulis mordax. Fish. Bull. 71:697-711.

Richardson, S.L. 1980. Spawning biomass and early life
of northern anchovy, Engraulis mordax, in the
northern sub-population off Oregon and Washington.
Fish. Bull. 78:855-877.

Richardson, S.L, J.L. Laroche, and M.D. Richardson. 1980.
Larval fish assemblages and associations in the
north-east Pacific Ocean along the Oregon coast,
winter-spring, 1972-1975. Est,. Coast. Mar. Sci.
11:671-699.

Richardson, S.L. and W.G. Pearcy. 1977. Coastal and
oceanic fish larvae in an area of upwelling off
Yaguina Bay, Oregon. Fish. Bull. 75:125-146.

Ricker, W.E. 1975. Computation and interpretation of
biological statistics of fish populations. Bull.
Fish. Res. Bd. Can. 191. 382 pp.

Ricker, W.E. 1979. Growth rates and models, p. 677-
743. In: Hoar, W.S., D.J. Randall and J.R. Brett
(eds.). Fish physiology, Vol. 8. Academic Press,
N.Y.

Roden, G.I. 1977. Oceanic sub-Arctic fronts of the
Central Pacific: Structure of and response to
atmospheric forcing. J. Phys. Oceanogr. 7:761-778.

Sameoto, D.D. and L.O. Jaroszynski. 1969. Otter surface
sampler: A new neuston net. J. Fish. Res. Bd. Can.
26:2240-2244.

Saville, A. 1964. Estimation of the abundance of a fish
stock from egg and larval surveys. Rapp. P.-v. Reun.
Cons. mt. Explor. Mer, 155:164-170.

Schultz-Baldes, M. and L. Cheng. 1980. Cadmium in
Halobates micans from the central and south Atlantic
Ocean. Mar. Biol. 59:163-168.



155

Shanks, A.L. 1983. Surface slicks associated with
tidally forced internal waves may transport pelagic
larvae of benthic invertebrates and fishes shore-
ward. Mar. Ecol. Prog. Ser. 13:311-315.

Sieburth, J.M. 1971. Distribution and activity of
oceanic bacteria. Deep-Sea Res. 18:1111-1121.

Small, L.F. and D.W. Menzies. 1981. Patterns of primary
productivity and bioxnass in a coastal upwelling
region. Deep-Sea Res. 28A:123-149.

Snedecor, G.W. and W.G. Cochran. 1980. Statistical
methods, 7th ed. Iowa State Univ. Press, Ames,
Iowa. 507 pp.

Stavn, R.H. 1971. The horizontal-vertical distribution
hypothesis: Langmuir circulations and Daphnia
distributions. Limnol. Oceanogr. 16:453-466.

Steiner, W.W., J.L. Luczkovich and B.L. Qua. 1982.
Activity, shelter usage, growth and recruitment of
juvenile red hake Urophycis chuss. Mar. Ecol. Prog.
Ser. 7:125-135.

Stoner, A.W. and H.S. Greening. 1984. Geographic
variation in the macrofaunal associatesof pelagic
Sargassum and some biogeographic implications. Mar.
Ecol. Prog. Ser. 20:185-192.

Sverdrup, H.U., M.W. Johnson. and R.H. Fleming. 1942. The
oceans. Prentice-Hall Inc., Englewood Cliffs, N.J.

Theilacker, G. 1980. Rearing container size affects
morphology and nutritional condition of larval
jack mackerel, Trachurus symmetricus. Fish. Bull.
78:789-791.

Tranter, D.3., G.S. Leech and D. Airey. 1983. Edge
enrichment in an ocean eddy. Aust. J. Mar. Freshw.
Res. 34:665-680.

Turner, J.T. and S.B. Collard. 1980. Winter distribution
of pontellid copepods in the neuston of the eastern
Gulf of Mexico continental shelf. Bull. Mar. Sci.
30:526-530.

Turner, J.T., S.B. Collard, J.C. Wright, DV. Mitchell and
P. Steele. 1979. Summer distribution of pontellid
copepods in the neuston of the eastern Gulf of Mexico
continental shelf. Bull. Mar. Sc!. 29:287-297.



156

Uchiyama, J.H., R.K. Burch, and S.A. Kraul, Jr. In press.
Growth of dolphins, Coryphaena hippurus and C.
equiselis, in Hawaiian waters as determined by
daily increments in otoliths. Fish. Bull.

tJchiyama, J.H. and P. Struhsaker. 1981. Age and growth
of skipjack tuna, Katsuwonus pelamis, and yellowf in
tuna, Thunnus albacares, as indicated by daily growth
increments of sagittae. Fish. Bull. 79:151-162.

Vinogradov, M.E. 1981. Ecosystems of equatorial
upwellings, p. 69-94. In: Longhurst, A.R. (ed.).
Analysis of marine ecosystems. Acad. Press, N.Y.

Wailer, R.A., J.P. Dean, J. Marra, J.F. Price, E.A.
Francis and D.C. Boardman. 1985. Three-dimensional
flow in the upper ocean. Science 227:1552-1556.

Wickham, D.E. 1979. The relationship between megalopae
of the Dungeness crab, Cancer xnagister, and the
hydroid, Velella velella, and its influence on
abundance estimates of C. magister megalopae.
Calif. Fish and Game 65T184-186.

Wyatt, B., W.V. Burt and J.B. Patully. 1972. Surface
currents of f Oregon as determined from drift
bottle returns. J. Phys. Oceanogr. 2:286-293.

Zaitsev, Y.P. 1970. Marine Neustonology. Transl. by
A. Mercado, Israel Prog. Sci. Transl., Ltd. 207 pp.




