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INTRODUCTION

Nekton, the good swimmers, includes such diverse taxonomic groups as
squids, shrimps, fishes and whales, swimming abilities, life histories,
habits and distribution differ widely both within and among these groups.

We are at a stage in the study of marine ecology where quantitative es-
timates are needed on standing stocks of nekton to assist in evaluating the
structure and dynamics of marine ecosystems. Nektonic populations often
comprise a large portion of the living biomass. Nekton may have a major
role in recycling of elements, or in regulating the numbers and structure
of populations at lower trophic levels.

In addition to their ecological importance, many species of nekton
(e.g., anchovies, sauries, lanternfishes, squids, shrimps) represent a la-
tent protein resource. Assessment of population sizes and densities of
under-utilized resources is needed to estimate yields.

In many fisheries, as stocks are overfished, minimum size regulations
are imposed. As a result, only large individuals are landed in the fishery.
But in order to make harvest recommendations, knowledge of the numbers of
the recruits is essential, and this knowledge often must be provided by the
sampling programs of fishery biologists. Accurate assessment of pre-recruit
year-classes is especially important for predicting probable yield levels in
fisheries where survival fluctuates yearly and the fishery harvest is
dependent on only a few year-classes, such as in some clupeoid fisheries.

This workshop was convened to evaluate the problems of quantitative
sampling of nektonic populations in the ocean. Biological oceanographers
are obtaining extensive data on phytoplankton production and the standing
stocks of zooplankton, often using standardized methods. Fishery biolo-
gists have access to catch/effort data for commercially harvested species.
Yet many nektonic animals that may be ecologically important in the marine
food web have received less attention. Little is known about the ecology
or population dynamics of many of these unharvested species, largely be-
cause of the difficulties associated with sampling.

Participants in the workshop represented a unique mix of biological
oceanographers, fishery biologists, acousticians, and engineers. Four ses-

sions were held on the major methods of assessing populations of nektonic
animals: 1) net collections, 2) acoustics, 3) egg/larval surveys, and 4)
visual methods, remote sensing, and feeding habit studies. Special emphasis
was given to small to intermediate-sized oceanic nekton that inhabit waters
beyond the continental shelf and are not presently harvested by man. For
each method area our objectives were to:

Summarize the current state of science and important recent devel-
opments;
List the general advantages and disadvantages of each method;
Critically evaluate how well we are assessing various nektonic

1



groups, and the major problems and limitations encountered; and,
(4) Identify important scientific problems and to recommend areas for

future research and development.

GENERAL CONCLUS IONS P1iD RECOMMENDATIONS

No one method of sampling the oceans is adequate for understanding the
nature and role of nekton in the marine ecosystem. However, well planned
programs utilizing a judicious mix of techniques and technologies that com-
plement each other could increase our ability to assess populations of nek-
tonic animals.

Fortunately, sampling systems have different advantages. For example,
net collections are indispensable for catching animals so that they can be
identified and used for biological studies; however, sampling problems are
many, and motile animals can often avoid nets. Acoustical methods have the
great advantage of rapidly sampling large, contiguous volumes of water, with-
out avoidance problems, but information is required from other sources for
species identification and biological data. Egg and larval surveys can
provide reliable estimates of spawning biomass of individual species with
minimal avoidance problems, but again, other methods are needed to furnish
essential data on the reproductive biology of adults. Visual methods, such
as submersibles, TV's and cameras, have the advantage of permitting actual
in situ observations of organisms; however biases for quantitative assess-
ment need to be evaluated. The relative merits of these methods, including
remote sensing and food habits of large nektonic "samplers", are a convincing
argument for research incorporating more than one method for providing
better quantitative estimates of the species composition, size structure
and abundance of marine nekton.

We recommend well planned and coordinated studies using complementary
methods and existing state-of-the-art technology to determine the relative
sampling efficiencies, limitations and biases, the operational characteris-
tics, and the precision of commonly used sampling systems. Such studies
would provide a rational basis for evaluation of extant systems and recom-
mendations for sampling systems needed in the future.

Comprehensive, multidisciplinary, sampling programs conducted at se-
lected oceanic sites are needed to evaluate the abundance and ecological
interactions of the spectrum of oceanic life from small plankton through
the large nektonic and benthic forms. Most current nekton sampling is of
the survey type, and the few intensive, site-oriented studies have employed
limited types of gear and have sampled only a part of the oceanic community.
Carefully planned, integrated programs that sample at stations from the
surface to the sea bottom with all the methods discussed in this report
should be initiated. This should include a selected range of net sizes
and types and multifrequency acoustical methods. Repeated sampling using
consistent techniques is needed to assess spatial variability and differ-
ences among methods. Egg and larval surveys should be expanded to include
a wide variety of fishes and invertebrates. Such studies would also pro-
vide complete autecological data for all phases in the life history of in-
dividual species, as well as an evaluation of interactions between meso-
pelagic, bathypelagic and benthic animals to evaluate the major pathways
and sources of energy and element flux to deep benthic communities. Such
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studies should be undertaken in cooperation with existing programs to
insure that other components of the ecosystem are studied. Ideally the
area should be one commercially fished for large terminal predators.

Joint biological-acoustical research programs are recommended to en-
hance our ability to identify acoustical targets. They would involve stud-
ies of school sizes and shapes, swimming and feeding behavior, influences
of physical-chemical factors and other target characteristics of individual
species. An advanced acoustic system with multifrequency and deep-towing
capabilities should be developed to permit accurate estimates of biomass
and numbers of animals over a broad depth range. Use of high frequencies
in such a system would be useful for description of spatial structure and
patchiness.

The small midwater trawis used by oceanographers collect only a limit-
ed range of small pelagic animals. Larger individuals of many species
evade these nets. To sample larger and more motile nekton, larger nets are
obviously needed. Opening-closing systems for large nets are needed for
sampling selected depths in midwater or on the bottom without contaminating
the catches with animals from shallower depths. A major limitation, how-
ever, is that no U.S. oceanographic vessel is capable of deep-sea trawling
with large nets, and no ship of the U.S. academic fleets is even equipped
to use large nets.
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NET COLLECTIONS

INTRODUCTION

To obtain biological data, there is no substitute for sampling so that
actual specimens are obtained. Nets are the main quantitative gear for
this purpose. From net collections, specimens can be positively identified
and data on age, growth, fecundity and other important life history factors
can be obtained.

The working group on nets focused on the problems of assessing oceanic
midwater animals, especially the avoidance problem. Early in the workshop
it was emphasized that different nets catch different types or sizes of an-
imals, and that we lack good studies that evaluate the relative catching
efficiencies of different nets. Many of the comparisons that have been made
suffer from small sample size, use of different mesh sizes, inadequate ex-
perimental design, and lack of estimates of filtration efficiency, flow
characteristics, and depth of sampling. This is an area, nonetheless, that
has received critical attention from a number of investigators. Atsatt and
Seapy (1974), Aron and Collard (1969) and Harrisson (1967) provide a useful
review of such efforts.

Promising developments for sampling nekton include the use of very large
midwater trawis as described by Krefft and the continued development of the
fully opening-closing Rectangular Midwater Trawls (RMT) described by Badcock.

STATE OF SCIENCE

Because of the absence of quantitative comparisons of techniques we lack
a rational basis for specifying the types and sizes of nets necessary for
sampling the broad range of nektonic animals. Biological oceanographers tra-
ditionally use small midwater trawls such as the 1.8 or 3-rn IKMT with mouth
openings of 8 rn2 or less. These nets have provided useful data on distribu-
tions and abundances of small mesopelagic and bathypelagic animals, but they
are thought to be inadequate for assessing larger more agile nekton. Fish-

ery biologists use large nets to sample commercially important benthic and
pelagic species; however, assessment of the full spectrum of nektonic animals
has rarely been attempted.

The large size of many nektonic animals, their generally well-developed
sensory systems and their strong swimming ability make them adept at avoid-
ing nets of whatever size. The cephalopods as a group illustrate the sam-
pling problem particularly well. The following section focuses on this
group, but applies to most other nektonic groups.

In the Ocean Acre project, one of the most intensive sampling efforts
ever undertaken in one region, 15 cruises over a 5-year period yielded 60
species of cephalopods; virtually all of them were larvae and juveniles. As

part of this project on two cruises during the same season, 60 tows with a
3-rn IKMT and a ENT 8 caught a total of 50 species; 40 species were caught by
the RMT, and 32 species by the IKMT. Only 22 species were captured by both
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nets, thus a significant number of species were not captured in one or the
other net. On a cruise in this general area by the WALTHER HERWIG using
the large, 1600-mesh Engel trawl, over 4000 cephalopods were captured in 77
tows representing 100 species, 10% of which were new to science. Many new
distributional records were established, and adults of many species were ta-
ken for the first time.

The conclusion is unavoidable that extremely little is known about
most species of nektonic cephalopods. A major problem of assessment is our
inability to obtain adequate samples in terms of species composition and
numbers over the entire size range. Most species are perceptive, fast swim-
ming creatures - generally able to detect and escape most nets. Avoidance
is a major problem. Sampling the right habitats is another - e.g., the ben-
thopelagic zone is rarely sampled by biologists. The small midwater trawls
used by biological oceanographers do not catch the spectrum of oceanic spe-
cies ver the entire range of sizes or at all stages in their life histor-
ies. The 1600-mesh Engel trawl is the most effective device employed for
capturing larger cephalopods. But even it does not adequately collect the
largest histoteuthid and octopoteuthid squids that are the major food for
sperm whales. Other families (Onychoteuthidae, Ommastrephidae and Gonati-
dae, important food for pinnipeds, tunas and billfishes, etc.) are likewise
poorly sampled with nets.

RECOMMENDATIONS

Comprehensive sampling programs should be conducted at selected oceanic
sites, preferably in conjunction with existing or planned ecosystem studies,
to allow the assessment of the abundance and ecological interactions of the
spectrum of oceanic life from small plankton to the large nekton and benthos.
Most current nekton sampling is of the single-gear survey type, and the few
intensive, site-oriented studies have employed limited types of gear and
have sampled only a portion of the nektonic community. Needed are carefully
planned, integrated programs sampling from the surface of the sea to the bot-
tom with a variety of different types of gear and during all seasons of the
year. Each net type should be fished under carefully controlled conditions
in a consistent manner, preferably while monitoring or recording depth and
flow, to allow comparison of catches within and among depth strata.

Knowledge of absolute abundance is basic to ecosystem understanding.
No one method can be assumed to provide unbiased estimates. A very neces-
sary part of a comprehensive program will be cooperative studies using other
methods. Acoustical assessments are especially important. Visual methods
(photography, submersible) and egg/larval surveys would also provide valu-
able data on nektonic populations. Because of the diversity of sampling ef-
forts, multi-ship operations would probably be necessary. These studies
would seek complete autecological data for all phases in the life history of
individual species, as well as an evaluation of interactions between meso-
pelagic, bathypelagic and benthic animals to evaluate the major pathways and
sources of energy and element flux from pelagic to deep benthic communities.

At the present time the U.S. academic oceanographic fleet does not in-
clude a single ship with the capability to fish a large midwater trawl even
to the mean depth of the ocean. In order for U.S. biologists to be able to



adequately sample the nektonic communities with the large midwater trawls
now available (e.g., Herman Engel or Cobb Trawls, with mouth openings ap-
proaching 1000 m2) a suitable sampling platform is needed.

The following are some desired characteristics of such a ship:
Two winches with the capacity of 12,000 m of wire rope tapered
from 38 mm to 16 mm.

- winch horsepower sufficient (approximately 600 hp) to
haul-back large Engel trawl (12 m2 otter doors and net
with cross-sectional area of 2100 m2) at stepped up
speeds up to 150 rn/mm.

Main engine capable of developing at least 3000 hp continuous.
Net drum of sufficient capacity to handle the large Engel trawl,
i.e., 5-ton-line pull at hauling speed of 20 rn/mm.
Stern ramp arrangement.
Stanchions forward of the rudderpost.
Ample lift capacity to haul-back and empty the codend.
Acoustic netsonde for positioning trawls at depth and determining
the behavior of the nekton before and within the mouth of the trawl.

These criteria are achievable within existing technology. Such a capa-
city could be obtained by modification of an existing vessel, construction
of a new vessel, or cooperative arrangement with other countries. The Fed-
eral Republic of Germany, Japan, USSR, and Poland possess suitable ships,
and joint use or charter may be possible.

The National Marine Fisheries Service has several ships which, although
now lacking large capacity winches, have the ability to handle large nekton
sampling gear. However, with the advent of extended jurisdiction and ex-
panded oil and gas exploration on the continental shelf, these vessels are
expected to be committed to fisheries assessment missions and may not be
readily available for non-fisheries nekton assessment studies. At the very
least, research using existing ships (owned by the federal government or
commercial fishermen) should be encouraged in order to provide a more com-
plete assessment of nektonic animals.

Our lack of knowledge of sampling performance severely hampers our abil-
ity to interpret our results and to make meaningful comparisons among the
diverse types of nets used. Better estimates are needed of both the accur-
acy and precision of our sampling. We recommend studies to evaluate the
hydrodynamic qualities of the midwater trawls in common use to improve their
catch effectiveness. We need to know more about the behavior of nets, the
configuration they adopt (shape of opening, spread of mesh, etc.), filter-
ing efficiencies, and the effects of changes in speed. To these ends, nets
should be instrumented in the field to evaluate their fishing characteris-
tics. The facilities available at National Ship Research and Development
Center also should be considered as a means to study the flow characteris-
tics of the intermediate-sized midwater trawls in common use (i.e., 1.8 and
3-rn IKMT, RMT 8, and Tucker trawl). Information on avoidance and efficien-
cies of trawls could be obtained with the expanded use of a calibrated high-
frequency acoustic system with the transducer mounted on the trawl.

At present, no large midwater nets have the capability for discrete
depth sampling. We recommend support for the development of large (at least
250 m2 mouth opening) nets with discrete depth sampling and monitoring capa-
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bilities. This type of net could also be used for sampling benthic nekton
without contaminating the catch with animals from overlying waters. These

nets should be developed by professional fishing gear engineers and include
an evaluation of fishing characteristics at various speeds.

5. Although fishermen utilize a wide variety of techniques to separate
nekton from water, (e.g., gill-nets, long-lines, purse seines), scientists
have relied heavily on towed devices, particularly in the case of pelagic
studies. These other methods may be useful techniques when applied in a
highly selective fashion. They could provide valuable scientific data to
supplement collections with towed devices.

While it is difficult to derive estimates of absolute abundance from
gill-nets or long-lines, such gear can provide estimates of relative abun-
dance, and sometimes catch kinds of organisms that are not sampled with
towed gear, e.g., adults of the larger pelagic inioms, gempylids, sharks,
etc. Purse seines, on the other hand, not only can catch certain organisms
not normally obtained with towed gear, but can provide reliable estimates
of density. They also can sample large volumes of water. Sets on acousti-

cal signs or even random sets with purse seines may provide estimates of
epipelagic nekton which we know avoid other gear (e.g., ommastrephid squids,
stromatioid fishes).

We feel that trials and application of such 'non-conventional" gear are
likely to be rewarding and recommend efforts directed along these lines.
Such efforts could include development of gear especially for scientific
purposes, or charter of commercial vessels, gear and expertise for a scien-
tific program.
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ACOUSTICAL METhODS

INTRODUCTION

Two items of general significance were noted during the workshop. The

first was the major progress in development of acoustic techniques during
the last decade. Acoustics is becoming clearly established as an important
scientific tool for nekton studies as well as a major management tool for
fisheries. The second item, largely the result of the first, is an increas-
ing awareness of the importance of nekton in the trophic structure of the
oceans. This was brought out particularly well by Paul Smiths research on
schooling pelagics. He reported densities of 15,000 g/m2 in schools and
that fish comprise 23% of the living carbon biomass in the Southern Califor-
nia Current (Figure 1).

Another example of recent developments in acoustics was the use of low-
frequency broadband sources to examine resonant structure produced by fishes
with gas-filled swimbladders as illustrated by the presentations of
Friedl (see Batzler, Reese and Friedi, 1975) and Holliday (1972, 1974).
These applications have indicated major deficiencies in net sampling for
larger fishes in scattering layers and demonstrated considerable potential
as a means of size and species identification. Application of higher fre-
quencies to quantitative assessment of fish was illustrated by the work at
the University of Washington presented by Thorne (1973) and Blackburn and
Thorne (1974), while Pieper (in press) demonstrated the potential applica-
tion of higher frequencies to assessment of invertebrates.

STATE OF SCIENCE

In general, the major advantages of acoustic techniques are large sam-
pling capability, continuity of sampling (so as to provide good measure
patchiness), rapid data processing and minimal interference with the
environment (including no problems due to avoidance or attraction). Disad-

vantages are the problems of species identification, limits of single fixed
frequency systems, the need for trained personnel and lack of life history
information.

Mesopelagics
Research on mesopelagics has been conducted primarily with low-frequen-

cy, broadband systems. These provide good information on the presence or
absence of fishes with gas-filled swixnbladders of various sizes and checks
on the adequacy of a net sampling program. However, these techniques are of

limited value in assessing fishes without gas-filled swimbladders and most
invertebrates and also have no direct translation to biomass. Higher fre-

quencies have some potential in this area but are limited in range and may
require deep-towed transducers.

Near-surface Schooling Pelagics
Techniques for quantification are presently limited to estimation of

numbers and sizes of schools. This information is very valuable for study-
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ing behavior and distribution relative to the environment. Absolute quanti-
fication still requires information on species and packing densities. Smith,
for example, uses free-fall cameras to obtain estimates of the density of
anchovy within schools.

Non-schooling and Sub-surface Schooling Projects
Relative abundance of most non-schooling pelagics and pelagics school-

ing in depth ranges from 20 m to 200 m below the surface is quite well as-
sessed with high-frequency systems under conditions where species identif i-
cation information is available from other sources. Absolute quantifica-
tion is increasing in reliability with increased knowledge of target char-
acteristics. Problems and limitations are species identification, on-bottom
and near-surface distributions, and sampling problems in population assess-
ment applications. Examples of animals well assessed are salmon, herring,
and hake. Examples of animals not well assessed are rockfishes, sablefish,
flatfishes, and larger invertebrates such as squids.

RECOMMENDATIONS

1. The primary problem associated with acoustic techniques is species iden-
tification. In all cases, identification of acoustic targets depends on an-
cillary information, frequently derived from other methods. An example of
the types of acoustic information that can provide identification clues is
given below.

TABLE 1

IDENTIFICATION CLUES

Acoustic Measurement Clue

Water depth . Behavioral
Target depth . Behavioral
Target size . Schooling habits
Broadband target signature . Presence/absence of gas-

filled swimbladders
Distribution of swimbladder
volumes within target

Target track . Behavioral patterns
School cruising speed/size
School swimming bursts/
size/endurance

Double signatures of narrowband echo . Swimmers/nonswimmers
Carangiform/other
If carangiform - estimate
of individual fish size
Detail of swimming behav-
ior, e.g., filter feeding,
squid-like propulsion, etc.

In addition to acoustic measurements, chemical and physical parameters
of the environment may potentially give important clues for identification.
It is recommended that a directed program of biological-behavioral research
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on potential acoustic identification characteristics be conducted. Exam-
ples of needed information are swimming and feeding behavior, school shapes,
sizes, and compaction, seasonal and diel changes in distribution, and in-
fluences of chemical and physical parameters on distribution and behavior,
and characteristics and distribution of fishes with gas-filled swimbladders
relative to fishes lacking gas-filled swimbladders. Cooperative studies
are recommended employing a variety of techniques to establish the relation-
ship between observed biological phenomena and acoustic signatures.

The successes which have been achieved in absolute quantification of
stocks such as herring, hake, and salmon have been largely the result of
good information on target characteristics. General information on target
characteristics of fishes with gas-filled swimbladders over middle-frequency
ranges (30 to 120 kHz) as a function of size and shape is increasing but is
still limited to a few species and limited frequency ranges. Much more in-
formation is needed on individual target characteristics as a function of
species, size, depth, morphological and behavioral characteristics and fre-
quency, particularly for invertebrates and fishes lacking gas-filled swim-
bladders.

Present quantification methods depend largely on assumptions of linear
relationships between scattering and number of individuals. These relation-
ships undoubtedly vary at higher packing densities. Understanding of these
high-density scattering effects is needed to accurately quantify high-densi-
ty schools.

An efficient sampling design is essential for population assessment ap-
plications. Areal distribution, extent of patchiness, diel and seasonal
variations, and other behaviorial patterns greatly affect acoustic stock as-
sessments. Information on these characteristics will enable optimal sam-
pling and a reduction in variance.

Much of the acoustic technology needed to solve most sampling problems
is presently available but neither integrated nor widely applied. There is
not presently a single system in operation anywhere in the world that in-
cludes more than a small fraction of the acoustic technology available.
Some assessment problems are being attacked with nets alone, a dangerous
practice in the light of the acoustic/net-sampling comparisons presented at
this workshop. It is recommended that existing acoustic systems be upgraded
to include wider ranges of frequency, band width, and signal processing
capabilities, and be applied on a wider basis for problems requiring nekton
assessment, and further, that quantitative studies involving nets include at
a minimum a fully calibrated fixed-frequency acoustic system.

Although most advances could be made utilizing existing technology,
there are a few areas where minimal further technological developments
could result in substantial improvements; namely, the development of

automatic target strength measurement systems,
a deep towed system for high-frequency assessment of mesopelagic
animals,

a good multifrequency acoustic system, and
a towed, upward-directed acoustic system. This requires capability
to tow off to the side of a vessel away from the surface disturban-
ces, and knowledge of the acoustical signatures of nekton when
viewed from below.
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EGG AND LARVAL SURVEYS

INTRODUCTION

Surveys of pelagic eggs and larvae have been used successfully to
estimate the adult biomass of marine fishes. Such surveys almost always
can provide estimates within an order of magnitude of the true biomass and
usually can provide an estimate that is within a factor of two or better,
even when little is known about the biology of the surveyed organisms.
Although the technique has been used most widely for commercially exploited
finfishes, it can be used just as effectively for non-commercial fishes
and for certain invertebrates including squids and shrimps. Smith and
Richardson (in press) recently completed an important manual that can serve
as a guide for future ichthyoplankton surveys. They stress the importance
of standardizing shipboard and laboratory procedures based on many years
of egg and larvae surveys in the California Current region, and they pro-
vide information necessary on survey design and data analysis to obtain re-
liable biomass estimates.

Some of the uses that Smith and Richardson (in press) list for egg and
larval surveys are:

I. Studies in population dynamics of fishes
estimating abundance of a stock, based on its spawning produc-
tion.

tracing fluctuations in spawning stocks by estimating the abun-
dance of their eggs and young larvae.
forecasting year-class strength on the basis of the abundance
of older larvae.

II. Detection and appraisal of fishery resources
exploring for new resources.
locating spawning concentrations of important stocks.
describing relative abundance of stocks, within and amongst
regions.

monitoring long-term changes in composition and abundance.
III. Studies in biology and systematics

STATE OF SCIENCE

There have been no great breakthroughs in the area of egg and larval
surveys during recent years but the standardization of methods by many coun-
tries and agencies has provided a means to directly compare data among ar-
eas. The 61 cm Bongo net array has been adopted as standard gear by many
egg and larval survey groups. It is the gear now recommended or used by
U. S. National Marine Fisheries Service, International Commission for the
Northwest Atlantic Fisheries, and others. However, other plankton samplers
can be equally useful to determine biomass of marine organisms, depending
upon gear availability and capabilities of the ship used to obtain the sam-
ples.

Development of prototype automated egg and larvae sorters promises to
shorten the time from collection of samples until data analysis. Establish-
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ment of international plankton sorting centers, such as those in Mexico City
and Poland, also will speed the time from collection until analysis of data.

Participants in this workshop presented data illustrating the diversity
of approaches using eggs and larvae for assessment of resources. Among

these were the successful attempt by Omori to assess sergestid shrimp bio-
mass and the promising work of Okutani to estimate squid biomass from larval

studies. Houde used data on round herring to illustrate problems and
sources of error in determining adult biomass from egg and larvae surveys.

Advantages of Egg and Larval Surveys
A much broader spectrum of fishes in an area can be sampled by the
plankton net than by any other gear. This is true because most
marine fishes have pelagic eggs and larvae that are distributed
within the upper 200 m, a depth stratum that can be easily sampled.
If sex ratio, fecundity, rate of egg development, and spawning
area are known, the adult biomass can be estimated from abundance

of eggs.
If surveys are conducted over a number of years, both eggs and lar-
vae can provide indices of the relative abundance of a stock.

Relatively little avoidance of gear occurs when larvae are sampled,
and no avoidance is present when eggs are sampled. Problems asso-

ciated with contagious distributions are present but apparently are
no greater than for net methods designed to collect older life sta-

ges.
Many species can be assessed simultaneously with the plankton net.

Eggs and larvae of a variety of species will occur together, pro-
viding information not only about adult stock size but also about
community structure and diversity. Egg and larval surveys may pro-

vide a means to assess the abundance of some large, mobile cephalo-
pods, such as histioteuthids, that are presently rarely sampled as
adults by conventional collecting methods.
The costs of egg and larvae sampling gear are low relative to gears
designed to collect older life stages. A paired 61 cm Bongo net

sampler, including 333 and 505p mesh nets, flowmeters, depressor
or weight, and a time-depth recorder can be purchased for less

than $2,000.

Disadvantages of Egg and Larval Surveys
The distribution and abundance of adults cannot be monitored by

this method except during the spawning season and in the spawning
area.
The time from collection of samples until analysis of data may be

relatively long compared to some other assessment techniques.
Identification of eggs and larvae is difficult, and specialists
must be carefully trained.
Estimates of adult biomass are not sufficient for fishery manage-
ment purposes because the age composition of the spawning biomass

is not known.
The sample size obtained from a plankton net may be very small com-

pared to that from acoustic surveys and thus may be less reliable.

Species of marine organisms that do not have either pelagic eggs
or larvae usually cannot be assessed by the egg and larvae tech-

nique, although new techniques are being developed for demersal
spawners (Gj4saeter and Saetre, 1974).
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Nekton that can be Assessed by Egg and Larvae Surveys
Marine organisms that have pelagic egg or larval stages can be as-

sessed by this technique. Best estimates of biomass can be made for those
organisms that have pelagic eggs. If eggs are demersal, but larvae are pel-
agic, a "minimal1' biomass estimate may be possible, especially if mortality
between the egg and smallest fully vulnerable larval stages is known. A-

bundance of small larvae may provide estimates of relative adult stock size
even if absolute biomass cannot be estimated.

Most marine fishes have pelagic eggs and larvae. These include those
that are epipelagic, mesopelagic, or demersal as adults. Most important
commercial species fall in this category. Examples of commercially impor-
tant fishes that do not have pelagic eggs, but whose larvae are pelagic, in-
clude Atlantic and Pacific herring (Clupeidae) and the rockfishes
(Scorpaenidae). Certain squids have demersal eggs but their larval stages
are often pelagic and vulnerable to plankton net sampling.

RECOMMENDATIONS

While egg and larval surveys can provide valid data on populations of
nekton, they should be supplemented with other types of surveys including
midwater trawling for juveniles or acoustic surveys and bottom trawling
surveys when appropriate.

The problem of variation in abundance of eggs and larvae over short
time periods and relatively small ocean areas should be further evaluated to
determine how such variation affects biomass estimates.

Better estimates of fecundity and sex ratios are needed for many spe-
cies to obtain accurate biomass estimates. Protracted spawning seasons and
multiple spawning within a season are problems that can cause fecundity es-
timates to be in error. If the sex ratio is not 1:1 or if one sex has a
significantly different growth rate from the other, these facts must be de-
termined or biomass estimates will be biased.

Growth rates of larval stages need to be determined to obtain reliable
mortality estimates, which then could be used to attempt to predict recruit-
ment of year-classes. Laboratory rearing of larvae is a technique that
holds promise to enable converting data on sizes to age estimates.

Taxonomic problems are still great for eggs and larvae of fishes and in-
vertebrates. More specialists need to be trained in identification proce-
dures to help speed the process of data reduction and analysis.

Single species surveys are wasteful because a wealth of information is
available from the eggs and larvae that are collected in any survey. Data
from catches of other species can be analyzed at a relatively low cost once
they have been collected and sorted from the plankton samples. Estimates of
numbers and biomass of non-commercial species are needed to determine what
species are important components in the community and how abundance
fluctuates from year to year. Most egg and larval surveys have been
directed at commercial species, but they can be equally effective for
other fishes and invertebrates.
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For non-standard gear it is desirable to develop intercalibration
factors to compare them with standard samplers. Their effectiveness and
efficiency relative to a standard sampler, like the paired 61 cm Bongo net,
should be determined.

The problems of avoidance of the sampler and escapement of some larvae
through the meshes still are important problems, particularly with regard to
sampling the largest and smallest larval stages. Plankton purse seines can
help us evaluate these factors, and their use should be encouraged.

Automated plankton sorting methods are being developed and should be en-
couraged. These techniques include separation of plankton components in
fluids of differential densities and centrifugation to separate certain frac-
tions of the plankton sample. If these methods are perfected, egg and
larval surveys can then provide biomass estimates on a rapid time basis be-
cause identification and analysis can be carried out rapidly by trained
personnel.

The neuston net is an effective supplement to an obliquely towed plank-
ton net. Neuston nets should be used to sample larvae of such fishes as
tunas, billfishes and dolphins which reside at the ocean surface. Also, the
larger larvae of many species, such as anchovies and clupeids, are not effec-
tively sampled by plankton sampling gear but are common in neuston net
catches. Data from routine neuston tows will yield (a) reliable relative
abundance estimates, (b) good distributional data, and (c) large postlarval
and juvenile specimens unlikely to be collected in plankton nets.

Most research vessels are less than adequate for egg and larval surveys.
They should be designed so that winch speeds can be precisely controlled,
and they should be capable of maintaining towing speeds of one to three
knots. The sampling gear should be fished over the side of the ship, well
out of the wake. The deck from which plankton sampling gear i used should
be close to the sea surface.
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SUBMERSIBLES - TV - CAMERAS

Submersibles

Although a large number of submersibles have been used by the oceano-
graphic community, few papers assessing nektonic populations have resulted.
The research of Barham (e.g., 1966; 1971) and Backus et al. (1968) demon-
strate that submersibles can provide unique opportunities for observations
on the distribution, abundance and behavior of mesopelagic animals. The
potential for quantitative assessment through submersibles was thought to be
greatest for benthopelagic and demersal nekton, but even fewer papers are
known in this area.

The major advantage of submersibles is that live animals can be viewed
in their own habitat, permitting observations on spacing, behavior, etc.,
information not obtainable from net collections or acoustical measurements.
Disadvantages are that the sampling biases are unknown. Lights, noises and
pressure disturbances may either attract or repel animals. Moreover, ac-
curately quantifying the volume or area assessed is difficult, and visibili-
ty is limited in turbid water. Motile organisms cannot be sampled from sub-
mersibles. Trained observers are needed to properly identify live organ-
isms. Operations are costly and highly weather dependent. For these rea-
sons, we believe that submersibles are ancillary tools, best used to comple-
ment other methods in the study of specific scientific problems.

RECOMMENDATIONS

Well-planned and highly coordinated experiments are needed to compare
the results of submersible observations with those of other methods included
in this report in order to quantify the differences and biases of these
techniques. In situ observations with submersibles or cameras, for example,
may help to explain differences in net catchability among species or may be
useful in identifying acoustical targets.

Improved launch-recovery systems are needed so submersibles can be used
more efficiently and in more regions of the world.

Increased maneuverability in midwater and capability to collect animals
or to manipulate equipment were identified as priority needs.

While some important results have been published based on biological ob-
servations made from submersible vehicles, a considerable body of potential-
ly unique and useful information lies fallow in the dive notes and data re-
cords of individual workers. Some of these observations pass in personal
communications through the scientific community, but they are generally not
available. This results from the nature of these data as isolated observa-
tions that do not always constitute publishable results. We recommend the
compilation and evaluation of this information into an accessible,
illustrated format to contribute to our understanding of the nature,
distribution, and behavior of nekton.
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Photographic - TV Methods
Photography and television have been used in a variety of ways to ob-

tain data on nektonic populations. In the workshop, Smith reported on
the use of free-fall cameras to obtain information on the spacing of indi-
viduals in anchovy schools. Omori used cameras along with other techniques
to estimate the abundance of Sergia lucens. The Remote Underwater Fisheries
Assessment System (RUFAS) of the National Marine Fisheries Service and the
Remote Underwater Manipulator (RUM) of Scripps were cited as successful de-
vices for assessment or sampling of non-motile populations.

Advantages are that observations are made in the natural environment on
form, spacing and behavior. Safety to man is another advantage. Compared
to submersibles, costs are relatively low. Disadvantages are that light,
sound, and mechanical disturbances, again, may affect motile animals. For

example, some species of fishes were seen in highest abundance during peri-
ods when the RUM was subjected to surge. Transparency of the water also af-
fects the quality of visual images. Methods are needed to evaluate the ac-
curacy of both free-fall systems that are stationary on the bottom and
vertically-lowered systems that drift with the ship.

RECOMMENDATIONS

These techniques are most useful for near-bottom or demersal nekton.
We were dismayed by the apparent lack of data comparing cameras with net
collections and recommend comparison on cruises in one survey area to eval-
uate relative differences. Because of the cost and versatility, photography
and TV could be an important tool in providing abundance estimates,
especially in the deep sea where large areas that are difficult to
sample could be photographed.

Improvements are needed in manipulating and positioning cameras or TV's
at a known vertical distance from the bottom. Development of towed systems
with altitude control, such as RUFAS II, should be encouraged for use in the
assessment of benthic nekton.
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REMOTE SENSING

STATE OF THE SCIENCE

Remote sensing, defined as the collection of information from a dis-
tance through the use of radiant energy, provides capabilities, when proper-
ly employed, that can significantly enhance man's ability to understand
fisheries. Remote sensing can be separated into direct and indirect sys-
tems. Direct sensing refers to detection of the animal itself, and indirect
to the measurement of an environmental parameter which may be related to the
distribution or abundance of an animal.

The major advantage of remote sensing from aircraft or spacecraft is
that extremely large areas of the ocean can be assessed. Also permanent re-
cords can be obtained which can be analyzed at a later time.

Major disadvantages are the expense and lack of resolution. The reso-
lution capabilities of remote sensing systems carried by spacecraft are not
adequate for the direct detection of nekton. This lack of resolution has
forced investigators to look for ocean features which can be measured with
spaceborne sensors which, in turn, can be used to predict the distribution
and abundance of fish stocks. Unfortunately, while there is a wealth of in-
formation in the literature covering the development and use of methods for
measuring ocean features (e.g., chlorophyll, temperature, currents, etc.)
there is a paucity of information on attempts to use these measurements to
predict fish distribution and abundance. The principal difficulty seems to
be a general inability to acquire fisheries information of adequate quantity
with which to make statistically valid comparisons. Stevenson and Miller
(1974) and Kenimerer et al. (1974), however, have demonstrated real poten-
tials for satellite remote sensing in fisheries research.

Visual Observations from Aircraft: Spotting from aircraft is the oldest and
most commonly used remote sensing technique for locating and quantifying ma-

rine animals. Squire (1972) reported on seven years of aerial surveys off
the coast of southern California where 20 species of fish, five species of
marine mammals, and two classes of invertebrates were monitored. He found
that the apparent abundance of the fish varied as a function of day and
night and was able to show good correlations between an index of abundance
and commercial harvest. During the day, the size and shape of a fish
school, color, school texture, and the behavior and size of the individuals
were used to detect, identify, and quantify these marine animals. At night,
identification and quantification were based on the shape and size of the
luminous area and the behavior of the fish under undisturbed or disturbed
(flash from the landing lights of an aircraft) conditions. Figure 2
shows the relative abundance of jack mackerel off southern California by
three techniques, including aerial census by Squire.

Aerial Photography: Aerial photography is probably used more than any other
remote sensing hardware technique for direct detection of surface schooling
pelagic fish. Color film generally is used for fish detection because many
pelagic species exhibit unique spectral signatures which can be used to
assist in their identification and discrimination against the light absorb-
ing water background. For example, chub mackerel reflect highly in the
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yellow-green portion of the light spectrum (500-600 mu), bluefin tuna in
the blue portion (400-500 mu), and menhaden in the red portion (600-700 mu)
(Loya and Graves, 1968). These color differences can be enhanced through
proper selection of film and filters to produce contrasting fish school
images.

Aerial photography of the marine environment requires clear, cloudless
skies for optimum results. High sun angles are detrimental to marine pho-
tography (Stevenson and Atwell, 1974) because when the sun angle approaches
about 50 degrees the mirrored image of the sun, or its halo, will occur on
the photograph. At sun angles of less than about 20 degrees, penetration of
light is insufficient for good photography.

Without a prior knowledge of the spectral signature of a fish, its
depth and schooling characteristics, and the light absorbing qualities of
the water, it is difficult to predict the assessment value of a survey
mission.

Low Light Level Image Intensifiers: The development of tactical night
vision devices for the military stimulated interest toward applying these
devices for detecting fish schools remotely. A number of systems have been
tested and evaluated. A system currently used by the National Marine Fish-
eries Service, and one that has been modified slightly for use in menhaden
and anchovy fisheries, consists of a television camera fitted with an inten-
sifier tube that amplifies light roughly 120 thousand times, a 12.70-cm
television monitor, a video tape recorder, and a power source. This system,
used from aircraft operating at night during dark-of-the-moon periods, has
been successfully used for detecting and locating concentrations of menha-
den, thread herring, Spanish sardine, Pacific anchovy, Spanish mackerel,
and Pacific saury. At present, no good methods exist for computing the
bioinass of imaged fish schools, nor are there very reliable methods for
identifying them. The system's best use appears to be for near-surface
schooling pelagic fish.

Other Direct Techniques: A number of other remote sensing methods have
been proposed, and in some cases evaluated, for detection and enumeration
of pelagic fish stocks (see Joseph and Stevenson, 1974). Using compact
cameras with folded optical systems (with focal lengths up to 610-cm) it
would be possible theoretically to resolve objects the size of fish from
altitudes of several hundred kilometers. The cost and immense problems
associated with retrieving exposed film from the cameras, however, make
this approach unrealistic at least for the present time. The resolution
of multispectral scanners aboard L2\NDSTAT-1 (ERTS-l) could be improved upon,
but again, this does not appear to represent a very cost effective solution
to problems of pelagic assessment.

Direct detection and enumeration of individuals or schools of marine
animals with thermal sensors has been considered. All marine mammals and
many of the pelagic species of tuna and tuna-like fishes maintain internal
body temperatures higher than that of the surrounding water. For fishes,
this difference has been reported to range between 2 and 10°c, and for
mammals it may go as high as 35C. Yet, in experiments where thermal
sensors capable of detecting relative difference in temperature down to
0.5°C were used, these organisms went undetected.
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The rapidly developing technology of lasers appears to hold promise for
enumeration of nekton from aircraft. Lasers have the potential for provid-
ing a day and night detection capability and acquiring fisheries informa-
tion from tens of meters in the water column. They represent the only
"active" sensor considered thus far and would operate by transmitting a co-
herent beam of light down into the water column, and recording the intensi-
ty of light energy reflected from submerged objects. A study initiated in
1973 by the National Marine Fisheries Service established the feasibility
of this approach (Murphree, et al., 1974).

RECOMMENDATIONS

Greater emphasis should be given to establishing relationships between
environmental factors, as determined by remote sensing, and the distribu-
tion and abundance of important nektonic popualtions.

Extensive satellite data on sea surface temperatures and water color
are presently available and could be used fruitfully for research on near-
surface species.
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FOOD HABITS

INTRODUCTION

Stomach analysis work, even in areas where there have been intensive
net collections, often has revealed species which were new to science, pre-
viously unknown from the area, or more plentiful, or of considerably larger
size than known from other methods. This method, therefore, may supplement
other assessment methods. The paper presented at the workshop by Clarke on
cephalopod remains, particularly beaks, from sperm whale stomachs provided a
basis for estimating the total weight of cephalopods eaten by sperm whales.
Over 100 million tons of oceanic cephalopods are eaten each year, and the
species concerned are rarely caught in nets. LeBrasseur found that the im-
portant components of the diet of Pacific salmon were squids and large myc-
tophids, prey that were absent in 1.8 or 3-rn IKMT catches.

According to Fitch, the lancetfish, Alepisaurus ferox, has been deemed
by some authorities as an excellent device for collecting small nekton and
plankton. Striking similarities in the species of fishes, mollusks and
crustaceans commonly fed upon by Alepisaurus in seven widely-separated areas
of the Atlantic, Pacific and Indian oceans led researchers to conclude that
these prey organisms may constitute a cosmopolitan and distinctive high-seas
association.

Examination of the stomach contents of top carnivores (e.g., seals,
sperm whales, dolphins and porpoises, salmon, swordfish, marine birds,
ommastrephid squids) can provide valuable information on the species compo-
sition, size, structure, and perhaps abundances of nektonic animals from
most depths in the ocean.

Other advantages of food habit studies:

They often can be undertaken as a byproduct of other investigations,
and since they require no specialized gear or equipment, they are
not expensive to collect.

They provide useful data on kinds and sizes of organisms to compare
with the results of other methods, such as from net collections.

Predators often can be caught which are capable of sampling what
otherwise could be a difficult habitat to sample.

Both qualitative and quantitative information can be gleaned from
fragments found in predator stomachs.

Major disadvantages of food habit studies:

1. Prey selection by predators is rarely random and since the degree
of selectivity is unknown, samples are biased in an unknown way.
Also, the exact depths of the predator's feeding activity are often
not known, although this can sometimes be assessed from other
studies.
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Results are usually non-quantitative and cannot be used to estimate

population size or density, although Omori estimated density of

Sergestes similis from a study of baleen whale feeding habits.

Different rates of digestion for different prey affect the propor-

tions of food items present in stomachs, hence the relative propor-

tions of different types of prey.

Prey identification is often time-consuming and difficult and may

depend on otoliths and beaks which are sometimes damaged.

There is a possibility that transferral of prey species from one

predator to another will occur and go unrecognized.

RECOMMENDATIONS

We also urge that when nekton is sampled during research cruises, spe-

cial effort be made to save representative material for use in food hab-

it studies. Because preservation in formalin will dissolve otoliths of

both fish and squid, some stomachs or specimens should be frozen or pre-

served in alcohol.

There is a need to stimulate interest in, to investigate, and to publish

techniques and methods for identifying biological fragmenta for use in food-

habit, ecological, taxonoinic, sedimentation, archeologic and paleontologic

studies. A workshop on this subject is desirable.
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PROBLEMS OF ASSESSING POPULATIONS OF NEKTON

Tuesday, February 25.

PROGRAM

Session II. Egg/larval Surveys to Assess Population Sizes
Ed Houde, Chairman

- Egg and larval surveys as a method of
estimating population sizes

- Quantitative survey of clupeiod larvae
in the Gulf of Mexico

- Description of the ICNAF larval herring
survey

- Population assessment from egg and larval
surveys: A method for determining probable
dispersal paths

- Preliminary stock assessment of squid
based on larval abundance

- Oak Cottage

2030 Movies by E. Barham and R. Rosenblatt
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0830 Objectives and Scope W. Pearcy

Session I. Net Collections

Richard Haedrich, Chairman

0850 T. Clarke - Comparison of catches in 10' and 15'
IKMT's and large Bongo nets

0915 R. LeBrasseur - Length-frequency distribution of
Stenobrachius in 6' IKMT, salmon
stomachs and the Engel midwater trawl

0940 G. Caillet - 6' vs 10' IKMT catches
1020 3. Badcock - The lOS rectangular midwater trawis as

quantitative tools--pros and cons
1050 M. Clarke - Sampling cephalopods
1110 C. Roper - Catches of cephalopods by various

mid-water trawis
1135 R. Gibbs - Species differences in sampling problems

1200-1300 LUNCH

1330 G. Kref ft - Catches obtained by large pelagic trawis
1325 W. Pereyra - Cobb pelagic trawl vs IKMT catches in

scattering layers
1350 J. Musick - Sampling strategies for nektonic animals

1430 E. Ahlstrom

1455 E. Houde

1520 J. Posgay

1545 W. Richards

1610 T. Okutani

1730-1830 Happy Hour
1830 Dinner



Wednesday, February 26.

Session III. Acoustical Assessment

PAGE 2.

0830-1200 Drafting of Workshop Report

Richard Thorne, Chairman

- What acousticians know that the biologists'

nets aren't revealing
- Volume scattering and swimbladder fishes

off the Oregon coast
- Comparisons between acoustically measured
scattering densities and numbers captured
in trawls

- Acoustical and trawl estimates of the num-
bers and patchiness of nektonic animals

- Intercomparisons of acoustic and net
sampling methods

- Estimating the biomass of adult semi-pelagic
fishes using hydroacoustics and trawl surveys

- Precision of sonar mapping for pelagic stock
assessment in the California Current Area

- Remote sensing: Does it really have any
application for fisheries assessment?

- Food habits of meganekton
- Shoaling behavior of the sergestid shrimps

using underwater photography
- Trawling and submersible surveys of
nektonic animals

- Visual census and bottom trawling of
benthopelagic fishes

- Traps, cameras, set-lines and otter trawls
in the San Diego Trough

- What's MARMAP III?
Summary Report

30

1300 V. Holliday - Acoustic characteristics of schools and
discrete aggregations

1325 S. Brandt and
J. Magnuson - Application of acoustic techniques for the

stock assessment of Lake Michigan alewifes

Session IV. Remote Sensing--Visual Observations--Other Methods
Dan Cohen, Chairman

0830 W. Friedi

0855 R. Johnson

0920 C. Brown

0945 R. Pieper

1025 R. Thorne

1050 M. Nelson

1115 P. Smith

1200-1300 LUNCH

1350 A. Kemmerer

1415 J. Fitch
1440 M. Omori

1520 R. Haedrich

1545 D. Cohen

1610 R. Rosenblatt

1635 M. Vrooman
1930 Outlining the

Thursday, February 27.


