The accurate counting and neasurenent of fish in situ,
wi t hout having to individually handl e and stress the fish,
has becone a critical need in fish farmng. Data on numbers
and sizes are essential input information for financing,

I nsurance, stock-nmanagenent and feeding activities. Since
40-60% of total production costs in a variety of conmerci al
aqui culture ventures often involve feeding, these data are
essential to mnimze feed wastage and increaset he
efficiency and econonmics of feed management. In salnon cage
culture as an exanple, feed wastage has been neasured to be
in the order of 1/3 the total feed provided (Juell, 1991)
More recent unpublished data indicates that feed wastage in
Scandi navi an commerci al cage systens has been considerably
reduced.

Inefficient feed management, where there are large
bi omasses, is not only a major economc |oss but can al so
lead to serious environmental problems. \Wile the economc
I nportance of uncertainty about size and nunbers of fish
under managenent has increased with the enmergence of
aquacul tural industries, it is not a new problem Such data
on sizes and nunbers are also of value in wldlife and
fisheries managenent. There is a considerable history of
attenpted technical solutions, including acoustical,
el ectrical and optical methods, involving a number of
application areas. These application areas include stream
monitoring, fish stock -assessments, hatcheries, and
aquicul ture growout.

The rel evant technical data have been w dely scattered.
There has been a need to collect and evaluate all the



rel evant pieces of scattered information. This includes past
and ongoi ng research, existing comercial equipnment and the
eval uation of the nost prom sing approaches for both the
short and long term The inportance of the subject area was
recogni zed during an Aquaculture Systems Technology Workshop
sponsored by the Northeastern Regional Aquacultural Center
(NRaC) in Baltinore, Maryland, during February 1990.
Participants at this nmeeting, including both Academ c and
aquacul tural industry representatives, chose Inventory and

Bi omassAssesment for Finfish Culture as one of two priority

areas for system s technol ogy funding.

The basic objective of this the present reviewis to
determne the current technology and status in regards to
counting and nmeasuring fish in situ. This is an essential
first step in neeting an inportant and pressing need of the
aquiculture industry. As the scale, value and inportance of
aquacul tural industries increase, needs for vital nmanagenent
information will becorme even nore critical. Wiile the review
Is intended to be of broad interest and value, its enphasis
I's on applications centered on marine fish cage cul turing.
This is due to regional needs and the interests of the
sponsors.

The approach to this study includes several different
el enents. The first is in acquiring and evaluating data on
past and present research, through literature search and
establishing contact with researchers and research
organi zations in North Anerica and world-wide. Since much of
the data are- scattered in a nunber of research areas, this is
not straightforward. A large amount of data are in technica
reports that have never been openly published or wdely
circul at ed.



Anot her element of this study is to determ ne what Kkind
of conmmercial equipment is currently available for neasuring
and counting fish. This requires collecting information from
equi pnent suppliers on a world-wi de basis. Data sources
I nclude advertisenents and |istings in aquiculture nagazines,
newsl etters and yearly equi pment buyers’ guides. Equi pment
suppliers often purchase fromforeign sources with the intent
of reselling and, thus do not fully understand the technical
aspects of the equipment they sell. Particular attention is
required to be directed toward Northern Europe and Japan due
to the high level of aquacultural devel opnent activity in
these areas. The avail abl e equi pnent should be evaluated in
regards to usefulness in a conmercial context. Some of what
Is available is only tangentially related to the nain
purposes of this study.

The last inportant elenent is evaluations and
recommendati ons based on the state-of-the-art and user
requi rements. Recommendations will be separated into
prom sing short-term options and actions with substantial but
| onger term potential.

While the intent of this study is on nethods to count
and neasure fish, it is inportant to realize that this’
information is only a means of providing data needed for
proper systens managenent, particularly feed nanagenent.
There may be alternate approaches to solving some of the
managenment requirenents that are outside the scope of this
study. Direct feed nmonitoring may be such an approach and an
annot at ed bi bl i ography of available relevant scientific
literature is presented in Appendix A



PRECEDENTS AND REOUIREMENTS

The need to count and sonetines neasure fish w thout
undo stress is an old problem It has existed in a nunber of
application areas, which have already been nmentioned. These
are sunmarized in Table 1. \Wile having a conmon problem
the situations are different. They differ in their
moni toring conditions, neasurenent requirenments, and in their
techni cal challenges.

In all cases, the user requirements for accuracy and
precision for either counting or neasurenment have never been
defined and have only rarely been discussed in the scientific
literature. Wiile high values for both accuracy and
precision are clearly desirable, indications are that
relatively nodest values would, in npbst situations, be very
useful and a great inprovenent. Establishing specific
nunerical requirements is difficult, as operations vary
consi derably and in the end the nunbers are at |east
partially subjective. A rough order of nagnitude for a
general requirement for counting mght be 95% accuracy wth
a plus or minus of 5% This is, in nost cases, not a
difficult goal, especially if the predictable error sources
are factored out. Many of the available sensors will perform
very well under optinum conditions but degrade very rapidly
when conditions deviate fromoptinum Errors from known
sources can be elimnated by controlling the conditions
leading to the errors, collecting nore information through
additional sensors, using nore sophisticated sensors or
I ncreasing the conplexity of the data reduction. |n some
cases nuch | ower performance woul d be acceptabl e.

In culturing applications it is common, by virtue of
the stocking and harvesting processes, to have very accurate
data on size and nunbers at both ends of the culturing



TABLE 1 FISH COUNTING AND MEASUREMENT
PRIOR EXPERIENCES AND DATA SOURCES

OBJECTIVE PURPOSE NEEDS CONDIT ONS COMMENTS
Open water Fisheries Numbers Primarily marine, 3-D *Past effort mostly acoustic
fish stock management and sizes situations, mostly *Results have not been
assessments data schooling fish completely satisfactory
Anadromous Fisheries Primarily Freshwater, unidirect- *Very important data econ-
fish stream management numbers ional geometry at nomically & politically
monitoring data counting point often *Relatively well funded
controllable, fish *Often expensive but
often large relatively successful
Fish Accurate counts Primarily Mostly freshwater, *Freshwater counters
hatcheries required for numbers usually at end of for small fish well
accounting & process, geometry established & relatively
marketing controllable, fish satisfactory
usually small
Aquaculture Required for Numbers, Marine & freshwater, *Counts & measurements in &
{(growout) feeding & sizes & wide range of sizes out usually good-not problem
: marketing size & enclosure types, *Data during process important
variations several distinctly *Variations in conditions

different situations

make generic solutions

difficult

*Current capabilities poor
& not satisfactory



process. As the culturing process continues after stocking,
the uncertainties about nunbers grow with tine. Wth
mortalities, escapes, and predation all difficult to quantify
with any certainty, it may take only a few weeks to a few
nmont hs before the estinmated bi omass can be a very crude

guess. Accurate counts every few days shoul d be adequate for
most culturing applications.

Si ze measurenent requirenents for nost applications
appear to be even looser. Size information is not always of
maj or inportance. (Qccasionally netting a few fish and
measuring themis often sufficient. Mny instrunmented in situ
measurenents to date have separated fish into only a very few
size ranges, generally 2 to 4 categories. These have nostly
been in stream nonitoring, where major size differences have
been used to identify year classes or separate out extraneous
species from the counts. Size data have been nost easily
acquired in terms of total fish length. Correlations exist
between | ength and ot her paraneters, such as weight, for nost
species of interest. A correction factor for condition (fat
or lean with respect to length) of the fish can be acquired by
measuring and weighing a few aninals. Aquacul tural grow out
operations may require relatively precise size data. This may
be needed to nonitor the variations in growth of what is hoped
to be a honpgeneous population. A 5% variation in length
coul d mean a substantially greater difference in weight.

These size data are needed for determning if grading is
needed and is particularly inportant in salmon growout. |f
the large fish are not renoved by grading, the size variations
will increase resulting in a fewbig fish and a lot of little
ones. This size (length) measurenment requirenent in culturing
applications is probably to recognize length differences of as
little as a few percent and is a relatively severe

requi renent.



When grading is required (not all species require
grading during growout, especially if tightly graded at
stocking), in situ grading is preferred because it is usually
much | ess stressful on the fish and results in reduced
mortalities. However, many culturing applications use above
wat er gradi ng and subsequent counting before returning the
fish to the water. This is done because reasonably good
equi pment is comercially available for grading and counting
above water (see section on conmercial equipnent) . A good
count at grading also reduces the criticality of in situ
counting during subsequent growout. Since the tine interval
bet ween gradi ngs may be many nonths, there is anple time for
the accuracy of the estimated fish nunbers and bi omass, on
whi ch nost nmanagenent deci sions are based, to greatly
degenerate. There are a nunber of ways to do |ess stressful
in situ grading, but no equipnent is commercially available.
In addition, none of the operations that have used in situ
gradi ng have ever incorporated a counting capability into the

equi pnent. In situ grading usually involves driving fish
through adjustable slits or bars, i.e. a nuch sinpler
unidirectional situation. If counting could be combined with

in situ grading, it mght be the perfect solution. A nunber
of the technical options discussed in this report mght be
adaptable to this requirement.

The needs and requirenents for counting and neasuring
fish in situ even in aquiculture are not limted to salnonid
cage culture. The needs are nmuch nore widely felt. A
speci al session of the Wrld Aquiculture Society in 1989
addressed the requirements for “lnstrumentation in
Aquiculture”.  The editor of the Preceedings specifically-
addressed needs of commercial aquiculture in a paper of his
own (Wban, 1989) . This paper tal ks about a survey on
I nstrunentation needs by 265 respondents, of which 65% were
commerci al aquacul turists. From the geographic distribution



most were probably catfish farners. Their highest automation
priority was for nmonitoring of dissolved oxygen (54% but it
was followed by counting (41% and weight neasurement (28%
These were clearly ahead of both feeding and control of water
exchange. The single nost inportant characteristic of

I nstrunmentation for commercial aquiculture use was determ ned
in this survey to be durability.
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SYSTEM GEOMETRY

A nunber of technical problenms have been encountered in
past attenpts to count and neasure fish in situ. These can
be categorized by the geonetry of the situation (see Table
2). Unidirectional neans that due to the physical |ayout
inherent in the situation, fish swmby the sensors in only
one direction. Either water current coupled with mgration
or physical “crowding from behind, force the fish through the
sensor. This situation is very common in stream nonitoring
of anadromous fish and in counting of hatchery produced
juvenile fish.

Two di mensional (2-D) would be a shallow pond or broad
shallow river with very large horizontal dinensions conpared
to the water depth. Comonly the water depth is only a few
feet but through-water visibility is often very poor,
limting visual observations. Sensors can be aligned
horizontally, viewing the fish fromthe sides, or vertically,
viewing the fish from above. Either way the technical
probl ens are form dable and have yet to be solved with any
operationally available system

Three dimensional (3-D) would be nmonitoring fish in open
water, large tanks or cages. Again both horizontal and
vertical orientations for sensors are possible. However,
the vertical orientation has the option of viewng the fish
from bel ow, which is not really an option for 2-D.

The 2-D and 3-D situations with tanks and cages are the
culturing situations of primary interest to this study.



TABLE 2 TECHNICAL PROBLEMS ENCOUNTERED
IN COUNTING & MEASURING FISH
ORIENTATION PROBLEMS SOLUTIONS
UNIDIRECTIONAL, 1-D WRONG WAY (fish 1800 off *Same as multipass, below

(stream monitoring,
hatchery output)

TWO-DIMENSIONAL, 2-D
(large shallow ponds,
broad shallow rivers)

THREE-DIMENSIONAL, 3-D

MULTIPASS (same fish back
& forth across sensor)

OVERLAP (more than 1 pass-
ing at one time)

OVERLAPPING & SHADOWING
when viewed from side,
particularly difficult
at high fish densities

All problems of 2-D but
more difficult, can not
assume single horizontal
layer uniform in vertical
direction, problems
increased at high density

*Subtract downstreams from
upstreams or vice versa
*Maintain high water velo-

city at counting point
*Keep cross-X at counting
point small to reduce
probability of occurrence

_'['[ -

*View from top if possible
*Not solved from side at
high densities
*Range-gating, signal
integration & other signal
processing may help

*Same as 2-D but seriously
complicated by high fish
densities

*Multiple viewing angles
might be helpful
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Wiile there is considerable research data, there is little
verifiable successful field use of 2-D or 3-D counting
systems.  The nost devel oped precedent involves open sea fish
stock assessments. However, it is very inportant to remenber
that the fish do not have to be counted and/or neasured in
their culturing unit. They can be herded fromone unit to
anot her without leaving their water environnent. This is

al ready being done in conmercial cage culturing. |If they are
crowded through an in situ grader or fish punp, the situation
becomes unidirectional and they could be nonitored at the
sane tinme that other activities are carried out. The very
difficult 3-D cage problem m ght be nore easily solved by
tenporarily altering the conditions to an easier
unidirectional case. This would be akin to practices in feed
| ots where large nunbers of animals in |large pens are
directed one at a time into narrow chutes and by way of gates
directed to “stations” for specific treatnent and then
returned to the pens. Large nunbers of aninals can be
processed quickly, efficiently and with m nimum stress.

SYSTEM PROBLEMS

The unidirectional (lI-D) counting has received the nost

attention and has the nost operational experience. It has
encountered several generic technical problens in actua
field use (see Table 2) . In some stream nonitoring

situations, there may be other fish, which are not to be
counted, going the other way. The solution to sinmultaneous
counter mgrations is the same as for the multi-pass problem
Mul ti-pass occurs when a fish goes through and is measured
and allows itself to be carried by the current backwards

t hrough the measurenent zone, and then com ng through again
in the correct direction. This can lead to nmultiple counts
and neasurements on the same fish.
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There are several solutions to the nulti-pass problem
that work under the proper conditions. One is to instal
several sensors in-line. This allows direction of travel to
be determ ned by tine of signal arrival. Downstream passages
can either not be counted or can be subtracted fromthe
dom nant upstream passages. Another approach is to select
t he di nensions of the measurenent zone so that the water
velocity is sufficiently high that fish do not linger in the
test area. This wll not work well where water flow ates,
hence water velocity, are highly variable. Variable
flowates are often a problemin streamnonitoring but are
unlikely to be a problemin culturing applications.

Anot her unidirectional problemis that of several fish
goi ng through the nmeasurement area and overl appi ng each
other. This can lead to their counting and nmeasurenent as
one large fish rather than several snaller ones. This is
particularly troubl esome when |arge nunbers of fish are
counted at the sane time. Unfortunately, high fish passage
rates are very characteristic of hatchery and culturing
applications. A variation of this problemin 3-D situations
at high fish densities is shadow ng, where fish are “hidden”
behind those in front.

The | ast problemthat can occur, but is not likely to be
a problemin culturing applications, is non-target fish going
in the same direction. These may be a different year class
or different species. Size has been used to segregate
targets and only count within a specified size range. \Very
crude and inprecise size measurenents in many cases have
proven to be adequate, due to mgjor size differences between
target and non-target fish. |If ngjor size differences do not
exi st the technical problens become nore difficult. There is
no evidence in the literature that this is a serious problem
in stream nonitoring applications. |f needed, differences in
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shape or coloration mght have to be used to separate the
undesirables from the count

The 2-D situation has many of the problens of the
unidirectional case plus sone of its own. The 2-D case has
one mmj or advantage over the nore conplex 3-D situation. For
2-D the fish can often be assuned to all be in one horizontal
| ayer, one fish high and with the fish oriented in the
horizontal direction. However, the distribution often can
not be assuned to be uniformwthin this layer. This is
especially true for large areas, such as |arge shallow ponds.
In smaller units, or if fish behavior or distribution is
known, a small area can be sanpled and an estimated count for
the whole area calculated. Having inplicit assunptions about
fish distribution buried within the data reduction software
Is a big potential problemwth many 2-D and 3-D counting
systens. If the conditions at a given time invalidate the
assunptions inherent in the data processing equations, the
resulting “fish count” might be both worthless and
m sl eadi ng. I nconsi stenci es between neasurenents m ght be
i ndicative of this problem

The 3-D case has the worst technical problens (see Table
2). The problens are considerably increased by the high
stocking densities necessary in culturing applications.
Sol utions appear to be considerably nmore difficult than those
encountered in other counting and nmeasurement applications.
A nunber of the technical approaches discussed in this report
have shown sone prom se at |ow densities, specifically in
open sea stock assessment. How they will perform at
realistic culturing densities remains to be denonstrated. It
IS quite possible that the sinplifying assunptions and data
reduction “tricks” that are required for inplenmentation may
seriously conprom se the credibility and value of the
resulting measurenents.
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Data reduction nodels are likely to include assunptions
about vertical and horizontal distribution of the fish, about
“average” aspect angles of the fish relative to the sensor
and about “signature” values of the fish in various acoustic
and el ectromagnetic bands. These are likely to be highly
variable and critical parameters. There is evidence that
high fish densities can significantly alter both the physica
properties of the water and the “signiture” values of the
fish. The view ng angle of the sensor relative to the fish
(aspect angle) has been shown, by itself, to be critical.
The shape, color and acoustic target strength are all highly
dependent on aspect angle. As an exanple, the top view nmay
produce a much different “signature” value than the bottom
view. In addition, dead or anesthetized fish may give
different “signature” values than freely swi nmng fish.
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TABLE 3 FOREI GN ORGANI ZATI ONS | NVOLVED
W TH AQUACULTURAL EQUI PMENT DEVELOPMENT

NORWAY NHL - Norwegian Institute of Technol ogy

SINTEF - The Foundation for Scientific and

I ndustrial Research, part of NHL,
N- 7034 Trondhei m

MARI NTEK - Norwegi an Marine Technol ogy Research
Institute, N-7002 Trondhei m

Norwegi an Agricultural University, P.O Box 65,
N- 1432 As- NLH

NTNF - Royal Norwegian Council for Scientific and
Industrial Research

MTI - Mnistry of International Trade and
I ndustry

Marinal Forum 21 - Reported (unconfirmed) to be
consortium of 135 conpani es sponsored by M Tl at
|l evel of $100 nfyear to do commercial aquacultural

equi pnent  devel opnent . (There is apparently also
a simlar fisheries consortium .

CANADA Department of Fisheries and OQceans Canada, 555 W

Hastings St.,Vancouver, B.C V6B 5G (Nanaino)
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regards to applications in comrercial aquiculture. This also
proved to be true. However, several sources were found that
did assenble and evaluate the state-of-the-art with respect
to counting and neasurenment in situ, but primarily for other

applications. A Symposium on the Methodology for The Survey,

Monitoring of Fishery Resources and

Rivers was carried out under FAO sponsorship in 1975. The
“Panel Reviews and Rel evant Papers” were published (Wl come,
1975) and contained 23 papers, nost including review and
evaluation of fish counters in specific applications and al so
in nore general context. Most of the enphasis is on
conductivity counters and acoustic systens.

Anot her excellent conpilation of data is Milligan, 1985.
This is an evaluation of 10 different techniques for counting
fish in streans with enphasis on acoustic and radar methods.
Wil e not directly applicable to aquiculture situations,
these data are still valuable. The basic technol ogies that
can be used to count and/or neasure fish are listed on Table
4. |

ACQUSTIC SYSTEMS

Acoustic systens are very diverse and varied. They can
be categorized by orientation (looking up, |ooking down or
| ooking horizontally) by frequency (low frequency- good range
broad beam high frequency- good resolution, small bean) and
by signal processing (signal integration, discrete targets
doppler shift, etc.) . For the vast mpjority of the systens,
transponders are used. This neans that the acoustic
transmtter and the receiver are the same unit. In a few
cases additional receivers are placed at sonme angle to
neasure scattered acoustic energy. The output signals can be
interpreted as a discrete count of fish, a neasure of tota
bi omass or size of individual fish through determ nation of
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TABLE 4 FI SH COUNTI NG &
VEASUREMENT TECHNOLOQ ES

ACQUSTI C

ELECTRI CAL

ELECTROVAGNETI C - - - -
OPTI CAL  FREQUENCI ES

ELECTROVAGNETI C - - - -
NON- OPTI CAL  FREQUENCI ES

Signal Integration

Di screte Targets

Sw m Bl adder Resonance
Doppl er Shift

Conductivity/Resistivity
El ectromagnetic | nduction

Tinme Domain Reflectronetry

Visual / TV
Coll'imated |ight Beans
[ nfrared

Laser Radar (LIDAR)

Myoel ectric
Radar -Wave Qi de
- Under wat er

- Aerial Down | ooking



