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SUMMARY

The present stock assessment of bluefin tuna relies on data obtalned
from commercial and recreational fishermen, limited egg and larval sucrveys,
and biclogical studies. Many parts of the life history data base are mis-
sing (e.g., spawning information and blo-environmental relationships).
Existing hydro~acoustic systems were veviewed as a means to ald assessment
activities. Theoretical calculations were performed to identify an optimum
system. The conclusion was existing systems are not adequate but a system

could be designed if additional Information were available.

RESUME

Les &valuations actuelles du thon rouge dépendent des données obtenues
des p@cheurs commerciaux et sportifs, d"une proépection linitée des oeufs
et larves, et d'études biologiques. De nombreux segments de la base sur le
cycle vital manquent (par exemple, information sur la pounte et rapports
biologie-milieu). Les méthodes hydro—acoustiques actuelles sont passes en
revue en tant que moyen de faciliter les activités d'8valuation. Des cal-
culs théoriques sont effectués pour d&finir un systdme optimum. La conclu-
sion en est que les méthodes actuelles uwe sont pas adéguates, mals qu'un
systdme pourralt E&tre &laboré si une {nformation compl&mentaire &tailt dis-

ponible.
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RESUMEN

En la actualidad, la evaluacibdn de la poblacibn de atfin rojo se hasa en
datos obtenidos de la pesca comercial y de la de recreo, en prospecciones
larvarias y de huevos - limitadas - y en estudlos biol8glcos. Hay muchas
lagunas en la base. de datos histbricos del ciclo vital (por ej., informa-
cibn sobre el desove y las relaciones bio-amblentales). Se revisaron los
sistemas hidroacfisticos existentes, como medic de apoye a las actividades
de evaluacifn. Se hicieron célculos te§ricos para ldentificar un sistema
6ptimo. Se 1llegd a la conclusion de que los actuales no eran adecuados vy

que, con informacibn adicional podria disefiarse un sistema nuevo.
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with large areal coverage. A second objective based on the failure of the
first to provide a positive answer was pursued. This objective was to develop
parameters necessary to deflne a system that would adequately satisfy the
requirements set forth in the first objective.

PROBLEM STATEMENT

Tuna are described as a schooling fish, but spatial distribution within
the schools 1s seldom wentioned, VWhen addressaed spatial distribution ia
described in terms such as "the larger fish are freguently below the smaller
ones™ or M"large migratory bluefin passing the Cat Cay av=a in the Bahamas . . .,
traveling noréhw in loose schoais . » +" {(Mather, 1663). Avallable aerial
photographs imply a neighbor=to~neighbor spatial dilstance of greater than cne
fish length for glant bluefin.

Using classifications defined by Rivas (1978) and fecundity studies by
Baglin (1982), spawning stocks may be divided into medium and giant tunas.
These data identify target sizes of interest as: pedium tuna (age 6-8) are
130-190 cm in length and weigh 66-136 kg; and glant tuna (age ¥ 9) are ¥ 190
em in length and welgh ¥ 136 kg. Therefore, the sinimum size of an individual
fish with spawning potential is 130 om and 66 kg. Kunown Facts and assumptlons
concerning required data necessary to define characteristics of bluefin tuna
in development of hydro- acoustic system are Identified in Table 1,

Accurate use of hydro-acoustics in fish population assessment requires
target verification. Cosmon practices include net or handline sampling, and
visval confirmation. There has been limited success reported by Hester (1966)
and Yuen (1971) using target discrimination from acoustic returns only.
Tnitial accustic images, however, must be conllimed by positive identification
of the targets to develop pattern rscognition technigues. A supposition by
Hother (1963) that tunas are subjset to predation by cetaceans (blackfish) and
killer whales, coupled with the observed presence of finback whales and por-
poise intermingled with tuna schools makes the discrimination problem nore
ssvere, since these specles probably have similar target strength charac~
terdistics.

AVATLARLE HYDRO-ACOUSTIC TECHNIQUES

The sector scanning sonar 1s a commercially available hydro-acoustic tool
for finding fish. This aystem transmits a pulse of acoustle energy in all
directions around the transponder and electronically scans sagments of the
transponder to provide direction information. The scan rate can be wmade fast
enough to eliminate targets lost due to vessel motlon and rotation of the
transponder in a searchlight pattern. The directivity of this system is
limited by the physlcal geometry of the transducer., Commeprcially available
systems have beam widths of around 12° and ranges of approximately 1,000 m for
large targets (approaching 0 db). Consistent single target discrimination
range 13 probably limited to around 300 m for a 1 m tuna.

‘and Gazey (1966) and Urick (1977).

Continuous transmissdion frequency modulated (CTFM) sonar systems derive
range information from the frequency difference between the reflected energy
and the transmitted energy. The transmitted signal varies in frequency with
time. Yuen (1971) reported some success in target discrimination using this
technique. The (TTM system deslgn does not lend ftself to long~range operation
because responses are masked by short-range surface reverberations. A range of
less than 1,000 m can be expected. The electrical power required for con-
tinuvous transmission also 1s a limiting factor (assuming surface reverbation
at short ranges could be overcome).

Vertical sounders_are typified by the comuercially available fish finder.
Several varieties are available, ranging from the simple rotary light display
fish finder to fully adjustable scientific sounders with calibration capability
and accurate attenuators. The major differences are the methods used for
processing and displaying echo returns and cost. All are limited by the fixed
physical orientation (vertical) and are not as efficient for searching as scanning
~type sonars. The area covered by & vertical sownder 1s limited by beam width
and the speed of the vessel on which 1t is mounted. Beam width design presents
a conflict between the desire for large areal coverage (wide beam width) and the
need for target discrimination (narrow beam width). The search area of a ver—
tical sounder is limited to the core of sound immediately below the sowmder's
transducer.

Processing of hydro-acoustic signals covers a brgad range of techniques.
Most signal processing methods are welledefined and covered in detail by Tucker
Four signal processing techniques have
been or could be adapted to fisheries applicatioms: echo integration; dual beam
target strength measurement; doppler shiff measurement of tall beat frequency;
and echo spectra analysis.

Echo Integration is the sumuing of selected echoes over a specific area
(or volume). The summation operation and volume determination is easily
handled by available electronics and ships' navigation gear. The specification
of which echoes to sum and which to reject is cowplicated by: the target aspect
with respect to the acoustic transponder; the finite beam width of the acoustic
system; the variance of sound transmission through the sea due to temperature,
salinity, and density differemces within the wmedia; background noise, and
system noise.

Commercial echo integrators are expensive, complicated to operate and
the areal coverage is restricted by the use of a vertical sounder. Despite
these problems Nishimura and Shibata (1966) and Yamanaka, et. a. (1977) have
reported success in counting tuna and related species. Truskanov and Zapherman
(1977) also reported success in echometric survey work by carefully examining
the problem of target verification and restricting efforts to well-known,
densely schooled fish. Burczynski (1979) describes the basics of sonar use in
estimating fish biomass using the echo integration concept and the problems
essotiated with equipment calibration and maintenance.

System calibration with respect to specific targets of interest is a
particular problem. Ehrenberg (1984) describes a unique method of in situ
calibration using a dual acoustic beam technique. This scheme effectively
removes the beam pattern factor from the echo of a single target. The beam
pattern factor 1s the error that arises due to the displacement of the target
from the centerline of the beam. Removal of the beam pattern factor is accom-
plished by transmitting the acoustic energy with a narrow beam transponder




whose axis is essentially coincident with s wide beam recelver. The single
target echo 1s received by both the wide and narrow beam transponder simul-
tanecusly. The narrow beam pattern is then extracted from the echo and the
individusl backscattering values may be computed.

Dopplur shift measurement of tail beat frequency 1s based ipon the
modulation of the target echo due to the movement of the fish's tail with
respect to its body. This movement produces a shift in frequency of the
echo signal component that arises from backscattering of the moving tail.
Tail beat frequency, coupled with swimming speed appears to be a vaild means
of classifying fish (Bainbridge, 1958). FExpevimental data for the species of
interest, however, must be developed.

Fcho spectra analysis use for fish target discrinination, es proposed by
Mltes (1981), consists of experimentally tlasslifying agalnst stored digitized
spectral data recelved from fish target echoes. A& mechanism for varying echo
integration time, and range interval for the {ntegration should be provided,
and the data digitized for spectrum snalysis. Independent verification of the
target must be made to allow completion of the classification file. The primary
preblem is target verification. This file should be built from controlled
experimental data such as captured specles of iatovest impounded and insonified.

FEASIBITITY ANALYSIS

A basic design concern for an acoustic system to suxrvey spawning bluefin
tuna in the Gulf of Mexico is the amount of area to be covered and the re-
strictive time frame to provide reasonably precise and biological sound population
estimates. The time frame can be estimated to be sbout 60 days based on work by
Rivas (1975). The coverage avea, however, is much less certain, but if one
assumes a surface area in the Gulf of Mexico of about 1.2 x 10% km® and half
of this area is eliminated from the survey based on historical fishing data,
the .required survey area reduces to about 6 x 10° km?. Then if one further
assumes 10 percent of the reduced area has to be insonified based on a pre-
determined sawpling design (e.g. line transect theory), the required coverage
area would reduce to about 6 x 10" km2. ‘These latter estimates sre admittedly
arbitrary, but probably resomable first approximations. Given that a survey
period of 20 days is considered optimum to fit within the estimated 60-day
spawning period, and that weather and sea conditions permit an average vessel
survey velocity of about 6 lm/hr, the sonar system would have to have an
effective in-nnification range of about 20 km.

A 20 km range 15 an order of magunitude greater than that obtainable from
presently avaflable commercial sonar systems. Altes (1981) proposed a low
frequency sonar system with a predicted range of 27 km. To obtain this range
Altes made some assumptiens such as target strength calculation based upon
schools of fish numbering 1400 to 2800 over an area of 1.4 to 4.5 km width.
An estimated school size of Atlantic bluefin tuna of spawning age may be 64
fish in an area of 10 x 10 m, assuming a 1.5 m neighbor-to-neighbor spacing
and a three dimensional matrix (4 x 4 x 4 fish) with equal fish distribution-
in 2ll directions. Altes (1981) estimated range resolution of 1.4 = 4.5 kn
would be decreased to an estimated 10 m. This difference in target charac-
teristics lmposes severe bandwidth dependences upon the system required for
Atlantic bluefin tuna assessment.
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- Another consideratlon is the difference in target strength between tunas
and the fish schools described by Altes. The target strength return calculated
for 200 fish each with a target strength of ~30 db is + 3 db whereas the same
calculation for a school of 350 tunas yields a target strength return of -13 db;
a difference of 16 db. Even allowing for the greater size of bluefim tuna and
using maximum target strength (from Table 1) of -22 db, the expected target
strength (TS) is -5 db; a decrease of 8 db.

Areal restrictions assoclated with a vertical echo sounder eliminate this
system from consideration as a search tool for Atlantic bluefin tuna. The
potential accuracy available from a vertical sounder indicates a potential use
as a counting system, 1f the fish school can be approached close enough to allow
the vertical sounder to obtain data. Use of continuous transmission frequency
modulated (CTFM) sonar for long-range fish detection is limited by surface
reverbation effects and reported maximum ranges of less than 1 km (Yuen, 1971)
are not adequate. Specified ranges of commerical sonars (2-3 km) are not
adequate to efficiently cover the area of concern in Atlantic bluefin tuna
assessment.

SYSTEM DEFINITION

Problems associated with defining a hydro-acoustic system for assessing .
bluefin tuna can be shown by several sample calculations. The basic sonar
equation (Urdck, 1977) to be used is:

SL - 2TL + I8 = NL ~ DI + DT

vhere:

SL = Source level

TL = Transuission loss
TS = Target strength

NL = Noise level
DI = Receiving directivity index
DT = Detection threshold

TS, NL and TL are determined by the physical properties of the target (T8) and
the physical propertles of the transmission media (sea water). NL and TL are
frequency dependent, exhibiting a wide variation depending upon the frequency
gselected for transmission of acoustic energy. A high operating frequency

(50 ~ 60 kHz) will enable the transducer design toc be more compact, while it
is beneficial to use the lowest possible frequencies (5 - 10 kHz) to enhance
the transmission of sound through the sea. Therefore, assume 50 kHz and

10 kHz, respectively, in the following calculations. The values or terms in
the sonar equation can be expected to fall within the following limits.

= 22 tg -30 db

@ 50 kHz = -40 to -80 db
@ 10 kHz = -50 to -90 db
= e 4 R

HEES

where:
« = gttenuation of seawater
= @ 50 kHz = 19 db/kyd
= @ 10 kHz = 1 db/kyd

and: R = spreading loss (intensity decrease with range (r) =20 log ¢

Using a 24.1 km vange, (26.4 kyd):



TL @ 50 kHz = (19) (26.4) + 88.4 = 590 db
TL @ 10 kHz = (1) (26.4) + 88.4 = 114.8 db

DI is a function of the physical design of the transducer. Select a DI value
of 30 db to correspond with the design of a 25.4 cm eircdular array at 50 kHe
and DI of 15 db at 10 kHz.

DI @ 50 kHz = 30 db
DI @ 10 kHz = 15 db

SL (source level) is desired at about 125 db and relates to systems avallable
commercially.

SL = 125 db

DT (detection threshold) is the ratio of signal power to nolse power and in-

corporates the receiver operating characteristics and an acceptable false alarm

probability. BSelect:

DT = 30 db
Using the sonar equation, SL can be calculated based on the preceding values.
NL - DI + DT + 2TL ~ TI§

@ 50 kHz = -40 - 30 + 30 + (2) (590) - (-30) = 1170 db
= -80 - 30 + 30 + (2) (5%0) - (-22) = 1122 db

SL
SL

Therefore, the required source level (SL) at 50 kHz will be 1122 ~ 1170 db.

SL @ 10 kHz = -50 - iS + 30 + (2) (115) ~ (-30) = 225 db
= ~80 -~ 15 + 30 + (2) (15) ~ (-22) = 177 db

Therefore, the required source level (SL) at 10 kHz will be 177 - 225 db.

The source level calculation at 50 kHz results in a required source level
in excess of 1,000 db which exceeds reasonable design requirements. Normally
cavitation occurs well below this level for any reasonable number of array
elements. The SL of 177 = 225 db for 10 kHz 1s more realistic, dlthough the
design of the transponder 1s complicated by the physical size required to ob-
tain a directional transponder at the lower frequency. These gimple, rough
calculations are presented to 1llustrate the multitude of design trade-offs
and judgemental decisions required to formulate a set of sonar system design
parameters. ‘These calculations are based on assumptions and provide only
approximation of source level requirewments. '

Another element of the design criteria is the analysis of required respouses

in relation to expected reverberatlon levels. Altes (1981) addresses this

analysis but the results deviate from the desired system by 8 - 16 db in target

strength estimates. A rough estlmate of surface reverberation level may be
obtained using the following equation (Urick, 1977).

RLg= SL ~ 40 log v + S; + 10 log A

Select: Sg= ~45 db
A= 1.797 x 107 If: r = 26.4 kyd
Ar =~ 2.6 kyd
¢ = 159 = 0.26 rad
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then: 10 log A = 7.25
SL = 225 db
40 log r = 176
RLg = 225 - 176 + (~45) + 7.25
= 11.25 db

Using the sonar equation, solve for DT using the best case of SL = 225 db.

DT = SL ~ 2TL + TS - NL + DI
= 225 ~ 230 + (~30) ~ (~90) + 15 = 70 db
= 225 - 230 + (-72) - (-50) + 15 = 38 db

These calculations result in a detectilon threshold (DT) of 38 - 70 db and a
surface reverberation level (RLg) of-11.25 db. Therefore, the reverberation
level is below the detection level 4n either case further demonstrating
assumptions made on the best availsble information are not within the telerxance
required to develop a viable assessment system for bluefin tuna.

CONCLdSIONS AND RECOMMENDATIONS

Bluefin tuna characteristics and assumptions ldentified in Table 1 were
used in a series of hypothetical calculations to determine the feasibility
of using available sonar systems and the development of design criteria for
an optimum system. This brief analysis raised a number of questions which
are addressed in Table 2.

A long-range sonar required for a reasonable coverage of the Gulf of
Mexlco would have to be designed and developed. This system would give the
best, most thorough and accurate results in addition to being usable for many
other areas of fisherles research and management. It is recommended this
development be pursued. '

Limited success can be expected using commercially available scanning
sonars. The primary restriction 1s the short range (2-3 km) of these systems.
A theoretical sampling design would require areal coverage of approximately
6 x 10 km ? within an estimated 6Q0~day spawning perlod. Further, a survey
period of 20 days 1s considered optimum. Therefore, the survey of spawning
stocks of Atlantie bluefin tuna in the Gulf of Mexico is not feasible with
available short-range hydro-acoustie systems. Development of long-range
sonar systems to hunt these near-surface fish does appear feasible if sea
surface reverberation can be overcome, tuna targets can be accurately dis-
criminated, and in situ target strength measurement techaiques can be
developed. -



Table 2. Information necessary to develop design criteria or identify an

) 1sting optimum hydro-acoustic system for ass t of bl 1 .
Summary of the pertinent characteristics of spavming size tunas. exts & op y. Y Fesment o vefin tuna

Table 1.
for determining a set of design parameters for hydro-acoustic
assessment.
' QUESTION PROPOSED SOLUTION

Size : > 130 em (length)

Weight 2> 66 kg TARGET CHARACTERISTICS

Swim Speed Normal Excited Number of fish in & school and The expected average number of Atlantic
Min%mum s 3 knots - neighbor-to-neighbor spacing bluefin tuwna in a school and their neighbor
Maximum 3 8 knots 40 knots ~to~neighbor should be estimated and ex-
Assume H 6 knots average perimentally confirmed.

Number per school Target strength of a single Target strength 1s necessary to define
Usually s 6 to 20 tuna . design constraints for a sonar system.
Sometimes : 50 to 100 + This parameter has guch a large variation
Assume + 64 average with fish aspect to the sonar beam

. that "a number" for a particular specles

Spacing t 130 cm to 190 + em is probably not feasible. Effort should

Assume : 1.5 m average

Target strength H
Assume H

Depth H

Tailbeat frequency:
Assume H

~22 db to =30 db
-26 db average

Surface to 100 fm

2 to 12 beats/sec
6 beats/sec average

Tail beat frequency of blue~
fin tuna

Maximum swim speed of tuna

DEFINITION OF MOST
EFFICIENT SURVEY TRACK

Horizontal range

Vertical dispersion
(regarding thermocline)
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be directed toward schemes of in situ de-
termination of target strength not re-
peated determination of specie dependent
data.

Tall beat frequency studlies of yellowfin
tuna have been productive. Confirmation

of swim speed (body length/time) versus
tall beat frequency for bluefin tuna would
aid In use of Bainbridge's (1958) equations
to explore doppler shift techniques.

Maximum swim speed data of tuna 1s necessary
to evaluate the amount of lost data due to
system designs that do not encompass the full
speed range. These data also would be useful
in determining swim speed discrimination
criteria.

Determination of tuna's horlzontal range is
necessary to optimize the survey track and
develop a requlred sonar swath width.

Vertical distribution of tuna in the water
colunn 1s necessary to develop sonar design
criteria. An existing system may be used to
confirm thls paracveter.



Table 2. (Continued)

EXPERIMENTAL PROOF OF TARGET
DISCRIMINATION TECHNIQUES

Doppler shift as a function of
tail beat frequency

Measurement of shift as a function of fish
tail beat is neceesary to determine the
feasibility of tacrget identification,
classification or discrimination, and confirm
calculations by Altes (1981).

Experimenial proof of acho spectra classi-
fication is necessary to justify incorpora-
tion of this feature in the design criteria.

Echo spectra analysils classi~
fication

Tual beam classification epplied

Dual beam use for in situ target strength
to long-range systems

determination was demonstrated by Ehrenberg
(1984) . The feasibility of applying this
technique ‘to long~range (20~30 km) sonar
systems should be evaluated.
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