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RESUME

Une m~thodologie de prospection acoustique et de traitement
des donn~es pour l'~valuatior) des biomasses est propos~e pour les
systemes lagonaires t rop i c a ux , d r o nd p La t , pro f oride ur-s f a i b Les
(de 3 ~ 8 nl) et houle reduite. Les methodes de mesure de l'angle
d'echantillonnage et de de c onvo Lu t i o n des rs "in situ" sont adap­
t e e s de la Lrt t era t.ur e pour ce cas p3tticulier. L'applicalion de
cc I:. Le met h odo I 09 i e a u qO 1 ho de '3d t aba no (Cuba") rno n tre que le",
me i Ll e ures evaluations de biorllasses sont obtenues par' cornptage,
et que Id prec is Lo n Jc:c:; lllCSUI';:;':., Ch;f-.:·L:lld :;~r o i Leine n t des concJ.i.tlon,:::;
ex t erLe ur cs : ;.)t"o,::,pection (le null c;/clusivcnlenl:., rner plate et a,b­
',;:-;ence dc:~ 1 un2 .

ABSTRACT

A methodology f or ,'l")I,j·;,li,, .-l·,,-;Sto·::;~:;lIlent ,.'.Illc! dala analysis is
pr-oposed 'for the case of ttopical,isla,nc:l la900ns, i-r it.h 'flat and
v er y shallow bo t t o.n C~) to iJ 1118 Lel::> ), a 11J 1 uW ':::>lth;; 11. Me tl10J~3 of
rJlcasurernent 01 t h e ·::;arllpll.ilg elt''] LU ,lild J ~3 "1.11 ~>l tu" ·...:!;,;;·...·ul'lv·.:.>luLiull
have been a dap t e d fr';)/fl t.h e Li t.Lera t ure r or t h is p art i cu l ar C3se.
The app1 i c a t. i on of t.h e rne t.h oclo 1u9'/ to Llle (;u Lf of H,::1 Laba no (SW or
Cubd) ::::; i I U WS tit a. t the l., ,:~:::;. L L.J LC'I i I.:t '~,::; ·s\/ a I U.J. t,ion '::'; ,.." '- .:) b t ai ne d b \!
fish count i no , d.nd that Ll)c prf~ci~:;ion or the re s u Lts is di re c t l v
depend ins; on c)< t er na L vJCd t h et· (0 ne! i I:. i () 1'1':: : pr' O~;3PE:'C ti 0 n exe 1 u s i v e ..
Lv by ni9ht, no swell, no moon li9ht.



INTRODUCTION

The shelf of tropical islands presents usually two kinds of
bathymetr'ic structures: on the one hand, a lagoon, with very
shallow waters, with flat sandy bottom including in some places
c i r cu l ar cor al r eef s , and 1 imi ted by the island coast and on the
peripheral by mangrove on slnall islands and long and thin cora I
r-ee f s ; on the other' hand, a very nar r ow ehe t f from 10 to 500 me­
ters, all around the island. Each of these systems presents par­
ticular ecological characteristics and different fish popula­
tions, which present usually the common particularity to have cl

rather low density, the fish being concentrated in a few places
by day and very scattered by night (fig. 1).

As far as
fish distribution
and appropriate
communication the
first ecosystem,
Gulf of Batabano,

acoustic assesment is concerned, both types of
do not permit to apply conventional methods,
methodologies are required. We present in this
methodology that has been developped for the

through the example of a survey program of the
SW Cuba.

1. CHARACTERISTICS OF THE AREA

fhe Gul f of Batabano is a 'f la t area of more than 20 000 kln 2 ,

with a mean depth of 6 meters (EMILSON and TAPANES, 1971), limi­
ted in the north by the island of Cuba, in the SW by the Juventud
Island, and in the S and SE by a 1 i ne of keys (low isl and cover' ed
with rnanqrove ) and cor-al reefs (fig. 2). The bo t t orn consists g8····
ner aI 1 y of (nudely sand cover e d vJi th a phaner' ogar"8, Tt~<'::lJa??j?tes··

t ud i num . In some places c i r c u L...'H· c ora l gr'ounds may be found insi-·
de U1E gulf.

The "fisher"y is exploiting several "families: Lutjanidae, Set·
r a ni da e , Pomadasyidae, some typical cora I f arni Lies and spiny luo····
:; Ler·s.

'l hc fish live in tvJO IJ/ain gr'oups:

gtoUp depelidill'J on <....-ur·al ,'821'"-,>:
reef s by day and are '::;catter'ed a l J
ni':)ht. Hlls '::!t-OUp is f orrned of the

the f i'::.h live "wound the c oraI
over' the 1 halassia hl:,~':J ::)\/

fdlllilie'::; 11lt-;r',l:iurlC:d db':)\i'2.

group depending on mangroves: the "fish, mainly small Clupeids
(I:-Idl cl1gu 1 cl .. spp , Opi? ~.i',()rl~lnd.lJ~.l)ll.'"JI.I.l, ;Jc;Jlh.in:?LGil<Ol.I..IIJ.:>(.gJE~t ..l.,.l.:.l) cl 1"'..1
juverliles ol the other' gr'uups, livel/l~id(.: UH:; rllclllgt'OVC by cld/
dll'..! IIlove to the Si' as'::; bed b'y' night, whExe tile',' 1/1;::;'/ be f o und ci·
UIU' scatterE:d or' in small s choo Ls a c cordi ncj tu the li911L of Lilt':

!IIv'·~)11.

be found
no Wind,

The c La mat i c c o rid it Lorrs wi thin the gul'f lilay
favourable in ssome pet-iods of the 'y'8a.r· (no s~..Jell,

,-::'UI I 811tS, 8L(;).
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2. MATERIAL AND METHODS

The choice of the material will depend of
constraints:

the following

I

- survey in very shallow waters (3 to 8 m). making necessary:
* use of a small shallow-draught boat;
* sounder with small blind-zone and TVG useable in the first

meters below the transducer
* lar'ge-beam transducer'. for obtaining the highest sampling

- use of small boat:
* equipment with independent electric power-supply;
* favourable weather conditions;
* transducer' to be put close to the surface.

- fish behaviour:
* survey exclusively by night;
* survey during new moon and complete darkness.

- work on large areas:
* a r a t.b er big ship is needed for' li fe and wor'k base
* need of a positionning system. include aboard the small

boa t.

We have used the following material:

- e choso uncter EY·,·M SIMRAD. 70 kl-lz , wi th 22° t r arisducer (1);
- portable digital tape recorder DAT (Sony) (1); i

- ech 0 in tegr a tor- ?\GENOR (2);
-- co IIIput8i Tu:,::; 11.1 ~.J T S 1 00 (2);
- boats: a 6 rnet er plastic mo t orbo a t , with flat hull (draugllt

less than 50 c m) , a nd a, 25 In r-ese.:::rcil \)8::3:;::;e1 (F~/V lri ton)

lhe survey grid was the following: the transects are perfor­
med et t 4 hnot-cc; aboard the motorboat , and only the 8",;hu suunc].::;i
arid 1.. lle L.lp;c.. i LLU, ,jf,:r ..'il C u-.e d . The po'::;i t i o n of the ~:;mall b oat i'::
o b l. ."l i n t: cl L, '/ "c,:!, ere I 1C t; L() the b i ~J I) ne, I;Jhiehis P :1 ace d 1 n ',::- 0 II1 C

pr'c-c!c:fin,:;c! p::>illtS. The r'cc'or'ded dat a are pr")cessed c:ll./r'ing lhc
Ci~l'>/ <-lOC,\\.;lr" cl ~.llt::.~ :~I.LIJ vess e I ..

'[he tT,':lI1':::(il,Y~er jc; pl.3(:"ed on the fore par t ov the IWl!:orh·:)al
(fi9. ::'), <;11,,1 i'.L~,,:.,(1 "':',,, (;lo:-;t:: Lu i.lk; :,:;1..11 race a s poss i b Le d<::C:U!'

dill',,) L·,,) VJdVc,; IIUi.~:>L;.

3. PRINCIPLES O~ THE EVALUATIONS

1':',,::; rl:~:'1 .u.c c><I.:''''::,:I:1<::1'/ scc:tttsl'cd. In these co nd i r i o n-s 1.1"
(1) I. 'o/ I e ,:1 S () n ,::b 1. c rtIe ~•. h 0 ci f (j r: b i 011'I a '3'3 e v a 1. u a t ion i~; the f i ~:; h o o U"1'­
I:. i ng, b u l: the c:0 n vel" s ion o f i: h e densit i e s 1. n n u:nb e r 0 f f i, 'cO; h e ~3 p 2T

c.: LJ b i C li Ie I'J: t i i'l cle n ~~> i L .i e '3 i n t 0 IY; per' ':0; q u a r e k i 1 0 (IJ c t e I 11 Ce cls t lJ.J(l

PI' cc ,i ::j81 n f 0 r In,j t ion::; :1b 0 ut:

- thc sampled volume;
.... the TS d'j",:l:riout"Lon "in -:::;i.tu·' .
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Most of the methods existing (EHRENBERG, 1983; MARCHAL,
1983) and particular-ly the so-called "dur a t i o n-u n-ebeam" method
(THORNE, 1988) use the number of echo received from a single
fish, in order to determine the actual angle of the beam, accor­
ding to the mean 1S of the fishes and the threshold of the rece i >

ver. Unfortunately this kind of method is impossible to apply on
our results, because usually the fish is too close to the trans­
ducer to give more than a single echo.

Therefore we have been oblige to adapt the usual method in
the Following manner:

the calibration standard spher-e has been moved hori zon t a l Lv below
the transducer at constant slow speed along a line that crossed
the beam axis. This opera t i o n has been repeated several times,
For each gain value of the echo sounder, in order to give curves
of the r-elations between voltage response and beam angle for va­
r-ious TS values.

Once determined the mean beam angle, the sarnpling volume is
easily obtained using classical calculations (FORBES and NAKKEN,
1972; JOHANNESSON and MITSON, 1982, for instance).

~~e have adapted a method derived f orrn the "deconvolution rne-­
thod" pr-esented by CRAIG and FORBES (1969). fhe prLnc i p le is the
SctrJie as described by these a u t.hor e (sec: .:tl'::" .. J FOR13lS ...illd tJ.f\I\!<[tj.
1972), but the equations have been slighty changed in order to
eliminate the negative results.

We have used the di rec tivi t v diagr,::l.fJl of the
tr ,H)c:~ducer' 0 f the EY-M sounder- given by S H1fH\D . rhe
be.:lIl1 for cad; 1 dEl ',::,Li:,p lid':;' L;t;l;11 rlll:;a.:.~lwC>.J fll,\I"II.I,:·lll·~',

11'1':" cqu,.,I:ion .. 'in the FollovJirvj l'J2'/_

1a r {_~J(~ ~)eaf:l

angle Cl r the
,:;j,,::1 11.'>:1: ,;

Le t U~:; '::,uppose fUli.rle:,LdflC·C t.h a t 1,0</(';; ll<'ll/c; l:ill'-::' ·,(:t·, (·r T'":
v,:llulcO':::;,. Hic}ll, Mediulll and LOVJ, and th,:ll: Nil i,-o the number of h,i':':!',
'r::,:, ~,I", the llurnbcT o'f" me d i urn 13 and NJ. the nUfnber ry[ l';'l'/ -r~:;, ,~i}<.i

i:" ,::,,,':;:I:i ,'ddin the dH'ect.ivity didC)r-dlil, I'or ill'~.Ldll'~'::: --.YJ d13 (dll'
'1'1" H,). ··20 dB (dllqle 6 2 ) and ··10 dB ::::;Lrat'::i (ctn91(;: 8~). t~J. i~~

i:l)('~ :::~uln of the bi';J fi'3h .in the ·-30 d~3 st.rat um plus the J1Ulllber" o r
1118,.Iiulll [lsll ill t.h e ..20 dU :::,tr'dLulil plu':::' UI8 IIUlfll.K:i ul ·,~IiI.;d1. r J.·cc;,
111 Lllc' -10 dU:::.Li'aLuil1. ~~'" 1:::; th8 '=-·UII1 or the '1Ic>_1.[I.1111 [',i::"i, .~I·I LlI','

,H) ,jIJ ';,;;1.' dLulI1 plu~:; thE:: hiS; fish in the: ·20 dU ·:::;t:'I.)!:Ufll, ;:;~lk! ~:I"'_

iik' I)ulnb:,:i ,)[' bl'~ t'ish .i r: il)::~ -10 dl3 st.ra Lurn . JIILl]i"':.,;: '..,r·I,.;i il'..'II· ..

Illi; L,)I..:I.l lIUIII~)bt 13 of big fi'=:;h is:

r:
/\ .;2

... f-\ ..L
n r.

r j'1:J. .,
"

1 r j ... , :_~ r-t .:::

13 ..

I NI; I + I n., I + I Nl. --_.__...__.----~,.- -.--------
L f:.\:J, J L A2 J L A.3

n
j'.',.l_ the s urr ace delilnited by
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Once B obtained. and after removing the number" of big fish
TS in each strata. it is possible to calculate the number of me­
dium fish as:

M= [Nrn ] + [N~ J
Then, removi n9 the medi urn fish TS in each s t r a t a ,
number of small fish S.

gives us the

This estimation is done using the following data:

Df , nurnber of fish in the unit volume;
- WF , mean weight of a single fish.

The evaluation of DF is obtained using the actual volume
sampled and the total number- of echoes counted on the e ch ooram :

D F = N/V

The calculus of the mean ~'Jei']h t needs the T~:: values of a
fish to be converted in length; then we have to convert the
length distribution in weight distribution.

We have very few informations on the TS of tropical fish
(LEVE.NEZ, 1987; GERL01TrJ, 1987), and accordil19 tu the fact t.h a t
the only data 011 the specie;:; cli::;Lribution CC'liie.: i';Uiil the fi::>her"y'
and 8colu'Jic;a,1 st ud i.e s (CU,\r~O et ,'-\1, , 1990), HC' have ,-:::3~,;urfl8d that
the use 0 f the e q lk:. t; ion n f I-ClVE: (1 ') 71) l-k:. ',:, the ill 0 s t 3. d 8 Cl uate
t r a, nssforma t i on me thod :

18 = 19.1 log L + O.~ log u -23.9

- 'I (-'n'J 1:1', nf' tilt:; i~j:,h, ,.)(,d ',~ I,'; ,'.1 ::', ,: I" the sounder.

The t.rarrs l or rna t i o n of the J211'JLh disLr:i(JuLl(Jll 1./1 ~!Cl':JhL di'.::,LI ibu-·
t i o n ha':3 ()t::en a cli i e ved usin',:J infvili/c.:\Licd"~" '.UliIL,',,) fruliI LhE:~ Depc:wL'

1I1611L '.JT Icl)t','ulo9Y of 1:11c "In:3~:ituto (:!(~ O,::'e,:J!"JoI0'Jl::" nf Cuba
(C~L,i'~\RO ~'_~"~"~'_"J 19C

) () ) ) t'.Jhi(~l·1 ,)t--c~' (..:!;:.:L,.:~LL·:..-~:~ 1.;'j [-hc. ;'~._.~~_,!.;:.,. 1

For' e ach len']th class t.he L/W re La t iorrs h i p of the ruost curli-
mo n spec:ie~3 has oee'"1 ::;t-~1;~cLecj d~:' t h e 11I(~<:... L I '':'·l-··j c::::-.n.::~tIL(:.lL...i..\/2. ..

4 _ r{ESUL IS

I;~ e h a \icar)p.L i c cl I:h C Inc t hod 0 1 0 ',C! '/ j il C, ,.I i r r- Eo: re n t p La c e '"0: 0 nthe
Culf of Bat ab.a no , USil1g either" palallel or zi:;)'·zag t rarrs e c t s . The
II)ean depth 0 f the died::> obscr'ved V.3.I" ied be LvJeen 3.9 and 5.5 rne ..
t er '::~ and t.he rrumb er 01 I i ;:;11 c.o un L".',j L)e 1../,,)c,;':; I1 ;~' .. (,i~..' <::tnd 11 .. 04 pc,' km
(table 2).



The results of these surveys were employed to test the vali­
dity of the methodology (fig. 4).

The results of the measurements for the large beam transdu­
cer of the EY-M echo sounder are presented on the figure 5. Ac­
cording to the threshold used in echo counting (.15 V rms), and
to the TS values (from -30 to -50 dB), this gives a mean beam an­
gle of 30 o. We have assumed that the beam patter n was r·egular·l y
conical. At a speed of 4 knots (2.00 m/s) and a transmission ping
rate of 3/5, the overlapping between two transmissions begins at
a depth of approximately 1.15 m. As the blind depth of the soun­
der has been observed to be 1 m, that means that there is a non­
overlapped layer of 15 cm at 1 m below the transducer. With a 30°
angle, this represents a volume of v = 0.027 01 3 per transmission.
In these conditions we can calculate easily the actual sampling
vo I ume V knm,Jing the mean depth H, the length of the unit distan­
ce L and the half beam angle a :

r
V,· D l 1

(v * 3) + (H2*tga - z2*tga) J

where H = total depth
z = superior limit of the overlapped sector (in this case,

z is considered as a constant, and equal to 1.15 m)
D - total distance of the transect
a ,. 1/2 bearn angle

1 n ':~oflle cases an 0 th et corr ec Li. 0 n h as La ~)e add ,: VJ: Il:~ II t,: 1<.:;

VJ.:iV":~ (I(.,i,',:,e i'=; prese n t on the s.urf ace Laver e . it ,nakes it ilnp,,)';:::,~.3i.'

bIB to recognise the echoes of the fish to those of air bubbles,
and c()n:;;;;.;::;',~uentl'Y the upper" I imi t o f the observed volume has to ~)e

l'Jt,JPr.::;;(I. 1/1 t:lli~c; c a s e the overlapped zone dis,:'tppeai'''~o Cv :: 0) dnd
z i,s inc!'8ased in the d()OVe mentioned equation. This gave 1'0;- the
act u ,I, 1 'cs ,HlI P 1 co cl \/0 :I U fli U ;:) f Lh 8 6 e x p er i ru e I I L ~-;; the Vd 1 u (;; S pi (::;::".::: r i Lv.J
ii"' L;'I-::'~ t.,:~Ll,::~ :..~~

b. Di'.,1.1 i.buLl':)I'j of T~~:

I I:, j -,; i rup or La nt ,
:3i l~u"l;::; (;011c(;l:iun,

Ut' for' 8 t.o US8 the EY-l"1 B(;;'10 ~;>uUi 10-.1<.:,1 rUI

to meas ure pr 8Ci::::81'l the rVG f unct 1','1',

. ~ . ": ~ ~.~ ,P:' ~ ·r ~ - <:';'~: 1 r:) n -i- r-, 1 c. (,,~ ~T I", t-·, ~'.

.i. i I
I,r .
'i",": .

.,1. ,"

t" (:,",;:" f,,,'!-i II-d I,J;:~ fI,,"»3 l» knOi.J [',he v,:.::luc;'3 of I::he rVG .i r : \it'::1 '~!

'.::;h;ill()~,.J (:Iepth. ~,'8 have flJeasured it using Et standard spherE?, t rorn
':) Le, O. ')() 1:1. I he r 8sul t'3 shol-J t h a l; l:,'18 TVc; is ef f .i ci e nL un.t i I L lil

'J(; pi' i ') , L:, 1.1 t t 1'1 f: d 3. t: a arc 0 v e r (3 s t i rn Cl. t e cl i n -:':; Iil ,:'J.1 1 \11s I:a n\,. (-0 ,> ( t j '-'; .

Co ) . f:\ ::;c, UI ,0'. r'::~ cH C Ilk;;'" ';'" Ut' .: 0:.., [)1 t h ,L n I~ he':,; 8 ::>1IV~ 1 1 ,:.:I e p I:h 'c" ,,:tC <: i I 'c.., '- ..

ti on r,::,(:L,,:' 'Jlc,ulcl to be applied. !'in ()Lhpf' tidY consis t-. ill,I;f"",'::.'I"

j" .i r"r'::3 (~:) L. + \,/ r~~) ,:J L t 1'I (; S 8 1 0 t.:J d c:p t h s. \t.~ e h d V e 0 b t a. .i n 8 d (~3 L~ +'/P) ,.. il . -;1 , ...

III ,::'1 'Icl a':;~c,U:fIi':: t.hat. tJ'L'O:; vdlt,v;; is us(:;abl(:; fo: LJIC ::>fllal1 c!epL,:'I'::', 1".11.,,,

t.h o ut. cor t"ecLiul'I':C,.

VI C 1', I " '/ t 11 ~: i I ( ,,1I " I,,! 1 ~", Lc Li leT :~ ,) ,1 ~', t i" ,i but ,i, 0 n (i i g, 'I)

c
u



The biomass evaluation has been used in this experiment to
test the applicability of acoustic assessment to the Gulf of Ba­
tabano: the annual catch in this area is well known, and gives a
good idea of the actual biomass (PAEZ COSTA, 1989). The mean
catch is evaluated as aro und 0.8 metric ton/km 2/year' in this kind
of ecosystem. Considering that the total catctl is 75 000 t and
tha t the MSY calculated is eval ua ted to 80 000 t , we may a s s ume
that the density in the Gulf would be between 1.5 and 3.0 t/km 2 .

I
Aft'hterh,detCOnvoluAtliOthn, ,the TOd~,ld'ist(t)gra(ln hd1-Stbeet-1n converte~ lilt' I....·....

a e riqt 1.S ogr' am. t.n o uqn we '1. no ca c u a e-,e mean we1.g,'
using the mean length, it is interesting to note that this ruean
length is 17.2 cm, which cor-r-espond r e a s oriab Lv to the population
structure of the area as known from cathc data. The calculus of
the mean individual weigh gives 217 g.

It is then easy to calculate the densities of each alea ':,drn­
pled (table 2). These densities vary between 541 and 1980 kg/km 2 •

~. DISCUSSION

.- Fish b eh av i c ur, The :'3Ui-VC'y' has beerl pcriurlfkcd du(il\~] full 111'::,)011,

a nd i~ str ono avoidance r e ac t i o o o f the Fisil VJd',:; ~u':::'pt.':ct..Gd. Tile
ile~{'t: :::~lJr'veys I,Ji11 L'f: pCXf'Ji'I,,:?.-::1 i n rl("~,1 IW)('il pcr ioci'::,

We can see that the densities calculated through echo coun­
ting and TS measurements ar'e lower than expected, but fit in the
(ordre de grandeur). Various points are to be taken into conside­
ra tion.

I
I
I
!,

thisprec i sior.We must measure with betler
errors, in the TS v a Lucs .

mea s urerue n ts .
which may input

TVG
poi n t,

VJc:at,I')cj" C(.J,'IJi t Lo n.;. Tl"'::!\/ ~'J~.~:r~:; j ..;.;.t:;lr~:i f.:·.j.\/<·)l_il··,.'-;.Ct].;"· c,:.-tt ·L.:'1,:~': L"',e'Jin'
Ilirl(j of the -sur ve v , but cl};H'I'~)8cJ dUI iil'J U'IE:' I,J'.>i'! ,IIH1 uL":I'I',J-:->J 1J'..

t.o e Li mi n.it c J p,::.rt of the c!;:,:.I:..::,. T~';i',~: i::,(.>irlti'~:, ,,'I

into corrs i dera t i on V,JIH:;ll P8t" [ut filifl] ,.:1 'I U le,",

~,! EO: V c t- the 1C'::-:: '::: it'::: e cc I'll13 L(I d t U 11clre:.: i" L I1 C ':3C con cl ,1 t tOn:3 ,'1 1'1 e v ,:.1 1U ;,1 --

LlOl1 of l.h e fish <,lL)UI,jarlc:,',c ~'J()uld b,:; f,.Ju:c-:,sibJi';.

/·\11 l)I:.1);:':;I' pU,i.f'li. irlLLrc"3L.i""J (O,(;'-~(:Xi"l, [:,he CCjUip;'k:11L. Iho c(::!l,),
'30tlil.-:i.'-:'I' r Y ,[',1 'yl \h,'" , t ,::t Utel' SJoo,J I ;:;',:,ull:.':'" ,,11 ".1 j 1.,':0' '1 'v'e '::':(:I:,::/iI':,> ~y)',J,:J

~,:jll(}usl'l~ ~.luL Lh ..::; t::".~I··J()S::Ji··.J.ln i:~~, \/.;::.1"'/ ,,·.~j.lficult. tu l'-C~,::~c! ,_:lr1cl th e c~i'::::""
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CONCLUSION

The acoustic survey of fish biomass in very shallow waters
may give useable results using echo counting, and under favoura­
ble weather, light and behavioral conditions.

The most difficult point is to obtain unbiased values of TS,
especially when using single beam echo sounder. In any case, if
the data ar-e collected aboard a small vessel and r-ecorded 1'01­

further processing, it is absolutely indispensable to use digital
recorder, the analog tape recorder qualities being too low for
these measurements. It is clear too that the equation of LOVE
would be replaced by the actual 15 data of the observed fish.

A special attention must be paid in the transformation
length-weigth: in ar e a s u it.h var Lou-s species pr-esent, the best
way is to calculate a different relationship between length and
weigth for eack length class, according to the specific composi­
tion.
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Table 1. Distribution of the main species
for each length class

SpeciesLength class
I

L/W re L, I
------------------, -----------------1

l

2-4 crn

4-12 cln

13-20 cm

21-41 crn

> 41 crn

Jenkinsia larnprotaenia

Harengula spp
Haemulon spp (juv.)

Haernulon spp
Lutjanus synagris
Lutjanu5 griseu5

Lutjanus gr"iseus
Caranx spp.
Calamus spp.

Lutjanus analis
Caranx spp.
Sphyraena s.pp ,
Scornbridae

x

x

x

L/W reI. = length/weight relationship of the
species considered as representative of the
length class

1 able 2. Ihonrass eval ua tion for each exper rmen t
Gulf of 8atabano, october 1989
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Fig, 1. Bathymetry of lhe Gulf of Balabano
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Fig. 2, The Gulf of Balabano (Cuba)



Fig. 3. Installation of the EY-M transducer aboarcfthe motorboat
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Fig. 4. Relation between beam angle and threshold for various TS




