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ABSTRACT

The structure of an intense deep scattering layer off the southwest coast of Baja California,
Mexico, is described using Isaacs-Kidd net trawl samples, Bongo samples and hydroacoustic records.
Results demonstrate the dominance of three organisms: an euphausiid, Euphausia eximia Hansen
1911; a decapod of the family Galatheidae, Pleuroncodes planipes (Stimpson, 1860); and a fish of the
family Photichthyidae, Vinciguerria lucetia (Garman, 1899). Using a SIMRAD EY-200 echosounder,
with a working frequency of 200 kHz, and a Hydro Acoustic Data Acquisition System (HADAS),
echoes were separated according to their target strength. Euphausiids were associated with the —56 to
—62 dB target strength group, the red crabs with the —51 to =55 dB group, and fishes with the 32 to
—50 dB group. Results indicate that organisms within the layer were not randomly distributed, but that
they have an internal structure both in a horizontal and vertical dimension.

Key words: deep scattering layer, hydroacoustic, HADAS, Baja California.

RESUMEN

Se describe la composicion especifica y estructura de una capa de dispersion profunda encontrada
en ¢l suroeste de la peninsula de Baja California, México. Los muestreos se realizaron mediante
arrastres con red Isaacs-Kidd, red Bongo y registros hidroacusticos. Los resultados demuestran la
dominancia de tres especies: un eufausido, Euphausia eximia Hansen 1911; un decapodo de la familia
Galatheidae, Pleuroncodes planipes (Stimpson, 1860); y un pez de la familia Photichthyidae,
Vinciguerria lucetia (Garman, 1899). Los ecos actsticos de la capa de dispersion profunda fueron
separados de acuerdo con la fuerza de blanco usando una ecosonda SIMRAD EY-200. con una fre-
cuencia de 200 kHz, y un programa denominado Hydro Acoustic Data Acquisition System (HADAS).
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e --56 y -62 dB. las ‘.;‘xngn‘s-
1|llu\‘ entre Jl y =35 dB y l()\ peces entre =32 v =50 dB. Los resultados indican que los organismos
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INTRODUCTION

Dense  concentrations ol plankton  and
micronekton arc common features is some areas
of the ocean; they can {requently be found near
the continental slope. These layers may limit
the performance of sonars in detecting fish or

other large targets (M
targe targets

1992). They are biological in origin and a num-
ber of attempts have been made to describe their

\’LIllLdl

‘Lennan and Simmonds

distribution as shown uy the ccho-
sounders and determined by trawling and nets
(¢.g.. Morton and Maclellan, 1992; Guerin-
Ancey and David, 1993: Madureira ef af.. 1993:
Sameoto ef al.. 1993). However, since they may
be constituted by a single species or by a com-
plex assemblage of organisms (Tucker, 1951
Batzler et al.. 1975: Barange et al.. 1993), a
detailed description of the specific composition
and structure of this kind of layers is a diftficult
1usk.

detail Kh\, dccp scattering layer (DSL). Within
the California Current system, most of the
acoustical rescarch on  the disiribution  of
schools of fish, zooplankton aggregations and
DSL. has been done in southern California
(c.g., Hewitt et al., 1976: Smith er al.. 1989;
Pieper et al.. 1990 Greene et al.. 1991, Napp et
al., 1993). However, little attention has been
paid to describe the most southern part of the
California Current, particularly along Baja
California.

The aim of the present work is to describe
in t\m dlmcnsmns 1hc structurc species com-

dant spccics of a huge DSIL.. using tra\xl nets,
Bongo nets and an echosounder in an upwelling
region off Bahia Magdalena. Mexico. recog-
nized as one of the most productive zones along
the southwest coast of Baja California (Rocesler
and Chelton. 1987: Hernandez-Trujillo e af..
1987).

INTRODUCCION

Una caracteristica comtn en algunas areas
del océano son las clevadas concentraciones de
plancton y micronecton. principalmente cerca
de la plataforma continental. Ambos grupos
son componentes de la capa de dispersion pro-
funda (CDP), la cual ¢s uno de

..... a v C

los factores que

uede limitar ¢l registro sonico para detectar
eces u otras fuerzas de blancos mas intensas
Macl.ennan es de
origen bioldgico y se han rcalizado diversos
intentos para describir su distribucién vertical
por medio de muestrco con redes y cquipos
hidroacasticos (Morton y Macl.ellan, 1992;
Guerin-Ancey y David, 1993: Madurcira et al..
1993; Sameoto et al.. 1993). Algunos de estos
trabajos describen solamente una especic. mien-
tras que otros describen complejas asociaciones
de organismos (Tucker. 1951 Batzler e al.
1975; Barange et al., 1993). Sin em

mavoria de las ocasiones. realizar ls

mayoria de
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es
detallada de la composicion especific
estructura de la CDP es complicado.

La mayor paric de las investigaciones
hidroacusticas realizadas en ¢l sistema de la
Corriente de California han sido enfocadas a la
distribucion de peees y agregaciones de zoo-
plancton cn la parte sur de California (c.g..
Hewitt et al.. 1976; Smith et a/., 1989: Picper
et al., 1990; Greene et al.. 1991: Napp ef al..
1993). Sin embargo. se¢ ha puesto poca atencion
en la descripeion de la CDP en la porcion sur
de la Corriente de California, particularmente a
lo largo de Baja California.

Ll n,rf‘p'“,'.t\ de este tre
dos dimensiones la composmon especifica y la
estructura dc una CDP. usando muestras obte-
nidas con redes Isaacs-Kidd y Bongo. asi como
por medio de registros hidroacdsticos en una
zona de surgencia localizada frente a Bahia
Magdalena. México. Esta region es reconocida
como una de las zonas mas productivas de la

roon
ren
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MATERIALS AND

On December 15, 1993, on board the R/V
Ll Puma. an intense acoustic DSL was detected
on the southwest coast of Baja California,
Mexico (fig. 1). The layer was detected using a
SIMRAD EY-200 cchosounder with a working
frequency of 200 kHz. The gain was 10. each
gain of 3 dB:
was set at =15 dB. power 1/1. Echocs recorded
with the cechosounder were analyzed using a

attenuation

step renresenting a attenua
et SO St gl

Ilydro Acoustic Data System
(HADAS) (Walline et al., 1992). The latter is
an echo-counting analysis system which trans-
forms the received echodistribution into area
densities and, hence. population estimates. The
system is based on a combination of hardware
and computer software, which together allow
the digitizing and storing of hydroacoustic data.
Echo-counting results are presented as indi-
viduals per hectare (ind ha™). The acoustic
sizes are in units of target strength (1S) and
expressed in decibels (dB). Before the cruise,
calibration was done using a standard target.
The target was a homogeneous 1.3 cm diameter

conner anhara All roacardinoc wers made ncing
COPPEr 5pnlrc. A rECOrGings wird maad using

the 40 log R time-varied gain (TVG) function.

The DSI. was located 15 nautical miles
(28 km) off the southwest coast of the peninsuia
of Baja California (24°41.8'N, 112°25.8'W) at
18.00 h local time (Pacific Standard Time). The
DSL was about 7 km long (tig. 2a) and about
76 m wide in its central part (fig. 2b). No
measurements were done along the transversal
axis.

Three sections of the DSL were defined:
one at the extreme left of the layer (inshore). a
central part, at the core of the layer; and a third
at the right side of the layer (offshore) (fig. 2a).

about with a

iy

I\Lqulblllull

Each section wasg 1.5 km long,

separation ot at least | km between each other.
Mid-water traw

Using an Isaacs-Kidd mid-water net, trawls
were performed along the DSL. (perpendicuiar
to the coast). Starting at the inshore part of the
layer, the net was lowered to 20 m and trawling
was performed during 4 min at that depth; it
was then lowered another 20 m and trawled for
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ttering layer oftf Baja California

costa suroeste de Baja California (Roesler v
Chelton, 1987: Hernandez-Trujillo er al..1987).

MATERIALES Y METODOS

El 15 de diciembre de 1993, a bordo del
B/O El Puma, se encontré una densa CDP re-
gistrada en la parte suroeste de la peninsula de
1). La CDP tue
registrada por medio de una ecosonda SIMRAD
EY-200, con una frecuencia de 200 kHz. La

nnnnnnnn I3 I cada intarvalg ranracanta

5a||auula Iub v, vaua illl\zl V(Jlkl l\z}!lb\bllla 'uua
ganancia de 3 dB, la atenuacidén fue determina-
da en —15 dB, y la potencia de 1/1. Los regis-
tros aclsticos fueron analizados usando el
programa Hydro Acoustic Data Acquisition
System (HADAS) (Walline et al.. 1992). Este
consiste en un sistema dc analisis de ecoconteo,
el cual transforma la ecodistribucion recibida
en densidades por hectarea. El sistema es una
combinacion de hardware y software que
permite la digitalizacion y almacenamiento de
los datos hidroacusticos. l.os resultados son
presentados como individuos por hectarea
(ind ha"). Los tamafios de los blancos acUsticos

cson exnrecsados en unidades de fuerza de hlan_
SO CXPresados On uniGadcls G Tudrza 4 ocian

cos (FB) en decibelios (dB). Previo al crucero,
la calibracion de blancos fue realizada usando
un blanco estandar. Este fue una esfera homo-
génea de cobre de 1.3 cm dc¢ diametro. Todos
los registros fueron realizados usando la fun-
cion 40 log R de ganancia de ticmpo variable.
La CDP fue localizada a 15 millas nauaticas
de la costa (28 km), en la parte suroeste de la
peninsula de Baja California (24°41.8'N,
112°25.8'0), a las 18.00 h (tiempo cstandar del
Pacifico). La CDP fue de aproximadamente
7 km de largo (fig. 2a) y cerca de 76 m d¢ pro-
fundidad en su parte central (fig. 2b). Ninguna

medician fue hecha en el eie transversal
megicion fue necha en € ¢je transversal.

Baja California, México (fig.

Se definieron tres secciones de la CDP:
costera, central (la parte mas densa de la capa) y
PR ST S, W Y o I L ST SR L
OCCallia (g, Zd). Lada 5CCClion 1uc de aproxi-
madamente 1.5 km de largo, con una separa-
cion de al menos | km entre cada una de ellas.

Muestreo de media agua con red Isaacs-Kid

Se realizaron tres arrastres a lo largo de la
CDP (perpendiculares a la costa). utilizando
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Figure 1. Study area.
Figura 1. Area de cstudio.

another 4 min and so on. until the deepest layer
at 100 m. In the end. we had five levels each
with 4 min sampled (i.c., at 20, 40, 60, 80 and
100 m). A total of three Isaacs-Kidd trawls were
made going forwards and backwards along
the transect. Ship speed during the hauls was
4 knots.

Bongo net sampling

Zooplankton was collected at three occano-
graphic stations, one at cach end of the DSL
and one in the middle. Zooplankton samples
were collected by means of Bongo nets fitted
with a flowmeter (General Oceanics) and with a
1.000-um mesh; the nets were towed from
210 m (Smith and Richardson. 1977). The data
for biomass were normalized to ml 1.000 m™.
according to Beers (1976).

Hydroacoustic counting and percentage of
shoaling

Acoustic information was gencrated and
stored in a computer using HADAS. Moreover.
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una red de¢ media agua Isaacs-Kidd: ¢stos se
iniciaron c¢n la parte costera de la CDP. En cada
arrastre, la red fue bajada a 20 m y arrastrada
durante aproximadamente 4 min cn csa pro-
fundidad: después sc¢ bajo otros 20 m y sec
arrastré durante otros 4 min y asi sucesiva-
mente hasta la capa mas profunda de 100 m. D¢
esta forma, se hicieron cinco niveles con 4 min
cada uno (20, 40. 60, 80 y 100 m). La veloci-
dad del barco durante los muestreos fue de
4 nudos.

Muestreo con red Bongo

A lo largo de la CDP fueron recolectadas
muestras de zooplancton en tres puntos; uno a
cada extremo y otro en ¢l centro. Las muestras
se recolectaron por medio de redes Bongo con
flujometros (General Oceanics) ¥ con una luz
de malla de 1.000 pm. Las redes fueron arras-
tradas desde 210 m hasta la superficic (Smith
and Richardson, 1977). Los datos para cstimar
biomasa fucron normalizados a ml 1.000 m
de acuerdo con Beers (1976).
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Figure 2. (A) |
section, C =

Lchogram showing the scattering layer: the slope at the feft is the bottom. [ = inshore
central section, O = offshore section. (B) A zoomed echogram showing the central part

of the scattering layer: the darkest area is the densest part of the deep scattering layer
Figura 2. (A) Ecogrdmd mostrando la capa de dlspersmn La platatorma continental en el lado
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HADAS calculates the percentage of indi-
viduals already analyzed for ccho-counting
which were found forming shoals. With a pulse
duration of 1 msec and sound velocity set at
1.500 m s, the pulse length was 150 cm. We
arbitrarily fixed as 40 the maximum number of
cchoces in the water volume where HADAS con-
sider separaled organisms. For instance, if
huc‘s ina vmuulu, then 25% of
nsidered a shoal. Shoaling is

perccntagg.

the sample was ¢
presented as a

RESULTS
Isaacs-Kidd mid-water trawl sampling

The size and abundance of the most abun-
dant organisms caught with the Isaacs-Kidd

central,

) 0=
la parte central de la Lapa de dlsperblon: el area mas oscura es la parte mas dcnsa.

a. (R\ Es un acerca

Conteo hidroacistico y porcentaje de
agrupamiento

La informacién hidroactstica generada fue
almacenada en una computadora usando el pro-

grama hidroacustico. Junto con la estimacidn de
biomasa, HADAS calcula también ¢l porcentaje
de individuos que ¢ tuvicron formando agrupa-
i . Co lsioera """"
fue de I mseg y q la vc]ocndad del somdo en
el aguaesde |, 500 m s, tenemos que la longi-
tud de pulso es de 150 cm. El volumen de agua
sonificado por cada transmision dependera
entonces de esta longitud de pulso v de la dis-
tancia en la que la sefal se encuentre del trans-
ductor. Arbitrariamente se determind que 40
fuera el nimero maximo de ccos registrados en
un volumen de agua sonificado para considerar
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are shown in tabic 1. The DSIL was composed
three groups: the Luphausiaccans.
mainly  Luphausia  eximia 1911: a
decapod crustacean of the family Galatheidac.
Pleuroncodes planipes (Stimpson. 1860); and
a fish  from the family Photichthyidac,
Vinciguerria lucetia (Garman. 1899).

of main

Hansen

Hydroacoustic analysis

For cach scction. echoes along the water
coliumn were gonarated into three qizeg apo
column were separated into three sizes ac

cording to their target strength: weak echoes
ranging from -56 to —62 dB. medium cchoes
from =51 to —35 di3 and strong echoes from
~32to =50 dB. For each target strength group
and cach 10-m layer. HADAS calculated the
number of individuals per hectare (ind ha™'} and
compactness, starting at 15 m and ending at
105 m depth.

The inshore section was dominated by the
=51 to =35 dB group along all the water col-
umn, with 8,617 ind ha™
and presenting a peak of 2.667 ind ha ' between
25 and 35 m depth. The —56 to —62 dB group

e

1 o alang At o
ty

wads SeCoiia in acinsi luug the water \.«U}ulllll
', peaking at 25 to 35 m, with

in the whole volume

with 5,445 ind ha
2.133 ind ha’. The -32 to —50 dB group pre-
sented the lowest density. with 3,106 ind ha '
having the maximum density between 45 and
55 m, with 792 ind ha' (fig. 3a). The percent-
age of shoaling in this section was very similar
and low for the three groups. The densest sec-
tion of the column, 20% of shoaling. was found
around 85 m depth (fig. 4a).
The central scction of the layer was the
hoth

densest aren in
gensest area, yMh n

individuals ner hectare
marwviduais per heclare

and compactness. It was dominated by the —32

1o =50 dB group, with 13, 705 ind ha™ and a
maximum of 3.847 ind ha” at 65 m. The -51
to =55 dB group was next in density. with

5.369 ind ha'. peaking at 25 to 35 m depth,
with 2.617 ind ha™'. The 56 to —62 dB group
was the least abundant, with 2,532 ind ha' in
the whole water column and a maximum dcen-
sity of 1.358 ind ha™' between 25 and 35 m
(fig. 3b). The maximum percentage of shoaling
was presented by the —32 to -30 dB group.
Between 65 and 73 m. nearly 100% of the or-
ganisms with this target strength were found in
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a los organismos agrupados. Por ¢jemplo. si se
registran 50 ecos en un volumen dado. entonces

¢l 25% de toda la muestra estuvo agrupada.
RESULTADOS
Muestreo de media agua con red Isaacs-Kidd

La CDP estuvo compuesta basicamente por
tres grupos de organismos: los Euphausiaceos,
con la cspecie Fuphausia ITansen
1911: un la £

170, un d

exintia
de
¢

decianodo
Gedapoao

Galatheidae. Pleuroncodes planipes (Stimpson,
1860): y un pez de la familia Photichthyidac.

Vinciguerria fucetia (Garman. 1899) (tabla 1).

crmcticen ta T
LLustavey 1

daimi

=)

i

Analisis hidroacistico

Para cada seccion de la CDP se separaron
los ccos en tres intervalos de acuerdo con su FB
a lo largo de la columna de agua: los ccos
débiles de —56 a —62 dB, los ccos moderados
de =51 a —-55 dB vy los ccos fuerte -32 a

s de
=50 dB. L.a densidad y porcentage de agrupa-
miento por cada grupo de FB fuecron estimados
cni capas de 10 m, desde los 15 a los 105
profundidad.

A lo largo de toda la columna de agua. la
seccidon de la CDP mas cercana a la costa estu-
vo dominada por ¢l grupo de —51 a —55 dB, con
un total de 8.617 ind ha™. presentando un pico
de 2,667 ind ha™ entre los 25 y 35 m. [l grupo
de =56 a 62 dB fue ¢l segundo cn abundancia,
con 5,445 ind ha”, mostrando su mayor abun-
dancia cntre Jos 25 v 35 m, con 2,133 ind ha™.
EJ grupo de =32 a —50 dB presentod las menores
3.106 ind ha™,

Ao
1 ac

T

densidades,

sidades teniendo su mayor
densidad cntre los 45 y 55 m, con 792 ind ha'
(fig. 3a). El porcentaje de compactacién en esta
seccion fue similar y muy reducida para 1os tres
grupos. La seccidn mas densa de la columna
con 20% de agrupamiento. s¢ encontr6 alrede-
dor de los 85 m de profundidad (fig. 4a),

La seccion central fue la porcion mas
abundante y compacta. I'ue dominada por ¢l
grupo de ~32 a -50 dB. con 13.705 ind ha'
totales. mostrando un pico de 3.847 ind ha' a
los 65 m. El siguicnte grupo en abundancia fue
el de -51 a —35 dB, con 5,369 ind ha ', mos-
trando su mayor densidad entre 25 v 35 m. con
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Table 1. Mcan total fength (millimeters) and mean abundance (individuals per tow) of the main
components of the scattering layer recorded on the southwest coast of Baja California. Individuals
were caught by Isaacs-Kidd net trawls (n = 3). The standard deviation is shown in parentheses.
Tabla 1. Longitud (milimetros) y abundancia promedio (individuos por lance) de los principales
componentes de la capa de dispersion. Los organismos fueron recolectados con una red Isaacs-Kidd
(n = 3). Se muestra la desviacion estandar entre paréntesis.

Mean size Mean abundance
Fuphausia eximia 2.07 (0.19) 2416.5 (420.5)
Pleuroncodes planipes* 1.30 (0.31) 407.5 (12.5)
Vinciguerria lucetiu 3.86 (0.49) 214.5 (105.5)
Phasiphaidac 427 (1.26) 320 (5.0)
Gelatinous organisms Not counted

* = Mean carapacc length.

Ind/hectare (thousands)

! 2 34 1 2 34 1 2 3 4
5 5 51 . R
‘5 A B c
25 2 2
35 35 3
|
(? a5 4 2 |
o
> 55 5 554
—_
3 & 6 6
=
75 7 75
85 8 8
95 95 g
105 10! 105 |
: -

| ®-321t0 -50 dB # -51 to -55 dB > -56 to -62 Db
L

Figure 3. Density (individuals per hectare) along the water column for the (A) shore. (B) central
and (C) offshore sections of the scattering layer. Density is presented in three different groups of
target strength, according to the ccho intensity in decibels.

Figura 3. Abundancia (individuos por hectarea) registrada a lo largo de la columna de agua para
la seccion (A) costera, (B) central y (C) oceanica de la capa de dispersion. La abundancia se pre-
senta en tres diferentes grupos de fuerza de blancos, de acuerdo con la intensidad de los ccos en
decibelios.

shoals. The value of shoaling for the other two 2,617 ind ha''. El grupo de —56 a —62 dB fue el
groups was very low and quite similar, peaking menos abundante. 2.532 ind ha'. con una
at 95 m with 20% of shoaling (fig. 4b). densidad maxima de 1.558 ind ha ' entre 25 y

The offshore section of the layer was the 35 m (fig. 3b). El maximo porcentaje de C()m:
least dense. The =56 to —62 dB group domi- pactacion lo tuvo ¢l grupo de —32 a =50 dB.
nated along the water column, with 5.455 Los organismos de este intervalo de I'B en-
ind ha '. peaking between 45 and 55 m. with contrados entre los 63 y 75 m mostraron una

147



Ciencias Marinas. Vol 23. No.

1. 1997
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Figure 4.

.
‘I = 3210 -50 dB & -51 to -55 dB  -56 to -62 Db

Degree of compactness (percentage of shoaling) of the organisms for the

{A) inshore.

(B} central and (C) offshore scctions of the scattering layer. The percentage of shoaling is presented
for three different groups of target strength, according to the echo intensity in decibels.

F‘lallra 4. Grado de (nmnnr‘mhlhd ad (nnrr‘eptme de ﬁorpowr‘m,n\ de los nrgqnl&nﬂnx nara la

seccion
actce para ia seccion

(A) costera, (3) central y (C) oceénica dc la capa de dispersion. El porcentaje de agregacion se pre-
senta en tres diferentes grupos de fuerza de blancos, de acuerdo con la intensidad de los ccos en

decihelios

1.159 ind ha™. The -51 to
second in abundance, with

—-55 dB group was
1,585 ind ha' and

the highest density between 45 and 55 m, with

623 ind ha'. The group
echoes presented the lowest
sections, with 34 ind ha”

u)lulnn and pcakm;: betw

th 21 ind haol
\\rll.ll 1 i IIU

\115. JL«[

with the strongest
density of the three

in the whole water

veen 63 and 75 m,
In 'll" ction. the

percentage of shoaling was zero for all the

organisms (fig. 4¢).
Bongo net samples

Four euphausiid species

dominated the samples, Only E.
simplex Hansen,

Nyctiphanes

and red crab larvae
eximia and
1911 were also

captured with the Isaacs-Kidd samples.
Mean sea surface temperature was 23.1°C,

and salinity, 34.75.
DISCUSSION

An important issue
know the relation between

in this study

is to
ccho-intensity and
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compactacion cercana al 100%. Los valores de
compactacion para los otros dos grupos fucron
casi iguales y muy reducidos, siendo mas com-
pactos (20%) a los 95 m (fig. 4b).
la
menos densa. El grupo que domind ¢n abun-
dancia a lo largo de la columna de agua fue
de—56a-62dB, ¢ ' mostrando
su mayor abundancia entre 45 y 55 m, con
1,159 ind ha™". El grupo de =51 a —55 dB tue el
segundo cn abundancia. con 1.585 ind ha'
totales, y su mayor densidad entre 45 y 55 m,
con 623 ind ha'. El grupo de los ccos mas
intensos presentod las mas bajas densidades de
las tres secciones, con 34 ind ha'en toda la
columna de agua, incrementando su abundancia
entre 65y 75 m. con 21 ind ha' (fig. 3¢). En
esta seccion, el porcentaje de agrupacion fue de
4¢)

La seccion ocednica

de CDP fue la

e A ALE ] L
Ot 5,455 ind na

cero para los tres grupos (fig.

Muestreo con red Bongo

Cuatro especies de cufausidos v larvas de la
langostilla dominaron la muestra (tabla 2).
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Table 2. Mcan zoopiankton biomass (mi 1,000 m

"

N 1 [ 1 s 1 Yy ERY i~ 1
) and mean abundance (ind 1,Uvy m ) ol eupndu-

siids and red crab larvae collected with Bongo net in the three sections of the deep scattering layer.
Tabla 2. Biomasa media zooplanct()nica (ml 1.000 m™) y abundancia media (ind 1.000 m %) de

eufausidos y larvas de langostilia recoleciadas con red Bongo en las ires secciones de a capa de dis-

persion profunda.

Inshore section

Central section Ofttshore section

Zooplankton biomass 2.80
Euphausiid biomass 0.18
Nyctiphanes simplex 35.37
FEuphausia eximia 82.52
Euphausia distinguenda 35.37
Stylocheiron affine 35.37
Pleuroncodes planipes 35.37

0.65 2.50
0.25 0.40
17.68 1709.46
4421 8§8.42
70.74

309.47

organisms sampled, that is, the intensity of the

echoes which organisms (‘nrrpcnnnd to. Since

OCSs rgan

we did not use trawls with multlplc opening
and closing nets (e.g., Sameoto et al., 1977;
Sameoto, 1980G; Dverson, 1982), nor did we
sample specific parts of the DSL, we cannot
describe the particular species composition and
abundance by depth or along the DSL through-
out the Isaacs-Kidd sampling.

Even though this study presents evidence
about the organisms found in the water column,
several problems arise. First, a single-beam
transducer may not be adequate for analyzing
size distribution in enough detail to discriminate
between organisms. Second. one is confronted
by the selective effects of the net and the echo-
sounder, which may neglect a large proportion
of the animals and sound-scattering spectra.
‘Third, catches from Isaacs-Kidd mid-water net
hauls made in DSLs of low population density
may be so small as to prevent any conclusion
being drawn from them. Fourth, no matter how
strong the correlation between the observed
scattering and the catch, one is not certain
that the animals captured are indeed the agents
responsible for the observed scattering.

However, in this work we can correlate
different groups of target strengths with the
main organisms found in the samples. During
the cruise, about 180 nautical miles north
(27°N, 114°W), we followed during a daily
cycle the biomass variation of cuphausiids
caught with vertical Bongo net tows (1,000-um

sh size) and the density was estimated with
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Solamente E. eximia y Nyctiphanes simplex
Hansen, 1911
red Isaacs-Kidd.

La temperatura superficial registrada du-

rmrractemas Frra Ao DY 10T e s galiag
1ICL UL Ul 20,1 LU, LUIL Ulid >alllli=

fueron capturadas también con

Es importante conocer la relacion entre la
intensidad de ecos y la composicion especifica
y abundancia de los organismos recolectados
por medio de la red, es decir, la intensidad del
eco a qué clase de organismo corresponde.
Debido a que no se utilizaron redes multiples
de apertura y cierre automaticos (e.g., Sameoto
et al., 1977, Sameoto, 1980; Everson, 1982), ni
se hicieron muestreos en partes especificas de
la CDP, no es posible describir la composicion
de especies y abundancia cn cada estrato de la
columna de agua o a lo largo de la CDP, mues-
treada Gnicamente con la red Isaacs-Kidd.

Por esta razén. aunque este estudio presenta
evidencias acerca de los organismos encontra-
dos en la columna de agua, existen varios pro-
blemas que deben ser analizados. Primero, el
uso de un solo haz acustico puede no ser ade-
cuado para analizar la distribucién de talla con
suficiente detalle para distinguir organismos.
Segundo. existe el problema del efecto selec-
tivo de la red y de la ccosonda. los cuales pu-
dieran no considerar una proporcion dc los

nrc'\nlcmn\ v del espec

Tercero. las capturas realizadas con la red de

ctro sonico de la CDP
a Cor.
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the echosounder. This analysis shows a strong
relationship between the cuphausiid biomass
and the =356 to —62 dB group density (fig. 5).
Similarly. Tucker (1951). using a 18 kHz
echosounder. correlated weak echoces with cu-
phausiids from a DSL in southern California.
Weibe et al. (1990), using a 420 kHz ccho-
sounder, correlated the abundance of zooplank-
tonic crustaceans to a target strength between
-51 and —88 dB. Grecene et al. (1988), using a
420 klz dual-beam cchosounder, found that
the most abundant acoustical size class was
approximately —62 to =71 dB for adult cuphau-
siids in the Gulf of Maine.

During the cruise. we made several Isaacs-
Kidd net trawls along the west coast of Baja
California and the hydroacustical results
showed a great proportion of echoes ranging
from =51 to -56 dB. The samples of these
trawls were composed mainly of P. planipes,
which were similar in carapace length to those
found during the sampling of the DSL.

Finally. since echo energy depends mainly
on the difference in density between the re-
flecting organ and the water surrounding the
fish (MacLennan and Simmonds. 1992). the
strong echo group (—32 to —50 dB) was asso-
ciated with V. Jucetia, a fish with a swim-
bladder. which induces most of the strong
back-scattering  effect (Foote, 1980). Tucker
(1951) correlated strong scattering with bathy-
pelagic fishes, mainly myctophids with gas-
filled swim-bladders.

Recent studies have described the internal
structure  of DSLs, demonstrating  different
distribution patterns according to species and
population structure within species (Greene et
al.. 1991, 1992; Barange et af., 1993; Cochrane
et al.. 1994). In the present work, the hydro-
acoustic results show that organisms with
different target strength were not distributed
at random within the layer, but that an nter-
nal structurc does exist, in density and
compactness.

The fish I lucetia, the red crabs P. planipes
and the cuphausiid . eximia are part of a
common assemblage of specics found on the
southwest coast of Baja Californta. Locb et al.
(1983) reported the structure community of ich-
thyoplankton in the California Current and. in
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media agua Isaacs-Kidd en regiones donde la
CDP presenta densidades reducidas, pueden ser
demasiado bajas para obtener conclusiones ade-
cuadas acerca de la cstructura interna de la
CDP. Cuarto, no importa que tan estrecha sca la
refacion entre la CDP registrada y las capturas
obtenidas con redes: en realidad siempre existe
incertidumbre de que los que se han capturado
sean rcalmente los responsables de los ceos
obtenidos.

Sin embargo, ¢n este trabajo es posible rela-
cionar los diferentes grupos de IFI3 con los
principales organismos encontrados cn las reco-
lecciones. Durante el crucero occanografico sc
rcalizo un ciclo diurno de la variacion de la bio-
masa d¢ cufausidos capturados con arrastres
verticales. Mediante una red Bongo (1.000 pm
luz d¢ malla), sc registraron las densidades
estimadas con la ccosonda en una localidad
ubicada acerca de 180 millas nauticas al norte
(27°N, 114°0). A partir de este andlisis, sc
encontrd una estrecha relacidn entre la biomasa
de eufausidos y el grupo de =56 a —62 dB, los
cuales fucron los ecos acusticos mas débiles
(fig. 5). De manera similar, Tucker (1951),
usando un transductor de 18 kllz. correlaciond
los ccos mas débiles con cufausidos encontra-
dos ¢n la CDP al sur de California. Weibe ef al.
(1990). usando una frecuencia de 420 kliz
corrclaciono la abundancia de crustaceos zoo-
planctéonicos con un amplio intervalo de FB.
comprendido entre =51 y —88 dB. Greene et al.
(1988), usando un transductor de haz doble con
una frecuencia de 420 kHz. encontraron que
¢l intervalo dc tallas aclsticas mas abundante
fue de aproximadamente —62 a =71 dB para
cufausidos adultos en el Golfo de Maine.

Durante el crucero. se realizaron varios
muestreos con la red Isaacs-Kidd a lo largo de
la costa occidental de Baja California, ¢n re-
giones donde los registros hidroaclsticos mos-
traron una clara dominancia de I'B entre —51 y
—56 dB. lLas capturas obtenidas con la red
Isaacs-Kidd en esta zona estuvieron compuestas
casi en su totalidad por P. planipes. Lstas lan-
gostillas presentaron similares tallas de capa-
razon a las muestreadas en la CDP.

Finalmente, la FB cn peces depende prin-
cipalmente de la diferencia en la densidad
del organo reflector (la vejiga natatoria) con
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Biomass mi/1000 m

Ln inds/hectare

* Euphausiids biomass ® TS -56 to -62 dB

Figure 5. Density (individuals per hectare) calculated using HADAS for the target strength group of
—56 to —62 dB and euphausiid biomass obtained with a Bongo net during a daily cycle.

Figura 5. Abundancia (individuos por hectirea) calculada usando el programa HADAS para la
fuerza de blancos de —56 a —62 dB y la biomasa de eufiusidos obtenida con red Bongo durante un

ciclo circadiano.

the most southern part of this current, V. lucetia
was an important part of the assemblage of
fishes in this region. According to Schulz
(1976) and Aurioles-Gamboa (1992), the cen-
tral distribution of the red crabs is found close
to Bahia Magdalena, which is the main repro-
duction area of this species and where a per-
manent population could remain throughout
year.

Gomez (1995) found a permanent popu-
lation of E. eximia offshore, close to Bahia
Magdalena (24° to 25°N), showing densities of
adults ranging from 24 to 81 ind 1,000 m~. The
present paper seems to be the first record of a
dense swarm of E. eximia, suggesting that this
species could play an important role in the
biological production in this region. According
to Lavaniegos-Espejo (1994) and Gomez
(1996), the species N. simplex is the most
abundant euphausiid along the west coast of
Baja California and the Gulf of California;
however, no abundant swarm of this species
was caught with the Isaacs-Kidd mid-water net,
probably because of its small size (<1.7 cm),
compared to the larger size of E. eximia
(<2.6 cm). Using samples obtained with the
Bongo net in the same area where the DSL
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el agua que rodea al pez (MaclLennan y
Simmonds, 1992). De esta forma, ¢l grupo de
los ecos mas intensos (—32 a —50 dB) fue aso-
ciado con peces que, de acuerdo con la com-
posicién especifica encontrada, correspondié
principalmente a V. lucetia, un pez que posee
vejiga natatoria, el cual induce un efecto de
reflexion sonica muy intensa (Foote, 1980).
Similarmente, Tucker (1951) correlaciond los
ecos acusticos mas intensos con peces bati-
pelagicos, principalmente mict6fidos, los cuales
poseen vejiga gaseosa.

Estudios recientes han descrito la estructura
interna de la CDP, demostrando que ésta tiene
patrones de distribucion diferentes dependiendo
de la composicion de especies y aun de la es-
tructura poblacional de éstas (Greene ef al.,
1991, 1992; Barange et al., 1993; Cochrane et
al., 1994). En el presente trabajo, los resultados
hidroacisticos mostraron que los organismos
presentaron una distribucion no azarosa dentro
de la CDP. Esto es, se encontr6 una estructura
interna tanto en abundancia como en grado de
agrupamiento.

El pez V. lucetia, la langostilla P. planipes
y el eufausido E. eximia son las especies que
comunmente dominan en la composicion
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was recorded. we found E. eximia, N. simplex,
Fuphausia  distinguenda  Hansen, 1911,
Fuphausia tenera Hansen, 1905, and larvae of
the red crab 2. planipes, which could be part
of dense swarms of weak echoes detected by
the echosounder. Except for £ eximia and N.
simplex, the rest of the euphausiids and larval
stages of the red crab were not caught with the
[saacs-Kidd net.

The present study is one of the first ap-
proaches to determine the relationships between
the dominant species found in a DSIL. on the
southwest coast of Baja California and the
target strength recorded in the water column.
Future rescarch should focus on identitying the
target strength of these organisms in terms of
their size and degree of compactness, and de-
termining their distribution and movement
patterns within the scattering layer.
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