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ANALYSIS OF THE VERTICAL DISTRIBUTION OF THE ABUNDANCE OF
SMALL PELAGIC FISH LARVAE IN THE GULF OF CALIFORNIA USING

SUBMARINE VIDEOCAMERAS

Aná li sis de la dis tri bu cion ver ti cal de la 
abun dan cia de lar vas de pe ces pe lá gi cos

me no res en el Gol fo de Ca li for nia me-
dian te vi deocá ma ras sub ma ri nas

RESUMEN. Se uti li za ron dos ti pos de vi deo -
cá ma ras sub ma ri nas pa ra es tu diar la dis tri bu -
ción y abun dan cia ver ti cal de lar vas de los
pe ces pe lá gi cos me no res Engrau lis mor dax,
Etru meus te res y Sar di nops sa gax a 1 m de re -
so lu ción, en una lo ca li dad en el nor te del Gol fo 
de Ca li for nia con con di cio nes de cal ma y al ta
den si dad de sar di nas adul tas. La ma yor abun -
dan cia pro me dio (900 lar vas m -1 min -1) se en -
con tró in me dia ta men te arri ba de la ter mo cli na
(33 m) y la pic no cli na (36 m), apa ren te men te
no aso cia da al má xi mo de clo ro fi la de tec ta do
en su per fi cie, ni a la ma yor den si dad de pe ces
adul tos (10 -20 m). Las ob ser va cio nes con vi -
deo per mi tie ron  de ter mi nar la dis tri bu ción ver -
ti cal a una re so lu ción im po si ble de ob te ner
me dian te mues treos con re des; sin em bar go,
es ta es una téc ni ca po co útil en zo nas con ele -
va da ve lo ci dad de las co rrien tes.
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Ma ri ne pe la gic fish lar vae in ha bit a
three-di men sio nal spa ce whe re the re are pro -
noun ced ver ti cal and ho ri zon tal gra dients in
tem pe ra tu re, light, food supply, and currents.
The se ver ti cal en vi ron men tal gra dients can a-
ffect the ver ti cal dis tri bu tion, abun dan ce, sur vi -
val, and ag gre ga tion beha vior of ichthyo plank -
ton (Leis, 2004). Using cu rrent tech no lo gi cal

ca pa bi li ties, the en vi ron men tal gra dients can
be mea su red in small spa tial sca les (cen ti me -
ters to me ters) but the ac qui si tion of bio lo gi cal
in for ma tion that would match such small spa -
tial sca les is highly cha llen ging to ob tain. Most
ichthyo plank ton stu dies de pend on nets that
pro vi de in te gra ted sam ples (at spe ci fic stra ta)
to in fer broad fish egg and lar vae ver ti cal dis tri -
bu tion pat terns (Wie be & Ben field, 2003).
Light traps are oc ca sio nally used but such stu -
dies ta ke two or at most three le vels per sam -
pling lo ca tion with con si de ra ble dif fe rent spe -
cies com po si tion than zoo plank ton co llec ted
with nets (Bro gan, 1994a, b). Mo dern
“high-tech” nets that open and clo se the nets
elec tro ni cally li ke the MOCNESS or BIONESS 
systems pro vi de mul ti ple stra ti fied le vels per
trawl (up to 20 nets but usually ni ne are used )
(Wie be & Ben field, 2003). Ho we ver, tho se
systems are ex pen si ve, ti me con su ming, and
pro vi de litt le evi den ce of in si tu beha vior of the
early li fe his tory of de mer sal, bent hic, and pe -
la gic fis hes due to their re la ti vely coar se ver ti -
cal sam pling re so lu tion (se ve ral me ters width
stra ta). Thus, the ac qui si tion of in si tu high re -
so lu tion in for ma tion on ver ti cal dis tri bu tion and 
abun dan ce of fish lar vae has been for long ti -
me re cog ni zed as a cri ti cal met ho do lo gi cal
pro blem in zoo plank ton eco logy (Wie be &
Ben field, 2003).

Hydroa cous tic sur veys can pro vi de de tai -
led re cords of zoo plank ton den sity in ver ti cal
spa ce sca les of cen ti me ters (> 20 cm) (Gó -
mez-Gu tié rrez & Ro bin son, 2006). Ho we ver, it 
is vir tually im pos si ble to iden tify the spe cies
ba sed ex clu si vely on the echo-in for ma tion
without com ple men tary in for ma tion from nets
and/or vi deo ca me ras to de tect and iden tify the 
nu me ri cally do mi nant or ga nisms from the
sound scat te ring la yers (Wie be & Ben field,
2003). Unfor tu na tely, fish lar vae usually ha ve
low ab so lu te den si ties in the zoo plank ton com -
mu nity. The lack of ri gid struc tu res or a not yet
de ve lo ped swim blad der to be de tec ted by
echo soun der sound, ma ke the use of hydro-
acous tic tech ni ques par ti cu larly un sui ta ble to
es ti ma te dis tri bu tion and abun dan ce of fish
lar vae.  Gree ne and Wie be (1990) and Ben -
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field et al. (1996) de mons tra ted the uti lity of
Re mo te Ope ra ted Vehi cle (ROV) vi deo ob ser -
va tions to study mi cro dis tri bu tion of zoo plank -
ton and mi cro nek ton that nu me ri cally do mi na -
te the zoo plank ton com mu nity struc tu re. 

In No vem ber 2005 an ocea no grap hic
crui se was ca rried out to es ti ma te dis tri bu tion
and abun dan ce of small pe la gic fish (19 ocea -
no grap hic sta tions) mea su ring the ocea no -
grap hic con di tions and bio lo gi cal sam ples
from plank ton and mi cro nek ton (Ace ves-Me di -
na et al., 2009). He re we show that un der ex -
cep tio nal calm ob ser va tio nal con di tions (cu -
rrent speeds <50 cm s-1), sub ma ri ne vi deo ca -
me ra ob ser va tions can be use ful to des cri be
high re so lu tion fish lar vae ver ti cal dis tri bu tion
(<1 m) es ti ma ting their abun dan ce and ob ser -
ving  their in si tu beha vior, pre viously ob ser ved 
only un der la bo ra tory con di tions (Hun ter,
1981). In fu tu re stu dies, such in si tu ROV vi -
deo ca me ra ob ser va tions may help to un ders -
tand the fish lar vae ha bi tat pre fe ren ces du ring
their tran sient me ro plank to nic pha se.

Two high re so lu tion sub ma ri ne vi deo ca -
me ras we re de plo yed to ob ser ve zoo plank ton
and mi cro nek ton at 46 lo ca tions whe re an
hydro-acous tic sur vey (SIMRAD EY60, 120
kHz, split beam) sho wed den se sound scat te -
ring la yers at the north and cen tral part of the
Gulf of Ca li for nia (No vem ber 2005) (Fig. 1).
The vi deo-ca me ra system used in clu ded: 1) a
ROV, Sea bo tix, equip ped with co lor and black
& whi te vi deo ca me ras, un der wa ter lamp, and
tem pe ra tu re and depth sen sors and 2) a Mul ti
Sea Cam ca me ra (Deep Sea Po wer & Light,
lens f = 2.8 mm, field depth 0.1 m to in fi ni te)
equi ped with a sub ma ri ne lamp Ike li te of 50
Watts at ta ched eit her to the ring of a 5-m
length co ni cal zoo plank ton net (with black
mesh  nets 333 µm, 0.25 dia me ter and 0.75
cm length cod-end) or to a me ta llic ba se with a
20 kg weight.

At an ocea no grap hic sta tion (E41), lo ca -
ted at 30.05°N, 112.54°W and ca rried out bet -
ween No vem ber 25 (22:00 h) and No vem ber
26, (02:15 h), 2005 (Fig. 1), we de tec ted a den -
se sound scat te ring la yer using a scien ti fic
echo soun der  that si mul ta neous ROV vi -
deo-ca me ra ob ser va tions iden ti fied as zoo -
plank ton ag gre ga tions and den se schools of

adult Pa ci fic sar di nes (Sar di nops sa gax) (Fig.
2a). Zoo plank ton sam ples co llec ted with a 1-m 
ring dia me ter drif ting net (DN, 10 min du ra tion) 
equip ped with the Mul ti Sea Cam vi deo ca me ra
sho wed the pre sen ce of lar vae and adults of
small pe la gic fish. The net was sent to the
depths of high plank ton den si ties (de tec ted as
a den se sound scat te ring la yer with the echo -
soun der), sam pling from the sur fa ce to 40 m
depth wa ter co lumn as ho mo ge neously as
pos si ble whi le the ship was drif ting. Du ring this 
pe riod the vi deo ca me ra at ta ched to the net
sho wed lar ge num bers of sta tic and ac ti vely
swim ming  whi te  and  opa que  slen der  fish 
lar vae (Fig. 2b). The zoo plank ton sam ple ob -
tai ned was analy zed im me dia tely on board.
The fish lar vae co llec ted and ob ser ved on the
vi deo we re iden ti fied as mem bers of the fa mily
Clu pei dae and Engrau li dae. La ter we sent the
ROV to a ma xi mum depth of 50 m to va ria ble
down ward and up ward speed of about  2 m
min-1 (Fig. 2b). All we re seen at  real ti me using 
a 91 cm flat Sony co lor te le vi sion and re cor ded 
on a DVD for furt her coun ting of fish lar vae.
Excep tio nally calm in si tu con di tions allo wed
no tably clear zoo plank ton ob ser va tions in the
sta tion E 41, but we did not mea su re the in si tu
cu rrent speed. Ba sed on our pre vious ex pe -
rien ce of three ocea no grap hic crui ses at Bahía 
Mag da le na, whe re Acous tic Dop pler Cu rrent
Pro fi ler, hydroa cous tic and vi deo-ca me ras
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Fi gu re 1. Sam pling sta tions du ring the ocea no grap hic
crui se (No vem ber 18 to De cem ber 2, 2005) sho wing the
lo ca tion of the sam pling sta tion E41.



we re used si mul ta neously, we ob ser ved zoo -
plank ton clearly at cu rrent speed < 50 cm s-1

(Gó mez-Gu tié rrez & Ro bin son, 2006; Ro bin -
son et al., 2007). Thus, in the E41 sta tion it is li -
kely that cu rrent speed was < 50 cm s-1.

Using the ROV vi deo ta pe, two in de pen -
dent ob ser vers si mul ta neously coun ted the
num ber of lar vae de tec ted per 1-m la yer bin
gui ded by the depth dis pla yed on the screen of 
the vi deo whi le a third per son con tro lled the vi -
deo re cor der at slow mo tion. Be cau se the vi -
deo-ca me ra mo ved at dif fe rent speeds at each 
depth la yer, lar val abun dan ce was stan dar di -
zed as ave ra ge num ber of fish lar vae per me -
ter width la yer per mi nu te (inds. m-1 min-1) di vi -
ding the num ber of lar vae ob ser ved at each 1
m stra tum in the ti me spent by the ca me ra at
such 1 m stra tum. The ave ra ge and stan dard
de via tion of fish lar vae coun ted by each ob ser -
ver was not sig ni fi cant dif fe rent (t-test, p<0.05;
Obser ver 1 =  5.6 lar vae m-1 min-1 with a stan -
dard de via tion of 2.44 lar vae m-1 min-1 and  ob -
ser ver  2  = 6.7 lar vae m-1 min-1 with a stan dard
de via tion of 2.41 lar vae m-1 min-1).  Addi tio -
nally, we did a stan dard obli que Bon go trawl
(333 and 505 µm mesh net) and a 10 mi nu tes
sur fa ce ho ri zon tal trawl (SN) with a co nic 0.6
m dia me ter net (505 µm mesh net). These
plank ton nets had di gi tal flow me ters to es ti -
ma te the fil te red wa ter vo lu me. All the fish lar -
vae we re sor ted out from the com ple te Bon go
505 µm and sur fa ce nets sam ples and stan -
dar di zed as inds. m-3. For the fish lar vae co -
llec ted with the drifting net (non quan ti ta ti ve
sam ple) the abun dan ce was re por ted as to tal
num ber of lar vae co llec ted in the tow and
expres sed in re la ti ve abun dan ce (%) (Ta ble
1). At each ocea no grap hic sta tion, in clu ding
the E41 sta tion, we did a CTD cast (Ge ne ral
Ocea nics Mark III) to 200 m depth and sam -
pled sea wa ter with 5 L Nis kin bott les at 0, 5,
10, 25 and 50 m depth to mea su re dis sol ved
oxy gen con cen tra tion with an oxy me ter
YSI-1556. From each Nis kin bott le we fil te red
350 ml of wa ter with GF/F fil ters (0.7 µm) and
fro ze them with li quid ni tro gen to es ti ma te pho -
tosynthe tic and ac ces sory pig ment con cen tra -
tion using High-Per for man ce Li quid Chro ma -
to graphy with Fluo res cen ce De tec tion
(HPLC-FD) (Vi dus si et al., 1996). All the se ob -
ser va tions we re si mi larly do ne in the rest of the 
18 ocea no graphic sta tions, but only at E41
sta tion the low cu rrent speed con di tions and
the lar ge den sity of fish lar vae (of a re la ti vely
lar ge si ze) allo wed to do de tai led ob ser va tions 
of beha vior and vi sual es ti ma tions of small pe -
la gic fish lar vae den si ties.
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Fi gu re 2. Mea su red va ria bles at ocea no grap hic sta tion
E41: a) Acous tic ver ti cal pro fi les of abun dan ce of small pe -
la gic fish adult as de tec ted by acous tics (black bars), dis -
sol ved O2 pro fi les (dot ted li ne), tem pe ra tu re (con ti nuous li -
ne), and ROV ima ges of adult pa ci fic sar di nes (Sar di nops
sa gax) fee ding near sur fa ce. Vi deo com ple ment gaps on
acous tic in for ma tion in sur fa ce; b) Ver ti cal pro fi le of fish
lar vae ti me-de pen dent abun dan ce using the ROV (grey
bars, inds. min-1), ver ti cal pro fi le of Chl-a (das hed li ne), sea 
wa ter den sity (so lid li ne) and, ROV ima ges of sar di ne
and/or an chovy lar vae; c) Ver ti cal dis tri bu tion of ac ce sory
pho tosynthe tic pig ments.



Vi deo re cords in di ca ted that most small
pe la gic fish lar vae we re sta tic with their thin
body straight (sug ges ting an energy sa ving
stra tegy beha vior un der calm cu rrent speed
con di tions), but in res pon se to me cha ni cal
and/or light sti mu la tion from the vi deo ca me ra
they in va riably es ca ped adop ting a typi cal S-
sha pe with short un du la ting swim ming mo ve -
ments, fo llo wed by a sud den stret ching mo ve -
ment that dis pla ced the lar vae for ward (Fig.
2b). Si mi lar beha vior was ob ser ved in sar di ne
lar vae un der la bo ra tory con di tions (Hun ter,
1981). The fish lar vae co llec ted si mul ta -
neously with the drif ting net (equip ped with the
vi deo-ca me ra) at the co re of high lar vae den -
sity had a stan dard length ran ge of 17-21 mm.
Fish lar vae of this si ze ran ge swam in de pen -
dently of each ot her with con si de ra ble dis tan -
ce bet ween them with no evi den ce of school-
ing beha vior. This sug gests schoo ling beha -
vior may de ve lop in lar ger fish lar vae. Ichthyo -
plank ton ta xo no mic com po si tion from the
three zoo plank ton nets in clu ded 14 spe cies
from 12 fa mi lies (Ta ble 1). The myctop hid

Bent ho se ma pa na men se (48%-69%),
northern an chovy Engrau lis mor dax (12%-
39%), jack mac ke rel Scom ber ja po ni cus
(2.8%- 8.8%), round he rring Etru meus te res
(0.6%-7.0%), and Pa ci fic Sar di ne Sar di nops
sa gax (2.03%-4.12%) ac coun ted for
93%-95% of the to tal fish abun dan ce for each
type of net (Ta ble 1). We did not co llect eggs
with any net used that ot her wi se would sug -
gest re cent spaw ning of the adult sar di nes ob -
ser ved at E41 ocea no grap hic sta tion or
nearby lo ca tions.

From all fish lar vae spe cies co llec ted,
only E. mor dax, E. te res, and S. sa gax mat -
ched the si ze and body sha pe ob ser ved in the
vi deos. From the zoo plank ton sam ples the re -
la ti ve abun dan ce of small pe la gic fish lar vae
we re E. mor dax (77 %), E. te res (13%, par ti cu -
larly abun dant in the neus to nic sam ple), and
S. sa gax (10%) (Ta ble 1). ROV vi deos (star -
ting at 22:00 h lo cal ti me) sho wed den se adult
Pa ci fic sar di ne schools fee ding near the sur fa -
ce with the hig hest den si ties in the stra ta bet -
ween 5 - 20 m depth and lo wer den si ties at
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Fa mily Fish lar vae spe cies

Abun dan ce per net type  

Ind m-3 or to tal nu mber Re la ti ve abun dan ce

BN SN DN BN SN DN

Mic top hi dae  Bent ho se ma pa na men se 472.1 284.3 119 52.3 69.0 48.4

Engrau li dae Engrau lis mor dax 244.0 52.2 96 27.1 12.7 39.0

Scom bri dae Scom ber ja po ni cus 79.6 11.6 7 8.8 2.8 2.9

Clu pei dae Etru meus te res 5.3 29.0 6 0.6 7.0 2.4

Clu pei dae Sar di nops sa gax 37.1 11.6 5 4.1 2.8 2.0

Go bii dae Lythrypnus spp. 15.9 11.6 4 1.78 2.8 1.6

Pa ra lichthyi dae Cit ha richthys xant hos tig ma 10.6 5.8 6 1.2 1.4 2.4

Se rra ni dae Pro no to gra mus mul ti fas cia tus 5.8 1.4

Mic top hi dae Trip ho tu rus me xi ca nus 10.6 1.2

Tri gli dae Tri gli dae 5.3 1 0.6 0.4

Syno don ti dae Syno dus sp. 5.3 1 0.6 0.4

Fis tu la ri dae Fis tu la ria cor ne ta 5.3 1 0.6 0.4

No mei dae Cu bi ceps pau ci rra dia tus 5.3 0.6

Albu li dae Albu la sp. 5.3 0.6

Ta ble 1. Fish lar vae spe cies abun dan ce co llec ted at sta tion E41. (BN) = Bon go 505-µm net; (SN) = sur fa ce neus ton net
with stan dar di zed abun dan ce to inds. m-3. (DN) = To tal num ber of lar val co llec ted with drif ting net ex pres sed in re la ti ve
abun dan ce (%). 



dee per stra ta (Fig. 2a). Be cau se the trans du -
cer of the echo soun der was lo ca ted 4-m be low 
the sea sur fa ce and ac coun ting for near field
ef fect, acous tic da ta are avai la ble only for la -
yers > 6 m depth.  Using cri te ria of scat te ring
vo lu me < -50 dB and 50 pings of echo gram
analy sis to de tect ju ve ni le and adult small pe -
la gic fish schools (Ro bin son et al., 2007), the
hydroa cous tic in for ma tion re cor ded at the E41 
sta tion con fir med the vi deo-ca me ra ob ser va -
tions that most of the adult fish abun dan ce
(inds. ha-1) was lo ca ted bet ween 10 and 20 m
depth (Fig. 2a).

Fish lar vae we re not de tec ted with the
ROV vi deo-ca me ra in the first 4 m depth. Lar -
vae we re de tec ted in low ti me-de pen dent den -
si ties (46 fish lar vae m-1 min-1) bet ween 5 - 26
m (Fig. 2b). The ave ra ge of fish lar vae ti -
me-de pen dent abun dan ce in crea sed to 103
fish lar vae m-1 min-1 bet ween 27  - 31 m depth
sho wing the hig hest ave ra ge den si ties (650 -
900 fish lar vae m-1 min-1) bet ween 32 - 33 m
depth. The den sity of fish lar vae de crea sed
pro gres si vely at dee per stra ta (Fig. 2b). From
the vi deo-ca me ra in for ma tion it is not pos si ble
to es ti ma te vo lu me or area sam pled. Thus, fish 
lar vae abun dan ce as a func tion of ti me is not
com pa ra ble to den si ties es ti ma ted with tra di -
tio naly net met hods (inds. m-3 or inds. m-2). The 
vi deo count met hod can es ti ma te unu sually
high ma xi mum ex tra po la ted lar vae fish den si -
ties (com pa red with net co llec tion) when the vi -
deo ca me ra spent litt le ti me at each 1-m depth
bin and abun dan ce was ex tra po la ted to one
mi nu te (i.e. 1200 lar vae m-1 min-1). This met ho -
do lo gi cal pro blem can be sol ved if the vi deo
ca me ra is de plo yed slowly (<1 m min-1) to
avoid ex tra po la tion of lar val den sity to 1 mi nu -
te in ter vals of ob ser va tions per 1 m stra tum. 

The ap pa rently in ver se ver ti cal dis tri bu -
tion pat tern of adults and lar vae, co rro bo ra ted
with vi deo ob ser va tions (Fig. 2b), might su-
ggest high lar val mor ta lity from pre da tion by
the schools of adult sar di nes lo ca ted near sur -
fa ce wa ters or spa tial on to ge ne tic se gre ga tion
to avoid can ni ba lism. Near sur fa ce fee ding of
S. sa gax and E. mor dax du ring night ti me is a
com mon ob ser va tion at se ve ral sea re gions
(Krut zi kowsky & Emmett, 2005; Ro bin son et
al., 2007). Although se ve ral stu dies ha ve not
been de tec ted lar ge fish lar vae (li ke tho se ob -

ser ved in the vi deo ca me ra) in the sto mach of
adult small pe la gic fish, Ha ya si (1967) de tec -
ted in ten si ve can ni ba lism on eggs and small
lar vae of an cho vies and sar di nes, and Butt ler
(1991) sho wed ro bust sta tis ti cal evi den ce of
can ni ba lism on an chovy and sar di ne lar vae.
Be cau se small pe la gic fish are not se lec ti ve fil -
te ring fee ders, it has been lar gely dis cus sed if
the nort hern an chovy can fil ter their own eggs
and early lar vae, thus they al so may feed on
lar ger fish lar vae (Butt ler, 1991). Hun ter &
Kim brell (1980) re por ted that be cau se of the
thin in te gu ment of fish lar vae and the ra pid
adult di ges tion ra tes, fish lar vae are ra rely
found in the sto mach con tent of adult
anchovies. Our most li kely ex pla na tion is that
the ver ti cal dis tri bu tion pat tern of small pe la gic
fish lar vae in E41 res ponds to a com plex ver ti -
cal and ho ri zon tal on to ge ne tic se gre ga tion
among fish eggs, lar vae, and adults, as a po -
ten tial stra tegy to avoid can ni ba lism.

The hig hest small pe la gic fish lar vae
abun dan ce was de tec ted just abo ve the ther -
mo cli ne and pycno cli ne (Fig. 2 a, b), but not
as so cia ted with dis sol ved oxy gen con cen tra -
tion (4  - 4.4 mg L-1 in the first 25 m depth, equi -
va lent to 75% oxy gen sa tu ra tion, and de crea -
sed to 3 mg L-1 at dee per stra ta) nor the depth
of the chl-a ma xi mum con cen tra tion de tec ted
at sur fa ce (Fig. 2c). In the south wes tern part of 
the Gulf of Ca li for nia (Bahía de La Paz) the
hig her con cen tra tions of fish lar vae, in clu ding
Opist ho ne ma spp., was lo ca ted abo ve the
pycno cli ne, which is the stra ta with ma xi mum
sta bi lity (16 - 48 m) (Sán chez-Ve las co et al.,
2007). In the coast of Ca li for nia the hig her
abun dan ce of S. sa gax was de tec ted bet ween
22 and 45 m depth (Wat son, 1992). The ave ra -
ge depth of ma xi mum chl-a con cen tra tion in
the first 75 m depth in the 26 ocea no grap hic
sta tions was 4 m (stan dard de via tion = 5.6 m
and about 50% of the sta tions had a ma xi mum
chl-a con cen tra tion at sur fa ce). This is a re la ti -
vely sha llow depth con si de ring that No vem ber
is a tran si tion pe riod whe re the mi xing la yer
be gins to de ve lop. In July 2007 the ma xi mum
of chl-a was 19 m depth and in Ja nuary 2007
30 m depth (Gó mez-Gu tié rrez et al., in press)
sug ges ting that du ring No vem ber irra dian ce li -
kely cau sed a sma ller pho to-in hi bi tion pro cess 
than in July.  The fu co xan ti ne and 19-he xa noy -
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loxy fu co xant hin (19-Hf) phyto plank ton pig -
ments (in di ca tors of dia toms and cya no bac te -
ria–proch lo roph yta, res pec ti vely) (Jef frey,
1974; Goe ric ke & Re pe ta, 1993) had a pat tern
si mi lar to chl-a sug ges ting that tho se groups
we re the most abun dant phyto plank ton com -
po nents at this lo ca tion (Fig. 2c). We did not
de tect sig ni fi cant as so cia tion bet ween the ma -
xi mum den si ties of fish lar vae and phyto plank -
ton, which in theory should pro vi de a sui ta ble
en vi ron ment for fee ding lar vae (Fig. 2b). To
our know led ge, ex cept Sán chez-Ve las co et al. 
(2007), the re is no ot her study of ver ti cal dis tri -
bu tion of fish lar vae in the Gulf of Ca li for nia to
com pa re with our ob ser va tions.

Sub ma ri ne vi deos allo wed us to ob ser ve
in si tu small pe la gic fish lar vae in sta tic res ting
beha vior and ver ti cal dis tri bu tion at an un pre -
ce den ted re so lu tion (1 m depth). Ho we ver, vi -
deo-ca me ra ob ser va tions may ove res ti ma te
fish lar val den si ties com pa red with con ven tio -
nal net met hod es ti ma tions and was prac ti cally 
use less in the ot her 45 lo ca tions whe re we
used the ROV du ring the ocea no grap hic crui -
se (Fig. 1) be cau se in ten se cu rrent speed con -
di tions pre vai led that pre ven ted us to do re lia -
ble iden ti fi ca tion of zoo plank ton. High cu rrent
speeds (>50 cm-1 s-1) may res trict vi deo-ca me -
ra ob ser va tions to en clo sed re gions or vi deo
re cor ding du ring tran sient calm sea con di tions
that can be spe ci fi cally se lec ted from ti de ta -
bles to in crea se the pro ba bi lity of ob taing ade -
qua te ob ser va tio nal con di tions and in crea se
the num ber of beha vio ral ob ser va tions of fish
lar vae in si tu. Even with the se tech ni cal li mi ta -
tions, it is clear that vi deo re cords are va lua ble
com ple ment of stan dard net sam pling met -
hods in the study of in si tu fish lar vae beha vior
that can not be ob tai ned by ot her means in the
field.

ACKNOWLEDGEMENTS

We thank the crew of the R/V ‘El Pu ma’,
for their coo pe ra tion in co llec ting in for ma tion.
G.A.M., J.G.G, and C.J.R. are SNI fe llows and
G.A.M., J.G.G, and P.G.R. are COFAA-IPN
and EDI-IPN fe llows. Cen tro Inter dis ci pli na rio
de Cien cias Ma ri nas-IPN pro jects
SIP-20090303, 20090267, 2008490 and
2009090, CONACYT-FOSEMARNAT 2004-
01-144, CONACYT-SAGARPA 2005-717,

CONABIO, and Insti tu to de Cien cias del Mar y
Lim no lo gía, Uni ver si dad Na cio nal Au tó no ma
de Mé xi co sup por ted this study.  We al so
thank four anony mous re fe rees for their va lua -
ble cri tics to the ma nus cript.

REFERENCES

Ace ves-Me di na, G., R. Pa lo ma res-Gar cía, J.
Gó mez-Gu tié rrez, C.J. Ro bin son & R.J.
Sal dier na-Mar tí nez. 2009. Mul ti va ria te
cha rac te ri za tion of spaw ning and lar val
en vi ron ment of small pe la gic fis hes in the
Gulf of Ca li for nia. J. Plankt. Res., 31:
1283-1297.

Ben field M.C., C.S. Da vis, P.H. Wie be, S.M.
Ga lla ger, R.G. Lough & N.J. Co pley.
1996. Vi deo Plank ton Re cor der es ti ma -
tes of co pe pod, pte ro pod, and lar va cean
dis tri bu tions from a stra ti fied re gion of
Geor ges Bank with com pa ra ti ve mea su -
re ments from a MOCNESS sam pler.
Deep-Sea Res. II, 43: 1925-1945.

Bro gan, M.W. 1994a. Two met hods of sam -
pling fish lar vae over reefs: a com pa ri son
from the Gulf of Ca li for nia. Mar. Biol.,
118: 33-44.

But ler, I.L. 1991. Mor ta lity and re cruit ment of
Pa ci fic sar di ne, Sar di nops sa gax cae ru -
lea, lar vae in the Ca li for nia Cu rrent. Can.
J. Fish. Aquat. Sci., 48: 1713-1723.

Bro gan, M.W. 1994b. Dis tri bu tion and re ten -
tion of lar val fis hes near reefs in the Gulf
of Ca li for nia. Mar. Ecol. Prog. Ser., 115:
1-13.

Goe ric ke, R. & D. Re pe ta. 1993. Chlo rophylls
a and b and divlnyl chlo rophylls a and b in
the open sub tro pi cal North Atlan tic
Ocean. Mar. Ecol. Progr. Ser., 101:
307-313.

Gó mez-Gu tié rrez, J. & C.J. Ro bin son. 2006.
Ti dal cu rrent trans port of epi bent hic
swarms of the eup hau siid Nyctip ha nes
sim plex in a sha llow sub tro pi cal bay in
Ba ja Ca li for nia Sur, Mé xi co. Mar. Ecol.
Progr. Ser., 320: 215-231.

Gó mez-Gu tié rrez, J., Trem blay, N., Mar tí -
nez-Gó mez, S., Ro bin son, C.J., Del

158 ACEVES-MEDINA et al.



Ángel-Ro drí guez, J., Ro drí guez-Ja ra mi -
llo, C. & Za va la-Her nán dez, C. In press.
Bio logy of the sub tro pi cal sac-spaw ning
eup hau siid Nyctip ha nes sim plex in the
nort hwes tern seas of Me xi co: Ver ti cal
and ho ri zon tal dis tri bu tion pat terns and
sea so nal va ria bi lity of brood si ze.
Deep-Sea Res II.

Gree ne, C.H. & P.H. Wie be. 1990. Bioa cous ti -
cal ocea no graphy: new tools for zoo -
plank ton and mi cro nek ton re search in the 
1990s. Ocea no graphy, 3: 12-17.

Ha yas si, S. 1967. A no te on the bio logy and
fis hery of the Ja pa ne se an chovy, Engrau -
lis ja po ni cus (Hout tuyn). Ca lif. Coop.
Ocea nic Fish. Invest. Rep., 11: 44-57.

Hun ter, J.R., 1981. Fee ding eco logy and pre -
da tion of ma ri ne fish lar vae, 33-79. In: R.
Las ker (Ed.) Ma ri ne fish lar vae. Morp ho -
logy, eco logy, and re la tion to fis he ries.
Uni ver sity of Wa shing ton Press. Seatt le. 

Hun ter, J.R. & Kim brell, C.A., 1980. Egg can ni -
ba lism in the Nort hern an chovy, Engrau -
lis mor dax. NOAA Fish. Bull. U.S., 78:
811-816.

Jef frey, S.W., 1974. Pro fi les of pho tosynthe tic
pig ments in the ocean using thin-la yer
chro ma to graphy. Mar. Biol., 26: 101-110.

Krut zi kowsky, G.K. & R.L. Emmett. 2005. Diel
dif fe ren ces in sur fa ce trawl fish cat ches
off Ore gon and Wa shing ton. Fish. Res.,
71: 365-371.

Leis, J.M. 2004. Ver ti cal dis tri bu tion beha viour 
and its spa tial va ria tion in la te-sta ge lar -
vae of co ral-reef fis hes du ring the day.
Mar. Fresh wa ter Behav. Physiol., 37:
65-88.

Ro bin son, C.J., S. Gó mez-Agui rre & J. Gó -
mez-Gu tié rrez. 2007. Pa ci fic sar di ne
beha viour re la ted to ti dal cu rrent dyna -
mics in Bahía Mag da le na, Mé xi co., J.
Fish. Biol., 71: 1-19.

Sán chez-Ve las co, L., S.P.A. Ji mé nez-Ro sen -
berg & M.F. La vín. 2007. Ver ti cal dis tri bu -
tion of fish lar vae and its re la tion to wa ter
co lumn struc tu re in the south wes tern Gulf 
of Ca li for nia. Pac. Sci., 61(4): 533-548.

Vi dus si, F., H. Claus tre, J.N. Bus ti llos-Guz -
man, C. Cai lliau & J.C. Marty. 1996. Ra -
pid HPLC met hod for de ter mi na tion of
phyto plank ton che mo taxo no mic pig -
ments: se pa ra tion of Chl-a from di -
vinyl-chlo rophyll a and zea xant hin from
lu tein. J. Plankt. Res., 18: 2377-2382.

Wat son, W. 1992. Dis tri bu tion of lar val Pa ci fic
sar di ne, Sar di nops sa gax, in sha llow
coas tal wa ters bet ween Ocean si de and
San Ono fre, Ca li for nia: 1978-1986. Ca lif.
Coop. Ocea nic Fish. Invest. Rep., 33:
89-99.

Wie be, P.H. & M.C. Ben field. 2003. From the
Hen sen net to ward four-di men sio nal bio -
lo gi cal ocea no graphy. Prog. Ocea nogr.,
56: 7-136.

                               DIS TRI BU TION OF FISH LAR VAE USING VI DEO CA ME RAS  159


	2009 Oceanides Aceves et al PORTADA
	2009 Oceanides CONTENIDO VOL 24(2) Aceves et al
	2009 Oceanides Aceves et al Vertical distribution of fish larvae using videocameras

