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ABSTRACT

Information is given on the vertical distribution of 46 kinds of fish larvae
and 8 kluds of fish eggs, as determined from 22 series of hauls made at 15
stations off southern California and central Baja California. Each series con
sisted of IS to 11 hauls taken with a dosing net at successively deeper levels.

Most fish eggs and lanae were found to occur in the upper mixed layer and
in the upper part of the thermocline between thl" surface and approximately
125 meters deep. All of the more (.'Ommon kinds of larvae showl"d marked
differences in vertical distribution from series to series.

Replicate vertical distribution series were taken at seven stations, one in
daylight, the other <luring darkness. Larvae of sardine, anchovy, and LellrQ
gl088118 8f.ilbill8 were four to five times as abundant in night serie-s as in day.
The night-to-day ratio for ali larvae was 2 to 3.

Supplementllrr information fill verti('al distributioll of larvae was obtained
on Norpac, where two levels 1.1::sl-0 meters amI 262-131 meters) were fished
at most stations.

IV



VERTICAL DISTRIBUTION OF PELAGIC FISH EGGS AND LARVAE OFF
CALIFORNIA AND BAJA CALIFORNIA

By ELBERT H. AHLSTROM, Fishery Research Biologist

BUREAU OF COMMERCIAL FISHERIES

A prerequisite to any program of quantitative
sampling of plankton organisms, such as the
pelagic eggs and larvae. of fishes, is a knowledge
of their depth distributions. We have been inter
ested primarily in quant.jtative sampling of sa·r
eline eggs and larvae, a.nd a· number of studies
ha.ve been mnde to determine their vertical dis
tributions (SiIIima.n 1943, AhlstrolU 1948, Ahl
strom et aI. 1958). Simultaneously, information
hns been obtliined on the vertical distributions of
\·a.rious other fish eggs nnd la.rvne. For some· spe
cies the information is limited to one or It few
observations, fol' others it is complete enough to
fairly well delimit t.heir vertical ranges.

METHODS AND MATERIALS

Twenty-t.wo series of hauls were· made at 1;)

stations to study the \'ertiea'! distribution of fish

eggs and lnrvae (fig. 1). Each series consisted
of 6 to 11 hauls taken with a closing net at suc
cessively deeper levels. In the nine series made
in 1941, each haul covered It limited depth stra
tum, such as 0-4 meters, 10-15 meters, and 25-30
meters. In the 13 series made in 19:)2 through
1955, horizontal hauls were taken at a munber of
depths. Despite thpse minor differences' in ob
taining hauls, the se.ries taken during the. two
periods are roughly comparable.. A record of
ha.ul data for the 206 hauls that comprise the 22
vert.ical series is contained in the a.ppendix and
the ave.mge. depths of hauls are summarized in
table 1.

Replicate series were made at seve·n stations,
one during t.he night, the other during daylight,
in order to study diurnal changes in vertical

N('TE.-Appro\"ed for publication. July 28. 1958. FIFhery
BulletIn 161.

TABLE I.-Average depths of hauls ifl 22 series of closing-net tOW8 made to study vertical distribution of fish eggs and larvae

StaHon Fcrles
Avcl'llge depth (m.l of haul No.-

2 3 4 5 6 8 9 10 11

-_._------------------------------------------------
3 8 18 24 37 54 n ---- ------ --- ------- -~ -------- -- --------
3 8 18 25 31i 56 73 -- -------- ---------- -~-------- --_. -- ----
3 10 20 28 40 58 76 112 -- ---- ---- -~ -------- . -_. ------
'3 9 20 2i 41 58 69 100 ---------- -~-------- ---- ------
3 9 19 3D 41 58 73 105 139

-~-------- -- --------
3 10 21 27 44 59 76 107 141 ---- ------ ---_. - ----
3 9 21 28 42 60 76 110 HI - ~ - --- ---- ------ -~ --
3 10 21 2; 43 57 79 106 142 - ~ - --- ---- ------ .. --
3 10 20 28 42 60 ;i 104 133

-~-------- -------286
2 7 17 27 42 57 i3 107 142 206
2 7 18 29 44 56 71 105 134 216 286
3 10 18 27 36 51 - ~ ---- ---- . -- ... ~ - -- ~. _. -_. --- --. -:iii--- ----"-:i9i2 7 18 29 41 54 Il8 100 150
2 7 18 28 42 56 72 92 139 206 ----··°:i762 6 21 29 43 57 7n 106 138 222
2 7 16 25 aa 46 63 103 138 239
2 7 17 27 42 52 64 101 127 200
2 7 18 28 41 53 68 102 135 201
2 8 20 al 45 57 "70 111 142 - ~ -. ------ -_. -------
2 , 18 29 44 58 '73 105 .. -- - -. --- -- ---- ---- -_.. -- ----
2 7 18 27 44 60 "74 110 137 225
2 8 17 28 42 56 .7"~ 102 136 215

70

285

73

215
12.1

55

138 .
5.1

33

105
4.672 14.0

2416

Ii6
3.4

41
3.1

14

28
1.6

11

19
1.5

108

8
1.3

4104-91.54 . _
4105-89.38 . . .. _
4105-92.39 . ... .
410&-94.37N . •. 0 _ •• __ • _

41116-94.37D • .. _
410&-94.47N . .• ... _. _
4 1116-94.47D . . _. • ._
4106-97,43N .. .. __ . _0 __ • ._

41116-9iA3D .. . • ._
52O&-90.28N • .. _
5206-90.28D 0 _. _ •• • _

5208-120.35 . __ 0 • • _

5303-9J.38N . _. __ . • 0 __ •

5303-9J.38D ..... 0 __ • • •

.~30.""'93.r>ON . . • ._
5305-93.50D . _
M03-94.80N . __ . . • _
5403-94.80D 0. __ • • •

5504-107.80 . . _
5504-110.00 . .. . __
5504-120.50 0 '" • __ •• '. _

5504-130.60 . .. _

------------------------------------
Average_. _-- -. -. --- __ -- -. ----- _I .,

~~~ffi~~~t~~:~~~~?~~~~s~:~~~~:~;~: O. 5

"HaulF taken at approximat~ly88 m~ters depth Oil cruise· 5504 are omitted from this tabulation.
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distribution and ahundance of la,rvae. Night se
ries at these shltions are designated with an "N,"
da.y se.ries wit.h a "D." The differences between
night and day series will be diseussed in a· latter
sect.ion of the paper.

Coverllge was most intensive in the upper 100
met.er st.ratum: Fi\'e. ha-uIs were taken above 50
meters with average. depths of 2, 8, HI, 28, and 41
meters; two hauls were made between 50 and 100
meters. with average depths of 56 a-nd 72 meters.

35"VERTICAL DISTRIBUTION SERIES
o STATIONS OCCUPIED

11860

':h.
89.38

~38
92.39

o
97.43

o
91.54 0

94.37

o
107.80

o
94.80

120"

35"'---------/

30"'------------+----------------/

25"----------t---------------------l------------J

FIGURE I.-Locatioll of statioll!;, At which vertical distribution l'eries wPore mnde.
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From two to four hauls were usually made below
100 meters with average depths of 105, 138, 215,
and 285 meters.

Each of the hauls in a series is assumed to be
representative of the distribution within a depth
zone. Since the spacing· of hauls in depth was
not uniform, the widths of zones are nalTower for
hauls taken near the. surface and become progres
sively greater for deeper hauls.

All hauls were made with closing nets and gear
patterned after that desc.ribed by Lea.vitt (1935,
1938). Two sizes of closing nets were employed,
one measuring 0.5 meter in diameter at the mouth,
the other 1.0 meter in diameter at the mouth. A
0.5-meter net was used in 1941 at stations 4104
91.54 ltnd 4105-89.38. It was constructed of No.
40xxx grit gauze with mesh openings of approxi
mately 0.45 millimeter when new, shrinking to
approximately 0.30 millimeter after use. The
1.0-meter closing net used in 1941 (series 4105
92.39, 4106-94.37N and D, 4106-94.47 Nand D, amI
4106-97.43N and D) "'as constructed of cotton
scrim, with mesh openings ranging in width from
0.8 to 1.0 millimeter. The 1.0-meter nets used in
taking all subsequent se.ries were. constructed of
No. 30xxx grit gauze, with mesh openings of
approxima:tely 0.55 millimeter width after
shrinkage.

All series a·re numbered according to present
usage. The series made in 1941 have been
reported in literature under different station num
bers (Silliman 1943). To avoid confusion, the
equivalents are given below:

Position
Station No. (present Equivalent Date of

usage) In 1\141 oooupllDcy
system N. W.

latitude longitude

4104-91.54•• _____ . _. ____ 2046. ______ 32°29' 119°26' IV-3lH1
4\0&-92.39•• ______ •• ____ 2043. ______ 32°50' l1S01S' V-2-41
4106-94.37N•• __________ 2452N. ____ 32°23' 117°52' VI-17,IS-41
4106-ll4.37D_. ______ •• __ 2452D_____ 32°17' 117°52' VI-I8-41
410&-94.47N•• __________ 2454N_____ 32°12' l1S03S' VI-IS. 19-41
4106-9U7D•• ___ •______ 2454D___ •• 32°\0' l1s039' V1-19-41

We have tried to collect successive hauls of a
given series in a comparable manner as regards
length of haul and speed of hauling. No nttempt
has been made, however, to make the several se
ries entirely comparable. Because of the uncer
tainty of performance of current meters when
used with closing nets, they were not employed.
Consequently, it has not been possible to determine
the volume of water strained in taking hauls. The

series taken during 1941 averaged 15 to 18 minutes
per haul; those taken subsequently averaged 10
minutes, occasionally 5 minutes per haul. At sta
tion 5305-93.50, towing time was reduced to 5
minutes per haul for a number of the hauls be
cause of the large quantity of plankton material
being collected. To adjust for this, counts of
larvae for 5-minute hauls were doubled, hence
numbers reported for 5305-93.50N and D are com
parable for all depths.

In the four series made off central Baja Cali
fornia in 1955, a haul was taken at approximately
88 meters deep (125 meters of wire out)-a l~vel

not sampled in previou,s series. This level was
added in order to obtain additional information
on distribution of larvae within the thermocline,
which was quite deep at these stations. The larvae
taken at this level are included in table 2 and in
depth-distribution tables for individual species.
Inasmuch as this depth was not occupied in
taking other series; the data have not been used
in obtaining average depth distribution values for
most species. Several species occurred almost ex
clusively in the series made on cruise 5504, espe
cially Vincig'Uerria l'Ucetia and DiogenichthY8
late1"fW,tus, and in these instances this level was
used.

Vertical distribution series were usually made
at localities where eggs and larvae were fairly
abundant. Often a large area was scouted before
su,ch a rich spot was located. More than 40 lo
calities were sampled on cruise 5504, for example,
ill order to locate the 4 sites at which vertical se
ries were taken.

The least number of larvae taken in any of the
22 vertical series was 231 in 4106-97.43D, the most
was 5,862 in 5504-120.5,0. Less than 100 larvae
were taken in 3 series, between 101 and 500 larvae
were obtained in 10 series, between 501 and 1,000
larvae in 3 series, and over 1,000 larvae in 6 se
ries. The combined total for the 22 series was
18,045 larvae.

At least 60 kinds of fish la.rvae were taken in
the vertical series. A summary tabulation of the
abundance of 46 kinds of larvae in the 22 series
is given in table 2. All other kinds of fish larvae
are placed in a r.ategory labeled "others." In
cluded as others are gobies, paralepedids, cottids,
trichiurids, sciaenids, most blennies, zoarcids, and
eelleptocephalids-most of which were identified
only to family-and a few larvae tllat could not
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TABLE 2.-Abundallce of fish larvae in vertical distribution series taken off California and Baja California, by station
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-- ----- - - ---- -- --- - -- --- - -- - ------ - --- -- ---
SardinoC8 cacrulca. _____ -_.• _________ 734 301 676 40 6 8\1 24 I 0 5 3 mllg 0 0 0 Il) 4 35 59 7 I I. SolEngrau i8 mordar __________ • _________ 342 169 577 27 01 217 10 12 0 612 151 l) 10 20 0 0 543 15 .~.144 1 7.991Trac1lurlt8 8ummclriw8_____ __________ 4 0 21 0 1 7 0 0 0 26 2 U U 0 4 2 52 210 72 297 86 0 78PnoumalophoMl8 diogo __ _________ . ____ 0 0 62 0 U 8 0 l) 0 0 0 0 0 0 0 0 0 0 0 0 147 0 217,\lcrluccius producllts________________ 36 21 22 3 0 8 0 1 .0 0 0 0 20 5 0 0 1.753 707 214 2 100 0 2.89Sobaslod., sP\> _______________________ 97 39 67 20 46 41 65 0 I 48 33 0 225 46 124 144 0 0 15 40 216 0 1.267Citharichthus Spl-' _____________________ 7 2 8 0 2 3 3 1 0 1 0 102 17 6 4 4 0 0 0 0 21 0 181Luopsotta triliB ____ ___________ . _____ ,_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 10 0 10
Paralichthgs cali/omiclts______ ___ . ____ II II '0 0 0 0 I 0 0 U U I 0 0 0 0 0 0 0 0 II 0
Plouronic1lthgs dccurr.ns _______ ______ 0 0 0 0 0 0 0 0 0 II 0 0 4 4 0 0 0 0 0 0 0 0 8SumphltrUB alricauda _____ ____________ 0 0 0 0 0 0 0 0 0 0 0 39 0 0 0 0 0 0 0 0 0 0 39
Lampangctusloucop8arlts ____________ 35 18 25 0 4 6 7 1 0 158 4 0 119 6U 51 112 10 9 I) 0 0 0 619
Lampangclu8 muicanus_____________ 0 1 15 5 1 19 2 27 14 3 0 0 0 0 2 0 5 0 88 36 22 33 273
Lampangctus rittori._. _____________ ._ 5 2 19 1 2 I 0 4 6 1 2 0 9 5 10 4 19 21 38 11 13 0 173
Tarloton cania cronularis________ •.. __ 0 0 0 0 0 0 0 0 0 13 34 0 1 1 11 6 0 0 0 0 0 0 fill
Diogenichthgs tatcTl/atlts_______ _______ 0 I) 0 0 0 ,0 l) 0 0 II l) 0 0 0 0 U 0 0 I 1 0 lOS 110
Diogen.ichthgs allanliClts ______________ II 0 0 0 0 1 0 0 0 0 0 0 0 0 l) 0 4 0 0 0 0 0 5Eloclrona spp___________ . ____ . _______ 1 0 0 2 0 5 0 0 0 I 0 0 1 0 0 0 4 1 3 0 2 0 20
Lam1!anurlus."gali. ______________ . __ 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
LOUlflna rara ___ _. ___ . ___________ .~ __ 0 0 0 0 0 0 0 0 0 0 0 0 0 U 0 0 0 0 0 0 0 3 3
Mgctophum cali/omiense __ ___________ 0 0 2 0 1 2 l) ',! 0 0 l) l) 0 0 0 0 1 0 9 0 1 l) 18
]\,[uctophum margarilatum ____ ________ 0 0 0 0 U 0 0 0 0 0 0 0 0 l) 0 0 0 0 2 0 l) 0 2
Louroglo88u8 8/ilbius__ ._. _____________ 18 0 70 2 I 22 1 1 0 tit) 30 0 4f1O 74 25 7 0 I l) 5 61 0 838
Bathlliagus wesolhi. _. _. ___________ .,_ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 2 5 66 4 6 0 84
4rgontina sialiB. __ •• _______________ ._ 0 0 0 0 0 0 0 0 0 1 0 0 0 0 0 0 0 0 0 0 3 I) 4
Balhlliagus alaBcanus.. _______________ 0 0 0 0 0 0 0 0 0 0 0 l) 0 0 0 l) 1 0 0 0 0 I) IBathlliagus sp_______________ . ________ 5 0 14 2 I 6 2 1 0 3 0 0 8 1 0 2 l) 0 I 0 1 0 47
]\'[icrosloma sp ______________ . ________ 0 0 0 \) 0 0 0 0 0 1 1 0 0 0 0 0 3 0 0 0 0 l) 5
~~n.s.onia sp _____ ; ___________________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 2
l mClguema lu~t1a__________________ 0 0 0 0 0 0 0 I 0 0 0 0 II 0 0 I) U 0 16 25 5 112 1511
A.rguropeleclts spp ____________________ 0 0 U 0 0 1 0 0 I) 0 I) 0 1 (I 0 II 0 I) 1 0 I 2 II
-Irisloslomias scintillOlI8__ ____________ 0 0 0 0 0 I) 0 0 0 o· I) 0 0 0 0 II I) I) 1 I) 0 0 I
ChauliodUB maroul/L ________________ 0 I) 0 0 0 I) 0 0 0 0 I) 0 0 0 0 1 1 0 0 0 I) 0 2
9clothone spp____________________ ' __ , 0 n n

&r '.' ! 0 n , gl &1 " 0 ij ij Ii 0 U 7 7 3 11 :lU
lCatalloCOffUS sp ___ . _. ________________ 0 0 0 0 0 -0 0 0 0 0 0 0 0 0 0 0 0 0 3 3
ldiacanthus a'ltrostomus___ ___________ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 2 0 0 0 0 0 2
.".Itomias atrieentor ___ • ______________ ._ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 I 1 2
Bro8mophllcis marginata________ ______ 0 0 0 0 0 0 0 0 0 0 2 l) 0 0 0 1 0 0 0 0 0 0 3
Chromis punrtipin-nis_____ _•. ________ 0 0 0 0 0 0 5 0 1 5 0 0 0 0 0 0 0 0 0 0 0 0 11
Cololobis saira _______________________ l) 0 0 l) 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0 0 2 3
IcichlhgB lockil/gloni.. ______________ ,_ 0 l) 0 0 l) 0 0 0 0 1 1 0 0 0 I 1 0 1 0 0 0 0 5
1I10iamphaes SIlP _____________________ I 0 1 0 1 0 0 0 I) 0 0 0 0 0 l) 0 3 6 2 0 0 0 14
Palomela simillima _______ ___ . ________ 0 3 0 0 0 0 0 0 0 0 0 5 0 0 0 0 0 0 0 0 5 0 13
Sphuraona argonlea ________ _.. ________ 0 3 0 0 0 0 0 0 0 4 10 0 0 0 0 0 0 0 0 0 0 0 17
Trachuptoru8 ro.rsalmol/orulll _________ 0 0 0 0 0 0 0 0 0 l) l) 0 0 0 0 0 1 1 0 0 0 0 2
Labrlds_____________ . ________________ n 4 8 0 0 2 11 0 0 57 I 0 I 0 0 4 0 0 0 0 1 0 89
Others_____________________________ ._ 3 1 5 1 0 5 1 0 ,0 23 7 38 50 6 3 14 4 0 7 0 6 5 179

1:"288"129711:"592
- -- -- 132r;a---- 28114"24- 928"1;)8

- --'---
1.124 502 5.8621282

--TotaL ______ . _______________ ._ 103 70 444 23 1.023 245 323 1,875 966 18,045

be ide.ntified ,vith cert.ainty. A tota.l of 179 larvae
are included in this eategory, slightly less than 1
percent of the total.

It is interesting to note that despit.e the faet that
most vertical series were taken off sout.hern. Cali
fornilt in areas where sardine spawning might be
taking plnee, the series do reflect fairly well the
abundance of fish larvae in the. California. Coop
erative Oceanic. F ish e r i e s Investigations
(CCOFI) survey a·rea. The relative abundance
of the 15 most eommon kinds of larvae taken in
vertical selies is compa.red with their relative
abundauec in the CCOFI area during 1955 and
1956 in table 3; Fourteen of t.hese ranked among
the 15 most eommon kinds of la-rvae taken during
the 1955 survey cruises, and 12 ranked among the
15 most common kinds of lal"Vlle taken in 1956.

Anchovy larvae ranked first. in abundauee, hake
la-rvae second in the three· tahulations. The eon-

seious seleetion for sardine larvae when ta-king
\'ertieal series ra.ised them to t.hird plaee in ahund
a.nee in the vert-ieal series, but sardine InrvRe
rankl:'d sixth in abundance in yearly tot.als for
both 1955 Rnd 19:)6. For the same reason, jaek
nUl.c.kerel and Pacilic macke.rel ha.ve a somewhat
higher rank ill verticul series than in yearly totals.
The relntive ltbundance. of 8e.bwstorlers spp., Leu
1·orllo.~.~'U8 8tllbhl8, La.mp(1nyctu8 leUCOp8tU'IIS, and
[(unpa·nyetH.fS me;dca-n"/l.8 a·re strikingly similar in
all three tabulations.

Det-a.iled informntion on de.pth distribution is
gi ven for 46 kinds of larvae tnken in vertical dis
tribut.ion series. The data for each of the 15 most.
eommon kinds of larnte Rre sumnlllrized in imli
\'idua.1 tahles (t.ahles 5-11, 14-18,20,21,23) ; the
da.ta fOJ' the rema.inillg 31. categories a.re. sum
marized in 4 tahles, as follows: 4 kinds of other
flatfish (table 12), 6 kinds of ot.her myc.tophids
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TABLE a.-Comparison ()f relative abundance of fish larvae in vertical distribution series with their abundance in surlley cruises

of the California Cfloperative Oceanic Fisheries Investigations in 1955 and 1956

Fish larvae taken in vertical series Totailish larvae taken in 1955 Total fish larvae taken in 1956
Species

Number Percent Rank Number Percent Rank Number Percent Rank
taken of total taken I of total taken I of total

En,ram" mordaz _____________ ----.--------- 7,991 44.28 1 140,183 39.03 1 134,931 33.06 1
Merlucclu, produelm___ -.- - -- --- -- - -- - - - - - -- 2,892 16.03 2 60.090 16.73 2 94,277 23.10 2

=~:r,: :~~~----::===::::::::::::::::::::
1,842 10.21 3 14.121 3.93 6 15,523 3.80 6
1,267 7.02 4 29,344 8.17 3 29,144 7.14 3LeuroalolltllltllbIUl_____•___________________ . 838 4.64 5 15,111 ' 4':21 5 18,620 4.56 5TracllurUl ',Imme/rlcUl_________________• ---- 784 4.34 6 13, 246 3.69 7 8,027 1.97 10Lampa7l1lc:tm leucopaaFU'____________________ 619 3.43 7 7,4M 2.08 10 15,125 3.71 7Lampa7llletUl mezica7lUl_.___________________ 273 1.51 8 13,165 3.67 8 10. 802 2.65 8

P71eumat:z::0rUI dlego___ -•_____ -- -__ -___ - - __ 217 1.20 9 1,950 .54 14 1,520 .37 20
Citlaar/cII ,I'sPJ.l---------------------------- 181 1.00 10 20,411 5.68 4 23.635 5.79 4Lam:l'cl7llIetu, riUllri. ____________________ ---- 173 .96 11 1,988 .55 13 1,924- .47 18VI7IClaunrla lueelia. _________________ -- - - - --- 159 .88 12 12,654 3.52 9 9,832 2.41 9
Dlogmidal.Ia,l',al'r71alUl••••_________________ 110 .61 13 4,771 1.33 11 3,158 .77 13
Balla,llaau' wllellai___________ -_______ ---_- ___ 84 .47 14 3,245 .90 12 2,146 .53 177'arle/07lbea7lia crmulflri8_______________ •____ 66 .37 15 999 .28 22 3.352 .82 12All others__________•___________ ~ ____ -_____ -- 549 3.04 ~.-----... _- 20,423 5.69 ...... -------- 36,124 8. 85 -- .. _--- ......

Total••_. _._____________________•___ -- 18, 045 99.99 ..... ---- ........ 359,155 100.00 ---------- 408, 140 100.00 ----------

I Standard haul totals.

(table 19),5 kinds of other deep-sea smelts (table
22), and 16 kinds of other fish larvae (table 24).
Of the 46 kinds of lltrvae dealt with in the tables,
38 represent individual species, 7 represent genera,
and 1 grouping is by family (Labridae).

Illustrations of depth distributions are of hvo
kinds: those based on the average distribution of
a category in all the series in which it occurs (figs.
2,3, and 12), and those based on the distribution
of eggs or larvae of a species (or genus) at indi
vidual stations (figs. 4-11, 13). In the latter a
temperature profile is superimposed over each
depth diawam.

Average vertical distributions, illustrated in
figures 2, 3, and 12, are not based on a summation
of the numbers taken in individual series. If this
were done, undue weight would be given to a series
in which a category was unusually abundant
such as series 5504-120.50 for Engrauli-s 'In.o1vlam,
or series 5403-94.80N for Mer7I/J,(JciU8 produat:us.
Instead, equal weight has been given to each series
in which a category was common to abundant (50
or more larvae per series) by changing numbers
into percentages; thus, each of the larger series
has an equal weight of 100. All series in which a
category was rare to rather c.ommon (1 to 49)
were combined and the composite was given a
\veight of 100. As an e.~ample, T1'ac,huru,s sym
met1iet.f.8 la.rvae occurred in 13 series. In 5 series
more than 50 larvae were taken per series, and
each of these was weighted to 100. The compos
ite of the other 8 series (which totaled only 67
individuals) was given a group weight of 100.
The 6 weighted series ("5 individual and 1 com-
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posite) were then combined and used to determine
the percentage occurrence at each level. Illustra
tions of depth distributions at individual stations
also are based on percentage occurrence at each
level rather than on actual lllunber (figs. 4-11 and
13).

Depth distributions of eggs are given for 8 of
the 15 common kinds of fishes. Of the other
seven common categories, 8ebastodes is ovovivip
arous, the eggs of myctophids are unknown, and
Oithariahthys eggs were uncommon. Sardine
and anchovy eggs were identified from all col1~
tions; the eggs of other fishes were identified from
only eight series (5303-91.38N and D, 5403
94.80N and D, and the four se.ries taken on cruise
5504).

LeSs complete data on the vertical distribution
of eggs and larvae are availa.ble from two other
sources. High-speed samplers have been towed
simultaneously at four depths during special
studies made wit.h these instruments, usually at
approximately 10,20,30, and 40 meters deep. The
r~l1lts are presented in It separate report (Ahl
strom et al. 1958). These samplers have been
shown t.o be e.xceedingly useful instruments in
studying variations in the depth distribution of
eggs and larvae within the upper 40-meter level.
They a.re of less use in studying the complete
depth ranges of eggs and larvae since present
models can be hauled only at. shallow depths (to
perhaps 50 meters), hence cannot be used for
encompassing the depth distributions of most fish
eggs and larvae.
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On some regular survey cruises It 1.0-meter
dosing net has be.en used to sample a depth zone
below that. snmpled in taking the standard 1.0
mete.r net haul. This procedure was followed
during the 1939 and 1940 cruises, for example, and
the information thus obtained on the depth dis
tribution of sardine eggs and larvae was sum
marized by Ahlstrom (1948). Two hauls were
ta.ken simultaneously at most stations during
Norpac., the uppe.r standard net ha.ul sampling a
depth zone from approximately 131 meters deep
to the surface, the. c.losing net sampling the level
between approximately 262 and 1,31 meters dee.p.
l\. brief c.omparison of the kinds and numbers of
larvae taken in the two levels during Norpac. is
given in a latter section of this report.

The vertic.al distribution series were taken from
five research vessels: E. lV. Soripps, G1'est, H ori
aon, and' Spenoe?' F. Baird, operated by the
Scripps Institution of Oceanography, and the
Blaok Dougla.s, operated by the U.S. Fish and
Wildlife Service. Personnel of the Scripps In
stitution of Oceanogra.phy cooperated in the coi
leetion of material at sea. Many persons pres
ently or formerly employed by the La Jolla.
RiologicuI Lu.borutory a.ided in taking the series,
including Ralph Silliman, John C. Marl', Oscar
E. Sette, James R. Thrailkill, Robert C. Counts,
David Kramer, Robert Livingstone, and Bruce
Taft.. The figures were prepared by Andrew M.
Vrooman. I wish to thank David Kramer for
helpful suggestions during prepa.ration of the
manuscript.

SOME GENERAL OBSERVATIONS ON

DEPTH DISTRIBUTION

Before discussing the vertical distributions of
individual species, some general observations will
be given on depth distribution. The average
weighted depth distributions of the 15 most com
mon kinds of larvae taken in vertical distribution
series are summarized in table 4. In these deter
minations, the depth of the zone represented by
each level in the series is taken into account.

La.rvae may be divided into two principal
groups with respect to depth distribution: (1)
Those species occuning almost entirely within the
upper mixed layer and in the. upper part of the
thermocline; (2) those species occurring most.ly
within or below the. thermocline.

Of the 15 kinds of larvae summarized in table
4, 12 fall into the first category and 3 into the
second.

Many of the differences in the depth distribu
tion of larvae of the same species in the va.rious
series are due to differenc.es in the position of the
thermocline. The extremes in thermocline depth
were found at stations 5206-90.28N and 5504
110.60. In the former, only the two shallowest
tows at average. depths of 2 and 7 meters were
tn..ken in the la.yer ".hove the the.rmo('.line, the ha.uls
taken at approximately 17 and 27 meters deep
were within the zone of rapid temperature de
cline, and the haul averaging 42 meters deep was
definitely below the thermodine. At station
5504-110.60, on the other hand, there was a dif-

TABLE 4.-Average weighted depth di.,triblltions of the 15 most common kinds of larvae taken ill vertical distribution 8erie8

Pereentlll.'e occurrenre of larvae at-

Species
0-23

meters
24-48

merers
49-64

meters
65-88

meters
89-122 Below
meters 122 meters

Total

Group I: I

i:%~~fu~~~e;;~~~~: ::::::::::::::::::::::::::::::::::::::::::
f,i%;~':1::r'{:'O{:~:'ii.::::::::::: ::: :::::::::::::::::::::::::::::::::
~~f:::1:::h~~~iip: ~:::::::::::::::::::::::::::::::::::::::::::::::
L071lpangctll8 leucop8aru8_. . . ._
Lampangc/V.8 muicanu8 .. _
Lampangctll8 ritterL ... .. _
Tarletonbeania crmlllari8 . . .. _
DiogenichthY8 laternatu8 • .. . _

Group II:'Alerlucciu8 productu8 . _. _
Bathglagu8 we8ethL .. _
Leuroglouu8 8/ilbiu8 _

I Distribution conftned to upper mixed layer.
, Distribution mostly witbin or below thermocline.

79.4
47.1
40.9
38.9
16.2
14.5
12. 6
4.4
5.9
3.8
o
o
1.5
.3
.4

19.9
32.3
38.1
46.0
46.8
41. 2
70.6
55.8
45.6
43.6
31. 7
2.2

3.5
.8

5.1

0.7 0
5.8 14.8
7.4 10.0

11.7 3.3
7.8 20.6

24.7 16.1
14.4 2.4
32.3 5.7
29.6 15.2
27.8 20.5
42.3 8.8
1.8 73.0

14.0 47.5
7.4 25.6

13.2 18.0

o
o
3.6
.1

8.7
3.5
o
1.7
2.2
4.4

12.1
23.0

10.6
00.0
18.9

0 100.0
0 100.0
0 100.0
0 100.0
0 100.1
0 100.0
0 100.0
0 99.9
1.5 100.0
0 100.1
5.0 99.9
0 100.0

22.9 100.0
16.0 100.1
44.4 100.0
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ference of only 0.30 C. between the temperature
at the surface and that at 83 mete.rs deep (the
average depth of the horizontal haul taken with
125 meters of towing cable payed out). The ther
mocline began at a depth of approximately 90
meters at this station. Since the vertical dis
tributions of most larvae are confined to the upper
mixed layer and the upper port.ion of the thermo
cline, their depth distributions are shallow in sit
uations such as that sampled at 5206-90.28N, and
deeper and more varied at stations having a deep
thermocHne.

Some differences in depth distribution a-re due
t.o diurnal changes in level associated with pho
t.otropic response of larvae to light (usually neg
ative).- Vertical movements of larvae are appar
ently limited in extent., being confined for most
kinds to movements within the upper mixed layer.
There is no evidence that fish larvae move through
the thermocline while ma.king diurnal vertical
movements.

Most kinds of fish larvae are confined in their
vertical distribution to the upper mixed layer and
the upper portion of the thermocline. However,
within the upper mixed layer the various kinds of
larvae ha.ve different but characteristic depth dis
tributions. Several species occurred in greatest
abundance in the upper 23 meters of depth at most
stations. Included in this group are Pneumato
phol'us diego (fig. 3, b), S a:1'dinops cae1"l.f.lea (fig.
2, a) , and Tl'achul'US symmet'J'icus (fig. 3, c) . The
anchovy, Eng'J'auli.JJ mo'rdare, although it occurred
mostly in the upper 23-meter level at some sta
tions, was found on the Rverage to be somewhat
more abundant in the level between 24 and 48
meters (fig. 2, b). Sebastodeslarvae were uncom
mon in the upper level (0-23 met.ID:.~) at most sta
tions (fig. 3, d), but t.hey occurred in greatest
abundance in this level in one night series.
Larvae of l7'incig'uel'l'ia 7.1wetia (fig. 2, c) and
Oitha'J'ichth.ys spp. (fig. 3, R) had their largest
concentrat.ions in the 24- to 48-mete.r level.

SARDINOPS ENGRAULIS VINCIGUERRIA LEUROGLOSSUS BATHYLAGUS
CAERULEA MORDAX LUCETIA STILBIUS WESETHI
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VERTICAL DISTRIBUTION OF LARVAE

FIGURE ::!.-\Vl'ightE"d a'"E"!'uge n~l'tical distribution of IlIrvae of (II) 8a·rtfiIl0/J8 caerll1ea, (b) En{lrall1is 1II0r,la.l', (c)
Fi'lIt:'irllle'Tia. 111Cefill, (dl L,,'/u'o,q1oISHIIH sU1MI/,s. and (E") Ba/"lIlaglls /{lese/hi.
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Myctophid larvae were not taken in any numbers
in the 0-23 mete.i· le.vel, but usua.lly had their cen
ters of abundance between 24 and 64 meters (fig.
12) . Larvae of DlogeniaMh.Y8 la.tel'natll8 had a
somewhat dee.per distribution (fig. 12, e), but they
still were confined to the upper mixed layer (the
thermocline was deep at each station where this
species was collected).

The larvae of three species occurred in greatest
abundance within and below the thermocline:
Merluacius produatus (fig. 3, e) , Leu/roglos8U8 stil
bius (fig. 2, d) , and B athylagus 'wesethi (fig. 2, e) .
All of these species occurred at somewhat lower
temperat.ures than la·rvae confined to the upper
mixed layer. It is likely that temperature is a
more importantJactor than pressure in the depth'
distribution of these species.

If these series are representative samplings of
the depth distributions of fish larvae, it follows
that the complete depth range of the larvae of
most species could be completely encompassed by

hauls averaging approximately 125 meters deep.
In making plankton hauls on CCOFI cruises, the
net is hauled obliquely from approximntely 140
meters deep to the surface (depth of water per
mitting), hence the depth distribution of most
kinds of fish larvae would be encompassed by
these hauls.

DEPTH DISTRIBU.TIONS OF
INDIVIDUAL SPECIES

Pacific Sardine (Sardinops caerulea)

Larvae of the sardine were taken in 17 series,
eggs in only 7 (table 5). The vertical distribu:.
tions of sardine eggs and larvae have been dis
cussed by Silliman (1943) and Ahlstrom (1948).
Silliman included several series in his account that
are not included here (series taken in 1939 that do
not conform to spacing in subsequent series). All
series taken subsequent to 1941 have not been re
porte.d upon previously.
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FIGURE S.-Weighted average vertical distributions of larvae of (a) Oithari{!ht1lU8 spp., (b) Pneumatophorlt8 diego,
(c) Trac.llurIl88UIII·lIIetrkIl8, (d) Sof}adode8 spp.. and (e) Mcr1.lIcci·1I8 prol1l1otll8.
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TABLE 5.-Depth distributions of larvae and eggs of Pacific sardine, Sardinops caerulea

28521588725641281982

Number per ~aul at average depth (m.l of- I
I----,.--,---.-----.,.----,----,---,-----;----:----;----.------,---! Total

105 I 138

Station series

---------I--~· -------------------------
Larvae:4104-91.M • . _

4105-89.38 -_---
4105-92.39_ ••. _
410lHl4.37N • _
4106-94.37D • -__
410lHl4.47N •• _
410lHl4.47D •• .• _
410lHl7.43N__ .• _
52OlHl0.28N __ •. . ._
52OlHlO.28D _
5208-120.35_ •• •
M03-94.80N • ._
M03-94.80D•• __ • _
5504-107.80__ • _
5504-110.60 . . __
5504-120.50 .•
5504-130.60_ . _. _

90 179 195 121 117 31 1 0 __ • .,_____ 734
o 0 0 32 2 0 0 0 __ • • •• _._. 34

410 248 10 7 1 0 0 0 ._•• • ••• ,_ ••• _ 676
21 3 12 1 3 0 0 0 __ ••. • . .______ 40
o 0 0 1 2 2 1 0 __ •.. • .______ 6

14 13 23 35 4 . 0 0 0 __ • •• "' __ '___ 89
5 0 6 9 2 2 0 0 • • __ ._._ ._.______ 24
100000001
3 2 0 0 0 0 0 0 --···--0- --·----0- --·---·0- 5
0300000 00003

10 60; 15 17 7 0 114o 0 1 .i 2 2 --·----0- --_.---- -----·-0- --·----0- ·-··-·-0- ::::::::: 10
o 0 0 0 1 1 2 __ .______ 0 0 0 ••• _.____ 4
1 0 19 6 5 0 1 3 0 0 _. • __ ._.. as
o 0 0 0 23 10 24 2 0 __ •• _. .•• • •• 59
2 I 0 2 2 0 0 0 0 0 0 _•• 7
1 0 0 0 0 0 0 0 0 0 0 __ .______ 1

------------------------------------------
TotaL____________________ 558 514 281 236 171 48 29 5 0 0 0 0 1,842

============::::;c:::==
Eggs:

4105-9'2.39. • _
52OlHlO.28N. . . __
5206-90.280_. __ •.. ._
5208-120.35 . _
M03-94.80N•• ._
5403-94.8OD••• _• __ ._. ._
5504-120.50 • _

Total. . .. _

90 16 1 1 0 0 0 0 ~ 0 __ .______ 108
4 0 2 0 0 0 0 ._ 0 0 0 0 6
2 0 1 0 0 0 0 •• ._ 0 0 0 0 3

22 17 33 35 40 5 152
37 29 46 50 65 33 --·--·ii- ::::::::: --·----0- --·----0- --·----0- ::::::::: 271
59 51 29 20. 21 11 7 __ ._ .. 3 0 0 ._. ••. 201
o 2 0 0 0 0 0 0 0 0 0 •.• 2

---------------------------------------
214 115 112 106 126 49 18 0 3 0 0 0 743

The dept.h range of sardine larvae in vertical
dist.ribution series is from 0 to approximately 96
meters, and the eggs range from 0 to approxi
mately 121 met.e~s. I wish to clarify a usage in
defining the limit.s of depth ranges in this amI
subsequent. discussions of other species. "When
indicating the dept.h range of sardine la.rvae,
I have given the deeper limits of t.he level, whose
nvernge depth is 88 meters. Similarly, sardine
eggS we,re taken in a haul having an average depth

of 105 meters; the deeper limit. of this stratwn is
approximately 121 meters.

The depth distributions of sa.rdine la:rvae in
,individual series are illustrated in figure 4. In
two series, the larvae were concentrated into a
rather narrow zone. Thus, at. station 4105-92.39
(fig. 4, a). most la,rvae occurred in the upper two

, hauls of the series, and at. station 5208-120.35
(fig. 4, b), a marked concentration occurred at
the 10-met.er level At st.ation 4104-91.54 (fig.
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FIGURE 4.-VerticaI distributions of sardine (SardinoPB caerltlea) larvae in five separate series. with superimposed
temperature profiles.
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4, c), however, the larvae were rather similar in
numbers at four levels between 8 and 37 meters
in average depth. In 4 of the 5 se.rie.."l illustrated
in figure 4: the. lal"\'ae we·re found almost entirely
above 50 meters deep. Three of these ',,'ere night
series, the fourth (4104:-91.54) was started in the
afternoon and completed after dark. In the
single day series illustrated, 5504-110.60 (fig. 4,
e), the laiTae occurred mostly below 50 mete.rs,
in the lower half of the upper mixe.d la.yer. The
t,hermocline was deeper at this station than at
most other stations at which depth distribution
studies were made. Differences in depth distri
butions of sardine larvae in day and night series
are discussed in R following sec.tion.

The avera.ge weighted depth distribution of
sardine la-rvae, based on vertical dist.ribution
series, had the following percentages in cliffe.rent.
depth strata:

Percentage
Sh'ata : 0/ totd

o-23IUet~rs 47.1
24-48 meters 32.3
4n-6-l iii€'te-ri;_____________________ n.8
65-88 meters 14.8
89 meters and below______________ 0

A somewhat shal10we.r distribution was inc11
eated in .studies reported by Ahlstrom (1948).
Two to three closing nets we·I"€' used in series at
most. stations in 1939; the upper net. fished from
approximately 42 meters to the surface., the inter
mediate net from 81 to 38 meters, and the bottom
net from 120 to 72 meters. The exact depth
fished by each net varied from haul to haul.
About 93 percent of the sa-rdine lal'Vlle we·re taken
in the upper level, 7 percent in the intermediate
leve.I, llnd none in the lowest level. A dosing ilet.
was used below the upper net at 133 stations
occupied in 194:0. It. sampled the zone between
approximately 130 and 57 meters. Less t.han 1
percent of sardine eggs a-nd larvae were. taken in
the deeper stratulll. Inasmuch as the 1939 and
1940 studies re.present a larger number of obsernl
t.ions than the vertical distribution series, they
lIlay re.flect the a,·e.rage depth di~tJ'ibutioll of sar
dine larvae mOl'e adequately than t.he weighted
distributions given above.

Water temperatures at the levels where sa.rdine
larvae were collected ranged from 10.9° to 19.7°
C. Only 17 la.rvae. were taken at temperatures
lower than 13.0° C. The only series in which wa
ter temperatures were above 17.0° C. was at sta-

tion 5208, taken during August in Sebastian Vis
caino Bay, central Baja California. This series
represents offseason sardine spawning, which cen
ters in the Sebastian Viscaino Bay area. This
spawning occurs at considerably higher tempera
tures than during the regular spawning season,
and t.here is a possibility that the offseason spawn
ers may belong to a separate subpopulation of
sardines.

Two contrasting distributions are illustrated for
sardine eggs. At station 4105-92.39 (fig. 5, a)
most of the eggs were taken in the surface haul.
The depth distribution of sardine eggs at this sta
tion is fairly similar to the distribution of sardine
larvae (fig. 4, a) . A higher percentage. of sardine
eggs than larvae occurred in the surface haul, but
both categories have a very shallow depth distri
bution. Sardine eggs occurred over a. fairly wide
depth zone at station 54:03-94.80N (fig. 5, b) : from
the surface t.o approximately 82 meters, with the
largest concentrat.ion (23 percent of the total) at
42 meters. The few sardine' la.rvae obtained in
this series occurred at depths between 14 and 64
meters.

Northern Anchovy (Engraulis mordas)
Anchovy larvae were the most abundant kind

taken in depth distribution' studies: they were
present in 18 of the 22 series, and were very com
mon to very abundant (125 to 5,14:4 per series) in
half of these (table 6). The weighted average
vertical distribution of anchovy la.rvae is illus
trated in figure 2, b.

The depth dist.ributions of anchovy larvae in
five series are illustrated in figure 6. Three of
these series were made at night, two during day
time. The two daytime series have contrasting
distributions. At station 4105--89.38 (fig. 6, d),
most larvae were taken at one level (25 meters),
while at station 5504-107.80 (fig. 6, e), the larvae
were deeper and more dispersed. The thermocline
,vas shallow at station 4105-89.38; there was a.
temperature drop of 3.3° C. between the 25- and
56-meter level. The thermocline was deep at sta
tion 5504--1Oi.80; there wus only lI.io C. difference
between the temperature at the surface and that at
70 meters.

Anchovy larvae were unusually abundant at
station 5504-120.50; in fact the 5,144 anchovy
lurvae taken at this statioll constitute about 28
percent of all larvae taken in vertical distribution
series. Anchovy larvae had a. wide depth range



VERTICAL DISTRIBUTION OF PELAGIC FISH EGGS AND LARVAE 117

50

en
a:
UJ

ti lOO
::;;

:J:
l-
e..
~'50

SARDINOP.S
CAERULEA
4105-92. 39

"" I"'"

~"""r,j""""'"
~···i.j···".' .' .

i

../0.

/

SARDINOPS
CAERIJLEA
5403 -94.80N

""'1""'1

ENGRAULIS
MORDAX

4104-90.37
, j j j I , iii TI

VINCIGUERRIA
LUCETIA

5504-1'3060
'"''1'''''

. ,
.y:

\ ...,

J

BATHYLAGUS
WESETHI

5403-94 eON

l

~oo

"",I" .. ,
10 15 200C 1~._'_'_,b_'_'_'_'_20_'C__'O_'_'_'_'_'~_'_" '2c,._C_~'_O_'_'_,e_"_b_'_'_'_'20"_'_c j

VERTICAL DISTRIBUTION OF EGGS AT INDIVIDUAL STATIONS

FIGURE 5.-Vertical distributions of the eggs of four species of fish at individual stations. Species and station numbers
are listed above each diagram and a temperature profile is superimposed,

at. this st.ation, from 0 to approximately 125 me
tel'S. The largest concentrations were in the two
shallowest hauls, but larvae were abundant to ap
proximately 66 mete.rs.

Additional information on depth distribution
of anchovy larvae is available from the 1940 sur
vey, when a closing net fishing from approxi-

mately 130 to 57 meters was used at most stations
below the upper net. The number of anchovy
larvae obtained from 133 closing-net hauls was
148, as compared to 5,940 larvae in the upper net
ha.uls at the same stations. Thus, only about 21;2
percent of the. larvae were distributed as deeply
as 57 meters. It is interesting to note that only

TABLE n,-Depth distributions oj lUrl'u·e und eggs oj northern unchot'U (Engraulis mordaxl

Number per haul at a\'erage depth (m.l 0(-
Station series Total

--.----------.-- __2 8_1_\_9_1_28 4_\ ~_I~_~I~~~I~~ -----
Lar\'ae:

i!~gUt~~~~~:~~~~:~~~~~~ 23~ 24i 3i 1~ 2:~ 2~ ~ ~~~~~~J:::::::g:~~~~~~~~~ ~~~~~~~~~ ~:~:~~~~~ ~~
4t06-94.37D_________________ (I (I 0 \ \ 2 0 (I 0 .______ 4
4\06-94.47N_________________ , 5 61 114 0 30 0 0 0 0 217
41OtHl4.47D. . ._ 1 2 0 0 " 2 1 0 0 __ a ._. .__ 10
4\06-97.43N_________________ 1 \ 4 6 0 0 0 0 0 \2
5206-90.28N_________________ \96 205 114 97 0 0 0 0 (I 0 0 6\2
5206-90.28D_________________ 5 136 9 (I 1 0 0 0 0 0 (I \51
5~120.35__________________ 4 30 \9 19 46 7 __ _ __ \25
S303-91.38N_________________ \ \ 4 6 0 0 -------0- --.------ -----ii- ------·-0- ---- --0 0 12
530&-93.50N_________________ 8 0 2 (I 0 0 0 0 n 0 0 10
.'l305-93.50D_________________ 0 n 2 8 4 6 0 0 0 0 20
5504-107.80__________________ 4 0 0 \9 159 271 73 16 t 0 M3
5504-110.60._________________ 14 0 0 0 0 \ 0 0 0 _ \5
5504-120.50__________________ 1.370 1,405 837 270 697 488 i2 4 \ ------0- -------0- 5,\44
5504-\30.60__________________ 0 0 0 \ 0 0 0 0 0 0 0 __ .______ 1

Tntal...___________________ \,849 2.045 \,\05 809 \.2\3 l!O2 \46 20 2 0 0 0 7,99\
===============--==================

Eggs:
4105-89.38 . _
5206-\IO.28N ._
5206-\IO.28D _

246 an 0 9 0 2 0 . -_. -. --- --·----ii- 287
0 (I 1 1.1 0 0 1 --- -. - --- 0 (I 1 3

43 4 \ 0 0 1 1 --------- 4 2 9 4 69

TotaL. ._ 34 2 9 o 3 2 1 2 9 5 359
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VERTICAL DISTRIBUTION - ANCHOVY LARVAE

FIGURE 6.-Vertical distl'ibutions of an('hov~' (FJllpraulis mardaJ.') larvae in five sellarate series. with superimposed
temperature Ill".Ifiles.

11 larvae were taken in closing net hauls made at
night, while 137 were taken in day hauls. A
deeper distribution in day hauls was also found
in replicate vertical series, discussed in a latter
section.

Anchovy larvae were taken over a wide tem
perature range, 10.0° to 19.7° C. Most larvae oc
curred within a 3.5°-temperature range, 14.0° to
17.4° C., however; approximately 95 percent of
the tota'! number of anchovy larvae were obtained
within'this temperature range. Only nine larvae
were taken at temperatures below 12.0° C., and
occurrences above 17.5° C. were mostly from sta
tion 5208-120.35 in Sebastian Viscaino Bay.

Anchovy and sardine larvae had fairly similar
depth distributions at most stations where they
both occurred. Their depth distributions at sta
·tions 4105-92.39 and 4106-94.47N are shown in
figure 4, a and d, for sardine. larvae, and figure
6, a and b, for anchovy larvae. In both series the
t.wo species have similar depth ranges, but a some
what. larger portion of the sardine larvae was
taken in the shallower hauls. There is a more

marked contrast in the depth distributions of the
two species at station 4104-91.54. In this series
nearly three-fourths of the anchovy larvae were
taken in the fifth haul of the series, averaging 36
nu:Il 'O''Iwo Inn+- ~11'1'1C'.f._n"'n...::l\ ........1... ~1 .... ...t.. .... "'! ................ _ _ oJ!
.. .. , ""'........ \ "'.l.V',", .......L~"'... ",,,,,",U I , n .1.I..&..1g W1C \Ajl1llC.I. U.I.

abundance of sardine larvae was much shallower
(fig. 4, c).

There is limited information on the depth dis
tribution of anchovy eggs, which were taken in
only three of the regular series. In these series
(table 6), 90 percent of the eggs were taken in the
two shallowest hauls of each series, but some eggs
were obtained throughout the depth range sam
pled. The presence of eggs in the deeper hauls
made at. station 5206--90.28 is difficult. to explain,
since anchovy larvae were not. taken at these dept.hs
either at this station ,or in any other series.

Silliman (194~) made use of five vert.ical series
(F8A, F8B, F9A, F9B taken in 1939, and 1832
ta.ken in 1941) that. are not. included in t.he pres
ent report. Inasmuch as anchovy eggs were taken
tn t.hree of these series, the information is given
below:

Series F8A Series F9A Series 4104-90.37 (1832)

Mlddepth or haul
Number Temper-
or eggs ature

(0 C.l
Middepth or haul

Numher ITemper- Number ITemper-or eggs ature 1\01 iddepth or haul or eggs ature
(0 C.l (0 C.l

-----11--------- --------
2rn .

I2mm:::::::::::::::::::::::::122 m .. __ . _
32 m • _
4li m .... _

~tm::::::::::::::::::: :::::1

35'
;

12
o
I
o

~I

15.4
15.3
15.2
14.5
1\.9
10.7
10.2
9.5

4 rn •• __ 2, 552 15.6
13rn_________________________ 194 15.3
3Oro_________________________ 65 1\.7
.~I m_________________________ I 10.3
57m_________________________ \I 10.2

::::::::::::::::::::::::-:::: :::::::::: :::::-:::: I

6 m _
20 m •
Mro _
46m _
58 m •• _
n m __ • • "_

47
32
18
o
o
o

16.8
16_ j
15.9
13. i
12.3
1\.5
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As in the series discussed above, the largest con
centrations of eggs occurred in the upper haul of
each series. The distribution in series 4104-90.37
(1832) is illustrated in figure 5c.

Information on the depth distribution of an
chovy eggs within the upper 40-meter level based
on material from high-speed sn.JUpler hauls is
available for six sets of hauls (Ahlstrom et aI.
1958). In the three sets containing the largest
number of eggs, the majority were taken below 20
meters. Hence there is more variation in depth
distribution of eggs than was indicated in the
vertical distribution series.

It is interesting to note the differences in depth
distribution of anchovy eggs and larvae at station
4105-89.38. Nearly 86 percent of the anchovy
eggs were taken in the surface haul, while as large
a percentage of the larvae was taken in the haul
averaging 25 meters deep (fig. 6, d). Most of the
larvae were under 4 millimeters in length, hence
too small to participate in any marked vertical
movement. The only fins developed on 4-milli
meter anchovy larvae are larval pectorals.

Jack Mackerel (Trachurus symmetricus)

The majority of vertical distribution series were
not taken in areas where jack mackerel larvae
commonly occur. The center of abundance. of jack
mackerel larvae is usually between 80 and 240
miles offshore (Ahlstrom and Ball, 1954: 227),

while most vertical series were taken within 80
miles of the coast. Jack mackerel larvae' were
taken in 13 series (table 7), but occurred in small
numbers (1 to 7 larvae per series) in nearly half
of the series, and commonly (50 or more per se
·ries) in only five series.

The larvae were taken between the surface an~

approximately 122 meters, although approxi
mately four-fifths 'of the larvae occurred within
the upper 50 meters (fig.' 3, c). Considerable
variation was found from series to 'series, as is
shown in figure 7. Jack mackerel larvae decreased
in abundance with depth at station 5504-120.50
(fig. 7, b), were mostly concentrated within the
upper 10 meters at stntion M03-94.80D (fig. 7,
a), had a marked center of abundance at 44 me
ters at station 5504-110.60 (fig. 7, c), and had a
wide depth range at station 5504-107.80 (fig. 7, d).

The depth distributions of jack mackerel eggs
al~e illustrated in figure 8. The same. series are
shown for eggs as for larvae, with the addition of
station 5403-94.80N. The secondary concentra
tion of eggs, which occurred at a depth of 42 me
ters at the latter station (fig. 8, c) resulted from
eggs spawned during the night of collection. Of
the 346 jack mackerel eggs taken in this haul, 338
were recently spawned. Most of the newly
spawned eggs (321) had not yet initiated cleavage,
hence spawning may have occurred within the
hour. This haul was taken at about 11 p.m.

TABLE 7.-Depth distributions of larvae and eggs of jack mackerel lTrachurus symmetricusl

","umber per haul at average depth (m.l of-
Station series Total

8 19 28 41 56 88 105 138 215 285

2 0 1 1 0 0 0 --- -. ---- -- .. _- ... ----_. --- . --- _. --- 4
10 9 1 1 0 0 0 --------- 0 ---- _... _- --------- -- --_. --- 21
0 0 ·0 0 1 0 0 ---- --- -- 0 0 -- ----_.- ----- ---- I
0 0 4 3 0 0 0 --------- 0 0 -------0- 7

12 13 0 0 1 0 0 --- ------ 0 0 0 26
U 2 0 0 0 0 0 --------- 0 0 0 0 2
0 4 U 0 0 0 0 --~ ------ 0 0 0 0 4
0 0 0 0 2 0 0 -- ----- -- 0 0 0 -- ---- --- 2

26 0 5 7 6 8 0 ------_.- 0 0 0 ----- ---- 52
92 86 24 2 2 2 2 0 0 0 ------.-- 210
4 0 14 24 6 4 8 8 4 0 .. ----- -. - --- --.-- 72
6 0 3 25 209 13 34 I 6 I .--- ----- 297

34 24 15 9 3 1 0 0 '0 0
-------0-

.-------- 86---------------------- -------
186 138 67 72 230 28 44 14 5 0 0 0 784--= --=--== --=--= = = = = ==

-------_.----------------------------------------
Larvae:4104-91.54 _

410<>-92.39 _
4106-94.37D _
4100-94.47N _
5206-90.28N _
5200-90.28D _
5305-lI3.50N • _
530<>-93.50D _
5403-94.8ON _
5403-94.8OD _
5504-107.80 _
5504-110.60 _
5504-120.50 _

TotaL. _

Eggs: 3'
Q
•5403-94.8ON_________________ 602 51 54 346 25 6 ~ 1 0 I,m

5403-94.8OD_________________ 1,017 822 265 38 30 11 6 I 0 0 2.196
5504-107.80__________________ 36 19 11 30 10 4 11 0 0 0 121

5504-110.60__________________ 541 11 271 41 7 6 21 I 3 1\ --------- --------- 1345504-120.50 ._______ 29 38 24 1 0 0 0 0 0 0 0 92
--------------------------------

TotaL.____________________ 1,738 941 359 127 393 46 44 ~ 8 I 0 3,660

507201-:>9-3
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VERTICAL DISTRIBUTION - JACK MACKEREL LARVAE

FIGURE i.-Vertical distributions of jack mackerel (Trac1/"1,rI/8 symmetricl/8' lal'vae in four separate series, with
superimposed temperature profiles.

The distribution of rec.ently spawned eggs at this
station is shown in the following tabulation:

Some newly spawned eggs were t.aken at. other
depths, especially in the haul averaging 27
meters in depth. If the depth of occurrence of
newly spawned eggs can be assumed to reflect. the

Number of iack mackerel eggs

I I
Rerently Middle and' Total
spawned late stage

Aversge dp.pth of haul

2 meters _
7 meters _
17 meters ~ _
27 meters _
42 meters .. _
52 meters . _
64 meters .. . _
101 meters .. _

o
2
3

3/l
338

6
1
o

002
49
29
18
8

19
5
o

I

002
51
32
54

346
25
6
o

depth at. whieh spa.wning took plae-e, then in this
instance, at. least, spawning occurred below t.he
level of abundance of the older eggs. Two possible
explanations of this difference in distribution are
thitl. l.lte ulder eggs had changed t.heir depth dish'i
bution since spawning by floating upward, or t.hat
spawning had occurred at shallower depths on the
prec.eding several night.s. I consider the latter
e.xplanation to be the more likely.

There are interest.ing similarit.ies a.nd differ
ences ·in the. depth distributions of eggs and
la.rvae. The distributions of eggs and htrvae in
series 5403-94.80D are quite similar; t.heir distri
butions in series 5504-110.60 are markedly dif
fe.rent. In the latter series, only about 3 percent

b.
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VERTICAL DISTRIBUTION - JACK MACKEREL EGGS

FIGURE S.-Vertical distributions of jack mackerel (TrachurulJ 1J1ImmetriculJ) eggs in five separate series, with
superimposed temllerature profiles.



VERTICAL DISTRIBUTION OF PELAGIC FISH EGGS AND LARVAE 121

Inasmuch as Pacific mackerel larvae were not
taken in any vertical series where the upper mixed
layer was deep, it is probable that a somewhat
deeper distribution would be found in these sit
uations. Pacific mackerel larvae are taken in such
_situations on regular survey cruises.

Pacific mackerel eggs, which occurred in
abundance at station 5504-120.50, had a less re
stricted depth distribution than the larvae (fig.
9, c).

Hake (Merlucciu. productu.)·

Hake larvae rank second in abundance to an
chovy' both in yearly summaries of larvae in the
OCOFI survey area and in the vertical distribu
tion series. Hake larvae were taken in 13 series,
commonly in 4; hake eggs in 6 series, commonly in
2 (table 9). Some of the data on vertical dis
tribution of hake larvae have already been given
in Ahlstrom and Counts (1955: 315) .

Hake larvae were taken mostly within or below
t.he thermocline. Only 5 percent of the larvae
were obtained between the surface and 48 meters
(table 4). In three of the four series in which
hake larVae were common, the center of abun
dance occurred in t.he haul at an average of 72
met.ers deep (fig. 10, a, b, and d), and very few
larvae were taken below 122 meters.

A deeper distribution of larvae was obtained
at. st.at.ion 5504-107.80. Unfortunately, this is an
incomplete series, with the deepest. haul averaging
142 meters in depth. Hake larvae were taken in
the six hauls made between 45 and 142 meters,
with an increase in abundance with depth. Nearly
38 percent of the larvae were taken in the bottom
haul of this series. Dept.h distribution at this
station is so different from the others, that it
points up the incompleteness of our depUl dis
tribution data. for this species and the need for
additional series.

of the larvae were taken in: the upper three hauls,
while nearly 69 percent of the eggs were taken in
these hauls. In the two other series that are illus
trated, the eggs also have a somewhat shallower
distribution than the. larvae. At sta.tion 5504
107.80, about 45 percent of the e.ggs were taken in
t.he two sha.llowest hauls and only 6 percent of the
larvae.

Jack mackerel larvae were taken within a 4°_
tempe.rature range-, 13.0°-16.9° C., except for one
occurrence at 10.1° C. The great majority of
larvae occurred wit.hin a 2° range, 14.0°-15.9° C.
The eggs had an even more rest.ricted range: 99.6
percent of the e.ggs occurred. at temperatures
between 14.0° and 15.7° C. These observations
agree well wit.h those given in table 10 of Ahl
strom and Ball (1954), who found that over 70
percent of the larger collections of larvae (50 or
more per standard haul) occurred within the 2°_
temperature range noted above (14°-16° C.).
The authors were· dealing with a much larger
mass of data-780 collections of larvae made in
1950 to 1952-hence it is not surprising that they
found a wider temperuture range, 10.0°-19.5° C.,
for the la.rvae. in these collec.tions.

Pacific Mackerel (Pneumatoplwrus diego)

Pacific macke.loel larvae were obtained in only
three series (table. 8) . None of the larvae
occurred below approximately 66 meters deep,
and nearly 80 pe.rcent of them occurred in the
0- to 23-meter level. This is the sha.llowest depth
distribution found for any of the more. common
kinds .of larvae. The temperature runge at

.'which larvae occurloed was between 14.1° and
17.1° C. The weighted avera.ge depth distribu
tion of larvae is shown in figure 3, h, the dist.ribu
tions at individual stations are shown in figure 9,
aand b.

TABLE 8.-Depth di3tribuHons of larvae and eggs of Pacifir mackerel (PneumatophorU8 diego)

Station series I
Number per haul at average depth (m.l of-

--- I Total
2 8 W ~ ~ 00 n ~ ~ ~ m ~

Lar4~-~--.39-_-.------.------------------'---:-1--5 ----I--4--0----:- ----:- ~~~~~----:-~~=~~~==~=----:
4106-94.47N_________________ I 0 6 I 0 0 0 0 0 • 8
5504-120.5(1... ~__!.__1_5_~_.!!.. __I __0__0 0 __~__0_::.~.:.1__1~

TotaL____________________ 109 53 22 18 14 1 0 0 0 0 0 217

Eggs: 5.104-120.50 = 544-nl - 400 'rJ.~- 1M 51 - 35 = 13 13 9 - 0 __ .______ 2,221

TotaL. -s«-----m --400-Zil--w4 --5-1 --35- --13\--1-31---9---0 =~~I-2:221
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VERTICAL DISTRIBUTiON - PNEUMATOPHORUS DIEGO EGGS AND LARVAE

FIGURE 9.-Yel'tical distributions of Pllcific IlIllckerel IPl1l?f/lllatop11orus diego) larvae and eggs in separate series, with
superimposed temperature profiles.

In vertical series, hake larvae were taken at
t.emperatures between 8.7° and 15.7° C., with most.
oc.curring bet.ween 10.6° and 15.0° C. Interest
ingly, Ahlst.rom and Count.s (1955: 328) found
t.hat larger concentrations of ha,ke larvae (1,001
or more per standard haul) taken on survey

cruises occurred within this identical 4%° tem
perat.ure range.

Hake eggs were. common only in the two se
ries (N and D) t.n-ken at st.ation 5403-94.80. The
distribution of ha.ke eggs in the series taken at
night. (fig. 10, c) is strikingly similar to the dis-

TABLE 9.-Depth distributions of larl'ae a·nd e.ggs of hake. (Ml'rluccius product.us"!

Number Pt'r haul at a"erage depth (m.l oC-
Station series Total

_________2__8_1_19_~_II-~--1-56--i2 _88_I~I_~_~~ _
Larvae:

ml4~UL==:::::::::::==:: g g g gig Tl 1~ --------- -------il-:=:::::: ::::::::: :::::::: ~
4105-92.39_._________________ 0 0 0 3 5 9 4 1 • .______ 22
4101l--94.3iN.________________ 0 I 0 0 0 2 0 1 0 __ • __ . • ._ 3
4106-94.4iN_________________ 0 0 0 1 3 4 0 0 0 .______ S
4106--9i.43N_________________ 0 I 0 0 0 0 0 0 0 1 --.______ 1
5303-9I.38N.________________ 0 0 0 0 0 8 12 0 0 0 20
5303-91.380_________________ 0 0 0 0 3 2 0 0 0 0 __ .______ 5
M03-94.8ON_________________ 15 6 5 1 2 93 1.622 8 0 1 1. i53
5403-94.800_________________ 69 86 24 14 49 156 287 22 0 0 __ .______ 707
5.'i04-107.80__________________ 0 0 0 0 1 4 31 I 38 59 81 --.______ 214
5504-110.60_ 0 0 0 0 0 0 0 0 2 2
5504-120.50 0. __0 ~__~ 4_~__~__....::... __~__:.. I~~

Total. 84 92 29 19 i2 3332.025 60 92 84 2 0 2.892
====----====-==:=========-========

Eggs:
5303-9I.38N_________________ 2 0 0 2 1 0 0 0 0 0 0 5
5303-91.380_________________ 0 0 0 1 0 0 0 --.------ 0 (I 0 I 0 1
M03-94.80N ._ 1 2 3 0 0 5 8i __ .______ 3 1 0 102
M03-94.800_________________ 2 0 0 2 7 22 66 ._____ 0 0 2 101

5504=107.80__________________ 0 0 0 0 8 21 1 4 0 I ~ ---------1--------- 155504120.50__________________ 0 0 0 0 0 0 0 0 1 M 0 3
. ------------------------------------------

TotaL 1 51 2 3 .~ I 16 29 154 41 41 3 2 22i



VERTICAL DISTRIBUTION OF PELAGIC FISH EGGS AND LARVAE 123

~ 100
W
I-
W
::iii

I150
l-
n.
W
Cl

20 .....

5403-~4.8(IO

'"''I'''''

"",I",,,
10 1"5 20"(.

5403-94.80N

""'I"'"

..···;"\/~;",J;·'·· ..

,

b

" , , , I , ' " ,
10 15 20'"'C

5403-94.80N

""'I'"''

c

,,,,,I,,,,,
10 15 2rJoC

5504-120 ';0

'"''I'''''

d

"",I",,,
10 15 2:0OC

VERTil:: AL DISTRIBUTION - MERLUCCILIS PRODUCTUS EGGS AND LARVAE

FIGURE lO.-Vertical distributions of Hake (Merlllcci1l8 prodllctll8) larvae and ~gs in separate series, with superim
posed teml>e'ra tUl"E' profiles,

tribution of larvae in the same series (fig. 10, b).
Almost identical numbers of eggs were taken in
these day and night se.ries, although there was
not as marked a concentration of the eggs at one
depth in the da.y series as in the night. A few
(15) hake eggs were taken at station 5504-107.80;
they were taken in the four contiguous hauls
made between 41 and 88 meters, but no eggs were
.taken in the two lower hauls of this series; hence,
the depth distribution of eggs at this station was
shallower than the distribution of larvae.

Rockfish Larvae (Sebtuto.des spp.)

The category of rockfish larvae is restricted to
a single genus, Se.bafJtode/J, containing a number
of species. Larvae of SebatJtodes can be identified
to genus without difficulty, but no attempt has
been made to extend identification to the specific
level. According to Phillips (1957),49 species of
Se.bo8tode./J oc.cur off California, and 34 of t.hem
are definiteJy known to occur off Baja California,
as well.

Rockfish larvae usually are taken in a larger
number of pla.nkton hauls on CCOFI cruises than
any other kind of larva. This wide distribution

is also reflected in their frequency of occurrence
in vertical distribution series. Rockfish larvae
were taken in 17 series, and in all but 1 of these,
15 or more larvae were taken per series (table 10).

Roekfish larvae were seldom common in the
upper 23 meters (figs. 3, d, and 11, a to d).
Usually the largest numbers were taken in hauls
averaging 28, 41, and 56 meters deep. However,
at station 5305-93.50N (fig. 11, a) the largest num
ber WIlS taken in the surface haul, and at station
'5504-120.50 (fig. 11, <1) there were t.wo levels of
concentration, one near t.he surface, the other at
7~ met.ers deep. Only nine rockfish larvae were
taken below .100 meters, all of these occurring in
himls llveraging. 105 mete.rs deep. Thus, rockfish
larvae belong to the la.rge group of fish larvae that.
oceurs in the uppe.r mixed la.yer or within the
t.hermoc.line, but not. below it.

8ebastodefJ larvae were taken at. temperatures
between 9.0 0 and 17.20 C., with the larger eOncen
t.rations oc.curring ll.t temperatures between 10.20

and 16.10 C. At. individull1 stations, the temper
at.ure ranges over which larvae were taken was as
great as 5.70 C. (series 4105-89.38 llnd 4105
92.39). In about half of t.he series the largest.



124 FISHERY BULLETIN OF FISH AND WILDLIFE SERVICE

TABLE to.-Depth di8/ribulion8 of iartlae of rorkji8he8 (SE'bastodes 8pp.l

Number of larvae per haul at average depth (m.) of-

~~ I ~
2 8 W ~ ~ M n ~ ~ ~ m ~

-----------1---------------------- _
4104-91.54. .__________________ 3

2
1
0
3 05 r. 4~ 109 ? --------- -------0-- --------- ----.---- -------- 2J:4105-89.38 .__________________ " . • • __ ._ ".

4105-92.39 .__________________ 3 9 0 16 21 18 0 0 . •. 67

4106-94.37N
D

-_-_----------------- 0
0

00 00 °0 56 2~ I~ 01 -------0-- --.------ ----.---- 20
46

4106-94.37 •• " " • _
410fHI4.47N •• 0 0 0 2 28 10 I 0 0 • .____ 41
4106-94.47D_ .• 0 0 0 0 15 27 III 7 0 65
410fl-97.43D .________________ 0 0 0 0 0 1 0 0 0 _ I
5206-90.28N_____________________ 0 0 23 22 3 0 0 0 0 ---- 0 -------ii 48
li206-9O.28D_____________________ 0 0 I 30 2 0 0 0 0 0 0 33
li303-91.38N .________________ I 0 9 71 62 76 5 I 0 0 0 225
5303-91.38D ._.______________ 0 9 7 16 7 7 0 0 0 0 0 46
li3OIHI3.50lII . .____________ 60 24 12 22 6 0 0 0 0 0 0 124
li3OIHI3.50D .________________ 0 2 48 24 52 18 0 0 0 0 .____ 144
5504-107.80______________________ 0 0 5 5 4 I 0 0 0 0 •. 15
lili04-110.60 ._______________ 2 0 2 1 32 31 0 0 0 ---- . • ._.____ 40
5504-120.50______________________ 33 21 9 2 12 41 70 28 0 0 0 __ ._. __ ._ 216

---._-----------------------------------
TotaL.___________________ 104 78 121 262 297 2li2 lJ6 28 9 0 0 0 1,267

numbers of la.rvae were take-n within the. zone of
rapid temperature eha-nge (i.e., within the thermo
cline). In some series, however, the larvae
occurred within a zone of uniform or nearly uni
form tel~perature (serie..'l 5504-110.60 and 5303
91.38N). In serie..'l 5504-120.50, there were two
levels of ~uiJctmiTl\.t.ionoi larvae, the upper occur
ring at 15.3° C., the lower at 12.2° C. There may
have been two (or more) species of rockfish wit.h
different temp~rature requirement.s present. in t.his
series.

Roekfish are ovovivipa.rous; the eggs are car
ried by the female until embryonie development.
is eompleted. Henee, only the lll.rvae are· taken
in pla.nkton eollec-tions.

Sand Dabs (CitharichthY8 spp.)

Four species ·of Citharichthyl5 occur off Cali
fornia and Baja California: O. sordidus, O. atig
tnaeus, O. ;l'am.fhostigma,.and C. f-ragUis. Larvae
of all four spec.ies were t.aken in vert.ieal dist.ribu
tion series. C. sordidu.s was taken in t.h~ ~ries

made off California, C. ;l'atl.tllOstigma and O.
fragiJJs in two series made off central Baja Cali
fornia, and C. st-ig-m-a.('-us in bot.h areas. The
larvae of t.hese species will be described in a sub
sequent publication.

Oithariell..thys larvae were eonunon in only 1
series, although they were taken in 14 (table 11).
They occurred between the surface a.nd approxi
·mately 88 meters (fig. 3, a). In Sebastian
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VERTICAL DISTRIBUTION - SEBASTODES LARVAE

FIGURE l1.~Vertical distri'butions of Se-ba8fQdelJ larvae in four sepllrate series, with superimposed temperature profiles.
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TABLE n.-Depth di8tribution8 of the larvae of 8and dab8 (Citharichthys 8PP.)

125

Numher per haul at average depth em.) or-
Station series Total

______________~__~_~_9 2~_4_1 ~_7~_~~_1~1-=~-2~--

::gt:J:~L~~~~:~~~~~:~~~~:~~~~~ : .g g 5 ~ ~ g~~~~~~~:: :~~~~:::: ~~~~::::: -~::::::: ::::::::: ~
4101\...92.39_______________________ 0 I 4 2 I 0 I 0 0 --------- .-------- --------- 8
41OIH14.37D_____________________ 0 0 0 0 1 1 0 0 0 2
4100-IH.47N_____________________ 0 0 0 0 1 .2 0 0 0 3
4106-9U7D_____________________ 0 0 0 0 2 1 I 0 .-------- 0 0 -________ 3
4106-97.43N_____________________ 0 0 0 0 0 1 0 0 0 1
.,206-90.28N_____________________ 1 0 0 0 0 0 0 0 0 0 0 1
5208-120.35______________________ 0 2 1 2 31 66 -- .______ 102
.,303-91.38N_____________________ 0 3 4 3 3 4 0 0 0 0 0 17
531l3-91.38D_____________________ 0 1 1 1 2 1 0 O. 0 0 0 6
.i30~93.50N_____________________ 0 4 0 0 0 0 0 0 0 0 0 4
.'301i-93.50D_____________________ 0 0 0 2 2 0 0 0 0 0 0 4
~OO4-120.50______________________ 0 3 2 1 6 7 2 0 0 0 0 21----------- ----- ---- -------------------- -----------

TotaL____________________ 3 14 12 13 :;.' 84 2 0 0 0 0 0 18\

Viscaino Bay (5208-120 .35), where the depth of
the serie..~ was limited by the sha.llowness of the
bu.y, most of the la.rvae were tak('.}l in the two
deeper ha.nls.

Other Flatfish Larvae

Limited information on depth distribut.ions of
the larvae of four other species of flatfish is given
in table 12. The distribution of 8ymphul'1.t8 at-ri
emma larvae at station 5208-120.35 is in contrast
to the distribution of Cithal'iehthys larvae at the
same stat.ion. Most of the Bym-ph1t1'Uslarvae were
ta·ken in the upper haul of the series, and none
was taken at the levels where most of the
Oitha;·N.ehthys larvae occurred.

Lyopsetta e;vilis is close to the southenl limit of
its distribution in the series made off Point San
Eugenio, Baja Califonlia (5504-120.50), hence it
is not surprising that the larvae OCCUlTed only in
the deeper hauls between 72 and 138 meters. In
contrast to the relation noted between Symphurus

larvae and Oithm·iehth.ys larvae in Sebastian Vis
caino Bay, L,IIofisetta larvae occurred almost com
pletely below the level of occurrence of O-ithal'wh
thyslarvae at st.ation 5504-120.50.

Lantern8sh (Myctophid) Larvae

There is some information on the vertical dis
tribution of 11 kinds of lantenlfish (myctophid)
larvae, although 3 species occurred in but a single
series each. Four kinds were taken only in se
ries made off southern Califonlia, three in series
made off central Baja California, and four oc
curred in both areas. These distributions are
eoilsonant. with the mor~ detailed distributions ob-.
tained from the CCOFI cruises.

Larvae of Diogenichthys late-rnatuJj and LoUJ
eina -ram have seldom been taken north of central
Baja Califonlia; larvae of La1npa.nyetus leucop
SO.I'1/,S and Tarletonbea·nia. e-renuJ.a·ris are uncom
mon south of Califonlia. LmnpanyetU-8lneiVi<1anuJj
and L. dtteri a·ra t.aken both off southenl

Station ser\ell

TABLE 12.-Depth di8tributions of the larvae of other flatfi8h

Number per haul at average depth (m.l of-
Total

2 8 19 28 41 56 72 88 1115 138 215 285
------------1-----------------------------------------
Lyopeeltaerilis: 5504-120.&L____ 0 0 0 0 0 0 3 3 2 2 0 10

===========:=========
ParalichthY3 call!ornicu3:

4106-94.47D • _
5208-120.35 • _ o

o
o
o

o
o

o
I)

o 0 0 . 0 - _
o _

-------------------------------------TotaL____________________ 0 0 O· 0 2 0 0 0 0 ._____ 2
=========---===========

PleuronichthY3 decurren3:5303-91.38N. • __ ._
5303-91.38D . _ o

o
1
3

2
o

o
1

1
o

o
o

o _
o _ o

o
o
o

o
o

o
o

4
4

TotaL____________________ 0 4 2 1 1 0 0 0 0 0 0 8

.syl~5~~~ ~t~~~~~~_~ ~_====:====:===:===:==:===:====I=~==,=:
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TABLE 13.-SlitIllllury of depth distributions of lunterllfish lurllue, und their relation to temperuture

Lampaayelllslfll.enpsarlts _
Lampa"llyrtU.3 m~.riCan"UlL__ . . ._._. . p.

Lampa1lyclus ril/tri , __ • _
Lampnllllelu-s regalls - - - - __ - _
DiO(ltllichlhys all'.-lIliells - ._ - - - - - - - - - __
Diogt1lirhlhys/,'temallls - - - - - - - - - - _
E/ectTQIlU spp - . - - - - - - - - - __
Lou.'tilIR rar,, . ~ - - ---- ------_.

~~t~~~~::::: ':.~f;~~:,~~~tm:::: :::::::::::::::::: :::::::::::::::::::::::::::::
TarlrtUllbcullia eTtllu/aTis • - - - -- - - - _

Numbl~r TOlnl nunt-I Depth of Weighted
of Sl'l"ies her of ill- Depth rallge I g,"atest TemperatureI mean tem·
ill which dividuals (m.l abulldance range 1.0 C.l perature
species lakell (nt.1 (0 C.l

oceurrl'd
-----

I.~ 619 S-105 28 9.7-16.1 13.2
15 273 2-138 41 13.3--lfo. I 15.2
19 1i3 2-105 41 11.2-\(l.1 14.5
I 1 56 [,6 ._--._-------- .-- - - - -~. - - - --
2 5 8-;2 72 14.1-16.5 14.6
3 llO 2S-105 72 13.2-16.5 -._----.------

11

20

.:--11' I
Io.~ 9.1-15.3 ll.O

3 56 16.5 16.5
18 2s-105 88 9.7-15.4 14.0
2 88 88 14.a 14.3

66 2S-138 56 9.0-13.4 10.7

I Ba.<cd 011 average depth (ill meters) of the shallowest and deep"sl- h'lUI ill which specimens oecurred.

CalifornilL and off central Baja California. How
ever, L. m,e,'d<-mnm is near the northern limit of its
distribution off southern CnJifornin, while L. I'if
fer/. is near the southern limit of its distribution off
cent.rnl Baja Cnlifornia.

A. sUlllmary tabulation of t.he depth distribu
tions of lanternnsh lnrvne is given in table 13. The
tempernture rn.nge over whieh e-aeh species was
taken also is induded, along with the weighted
mean temperature of oecurrence for each species.
The occurrences in separate hauls are given for
the larvae of Lampa:nyctus letteopsa.rus in table
14, of L. me,t'ica:n-us in tnble 15, of L. I'itted in
table 16, of TllTletonbeanla c'I'en:llla'ris in table 17,
of Dloge-nichthys laternatus in table 18, and of the
remltining kinds of lu-nternfish in tnble 19. The
weighted nverage depth distributions of the five
most cOimnon kind~ of lanternfish lal'Vne are il
lustrated in fignre 12.

Only three species, all belonging to the genus
Lltmpa-nyctu8, were common in the vertieal series.

Lampanyrfu81·ittei'/. had the most widespre-ad dis
tribution of any kind of fish larvae, being take.n
in 19 of the 22 series. L. leu.eopsa:rus and L.
m,e,2~icaJl:!ls each occurred in 15 series.

A not.ttble fenture of the depth distributions of
lanternfish larvae is their paucity above 23 me
ters. Six of the species were not taken in this
st.rat.um; Electront( spp. and Dio(lenicllthys at
lanticus eaeh hnd one occurrence, and only about
5 percent (4-6 percent) of the lal'Vae of Lam
pan!lctus leucopsl/l'us, L. mOJiectMi.oi, and L. rit
ter/. were taken in this layer.

Lanternfish lnrvae occurred mostly in the up
pe,r mixed hLyer above the thermocline or in the
upper part of the thermocline. The three common
species of Lampmlycltls appear to have the shal
lowest, distribut.ions: L. leucopsai'/tS occurred in
greatest nbundance in the hnuls avernging 28 me
te.rs deep, L. 1ne;ricamt8 and L. 1'itte1'i in the hauls
lweraging 41 meters deep. Less tha.n 2 percent of
the larvne of L. leucopiJaI'lls were found to occur

TABLE H.-Depth distributions of the lurvae of Lampanyctus h>UCOPSltruS

Number per haul at average d~pth (m.1 of-
Station Sl'rles Total

___________11__2__ 1_~_1_..!~__2~_~!_1_5_6_--.!._2_ ~~_1~_I~~_I_.:~ --=~_5 _
4104-91.54 .___________________ 0 0 0 0 19 16 0 .______ 35
4105-89.38__ .____________________ 0 0 0 2 2 11 3 • • .______ 18
4105-92.311 • 0 0 5 8 10 2 0 0 _. .______ 25
4106-94,37D __ .__________________ 0 0 0 3 0 0 I 0 0 .______ 4
4llJ6--94.47N 0 0 0 0 3 3 0 0 0 .______ 6
4l06-94.47D_.___________________ 0 0 0 5 0 2 0 0 0 .______ 7
4106-9i.43N_____________________ 0 0 0 0 0 0 I 0 0 .______ I
5206--90.28N_____________________ 0 0 4 148 5 1 0 0 0 0 0 158
5200-90.28D_____________________ 0 0 0 2 I I 0 0 0 0 0 4
5303-91.38N_____________________ 0 0 0 1\5 18 32 3 I 0 0 0 119
5303-9I.38D. .________________ 0 3 5 8 4 38 0 2 0 0 0 60
5305-!I3.50N .________________ 0 0 2 26 12 II 0 0 0 0 0 -51
5305-!13.50D_____________________ 0 0 14 30 48 :J() 0 0 0 0 ll2
5403.94.80N_____________________ 0 0 0 0 0 1 9 0 0 0 __ .______ 10
M0:l---94.80D 0 0 0 0 0 3 6_ .:..:..:..:.::.I__~I--O- 0_~1 9

TotaL____________________ 0 3 30 297 122 141 23 3 0 0 0 619
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TABLE I5.-Depth distributions of the larvae of Lampanyctus mexicanU8

Station ~erlps

Number per haul at average depth (m.l of-
Total

2 8 19 28 56 72 88 105 138 215 285
----·--------1------------------------------- ------------ ----
4105-89.38 . 0 0 0 0 1 0 0 0 -- . .___ 1
4105-92.39 .______ 0 0 1 14 0 0 0 0 --_______ 15

:~~~:~f~::::::::::::::::::::: g g ~ ~ t g g g -------0- ::::::::: ::::::::: ~
4106-9U7N_____________________ 0 0 8 11 0 0 0 0 0 . __ . __ . 19
4106-940470 __ •. __ . ._.___ 0 0 0 0 2 0 0 0 0 ,_, ,__ 2
4106-97.43N_ •• . 0 0 3 20 3 1 0 0 0 .______ 27
4106-97.430 • •• 0 0 0 5 7 2 0 0 0 .___ 14
520fl-9O.28N . 0 0 3 0 0 0 0 0 0 0 0 3
5305-93.50N ._._.___ 0 0 0 2 0 0 0 0 0 0 0 2
5403-94.8ON __ • • .___ 0 0 0 0 0 5 0 --"---9-- 0 0 0 5
5504-107.80 • .____ 0 0 0 0 21 36 21 0 1 88
1;1\04-110.60 . 3 0 0 0 22 4 6 1 0 .____ 36
5504-120.50 • •• 2 3 2 3 5 7 0 0 0 0 0 22
5504-130.60 0 0_1__0 1 15 14 3 0 0 0 0_ =::":':=':I__~

TotaL .__________ 5 3 18 59 78 69 30 10 0 1 0 0 273

TABLE I6.-Depth distributions of the larvae of Lampanyctus ritteri

Number per haul at average depth (m.) of-
Station series Total

____________11 2 8 ~__28 41_~1--72---~~--~-21~1~~ _

4104-91.54 . ... 0 0 0 0 5 0 0 0 .• ... .___ 5
4105-89.38 . . __ .___ 0 0 0 2 0 0 0 0 .•. 2
4105-92.39 . . .___ 0 0 2 15 2 0 0 0 _. . .. _.. _._______ 19
4106-94.37N .___ 0 0 0 0 1 0 0 0 _... . ._ I
4106-94.370 . .. 0 0 0 0 2 0 0 0 0 . ._ 2
4106-94.47N . __ ._._._. 0 0 0 0 1 0 0 0 0 . . . __ . 1
4106-97.43N __ • . __ . . __ . 0 0 0 I 1 2 0 0 0 _ 4
4106-97.430 ._. . 0 0 0 0 5 I 0 0 0 . . . 6
5206-90.28N . . 0 0 1 0 0 0 0 0 0 0 0 1
5206-90.280 __ • ._.... 0 0 1 I 0 0 0 0 0 0 0 2
53fl3-91.38N ._____________ 0 0 0 50 4 0 0 0 0 0 9
5303-91.380 ._._ .. 0 0 1 0 2 2 0 0 0 0 0 5
5305-93.50N .________ 0 0 0 10 0 0 0 0 0 0 0 10
5305-93.500 . .. ._._____ 0 0 0 0 4 0 0 0 0 0 4
5403-94.8ON . .. _._____ 0 1 0 0 0 9 9 0 0 0 19
5403-94.800 . .________ 0 0 2 3 5 10 I 0 0 0 21
5504_107.80. ._______ 0 0 0 3 9 9 8 8 1 0 · 1 1 38
.~504_110.60 . ._________ 0 0 0 0 6 0 3 2 0 _.• 11
5504-120.50_. ... . . .. I 1 0 0 1 5 5 0 0 0 0 .___ 13

---- -------- ---- ---- ._--_. ---------------------- ----
TotaL ._________ 1 2 7 40 44 ·12 26 10 1 0 0 0 173

TABLE 17.-Depth distributions of the larlJae of Tarletonbeania crenularis

Station series
Number pe·r haul at average depth (m.) of-

1 ,-__....__-, ...,__... ....__--;_..:.__, __--,__________ Total

___________1__2 8 19 28 41 56 72__88 ~~~_J_~J_=~~_J~ _
5206-90.28N __ • .. __ 0 0 0 10 3 0 0 0 0 0 0 13
5206-90.280_____________________ 0 0 0 1 8 23 2 0 0 0 0 34
5303-91.38N.____________________ 0 0 0 0 0 0 I 0 0 0 0 1
5303-91.380 . ._______ 0 0 0 0 0 1 0 0 0 0 0 1
5305-93.50N_____________________ 0 0 0 4 2 3 0 1 1 0 0 11
6305-93.500 . . __ ._______ 0 0 0 0 0 2 1 3 0 0 6

Total. • . --0----0---O--15----13--29.--4-==--4----1--0----0\---00

TABLE IS.-Depth distributions of the lartJae. of Diogenichthys laternatus

Station series
Number per haul at s.verage depth (m.) 01-

Total
2 8 19 28 56 72 88 105 138 215 285

--------------1-----------------------------------------

110o _o366422oo

0 0 0 0 0 0 0 1 0 --- ------ --------- 1
0 0 0 0 0 0 0 I -------0- ------~.-

1
0 0 1 2 2 64 36 3 0 --------- 108

o

o
o
o

5504-107.80 __ .. . _
5504-110.60 _
5504-130.60 . _.' _

-------------- ----------- ------- -'---------------TotaL .. . _
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T A.BLE 19.-Depth distributions of the larvae of other 71l1Jctophids

Station series
I Number per haul at an average depth (m.l of-

I I I
Total

____________1__2__8__19__28__4_1 56__7_2 88_~~~~ __

Dlogeniclltllg, allanticu,: I I4106-94.37N ._ 0 1 0 0 0 0 0 .________ 0 0 . . I
5403-94.80N_________________ 0 0 0 0 0 I 3 .________ 0 0 0 _. . 4

TotaL_.. --0---1--0--0·--0----I --31---===--0--0--0-==--5

Elec~O:~~~Jt__________________ 0 0 0 0=- 0 0 0 • .. 1 . 1
4106-94.37N ._____ !l 0 0 0 0 0 11.----0

---. 1 • __. .__ 2
4106-94,47N .__________ 0 0 0 0 0 1 2 .________ 2 0 5
5206-90.28N ._•• 0 0 0 0 0 I 0 .________ 0 0 0 0 1
5303-91.38N . ._.______ 0 0 0 . 0 0 0 I .________ 0 0 0 0 1
540lHl4.80N_________________ 0 0 0 0 0 0 0 .________ 3 1 0 4
5403-94.80D ._ 0 0 0 0 0 0 0 .________ I 0 0 ._ 1
5504-107.80 ._ 0 0 0 0 0 0 0 0 0 3 •• _ 3
M04-12O.50 ._ 0 I 0 0 0 0 0 I 0 0 0 _. ._ 2

------------------_._--------------
TotaL .________________ 0 0 0 0 2 4 8 4 0 0 20

===---:======---=======----==------:....-========
Lampanl/tlus rll/1ali,:4106-97.43N_ 0 0 0 0 0 1 0 _.• 0 0 . __•• .•_ 1

LOIPtina rara: 5504-130.60________ 0 0 0 0 1 2 0 0 0 0 0 ._ 3
==============

MI/ctopllum cali/omieMr:4105-92.39 ._____________ 0 0 0 2 0 0 0 0. .• 2
4l06-94.37D __ .. _. ._ 0 0 0 0 0 0 0 .________ 1 0 . __ .______ 1
4106-94.47N .__ 0 0 0 0 2 0 0 0 0 • 2
4106-97.43N. ___ 0 0 0 0 0 2 0 0 0 2
5403-94.80N. .______ 0 0 0 0 0 1 0 0 0 0 . 1
5504-107.80 .______ 0 0 0 0 0 0 2 6 2 0 9
5504-120.50 • 0 0 I 0 0 I 0 1 0 I 0 0 0 0 ------.- 1

TofaL --0---O---0---2--2--4---2--5'--3---0--0 ====--18

Ml/ctopllummorgaritalum:5504- ============1=
iil/·&i ·· 1 0 I 0 I 0 I 0 I 0 I 0 I 0 I 21 0 I 01--------1---------1 2

below 88 meters. About 4 percent. of the larvae of
L. 1newica'fl.U8 and L. ritteri occurred below 88
meters.

Infonnation on depth distributions of the eight
other· kinds of lanternfish larvae is suggestive,
although fragmentary. Larvae of Diogenichthys
l-atemat'll,s were mostly taken in one series (108
larvae at 5504-130.60), hence our information on
the depth distribution of this species is almost
wholly confined to the distribution at a given
place at a given time. In this situation, D. later
natus occurred at the bottom of the upper mixed
layer. Although la.rvae of Tarleton'beani.a cren1t
la-ris, Myctopkunt aalijorn-ie-nse-, and Ele.ct-rona
spp. occurred in 6 or more series, the largest num
ber of individuals of each that were taken in any
one series was 34, 9, and 5, respectively. Despite
the limited material, it is evident that the larvae
of all three species have somewhat deeper vertical
distributions than the larvae of Lmnpanyetus.
Electrona spp. have the deepest dist.ribution of
any of the lanternfish iarvae: about 60 percent of
the larvae were taken at depths of 105 meters or
below.

The temperatures at \vhich the three common
species of myctophid larvae were· taken in the

vertical distribution studies reflect their geograph
ical distribution. Larvae of the more northerly
distributed Lampa.nycttts leucopsa1'U8 occurred at
a mean temperature of 13.2° C., larvae of the in
tennediately distributed L. 1'itteri at a mean tem
perature of 14.5° C., and larvae of the more south
erly L. mereicanu8 at a mean temperature of 15.2°
C.

The mean temperatures of occurrence of larvae
of Tarletonbea.ni.a and Electrona spp. were several
degrees below that. for the other lanternfish larvae;
1'Q"!l'leton'beani.a larvae occurred at a mean tem
perature of 10.7° C., Electr01uz larvae at 11.0° C.
These temperatures are quite similar, yet the
larvae of Elect.,.ona are taken considerably farther
south than those of Tm'l-eto·nbeani.a. This is made
possible by the greater dept.h at which Elec.t-ro1Ul
larvae occur.

There are not. many stations at which it is pos
sible to compare the depth distributions of dif
ferent kinds of myc.tophid larvae. At most sta
tions where species of La1npanyctuJ8 occurred to
gether, their depth distributions were fairly simi
lar. The distributions of L. letWOp8a.1'1.t8 and Ta.r
leton'be(J;nia crenula:ris were similar in 5206
90.28N but TarletorWeania larvae had a, wider
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FIGURE 12.-Welghted average ,'erticnl distributions of the larvae of five species of myctophids.

depth range at. stat.ion 5305-93.50N. There was
a more ma.rked cont.rust in the distribut.ions of t.he
larvae of L. me.ricam.u8 and Dioge'll.ic.hthY8 later
natu8 at sta.t.ion 5504-130.60: 29 of the 33 larvae
of the former species occ-lUTed in the hauls aver
aging 41 and 56 meters deep, while 100 of the 108
larvae of D. la.te1'lId.fu.s were taken in the hauls
averaging 72 and 88 meters. Henoo, at t.his local
it.y the larvae of these t.wo species were fairly well
separa.ted in their depth distribut.ions.

Leuroglossus stilbius

Larvae of Leul"oglo88"/l8 8tilbiws have the deep
est dist.ribution of any of the species st~died.

They have been taken in t.he bottom haul of a
number of series, hence must. occur at. st.ill deeper
levels t.han those sampled in taking vertical dis
tribut.ion series. This is the only common species
t.aken in vert.ica.} series for which it was found t.hat.
the la.rger proport.ion of the larvae occurred be
Iowa depth of 100 meters.

Leul'oglo88u,s larvae were taken in 16 series, eggs
in 5 (table 20). The weighted average vert.ical .
dist.ribution of larvae is shown in· figure 2, d. The
depth of occurrence of larvae appears to be in
fluenced by the depth of the the.rmocline. The

shallowest thermocline encountered while taking
vert.ica.! series was at station 5206-90.28 N, and
here the larvae occurred nearer to the surface than
in ot.her series. At several st.ations where both
day and night. series were taken, the. larvae had a
somewhat shallower distribution in the night
series.

The verticl\1 distributions of eggs and la·rvae
of Leu.roglo88lf8 are illustrated in figure 13. The
depth range of eggs and larvae is fairly similar
at. stat.ion 5504-120.50 (fig. 13, band e). Exoopt
for a few larvae at the surface, no eggs or larvae
were taken in t.he upper six hauls, and both eggs
and larvae were taken in the five lowe.r hauls.
Abundance wit.hin the zone of occurrence differed
for the t.wo en.tegories: the largest. number of eggs
occurred in t.he haul fiveraging 110 meters deep;
the la.rgest. number of larvae was obtained in the
haul averaging 137 met.ers deep.

Both eggs and larvae were exceedingly a.bun
da.nt at station 5303-91.38. Over three times as
many eggs were taken in the night series as in the
day, possibly indicating a difference in the water
mass being sampled during the. two periods. In
the night se.ries most eggs were taken betwe.e.n the
surface and 88 mete.rs (fig. 13, c.), with a ma.l'ked
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TABLE 20.-Depth distributions 0/ the la71Jae and eggs 0/ Leuroglossus stilbius

Station series
Number per haul at average depth (m.) 01-

Total

2 8 19 28 41 56 72 88 105 138 215 285--·--------1----------------------- _
Larvae:4104-91.54_ -_________________ 0

4105-92.39. - ._____________ 0
4106-94.37N __ .______________ 0
4106-94.37D .____ 0
4106-94.47N •• _ 0
4106-94.47D __ _ _ 0
4106-ll7.43N __ - •• __ .__ 0
6206-llO.28N__ - ._.______ 3
52O&-9O.28D. _ 0
5303-9I.38N __ ' 0
5303-91.38D. 0
5306-lI3.50N __ ' 0
5306-lI3.50D. • __ • .__ 0
5403-94.80D_ - .__ 0
5504-110.60_ _ __ _ 3
5504-120.50 .______________ 4

0 0 0 0 9 9 --_._--~. --·----3· ---- ... -- ----_._.- --------- 180 0 0 3 59 5 --.- ... -- ._-._---- --------- 700 0 0 I 0 0 I .._------ --._--- .. 20 0 0 0 0 I 0
--. ----0-

--------- --------- I0 0 I 4 9 5 I 2 --------- ...------ 220 0 0 0 0 I 0 0 --_._-.-- .._------ I0 0 0 0 0 I 0 0 -----·-6- --.----- - I0 0 22 10 4 4 5 5 I 600 0 0 I 8 14 4 I 0 2 300 I 0 0 104 260 II 6 57 21 4600 0 0 6 0 10 32 23 3 740 0 2 0 II 2 10 0 0 0 250 0 0 0 0 3 4 0 0 70 0 0 0 0 0 0 1 0 I0 0 0 0 0 0 0 2 ---. ----- --------- 50 0 0 0 0 9 11 12 --- ---iii-
6 -._------ 61---------------------------------------

TotaL.____________________ 10 0 I 25 25 204 324 Il 85 57 72 24 838
========---== ===

Eggs:
5303-91.38N_________________ 102 91 270 1,160 981 7,428 2,873 __ .______ 46 0 38 39 13,028

=::::g::::::::::::::::: aug -31~ 27~ 51~ ~ 6~ 23~ ::'::::::: 1,I7g r ~ ::::::::: 4.1~
5504-120.50_ ----------------- Ii 0 0 0 0 0 26 1151 160 54 1 .•.••• 362

Total - --- _•• _... _• -413- ----;n~11;76~ 8:'125 --a.I36--rn1:381--63- -,--43- ---39- -17,5M

eOlleentra.tion at approximately 54 meters (7,428
eggs in t.his one haul). The eggs in t.he day
series ,\yere most!~T t.aken het,veen tlle surface an<:l
122 meters (fig. 1,3, d), with the largest concen
t.ration ut 92 meters. La,l'vae we·re about six times
as a.bundant in the night se.ries as in the d:ty. In
t.he night, series most. la,rvae oecurred in t.he hauls
made bet-ween 54 and 291 meters, with the largest
coneentration at. approximately 68 meters (fig.
13, a.). Most- larvae in the day series occurred in
Contiguous hauls with a.verage depths of 92 and
139 meters.

The lower limit of the temperature of ()('.cur
renee of Leul'oglo881l8 larvae in vertical series is
not, lmowll, since temperature observa.tions were
not available for some of the deepe.r lutUls.

Larvae were taken at tempe.ra.tures at least as low
as 8.6° C. Nearly half of t.he occurrences were
at. ten1perat.u.res belo'v 10° C., Rnd barel~7 a fourth
of the ()('currenees were at temperatures above 12°
C. The overall temperature range for larvae was
8.6 0 to 16.60 C. The temperature range for eggs
was from 8.60 to 15.3° C.; wit.h more OCCUlTI'nees
at temperatures above 12° C. than below.

Bathylogus we,ethi

Originally dese,ribed from off Monterey, the
type loc.ality has since proved to be nea·r the north
ern limit of the range of this spec.ies. The larvae
are widely distributed off southern California
and Baja. California. The larvae of this species
were ta.ken in six series, the eggs in six (table 21) .

TABLE 2 I.-Depth. distributions 0/ the larzoae and eggl' 0/ Bat,hylagu8 wesl't.hi

Number per haul at average depth (m.) 01-
StatIon series Total

__________1__2__8__1_9__28 4_1 56 7_2__88__1_105__~3_8 2_15__285 _

Lar5~.50D. .________ 0 0 0 0 0 0 0 I 0 0 ._____ I
5403-94.80N ._____ 0 0 0 0 0 0 2 0 0 0 2
5403-94.80D_________________ 0 0 0 0 0 5 0 0 0 0 5
5504-107.80 ._.___________ I 0 0 0 0 0 2 38 20 5 6li
5504-110.60_.________________ 0 0 0 0 0 2 0 I I _ • • 4
5504-120.50.. 0 0 0 0 I I 4 0 0 -------0- ---. 0 .::___ 6

-----------------------------------------
TotaL____________________ 1 0 0 0 I 8 8 39 22 5 0 .. 114

Eggs: 0 I = 0 -- 0 - 0 = 12 - 45 ==- I ==1= I ~~ == 61
5403-94.80N -.-------------- 205403-94.80D. . .______ 0 0 0 0 4 8 8 0 0 0 • _
5504-107.80 .______________ 1 I 0 0 0 I 2 8 12 1 • .__ 26
5504-110.60 • ._________ 1 0 I 0 I 5 12 31 41 _. .____ 92
5504-120.50 .________ 1 2 2 0 o' 0 2 1 0 0 0 • __ ._ 8
5504-130.60__________________ 0 0 0 0 0 I 2 0 0 0 0 ._____ 3

I .. __ .____ 210Tota1. • _ ---------------------------------------
3 3 0 27 71 40 54 2
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FIGURE 13.-Vertical distributions of Leuroglo88ft8 8tilbiltB larvae and eggs in separate series. with superimposed tem
perature profiles.

The only series in which larvae were at aU com
mon was 5504-107.80. Except for one larva in
the surface haul, all larvae occurred in t.he ·four
lower hauls, having average depths of 70, 88, 111,
and 142 meters, and t.he greatest. numbers of
larvae were taken in the t.wo middle hauls of this
group.

Of the 84 larvae collected in aU series, only 2
were t.aken in the upper 50 meters (ta.ble 4). A
smaller proportion of the. larvae of Ba.thylagUIJ
'we-sethi than of LeuJ'ogloss"!ts stilMus were t.aken
in the deeper hauls, and tJlere is no clear-cut evi
dence that larvae of B.wese-thi occurred below
the leve.Is sampled.

Eggs of B. 1l'esethi were ruther common in two
series (5403-94.80N and 5504-110.60). In t.he
fonller series, most eggs occurred between 50 amI
100 meters deep (fig. 5, e), in the latter sel'ies,
which extended only to approximately 105 meters
the largest numbers were ta.ken in t.he bottom ha.uI.

Other Deep-Sea Smelts

Larvae of five additional species of deep-sea.
smelts were t.a.ken in the vert.ic.al series (table 22) ,
but only one spedes oc.curred in even moderate
abundance. Most. occurrences were within 01' be~

low t.he. thermocline.

An undescribed species of Bathylagus was taken
in 13 series, mostly less than 5 individuals pe.r
series. Most. of these larvae were obtained
bet.ween 50 and 100 meters deep. This species is
more nort.herly in its dist.ribution than Bath.y
lagus 'wese-tM, and the occurrences off cent.ral Baja
California. are near t.he southern limit of its
distribution.

The Nan.se11:ia. sp. is a.Iso probahly undescribed.
There nre two or three spedes of t.his genus in
t.he eastern North Pacific, none of which has be.en
previously reported.
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TABLE 22.-Depth distr£butions of the la1'1.'ae of other deep-sea smelts

Number per haul at average depth (m.l 01-
Total

2 8 19 28 41 56 72 88 105 138 215 285

-----------------------------------------
ATgtnlina Bialis:

5206-90.28N. __ •. _
5504-120.50.• _. _

o
o

o
o

o
o

I
o

o
o

o
o

o .__
o 0

o
1

o
2

o
o

o
o

I
3

TotaL . _ o o o o o o o 1 . 2 o o
===============

Ra/hylagus alasca n liS: 540:l-94.80N_ 0 0 0 0 0 0 __ .______ 0 0 0 ._ 1

Balhylaglls sp.:
4104-91.54._. _
4105-92.39_ .• _
4106-94.37N. _
4l06-94,37D ..
4100-94.47N _••• . _
4106-94.47D __ • .. _
4106-97.43N . _
5206-90.28N __ • . _
1i303-91.38N. _
5303-91.38D ._ . ._
5305-93.50N _
5504-107.80. . _
5504-120.50 . _

0 0 0 0 0 3 2 -_. -~- --- ----.---- ·4 _. ____ • .--- .---- ---- -- --- 5
0 0 0 0 0 14 0 0 --.-.---- -----_. _. 14
0 0 0 0 0 0 1 1 .. --.. --- -- ---- - -- 2
0 0 0 0 0 0 0 I 0 _. ------- . ----- - -- I
0 0 2 1 0 2 1 0 0 ------ --- .----- --- 6
0 0 0 0 0 0 2 0 0 --------- _. --.---- 2
0 0 0 0 0 I 0 0 0 ------ --- .-.-.---- I
I 0 0 1 0 0 0 0 0 0 I 3
0 0 0 2 0 0 6 0 0 0 0 8
0 0 0 0 I 0 0 0 0 0 0 I
0 0 0 0 0 2 0 0 0 0 --- -. - - -. 2
0 0 0 0 0 0 0 0 0 1 - -- --- --- --- --- - _.
0 0 0 0 0 0 I 0 0 0 0 ------ - --

TotaL. . _ o 2 22 13 o 2 o 47
============----====

.\firTos/orna sp.:
5206-90.28N . _
5206-90.28D _
M03-94.80N _

o
o
o

o
o
o

o
o
o

o
o
o

o
o
o

I
o
o

o _
I _
o . _

o
o
3

o
oo .

o 0
o 0o _

I
I
3

TotaL . _ o o o o o I _ 3 o o o 5
===== ==-=====Nal!senia sp.: 5504-107.80 .____ 0 0 0 0 0 0 0 0 0 2 . .____ 2

Vinciguerria iucetia

The eggs a.nd larvae of this species are not. as
well represented in vert.ical series as would be an
ticipated from t.heir abundance in the CCOFI
a.rea, (t.able 23). The weighted aTerage vertical
distribution of larvae. is shown in figure g, e. The
only series in which the larvae were common WitS

5504-130.60. The thermoclin~ was deep at this
station, as was evident from bnthythermograms
made at the station. These records were subse
quently lost. The ]n.rvae were distributed in the
uppe.r mixed layer (0-80 metel's), F inci(J"/lf'.1·ria

eggs had a wider depth distribution Itt this station
than the lal'Vne (5 to 19l meters; fig. 5, d).

Eggs occurred in all hauls of the shallow series,
5504:-110.60, the deepest haul of which a.ve.raged
lOb meters,

Other Larvae

Limited information on the vertical distribu
tion of 16 ·kinds of larvae. is given in ta.ble 24.
Larvae of ()h,l'o'nds pu;nctip-i:nnis" (blacksmith) and
of .8phyme-na aI·yen-tea. (barrllcuda), each taken
in t.hree series, occ-urred only in the two shallow
est. hauls. The la.rvae of another commereially
important species, Palometa sim..illhna" (pom
pallo), occurred between tIl(' surface and 48 meters
deep.

Station series

TABLE 23.-Depth distributions of the larvae and eggs of Vint'iguerria lucetia

Number per haul at a\'eTage depth (m.) 01-
Total

2 8 19 28 41 56 88 105 138 215 285

Lal'vae:
4106-97.43N_________________ I 0 0 U 0 I) 0 0 0 .____ 1
5504-107.80 .______________ 0 0 0 0 2 q 8 4 0 0 .____ 16

~~g~:~:::::::::::::::::: ~ Y g g ~ ~ I~ ~ g -------ii- -"'---ii' ::::::::: 2g
5504-130.liO .______ 2 0 29 33 41 6 I 0 0 U 0 .____ 112

------------------ --- ---- ------ ------ ----
Eggs; TotaL.____________________ _ i_I _ 2~ _ 33 __ 4~ = 10 = 20 1=_ I~ =_ 3 =_ 0 = 0 :.::-- .:..: = 159

5504-107.80__________________ 0 0 0 0 0 0 0 0 4 2 .________ 6
5504-110.60__ • ._____ 3 9 12 I 13 8 4 11 14. .____ 75
5504-130.60__________________ 0 4 4 12 15 15 13 10 1 I 0 0 -- .• __ ... 74

TotaL. •• ._______ 3 13 16 13 28 23 17 21 19 2 0 .____ 155
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TABLE 24.-Depth distributions of other larvae taken in vertical distribution series

Station series
Number per haul at average depth (m.l 01-

Total

2 8 19 41 56 72 88 105 138 215 285
,---------1---------------------------------------------
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Argyrope!erlls spp.:
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TABLE 24.-Depth distributions of other larvae taken in vertical distribution series-Continued

Station series
Number per haul at average depth (m.l oC-

Total

2 8 19 28 41 56 72 88 105 138 215 285

--------,----------------------------
Tracllgpt,rlll ru,almonorum:

5403-94. SON •••••• _•••• _ 0 0 0 0 0 1 0 .________ 0 0 0 _
M03-94.SOD • ..•. _.__ 1 0 0 0 0 0 0 ._ 0 0 0 _

--------------------------TotaL.___________________ 1 0 0 0 0 1 0 _._______ 0 0 0 __ •• 2

== ======== =
Labrlds:

4105-89.38___________________ 0 2 0 2 0 0 0 0 •• __ • .____ 4
4105-92.39___________________ 6 2 0 0 0 0 0 0 • __ •• _. ••. 8
410lHlU7N .____ 0 1 0 1 0 0 0 . 0 0 • .__ 2
41OtHIU7D .____ 7 3 1 0 0 0 0 .__ 0 0 . .__ 11
52OlHlO.2SN_________________ 26 25 6 0 0 0 0 ._._._ 0 0 0 0 57
5206-90.28D •• 1 0 0 0 0 0 0 • 0 0 0 0 1
5303-9l.38N .____ 0 0 1 0 0 0 0 .__ 0 0 0 0 1
5305-93.lIOD .___ 0 0 2 0 2 0 0 __ ._.____ 0 0 0 .________ 4
51104-120.110 •• 0 0 0 0 0 1 0 0 0 0 0 1

--------------------------
TotaL_. __ • ._. __ ._ 40 33 10 3 2 1 0 0 0 0 0 0 89

Two species have been included under labrids:
HaUehoe'l'es semidnctus and OW!Jjulis ealifomica.
There is suc,h a marked difference in the a,bun
dance of labrid larvae in the replicate series taken
at station 5206-90.28 (57 in night series, 1 in day ,
series) that this must reflect rather mnrked hori
zontal clumping of the larvae associated with a
change in the water mass between the night and
day series. More than 90 pe,rcent of the labrid
larvae occurred above 23 meters.

The few larvae of Oha:Uli.od1tS mac01mi and
l diaeanth'U8 arlfrostomm were taken in hauls be
low 100 meters. A comparison based on closing
and upper net hauls on Norpac confirms the deep
distribution of the larvae of these two species.
The few larvae of Argyrope-lecus spp. taken in
these vertical series confirm the deep distribution
of this category that is so strikingly shown in
Norpac matel-ial (discussed in a following
section).

Larvae of (/yclothone Silp. appear to have a dis
tribut.ion similar to that of Yhwig1lerl'ia lnee-tia.
Larvae of Mela11lphaes spp. (mostly 11. lugUbri8
ltnd M. bispino8us) appear to occur mostly within
or below the thermocline.

Discussion

The, two most striking facts brought out by the 1

present studies on vertical distribution of fish
eggs and la.rvae are the following:

1. Most fish eggs and la,rva.e occur ,vibhin the
upper mixed 'layer or in the upper portion of the
thermoc.line-between the surface and a.pproxi
mately 125 meters. Of the 15 most common kinds

of larvae taken in vertical distribution studies, 12
were so distributed.

2. Within this zone of occurrence, all of the
more common kinds of fish eggs and larvae, showed
marked differences in vertical distribution from
series to series.

In the light of these findings on vertical dis
tribution of fish eggs and la.rvae, it appea·rs to me
that the best method for quantitatively sampling
this parameter is by oblique net hauls taken be
tween the surface and at least 125 meters. It is
impossible to obtain a representative sampling of
fish eggs and la.rvae by sampling at anyone level,
such as a horizontal surface tow. In the four se
ries where sardine eggs were common, from 15 to
85 percent of the total number were taken in sur
face hauls. Similarly, from 0 to 60 percent of
sa,rdine larvae were taken in surface hauls, 0 to 35
percent of anchovy la,rvae, 2 to 50 percent of jack
mackerella.rvae, 0 to 50 percent of rockfish larvae,
and so on.

VERTICAL DISTRIBUTION DATA FROM
NORPAC SAMPLES

Norpac is the name given to the most extensive
simultaneous coverage of an oceanic area that
has yet been made. In July to September 1955,
a systematic. coverage of the North Pacific Ocean,
north of 20° N. latitude, was carried out co
operatively by research groups in the United
States, Canada, and J a,pan. The section of N01'

pac that was occupied by a,gencies participating
in the Californht Cooperative Oceanic Fisheries
Investigations extended from Cape San Lucas,
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Baja California, to the Straits of Juan de Fuca,
and offshore to 1500 W. longitude. The follow
ing discussion is based solely on material Collected
in the CCOFI seetion of Norpac.

Two net hauls were taken simultaneously at
the majority of stations occupied on Norpac. (139
stations)". A closing net was fastened to the tow
ing cable 200 meters below a standard open plank
ton net. The closing net was open~d immediately
before attachment of the upper net and closed
immediately after retrieving the upper net at
the completion of a tow. The upper net was
lowered on 200 additional meters of cable and
then hauled obliquely up,,~ard. The actual
stratum fished by the upper net differed from
station to station, depending on variations in ves
sel speed, state of the sea, et cetera, but averaged
131 meters to the surface. The range in depths
fished by the upper net at different stations was
from 88 to 146 meters. The closing net fished
from depths of approximately 262 meters to 131
meters on the average, but on occasion was as shal
low as 88 meters.

A .comparison of the larvae taken in the two
hauls on stations where both nets were used is
given in table 25. Only those categories are in-

TABLE 25.-0ompariso/& 01 n//mber 01 larvae ta"~en in
upper 'net alld closillgnet hauls at statiO/IS occ//pied
on Norpac, A://g//st-Septcmber, 1955

Upper Closing Total
Percentage

or total
net net both taken in

hauls I hauls I levels closing-
net hauls

Total (139 haulsl ______ 6,358 705 7,063 10

BIJ,dinopa .,.,'ulelJ___________ 8 0 8 0Eng'lJuli, mo,dru:___________ 99 1 100 1
Trad&u,u, 'llmmel'ieus______ 22 0 22 0&/IGBlode, spp_______________ 35 1 36 3CftAlJ'i.lIIl1l1'SPoP____________ 68 0 68 0
Lampanll.lu, eueop'lJ'u,____ 78 1 79 1
LtJmplJnllrlu, memlJnu'_____ 483 1 484 1
Lampanllelu, ,lIle,i. ________ 72 6 78 8LlJmplJnlletu, 'egdis_________ 18 0 18 0
Ta,letonbeanilJ .,enula,i,____ 42 11 53 21
Dlogenielllllll' altanlieus______ 140 24 164 15
DiogenielitAlI' lateTnatu,. ___ .' 203 6 209 3LOtDeina 'a'IJ________________ 10 7 17 41
Mllelopllum rrJi(/o,n!en,e __ . _ 76 8 84 10
Mlletopllum ma,ga,italum___ 25 2 27 7E!erlrona spp_______________ 51 47 98 48Argentiniols 3____ • ___________ 53 32 85 39Vineigtle"ia spp____________ 1.605 30 1,635 2Cr/.loilione spp______________ 615 3 618 1A,gll,opeleeu, spp___________ 21 352 373 ' .• 94Idiaeanillus a-ntroslomu,_____ 58 25 83 .32ClIlJuliodus maeollftL. _______ 5 13 18 72MellJmpllae, spp ________ . ___ 91 15 106 14
leielitAlI' loekingloni. ________ 5 2 7 29TraelillPte,u, spp__________ ._ 8

II~I 91
11Cllromi, pun.tipinnis_____ ___ 10 10 0AU others__________________ . 2,457 2.574 5

I Depth or upper-net hauls approximately 131-0 meters.
I Depth or closing-net hauls approximately 262-131 meters,
I Includes Leu,ogloB,us ,lilbiltB. Ratlllliogu, we,etlli and all other deep-sea

smelts taken on Norpac.

eluded which are discussed in the preceding sec
tions. About one-ninth as many larvae were
taken in the closing net hauls as in the upper net
hauls.

The information from these closing-net hauls
is an interesting supplement to that given i~ the
e~rlier portion of the paper. Actually both strata
sampled on Norpac, 0 to 131 meters and 131 to
262 meters, were also covered in taking many of
the vertical distribution series. The data from
Norpac were much more extensive, however;
hauls were taken' at 139 stations on Norpac, as
compared to the 22 vertical distribution series.
The number of larvae per station was markedly
fewer on Norpac: only 7,063 larvae were obtained
in the combined haul data on Norpac, while 18,045
larvae were taken in vertical distribution series.
Numbers are great.er in the vertical distribution
series, both because larval-rich areas were selected
and considerably larger volumes of water were
strained at each station. In fact, as much water
was strained in taking each haul in a vertical
series as was strained in a single net haul on
Norpac.

Many of the categories discussed in the earlier
sections of the paper are poorly represented in
Norpac material. This is especially true of the
categories that are routinely reported in the series,
Sardine Eggs and Larvae and Other Fish Larvae,
Pacific. Coast (Ahlstrom and Kramer, 1957,
Ahlstrom, 1958). Larvae of hake and Pacific
mackerel were not taken at all, larvae of sardine,
jack mac.kerel, and Sebaatode8 spp. were rare, and
only anchovy larvae occurred in even moderate
abundance (100 individuals.). The vertical dis
tl'ibutions of these larvae in Norpac material, how
ever, were similar to their distributions in the
vertical series-only 0 to 3 percent were taken in
the deeper closing-net hauls.

The most abundant category in the Norpac ma
terial was Vincigue1"1ia spp. Three species are
grouped in this category: V. lucetia, V. nimbaria,
and V. po·we.-riae, listed in order of their abun
dance. The presence of only 2 percent of the speci
mens in the deeper net supports the depth distri
bution of Vineigue·Nia. larvae as detennined from
the less extensive material obtained in vertical
distribution series.

Half of the larvae taken in closing-net hauls
on Norpac belonged to a single genus, Argyro
pelecus. Larvae of this genus are seldom taken
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in regulllr survey net tows, and the reason for this
is apparent from Norpac results. Only 21 larvae
were taken in upper-net hauls, while 352 occurred
in hauls taken with the deeper-fishing dosing net.

Seven other categories of la.rvae had 20 per
cent or more of their numbers in the closing-net
hauls: a.rge.ntinids, I diacanth1t11 antrostomm,
('hauliod'/M nuwm/,ni, 1cichthy8 loakingtoni,
Tm'letonbea,nia arenulm'is, Lo·we.ina 1'o.ra, and
Elect1'ona spp. So few spec.imens of Lew'oglos
81M 8tUbhts and B(dhylaglls 'I.l'e.Se.th.i were taken
on Norp:lc that all larvae of deep-sea. smelts are
grouped toge.t.he.r as a.rgent.inids; about 40 percent
of the specimens of argentinids were taken in the
deep closing-net hauls. Informa.t.ion on depth dis
tribution of Idi{wanthu8 antro8tornU8 is more com
plete from Norpac samples than from the vertical
distribution series; about one-third of the speci
mens were taken in the. deeper net on Norpac.
Inforrriat.ion on depth distribution of I a1.chthY8
loaldngton'i is meage.r in both set.s of data; the
presence of two specimens out of seven in the clos
iiig-net lift,l11s on Norpac indir.ntes ft somewhat
deeper distribution tha.n was not.ed from vertical
dist.ribution series. Larvae of Ohaul1()dU8 were
more common in the closing-net hauls on Norpac
than in the upper net hauls: 13 of the 18 larvae
were from tIle deeper samples.

All 11 eategories of myctophid larvae that. were
taken in vertical dist.ribution series. were also ob
ta.ined in Norpac material. It. is interesting to
compare the depth distributions of the more com
mon kinds, as determined from the two sets of
data (table 26).

Larvae of Lampa'nycfu.8 leucop8aru.lJ and -L.
me.xica.?/.1t8 were almost entirely confined to upper
net hauls on Norpac. These two species had the
shallowest depth distributions of any lanternfish

larvae taken in vertical distribution' series. Some
what more larvlte of L. ·ritte1'i were taken in clos
ing net hauls on Norpac (8 percent of the total)
than was indicated for these levels in verticd se~

ries. It will be recalled that the distribution of
Diogenichthys late.rnatu8 in vertical series ,,;as
based mostly.on a· single series. Larvae of this
species were taken at It number of stations on Nor
pac. Only about 3 percent of the total occurred
in the level fished by the closing net. Larvae of
Elect1'ona spp., which had the deepest distribution
of any lanternfish in vertical series, also had the
highest percentage occurrence in closing-net hauls
on Norpac. A larger percentage of larvae of
Tarletonbeania cl'enula.ris was taken in closing-net
hauls on Norpnc than in deeper levels in vertical
distribution series.

UNDERSAMPLING OF FISH LARVAE
DURING DAYTIME

Silliman (1943) called attention to undersam
pling of sardine larvae during daylight hours,
based on dat.a frOTIl tlle replicate vertical series
t.aken at stntion 4106-94.37 and 4106-94.47. Ahl
stJ:om (1954) gave data on the extent of under
sampling of sardine lal'\Tlle of different sizes in
daylight hauls, based on 626 collections of sardine
larvae. The st.atistics of a linear regression line
fitt.ed to the dat.a show an increase in the ratio
of larvae in night hauls to day hauls of 0.7 for
each millimeter increase in size above 4.75 milli
met.e.rs (811.. =0.96). Thus, the number of 9.75
millimeter larvae in night hauls was five times
as many as in day hauls, and the nUl11,ber of 15.75
millimeter larvae was nearly nine times as many.

A similar analysis has been made for cat.ches of
anchovy larvae. The night/day (N/D) ratio was
found to increase 0.64 for each millimeter increase

T ABLt: 26.-Comparison 01 de.pth distributions of lanternji.sh larvae in Norpac material and vertical distr;butioll seriea

Norpac Vertical distribution serie~

1-------------;--·--------------
Number or larvae takl'll by- Per<'Clltage

I---.,.-----r---I In ~~er
Upper net Closing net Botb nets (262-131 m.l
(131-0 m.) (262-131 m.)

Total
larvae

obtained

Number or Percentage
larvae or total
taken taken
below belOW
100 m. 100 m.

--------------------1----1----1----1----1-·--- ----------
LampanyelllB leueopaaTIIB .. •. •. _. ... _
LamponyeluB merieanuB . __ . . . . _. _.. .
LampanyclllB TillerL ... .. :_. __ . . __

~~o,i~;~~t~~u"Bi~a::;;~i~:i'_-:::~~~::~: :::~:::::::: ::::::::::::::::::::::

~~~:~g:~I~~~~i!~~~i~~~~::::::::::::::: ::: :::::::::::: ::::::::::~:::::

78
483
72

203
42
76
51

1
1
6
6

11
8

47

79
4S4
78

209
53
84
98

1
0.2
8
3

21 \10
48

619
273
173
110
66
18
20

3
1
1
5
5
3

12

1
1
1
5
8

17
60
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TABLE 27.-Diurnal differenc.es in number of larvae taken in 69 replicate ha'uls at station 70.1."10, October 1950

137

Total larvae • • ---- ---- - ---- ----- -- --- --.--

Findguerria luee/ia. __' --- ---- ---- ---- ----- ----------- ---.- - -----
Cyclolllone spp -- --------. -------- - ---- - ----- -.---- - --

~~::y::!:;e:~~·;~~1;i8endi~~::::::::::::::::::::::::::::::::::::::::::::::
~1~f:n~W::;~"iitiiiiiriii_-_-.:::::::::::::::::::::::::::::::::::::::::::::::
E/a/rona spp __ . _• • ---- - --- ----. ---- ---------. ---- - --
LII mpanyelllB rit/eri _. _" --- -- ---- --- --------- -- --------- --
,\1yctOplll1 m ealijornien.e • ----- --- -- ----- ----- -------
ldiaean/Ilua an/ro./omu. _. __ -• ---- ----- --- ---- -- ---- ---- ----- ------
,\Ie/amphaeB SPP. __ ---. -- - - -. --. ----- -------- .------- ---------- ----- ----
Rra ma brama. • • • ----- __ -- ----- ---. ----- -------

Day hauls I Night hauls ITotal all - Ratio
hauls N/D

Occurrences Average per Occurrences Average per
haul haul

7,223
---------~--.. - 49.6

-~---------~--
177.6 3.6

----------------------------
660 14 2.35 31 18.30 7.8
850 14 2.10 32 24.52 11. 7

2.139 31 23.10 32 44.58 1.9
955 III 2.60 32 27.30 10.5
338 i .90 31 9.75 10.8
183 7 .72 22 4.95 6.9
252 10 I. 28 28 6.68 5.2
173 3 .35 25 5.05 14.4
379 13 2.18 28 9. 70 4.4
00.; 16 3.32 31 15.62 4.7
146 11 I. 68 19 2.90 1.7
136 12 1.20 19 3.05 2.5

1 Bas~d on 31 sampl~s. One snmple taken during daylight hours spoil~d becaus~ presen-ath"e ",as Ihlt added.

in size above 3.5 millimeters. Thus, undersam
pIing of larger larvae of anchovies during day
time is in the same order of magnitude as nnder
sampling of sardine la.rvae.

Surprisingly enough, no consist.ent difference
was found between the numbers of jack Inackerel
larvae in night and day hauls.. The night/day
rat.io is close to 1. The IUlalysis was based on
nearly 1,000 sal11,ples containing jack mackerel
larvae.

'When data of larvae of other fishes are analyzed
for night and day differences, most kinds are
found to occur in markedly lower numbers in day
time hauls than in night hauls. The problem may
be illustrated from data obtained on a special
cruise made during October 1950. Three vessels
pn.rticipated in this cruise (cruise 5010), each
holding a fixed geogrnphical posit.ion on line 70
(off :Monterey) while t.aking observations at 3
hour int.ervals over an 8-day period. The data

from st.ation 70.130 (33°33' N. lat., 127°16.5' W.
long.) have been summarized in table 27.

The total number of larvae taken in 32 night
hauls at station 70.130 was 5,684, or an ave.rage of
177.6 larvae per haul; the number taken in 31 day
hauls was 1,539, or an average of 49.6 larvae per
haul. The night/day ratio for all larvae was 3.6.
Twenty-eight kinds of larvae were taken in the
hauls, 12 kinds in some abundance. The night/
da.y ratios for the latter were all larger than one.
The lowest ratio was 1.7 for Melmnphaes spp.,
the- highest 14.4 for Lampanyotus ritteri.

REPLICATE VERTICAL DISTRIBUTION
SERIES

In order to obtain information on differenc.es in
vertical distribution of larvae during da.y and
night, and also on daytime undersampling of lar
vae, replicate vert.ical series were taken at seven
localities. The data. are summarized in table 28.

TABLE 28.-Night VS. daytime sampling of larz'a.e in 7 replicate 11ertical distribution series
[N=nlght ~rics: D=day seri~sl

Number of 1arvac tak~n at statlon-

------------------------------------------------------------- Ratio
gpeci~s 4106-9Q7 4106-94.47 4106-97.43 5206-90.28 5303-91.38 5305-93.050 5403-94.80 Total N/D

I -------------------------
N D N D N D N D N D N D N D N D

-----------.--- ---- ----------------------------
Sardinops eaerv./ea. ____ . __ . 40 6 89 24 1 0 5 3 0 11 0 0 10 4 145 37 3.9
Engrantis mordar ______ . ___ 27 4 217 10 12 0 612 151 12 0 10 20 0 0 890 1805 4.8
Traeh umB BY mmf/rfell•. ____ 0 1 7 0 0 0 26 2 0 0 4 2 52 210 89 215 0.4Swa./ode. spp_____________ 20 46 41 65 0 1 48 33 225 46 124 144 0 0 458 335 1.4
."'Ierlueeilts prodl!l'!I1' _____ . a 11 8 0 1 0 0 0 20 5 n 0 1,753 707 1,785 712 2.5
Lmro"lo88us ./i/hill.____ .. __ 2 1 22 1 1 0 60 30 460 74 25 7 0 1 570 114 5.0
Lampallyctll./en.cop.aru._ • n 4 6 7 1 0 158 4 119 60 51 112 10 Y 345 196 1.8
Lampanye/n. meJ·iea,w.___ 5 1 19 2 27 14 3 0 0 0 2 0 5 0 61 17 3.6
LompallyetllB ril/erL ______ . 1 2 1 11 4 6 1 2 9 5 10 4 19 21 45 40 1.1
All othcrs__ . _______ . __ . ___ . 5 5 34 23 6 2 110 56 83 18 19 34 26 14 283 152 1.9------ "---._--- --- ---- --------- --- ------ --- ------ ----

TotaL. .. ____ .. _____ . 103 70 I 444 132 53 23 1,023 281 928 208 245 323 I 1,875 I !l66 4,671 2,003 2.3
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In all but one replicate series, more larvae ,vere
taken in night hauls than in daytime hauls. The
night.jday ratioS for total larvae in the seven
stations were as follows:

change in abundance of anchovy larvae at station
4106-94.47, decreasing from 217 larvae in the
night series to only 10 in the day, and the day
time increase in abundance of jack mackerellar
vae at station 5403-94.80 (210 larvae in day series,
52 in night). .

It is interesting to note that only one kind of
larva, jack mackerel, occurred in greater abun
dance in day hauls than in night. As pointed
out earlier. this species has .shmvn no consistent
difference in abundance of . larvae between day
and night hauls on regular survey cruises. There
is an inconsistency in the N/D ratio of LlltInpall.y
ctttS ·ritteri as obtained from replicate vertical
series and from repeated sampling at station
5010-70.130. In the replicate series the ratio was
only 1.1, but at station 70.130 the difference in
abundance betwe.en night and day hauls was more
marked than for any other species (N/D ratio
14.4). Individual species are treated in more de
tu,it in following sections.

Fish eggs should be taken in comparable abun
dance in both night and day hauis. Eggs can
neither migrate vertically nor avoid the net.
Hence any differences found in abundance of eggs
in day and night hauls must be due to vertical
stratification or horizontal clumping. The abun
d:1.nce of eggs in three replicate series is summa
rized in table 29. In two instances considerably
more eggs were taken in the day series, in three
instances mOl~e eggs were ta,ken in the night series,
and in one comparison the numbers were about
equal in the two series. Some of the differences
are quite large. Only 3 anchovy eggs were taken
in the night series at station 5206-90.28, but 69
were taken in t.he day series. At station 5303
91.38, Letf,J'oglo88"/l-8 eggs were more than three
times as abundant in night hauls as in da-y hauls.
.'\.. part of this difference is proba,bly due to verti
cal stratificat.ion of the eggs, since 57 percent of
the eggs in the night series were taken at one

2.3

1.5
3.4
2.3
3.5
4.5
0.8
1.9

70
132
23

281
208
323
966

2,003

103
444
53

1,023
928
245

1,875

4,671

N Igbt series Day series

Total larvae take In-
1---...,.----1 N/D ratioStation

Replicate series ha.ve several limitations that
should be kept in mind. For one thing, it is al
most impossible to sample the same water muss
for a 24-hoUl' period. If a geographical position
is maintained, the water mass wm change, slowly
in some localities, i'ather rapidly in others, de
pending on the currents. Furthermore, water
masses will move past the geographical position
at different rates of speed at different levels. If
an attempt. is made t.o st.ay with a water mass.
the investigator is still faced with the problem
of water moving at different rates of speed at
different levels. Furthermore, if larvae are
sharply stratified in depth, the center of abun
dance may be missed on one, or both, of the series
taken at a station. Any horizontal clumping of
larvae will also affect the numbers taken in the
two series.

There are some marked changes in a.bundance
in the replicate series that must be due either to
changes in water mass 01' to marked stratification
or clumping of larvae. Two examples of marked
stratification or clumping are the catch of 148
LlltInp(lInycttUJ leucopso;MtIJ larvae in the 27-meter
haul at 5206-90.28N, and the catch of 1,622 hake
larvae in the haul averaging 64 meters deep at
5403-94:.80N. Two differences which appear to be
due to a change in water mass are the marked

4106-94.37 • _
410&-94.47 • • _
4106-97.43 _
5316-90.28 • _
5303-91.38 ' _
5305-93.50. _
5403-94.80 _

1----1---------TotaL _

T ABI"E 29.-Fish eggs taken i,It replicate l'ertical distrib1/tion series, by station and species

I
20

Station 5316-90.28 Station Station 5403-94.80
5305-91.38

,
Sardinop, El1grauli, Ltltrog/",'It, Sardinopa TraehuTIt' ,\lerlltee;It.' Bathu/aglt'
ro,mlta mordar ,ti/bill' ca,m/ta ,ummttriclt. productlt' lIIntihi

Nlgbt serles____________________________________________ f, 3 13,028 271 1,117 102 6
Day serl@l\--_-------------------------------------------l 3

1

69 4.158 201 2.196 101
---------- -----Total. _________________________________________ •. 9 72 17,186 472 3.313 203 8
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me.ters in day hauls were all larger than 16.26
millimete.rs. These larvae occurred in hauls aver
aging 58, 60, and 73 mete.rs dee.p. Since no larvae
we.re taken below 48 meters in night hauls, it is
assumed that there. was a movement of larger
la.rvae to deeper le.vels in the da.ytime.

Sardine Eggs

A comparison of sardine eggs in the replicate
series at station 5403-94.80 is given in table 31.
The da-y series was taken before the night se.ries
at this station. Each series conbtined eggs of
three to four different ages. Sa-rdine e.ggs eall be
aged without difficulty amI are routinely reported
by age (Ahlstrom and Kramer, 1957). Sardine
spawning is confined to a.limited portion of a· day,
usually' between 8 p.m. and midnight (Ahlstrom
HI43). Beeause of this periodicity, eggs from suc
cessive days' spawning are sha-I1Jly sepa.rated in
stage of development. In comparing the. series
taken at station 5403-94.80, e.ggs spawned on the
night of Mareh ~3-24 are designated "A" eggs;
eggs spawned on the night of March 22-23, "B"
eggs; eggs spawned on the llight of Marc.h 21-22,
"e" e.ggs; amI eggs spawned on the night of
Ma,rch ~0-21, "D" eggs.

B eggs were most abundant in the day series,
C eggs in the night. Since there was a fivefold
increase in numbers of C eggs in the night series,
which is re.fleeted at an depths between 2 to 64
mete.rs, there must have been a change in the water
mass between the times the two series were taken.
There are differences in the depth distribution of
e.ggs of different ages. In both series the largest·
concentrations of Beggs we.re taken in the. surface

31 21 1.5
51 4 12.8
61 7 8.7
2 5 .4

1~5 37 3.9
I

Size r.ategory (mm.)

depth. A comparison of sardi~e eggs at station
5403-94.80 is given in the following section.

Sardine Larvae

Sardine larvae were not particularly abundant
in the replicate hauls. The two best series were
4106-94.37 and 4106-94.47 (table 5) : in the for
mer, 40 larvae were taken in the night series, 6 in
the day; in the hitter. 89 in the night series, 24 in
the day. Silliman (1943) has discussed these par
ticular replicate series llS they apply to the sardine
larvae.

In night series, no sardine larvae were taken be
low 48 meters, while in day series five larvae
occurred below this level. Sardine larvae taken
in replicate se.ries are grouped by size in table 30.
A summary follows:

2.76-6.25 . -- --- - -_- _
6.26-11.25__ . - - - -- _
11.26-16.25 - •
16.26 and larger 1 1 _

TotaL -- --- - _

Although more of the larger sizes of sardine
larvae were taken in night hauls than day, there is
IL discre.paney in the largest size. category. More
la.rvae -of the largest category (16.26 mm. and
la.rger) were taken in day hauls than night. Since
this finding does not agree with the much larger
mass of da.ta available from routine. hauls, it must
be regarded as an art.ifact-. It points up the
variability that is encountered in individual situa
tions, and the need for caution in interpreting d.ata
based on a limited number of observations. In
terestingly enough, the five larvae taken below 48

Night seriesl Day series ! ID ratio

-------------

TABLE 3D.-Comparison of nu.mbers of sardine and anchol'Y larvae ta.ken in -night and day· series, grouped by s·ize

Number taken In night series In size group-
ITOtal taken

Numbe·r takeu In day series In size group-

Station In night
2.76-6.25 6.26-11.25 11.26-16.25 16.26mm. series 2.76-6.25 6.26-11.25 11.26-16.25 16.26 mm. Total taken

mm. mm. mm. aod larger mm. mm. mm. and larger in daJ" series
---

Sardine I$ordinop, Mtrl/lea):41011-94.37__________________ 0 7 32 1 40 0 0 3 3 64106-94047__________________ 17 44 27 1 89 I~ 4 4 2 244106-97.43___ • ______________ 0 0 1 0 1 0 0 0 0 05206-90.28_. ________________ 4 0 1 0 5 3 0 0 0 3M03-9UO__________________ 10 0 0 0 10 4 0 0 0 4
TotaL ___________________ 31 51 61 2 145 21 4 7 5 37

==
Anchovy (E'ngrauli, mordar):

4106-94.37 __________________ 0 12 12 3 27 0 3 1 0 4
4IO'Hi~.47 __________________ 8 195 12 2 217 I) 8 2 0 104100-97.43__________________ 1 4 1\ 1 12 0 0 0 0 05200-90.28 __________________ 164 351 72 25 612 135 15 1 0 1515303-91.38 __________________ 0 7 5 0 12 0 0 0 0 05305-93.50__________________ 0 0 10 0 10 0 2 12 6 20

.. ..
TotaL____________ •______ 173 569 117 31 890 135 28 16 6 185,
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TABLE 31.-Sardine eggs taken in replicate vertical distribution series at station 51,.09-91,..80, by age

Day series (III: 24) Night series (III: 24-20)

Average depth

A

NumOOr of eggs hy age

B C D

Total
eggs

Average depth

A

Number of eggs by age

B C D

Total
eggs

'1:11o16899

------------
35 2 0 37
17 12- 0 29
17 '1:1 0 46
12 33 0 150
9 53 0 65
7 23 0 33
2 8 0 11
0 0 0 0
0 0 0 0
0 0 0 0

o
o
2
5
3
3
1
o
o
o

14

2 m_____________________ 0 68 1 O. 59 2 m _
7 m_____________________ 0 49 2- 0 51 7 m . _
18 m____________________ 0 21 8 0 29 17 m _
28m____________________ 1 13 6 0 20 '1:1 m • _
41 m____________________ 4 9 8 0 21 42 m _
53 m____________________ 2 5 4 0 11 52 m _
68 m____________________ 2 2 2 1 7 64 m _
102 m___________________ 0 1 1 1 3 101 m _
135 m___________________ 0 0 0 0 0 1'1:1 m _
201 m __ •__ ---___________ 0 0 0 0 0 200 m _

---------1----1----11 ---------------
TotaL___________ 9 158 32 2 201 TotaL ~ _

-------1--- ----------1----11---------1---

NOTE.-A eggs-spawned on night oUII: 23-2.4; B eggs-tlpawned on night of III: 22-23; C eggs-spawned on night of III: 21-22; D eggs-tlpawned on night of
III: 20-21.

Leuroglossus Larvae

Larvae of Leu.t·oglo8s1ts stilbhUJ were taken in
all seven replicate series, commonly in two (table
20). At. station 5206-90.28, twice as many larvae
were taken in the night series, while at. station
5303-91.38 where Le1U'oglo8S1tS larvae were most
abundant, over six times as many larvae were
taken in the night series. The night/day ratio of
5.0 for the total of all series is the highest for any
species in the replicate series. The average depth

Jack Mackerel Larvae

Although jack mackerel larvae occurred in five
replicate series, they were common in oniy one
(table 7). At this station (5403-94.80) over four
times as many larvae were taken in the day series
as in the night. This probably resulted from It

change in abundanee associat.ed wit.h a change in
water mass between the times at which the day
and night series were taken. There is no close
correspondence between any of the replicate se
ries. At st.ation 5206-90.28, 26 larvae were taken
in t.he night series, 2 in t.he day se.ries. At station
4106-94.47, seven larvae were t.aken in the night
series, none in the day. These series suggest It

high degree of contagion in the distribution of
jack macke.rel larvae. This species has shown no
consistent difference in abundance of larvae be
tween day and night. collections t.aken on regular
survey eruises.

There was no consistent. increase in night/day
ratio with size, but. unlike the finding for sardine
larvae, all larger sizes of larvae were considerably
more abundant. in night hauls than in day.

4.8

1.3
20.3
7.3
5.2

135
28
16
6

185

173
569
117
31

890

Night series Day series N ID ratioSize category (mm.)

2.76-6.25 • • • _
0.26-11.25 • _

~~::-~~Mger:::::::::::::::::::::::
1----1----1·---Tota1. . _

Anchovy Larvae

Nearly five times as many anehovy larvae were
taken in the night series as in tale day (table 6).
In the night series all larvae were taken between
o and 48 meters, eorresponding to the depth dis
tribution found for sardine larvae. In the day
series, 11 larvae were obtained below 48 meters.
The deepe.r distribution in day hauls must result
from a limited vertical movement of the larvae,
probably due to a negative phototropism. No
larvae were taken below 88 meters in any day se
ries. Abundance by size in day and night series
is given in ta.hle 30.

The night/day ratio of anchovy larvae of dif
ferent sizes is summarized below:

haul, and there was a fairly regular decrease in
numbers with depth. C eggs had their largest
concenti.·ation at 42 meters in the night series, and
decreased in abundance fairly uniformly both
above and below this level. The depth distribu
tion of C eggs in da.y hauls corresponded fairly
well to this pattent. The depth distribution of A
eggs in bolh ~ries was similar; the distribution
of A eggs paralleled the distribution of C eggs
and thus differed from that of B eggs. Hence,
t.he differences in depth distributions of eggs of
different ages were not a result of systematic
changes in level with time, but must reflect dif
ferences in actual depth of spawning.
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distribution of Lew'ogloss1.M larvae in day and
night series was as follows:

Number Percent Number Percent

:2 m~ ______________ . ______ 0 0 3 0.58 m___________ . __________ 0 0 0 019 m. __________ . _________ 0 0 1 .228 m_. ______________ . ____ 0 0 25 4.4
41 m_____________________

7 6.2 15 2.656 m_. _________ . _____ . _._ 8 7.1 128 22,5i2 rn_. __________________ . 29 25.7 272 47.7105 m__ •_________________ 40 35.4 28 4.9138 m. ___________________ 24 21.2 13 2.3215 m__________ . _________ 3 2.7 63 11.1285 m________ . ________ . __ 2 1.8 22 3_9

TotaL. ____________ 113 100.1 570 100.1

Sebastodes Larvae

There is no clear-cut evidence that 8ebastode-1<
larva~. are taken in greater numbers in night haul~
t.ha.n III day hauls. Of the five replicate series in
\vlnch rockfish larvae were common (t.able 10),
the largest numbers were taken in day series at.
t.l~ree stations. -In fact, were it not fo~' the large
(lIfference found at station 530~-91.38 (22!l. htl'vae

In night hauls, the larvae occ-urred at somewhat
shallower depths: 29 larvae were taken above 34
meters at night, none in day hauls. The center
of abundance was bet.ween 48 and 88 meters in
night. hauls, while in day hauls it was bet.ween
64 and 175 meters. However, more larvae were
take.n be:low 88 meters,in night hauls than in day:
1~6 III mght. hauls, fl9 III day hauls. Some migra
tIOn to deepm' levels is indicated for day hauls,
but the migration appears to be of moderate ex
tent. and within t.he zones being sampled in taking
the vertical distribution series.

in night. series, 46 in day) the night/day ratio
would be less than 1. In most series there is no
consistent difference in depth distribut.ion between
the day and night. series. At station 5303-91.38
the larvae occurred somewhat deeper in the night
series than in the day, while at station 5305-93.50
most rockfish larvae occurred at notably shallower
depths in the night series than in the (iay. .

Lanternfish Larvae

Larvae of Lmnpanyctu,sl-eu.copsa.1'us occurred in
all seven replicate series, commonly in three (table
14). At station 93.50 the larvae had identical
depth ranges in the day and night series, but
larger numbers of larvae were taken in t.he day
hauls. At stations 5206-90.28 a.nd 5303-91.38,
la.rger numbers were taken in the night series.
Because of the unusual concentration of larvae
at one level in series 5206-90.28 (94 percent of
total taken in haul averaging 27 meters deep),
this se.ries has been strongly influenced by local
ized clumping of larvae. The clumping may have
resulted from a vertical concentration of larvae
t.hat was missed in daytime sampling, or a hori
zontal concentration that was missed in daytime
dU~ to a change in the water mass. The night/day
ratIo of 1.8 was strongly influenced by this haul;
without the day and night hauls from this level
at station 5206-90.28 the night/day ratio for
replicate series would approximate 1. .

Larvae of La1llpanyotu8 mBxioanus occurred in
six replicate series, usually in small numbers
(ta:ble 15). In e.ach instance, more larvae were
taken in night series than in day, and the larvae
had a somewhat shallower depth distribution in
night series. Larvae of L. mexicanu.s in the repli
cate series were limited to four levels with average
depths of 19, 28, 41, and 56 meters. Approxi
mately 83 percent of the larvae taken in night
series occurred at the 19- and 28-meter levels,
while 70 percent of the larvae taken in day series
oecurred at the 41" and 56-meter levels.

La-rvae of Lam.panyct1l,~ ritte·,.i occurred in
small numbers in all seven replicate series (table
Hi). The night/dny rntio is only slightly greater
than 1. It is difficult to reconcile this finding
with the night/day rat.io of 14.4: based on repeated
hauls taken at station 5010-70.130. There is no
consistent difference in de.pth of occurrence be.
tween day and night series.

Night seriesDay series
Average depth

Hake Larvae

J:Iake larvae were common in only one replicate
serIes (5403-94.80), alt.hough t.hey occurred in five
(ta,ble H). At three st.ations, larva,e were htken
only it~ the nigh~ series (one t.o eight larvae). In
t.he serIes at statIOn 5403-94.80, most of t.he larvae
t.aken in t~he night. series occurred at one level (68
met.ers) ; III all other hauls t.aken bet.ween the sur
face and approximately 105 meters there were
\l1.?re lar~ae in t.he day series than in'the night at
t.ln~ st.atIon (fig. 10, a and b). The night/day
ratIO of 2.5 for hake larvae. is so markedly in
fluenced by one haul that little reliance can be
placed on this rat.io. Hake larvae had similar
depth ranges in both t.he day and. night series.
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Discussion

In summary, there are marked differences in
ttbundance of sa-rdine, anchovy, and Lew'oglossus
larvae in night collections as compa-red with day
collections. For all three species, there is evidence
of a- limited vertical migration, but no evidence
t.hat the larvae migrate below the levels sampled.

Most other species (8ebastodes, lanternfish,
ha.ke) were taken in somewhat larger numbers, on
the average, in night collections, but not neces
sn.rily so at any given station. The larvae of most
of these were taken at approximat.ely t.he same
levels in day and night series, but larvae of
Lampany('f'/loS mexlcanu,s occurred somewhat
deeper in day hauls than in night. Abundtlllce. of
jack ma.ckerellarvae does not appear to be affected
by time of collection.

There are a number of papers which have called
attention to t.he disparity between day and night
catches of larvae, particularly clupeid larvae.
Bridger (1956), for example, reported that seven
times as many herring larvae were taken in night
collect.ions as in day collections during five cruises
made in 1952 and 1953. Bridger has summarized
much of the previous ,vork on da.y and night vari
ation in catches of fish larva.e. F. S. Russell (1926,
1928, and others) has done the most extensive re
searc.h in this field. A rather typical finding re
ported by Russell (1926) was the difference in pil
chard catches bet.ween night and day series taken
on .July 15-16, 1924: pilchard larvae 5 to 10 mm.
in length were 6.0 times as abundant in night. col
lections, larvae between 11 and 20 mm. in lengt.h
were 13.9 times as abundant.

Both Silliman (1943) and Ahlstrom (1954)
ha-ve suggest.ed t.hat the lower catches of larvae
during daylight hours must result. from avoidance
of t.he net. by the larger larvae. Bridger (1956:
55) came t.o the same conclusion. He stated that
"On the evidence presented it. seems almost cer
tnin that the lower catches by day a.re due t.o the
abilit.y of the lnrger larvae to avoid t.he nets in
daytime. This would explain t.he increasing
night./day rat.io obta-ined fiS the larvae develop
and become more agile.~~

SUMMARY

Informat.ion is given on t.he vertical dist.rihu
tion of 46 kinds of fish larvae and 8 kinds of fish
el!~, hased on 22 vertical distribut.ion series made

off southern California and central Baja Cali
fornia in 1941 and 1952 through 1955. Each se
ries consisted of 6 to 11 hauls taken with closing
gear at successively deeper levels.

Most fish larvae were found to occur in the up
per mixed layer and in t.he upper part of the
thermocline between t.he surface and approxi
mately 125 meters. Of the 15 most common kinds
of larvae taken in vertical dist.ribution series, 12
occurred within this depth range.

All of t.he more common kinds of larvae showed
marked differences in their vert.ical distribution
from series t.o series.

Larvae of the four pela.gic fishes of considerable
commercial importance in California-Pacific
mackerel, Pacific sardine, jack mackerel, and
northern anchovy-had the sha.Ilowest depth dis
tributions of any of the more common kinds sam
pled. Bet.ween 79 and 99 percent of the larvae of
t.hese species occurred above 50 meters.

Rockfish larvae were as commonly t.aken within
t.he thermocline as above, but they were not taken
below t.he thermocline. Larvae of Oitharieh.thys
spp. were taken between the surface and 88 meters.

Larvae of lanternfish (myctophids) were sel
dom taken in the upper 23 meters. Larvae of the
three most. common species of Lampanyctus in the
CCOFI survey a.rea (L. leu,cop8a1'U8~ L. 'tnexican
us, and L. ritte'ri) occurred mostly between 24 and
64 meters. Larvae of Eleet·rona spp. were found
t.o ha.ve the deepest distribution of t.he lanternfish
studied. The gonostomatid, Vincigu,e'rl'ia l1wetia,
occurred between the surface and 122 meters, with
the largest concent.rations occurring between 24
and 48 meters.

Three common kinds or larvae OCCUlTed in
.greatest abundance within or below the thermo
cline: MerluceiuoS p1'oductu-s (hake), Leuroglo8
8m 8tilbiuoS, and Bathylagu8 wesethi. The depth
distribution of Leuroglo8sU/J larvae was not com
pletely covered by hauls extending to approxi
mately 285 meters.

Temperature data tll'e given for the more com
mon fish larvae taken in vertical distribution
series.

Replicate vertical distribut.ion series were taken
at seven stations, one in daylight hours, the other
during darkness. More larvae were taken in the
night series Itt six stations; the night/day ratio
for the seven series combined was "2.3. Larvae of
Le'l.llroglo88UJJ, anchovy, and sardine showed the
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most marked differences between day and night
series (4 to 5 t.imes as many as in night series,
on the average). :Most other species (Sebastodes,
lanternfish, hake) were taken in somewhat larger
numbers, on the average, in night collections, but
not necessarily so at any given station. Abun
dance of jack mackerel larvae did not appea.r to
be affected by time of collection.

Diurnal differences in abundance of larvae have
been observed also in regular survey collections,
and in studies involving repeated occupancies of
a station. An example of the latter is discussed
repeated occupancies of station 70.130 at 3-hour
intervals for an 8-day period in October 1950.
The night/day ratio for all larvae collected in
63 hauls at t.his station was 3.6; the variation in
night/dRy rat.ios for individual species was from
1.7 to 14.4.

A comparison of the catches at two levels on
Norpac (upper, 0--131 meters; lower, 131-262
meters) supplemented data obta.ined from vertical
dist.ribution series; 26 kinds of larvae occurred
in both Norpac material and vertical' series.
About one-ninth as many larvae were taken in
the 131 to 262-meter level as in the 0 to 131-level
on Norpac. Half of the larvae taken in the
deeper level belonged to a single genus, A:rgyro
pelec·u.s,: in addition, seven other kinds of larvae
had 20 percent or more of their numbers in this
level on Norpac.
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APPENDIX

Ha.ttl data for the 22 series of dosing net hauls
are given in the following table. It is included in
an appendix rather than in the text because of its
length. For ellch series the following informa
tion is given.

Station position is the position at the beginning
of a series. At intervals during a series the vessel
was brought back to the starting position, but
some hauls were taken several miles away from
the. posit.ion listed.

Station number, as for example, 4105-92.39.
The first group of figures ident.ifies the yea.r and
month of collection. Thus, 4105 refers to coHec-
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tions made. in 1941 during the fifth month. The
second group identifies geogrn.phic posit.ion in an
a.rbitrary but consistent. numbering system of a
grid pattern, oriented roughly parallel to the gen
eral trend of the coastline along California. and
Baja California. The figures be.fore the de.cima.l
in the ~eond g1'OUp refer to the station line, those
following to position on the line. The pivotal
station in the grid is station 80.60 (34°09' N.,
121°09' 'Y.) locate.d about 40 miles offshore from
Point Conception. The coastwise base line.
t.hrough this point has a true. bearing of 3300

•

Station lines are· oriented at right angles to t.he
base line on a. mercator projection. Numerical
value assigned to a station line. increases to the
south of the pivotal stat.ion (or decreases to the
north) at the rate of 12 miles for each unit. The
numerical value assigned to a. st.ation on the. line
increases (or decreases) by one unit for each
4-mile interval from the base line (drawn through
station 80.60).

Date, midt.ime of haul, and duration of haul in
minutes a.re self-explnnntory.

l\Tire out.. 'When two values are gh'en for wire
out, such as 140-160 meters, the net was opened
with the longer length of cable payed out (160
meters, in t.he example), raised in steps during
the haul to the lesser value (140 meters) and
closed at this depth before being brought to the
surface.

Range in dept.h is the shallowest and deepest
depth reached bX the net. during a haul, deter
mined from·the cosine of the a.ngle of stray of the
towing wire from the vertical, multiplied by the
length of the t.owing cable. Determinations of
the angle of stray of the towing wire were made
at minute intervals in 1941, at hnlf-minute inter
vals in 1952 through 1955.

Middepth of haul is the average of t.he depth
determinations (usually 15 to 20) made for each
haul.

Tempe.rature determinations are based on
bathythermograms. Usually three bat.hythermo
graph casts were made for each series~one im
mediately before, one during', and one immediately
after completing a series.

<\'PPENDIX TABLE I.-Data on 22 series of closing net h.al/Is lor determining the l'e-rUral distribution of fish eggs and larva e

Station and haul Date
Midtime
ofhsul

Duration Middepth Range in
of haul Wire out (In.) of hs.ul (m.l depth (m.)
(min.)

Temperature
Sot midde.pth

(0 C.l
-----------1-----1------1----·1------ ----

Position, 32°29' N., 119°26' W.:4104-91.54-1. ._. _. IV-30-41. _
-2 . _. .. .. do _
-3 • . . _.. . do . __
-4 . . . . . do . _
-5 . . do _
-6 ._ __ _ _ do • _
-7 • _•. __ . .do _

Position, 33°20' N., 118°33' W.:
4105~~9.38-1.. ._._._ V-2-41. . _

-2 __ .. . . .do . _
-3 • • . _ _ .. __ do_. _
-4 . do _
-5 ••. _. . do _
-6 . ._ .do... _
-7 . ._._. ._ .. . do . _

Position. 32°50' N., 118°18' W.:4105-92.39-1. ___ __ _ __ _. _do __ . _
-2_ .•• •__ . . do .. __
-3 .• • ._ _ __ __ . do .. _
-4 do _
-5 . __ ...do •
-6 . • . . . ._do .. _
-7 _. _. __ . . __ . ________ __ _ _ .do _
-S . . do _

Positlon, 32°23' N., 117'-52' W.:
4106-94.37N-L ._ .. _. __ . ... _ VI-17-41. . __

-2 . ... _. __ ._. .. __ ._do .. .
-3. .. . . . . do . .
-4 . ._. __ . ._______ VI-18-41. _.. _
-5 . _.. __ ___ _ do _
-6 . . .. do . _. _
-7 _ _____ __ __ __ __ __ ___ _ do . _. _
-8 .. .... .. __ _ do . _

Position, 32°17' N .• 117°52' W.:
4106-94.37D-L . .. . . _. __ ._do. __ . _

-2 . __ ." . __ . __ . __ _ .. _.do _
-3 . . __ ____ _ . do _
-4. . _. . _.. .. . do . .
-5 . _. : . .. . do . .
-6 .____ __ _ ___ __ ___ _ tlo .. _
-7 _. .. _. _.. _.. ___ _ _ tlo ._ .. .
-S. . __ _.._. __ __ _ _ do . _
-9 ... do _

1718 16 4 3 0-3 15.0
1746 16 10-15 II 6-12 15.0
1816 16.5 25-30 18 15-25 14.8
1846 16.5 35-40 24 14-29 14.8
1943 16.5 55-60 37 28-42 14.6
2011 15.5 75-85 54 44-62 13.0
2040 15.5 100-110 i2 65-92 11.4

0815 15 4 3 0-3 17.2
0845 16 10-15 8 5-14 17. I
0909 16 25-30' 18 15-21 16.6
1001 16 3[,-40 25 19-31 16. I
1026 16 55-60 36 30-43 15.0
1318 16 75-85 56 48-70 12.8
1348 15.5 100-110 73 65-87 11. 5

2005 15 4 3 0-4 17.1
2038 16 10-15 10 7-13 16.3
2106 16 25-30 20 17-26 16.1
2132 16 35-40 28 25-33 15.4
2200 17 55-60 40 30-53 13.5
2230 15 75-85 58 52-73 11.4
2300 15.5 100-110 76 68-08 10.7
2348 15.5 140-160 112 97-142 9.8

2215 16.5 4 3 0-3 16.8
2318 17 10-15 9 7-12 16.5
2353 17.5 2lHlO 20 15-24 16.0
0037 17 35-40 27 22--35 15.4
0111 17 55-60 41 36-52 14.1
0144 16 75-85 58 48-84 11. 9
0222 li.5 100-110 69 57-101 10.9
031~ 17.5 140-160 100 90-146 9.8

0906 16 4 3 0-3 17.2
0944 17 10-15 9 6-12 li.O
1014 17 25-30 19 14-21 16.3
1044 17.5 35-40 30 25-36 15.2
1114 18 55-60 41 38-43 13.8
1147 18 75-85 liS 52-(\j 12.2
1223 17.5 100-110 73 68-81 IJ. 2
1310 17 140-160 105 96-152 9. i
1352 17 190-210 139 125-156 9.2
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ApPENDIX TABLE I.-Data on 22 series of closing net ha-uls for determining the vert-ical dl:stribution of fish eggs and larl'ae-Con.

Midtime Duration Mlddepth I Range In Temperature
Station and haul Dal·e of haul of haul Wire out (m.) of haul (m.) depth (m.) at middepth

(min.) (0 C.)

Position, 32"12' N., 118°38' W.:41llt>-94.47N-L do _
-2 - _. - do _
-3 - - do _
-4 . do . __ ._
-5 • ._do_. . _
-6 . . do. _
-7 _ __ __ ___ __ _____ VI-I9-41.. _
-8 .. . do_ .. _
-9 ._ .. .. do. _

Position. 32°1O'N.. 118°39' W.:4106--94.47D·l do _
-2.. .do _
-3. . do _
-4 . _. do .. _
-5__ . . - do _
-6.. -- __ . do _
-7•. . do . _

·-8.• -- __ . . . do _
-9•. .do . _

Position, 31°55' N., 118°03' W.:4106-97.43N-1. • . . do •.. _
-2•• . _. do . _
-3.. - - - -_- - - do . _
-4 __ • - . .do . .:__
-5__ .• . . _.do . _
-6__ •• - . ____ __________ VI-20--41. _. . _
-7 . - do . _
-8._ •. __ . .do _
-9__ .. __ . . do __

Position. 31°55' N., 118°03' W.:
4106-97.43D-1. _. . . do .. _

-2 .do ... __ . _
-3_ •• - __ - do _
-4 __ • . .do. _
-5 - -_-_- do .. _
-6 . -_ - ... do __ . _. _
-7. __ . . . do _
-8_. do . _
-9__ . . _. do _

Position, 33°28.5' N.,117°46.7' W.:
5200-90.28N-l . _ VI-12-52_ •• " __

-2 .. .do. •. _
-3 __ •__ . . do • _
-4 __ .___ ___ VI-I3-52_. _
-5_ •• .do. _
-6__ • • .do _
-7 __ • • . .do. __ • _
-8_ •• .do. .
-9 . .•• _.do. __ • _
-10 .. • • .do _
-11 . .do. _

Position, 33°28.5' N., 117°46.7' W.:5200-90.28D-L _• •• do. _
-2 ,_, . . .do. _
-3 • . .do .. _
-4 . • __do .
-5 __ . . • • do. __
-6_. . . .do. _.... _
-7 _.. . do. __
-8 . : . ..do _
-9. . ._.do _
-10 • .do _
-11_. . ..do . _

Position, 28°05.5' N., 114°57.5' W.:
5208-120.35-1 • VIII-17-52 __

-2 .. do • _
-3__ . • . do_. .
-4 . . . .do __
-5 .. .do __
-6 .do __

Position, 33°02' N., 118°23' W.:
5303-91.38N-L _ __ __ ____ ___ III-4-53. __

-2 . ..do __
-3 .. . . .do ... __
-4 .do.. _.. .
-5 .. .do _
-6 . . ..do __
-7 . . . __ III-&-53. _
-8 . do.. _
-9 . •• •. .do . __

-10 . .do __
-11 • • .do . _

Position,"33°02' N., 118°23' W.:
5303-91.38D-l __ • . do . _

-2 __ . . . . do __
-3 c .do.. _
-4 .. _. .do .. _
-5 . __ .. . .do .. __ . _
-6 • . do .. __ . __
-7 . .. do _
-8 __ . .. .do _
-9 .... __ .. . .do _

-10 _••_•••••_._._._ •• ....... __ •__ ._. _. _. __ .<lo.. _
'No temperature data available.

2116
2145
2216
2248
2321
2352
0028
0107
0148

0834
0858
0925
0952
1018
1045
1118
1153
1236

2145
2209
2235
2305
2332
0002
0036
0105
0202

0828
0854
0920
0946
1040
1138
1209
1244
1406

2224
2157
2258
0005
0034
0108
0140
0210
0248
0330
0415

0918
0940
1000
1025
1112
1135
1200
1228
1305
1425
1500

0302
0323
0339
0401
0426
0452

21)(\.;
2031
2115
2137
2247
2316
0022
0100
0128
0218
0329

0620
0642
0702
0724
0753
0817
0843
0910
0945
1018

15 4
17 10-15
17 25-30
17.5 35-40
18 55-60
16 75-85
16.5 100-110
17 140-100
17 190-210

15 4
16.5 10-15
18 25-30
17 35-40
17 55-60
16 75-85
17 100-110
18 140-160
17.5 190-210

15 4
17 10-15
17 25-30
17 35-40
17 .;5-00
16 75-85
16.5 100-110
16.5 14l}-100
17 190-210

I.; 4
17 10-15
17 25-30
17 35-40
17 55-60
17 75-85
16 100-110
16. " 140-160
17 19l}-21O

10 3
10 10
10 25
10 40
10 60
10 80
10 100
10 150
10 200
10 300
10 400

10 3
10 10
10 25
10 40
10 60
10 80
10 100
10 150
10 200
10 300
10 400

5 5
5 15
.; 25
5 40
5 55
5 70

10 3
10 10
10 25
10 40
10 00
10 80
10 100
10 150
10 200
10 300
10 400

10 3
10 10
10 25
10 40
10 60
10 80
10 100
10 150
10 200
10 300

3
10
21
27
44
59
76

107
141

3
9

21
2S
42
60
76

110
141

3
10
21
27
43
57
79

106
142

3
10
21\
28
42
60
77

104
133

2
i

17
27
42
57
73

107
142
206
286

2
7

18
29
44
56
71

105
134
216
286

3
10
18
27
36
51

2
7

18
29
41
54
68

106
150
211
291

2
i

18
28
42
56
i2
92

139
206

0-4 15.8
7-13 15.8

18-25 15.2
24-32 14.5
38-52 12.8
52-69 11.1

66-108 9.9
90-149 9.1

122-208 8.7

0-3 15.7
7-14 15.6

1i-25 14.9
23-36 14.5
36-47 13.3
52-69 10.9
70-85 10.2

99-121 9.0
120-198 <8.8

0-3 (')
7-14 (')

li-25 (')
24-32 c..)
39-50 (' )

50-62 (')
67-100 (')
90-133 (')

127-168 (')

0-3 (')
7-13 (')

18-22 (0)

24-32 (')

36-47 (' )
57-64 (')

70-8" (.",
92-119 (')

120-172 (')

0-3 16.6
7-8 16.6

15-19 14.7
21-35 12.1
3ll--44 10.1
54-59 9.7
6S-8O 9.2

104-111 9.2
136-146 8.9031 m.)
189-216 (')
268-302 (')

0-3 18.2
5-8 16.4

If}-19 15.1
26-32 11.2
41-47 10.0
54--58 9.9
64-76 9.7

100-111 9.4
112-141 9.4
208-223 (')

278-292 (.)

2-4 19.7
10-11 19.6
14-22 18.9
22-30 18.4
30-40 17.8
49-53 1/1.1

0-3 14.4
6-9 14.4

16-20 14.3
25-33 14.3
37-46 14.2
51-58 14.0
60-7i 11.6

9t\-118 9.8
131-168 9.4
197-2:l!l 9.0
262-311 .- _. - -- ---- ---

0-3 14.2
6-8 14.2

15-20 14.1
24-32 14.0
27-47 13.9
51-61 13.2
64-83 10.7

82-102 9.9
131-141 9.3
197-212 8.6
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'I'.mperature
at middepth

(0 C.)

Rang~ in
depth (m.)

Duration
of haul
(min.)

Midtiuw
of haulStation and haul

ApPENDIX TABLE I.-Data. on 22 series of closing net hauls for determining the l'ertieal distribution of fish eggs and larva.e-COIl.

I Midd~pth
Wlr~ out (Ill. of haul (DJ.

---·--------·---------1--------- --------- ----
Position, 32°10.5' N .• 118°.~7' W.;

5305-93.50N-I.. .... .. V-2.'i-53. . _
-2__ . .. __ .. . _. .do_. _
-3 __ .. .__ . _"'" . ... _. do_ •. _. _. _
-4 •.••.••...•• _. __ •. •• _. .do_. __ . ....
-5 . . . . do_. _
-l; .. . __ • .. _._. do_. __ . . _..
-7 ." _. .do_. _
-8 .. ' _. . do . • __
-9 .. . .. do_. . • __
-10 ... . . V-26-53 . _
-II. • .. _. __ . . do_. . __ . .

Position, 32°10.5' N" 118°57' \V.:
5305-93.50D-I. .. _.... . .. _.. do .. _.. -.

-2__ • ... . .. __ 310 __ . . __
-3__ . . __ . __ . .. . do . .
-4_. _• . _.. . do . __ ..
-5__ .. . . . . _. . (\0 ._
-6. _.. . . . .. do . _.....
-7. __ . . . .. _. ._. __ . _. .. do ... __ . .. '
-8 __ . . .. _. . . __ .do_. . _.'
-9. _. .. _. __ . __ ._ . .. . do_ .. ....
-\0_. . . _. _' _. . __ . . .do_. c _

Position, 30°58.5' N., 120°45' W.:
5403-94.80N-1. • _. . - - - - - _- ____ __ ____ III-24-M - _.

-2 . _. . - - - - - _. .. .. _do .
-3_. . . - -. _. . . _.do . .
-4 ' _-_- . . _d,) ..
-5 . . __ . do • . __ .
-6 . . _. _. . . do . ._
-7 __ • . _. .. _. __ __ __ III-25oM_ .. •. _.
-8 . _. - - ---_. _. do . ..
-9 - _. . . __ .. do_. . _..
-10 . _- . do. ._.

Position, 30°58.5' N ., 120°45' W.:
!\4O:I_Q4.Wln-l ..... ..... !!!-?4-M.. _..... _.

-2 . __ • __ . __ . __ . _. .. do .. _
-3 . ._. _. . _. .do... __ . .. _.
-4 .. . do.. _
-5 . _.. . - . __ . do _
-6 . .. _' do. . _
-7 . .. -_. . do ... ..
-8 ... . _. do __ .. . __
-9 . _. . do_._. __ . _. _

. -10 .. • ' _. _- . do __ . .
Position, 28°51.5' N., 119°22.5' W.:5504-107 80·1.. __ • . - . IV-I6-55 _

-2 . • _• .do . _
-3 . . do_._. . _._
-4 ._. . - • _. • .do. ._
-5 •. -_._. . _._. __ . .do • _
-l; • • • ._. .do _
-7 . • . _. do•• _. . _
-7A . . • do. ._
-8 . __ - do_. _
-9 . . _. .do _

Position, 28°56.5' N., 117°39' W.:
5504-110.60·1. . . ._._ • .__ _ IV-23-M _

-2 . _. . _. . . .do _
-3 . . __ - - .. do _
-4 . __ . . .do. __ . _

=~:::::::::::::::::::::::::::::::::::::: :::::~~:::::::::::::-7 • • . . . __ do .. .
-7A •• • . -- • do _
-8 . . • _. - __ . - ._. _ . .do . _. _

Position. 27°33' N., 115°52.5' W.:M04-120.50 1. __ . _ __ ___________ IV-18-55 _
-2. __ . .do _
-3__ . , do _
-4 .. . . •• do .. '. ._
-5. __ . ._. .do._ .. _
-6. __ . . . do . __ ._. _
-7. __ . . _. __ . __ .do. __ . _
-7A • • __do _
-8 . .. _. do _
-9 .. _. . do _
-10. . .. . ._ IV-19-50 .. _

Position, 2.~029' N., 115°24' W.:
.5504-130.~:1)-1. . _. ___ __ IV-21-55 _. _

-2. _. 1\'-22-5(' __" _
-3. __ . . .do .. . _
-4 . .do. _
-5 .. .. .. . .do. _._ -- -- _
-f. . • . . __ . do.. _
-7 ' .do _
-7A • do _
-s . c 010 _
-9. __ . <10 _
-IU. •• do _

2045
2132
2145
2157
2'.H2
2'2~5

2247
2310
2357
0033
01(t!I

0715
0722
073.;
0748
0759
0845
0924
O'J45
11\29
11Ud

2030
2102
Z125
2143
2308
2331
0000
0025
0135
0215

~~
0040
1005
!lY.!,)
110,)
1140
1232
1305
13,)0
1425

1355
1430
1455
1515
153,)
1000

. 1620
1640
1720
1745

11,)5
1220
1235
125,)
131,)
1330
1400
1420
1440

2015
20t5
2100
2120
213,)
215,)
2215·
2235
2300
23,.5
IJO~5

2325
')1105
0020
0035
OOW
011(1
012.;
0145
O~'O.~

0230
0330

10
,)

5
5
5

10
10
10
10
10
III

5
,)

5
5

10
10
10
10

10
10
10
10
10
10
10
10
10
10

10
10..;
10
10. ,<;
10
10..;
11.1. ,j
III. ,.
IU
10. ,)

10
10
10
10
10. r,
10
10
10. ,)
10
lU.5

10
10
10
10
10
10
10.5
9.5
9.5

10
10
10
10
10
10
10
10
10
11-'.
11

10
10
10.,)
10
11'1
10
10
10..;
111.,)
11.1....
10.5

3 2
10 6
25 21
40 29
fo(I 43
80 57

100 70
150 106
200 138
300 2'l~

400 ~76

3 2
10 7
2~, 16
40 25
fo(I 33
8U 41\

100 r-.J
1:-,(1 \03
~OO 138
30U 239

3 2
III 7
2.) 17
4U 27
m 42
80 52

100 64
lW 101
200 l q

--,
300 200

3 , 2
10 7
25 IS
40 2S
fo(I 41
80 .~3

100 68
150 102
21)0 13.~

300 201

3 2
10 8
25 20
40 31
fo(I 45
80 57

100 70
125 83
150 111
200 142

3 2
10 7
25 18
40 29
fo(I 44
80 58

100 73
12,) 83
15" 105

3 2
10 7
2:, IS
40 2j
no 44
80 IiI)

100 74
1:25 99
100 110
20(-' 137
3011 22.)

3 2
11.1 8
::!;) 17
40 28
60 42
SO ,;f:i

100 72
125 89
WI 102
20n 13";
3UO 2lti

0-3 13.9
6-7 14.2

20-22 13.4
27-33 13.4
29-48 12.5
55-62 11. 2
62-78 10.6

%-110 9.3
123-141, 9.0
189-243 8.4
~32-300 7.8

0-3 149
1i-7 14.4

14-·11, 14.1
::!4-·~'; 13.5
~5-3.s 13.2
40-54 12.5
4:.1-73 11.0

82-120 9.9
131-14~ 9.4
23O-~5~ ,'\

0-3 14.3
6-7 14.3

16-18 14.3
24-29 14.3
39-48 14.3
44-57 14.3
53-i2 14.1

96-106 IO.S
11S-141 9.9
176-20S 8.7

n" ...
v v
6-7 14.1

17-19 14.1
26-29 14.0
39-42 14.0
50-60 14.0
511-72 IS.2

96-110 11.1
126-141 9.7
193-219 8.6

0-3 15.7
6-10 15.7

18-22 15.7
27-36 15.7
40-50 15.7
54-63 15.3
ij3-al 15.0
79-aS 14.3

104-124 13.8
12\1-149 12.5

0-3 15.6
6-8 15.6

16-20 15.6
26-32 15.6
39-50 15.6
M-<J3 15.6
64-86 15.4

77-100 15.3
100-110 13.2

o-S 15.3
6-S 15.3

16-22 15.3
25-33 1,).3
39-t9 15.3
52-6', 14.1
036--86 12.2

85-107 10. S
100-123 10.8
123-1r.4 10.8

208-::: I__ . ~~~~-

7-8 16.5514-21 . _
24-32 __ .-- •. _
36-40 __ • . _
54-61 __ .. . _
~Ilj-;,) _

84-11'10 _
08-lftti __ ~ _

129-141 __ .. _
2U,,-230 __ ... . __

·No temperature data available.
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