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11 This report, without appendix A, vras orii;inally published in Sears 
Foundation: Journal of :.tarine Research, Vol. V, Ho . 2, under the title, 
11Thermal and Diurnal Ghanw·s in the Vertical Distribution of Eggs and Larvae 
of the Pilchard (.Sardinops caerulea) . 1t It is reproduced by permission of 
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~TRODUCTION 

Knowledge of tlie verti cal distribution of pilchard eggs and larvae 
is of interest frQm t1vo standpoints : first, in adding to the general knowl
edge of the earl;r life of thi.s species in the sea; and secpnd:, in defin
ing the vertical range of its early stag~s so that regular surveys of the 
spa,·ming grounds may be designed to sample all strata in 1'fhich eggs and 
l arvae are to be found. In reference to the second point it was desired, 
if possible, to relate vertical distribution to physical characteristics 
of the sea, so that the depth to whichnets ·must be sent might be predicted. 
It was felt that the concentration of organisms at a 8iven depth would 
be controlled chief~y by temperature, density, and light intensity. The 
analyses described in ·this paper have been designed to discover and de
fine the relationships bet1Yeen these three variables and the vertical dis
tribution of pilchard eggs and larvae. 

METHODS 

The field technique employed throughout the experiment was to make at 
each station successive net hauls, each sa.1J1pling a layer of water below that 
of the preceding haul. In 1939, hauls were approximately horizontal. In 
1941, however, oblique hauls were adopted to preclude the poss ibility of 
missing concentrations of larvae in the gaps betneen hauls . Each oblique 
haul extended diagonally from the top of the layer to be sampled by the next 
haul, to the bottom of the layer sampled by the preceding haul. The 11sur
f ace" haul ·was made with an open net, while for the others the net was low
er ed closed to the desired level, hauled for from 15 to 20 minutes, closed, 
and brought to the surface. 

Closing nets used were identical, except for dimensions and materials,. 
With the one described by Leavitt (1935), and t he tripping device was the 
one figured by him in a later pa~r (Leavitt, 1938, fig. 2) . Sizes of nets 
and materials used a.re given in the list of s tations at the end of this paper. 

Temperatures were taken in 1939 with reversing thermometers, an~ in 1941 
with a bourdon-type bathythermograph modified from the one des cribed by 
Spilhaus (1940). 

'"-ater flou llas meas ured in the 1939 hauls by a meter consisting of 
an impeller and counter. "Stray anglen (departure of the towing wire from 
the ver t ical) was measured ;·:ith a pendulum protractor. 

Pt~RIOD AHD AREA COVJ...ll.BD 

Stations vrer e located within ,a radius of 120 miles of San Diego, Cali
fornia, and wer e in an area somewhat to the south and east of the areas of 
heavies t pilchard spawning as indicated by other surveys. Four series of 
hauls wer e made in April, 1939, and seven in April, Hay, and June, 1941. 
Ex:act. locations, dates, and depths fished are !{iven in the list at the end 
of the paper. 
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CLA.SSIFit..aTIOI. OF l.iAT.1:JU.AL 

Egr;s and larvae were of coursu treated separately . Also, to take ac
count of the fact that motility incraases with size of larvae, these ·i.·e rt:? 
divided into two categories: lllargen and ttsrnallfl. A dividing line of 8 mm. 
had previously been used in other work, ·with which it was desired to compare 
the results of this analysis. Since this line did not split a mode in the 
l ength frequency distribution of larvae in the vertical serial hauls, it 
was retained for the present study. 

Some larvae of the "srna1111 group were lost through the meshes of the.. 
one-meter n~ts used. This, however, does not nucessarily invalidate com
parisons between numbers caught at differ ent l evels ni.th the same net, since 
the loss should be a constant percentarc of the total number caught. 

STANDAllDIZATIO" OF HAULS 

Because of •mavoidable variations in the speed of the ship and time 
of hauling, the amount of water strained by the n~t variad from haul to 
haul, even within a sini.;l e se::ri1::s. Th "!s e variations wer e discounted by 
putting all the hauls in each serie"' oH the bas is of a s tandard volume of 
water strained. For th~ 1939 hauls, flo'<: of · ;.J.t ... r throui:;h tha nets ,;as 
measured directly oy a current met er, but for th~ 19hl hauls, the r el ative 

W1 tanll W1 
amount was computed fro;. the formula Tr,:;' " L .... , Hhcr G -m= = the ratio be-

2 'Urt172 n2 
tueen the amounts of water .strained for :my ttto hauls, and /i and /2 = th~ir 
respective stray angles. Actucl volumes of ·,;ater strained nvcra:.•·..!d around 
400 cubic meters for the one-meter nets, and 100 cubic m~tcrs for the half
meter nuts. The nwnbers of organisms in tho hauls were multiplied by fac
tors (Vs, i.rhere V 

5 
= standard volume of na t er and V h = volume strained in 

Vh 
given haul) Tihich made the numbers the same as if the stJndard volume of 
water had been strained, and had contained the same concentration of organ
isms as the t·:ater actually strained. 

Because of the; great r ange i n nur.1b ;rs of organisms (from 6 to 6,000 
in a single series of hauls) they could not bo r epr esented graphically 
on the same scale . Since the change iJ-i concentration from one s eries to 
another was not of interest, but only the chans~s frou haul t o haul within 
a series, the graphing difficulty vms ovorcome by representing each vertical 
Sdries by a polygon of equal area. 7o do t his, th6 product of number s of 
organisw.s by t'lickness · of lay1r Sc'.lI!lpled ;m.s obt<lint:d for eac!l haul. These 
products Here swnned for each station, and the ori~inal counts of or .... cmisms 
w.:..re multiplied b;y- factors ;·r!'lich mo.de the sun of such products a constant 
for all st~tions. aesides ovcrcornin~ the ~raphing diff iculty, this compu
tation placed the numbers at each l evel for all of the stations on a com
parable basis, permittin~ direct comp~rison of catches at dif · erent l evels 
even though th\jy rrorn not taken at thu same station. 

To avoid excessive rando. t vari1...1ility fro;.1 small numbers, s :.ries con
taining less than 100 eggs, 50 small l <trvae , or 5 l ar ·I<> larvae, r;..., rt: omi tt~a 
from the analysis . 
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In order to construct the polygons mentioned abovu, it v:as ncc,·ssary 
to compute the average depth for each h<1ul. . ?or th . .; 1939 hauls , when the 
stray angl e was measur~d two or thro1.; timos during a h'-ul, the angl~s. wor e 
simply averaged .:ind th~ de9th computed from tht: average angle and the l ength 
of the towing v1irc . In 1941, ..-;hen angles wer£~ rnousurcd uach oinutc during 
a haul, it vra.s possible to construct a plot of th1..i course of each haul, 
(fig. 1). Average depths were computed from the plots by measuring the 
ar~a bounded by eac!:i one and its b..isclinc, ;md di vicil.ne b~t the l ength of 
the baseline . 

EFFECT OF T~HPERATURE 

Inspection of the vertical profilLs for r elative numbers of eggs and 
larvae, togetliur vrith th<J corrosponding tcmp~ratur.:i profiles· (fig. 2) in
dicat es n possible rulationship bt:trrecn to:np~ratur0 :ind vcrtic.'.ll distribu
tion. Such a rtila.tionship could arise <.lS thu r~sult of the sc..cking of an 
optimum t emperature by the larvae, and by the adult fish which l ay the eggs . 
Since pel agic fish eggs t end to r emain in watar of the SClJl11.; specific gravity 
as that in which they w0r0 f~rtiliz~d (Ualford, 1939), th_ V1...rtical distri
bution of eggs should tend to r eflect that of the parent fish at the time 
of spawning. , This relationship is complicated by vertical turbulence above 
the thcrmoclino, vrhich tends to disperse passive bodies like fis h eggs . 

. . 
Whq.tuv~r the nature of the r c>lationship betv~on t c:mpr:rature and the 

distribution of pilchard eggs, the lnrv~e may b& cxp~ctcd to respond dir~ctiy 
to chang~s in t omp- rature, since they are capable of locomotion . Again 
thu r t:l ationship is probably complicated by ot1h.. r fa rtors , such us tho amount 
of fodder organisms pres nt. 

To m ... asure th ... corr.; l ation bct Y;o.Jon t..:mpcr nturc and concentrations of 
eggs and larv3e, the r elativo numbers wer e plotted ~s r egressions on degrees 
centigrade (fig. 3). Hauls above ~ dGpth of 10 mot~rs w~rc omitted because 
of th~ r~versals in 0gg <lnd larv~e profil~s which ofton occurred in that 
l ayer. · 9'1so oxclud13d nere zero hauls b_l o'<.r the. first . Inclusion of either 
of thes e two categories of hu.uls •:ould obsc-.ure the decrease from tho maximum 
conc~ntrations down to zero, whi ch is the point of chi<.:: f interest in the 
r f.;br ...:ss ions in s o fJ.r as t he:y arc to be us~d · in dekrmininr tho dc.pth of 
n ... t hauls for r gulo.r survuys . Corrulation co~fficLnts were .590 for eggs , 
.557 f or sm'lll l arv.:i.c , and .548 for large lo.rv'lc, corr, sponding t o proba
biliti~s of .010, . 041, and . 024 of ch!lllc~ occurrt.nc• • Combining thL. s ~ 
probabiliti s by the m;thod of Fish~r (1936, p. 105) indic~t~s that the 
r esult, 35 a w~olc , is highly signifi~ent (P = .0009) . · 

Of sp -ci;il intc.r ost in thl3 for •going corr-.lations are tho intf,,;rsecti ons 
of the computed r~grcssion lines v;ith their basalinus, since these should 
indica.tG the t~mperaturc bal o\i •·1hich we 1·;ould not cxg..;ct to find eggs or 
l arvae; The indicat t.d 1,dnimum t emperatures 3.rc 10.5 for t.ggs, 12 .4° for 
small l arvae, und 12 .0° for l :i.rgu lurvn<. . Since the r . gri..;ssions for l c.lrgc 
and small larvae ucr u found by Fisher's (1936 p. 146) "t11 te1:1t not to diff_r 
s ignificantly in slopL. , they u~rc: combined, giving an indic:i.ted minimum of 
12.0° for both si~e catcgori~s. 
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DIURl!AL CHit!!G4S 

To determine the extent and nature of diurnal chanf"es in the vertical 
distribution of pilchard larvae, two special ?airs of serial hauls were 
run in June, 1941, the first of each pair being occupied around midnight, 
and the other around noon. Due to unavoidable novements of the vessel the 
two members of each pair were not located at exactly t:ie same p<;>int eeograph
ically, but approximately the same position was m~intained and they were 
probably in water of· similar characteristics . 

One of the chief di~ferences between the night and day hauls was that 
the former contained many more large larvae than the latter (fie . 4) . This. 
could result from any one of three causes : (1) location of the day hauls 
in an area of lesser concentration than the night h~uls, as a result of move
ment of the ship through the vm.ter between the tYm serias; (2) migration 
of most of the larvae below the levels fished, durin~ the daytime; (3) dodg
ing of the net b:r the larvae, in the .daytime . · 

The first explanation is a hi!"hlY improbable one, since the larger 
catches at niGht have been observed mnny times previously, for other pla.pk
ton organisr.is and larvae of other species of fish. Also, our re~ular sur
veys of the spu~ing grounds shmv the night catches .of larvae to. be con
sistently ldrger than the day. 

Tho second explanation has been mo~t ' idel;r entertained by othars in
vestigating vertical migr:itions , For inst.:.nce, it i:ms advanced by E. S. 
Ru:?sel (1928 ) to explain the larger catch()s of clupeoid and gobioid larvae 
at night, but he uas latc;r forced to abandon it when subsequent duylie;ht 
hauls near the bottom (Rus~ol, 1?30 ) did not .v r~G l3rger catches than 
the ones in the upper l.:..yr rs of vrat~r. For our mm data, the taking of at 
least t\10 blank hauls (fi~ . 4) below those which cont:.J.ined any larvae, argues 
against the probability of a concentration of larvae below the levels s:unpled . 

Elimination of the first tuo uxn1an.1tions 10avt.s onlv the third -
dodging of the net in th1.; da;rtimc . ihissel (1926) and Jo~sen (1925) admit 
this possibility, but doubt that fish 1·1rv·ie could swim fast enough for 
successful dodgin~. On t~is point it mny ~c w1ll to consider hoTI fast it 
would be necessary for larv.'.:l.e to sw:!.m in ord0r to r.·-•t out of the way of 
the net. All nets towed in the conventional manner r,ive lrarning of their 
approach by me ·ms of the piece ·of line which ~ .. ttaches tht;M to the towing 
wire. In our gea r this line .-m.s n.bout 5 meters lonr;, uhilo our avera~a speed 
of towin~ vms around 50 cm. per s econd. T~G larvae vrould thus huve about 
10 seconds to S\tim out of the vray . Sinco th~ maximurn dis tance thGy 1;0\tl.d 
have to swim vrould bo the radius of the nc·t, or 50 cm . , a swimming rate of 
5 cm. per s econd vrould be sufficient if the dir.::ction of S\'!irnming were favor
able . This does not s e.er.1 '.ln incrcdibl rntc for pilchard larva..e of the si~e 
in qu~stion (ove r 8 mm. in l on[;th) . Likonisc it doos not s eem unreason:iblc 
that they should swim mra:y from th~ contcr of disturb·mcc, and ther' fora 
in a direction favorable to csc'!po fr.oz:i the oncomint; net . 
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In th1.: day hauls the larg~ l arv3.t.: wer e not onl:· l~s s numerous t han 
in the night hauls, but ·also app ... ar ed to be distribut..:d in somewhat deep ~r 
levels. A gr~atLJr r el ative numbur of l arvue at the doupcr l~vels in the 
daytime than at night might r usult from more succes sful dodging of the net 
in the better illwninatcd upp~r l ayers of uat~r . A gr~at~r absolute numbur, 
however, could rGsul t only from dmvnuard migration in thu daytime, providing 
the overall concentr.'.ltion were not grcat or. Suc-h a dOl-mward migration 
might well occur n.s ~ r esult of negative phototropism. Comparison of tho 
night and day hauls for stations 2452 and 2454 (fig, 4) r eveals that · th~re 
actually were more l arvae at the deeper l evels in the day hauls . Four lar
vae were taken in the day s eries at 59 met ers, and one at 73 mc:torsJ while 
none vmre taken at either of these levels in the night series , The ~igni
ficancc of these diffl:]r unccs 1m.s t i.:s t ed by m1.:ans of Bayes 1 thoorom.,, (using 
the formulation of Pearson, 1930, page lxx) considering a success, the pres
ence of a l.'.lrva at th~ indicat od depth, and assuming the s ame ov~rall con
centration for day and night (in oth~r 11·ords assuming that the lesser num
bt:rs in the upper l ayers in the daytimo uer "' due to dodging of the nt.3t) . . 
The computation gave valu~s of P of .o6 at 59 met ers and . 50 at 73 met ers . 
The latter, of course , does not indicate n sienificant differ ence bet"neen 
day and night hauls, but the form~r, closely approaching tho conventional 
significance level of .05, givus somo indic~tion of an actually decpur dis
tribution in tho daytime . 

In applying this r esult to the prediction of vertical distribution, 
a knowledea of the p .. metration of light at various times of duy is m.ces 
s~ry. Unfortunately, no empirical data for the ar ea o~ our survey arc 
available, .:md wo ar e f orced to argue by analogy with data collected else
wh1.:r e . G. L. Clarke (1934) has· s hown in his graphs th:it submarine irradi
ation in the Atlantic Ocean r eaches n~nrly its maximum value shortly after 
sunrise , and is muint uined ther e until shortly before sunset. Accordingly, 
extension of the r eeular hn.uls belmr 73 mctl.r s b i.::tueen sunrise and sunset 
would seem to be necessary i n ord~r to mak~ sure of sampling all strata in 
which larvae were t o be f ound. 

SUIMJARY AND COHCLUSI OHS 

Analysis of catches of pilchard eggs nnd larvae taken in serial hauls 
in 1939 and 1941 indicaws the follouing r el at ionships and tiffects: 

1. A positive corrol ntion of concentrations of oggs and larvae 
with temper ature , at l east vi.thin the range of 10° to 17° c. 

2. An apparent dodging of tho nets by the larger larvae, in the 
l~y13rs of vrater Y•hich ar e illuminat t;d in the duyti.me. 

3. A negative phototropisrn for the larger l arvae . 

Such r elationships •Ii.th physi cal condi tions as have been indi~atod 
by the pres ent study .may, of course, hold t ruo only for the particular s ot 
of oceanographic conditions pr~vailing at th~ times 3nd places ~h~r~ the 
dat a were gathered. For instance , the relationship b~tween the horizontal 
distribution of pilchard eggs and t emperat ure as indicated by our regular 
spawning surveys for 1941 was quite different from that found in 1940. 
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Hmmvor, the du.ta for th pr~ sent study \11..; r e g.:i.thcirt:a in t\;o di.ff r nt y ..:ars 
(1939 and 19hl) and ovor a consider~bl~ .:i.r~a, so th~t they may pLrmit of 
some generalization. 

It may haVL b~en noted tha t th~ concentrations of eggs and larvae nrc 
correlated ,,,ith depth as well a s t .. mper a ture, since th~ l att-.!r ·two urc them
selves highly corrulnted. Howuvur, ther e arc some instances \;her~ tho deeper 
extension of warm wat er corrusponds \'!ith a deeper distribution of ~ggs or 
larvae (cf. fig. 2). Also, th~re is some logical basis for a correlation 
with t emperature , which might act either as the caus ~ of direct rL~ction 
of the larvae, or as an indicator of density differt::nc~s nffo cting th .. dis
tribution of e ggs. 

· It is not intende d to 1.rgue thnt t eupcr aturc itsolf necess:irily controls 
the vertical distribution of pilchard eggs nnd l~rvaa . Their locction may 
be determined by complex r ,cctions of the sp~vmers ton combination of physi
cal conditions, including sa linity, f ood, dl:nsity, o~c. To the extent thut 
these would induce s pmming in Cl hoi:iologous portion of the l ayer of \;a t c:r 
above the thermoclinG, ternp~ratur~ nuy bL mcruly nn indicator and not a c~us~. 
This, of course , do, s not de.tract fron the us1Jfulncss of t~mp<.:r'.lturc as a 
guide to vertical dis tri buti on. 

As a basis for pr ... dictinB tl-tc.. prop ... r depths to ;;hich to send nets on 
r ... gulc.r surveys, the r 1.;t;res s i ons of egg .:md 1·1rv.:i.c c onc<.;ntr.'.ltions on tcm
peraturi3 indic ~itc t h:lt h.:.uls shoul d be m'1.do deep enough to p,o bolov; tcmpc;r
~turcs of 10. 5° C. f or eggs ·md 12. o0 for 1-irvnc . Dis tribution of t~u largc.. 
l i.lrvae during the daytime. s hows tho m.ed for fishing to a depth greater 
than 73 met er s betw~en sunrise <.nd sunsc..t. 

APPE ND IX A 

TA 1LES OF D.ii;'l'AILED 'fO\fI NG DAT.fl. 

Explanat ion of tabks: r h h::i.uls a t each st.'.'.tion and thu obs 1:Jrvations 
during en.ch haul ar 1..; arranged chronologictlly ~~nd numb .red consecutively, 
beginning with one . Tim\,. is ship' s time , with hours numbLred from 1 for 
l :~ .m . ·to 24 for 1:1idnight. l!<.;;t ..,•rs of uire out (m. out) refers to the length 
of t owing wire from· the surf~c c.. of the sLa to the: point of attachmt.nt of 
the nat. The $tray angle (0i) is thL departure of th . towing )"lire from 
the vortical; expresse d in degrr.es. A dash (-) reprLsents ~ miss ing ob
se rva tion. 

6 
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Table 1.--Towing d,ata for __ Statiori FB~i\, ~ril 19 , 1939. _ (See ;vage 6 for explanation.) 

Observa tion : Hanl number 
~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~-::-~~~~~~~~~~~~~~~-. . . . . . . . 

number 1 2 3 : 4 ._: 5 : 6 : 7 8 
: : m.~o : :m . . :o : :m. : 1 : :m. = ~ : :m. :o : :m. :a : :m. :o : :m. :o 
:Time :out: L:Time :out: L: 'Iime: nut: L:Ti me :out: L:Time:out: L:Time:out: L:Time :out: L:Time:out: l 

1 
2 
3 
4 
5 
6 

:}:25: 
:3:41 : 

3 :- :4:15:10 :- :4:46· 20 :- :5:14:30 :- :5:51:40 : -:&:30:00 :- :7:16:90 :- :9:24:150:-
3 :- :4·:16:io· :47 :4:47:20 :35:5:15:30 :40: 5:52:4o :4o:6:32:60 :4o:7:17:90 :1+8:9:25:i50:42 

~ :4:20:10 :35:4:50 :20 :70 :5:17:30 :35:5:57:40 :42:6:39:60 :42:7:21:90 :6o:9~30:150:4o 
:4:25:10 ~52:4:56:20 :55:5: 22 :30 :55:6:01:4o :32:6:42:60 :43:7:27:90 :~6:9:39:150:44 
:4:29:10 :50:5:01:20 :- :5:29~30 :- :6:08:40 :- :6:45:6o :- :7:32:90 :- : : : 
• 1··30·10 . . . . . . . . . . . . . . • • ....... . .- . . . . . . . . . . ·• .. . . . 

Table 2.--Towing data for St ati on FSB, .Anril 19. 1939. (See nage 6 for explanation.) 
: ~-- _ .t:<..iU.l numb Pr 

Obscrvati i n : 1 • 2 • 3 · 4 · 5---H--: -· 6-: 
-: . _._______ ·:. : _: . . 

:- -: i,a -:-: o : ':m. :o : :m. : "" : :m. : ~ : :m. :o: :m. :o: 
numb -: r · =•.Hmc: out: l:Timt : out: L:Time: out: L·~.i.me-out: L:Time:out: L:Time:out: L: 

1 115:1s·i 2 :- :~:20 :32:'.16:12:40 :30:16ai!f.:70 :- :17:16:100:- ru3:55:290:- : 
2 :15:33: 2 .:- ·:J.5:52:20 :4o:l.6:20:4o :44 :16~115:70 :413.7:18:100:44:)8:56:200:31: 
3 : : : :15~9:20 :- :l.6:2s:4o :- a6.50:70 :34:i7:23:100:47:i9:00:200:24: 
4 : : : :. : : : : :i7:02:70 :- :i7:32:ioo:- :19:05:200:35: 
5 . . :.. .· . . . . . . . . . . . ~~12 ·200· . . . . . . . . . . . . -· . . -~;,- . ... ·- .. 

Table 3.--T.owing data for Station F9A, .a;iril 20, 1939- (Sae pagt: 6 for t>xplanation.) 
~ Haul numb~ r 

Obs i'rvatinn : 1 : 2 : 3 : 4 : 5 : 6 
numb£r : ..: m.:" -: :m. :9: :m. : "> : :m. : o : .:m. : ~ :: :m. : ~ .: 

-:Time-: out: L:Tim .: llUt.: L:Time :n·ut:..l.:Tim.- :out:-=i:Time: l')ut .: L:Timc: : out-: L: 
1 
2 
3 
4 

:2:20: 5 :- :2:51:20 :·- :4:03:4o :- :4:53 :70 :- :5:37:100:- q:28:200:-: 
;2:37: 5 !- :2:53-:20 !45:4:05:4o :45:4:56:70 :36:5:4o:100:56:7!31:200:57! 

~ :2:59:20 :53:4:15:40 :37:5:08:70 :50:5:49:100:54:7:50:200:-. . ·3·09·20. ·4·21·40. . . . . · · 5·52·100· . ~ 4 . . . . - . .•. . .- . . . . . . ·- . . . 
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Tablr· 4.-fowing dat a f"lr St<..: tion F9B, A.pril 20, 1939. (Soc ;:_:>ag~ 6 f or exul enation.) 
Haul number 

Ob t>e rvation 
numb(~ r 

1 
2 

a 

l 2 3 4 
). ::m. ::a .. :. . :m.: : n { . :m. : ~ ! : m. :o 
~Time ~:ou~: ~:~imG : nut: L;Ti'II).~ :"ut~ [:Time ~ out: :L 
~8~~6-:2 -:- :~:13 :2Q :- 110:52:100:-:~12.45:200:
)8:57.:2 ..:--:9:17 :20 :48;10;53:100~49:12:46:200:51 
)- : ::. :;9:2s- :_20 !°-:- :11:02:100:55:12.:571200:42 
• . . . . ·. . . . • . . . . 11 • r.1.9 • 100 . - · 13 . 02 • 200. -"' . • . • • . .. • • .. • • v • • • • • • 

Table 5.--Towing -d~ta for Stati ::i n 1832, .il.:;>rl.l 10 , 1941. _ ( See ;pa ge 6 for c?Cplann.t b n.) 
: · · ··: . ·-· - ·· - -, Haul numb f r ~ · - · 

Obscrvetion : 1 : 2 : 3 T : 4 : 5 : 6 
numb .:. r 

1 
2 

i 
5 
6 
7 
g 

9 
10 
11 
12 

• ·m ' ""· • •m · r • ·m · o · ·m ·o • ·m •o • ·m ' ') • • • •U1• • • • • ..... L. . .. L. I .. "'1" 4' • "L 
:Time·: ,,ut: ';:Tim~ :out: L:TiJ.Re !Qut:; :(rim" ·;.out: .:~imc::out L tTime.:iiut: 
:11:09:15 :JO:l2:38:3G :10!13:13:45 :36:13:49:60 :23:14: 26q5 ;28:14.:59 :100:36 
:11::11:14 :48:1·2:l.J-0;29 :27:13:15:44 :28:13:~1.:59 :31:14: 28:74· :34;15:01: 98 :38 
tll;13:l? :4o:i2:42:28 :27:~3:17:43 :34:13:53: 58 :30:14:30:73 :37:15:03: 97:32 
:11:1§:io. :27·:12:4'.+:27 :~1:13:19:42 :26:13:55:57 -:31:14:3·2:72 :33:15:05·: 96:30 - -
:i1n7: 9.: :47:12:4-6:26 :3o:i3:21:l;t.1 :36:13:57:56· :27:14:34:71 :32:i5:07: ·94:4o 
=11:19: s ·:26:i2:4s:25 :39:13:23:4o :29:13:59:55·:35:14:.36:70 :37:i5:09: 92:28 
:11:21: 6 :32:12:50:24 :lS:l}:25:39 :26:14.:01:.54· :33:111.:38:69 :34:15:11: ·91:30 
:11 :23: 4 :30:12:52:23 :42:1~:27:3s :34:14:03:53 :36:14:4o:6s :31:15:13: 90 :?8 
:11:25: 3 :33:12:54:22 :33:13:29:37 :39:14:05:52 :30:14:1.i2:67 :31:15:15: 88:3g 
!11:2{: 2.: 26 :.12: ~6 :2~ :34:13 :31:~6 :27 !14:07 :51 :35:i4:43 :66 :..:. :i5:17: 86 :3~ 
n1:29: o.=-:=.+2:~8:20 :31:13:33:35 :37a4:09: 50 :34:~4: 4~:65 :36 15:,i9: _35:34 
n1:30: o . :-.n3:01:20- :'":' n3:34:35 :- :14:10:50. :..,.. :14:47:65 •- 15:20: .35:-. . . ... . . . . 

. ! • 
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Table 6.--Towing dat~ f~ r Sta ti~n 2046, A~ril 30, 1941 . ( Sve page 6 for ~xplanation.) 
Haul nu.rob ~....,r __ _ 

Obs F;;rvfl tion: 1 ·: _2----; _ _1. ___ _:__~~=}L_:__;_-=-:5 _:__~-; 7 
number ..! : m . : o : : m. : : : : m . : ~ : : m. : o : : m. : ., : :m. : ., : ! m. : "' 

:Time :"Jut: bTime :out: L:Tirih ·;out: L:Tirn.~ :~u.t: L:Tima : 1ut: L:TimP : nut: ?:Time : 'lut:_j_ 
1 :17:10: 0 :1ii:17:3g:15 737:18:08:25 :41:18:38:40 :54:19:35:60 :48:20:04:85 :43:20:32:110:42 
2 :17 :11: 4 :48:17 :39 :15 :57: 18:09 :30 : 52:18:39 :40 :- ·:19:36 :60 :45: 20:05:85 : 51: 20:33 :110 :33 
3 :17:12: 4 :56:17:4o:15 :50:18:10:30 :- :1s:4o:4o :48:19:37:60 :62:2o:o6:85 :50:20:34:110:45 
4 :1]":13: 4 :60 :17:41:15 : 47 :18 :11 :30 : 51 :18:41 :40 :45 :19:38 :60 :59 :20:07 :85 :43 :20:35 :110: 54 
5 :i7:14: 4 :49:17:42:15 :46:18:12:30 :35:i8:42:4o :46:19:39:60 :4s;20:08:85 :45:20:36:110:47 
6 :17:15: 4 :4g:17:43:15 :50:18:13:30 :53:1s:43:4o :44:19:4o:60 :46:20:09:s5 :47:20:37:110:47 
7 :17:16: 4 :ll9:17:44 :15 :40:18:14:30 :43:18:44:40 :43:19:41:60 :57:20:10:80 :48:20:38:105:48 
8 :17:17: 4 :54:17:45:15 :52:18:15:30 :55:18:45:40 :52:19:42:60 :44:20:11.:80 :44:20:39:105:50 
9 :17:18: 4 :34:17:46:15 :4o:l6:16:30 :50:18:46:4o :52:19:43:60 :48:20:12:80 :50:20:4o:105:48 

10 :17:19: 4 :42:17:47:10 :54:18:17:25 ;44:18:47:35 :~:i9:44:6o :50:20:13:80 :45:20:41:105:47 
11 :17:20: 4- :48:t7:4s :10 :- ~1s:i~:25 ~ ·1J.7:rn:l:l-~ :35 :48:19:~5:55 -:44:20:14:80 .:46~20:Yz:io5:45_ 
12 :i 1:21: 4 : li-7 :i7:49 :io ·L50::1$:L9: ~5 ~44:is:~ :35 : 44:19 :46: 55 : 52.:20:15q5 ~48: 20:43 :J.oo_:46 
13 :I 7-: 22: 4 : 44; 17: 50 :.:io. :: 5t-k: rn :£0: 25 .= 48::is :.50: 3 5 _: 66:: 19: 41: 55 ·= 47::20: 16: 75 -: _54: 20: )+4: 100: 48 
14 :17: 23: 4 : 46 :i 7: 51 ::io ·::41.: 18 :'.2i :25 := 46 :18:51: 3.5 : 56 :i9: 4o: 55- ': 45: 20: 17 : ·75 : 50: 20: 45 :100.: 48 
15 n 7: 24: 4 :43 :.17: 52 ::ro : : 52 :1s:.22 =:25 := 53 as: 52 =.35 . : 36: 19: 49 :·55 ·: 5:1::20:·18: 75 .: q:p 20 :.46 :'100.: 44 
16 :17 :25: 4 : 47: 17: 53 no ::42: is :·23 :-25 ::45:is: 53 :35 ·:49 :i9:·50: 55 :: 44:20:19: 75 ·= 49: 20:48;100:-
17. :·17:26: 0 :- :17:54:10_::45:113:24;25~:~;:18:54;35:~-::19:· 51:55 :-·: : : .: : : : : ; 

t 

~ 

I : 

. . 

: 
' . 
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Table 7 .--Towing data f~r St:oticn 2043 , May 2, 1941 . (.See page 6 f or explanati::m. 

ti"n 
Obs1. rva- : .. • 4---- • 5 :· 6 : 7 

:J • • 

H.!:ml nwnb e r 
1 2 g 

nuraber 

1 
2 
3 
4 
5 
6 
7 
g 

9 
10 
11 
12 
l} 
14 
15 
16 
17 

:o . :o[: :m. : ~ : :m. :o : :m. :o : :m. :o : :m. : o : :m. :? : :m. ~o 

:Time : out : :Time : out : L:Tirne :out : l:Timc :out: L:Time :nut: L:Tirae ::)ut: L:Time :out: L.:Time::out: '.L 
:19·: 58 : o :39 :20:30:15 :33 :20 :58 :30 :30 :21:24: 4o :50 :21: 51 :Go -:irf :2ii22: 8-f:-36 :22.:52:110 :27 :23 :41 n6o :33 
:19 : 59 : 4 :35 :20: 31 :15 : 149 :20: 59 :30 :46 :21: 25 :4o :49:21:52:60 :35:22:23:85 :31:22:53:110:31:23:42:160:41 
:20:00: 4 :47:20:32:15 : 30:21:00 :30 :39 :21: 26 :4o :l!.o :21: 53 :60 :44 :22: 24: 85 :38 :22: 54:110 :40: 23 :IJ.3 !160: 45 
:20: 02 : 4 : 27: 20 :33:15 :35:21:01:30 :38 :21: 27:4o :35_:21: 54 :60 :31:22: 25: 85 :47: 22:55:110:46:23:44:16o:46 
:20:03: 4 : 45 :20:34:15 :43:21:02 :30 :41:21:2s :4o :47: 21: 55:60 :32:22: 26:85 :52 :22:56:110:49:23:45:160:38 
:20:04: 4 :45:20:35:15 :43:21:03:30 :41:21:29:40 : 41:21:56 :60 :36:22: 27: 85 :4o :22:57:110:44:23:46 :160:41 
:20:05: 4 :34:20:36:15 :43:21:04:30 :45:21:30:40 :36 :21: 57: 60 :46:22: 28 : 60 :37:22: 58 :105:46:23:47:150:42 
:2o:o6: 4 :22:20:37:15 :44:21:05:30 :42:21:31: !.Lo :39 :21 :5s: 6o : 54:22 :29:so :45 :22:59:105:46:23:48:150 :43 
:20:07: 4 :30:20:38:15 :43:21:06:30 :4o~21: 32: 4o : 43 :21:59:6o :60:22: 30 :80 :49:23:00:105:49:23:49:150:47 
:2o:os: 4- : 3g: 20_:39 :10 :3g :21:07:25 : 3 7 :21:33: 35 :44: 22 :oo : 55 : 44:22.:31:: 80 : 45: 23 :01no5: 43 :2J:50:150 :45 
: 20:09: 4 : 35: 20: 40 :10 : 43: 21: Of5 : 25 :33: 21:34:35 :36: 22:01: 55 : 26: 22:32: 80 :48!2}:02.:105 :44:23: 51: 150: 19 
:20:10: 4 :36:20:41:10 :34:21:09:25 :41:21:35:35 :35:22: 02: 55 :47:22 :33:75 ~43: 2}:01:100 : ~3~2}:52:140:30 
:26: ii: 4 : 3:(:26.:~2:10 :45:21: io: 25 : 41: 21:36: 35 :43 :22:03: 55 : 48 : 22:34q5 : 30: 23 :o4:ioo:47 :23: 53 :i4o :42 
:26: 12: i:i.. : 46 :26 : 43 !10 :42 : 21: 1~ :25 : 4o :21:37; 35 :44: 22:04: 55 : 27: 22:35=75 :45: 23 :05:100 :.44:23: 54:14o: 46 
:20:13: 6 :- :26:44:1q :24:21:12:25 : 44:21:3~:35 :39:22:05:55 :42:22:)6:75 :45:23:06:100:36: 23:55:140:41 
: · : :. : · ~~q:45:io :1.J.5:21:13:25 :48:21139:35 :42:22:06:55 :52:22:~7:75 :- :23:osnoo:- :23:56:i4or-

. : :2q:46.:19 !-:- :2+:14:25 :- :21;4o :35 :- :22:08:55 :- : : : : : . : . : : : 

. ' 
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!'able 8.-T1Jwing dat a f l)r Stat i --n c452if, Jun_e lJ-16, 1941. _ (Sec. paga 6 for i;oxplana.tion.) 

Ovserva-: H~ul number 
tion : 1 : 2 : 3 : 4 : 5 : 6 : 7 

:m. :oL: 
: out: : 1'ime-

nW!lber 
:Time 

:m. :ol: :m. :a : :m. :~L: :m. ! fjL: :m. :oL: :a. :o'l: 
:out: :Time :out: L:Time : ~ut: :Time :out: :Tim~ :~ut: :Time :out: :Time 

- - ·- - - - -- - -

8 
:m. :ol 
! ) Ut ! 

.. 



Table 9 . ~Towing date f~r St~tion 2452D, June 13, 1941. (See page 6 for explanation.) 

Haul number Obeer- : 
vation:----~1-----=-----2-----:------=3-----:-----4r.------:~--~5=-----.-.----~6-----=------=7:-------_ --~s=-----:------9~--·· 

numbe.r : :m. :o : :m. : o : :m. :o : :m. :o : :n. !'JL: :m. :a : :m. :o : :m. :o : :m. :o 
:Time : :.ut : L :TiLle :c11t : l :Time : )Ut : L :Time : out : l : rime : out: aTime :out: L:Time_ :!Jlli;: L; Time :out: L:Time :out: L 

1 
2 
3 
4 
5 
6 
7 
B 
9 

10 
11 

t-' 12 
N 13 

14 
15 
16 
17 

: S·: 58 : o :37 :9: 35 :15 :39 : 10:05 :30 : 51 :10: 35 :IH) - :25 :11:05£60 :45 :1.1:38 :85 :45 :12:14:!1P145.;13;02rl60&19:U3!~.la210l42 
:3: 59 : 4 :33:9:36:15 :41 :10:06 :30 ·: 46 :10:36 :4o :30:ll:06:6o :45:11:39:B5 :50:12:15:ll0:46:13:03:16o:41:13:44:210:46 
:9 :00 : 4 :36 :9 :37 :15 : 45 :10:07 :,30 :45 :10:37 :'4o :4o :11: 07 :60 :>44:1·1:40:85 : 47:12·: 16 :lD :46 :13 :04:160:51:13: 45 :210 :48 
:9 :01 : 4 :4o :9 : 3g : 15 :44 :10:08 :30 : 50 :10:38 : 4o :47 :11: 08 :60 : 46 :11:41:85 :41.: 12:17:1l0:45fl3.:'.05:160: 53 :13: 46:210:46 
.:9:02·: 4- :38:9:39.:15 : 50~10: 09 :30 :54:10:39:4o :44:11 :09:60 :45:11:42: 85 :ijo:12:l8:D0:4a:l3.:o6:160:47:13:47:210:46 
:9 : OJ: 4- :45 :9 : 40 :15 :43 :10 :10:30 ·:45!.:10-: 4o: 4o :35:11.: 10.:60 ·: 47~:11: 43 :S5 :3S :12.:19:DD:!-\.9 :i3:07:160:46 :3.3 :48 :210:48 
:9 :04: 4· :44 :9: 41 :15 :40 :10:11 :30 : 42::10-:41: 4o .:42:11:11:60 :46:11:44:85 :43 :12: 20!105:47:13:0S:l50 :43:.i.3 :U-9 : 200:50 
:9.: 05 : 4: : 35 :9·: 42 :15 :41 :10:12 :30 :43 :10: 42 :40 :47:11.:12 :Go :45 :11: 45 : so :43 :12: 21:103:44:13:09:150:.44:13:50 : 200: 51 
:9.:06 : 4 :4o:9 : 4' :15 :42':10:13 :30 : 5a: 10:43 : 4o ·:4o·:1r:13 : 60 :44 :11:46 :SO : 43·:12: 22:.105:46 :13 :10:150:46:13: 51 : 200:47 
:9 :07 : 4 :45:9·: 44: 10 :31J;:1on 4: 25 ::46 : 10: 44: 4o :34:11: 14:55 :44.:11:47: so .:41:12:23:10j:50:13:11:150:46:13:.52:20Q:43 
:9 : Oo : 4- : 4'2 :9 :45 :10 :41 : 10:15: 25 : 41 : 10:45 :4o :37 : 11: 15:55 :47:11.:46 :30 :44:12-:24:105:49 :·13 :12:150 : 42 :~3:53 :200':43 
:9:C>9 : ll= : 4'2 :9 : 46 :·:i.o : 53 : 10: 16 : 25: : 44: io:46 :4o : 45 : i n 16: 55 : 45·: 11: 49 :75 :: 4J::12: 25:l05: 45: ~13:13 :14o :45: 13: 54.: i90 :46 
:9 : 10: lf :18 :9 :47 : :i.o .:43:10 :17 :25 :56: 10:47 :35 : 44:11: 17 : 55 : 47 :11·: 50: 75 : 42 : 12: 26:ioo:i4'n:i1·:141140: 46:13: 55 :190:48 
:9 : 11: 4 : 1!:5 :9':43 :::1.0 :40:10·: 1!5-: 25 : 5li : lO: lIB :35 :39 :11: :.18:55 :45:11:51:75 : 45:12:27:J00:45:13:15:14o:47:13:56:190: 45 
:9 : 12:_ 4 : 45 :9 : 149.: 10 : 51 :10: 19 : 25 : 4}: 10: 49 :35 •:39':11:19:55 :43n1: 52:75 : 45.:12: 2~ :100:45:13n6:14o:45:13: 57:i.90 :45 
:9 : 13 : 4· :35:9: 50: 10 :46 :10: 20:·25 ::37:10:50:35 ·: 4o :11: 20: 55 ·:43:11: 53:?5 :46.:12-:29 300:46:13:17:14o;46:..13 :-58:190:43 
:9:14: a :..: :9' : 51:!1.0' -: 41+:10.:21:!25 ::~:1.0 : 51 :35 : 39:11:21:55 ·:44:11:56:15 ·:- .:12:3oroo:it-6:13:1.9:140:3s:-14:oo:i<J0.:37 

l~ • ' · • : ·0:· 52·10 • · 1n •22 · 25 ·· ··10·· 53 ··"' 5 ' ·11•23·55 · • • · " 12•32 ·,rn·36.. · • · • , ' 0 • • .. ' • '-:J • • • - • 'J. • . • - • • • :J • - . • • .. • - • • • • • ~. . • • • ... • • . 

.. 
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Table 10.-T·iwi.ng data fnr Strti_'l_n 2454N, Jun~ l.. 8:-_1_9_! 1941. ( Sec nageu Q_ f o r explanation.) 

Obs.::r-: Reul numbr r 
vat i nn : 1 : 2 : 3 : 4 : 5 : 6 : 7 : B : 9 
number: :m. :o : :m. : ~ : :m. :o : :m. :o : :m. :o ·: :m. :n .: :m. :n : :m. :o : .:m. : 0 

:Tioe ::ut: l:Time : :mt: L:Ti:rae :out: L:Ti me :w.1: L :Ti o.a :om: L:Tiae :0111: L:Timc : '>ut: L:Time :put-: L:Time :•:>Ut: L 
1 :2l: Oo : 0 : 50:21:37i 15 :J7.:22 :0B :30 :40 :22 :39:40:37:23:12~6G:30:23:1l-4! ~ 5:42:24:20:110:10:24:59:160:21:-1~391~10: o 
2 :21 ;09! 4:15:21 :30 :15 :35 :22: 09 :30 :4o :22:40 : 4o :4o :23 :13 :60 :37 :23 :45 :o5 :45 :24:21 :110:35: 1: 00:160 :45: 1: ll-3:210:38 
3 :21:10 : 4:23:21:39:15:30:22:10:J0:42!22:41:40:4G:23:14:60:45:23:46:65:44:24:22:110:44: 1:01:160:47: 1:41:210:52 
4 : 21:11 : 4;34 :21:4o :15:45:22 :11:30 :3a :22:42 :4o :4o :23:15:60 :50 :23:47:c5:37:24:23:110 :45: 1:02:160·:44 : 1: 42 :210:54 
5 · : 21: 12: 4:35 :21:41:15 :42 : 22:12 :30:3 ~ :22:43 : 40 :42 : 23 :16: 60 :46 :23: 4G : 05 :3r :24: 24:110 :40 : 1:03 :16o :42: 1'~ 43 :210: 4c 
6 :21:13: 4:35:21: 42:15:43:22:13:30 :3 5:22: 44:4o :42 :23:17:60 :36: 23:49.: s5:3s :24: 25:110 :46: 1:04 :160 :45: 1:44 :210 :46 
7 .: 21 :14: 4 ': 4G·:21: 43: 15:34:22·:1."4:30 :36':22: 45':4:r:44':23 n g ~60:30 :23:50::.go ~ 42 :24:26 :105 :45: 1:05 :150 :47: 1:45:;200 : 46 
b : 21:15~: 4!:50=:2i:44:15 :35 :22:15-:30 :37 :22: 46-:40 :45~23 :19 :60':3)-:23 :91 ;£0~47 : 24:27 :105 :47·: 1:06:150-:47: 1:46 :200 :4L 
9 :2l:i6': 4':41":21·: 45 : 15 :1J2 :22:16 :)0 :42: 22:47:4o.:45':23 :20:60 : 4;0!23:52 : JO :50 ': 24:28 :105:461 1!07:150 :45~. 1:47 !200 :41 

l o :g1.:11.: 4>43·:2i.: 46: l b :37 : 2~:17 :25 :3a : 22 :4s-:35::44~23 :21: 55 :43 :23: 53 : 80 :47-:24:29 :105:4o·: l:og :150:44 : 1:48: 200:36 
1.1 :21::1~ : 4:4 ~·-:21 : 47 :10 :4o :22:13 :25:30·:2 2:49 :}5~:45~23 :22 :55 =37 :23: 54·: ~0 :45~ 24:30 :105:3s : 1:09 :150:45·: i: 49 :200 :3s 
12 :21n9:: 4·:)]':2i: 4t :10 :42: 22:19 :25:35·:22: 50:35·:46':23:23 :55 :33-:2J;55:75:44 :24:31 :ioo:41r: ino:14o:4o : le.BO :19.0:42 

~ 1) . :~1:~?0~ 4':40-:2f.: 49: 10:45 :?2:20:?5:4o":2·2: 51 :35 :46 :23 :24: 55·:30':23:56·: 75: 42: 24:32 :10.0:47: 1:11 :l4o:4H 1:51 !190 :44 
14 :2i:: 21.: 4:44:21: 50 :10 :30:.22:21: 25:40 :22.: 52:35:42:23 :25:55:44: 23: 57 :75:4o::24:33 :a.rxr:4y: 1:12:14o :50~ H '52 :190 : 50 
15 :21:22 : 4:43 :21.: 51 :10:42 :22:22 :25: 42 :22: 53 :35:42: 23:26: 55: 44: 23:5$i :75:43 :24:34:100 :45:: 1:13 :11¥):47-: 1':·53: 1) 0:46 
16 : g1::23_: o :- ::2'1: 52 : 10 :40:·22:23 : 25 :40:22:54:35: 4~:23:2]':55:40: 23~ 59 :75-":4o:24:J5no<J:49·: · 1:14:i4o:.44: n54:190:44 
17 : ! . ·: .·: ~: 2;i.:53 :10:44:·22:~4.: '25: '4.lt: 22: 55: 3 5: 46: 23 :2>3': 55':-44:2lf:90: 75: 39: 24:36:100: 20:: ]!:16 ~14o: 3:: . -i·~ 56 =~90:16 
l <, • • • ·2·1·54·1"'•},0·22·25··25·4::z;,~2·56·35·46··23··30·55 · 4C.· : .. .. .. ·. • .• • . ... • ' .. ·. .. • . • o .... • • • • .• v."t • • • • :,.1•a- • , • • • • . • ,. · • • • • • ·• • • ·· '•-.. • . . • • . . . .. . . . . .. 
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Table 11. - Towing da ta 'f()_r _ Sta~iQ_I! 2454D, _Jun_~_J .. _9_,__J.941. (See J)a~~_!:>_];'_e~lanation.) 

Obser-: Haul number 
ve.t i on: 1 : 2 : 3 : 4 : 5 : 6 : 7 : S : 9 
number: :m. :o : :m. :o : :m. :o : :m. :o : :m. :o : :m. :o : :m. :o : :m. :'> : :m. :a 

:Time:out: L:T.imerot: L:Time:out: L:Timemt: L:Time :rut: !:rtme :mt: L:Time :csu:t: L:Timo.aut: L:Time :nut: L 
1 :8:26:0 :3o:a: 50:15:20:9:16:30:32:9 :43:4o:25:10:10:69:1i0:10:37:s5:40:11:09:110:4a:11:44:160:41:12:2s:2io:19 
2 :8:27:4 :3~ : 8:51:15:32:9:17:30:44:9: 44 :4o:35:10:11:60:45:10:3G:G5:42:11:10:ll0:49:11:45:160:44:12:29:210:26 
3 : 6:2s :4 :50:8: 52 :15:4s :9 :18:30 :50 :9:45:4o :52 :10:12 :6o:43 :10:39 :65 :45 :u:11 :110.:46 :11: 46 n60:45:12:30: 210:38 
4 :B: 29 t4 :42 :s : 53 :15: 44:9 :19:30:42 :9: 46 :4o:4o :10:13:6o :41:10: 4o :s5:42 :11:12:110:45:11:47:16o:46:12:31:210:33 
5 !8:30:4 :44:B: 54 :15:40:9 :20 :30 :34:9:47:40:30:10:14:6o:45 :10:41:g5 :36:11:13:110 :45:11: 48:16o:45:12: 32:210:43 
6 :8:31:4 :46: 8 : 55 :15: 44 :9 : 21 : 30:32:9 : 48 : 4o:4o:10:15 :60 :43:10 : 42: 35 :33 :11·:14:110 : 44 :11 :~ :16o:47:12:33:210: 42 
7 : S :32 :4 :.42 :.8: 56 :15: 45:91 22:30 :4o:9 :49 ~4o : 43 :. 10:16 : 6o :3~ :10: 43 :BO: 42 :11:15 :105 :46 :11: 5Q :150 :43 :12:J4:200:44 : 
B . :8:33 :.4 .:.44:.c: :·~ J 15t 4b:9:23s30:45H:~:4o:45no:.17,5o:4211c.:~•no146i11n';105i4i.n1i 51115o:i4J.U2aJ5i20C~ · 
9 . :8 :,34:4 :-44 ;_g.: 53 : 15: 42 :9 : 24:30 :45:9: 51 :40 :.41.1. :-10 ::18 : 5; :44: 10:.45 ; ~") : 44 :11:17 :-105 :38 :·11: 52: 150 :4o ::i2:36 i2')3: 52 . 

10 .: B:J5:4 :42:3:59 no:44 :9: 25 :25:35:9: 52:35:35:io:19 : 55 :47 :10:·46: 80 :40 :u:1g n o5:37 :u:53 :i50: 4o:12:37 :200:145 .. 
i1 : 13 :36 :4 :35:9:00:10:45:9 :~6 :25:45 :9: 53 :35:45 :10:20 :55: 49 : 10:47 :so:3g :11 :19 :105:45:11: 54:150 :42:12:'3s :200:51 : 

i:: 12 : 8:37: 4 :43 :9 :01:10: 47 :9 : 27: 25: 47 :9: 54:35: ~ = 10: 21: 55:46 :10: 48 : go:44:u : 20:.ioo:46:11: 55:14o:43:12:39 ~190 : 51 : ·· 
13 : s :38:4 :44:9:02:10: 45:9:2s :25:44: 9: 55:35:4B:10:22 :55:33:10:49 :75:45:11:21:100:41:11:56:14o:45:12:4o:190:43 
14 : s :39 :4 :37:9:.03:10:42:9 :29 :25 :43 :9 : 55:35 :47 :.io:.23 =·55 :35 :10:50 :75: 42n1:22:100:35n1: 57a4o: 41:12:41~190:4o · · 
15 :8:1Jo: 4 :45:9 :d4no: 45:9 :30: 25:40.:9:57:35:44no:24:55: 34:io: 51=75:35 :11: 23 noo:35: u: 5n :-14o:'44:"12:·42::190:4o : · 
16 : 8:41 :o :- :9: 05 : 10: 46 :9 :31: 25: 32:9: 5s :35: 3o: 10:25:55: 45 :10: 52:-75:3,3 :i1:24:100:4o:11-: 59 :14o: 41n2:'43 :·190:49 · 
17 : : : :9: o6no: 47 :9 :32:25: 33 :9 :59 :35: 32no: 26: 55:42: 10: 53 q5: 46:11 :26 :.100:46:-12:02n4o:35:12:"45:'190:33 : 
1s : : : :9 : a7 :10:47:9 :34:25:34:JO; oo :35:4o:io:27: 55 :37: :·: : : : : : : : f · 
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· A.PP E.N D I X· . . . B 

LisTs .sHcJ.rruo Tia e AND · too..\TIOM .oF ftilULS; DEPTHS r,ISHED, 
. AND NUUB!m.S OF' ·EGGS A:ND 'LaRVAE ''PAKEN 

Dat~ a.re .giv~n in the: f ollowing order: Stn.tion nwnber; d<lta; t.ime 
ihtt.:rval; lc.tituP.e ; l ongitude ;· typer of nat; d'i::pth interval for each h'lul; 
numb~rs of eggs; l ength :.md number of inrvae ror l arvae of each .5 mm. 
interval of length. Time of day is given to the nearest hour with the 

"hours numbered cons~cutively from 1 for l a.m. to 24 for midnieht. Depths 
are ~ meters a~d l engths of l arvae :in millimeters. 

Exrunpl~ : (St::>.tion) 1832; (1Ionth) 4/ (Day) 10/ (Yc.:ar) 41; (Sturl ) 
llh- (End) 15h: '(North l~titudu) 33:13; (Wost l ongitude) 118 r26; (Type 
of net) B; (UppE'.!r limit of str.:itum fished, depth) 0-::. (Lovmr limit of 
strn.tum fished, dupth) 13: (Numb1~l' of eggs t.J.kcn) E 181; (Larvae ) L: 
(Length) 2.5, (Nwnbur) 3; (Length) 3,0, (1'1lwb1r) 35; (length) ).5, .(Num
ber) 4; {Lim:Lts) 17-26 r .(f-lumber of 0ggs) ·E 103•: (Larvae) L: (Length) 
2. 5 , (N:UOOer) 22; (Length) 3.0, (Number) 366; etc·. 

Net types ?lore as follows:.· Type A is a closing net of one meter di
ainet~r mouth; made of No. 24XXX grit gauze, wit h the l ast half zaet ur of 
No. 56.XXX: grit gauze ; and With a detach..1.ble "cod' and11 of No. 56XXX grit 
gauze ~ 'fype B ·is a closing net bf onc.-hnlf mater didmoter mouth; mD.do 
of No. 40XXX. grit c~uze , 1Vith the last 65crn. of No. 56~ grit gauze . 
Type C is a closing net of ono mater diCW1ate~ of mouth; mado of cotton 
scr im vti th op1.minr,s approximately 1 mm. squaru, with thr> lnst hu.lf met er 
of No. 56x..a grit gauze ; and 1rith detachublc "cod ·end" of lfo •. 56XXX grit 
gauza . Approximo.t a siz ;::s of openings of XXX grit g.!luzos .:ire: No. 24, 
1 .10 mm.; No. 40, .65 mu.; lfo . 56, .47 nun. · · 

F8A; 4/19/39; 3h- 9h; 32 :48, 117:42 ; .t1.; 0-3: ~ 1877; L: 4 .• 0, l; 4.5,1; 
5 . 0,4; 5.5,2; 7. 0, 2; 8 . 0,l; 9 . ~ ,l; 6- B: E 2C79i L: 4.0,l; 4.5,3; 5. 0,7; 
6. 0,l; 6 .5, 2; 7. 0,1; 7.5,1; 8.0, 2; 9. G,2; 10.0,l; 10.5,1; 7-16: E 3878 ; 
L: 3 . 0 ,2; 3.5,1; 4.0 , 3 ; 4.; , 8; ) .0,9; 5 . '.> ,2; 6.0,2; 17;25: E 1265; 
L : 5.0,l; 8.0, l ; 30- 34: E 56; L: O; 44-1~6: E 5; L: O; h5-60: E O; 
L: 4 . 5 ,2; 108-115 : l 6; L: O. 

F8B; 4/19/39; 15h-19h; 32:48, 117:44; A; 0-2: E 2892; L: 5.5,1; 6. ~,l; 
7. 0,l; 15-17: E 1359 ; L: 3 . 5 ,1; 4.5,1; 29-35: E 88; L: O; 53-58: E 8; 
L: O; 68-72: E O; L: O; 164-183: E 4; L: O. 

F9A ; 4/20/39; 2h-8.h; 32:30, 117,32; A; 0-5::: 52; L: J.5,6; 4.0,l; h .S,2; 
5 . 0,4; 5.5, 6; ~ . O,l; 6. 5 ,3 ; 7 .• 0,2; 12-14: E 194; L: 6.0,l; 28-32:. E 54; 
L: O; 45-57: E l; L: 6 . 0,l; 56-59: ~ l; L: O; 109.-,~ : :C 7; L: O. 

FJB; 4/ 20/39; 9h- 13h j 321:29, 117:39; A; 0-2: D 940: Li: 5.5,2; 6.0,4; . 
6 .. 5,5; 7.0,.7'; 8. 0 , 3; 8~ 5,1; 9 . 0,1; J. 5,2 ) 10.0,l; 11.0,l) lh-*: .u 4137; 
1 : 3 . 5 ,l,; 4.0, 6i 5 . 0 , lj 6 . 0,l , .57-66: E 6; :.: OJ 12~-lli9: ~ 4; L : 0. 

'1t0n l y one stray anF.";l e r eading. 
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1832; 4/10/41; llh-15h; 33:13, 118:26; B; 0-13: E 181; L: 2.5,3; 3.0,35; 
3.5,4; 17-26: E 103; L: 2.5,22; 3.0,366; J.5,187; 4.0,2j 4.5,6; 5.5,1; 
28-39: E 11; L ~ 2.5,1; 3.0,47; 3.5,31; 4.0,2; 4.5,6; 5.0,2; 41-55: E O; 
L: O; 53-66: E O; L: 3.0,2; 3.5,2; 69-83: E O; L: 2.5,1; 3.5,1; 5.0,l. 

2046; h/30/41; 17h-2lh; 32:29, 119i26; B; 0-3: E O; L: 3.0, 3; 3.5,3; 
4.0,l; 4.5,2; 5.0,33; 5.~,36; 6.0,9; 6.5,1; 7.0,l; 9.5,1; 6-12: E O; L: 
3.5,2; h.0,2; 4.5,2; 5.0,31; 5.5,51; 6.o,55; 6.5,20j 7.0,3; 1.5,4; 8.0, 2; 
8.),2; 9.0,l; 9. 5,1; 10.0J2; 14.0,l; 15-25: E O; L: 2.5,1; 3.0,l; 3.5, 2i 
4.0,1; 4.5,3; 5.0,27; 5.5,37; 6.0,74; 6.S,23; 7.0,9; 7.5,5j D.o,5; 8.5,2; 
9.0,2; 9.5,2; l0.5,1; 14-29: E O; Lt 3.0,2; J . 5,11; 4.0,11; 4.5,12; 5.0,38; 
5.5,29; 6.0,15; 6.5,3; 28-43: E O; L: 2.5,3; 3.0,19; 3.5,30; 4.0,16; 
4.5,11; 5.0,25; 5.5,3; 6.0,6; 6.),3; 7.5,1; 44-62: ~ 3; L: 2.5,1; 3.0,13; 
J.5,11; 4.0,4; 4.5,1; 5.0,l; 65-92: E 18; L: 6.0,l. . 

I 

2043; 5/2/41; 20h-24h; 32:50, 118:1B; C; 0-h: E 90; Li 3.0,l; 5.0,20; 
5.5,30; 6.0,32; 6.5,20; 7.0,38; 7.5,43; 8.0,53; 8.5,48; 9.0,33; 9.5,17; 
10.0,19; l0.5,6; 11.0,14; 11.5,13; 12.0,7; 12.5,4; 13.0,5; "13.5,3; 14.0,l; 
14.5,1; 15.0,2; 7-13: E 16; L: 4.0,l; 4.5,h; 5.0,21; 5.5,19; 6.0,12; 
6.5,6; 1.0,10; 1.5,9; 8.0,14; 8.5,15; 9.0,23; 9. 5,13; 10.0.,26; l0.5,12; 
11.0,7; 11.5,11; 12.0,15; 12.5,9; 1).0,7; lJ.5,6; 14.0,J; 14.5,3; 1) .0,l; 
16.0,l; 17-26: El; L: 4.5,1; 5.0,2; 5.5,1; 6.0,l; 7. 0,1; 9.5,l; 11. 5,1; 
12.5,1; 13.5,1; 25-33: E l; 1: 4.5,1; 11.5,1; 12.0,l; 14.0,2; 14. 5,1; 
15.5,1; 30:53: E O; L; 11.5,1; 52-73: E O; L: O; 68-98: E O; L: O; 
97-142: E O; L: O. 

2452N; 6/17-18/41; 22h-3h; 32:23, 117:52; C; 0-3; El; L: 11.0,l; 12.0,5; 
12.5,4; 13.0,3; lJ.5,3; 14.0,2; 14.5,1; 15.5,1; 18.5,1; 7-12: E O; L: 
8.5,1; 13.5,1; 14.0,l; 15-24: E O; L: 9.0,2; 11.0,2; 11. ~,lj 12.0,l; 
12.5,2; 13.0,l; 13.5,1; 15.0,2; 22-35: E O; L: 13.0,lj 3~-52: E O; L: 
10.5,1; 11.5,1; 14. 5,1; 48-84: 3 O; L: O; 57-101: E Oj L: O; 90-lu6: 
E O; L: O. 

2452D; 6/18/41; 9h-14h; 32:17, 117:52; C; 0-3: E O; L: O; 6-12: E Ot 
L: O; 14-21: E O; L: O; 25-36: E O; L: 11.5,1; 38-43: E O; L: 11.5,1; 
12.5,1; 52-67: E O; L: 17.5,1; 10.0,l; 68-81: I·~ O; L: '18.0,l; 96-152 : 
E O; L: O; 125-156: E O; L: o. . . 

2454N; 6/18-19/41; 2lh-2p; 32:12, 118:38; C; 0-4 : E 8; L: 4.5,l; 5.0,2; 
6.0,l; 6.5,2; 7.0,1; 9.0,1; 9.5,1; 10.0,l; 10.5,3; 12. ) ,1; 7-13: E 15; 
t: 4.5,1; 5.0,2; 6.0,l; 6. 5, 2; 3.5,1; 9.0,2; 10.5,1; 11.0,l; 12.0,l; 
12.5,1; 18-25: E l; L: 5.0,l; 7. ~,l; 8.0,l; 9,0,3; 9. 5,4; 10.0,l; 11. 0,2; 
12.0,2; 12.5,1; 13.0,l; 13. 5, l ; 14.0,2; 14. 5,2; 15.0,l; 24-32: t O; L: 
4.5,5; 5.Q,2; 5.5,1; 7.0, 2; 8.5,1; 9.0, 2; 9.5,3; 11.0,5; 11.5,3; 12.0,3; 
12.5,3; lJ.0,4; 17 .5,1; 38-52: E O; L: 10.0,l; 11.0,2; 12.5,1; 52-99: 
E O; L: O; 66-108 : E O; L: O; 90-149: E O; L: O; 122-208: E O; L: O. 

2454D; 6/19/41; Bh-lJh; 32:10, 118:J9; c; 0-3: E J; L: 6.0,l; 10.0,2; 
12.0,l; 12.5,1; 7-14: El; L: O; 17-25: E O; L: 4.5,1; 6.0,3; 6.511; 
10.0,l; 23-36: 'E O; L: 4.0,2; 4.5,4; 5.5,2; 13.0,l; 36-47: E O; L: 
5.0,l; 12.0,l; 52-69 : E O; L: 21.0,l; 26.0,l; 70-85: E O; L: O; 99-121 : 
E O; L: O; 120-198 : E O; L: O. 
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