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INTRODUCTION

The data in this report were collected during Cruise 8402-3'of rhe California Cooperative Oceanic
Fisheries lnvestigalions (CalCOFl) program aboard the RV David Starr Jordan of rhe National Marine
Fisheries Service and the RV Nerv Horizon of the Scripps Institution of Oceanography. In addirion ro
routine station sampling, six 24-hour stations were occupied to make several Nansen casts and ner rows
in order to assess within-station hydrographic, chemical and biological variability. Primary productivity
casls were taken daily near local noontime.

The Jordan occupied a closely-spaced station paltern (Fig. l) in order to estimate lhe spawning
biomass of norlhern anchovy stock from egg and larval counts.

The data were collecled and processed by personnel of the Physical and Chemical Oceanographic
Dala Facility (PACODF), Marine Li[e Research Group (MLRG), rhe Sourhwesr Fisheries Center.
National Marine Fisheries Service (NMFS), and rhe Instiruto Nacional de pesca (lNp). Manv
volunteers also assisted in the collection of data at sea.

STANDARD PROCEDURES

Hydrographic Cast Dato

The hydrographic casls consisted o[ 20 or fewer Nansen botrles lowered ro a maximum sampling
depth ol 600 meters, bottom depth permitting. Temperature, salinity, oxygen and nutrients were deter-
mined for all depths sampled. Chlorophyll-a and phaeopigments were usually determined from lhe rop
l2 depths.

Paired prolected reversing thermometers were used to determine temperalures which are recorded
to hundredths of a degree Celsius. Sampling bottles used below a depth of 100 meters were equipped
wilh unprotected thermomelers for determinarion of the depth of sampling.

Salinity samples were analyzed al sea using inductive-type salinometers. Salinometers were stand-
ardized with sub-standard seawatet. The sub-standard waler was prepared from filtered seawater col-
lected in 30-liter Niskin bottles lrom a depth o[ 400 m, gently evaporated to increase rhe saliniry to
near 35/-. Periodic checks on the concentration of the substandard were made by comparison with
Wormley Standard Seawater batch P-90 The salinity values are reported to three decimal places.

Dissolved oxygen was determined by the Winkler method as modified by Carpenrer (1965), using
the equipmenl and procedure ourlined by Anderson (1971).

Silicate, phosphate, nitrate and nitrite nulrients were delermined at sea using an automaled
anafyzer. The procedures used are similar to those described in Atlas e/ al. (1971).

Chlorophyll was measured with a fluorometric technique (Yentsch and Menzel, 19631 Holm-
Hansen e/ al., 1965). Subsamples (65 or 140 ml) were drawn from the Nansen botlles and filtered onto
GF/C filters. The filters were placed in scintillation vials containing I0 ml of 90% acerone and the pig-
ments were extracted in the dark in a refrigerator lor a period bel.ween one and four days. The samples
were then brought to room temperalure and the fluorescence of the sample was determined belbre and
after acidification with a Turner lll fluorometer. The poten(ial biases in this rechnique are discussed in
Venrick and Hayward (1984).

The observed data have been evalual.ed using the methodology described by Klein (1973). This
involves consideration of their variation as functions of density or depth and their relations to each
other, and comparisons with adjacent observalions

Primaty Ptoducti vity Casts

Primary production was estimated from laC uptake using a simulared rn s/r,r technique. LiBht
penelration was estimated from the Secchi depth (assuming that rhe l0lo light level is three times rhe

'The hrsr lwo diBits represenr rhe year and the lasl diSils lhe monlhs of lhe cruise
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Secchi depth). Six depths, corresponding to predetermined levels of light penetration, were sampled
with 5 I Niskin bottles. Triplicate subsamples were drawn from each depth into 125 ml polycarbonate
incubation bottles which were innoculated with lOr.ci o[laC as NaHCO3. Two light and one dark
(control) bottle were then incubated approximately from local apparent noon to civil twiliBht in sea

water cooled incubators with neutral density screens which simulate lhe in situ lighl levels. At the end
of the incubation, the samples were filtered onto HA milipore filters and placed in scintillation vials.
One-half ml of 100/o HCI was added to each sample, which was then allowed to sit without a cap, at
room remperature for l2 hours (after Lean and Burnison, 1979). Following this, 10 ml of scintillation
fluor were added to each sample and the samples were relurned to S.l.O. where the radioactivity was

determined with a scintillation counter.

Macrozooplanklon Net Totes

Macrozooplankton was sampled with a 7l cm mouth diameter paired net (bongo net) equipped
with 0.505 mm plankton mesh. Boltom depth permitting, the nets were towed obliquely from 210 m to
the surface. The tow time for a standard tow was 2l.5 minutes. Volumes filtered were determined
from flowmeter readings and the mouth area of the ne(. Only one sample of the pair was retained and
preserved. The biomass, as wet displacement volume, alter removal o[ large (> 5 ml) organisms, was

determined in the laboratory ashore. These procedures are summarized in greater detail in Kramer el
at. ('t972).

Conduct iviUlTemryratureDept htr)rygen Recorder (CTDO) Dota

CTDO data were collected on some lines occupied by the David Starr Jordan, as shown by the sta-

tion position map (FiC. l). The CTDO data are not included in this report.

TABULATED DATA

The tabulated data in rhis reporr have substantial changes in bolh content and appearance from
data tabulations that have appeared in earlier CaICOFI data reports. The changes were noted in the
8401 cruise data report (SIO Ret 84-18) and are repeated below:

l. Observed data and interpolated standard level data have been interspersed and are presented
together in depth sequence.

2. Salinities have been calculated from the algorithms for the Practical Salinity Scale, 1978
(PSS78) as recommended by the Joint Panel on Oceanographic Tables and Standards (Lewis, 1980;
UNESCO, 1981). Between 34 and 36 salinity, the differences between the new PSS78 and old
UNESCO66 salinity scales are .001 or less. At practical salinity : 30, the new salinity is .005 higher
than the old salinity scale. Parts per thousand or the symbol 7- is not used for PSS78 salinities, so the
new practical salinities are 1000 times larger than salinities based on previous scales.

3. Potential temperature has been added to the tabulalion. The difference between in siftl tem-
perature and potential temperature is only .05" at 500 m, so potential temperature is not important for
the shallow casts presented in this report. However, potential temperature is of interesl for deeper casts
that are typically taken on expedilions and occasionally on CaICOFI cruises, so it will be reported rou-
tinely. Polential temperature is calculated from lhe expressions given by Fofonoff (1977), based upon
Bryden's (1973) results.

4. Density related parameters are calculated from the Interna(ional Equation of State of Seawater
1980 (EOS80) algorithms published by Millero, Chen, Bradshaw and Schleicher (1980) and UNESCO
(1981). Sigma-theta in this report is about.03 lower than the sigma-t that appeared in earlier reports.
EOS80 is in terms of lrue density, while the older equations were in terms of specific gravity, treal.ed as
il they were density. That accounts for most of the difference belween new and old equation of state
densities. The newer experimental measurements on the density of seawater also show small
differences that are variable over lhe temperature-salinity range of seawater. Sigma-theta is calculated
from potential temperature instead of irl sittl temperature. The differences in sigmas would have been



somewhat greater if ir? Jll, temperatures had been used lo calculate sigma in the present data report.
Dynamic heights in this report are within one dynamic millimeter of rhe values calculated in pre-

vious CalCOFl reports. The different equations of state have lirtle effect on the dynamic height calcula-
tion in the top 600 meters.

Specific volume anomaly (with pressure terms) is given in this dara reporr. Previously, thermo-
steric anomaly (withoul pressure terms) was reported, although the dynamic heights were calculated
from specific volume anomaly.

5 Pressure has been added to the dala listing. Although deprh remains as the primary key ro rhe
data for historical reasons and to facilitate comparisons with past cruises, pressure is required for the
EOS80 density calculations.

6. Percent oxygen saturation has been a<lded. The values are calculared from rhe equations of
weiss (1970) and UNESCO (1973). The solubility of oxygen varies primarily with tempeiarure and
secondarily with salinity. For convenience, an oxygen saturation is also given for levels where tempera-
ture or salinity is missing. Those values are based upon interpolared temperalure or salinily and should
be used with caution.

T Chlorophylll-a and phaeopigments have been incorporated wilh rhe hydrographic and chemical
data instead of being reported separalely.

8. Heading information has been expanded to include more of lhe wealher observations: mosl of
the observations have been de-coded and are self-explanatory. Weather conditions are coded using
WMO code 4501. Bottom depths, determined acoustically, have been corrected using Matthews (1939)
tables.

9 CaICOFI line and station numbers are separated by a lew blank spaces in order to leave room
for finer resolution of line and station numbers when appropriate. Most CaICOFI cruises occupy sra-
tions on cardinal lines and on ordinal lines with ll3 and 2/3 spacing between cardinal lines. For exam-
pfe, lhe desired lines between lines90 and 100 are lines 93-l/3 and 96-213. As in previous reporrs,
ordinal line numbers have been rounded to the nearest whole number (lines 93 and 97, respectively, in
the previous example). Additional lines and more closely spaced stations are occupied on some cruises,
then it is useful lo list some line and slation numbers to the nearesr 0.1. Eber and Hewirt (1979) give
conversion algorithms for conversion of latitude and longitude ro CaICOFI station number. A few
inshore stations have been listed to one decimal place in this report. It is not practical or desirable to
list a// stations to one decimal place because stations that occurred more than t 0.2 n.m. along the sta-
tion direction or 10.6 n m. along the line direction from the desired position would require a different
CalCOFl station number. For example, some of lhe repeat casts taken on the 24-hour stations would
have diflerent station numbers if listed to 0.1, although all casts were done wirhin a very small area.

Primary Prcduct ivity Casts

The tabulated data include: sample depths, lhe light levels at which the samples were incubared,
the uptake from each ol the replicate light bottles (uptake I and uptake 2) which have been corrected
for dark uptake by subtracting the dark value, lhe mean of the two uprake values, the dark uptake,
nutrients (when measured), chlorophyll and phaeophytin. The uptake values shown are the lotal lor
the incubation period. The times of local apparent noon (LAN), civil rwilight, and rhe vertically
integrated value of the mean uptake from the surface to lhe deepest sample depth (assuming thal the
shallowest measured value exlends to the surface and that negative values are zero) are also shown for
each experiment. The uptake dala have been presented to lwo significanl digits (values < 1.00) or one
decimal (values > 1.00). The higher production values may not warrant all of the significant digits
presented. lncubation time, LAN, and civil twilight are given in local Pacific Srandard Time (PST); to
convert to GMT, add eighr hours lo the PST rime.
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FOOTNOTES

In addition to footnotes, special notations are used without footnotes hcause the meaning is
always lhe same.

/SZ: After depth values indicates interpolated or extrapolated standard level.

P After depth values indicates the Nansen bottle posttripped.

U: Uncertain value. Values which are not used in interpolation because they seem to be in error
without apparent reason.
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FIGURES

Cruise 8402-3

L CaICOFI Cruise 8402-3, station positions.

2. Horizontal distriburion of dynamic height anomaly (0 over 500 d-bar).

3. Horizontal distribution of dynamic heighr anomaly (200 over 500 d-bar).

4. Horizontal distribulion of temperature al l0 meters

5. Horizontal distribution ofsalinity at l0 melers.

6. Horizontal distribution of sigma-theta at l0 meters.

7. Horizontal distribution of chlorophyll-a at l0 meters.

8. Horizontal distribution of temperature at 200 meters.

9. Horizontal distriburion of saliniry at 200 meters.

10. Horizonral distribution of sigma-theta at 200 meters.

9



CAPE
rEirooc I'to

CALCOFT CRUTSE 8402-3
7 FEBruAFT -28 MARCH I9A4

STATION POSITIONS

OIRECTIOI{ OF TRAVEL --)
O HYoioGRAPHrc srArlox

Q croo neconorre
. rlEr tot sr^rroN

! zr xora srarrorl

. " 
PROoUCIIVTTY CASI

SAN
FRAt{CTSCO

FPINT
coIcEPIroN

SAN
OIEGO

NEW HORIZON
7 FEBRUARY- 4 MARCH I9A4

\
;xi'{,r'*.'" 1t'J8i11"" } \'

7 FEBRUARY -
ni." 2a MARCH t984



921\

.si

I

.I /.'(/ I \
oc

ro4-\' I

- )-cuRFErJT OTFECTTOiI r{Drcrreo AY ARRO*S --}-

CALCOFI CRUISE 8402-3
7 FEERUARY _ 28 MARCH I9g4

DYNAMIC HEIGHT ANOMALIES
(o ovER 500 oEcTBARS )

COI{TOUR INTERVAL O04 DYIIAM C METERS

3S

53



CALCOFI CRUTSE 8402-3
7 FEBRUARY . 28 MARCH 1984

DYNAMIC HEIGHT ANOMALIES
(200 ovER 500 oEcrBARs)

fi"

aPPfoIltaarE 200 TTETEF 60-tiora cor{TouR



FIGURE 4

J

t?--\'
I

CALCOFI CRUISE 8402-3
7 FEERUARY 28 MARCH I984

IO METER TEMPERATURE
CONTOUR INTERVAL IO"C

5.\'.
t..



FIGIJRE 5

CALCOFT CRUISE 8402-3
7 FEBRUARY - 2A MARCH 1984

IO METER SALINITY
CONTOUR INTERVAL O 20

I

I

.. :*
..:....\.

$
t



I

CALCOFI CRUTSE 8402-3
7 FESRUARY - 28 MARCH 1984

lo METER 0g
CONTOUR INTERVAL O 20 kg/m.



CALCOFI CRUISE 8402-3
7 FEBRUARY _ 28 MARCH I984

lO METER CHLOROPHYLL-o

.,,--\ ' l

oe ,l

vtxV

.t
I

FIGURE 7



x

CALCOFT CRUTSE 8402-3
7 FEERUARY - 28 MARCH I984

2OO METER TEMPERATURE
CONTOUR INTERVAL O 5'C



FIGURE 9

r\,:

CALCOFI CRUISE 8402-3
7 FEERUARY. 28 MARCH I984

2OO METER SALINITY
CONTOUR INTERVAL O IO



FIGURE IO

.:\
260

.,i{

CALCOFT CRUTSE A4c2-3
7 FEBRUARY - 2g MARCH I984

2oo METER 0g
CONTOUR INTERVAL O20 lg /m3



PERSONNEL

Cruise 8402-3
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55 37 46.8N t23 14?W 2ll0
60 37 36.8N r23 36.sw 2/r0
65 37 26.0N 123 59.9w 2t9't0 3? 16.5N t24 20 5W 2/9
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55 34533N121 ll9W 2/15
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57
170
32

164
319
116
150

ll2
ll9
84
15

146
115
253
4',71

268
't 46
169

22

184

157
9t

540
134

51

167

t1
398

431

358
t2t
57
49
50
56

163

35

302
t44
lll
260
600
392
150

192
64

221
l3l
ll0
120

98
55
41

138

32
t64
319
116
132
tt2
n9
84
'75

56
115
253
4',71

268
146
169

22

51

\2
9l

24t
134

5l
t6'7
t'l

386
431

358
121

51
49
50
56

163

35

302
144
tll
260
589
2',1'l

150
r92
64

l4l



MACROZOOPLANKTON BIOMASS
Ner Mesh Size. 0 505 mm

GICOFI Cruise 8402-3

Dare Time (cMT)
Position Mo/Day Slarr End

5l 34 27.0N 120 31.3W 2/16 1440 1447
55 34 19.0N 120 48.0W 2/16 1853 l9l5
60 34 09.0N l2l 09 0w 2/21 0615 063',7

" 2/21 0645 0't0'l
" 2t2t 07t5 0136
" 2/2t 1405 1426
" 2/2t 1430 t45l
" 2t2t 1500 t52t
" 2/21 2010 2034
" 2/2t 2043 2 t05
" 2/21 2tl5 213'l
" 2/21 2145 2201
" 2/22 0155 0216

65 33 59.4N l2l 30.3W 2/16 1640 1702
70 33 48.8N l2l 54.7W 2/16 2005 2027
' 33 49.1N t21 55.4w 2/t6 2030 2052
' 33 49.5N l2l ss.9w 2/t6 2055 2t\7
' 33 48.6N tzt 49.2W 2/t7 0205 0226" 33 48.7N t2t 49.8W 2/17 0235 0256
' 33 48.9N l2l 50 3w 2/17 0300 0321
' 33 49.0N t2t 52 tW 2/'11 0715 0'737" 33 48.7N t2t 50 5W 2/17 l4l5 t437
" 33 49.3N tzt 5t.4W 2/t7 1450 l5l2' 33 49.9N t2t 52.2W 2/11 1520 1542

80 33 30.0N 122 33.5w 2/18 0040 0102
90 33 t0.0N 123 14.9w 2/18 0638 0?00

100 32 49.6N 123 55.6W 2/t8 t245 1307
46 34 16 tN l19 56.2W 2/19 2t25 2t4'7
40.6 34 13.5N tt9 24.7w 2/20 0715 0718
42 34 10.7N I 19 30 s',r 2/20 0910 0922
51 33 52 6N 120 08 0w 2/20 t446 l45l
55 33 44.6N 120 24.5W 2/20 1825 1847
60 33 34.7N 120 4sjw 2/20 2330 2352
65 33 24.7N l2l 05.9W 2/24 1230 l25l
70 33 14.7N l2l 26.sW 2/24 0805 0828
80 12 55.2N 122 08.0W 2/20 0230 0253
90 32 37.IN 122 483W 2n9 2055 2tt't

100 32 20 9N 123 25.7W 2n8 2@2 2024
" 32 2t 5N t23 25.7w 2/18 202't 2043
" 32 22.2N 123 25.6W 2/18 2052 2tt4
" 32 15.2N t23 29.5W 2/t9 0205 0226
" 32 t5.7N t23 29.6W 2n9 0233 0254
" 32 16.2N t23 29.6w 2/19 0300 0321
" 32 118N 123 28.6W 2/t9 0705 0721
" 32 15 5N 123 29.0W 2/19 073t 0754
" 32 16.2N t23 29.0Vt 2/t9 0800 0821
" 32 15.3N t23 2t.7W 2/t9 1405 t426
" 32 16.2N 123 28.7W 2/19 1435 145',1
' 32 16.8N 123 281W 2/19 1505 1526

33 33 53.4N l 18 29.4W 2l2',t 0845 0850
35 33 49.4N ll8 37.',tw 2t2'1 ll55 t2t6
40 33 39.4N 8 58.5W 3/l 0120 0142

Volume per
Waler Volume Max To* lmo ml Slrained
Slrrined (m3) Deprh (m) Toral (cml) Sma (cml)

JD 80
'80
"80

NH 80
'80

Ship Lrne

t27 55
415 215
412 2t2
405 205
394 201
389 208
396 20s
389 180
442 t9'1
432 230
426 188
418 197
307 205
44t 196
428 205
452 t63
452 155
500 l4l
487 136
504 122
514 t32
516 |7
528 I t7
516 I t2
476 175
440 t9'1
454 179
39 t 218
52 22

2t8 Il3
84 42

400 2t5
401 214
396 216
424 2t5
395 216
422 20t
438 194
444 l8l
415 158
418 t4l
395 l4l
409 145
424 193
42',t 20t
391 t't6
443 136
439 150
425 150
83 43

377 212
400 212

435
48

171

249
150
l3l
149
u6
10
83

68
55

t4'7

57
98
13

93
t44
129
l2t
t09
78

ll0
89

204
150

I0l
64
95
60
96
53

548

t3l
215

58
24
59
50
39
43
4t
39
45
6l
5l
1',t

50
52

204
64
63

435
4t

t77
r60
150
l3l
149
ll6
70
83
68
55

l4'l
51

98
13

93
144
129
t2t
I09
78
87

89
204
150

l0l
64
95

60
96
5l

548
l3t
215

58

24
37
50
39
43
4t
39
45
6l
5t
't7

50
52

204
64
63

'80
'80
'80
JD 82
'83
"83
"83
"83
'83
' 83.83

NH 83
'83
:, 13

JD 87
'87
" 87

142



MACROZOOPLANKTON BIOMASS
Net Mesh Size: 0 505 mm

CalCOFl Cruise t402-l

Dal€ Time (CMT)

Mo/Day Slan EndShip Line Sra

'8745.8750
"8?55
"8760
"8765
"8770

NH 87 80
"8790
" 87 100

JD 90 28
"9030
"9037
"9045
::,::

NH

Volume per

warer volume Max Tow l0O0 ml Slrained

srrained (ml) D€pth (m) Toral (cm3) small (cml)

65
41
12
80
30
l9

222
70
66

ll2
5

15

103

105
9l
10
9I

JD

90 53 32 39 lN ll9 28.9W

90 60 32 25 lN I t9 5?.6w
90 10 32 05 8N 120 38 8W

32 06 2N 120 39.9W
32 06.5N 120 39.9W
32 04.4N 120 39 9W
32 04.4N 120 40 0w
32 04.3N 120 41.4w
32 03.6N 120 38.IW
32 03 6N 120 39 lW
32 03 7N 120 39.4W
32 04 5N 120 40.2W
32 04.7N 120 41.2W
32 04 7N 120 4l.9W

90 80 3t 44 9N l2l 19.5W
90 90 31 25 lN l2l 594W
90 100 31 06 3N 122 39.8W

93 26',l 3257/N 117 18.2W

93 28 32 54.8N ll7 23.7w
93 29 32 52 8N ll7 27 8W
93 30 32 50.8N I 17 32 0w

33 29.4N l19 19.lw 2129

33 19.4N l19 39 8W 2/29
33 09.4N 120 00.3w 2/29
32 594N t20 21.0w 2/29
32 49.3N 120 41 5W 2/25
32 39.4N t2l 02.0w 2124

32 19.8N l21 43.0W 2t20
32 00 4N 122 24.5W 2120

31 40.5N 123 02 4W 2120
33 29 0N ll7 46.2W 3/3
33 25 0N I l7 54 3W 3/3
33 ll.2N ll8 23 4W 3/3
32 55 lN llt 56 lw 3/3

313
3/3
3/4
314
3/4
3/4
314

t920 1942
1335 1342
0835 0857
0120 0r42
0540 0602
2330 2352
0't 52 0813
1325 1341

1850 l9l3
0340 0346
0710 0132
1304 I326
2022 2044
2051 2ll4
2t25 2146
0205 0226
0240 0301
0310 0332
0725 0'141

0?50 081I
0825 0846
1404 1426
t432 1453
1500 l52l
2053 2l l5
0230 0252
2005 2021
2030 2052
2055 2ll1
02t0 0232
0235 0258
0303 0329
0705 0?27
0132 0755
0800 0822
1405 1429
t440 1503
l5 t 5 1539
1220 1243
0656 0719
0050 0l l2
1800 t805
t020 1042
1208 l23l
20t I 2033
2042 2103
2l l5 2136
0150 0212
0220 0241
0250 031 I

0?10 0731
0740 0801

398 210
130 56

382 211
3E6 2t3
444 2t6
416 215

392 2t5
468 t94
439 208
ll8 56
409 207
390 212
390 210
398 201

316 236
378 208
380 189

386 201

396 201

387 190
3',17 201

401 l9l
382 193

3'19 t98
396 214
389 210
434 215
4l I 226
436 208
555 I 12

48't 163

600 150
50t 172
462 l8s
421 205
491 112
509 lE5
531 150
415 201
41.8 205
421 2t2
99 48

359 2t2
380 206
3't6 2l I

366 198

387 I85
390 198

380 193

383 189

3't I r95
3't2 198

3/4
314
3t4
3/4
3t4
3/ 5
2t 21

2/21
2/21
2122
2t 22
2t 22
2t22
2122
2/ 22
2t 22
2/ 22
2t 22
2/2t
2t2l
2/21
3l'7
3/8
3t8
311
3/1
3t7
318
3/8
3t8
3/8
3/8

25
t46
154

507
140

l1
406

12
t8

l6l
103
3t
36
45
3'l
45
42
54

5l
57
58
32

68
45
63

2't 5

t24
t46
138
342
345

330
138

229
u2
65
47
12
80
30
l9

222
?0
66

ll2
ll5

75

r03
r05
9l
70
9t

25
t46
154
295
t40
t'l

339
32
l8

I6l
103

3l
36
45
37
45
42
54
5l
51

58
32
68
45
63

r85
124
146

138
309
219
260
r38
152
ll2

143



MACROZOOPLANKTON BIOMASS
Ner Mesh Size: 0 505 mm

C.ICOFI Cruise t4O2.l

Date
Mo/Day

Time (GMT)

Starr End

0810 0831 373
1430 l45 r 378
1500 t52t 390
2l 15 2t36 362
0140 0202 382
0820 0842 3s9
1230 l2s r 372
1617 1639 394
2105 212't 397
0230 0252 409
1435 1500 2'19
2035 205't 42t
0155 0220 507
2255 2301 99
0015 0022 I20
0223 0245 399
0705 0121 4l I
tt25 |47 3E8
1555 1611 384
2005 202'7 402
0055 0l 17 422
0700 0722 430
I t40 1202 390
1605 t621 417
2030 2056 484
1430 1456 518
0755 0817 435
0720 0'126 120
0525 0547 406
2330 2352 389
t824 1846 385
1348 l4l0 424
0850 0912 4t'1
0405 0427 4t6
2340 0002 401
0428 0452 431

0825 0847 405
t4l0 t432 466
2018 2041 44t
0145 0210 515
t 2l8 t22t 55
1400 t401 t26
t832 1854 405
2320 2342 409
0410 0432 395
0850 0912 4s4
1325 1347 437
1800 1822 419
0625 0649 395
0213 0239 460
2020 2042 441
1400 1425 474

Volume p€.
Waler volume Max Tow l0OO ml Slrained
Srrained (ml) Deprh (m) Torat (cml) Sma (cml)Ship

NH

JD

NH

JD

NH

Line Sla

NH

JD

,, 3;
93 40
93 45
93 50
93 5s
93 60
93 10
93 80
93 90
93 100
9't 29
97 30
91 32
97 35

97 40
97 45
9',1 50
9'1 55
91 60
9'7 65
97 70
97 80
97 90
97 100

100 29.2
100 30
100 35
100 40
100 45
100 50
100 55
t00 60
100 65
100 70
r00 80
100 90
t00 100
103 29
103 30
103 35
103 40
103 45
103 50
103 55
103 60
103 65
103 70
103 80
103 90

3/t
3/8
3/8

32 40.?N lt7 52.4\tt 3/8
32 30 8N 118 t2.tW 3/9
32 20.8N ll8 33.3w 3/9
32 10.8N ll8 33.6W 3/9
32 00.8N l19 14.0w 3/9
3l 50.7N u9 34.3w 3/9
3l 30.8N 120 14.9W 3i l0
3l ll 3N 120 56.6W 2126
30 49.5N l2l 35.\W 2t26
30 30.0N 122 t4.9W 2/27
32 1?.4N ll7 04 8W 3/13
32 t5.4N ll7 08 8W 3/t4
32 ll4N 117 t7.0W 3/14
32 05.5N l l7 29.2W 3 4
3l 55 4N 1t7 49 5W 3/ 14

31 45.4N ll8 09.8W 3/r4
3l 36.5N 8 29 0W 3^4
3l 25.4N 118 50.3W t/t5
31 15.5N lt9 t0.6w 3/15
31 05 4N I t9 30.6W 3/ l5
30 55 7N l19 50.8W 3i l5
30 35.7N 120 29.0W 2t 1'.7

30 t5.4N l2l 08 4W 2/27
29 56.5N t21 49.5W 2/27
3l 42.5N u6 43/W 3/t',l
3l 41.2N 116 46 6W 3/11
3l 31.2N 117 06.9W 3/t6
3l 21.4N ll7 2't.3W 3n6
lt ll.2N ll7 4',t.2W 3/t6
3t 01.0N l18 0? 3w 3/16
3t 5l.lN ll8 21.5W 3/t6
30 41.2N ll8 4'1.5W 3/15
30 30 7N I t9 063W 2/28
30 20 lN I I9 26.1W 2/28
30 02.5N 120 07.3\rt 2/28
29 40.6N 120 48 lW 2/28
29 21.9N 12t 26.2W 2/29
3t 08 9N I16 20.5w 3/17
31 06.9N n6 24.5W 3/t1
30 56 8N 116 44.?W 3/17
30 46.9N n7 041W 3/ t'l
30 36.9N ll7 24.7w 3/t8
30 26.9N ll7 447W 3/18
30 16.9N n8 04.7W 3/18
30 06.3N ll8 24.9W 3/18
29 57.0N ll8 45.2W 3n
29 46.6N 9 05.5W 3/ l
29 27.7N I l9 49.0W 2/29
29 07.2N 120 23 tW 2t29

197 97
It9 66
l9l 5l
2ll 22
212 26
21 6l
206 290
2t3 I l7
2i t54
209 3't9
220 294
218 2l
194 lt
49 l7l
55 535

212 40
208 44
211 95
209 2l
210 20
214 26
208 58
213 64
2lt 125
2| 29
185 21
209 44
5',1 308

212 9l
2t2 59
212 23
208 3l
21 29
212 43
2t3 49
212 l5t
208 44
r93 l3
204 16

t92 t4
2t t82
56 494

20'7 25
2t5 24
2| 25
209 22
206 133
213 43
206 63
206 30
213 9
2tt t3

91
66
5l
22
26
6t

290
7

154

319
294
2l
l8

t7l
535

40
44
95

2t
20
26
58
64

125

29
2',1

44
308
9l
59
23
3l
29
43
49

l5t
44
l3
l6
l4

182
494
25
24
25
22

133

63
30
9

l3

t44



MACROZOOPLANKTON BIOMASS
Ner Mesh Size: 0 505 mm

C.aICOFI Cruise 8402-l

Time (GMT) Water Volume
Stan End Srrained (mJ)

0750 0t 12 397
2323 2325 32
2t35 2t57 436
l8l0 1832 391
1345 140',1 4l I
0857 092 r 483
0510 0532 386
0100 0t22 389
2t05 2t26 392
l2l0 t236 473
1628 1653 472
2232 2255 451

0355 0420 493
1055 lllT 410
t1t7 t123 100
2006 2028 405
0035 0057 403
0415 043'1 391

0755 08t7 408
r 130 I 152 430
l5l5 153? 416
t735 1760 446
1240 1305 504
0600 0625 491
2345 0009 479
1645 l?l I 463

Volume per

Max Tow l0OO ml Srrained
Depth (m) Toral (cml) Small (cml)Posirion

28 47.3N 12t 04.5w
30 29.5N I l6 05.8w
30 27.5N 116 09.8W
30 20.5N 116 2t.lW
30 ll.5N u6 41.6W
30 0l.2N I l7 01.5w
29 50.tN I l7 19.4W
29 41.5N I l7 41.4W
293t.5NIl80l.3W
29 22 4N 118 21 3W
29 I l.5N ll8 41.8W
28 5l.8N l19 2t.lW
28 33.9N I t9 59.4W
28 l l 3N t20 35.4W
29 52.2N I 15 49 2w
29 47.IN I 15 59 7W
29 37.2N I 16 t9 7W
29 27 2N 116 39 5w
29 l7 4N I 16 59.3W
29 07.2N I I7 t9.0W
28 57.2N I l7 38.7W
28 47 8N 117 58 2W
28 37.0N I l8 19 7W
28 16.5N I l8 59 6W
27 56.8N I 19 41 3W
27 38.0N 120 14 8W

Dale
Mo/DayShip

JD

NH

JD

NH

Line

103
107

t07
l0?
l0?
t0?
107

107

107
r07
I07
t07
107
107

ll0
I l0
ll0
t t0
ll0
n0
I t0
I r0
ll0
u0
ll0
u0

2t 29
3/22
3/22
3/22
3t22
3/22
3/22
3t22
3/2t
3/t
3/t
3n
3/2
3/2
3/20
3/20
3/21
3/21
3t2l
3/21
3/21
3t3
3/3
3/ 3

3/2
3/2

Sta

100
3l
32
35
40
45
50
55

60
65
't0
80
90

100
32.4
35
40
45
50
55

60
65
10
80
90

100

220 25
t3 252

201 I l7
206 4l
2t 32
2tt 37
2t3 57
216 33
213 20
20r 30
208 13

2t2 t3
203 24
206 20
49 503
2| 62
2t0 31
212 4l
2| 42
215 47
zto t7
2t4 9
206 t4
206 33
r93 8
2t5 ll

25
252
117
4t
32
31

5',1

33
20
30
l3
l3
24
20

503
62
31

4l
42

t1
9

l4
33

8
ll

1,15



DISTRIBLTTION LIST

INTER.AMERICAN TROPICAL TUNA COMMISSION
(C/O SCRIPPS INSTITUTION OF OCEANOGRAPHY)

DR JAMES IOSEPH

NATIONAL MARINE FISHERIES SERVICE
(C/O SCRIPPS INSTITUTION OF OCEANOCRAPHY)

DIRECTOR'S OFFICE

MR RON DOTSON

DR REUBEN LASKER

DR A ALVARINO DE LEIRA

LIBRARY

MR RONALD LYNN

DR. GEOFFREY MOSER

DR, ROBERT OWEN. JR

MR NELSON C ROSS. JR

DR PAUL SMITH

SCRIPPS INSTITUTION OF OCEANOGRAPHY

DR EDWARD BRINTON

DR. RICHARD W EPPLEY

DR, ABRAHAM FLEMINGER

DR JORISM T M GIESKES

DR LOREN R HAURY

DR THOMAS L HAYWARD

MRS KITTIE KUHNS

I-IBRARY, SIO (STELLA WADE) (4)

LIBRARY. SIO (DR SUSAN STARR)

MR ARNOLD W MANTYLA

DR JOHN A MCGOWAN

DR W A NIERENBERC

DR PEARN P NIILER

PROF 
'OSEPH 

L REID

DR RICHARD H ROSENBLATT

DR JAMES J SIMPSON

MR CEORGE H SNYDER

DR ROBERT E STEVENSON

DR MIZUKI TSUCHIYA

MR DAVID WIRTH

(2)
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AFRICA

BPv 18 - abidjan
Rcprbliql)c d. Cor. d'lvonc

AUSTRALIA

Dr ,ohn A. T Bye

nind.6 lniirure tor Arm6phcdc

Th. nindcrs U.iv.6ily of S A
E dfod P.rr gX2. S A

Prof R R.dok. Dirslor
tlor&. Llmb lnsirure or O@norraphy
P O 8or 167

rJnsswood 5052, S A

ln$nurc of Oclr.oehFhy
Univ.6n, of Bnllsh Columb'.
vancouvcr. BC v6T twj

LibBry
P.o6. Biololial Slat'm
Eishei6 lnd Mrne S.rvic.
Nanaimo. BC v9R 5K6

Dr C S Won!
l.srnur. of O.tln S.icn ts
D4.nm.nr of rishen6 and

P O 8ox 60m
Sidney. 8C vEL 482

Halitax.NS BIH 4.,1

E dlod lnsritution of OclnotrrDhY
P O 8or lm6
Danmourh.NS B2Y4^2

Proi Godon A R e,
Inslnul. ot O..$oaEphy

Halih, Ns BIH li5

CERMANY

At.dcmic dcr wss€n$h!fi.n der DDR
l.sfirul fur Meer6kund. Bibliothek

Deul*h6 Hydro€hphish6 lBlilut

Bemh.nt-Hehr.$r 7E

D-2000 H.mbu[

16liruL rur Me6flrenunr

ICELAND

Dr Unnsran. Sr.rush
H.fmnetnt3lofnun'.

Dr Kiyomrlsu Kirano
Hoktaido f, .a,onol Fsheri.s

Regrch trbohlory
K sunroi l16. KBhno Ciry

Kob. M.rinc Obs.rvarory

Kobe.650

The Public Hellrh lrst,rure
ol Hyoto Prcfe'uE

tuara-Cho. HyoacKu
2'l Xob.

Dep.nmcnl of Fishenes

Fdulty of Agnculturc

Mr H.jimc Yamanaka

R6grch Labor.Lory

.lapen Gtlno8Ephic Dara Ccnrcr
Hrdrcshphrc D.Fnm€nr
Mdlrm. $t ly A8ency

No l-1. t C-home, Tsuk'ji

Dl Koj' H'd.ka
O(qn Rc.€!rch l.strrure

Oeeoarsrhy Dvision

laFn M.r.orclogrol Agcnc1

l-l-4 OhlG.M*hi, Chiyod!-Ku

KOREA

Fish€n.s Rcgrh and

Developmcnt Agpncy

l6-2XA, N.mhanr Dons
Younrdo-Ku 8{en 605

MEXICO

Centrc d! Inv.sriB.od Ci.nrino y

Edueion SuD.nor de Ent n.dr

Fr*nod!, Brj. Califomia

Insrnuro N.ciond de P6q
Cenlro dc lnv€sugoon P6qu.r!

Er*n!da. Bea Califomi!

Unid.d d. Cicnos Madnd
UnrEEidad A(onotu d. Bq,3

AFnado d. Co eos 451

EnEnada, &l Calfomia

Cenro d. Cicnos del

Centrc d. Promeion Pdquen

Cenlro dc lnv..ligcid Pdcu.E
s€.oon d. Hidrclog,
Insrilulo N.om.l de Psa

Amcriqn Ehbllsy (a)

Regiml Flshcry Artrche
AFnsdo Po6ul 8l-Bls

DeFnmcnb d. P€.€
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UniE6idd Neidd aur@om

Ar.nado P6r.l ?G221

ToG d€ Cicn.iG. IER Pie
Unive6idd N.oon.l Aurooooa

Vilh Obrcad, D F

NEW ZEALAND

N.e Zelsd O.anqr.phic Insrnut.
P o Bor t(tr9

PERU

Biblior@, lnsnulo del Mr

UNITED XINGDOM

The Bnrish Libr.ry
Sci.nc€ R.fcrcne LibEry

l0 Porch6rcr Gadcns. Qu€€nswar.
London. w2 aDE. Erded

5ubs.r'pl'd D.Famcnr
New South wd6 Cov.mmcnr ffiEts
56 SrBnd
London. wC2N 5LZ. Ensland

Minrsrry ot A!ri.ulturc. Fisheries

NRl3 oHT Ershnd

PLI 2PB. EnCand
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