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ABSTRACT

Zooplankton abundance in the central Pacific was investigated on
four cruises of the Hugh M. Smith in '1950 and 1951. Quantitative
oblique hauls were made to 200 meters' depth, employing.1-meter nets
of 30xxx grit gauze. Composition of the collections was remarkably
uniform and averaged by number 57 percent Copepoda, 12 percent
Chaetognatha, 6 percent Tunicata, 5 percent Euphausiacea, 4 percent
Siphonophora, and 4 percent Foraminifera. All analysis of variance
of zooplankton volumes demonstrated significant differences between
d'ay and night. hauls, between cruises, and among latitudes but not
between longitudes.

The greatest abundance, both by number and volume, of zooplankton'
occurred in the region of the Equator. The rich zone, extending from
about 6° N. to 5° S., latitude, supported populations three to four
times as great as more nOltherly or southerly latitudes. The greatest
concentrations were found n01th of the Equator, when related to a
"convergence;" when no marked convergence existed the peak of
abundance was displaced a few degrees southward. The abundance
of zooplankton was correlated with inorganic phosphate, oxygen, tem
perature, ·and thermocline depth. These environmental factors are .
influenced by upwelling associated with -the equatorial divergence,
which replenishes the supply of nutrients in the euphotic zone and
creates favorable conditions for the growth of plant and animal life.
While the data presented do not give a measure of the rate of produc
tion, they do provide a useful index to the relative productivity of
.different areas of the central Pacific.
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ZOOPLANKTON ABUNDANCE IN THE CENTRAL PACIFIC:

By JOSEPH E. KING, Fishery Research Biologist, and
JOAN DEMOND, Fishery Aid

The Pacific Oceanic 'Fishery Investigations is
authorized and directed to gather information
which will ensure the ma,ximum development and
utilization of the high-seas fishery resources of
the United States territories and island posses
sions in the tropical and subtropical Pacific. One
project of fundamental importance in the research
program concerns the relative productivity of
different areas of the sea. '

Productivity has been defined by !vlev (1945) us
the "capacity of a body of water to produce a
given quantity of organic matter in some particu
lar form." A direct measurement of the "rate
of production" (Clarke 1946) would require that
all processes by which organic matter is built
up and destroyed be known and that the rates
of these processes be determined. This is difficult
to do and seldom has been done even for enc10sed
bodies of water. In mid-ocean the, difficulties are
vastly greater. vVe believe, however, that rela
tive productivity, or productivity as defined by
Ivlev, may be estimated indirectly by measuring
the amounts of basic chemical nutrients in the
water and the standing crops of plunkton and
fish. This report considers the quantity of
zooplankton, 1 of the 2 main constituents of the
total plankton crop, and its relation to certain
physical and chemical factors in the central Pac.ific
environment.

Zooplankton is essential food for much of the,
vertebrate fauna of the sea. It is utilized both
directly and indirectly by tunas (the group of
fish presently nnder study by these investiga
tions). Kishinouye (1924) and Imamura (1949)
have shown that zooplankton is prominent in the
food of juvenile tunas. A variety of zooplankton
organisms has also been observed in the food of
adult tunas (Kishinouye 1917; Beebe 1936;
Suyehiro 194~; Clemens and Wilby 1946; Reintjes
and King 1953). The bulk of the zooplankton,
however, I'eache,s the tuna indirectly, being uti-

lized by plallktoIi-fe~din'g animals which are in
turn eaten by the timRs. ' ,

Potential food-fish resources are likely to exist
in proportiOli to'the amount o:r"substance available
for their nutriment. When vast areas of th~ sea
are to be investigat~d, the several phYsic.ai,' chem
ical, and bioticpr9perties ofwater assoc~atedwith
the pr()duction of nutriment for fish carl be more
readily arid reliably sllrveyed than the abundarice
of the fish themselves. "This report is conc.ei'ned
with the zooplankton from the. particular,' ~iew
point of its usefulness as an' indicator of 'the
relative productivity of the various' portions of
the area covered.

, '

The literature includes a: number of 'lJapers
dealing with 'the plankton of the tropical and sub
tropical Pacific. One of the most valuabl,e of
these is the report by Graham (1941) on plankton
collections taken' by the Oarnegie in the' eastern
and central Pacific. Kramer (1906) reported on
a series of collections extending from Samoa to
the Marshall Islands. J espersoll (1935) described
results obtained by the ])ana while traversing a
series of stations reaching from Panama to the
western Pacific, south of the Equator. For the
western Pacific there are the publications of
Mat-suya (1037), Motoda (1940), Haneda (1942),
and Tokioka (1942), which deal niainly witbj
the plankton of lagoon, bay, and coastal waters
but also provide some data on offshore plankton.
The several papers of Marshall (1933), Russell
(1934), and Russell and Colman (1931, 1934,
1935) supply a wealth of information on the
piankton of the Great Barrier Reef Lagoon, but
little on oceanic plankton. The papers of Johnson
(1949) on the plankton of Bikini, and Sargent
and Austin (1949) on the productivity of an atoll
in the northern Marshalls" also deal primarily
with the lagoon environment. The California
Cooperative Sardine Research Program-a coop
erative undertaking of the Scripps Institution of
Oceanography, the United States Fish and Wild-

111



112 FISHERY BULLETIN OF THE FISH AND WILDLIFE SERVICE

life Service, the California Department of Fish
and Game, the California Academy of Sciences,
and the Hopkins Marine Station of Stanford
University-is collecting considerable informa
tion on the :l;oopb,nkton' of the eastern Pacific
Ocean in subtropic and temperate latitudes. This
organization has supplied our laboratory with
copies of its unpublished data, which, when com
pared with our·own results, show interesting dif
ferences' between the zooplankton crops of the
~astern l!-nd central Pacific. Reports of many of
the expeditions. which have entered the Pacific,
such as those of. the Ohallenger, the Albatross, and
the M.eteor, provide extensive information on the
sys~ematicsand distribution of species or groups of
the zooplankton, bu~ supply little quantitative
~ata·that may be used to evaluate the zooplankton
crop in the different regions visited.

The authors wish' to acknowledge their in
debtedness to Dr. Milner B. Schaefer,l under
whose direction this project was initiated, and
to Dr. Albert L. Tester 2 for his very valuable
assistance in the statistical phases of the study
and his constructive criticism of the manuseript.

1 Formerly chief. Section of Research and Development, Pacific
Oceanic Fishery Investigations.; presently director of Investiga
tions, .Inter-Amerlcan Tropical Tuna. Commission.

• Professor of Zooll)g~. University of Hawaii.

We are also grateful to fellow staff members and
the officers and crew of the Hugh M. Smith for
their interest and efforts in obtaining this exten
sive series of collections.

COLLECTION OF ZOOPLANKTON
SAMPLES

AREAS SAMPLED

This study is based on, 210 collections made ill
the central Pacific on cruises 2, 5,7, and 8 of the
United States Fish and Wildlife Service vessel
1l1.lgh 11/. Smith in 1950 and 1951. Cruise 2 was
made in January and February 1950; cruise 5 in
June, July, and August 1950; cruise 7 in October
and November 1950; and eruise 8 in January,
February, and March, 1951. Thus, there were 2
cruises (2 and 8) at a time corresponding to the
northern winter season, and 1 cruise each (5 and
7) for summer and autumn. The approximate
locations of the stations are shown in figures 1a
and Ib, a.nd more exact positions are given in
tables 1,2,3, and 4. The dnta are distributed in 7
long north-south sections, 6 of which cross the
Equator, and in a number of shorter series· of
stations (cruise 8) .
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ZOOPLANKTON ABUNDANCE IN THE CENTRAL PACIFIC

TABLE t.-Orltise 2: Estimated tlumbers ana voZumes Of zooplallkton coUec.t,ed, January to Ma,rc.h, 1950

115

Position

Station No.
Latitude Longitude

Date TilDe'
Water strained, Number of or· Wet velume,

in m.' gani~~ per ce. per m.'

23°54' N. 166°51' W. Jan. 26 1100-1128 757.2 15
20059'N. 168°16' W. Jan. 27 1401-1419 53D.2 20
130M' N. 171°36' W. Jail. SO ().~2IHl351 \1.17.5 15
12°02' N. 172°04' W. __ .do_____ 231&-2337 837.5 15
10°02' N. 171°55' W. Jan. 31 11146--2003 544.5 9
8°00' N. 171°48' W. Feb. 1 1745-1805 631. 2 25
6°07' N. 171°56' W. Feb. 3 1300-1328 1,030.0 45
3°58' N. 172°00' W. Feb. 4 0855-()921 837.5 43
2°00' N. 172°05' W. Feb. 5 024&-0321 1,047.0 61
0°00 171°59' W. Feb. 6 0250-()326 1,104.0 109
2°00' S. 172°02' W. ___ do _____ 223&-2257 782.5 25
4°00' S. 171°58'W. Feb. 7 1646--1712 694.0 44

23°10' N. 167°00' W. Jail. 26 1921-1D59 6,766.0 1
l.~ooo' N. 171°06' W. Jail. 29 1746--1811 3,852.4 .8
13°00' N. 172°00' W. Jan. 30 1213-1240 3,195.5 .3
11°03' N. 172°00' W. Jan. 31 1035-1056 3,610.5 1

DOOO' N. 172"00' W. }·eb. 1 0546-Q6.35 8,951.4 7
7°00' N. 172°60' W. Feb. 2 1827-1858 3,716.6 3
5°02' N. 172"01' W. Feb. 4 003H112 5,232.2 3
2°56' N. 172"04' W. ___do_____ 1824-1855 4,644.9 10
1°01' N. 172°09' W. Feb. 5 1624-1.;47 2,36D.9 6
1°01' S. 172°00' W. Feb. 6 1236--1259 2,453.4 5
3°00' 8. 172°04' W. Feb. 7 075&-0779 3,226.8 5
5°02' S. 171°53' W. Feb. 8 0230-0252 2,570.8 1

4°56' S. 16,018'W. Feb. 18 0545-()616 1.300.5 83
3°06' S. 158°21' W. Feb. 19 021:Hl243 1,067.0 38
1°07' S. 158°28' W. . __do .. ___ 2200-2232 1,231.0 57
1°02' N. 158°05' W. Feb. 20 1030-1101 1,357.2 64
3°02' N. 157°51' W. Feb. 22 1820-1850 1,036.6 58
5°00' N. 15i059' W. Feb. 23 125&-1326 1,139.0 26
7·00' N. 157°58' W. Feb. 24 Oi25-()756 1,148.0 27
8°53' N. 157°54' W. Feb. 25 002&-0056 1,112.0 62

11°02' N. 158°00' W. ___ do_____ 2220-2302 1,284.8 19
13°02' N. 157°51' W. Feb. 26 1830-1901 1,084.5 16
14°57' N. 157°50' W. Feb. 27 132&-1356 1,332.5 6
19°(1()' N. 157°42' W. Mar. 1 021&-0246 1,310.0 23

A. Oblique tows to :JO() m. (I-meter net, 30xxx
mesh):1 . __ . . _

3 •. _. .. •• __
7.. • • • _
D • ... __ .. • ._
11. • • •
13__ • _. __ .. .. __ • __ . _
15_ .... , • __ . _
17 • • • _
19. • • _
21 . • . _
23 • ... _
25 • • .. . __

B. Obllquetows to 200m. (2-meter net, ~ie·inch
mesh, rear section 18xx x mesh):2 • __ • • _

6 • , .• -. __
8 . ..... __
10. .. _
12 .. _
14.. ... , __
16. __ . _. .... .
18 . _
20 • .. _
22 • _•. • _
24 .. • .. •
26 ••• • -,__

C. Surface tows (I-meter net, 30xxx mesh):30. _
32 ... _
34 • _._ •. .. _
36 . __ . _
38 .. _. .. ..
40 . __ .. _
42 __ .. ... _
44... . _. .. _
46- - -_. - -- • -. - --- - - -- - --
48 . : __ • •• _.

~:::::::::::: ::::::::::::::::::::::::::::::
D. Surface tows (I-meter net, 18xxx mesh):31. .. 3°53' S. 157°47' W. Feb. 18 1604-1636 1,066.0 17

33 .___________________ 2°03' S. 158°28'W. Feb. 19 1231-1304 1,105.5 3
35 , .. .• 0°04' S. 158°22' W. Feb. 20 Oll(lO4)931 1,307.8 4
37 .. 2°03' N. 158°08' W. Feb. 21 204&-2116 1,272.5 18
3D.. • .____________ 4°03' N. 157°53' W. Feb. 23 041:Hl442 1,205.5 24
41. • 6°00' N. 158°03' W. do_____ 2150-2251 1,550.0 12
43 .. • 3°02' N. 157°49' W. Feb. 24 1607-1638 1,100.5 6
45 .. 9°55' N. 157°54' W. Feb. 25 0952-1023 1,567.0 1
47_. .. 12°01' N. 158°03' W. Feb. 26 072&-0755 1,772.8 1
4D • .. 14°00' N. 157°51' W. Feb. 2i 0427-()500 1,232.8 11
51 .___________________ 17°01' N. 157°56' W'I Feb. 28 0731HJ801 1,620.0 2
53__________________________________________ 20°54' N. 158°04' W. Mar. 1 2056-2136 2,012.8 3

I Time corresponding to +11 zone time (Greenwich Civil Time -11 hours) was used for all stations 1 to 26, and +10 zone time on stations 30 to 53.

TABLE 2.-(!rltise 5: Estimated numbers and l'olltmes of zoopZankton collected, June to August, 1950

[All tows oblique, surface to 200 m. to surface; all nets with body of 301l:XlI: grit gauze, cod end of 6611:1I:1I: grit gauze]

0.0079
.0137
.0116
.0129
.0092
.0177
.0285
.0349
.0714
.0826
.054D
.0236

.0003

.0019

.0009

.0032

.0040

.0081

.0101

.0117

.0122

.0114

.0146

.0012

.0451

.0370

.0911

.0721

.0759

.0088

.0082

.0622

.0139

.0037

.0022

.0176

.0255

.0054

.0044

.05.."0

.0499

.0329

.000D

.0003

.0003

.0190

.0010

.0053

Position

Station No.

1 .. • . __
2 • •__ • •__ • _
3 • •
4 • _. • __ • _
5. _
6 • _
7. . __
8. . .
D • • _
10 • • _
11 _
12 _
13. _

t~::::::::::::::::::::::::::::::::::::::::::::::16. • _
17 .. __ . _

Footnote at end of table.

2111381-53--2

Latitude

27°00' 1'4'.
25°00' N.
22°58' N.
21°00' N.
18°00' N.
17°01' N.
15°00' N.
14°00'N.
13°00' N.
12°00' N.
11°03' N.
9°54' N.'
8°54' N.
7°59' N.
6°59' N.
6°02' N.
5°00' N.

Longitude

175°11' W.
174°10' W.
173°00'W.
172°00' W.
171°52'W.
171°46' W.
171°54'W.
171°57' W.
172°01' W.
172°00' W.
172°00' W.
172°02' W.
172°00' W.
171°57' W.
171°46' W.
171°56' W.
172°02' W.

Date

JUtle 30
July 1___ do.. _
July 2
JUly 3___ do _
July 4
July 5___do _

___ rlo _
July 6___do _

___do _
July 7__ .do _

___do... __
JUly 8

Water strained Number of or- Wet volume,
Time' inm.1 ganisms per cc. per m.·

m.'

01145-1012 1,:l4S. 7 26 0.0118
0258-0325 1,322.7 46 .0271
231&-2337 1,343.9 40 .0176
041&-0431 739.5 33 .0254
0807-()831 1,254.8 35 .0174
1219-1246 1,434.4 22 .0388
1649-1710 888.1 45 .0216
0l23-()145 854.8 40 .02340
0950-1019 1,327.5 32 .0125
181&-1833 882.8 14 .0084
031&-0342 1,333.3 34 .0374
1213-1244 1,777.0 20 .0252
2012--2036 1,100.2 31 .0301
93fiO-{l42O 1,623.7 18 ,0203
1226--1258 1,579.4 27 .0204
2130-2201 1,382.2 30 .0338
084&-0918 1,821.1 40 .0226
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·TABLE 2.-Cruise 5: Es/-imated numbers and IIol1l1nes oj zooplankton collected, June to A.ugust, 19.50-Con.

Position

Stlltion

18__ • _.. __ • • _. _
19 •. __ • .• _. . _

~:::::::::::::::::::::::::::::::::::::::::::::: 123 . • •. • • • . _
24 __ •• _•__ • • • __ . . _
25 ~ ~ ~ . . .••. .. __ . ~._
26. _. .• • _
q"...1. __ • __ • _ ~ • • •. __
28._. • • • . • _

~l~l:lj~:I:::l:)::::l)):::::[:::~j:::~)l::]
37._. __ • • . . . .
38._. _. • _
39. • . • _
40. •• . _
41._. • . • •
42. • _
43. • . __ • _
44 • • _
45 .• _
46 _
47 •. . . • _
48 • . .• .. _
4\'-_ .• _. • . _
50 •• • • _. .' _. _
51. •. " . . _

Latitude

4·00' N.
3·00' N.
2·00' N.
OOM'N.
OOOS'S.
1°00' S.
2°00' S.
2·59' S.
4°05' S.
5·04' S.
4°56' S.
4°00' S.
3°03' S.
2°03' S.
1°00' S.
00 02' S.
0·57' N.
2·00' N.
3°00' N.
4°02' N.
5°00' N.
6°00' N.
7°00' N.
8°()l)' N.
9°00' N.

100 oo'N.
11°00' N.
11°59' N.
13·00' N.
14·00' N.
14°58' N.
17°00' N.
19°02' N.
20°53' N.

Longitude

172°03' W.
172°01' W.
171°53' W.
172°12' W.
172°02' W.
171°57' W.
171°55' W.
171°59' W.
171°56' W.
171°58' W.
158°02' W.
158°03' W.
ISS·01)' W.
158°00' W.
158·01' W.
157°58' W.
157°57' W.
158·07' W.
157°58' W.
158°03' W.
158°00' W.
157°57' W.
157°57' W.
157°50' W.
157°55' W.
157°53' W.
157°55' W.
158°04' W.
157°58' W.
157°501' W.
157°55' W.
158°OS' W.
157°59' W.
158°02' W.

Date

___do. _
July 9

___ do.• _
__ .do. _
July 10

___ do.• _._
___do. _
July 11

___do_. _
___ do. _
July 28

. .•do _
___ do _
July 29___ do _

__ .do _
July 30

___ do_. _
___do _

July 31
___do_ •.. _
Aug. 1

_._do__•__
___ do__ . __
Aug. 2

...do _
___ do _
___ do _
Aug. 3

__ .do •
Aug. 4__ .do _
Aug. 5

___ do •

Warer straiu~d, Number of or· Wet ,·olumo,
Time' ganisms pe.r cc. per m.'inm.3

m.'

1059-1729 1,346.2 65 .0385
003MlI0l 1,0';''1. 8 59 .0410
0838-0909 1,800.2 58 .0330
1746-1815 1,586.0 67 .0556
0143-0214 1.943.8 \l4 •()fJ04
0925-0951 1,256.9 107 .0742
1740-1809 1,406.4 52 .0452
0133-0201 1,309.9 r,g .0664
1055--1127 1,585.3 36 .0230
2110-2141 1,1\.12.8 27 .0315
055&-1J614 1.384.8 20 .0087
1324-1338 642.8 47 .0239
2137-2200 873.7 46 .0490
0550-0607 048.3 45 .0253
141&-1436 !l96.0 43 .0239
2221-2239 773.0 76 .0880
064Ml715 1,528.5 44 .0347
1532-1553 851. 2 62 .0658
2302-2324 972.8 93 .0701
0640-0707 1, 652. 5 70 .0783
1750-1816 1,175.4 74 .06111
0144-0214 1,313.7 35 .0449
0854-0919 954.3 43 .0258
1620-1704 3,861. 5 31 .0230
0020-0046 1,136.6 38 .0531
0744-0812 1,597.8 20 .0225
15016-1615 1,141.7 40 .0242
2-143-0008 1,034.5 32 .0327
0800-0827 1,455.8 19 .0158
16311-1709 1,305.7 18 .0201
0258-0311 092.8 19 .0246
1741-1805 934.8 38 .0214
IOOtH 031 1,035.0 29 .0857
2300-2324 852.2 37 .0289

I +11 zone time on stations 1 to 27, +10 zone time on stations 28 to 51.

TABLE 3.-0ru·is6 7: Estima-ted t/l(.mlJers (l·n.d 1'ol'llmes 01 zooplanton qoZlecteit, October to NO-L'C'lnbcl' 1950

[All tows oblique, surface to 200 m. to surface; all nets with body of 30xxx grit gauze, cod end of 56xxx grit gauze)

Position

St.'1tion No,

1.__ • •. _
2 __ • • __ . . • . _
3 • • _
4. . . . _
5 . . _
6. . . .. . _
i ~. . . . _
8 • _• . _
9 • . _
10 •• • _
11 • . . _
12 .• • _
13__ •.• _
14. _
15.. .. _• , ....
16. . . • _
17. • • . . _
18. • _.• .• • • _
19_. . • . __ .
20 . • _
21 • .. • . _
22 . ~ . .
23. . • . _. _
24 __ • . . __ . • _

Latitude

20°30' N.
19°10' N.
18°13' N.
17°10' N.
le.°ll' N.
15°02' N.
14·03' N.
12°57' N.
12°25' N.
11°08' N.
10°01' N.
8°52' N.
8°05' N.
7°17' N.
5°57' N.
5°19' N.
4:°23' N.
3°17' N.
2°01' N.
6°07' N.
6°13' N.
6°511' N.
i024' N.
6°31' N.

Longitude

158·00' W.
158°02' W.
158°00'W.
158°00' W.
157°57' W.
157°58' W.
157°59' W.
157°57' W.
158°00' W.
158°01' W.
157°55' W.
157·45' W.
157°15' W.
157·04' W.
157°05' W.
157°20' W.
157°30' W.
157°53' W.
157°34' W.
162·06' W.
163°05' W.
163°54' W.
164°25'W.
165°45' W.

Date

Oct. 17
Oct. 18___ do _

___do ._

Oct. 19
___do_ •.••
___do__ ._.
Oct. 20

__.110 •
Oct. 21
Oct. 22
Oct. 23
Oct. 24
Oct. 25
Oct. 26
Oct. 27
Oct. 28
Oct. 29
Nov. 1
Nov. 6
Nov. 7
Nov. 8
Nov. 9
Nov. 10

Water strained, Number of or- Wet volume.Time I ganisms pel'in nl.3 m.'
cc. per m.>

1925--1955 952.8 44 0.0353
0532-0600 897.3 44 .1025
1326-1355 1,112.5 30 .0288
21511-2225 683.7 27 .0208
05Ot\--U530 699.0 21 .0269
1250-1318 999.2 14 .0300
1\l21-1955 1,220.6 27 .0274
0330-0353 730.6 64 .0567
1729-1804 1,217.9 38 .0345
1526-1556 1,373.5 42 .0296
0724-0804 1.426.0 40 .0296
0722-Q751 956.9 37 .0169
0742-0813 1,413.5 19 .0119
0727-0805 1,698.8 32 .0182
0737-0810 1,572.1 511 .0682
0725--0809 2,206.2 65 .0!ill6
0912-0945 1,872.1 40 .0348
O!!U2-Qll37 1,314.0 50 .0653
0812-0844 1.587.3 75 .0741
0050-1028 1,930.3 28 .0204
0810-0837 1,565.8 63 .0483
0808-0841 1,749.1 22 .0149
080Ml838 1,442.4 27 .0147
0818-0847 1,521.5 23 .0166

+111 ~one time on statilffiS 1 \.021, +11 ~one \.ime on stations 22 j,l) 24.
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TABLE 4.-0ruise 8: Estimated ",umbers and voZumes 01 zoopZankton collected, Janua,ry to Marcl~. 19tH
[All tows oblique, surhce to 200 rn. to surface; all nets with body of 30xxx grit gauze, rod end of 5~xxx grit gauze)
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Position

Station No.

1.••.••••••• _•.•• _. • __ • _
2_ •• _• ••• _. •• _
4••• •• • _
6_ •• _••• '" _•• _•• •• _
7_•• __ ._ •• _._ •• ", •__
8_. " • • •.• _
9 •__ ._. • • • __
10 • __ • • . _•• _
11_ •• • ._. • • • _
12_ •• • •• _. • • _. __ • • _
13_. •• _• . • _. • ••• _
14 • _. • •__ . __ • _
15 • ._ •. ., _. _
16 .••• __ . • . __ • • _
17•••• ._. • • _
18 . .. . • _
19 . __ . . _
20 •• __ •• __ • - __ ••
21 • _._. . •. __ • •• _
22 •__ • • • •__ • ••• _
23 • • __• . • __ - -_ -. -. - --
24. • • • •. __
25 ' • . ._. ._. __ •__ • _
26 • __ . • _. • __ . __ - - •. --. -.-
32 • __ • ' __ " __ • • . __ • • •• __
33 •• • __ • • • . •• __
34 __ •• • • _. • __ • • _
35__ • •• • __ • • _
3~ .•• _•• •__ • . _. __ • • __ • . •
37_. __ •• __ . • __ • • • __ -__ - - .
42. ,, . __ • __ •__ • • _. _
43 • • , _
44_ •• •__ • •• • ._ •• __ - - _
45••• • _. . __ • __ •• __ • • - __ . - _
46 .• __ . _. _. __ . • • '" __ •__ . -_. - -__ ..
47•• •• • . • _. ._. •• __
5~~ ~. ~ __ • __ ~ ._. •. _
5.1_. _. __ •• ' - __ • -. - --_. --
5-1 •• __ , __ • __ " __ • • • __ • • _
55__ •• __ • • _" __ • __ • _•• • .' _
5~__ • • . _. • . _
57 • • • __ ._. ._. - -_ - - -'•• - -. - --
62 __ •• • • ._ •• __ ' -_. - -. - - -. - --
63 . • • '. - -_. - -. __ -. - --
64 __ . • • . __ • • _•• --_. - -. -- --- --
65. •• _. __ • -_. -.- - -. - - - -- -.-
6~_ •• __ , __ , • __ -_. _-_. __ •__ " __ .-- --- - --
67. _. . . . . - __ - -.. --
~8. . . . __ .' _' - __ • -_. -- __ --
69 •• • • • __ . -_. _- __ - -_ - --
70 __ • • •__ • _. • __ -_. __ • _- - - - - - - - •• -- --
71. __ . __ . . . .. .. . . __ . _
72 __ . __ .. • __ • • _. •• . . .
73 __ • • • __ ._. __ •• • • __ . - _
74_ •• __ • __ . • ._. • __ • __ - • __ -- __ ._
75 __ • __ . • ._. __ • __ ._. -._. -_. -- __ ._
76 __ • __ , __ , • __ . __ • • _. __ " __ -:_ •• -_. --
77 ' • __ • • __ • __ •• _. __ - - __ - -. -- -. - --
78_. __ " • __ • • • • - __ •-. - - -. ---
79 __ • _••_. __ •. __ • • •__ • __ • --_. - -- --" - --
80. _. __ • • • ._. -__ • -_. - - _. --
81. _. __ • • • • __ •• -_. - - _. - -_. __
82 . • _. • - - __ - - _- - -. - --
83 __ • " __ • . - -_. - -- - - - - - --
84 • • __ .' • • - _
85 " __ • __ • __ • • - - - _- -.- - - - - - --
86 '__ " • __ • - - -" - -. - -. --- --
87. __ • • __ -__ • -_. __ • -- - - --.- -. -- -.-
88__ • • _. • • __ • __ - -_. - - __ ._
89. • • • _. __ " __ - ' - -. - -.- -. --. --
90 • • • __ - __ --_. __ • --- - - -. --. -- - --
~1. _.• . __ . __ . . . ._
92_ •• __ • • • __ • __ • _•.• __ -__ -._. - -_. --
93 _. ._. • __• __ • • • __ •• __ - -_ - --_. __
94_. ._. • __ • __ • • • __ •__ - -_. - -. - --. - --
95_ •• ~ • • • __ • __ . -_. - - _-- -. _
96 ,, •• _. __ •__ • __ • • __ •__ •-_ - --. - - - -- --
97. • ' •• • • _,. • __
9S • • __ • _. • ., __ • ._.
99 •.• _. • •. __ • __ • ••• _•• _
100 • _• ._. __ ••• • • __ •••• - - - - -. __
101. _. _• ••••••• • __ •• _. _. . _
102.•• •• _.• •• _
103 . __ • . __ • • __ •• , • •
104 • __ •••••• •• • _
105. •• __ ._. . • • _
106. ••••.• • ,.' _

Latitude Longitude

15'1"30' W.
158°01' W.
158°00' W.
157°58' W.
157°50' W.
157°53' W.
157°56' W.
157°58' W.
157°58' W.
157°58' W.
158°00' W.
158°00' W.
157°54' W.
157°57' W.
158°01' W.
158°07' W.
168°02' W.
167"54' lV.
158°00'W.
158°05' W.
158°00' W.
158°00' W.
158°06' W.
158°01' W.
1MoM'W.
155°OS'W.
155°28' W.
155°46' W.
156°09' W.
156°30' W.
157°33' W.
157°53' W.
15ll034' W.
158°53'W.
159°10' W.
159°39' W.
lIUo12' W.
161°28' W.
I~I048' W.
162"02' W.
162°25' W.
162"67' W.
165°23' W.
165°28' W.
165°35' W.
166°01' W.
166°36' W.
166°47' W.
167~O2' W.
167°23' W.
167°36' W.
167°42' W.
167°50' W.
167°58' W.
168°09' W.
168°29'W.
168°48' W.
171°51' W.
171°59' W.
171°52' W.
171°56' W.
171°54' W.
172°00' W.
172°15' W.
172°06' W.
171°SO'W.
172°02' W.
172°00' W.
171°58' W.
172°00' W.
172°02' W.
172"04' W.
172°02' W.
Ino54'W.
171°50' W.
171°49' W.
171°51' W.
171°58' W.
171°56' W.
171°52' W.
171°52' W.
171°48' W.
171°24' W.
170°52' W.
169°42' W.
168°27' W.
167°07' W.

Date

Jan. 14
Jail. 15
Jail. 17do _
Jan. 18

___ do __ . __
Jail. 19___ do _

___ do. _
Jan. 20___ do _

___ do _

Jan. 21___ do _

Jan. 22___ do _
Jail. 23__ .do _

___ do _
Jan. 24___ do _

___ do •
Jan. 25___ do _
Jail. 31

___do .
___ do ._
Feb. 1

___do.. __ •
___ do __
F~b. 3___ do _

. __ do .
Feb. 4

'Feb. 6___ do _
Feb. 7
Feb. 8
F~b. 9

__.do__ ._.
___ do _
Feb. 10
Feb. 11
F~b. 12

___do__._.
___ do _

Feb. 13___ do _
___ do _
Feb. 14

_._do ..
___ do _
Feb. 15

_._do_. _
___do _
Feb. 16
._do _
Feb. 26
Feb. 27
F~b. 28___do _
Mar. 1___ do _

___ do _
Mar. 2___ do ._
Mar. 3
Mar. 4___do _

___ do _
Mar. 5___do _

___ do _
Mar. 6___ do _

___ do _

M'lr. 7___ do •
___ do •
Mar. 8

___ do •
___do •
Mar. 9___ do _
Mar. 10
Mar. 11

_••do _

Wat~r stJ"aine<l, N umber of or· Wet volume.'riIne I ganisms perin m.3
m.1 cc. per m.1

2012-2048 937.3 27 0.0154
144!1-1504 625.9 23 .0105
0925-0940 433.1 43 .0236
2251-2318 819.0 46 .0310
0811-08.% 1,363.0 24 .0094
1633-1658 1,399.9 36 .0093
0224-1)255 1,830.5 30 .0251
1154-1216 985.1 33 .0166
2024-2047 1,244.0 31 .0190
0615-Ot145 1,299.2 74 .0477
1501H537 1,807.5 34 .0186
2338-2357 975.3 32 .0174
1100-1118 1l84. 1 31 .0118
2135-2155 1,018.2 43 .0255
0802-0831 1,625.2 ,30 .0146
1730-1754 1.629.1 33 .0220
0323-ll356 1,925.6 32 .0370
1208-1233 1,509.4 90 .0478
2312-2336 1.273.4' 80 .0558
0744-0808 1.270.9 48 '.0257
1550-1614 1,070.4 36 .0178
2330-2350 885.8 46 .0666
0741-0806 1,234.2 48 .0266
1548-1616 1,352.6 23 .0092
0208-0238' 1,521.4 39 .0251
1040-1060 948.4 35 .0325
1836-1902 1,483.2 36 .0284
0223-0250 1.254.0 49 .0340
1040-1001 1,676,0 66 .m48
1835-1902 1,556.8 46 .0316
0612-(J639 1,680.3 22 .0145
1337-1404 1,401.1 21 .0126
2245-2309 1,245.7 31 .0204
0700-ll727 1,063.9 41 .0177
0441-ll513 1,881. 2 21 .0254
1343-1419 1,619.8 26 .0106
10"..5-1049 1,744.5 29 .0224
2030-2000 1,914.2 3:1 .0313
0443-0513 1.835.9 3:1 .0276
111!l-ll,43 1,488.0 17 .0118
191!1-1946 1,819.0 30 .00m
025lHl327 1,514.6 31 .0304
1652-1718 1,330.2 21 .0170
0021-0048 1,647.2 31 .0368
0758-0824 1,432.3 2-1 .0176
1626-1653 1,743.6 22 .0118
0100-0130 1,760.7 37 .0359
Q848-{)913 1,618.2 26 .0248
1815-1839 1,116.2 52 .0408
024()-{)3()8 1,433.5 47 .0473
1132-1156 1,420.4 23 .0172
1903-19.10 1,785.5 37 .m20
0323-ll35.1 1,740.7 34 .0295
1041-1109 2,008.7 20 .0175
181!1-1848 1,942.1 19, .0175
0208-0241 2,424.3 33 .0332
0923-0953 2,308.6 24 .0100
1931-1958 1,876.1 28 .0154
1129-1157 1,918.4 26 .0115
0245-{1309 1,735.6 41 .0226
1821-1846 1,452.5 29 .0153
0238-ll303 1,045.2 52 .0291
1118--1144 1.399.9 22 .0100
19.10-1955 1,507.6 22 .0202
0735-{1758 1,510.7 18 .0101
1537-1605 1,510.7 20 .014~

1612-1641 1,593.0 21 .0109
0047-ll115 1,392.3 43 .0394
092tHl947 1,066.0 56 .0345
1702-1727 1l79.6 73 .m98
0034-ll101 1,854.7 57 .0548
0834-ll858 1,332.4 48 .0435
1816-1842 1,221. 9 44 .0367
024lHl315 1,621. 0 51 .0369
1105-1130 1.428.2 43 .0242
193!1-2011 1,907.6 24 .0244
0407-Q433 1,498.1 22 .0139
1315-1339 1;539.7' 13 -.0094
2147-2213 1,5.18.1 22 .0127
0602-0629 1,576.9 23 .0115
1417-1443 1,507:0 11 .0097
2"..36-2301 1,720.5 20 .0192
OO~713 1,274,5 15 .0096
1557-1619 1,313.9 23, .0100
0913-0940 1,993.3 25 .0181
0207-0235 1,941. 0 17 .0145
1913-1940 1,938.5 24 .0145

I +10 zone time on stations 1 to 49, +11 zone time 011 stations 50 to 106.
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Cruises 2, 5, and 8 were eombined hydrographic
and plankton cruises, and thus provide informa
tion on currents, temperatures, oxygen, and in
organic phosphate for eomparison with the
zooplankton abundance, On c.ruise 7, which was
.a eombination longline-fishing and plankton
cruise, subsurface (to approximately 800 feet)
and surface temperatures were obtained at all
plankton stations,

SAMPLING IN THE FIELD

: .Although the primul;y aim of our plnnkton
sampling was to obtain information on the zoc,
plankton populations of different ocean areas, a
secondary objective was to collect tuna eggs and
larvae for use in the study of the spawning habits
of tuna, Sampling methods' and procedures were
therefore designed to contribute information to
ward both objectives,

Plankton nets of the following three types were
used on cruise 2 :

1. I-meter (mouth diameter) net with body (front
and middle sections) of 30xxx silk grit gauze (width of
apertures 0.65 mm.), rear section and bag of 56xxx silk
grit gauze (width of apertures 0.31 mm.) ;
- 2. I-meter net with body of l8xxx gl·it gauze (Width
of ape-l·tures 1.3 mm.), rear section and bag of 30xxx
grit gauze; and

3. 2-meter net with body of %6 inch ",quare. cotton
mesh, rear section and bag of l8xxx grit gauze.

6 FT

The results of this cruise showed that the
1-meter net with a body of 18xxx grit gauze re
tained considerably less zooplnnkton than the
30xxx net; the 2-mete.r net captured almost no
zooplankton and few fish or other large forms.
Some preliminary tows, the results of which are
not ineluded in this report, indieated that nets of
56xxx and 72xxx grit gauze retained the larger
phytoplankton as well as zooplankton, thus mak
ing analysis of the sample more difficult. On the
basis of this experimentation and a review of meth
ods used by other investigators for sampling
zooplankton, we adopted the 1-meter, 30xxx net
(fig. 2) as being the best suited for our purposes.
Nets of this type were employed exclusively on
cruises 5, 7, and 8.

In this study, snmpling was limited to a single
tow at each station, For this reason, we chose to
use, for the greater part, an oblique tow (surface
to 200 meters to surface) of approximately 30
minutes' duration, On cruise 2, both oblique and
surface tows were used, but on all subsequent.
cruises the oblique tow was the only type em
ployed.

The merits of the oblique haul have been well
demonstrated by Winsor and Clark (1940), They
obtained a percentage standard deviation (coeffi.
dent of variation) for a single observation of
31 percent for oblique hauls, 53 pereent for verti-

7 S 9 II
10 12

DESCRIPTION OF PLANKTON NET SECTIONS

I 2 3 4 5 6 7 8 9 10 II 12

MATERIAL
GALY.IRON 2 az.CANVAS

30 XXX GRIT 3/16" BAIT
10 OZ.CANVAS

30 XXX GRIT
10 OZ. CAMAS

56 XXX GRIT 100ZCANVAS
BUCKET

10OZ. CANVAS
56 XXX GRIT

RING GAUGE NETTING GAUGE GAUGE COUPLING GAUGE

DIAMETER 39.4" 39.4" 39.4' 40' 39.4" 39.4'- 8" S" e'~4" 4" 4' 4" 4"

LENGTH 7'8' THICK 12" 38" 4S' 10" 110" 3" 18" 2 Ik" 2 Ik" 212" 9"

FIGURE 2.-Diagram and description of the I-meter net used in this investigation, showing general construction of
the net and methOlI of attachment to the weight and towing lines.
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cal hauls, and 124 pe.rcent for horizontal hauls;
and they concluded that oblique hauls gave more
reliable and consistent results than vertical or
horizontal hauls. The more erratic nature of the
surface haul, as compared with the oblique, is evi
dent from figure 4, showing the results of cruise 2,
on which both types of haul were used.

That the oblique and surface hauls made on this
cruise were not greatly different, however, is in
(Heated by a comparison of the volumes (cc./m.3

)

obt.ained at 12 pairs of stations ·(table 1, A and
C), the members of each pair occurring at approx
imat.ely the same latitude, but at- a different.longi
tude (fig. 1, A). It may be shown t.hat the mean
difference (0.00575 cc./m.3

) between the paired
hauls does not differ significantly from 0 (P=0.4).
Therefore, the few surface hauls made on cruise 2
have been included in this report but have been
omitted from the statist.ical analysis dealing with
sources of variat.ion and correlations with environ
mental factors.

On cruises 2, 5, and 8, stations were visited
consecutively regardless of the time of day or
night...· Because of" this practice, the effects of
diurnal migration must be considere,d in an evalu
ation of zooplankton abundance at any place and
time. Initially we had hoped, through the use
of the oblique tow to 200 meters' depth, to nullify
to a large extent differences in the samples caused
by vertical movements of the plankton. That we
did not succeed is indicated by close perusal of
the tables of dat.a, particuhtrly for cri.lise 5 (table
2), and cruise 8 (table 4), comparing successive
day and night hauls. It will be seen that·usually
the night hauls produced a higher volume than the
day hauls. ,This tendency will be discussed later
in the section on sources of vari4tion in zooplank-
ton volumes; .

Anot.her problem that adds t<? the difficll1ty of
estim~ting iooplankto'n abundallce is the uneven
distribut.ion of plankton organisms. This has
been: referred to by ma.ny planktologists' and is
emphasized by Haeckel (1890), Herdman n923),
Gardiner (1931), Hardy (1936), Wilson (1942),
Riley and Bumpus (1946), Sears (1950), and
others. By our method of straining a large vol:
ume of water, averaging over 1,000 clIbic meters
per haul, and of sampling in uniform fashion from
the surface to 200 met.ers' depth, it is assumed that
the variation in catch due to the uneven distribu
tion of organisms is minimized.

The amount of water strained during each haul
was measured by a flow meter suspended in the
mouth of the net. Each flow meter was calibrated
by towing it over a measured course at approxi
mately the same speed used in making the plank
ton hauls. The flow met.ers were calibrated be
fore and after each cruise, and the average of these
calibrations was used to compute .the volume of
water strained in cubic meters for each haul dur
ing that cruise. Within a limited range of tow
ing speeds the number of revolutions registered
by the meter indicates the length of the water
column passing through the net; multiplying this
length by the area of the mouth of the net gives
an estimate of the water volume straiiled.

There has never been evidence of dogging on
any of the tows, possibly because of the relatively
coarse mesh used in the nets and the general pau
city of plankton.

In making the tow, the net and a 75-pound
streamlined weig.ht were attached t.o the cable,
whidl was paid out slowly at uniform speed. As
the net was lowered, the length of wire out and
the angle of stray were recorded at 2-minute
intervals. As soon as a calculated depth of 200
meters was reached, the net. was retrieved at a.
slow, uniform speed. The wire angle' and the
length of wire out were again recorded at 2-minute
intervals. At a towing speed of about ~ knots,
an oblique tow to a depth of 200 meters :l.nd return
required' about 30 minutes.. A graph of depth
re.ached plotted ag,ainst tiIne (fig. 3) for 3 tows
made on cruise 5, shows that, for practical pur
poses, equal amounts of time nre spent at all
depths; i. e., assuming the towing wire represents
a straight line in the water, the net strains approxi-

.mately the same amount of wat.er for each meter
of depth passe.d through. It 'is recognized that

. the towing wire does not actually describe a
straight line .during the tow, but the error cause(l
by a slight curve is small.

'When the net reached the surface at the end of
a tow, it was lifted out of the water, suspended
vert.ically from a boom, and washed down with a.
hose. The plankton bucket was then detached,
and its contents were washed into ali enameled.
pan'. Next, the sample was transferred to a
1-qmtrt fruit jar, and sufficient formalin was'
added to approximate a 10-percent solution. The·
formalfn was neutralized with borax. A com
pleted label was placed in the ja.r.



120
o

(/) 50a:
1LI...
1LI
:E

100

200

FISHERY BUT_LETIN OF THE FISH AND WILDLIFE SERVICE

~ ./
V

'" V'\.

~ ./
V

~LI STATION I

I I I I I I I I I I I I I I I I I I I I I I I I I I

o 4 8 12 16 20
TIME IN MINUTES

24 28 32

o

&! 50
1LI...
1LI
~

100
~

:I:...
Q. 150
:g

200

\ /
;/

'"i'-- 7
/'

""
~ V

./

.v/ STATION 12

I I 1 ", , I I I I I I , I I I 1 I I I I 1 I I I I

~ /'
V

'" /
V

""~ 1/
v.

"
~1/ STATION 17

I I I , I , I I I , I I , I. I I 1 I I I I 1 I 1 I I

0 4 8 12 16 20 -a 28 12

o

o

(/)
a: 50
1LI...
1IJ
:E

~ 100

:I:

t:1IJ 150
Q

200

4 8 12 16 20
TIME IN MINUTES

TIME IN MINUTES

24 28 32

FIGURE 3.-Graphs of three typical tows (stations 1, 12, and 17) of cruise 5, showing depth estimated f.·om wire angle
and wire out.
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TREATMENT OF SAMPLES

The zooplankton collections received the follow
ing treatment in the laboratory:

1. All fish eggs and larvae were removed. In
all cases these have amounted to a negligible frac
tion of the sample and were omitted from the
volume measurement.

2. Several portions of the remaining sample
were examined microscopically, and the various
groups of organisms were identified at least to the
order. Where possible without great expenditure
of time and effort, identifications were made to the
genus and species. A list of constituents was thus
compiled for each sample.

3. All organisms whose longest dimension was
greater than 5 centimeters were removed from the
sample. Such organisms occurred infrequently
and were not considered in the analysis.

4. By means of a splitting chamber the remain
ing, sample was then divided into halves; one-half
was labeled and placed in a reference collection,
the other was used for the organism counts and
displacement-volume determinations.

5. In making the count, a given portion (usually
a fourth, occasionally a half or an eighth) of the
half reserved for this purpose, was placed in a
15 by 20 em. counting chamber, thoroughly mixed,
and distributed as evenly as possible over the
entire cell area. Organisms between 2 and 5 cm.
in their long,est dimension were enumerated in
counting-chamber fields 5 em. square, without
magnification. For counting smaller organisms
(0.5 millimeter to 2.0 cm. in longest dimension),
the counting cell was placed over a W olffimegel
plate under a binocular microscope. Org,anisms
in this size category were counted in fields 1 em.
square on the Wolffimegel plate. Organisms less
than 0.5 mm. long were identified but not counted,
since the mesh of the nets employed was not suffi
ciently fine to catch these forms quantitatively.
In counting organisms of all sizes, either (a)
enough fields were counted to yield aminimum
count of 100 for each type of organism, or (b) 10
fields were counted, whichever was reached first.
The estimated number of zooplankters of each
species or cat~gory in the total sample (minus fish
eggs and larvae and organisms larger than 5 em.)
was computed by use of the following formula:

G·AE=
j'a'n

where

E=estimated number in total sample
(J = counted number

.A. = area of cell
f=fraction of total sample in the counting cell
a= area of field
'n=number of fields counted

The estimated total number of zooplankters. in
the sample equals the sum of E values, i. e., the
sum of the estimated numbers for each type or
group of organisms. The estimated number per
cubic meter of water was obtained by dividing
the estimated total number in the sample by the
cubic meters of water strained.

6. To measure the displacement volume, the half
of the sample used for the organism counts was
poured into a draining sock of 56xxx grit gauze
to filter off the preserving liquid. The drained
plankton was then placed in a 50- or 100-milliliter
graduated cylinder, depending upon the size of
the sample. By means of a burette a known
volume of water was added to the drained plank
ton. The difference between the volume of the
plankton plus the added liquid and the volume of
liquid alone is the displacement volume or "wet
volume" of the plankton half-sample. This fig
ure was doubled to obtain the computed volume
of the entire original sample (minus fish eggs and
larvae and organisms larger than 5 cm.). When
divided by cubic meters of water strained, this
gave the volume (in cubic centimeters) of zoo
plankton per cubic meter of water.

The plankton counts given in this report, there
fore, include those organisms between 0.5 ·mm.
and 5 cm., longest dimensions; the volume meas
urements include all organisms in the sample less
than 5 cm. in length.

Almost all stations occupied on the four cruises
were in areas where the depth of water is 2,000 to
3,000 fathoms (roughly 4,000 to 6,000 meters).
By sampling to a calculated depth of 200 meters
(the actual depth attained was probably within
10 percent of this) we have done little more than
"scrateh the surface." No information was ob
tained on plankton abundance and distribution
below the sampled depth. Therefore, we believe
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C Chac- T ." ElI- l!'l' h IF "'1' IStation No. ope- tog- Un!- phausi- dP 0- 0!Smlo
.. lsce -

. pods nath" cats acea n(lphora. mCera laneous

TABLE 6.-0Ntise 5: Percentage, by number, of- sia: maJor
constitltents 01 zooplankto'/~ collections

(Values I~ss thsu 1 p~rcent omitted]

TABLE 5.-0ru.ise 2: Percentage, by number, of si:c major
consUtuents of zooplan.kton collections

[Values less than 1 percent omitted]

47 17 13 1 4 17
35 19 31 4 2 1 8
64 10 1 6 2 17
65 14 4 61 2 9
50 16 11 4 3 1 15
61 10 3 4 ------8· 8 13
62 15 3 6 5 1
61 10 6 3 4 11 I;
55 19 11 4 2 3 6
62 22 3 4 I 7
66 16 2 7 2 7
68 16 3 2 4 3 4

62 4 14 2 2 16
34 6 6 22 32
56 6 8 6 8 16
20 38 20 17 1 4
47 16 11 6 10 10
44 13 9 4 9 I 2t}
36 15 8 13 10 18
67 12 3 4 5 9
62 17 9 4 2 --- ... -- 6
67 20 3 5 4
51 19 3 19 7
19 21 4 12 8 36

79 11 3 3 --. __ .-- 3
65 12 9 6 3 ---.--j" 4
53 10 10 14 2 10
54 21 6 10 6 2
43 15 15 10 1 4 12
51 26 16 2 2 3
51 9 24 2 5 3 6
70 5 7 6 3 1 8
76 8 2 5 2 5 2
OS 10 2 2 1 9 8
47 19 21 1 3 6 3
50 10 12 2 4 1 21

50 I·t 26 3 7
33 43 12 2 8 2
24 37 18 10 11
33 18 9 22 9 9
2S 29 2 25 9 7
57 6 5 25 4 3
47 28 8 6 9
29 5 8 ---_ ... ~ 12 46
47 6 8 24 15
52 12 2 29 3 2 0
16 . 25 7 .._----- 13 1 38
37 11 8 -------- 12 32

Cope- Ohac- Tunl- P~~~i- Sipho- Fo!ami- Mlscel
poda n~t'i;a cata aooa nophora mfera laneousStation No.

A, Oblique tows
to 200 m. (1
meter net,
30xxx mesh):L . _. _.. __

3 • ..
7 • _
9. • • ..
II. . . ._
13.. • • _•.
15_. • _
17 • • _
19. _
21. _
23_. .
25_. • _

B. Oblique tows
t(l 200 m. (2-
meter net, H.-
Inch mesh, rear
section 18xxx
mesh):

Q

;;:::::::::::::::::S_ •• _
10 _
12_. •• _
14. _
16. _
1S.• _
20_. _
22 _
24 • _
26. ._. _

C. Surfaee tows
(I-meter net,
30xxx mesh):30_. _

32 • _
34 • _
36._. • _
3S.• • _
40 _
42. __• • __
44 _
46. _
48 • •
50.• __ • _
[;2. _

L __ . _. ____ : ____ ._ 53 4 9 4 -------- 10 192_____ • ___________
44 4 6 9 6 303 _________________
58 ,\ 8 5 3 2 184.. _. _____________
35 7 11 1 2 21 235__ . __ "___________ 46 5 8 6 3 12 206_____________ •• __
41 7 3 12 5 20 127___________ • _____ 25 4 4 2 60 48.. ________ . ______ 52 1 2 3 34 79.. _______________ 22 6 3 2 1 58 8

~L::::::::::::: I 66 11 6 2 9 6
62 12 2 4 4 7 9

D. Surface tows
(I·meter net,
lSXxx mesh):3L _

33 _
35. _
37.~. .. _
39 • _
41. . _
43. • _
45.. _•• _
47. _. _
49_. __
51. .
53 _

that our results are most properly expressed
in terms of organisms per cubic meter in the upper
200 meters of water. If an estimate is desired
of the areal abundance, i. e., the quantity of zoo
plankton in a column of water 200 meters in
height and 1 meter square in cross section, it may
be obtained by multiplying by 200 the numbers and
volumes of zooplankton per cubic meter given in
tables 1, 2, 3, and 4.

COMPOSITION OF THE ZOOPLANKTON

Tables 5, 6, 7, and 8 show for each cruise and
station the percentage composition by number of
the 6 major constituents of the zooplankton. It
is evident that copepods-by number-were con
sistently the most important constituent. The
chaetognaths usually were· second in rank, fol
lowed by the tunicates, euphausiids, siphon
ophol'es, and foraminifers. At several stations
other groups, such as radiolarians, annelids, am
phipods, ostracods, and pteropods occurred in
considerable numbers, but on the average these
animals formed a very small percentage of the
collections. As might be expected, the results
vary to some extent from station to station; but
when the data are summarized, as in table 9, there
is revealed a marked and surprising uniformity in
composition for the different longitudes and
cruises. The percentages.· given are computed
from the sums of estimated numbers for all sta
tions. Percentages by volume· for the separate
groups were not determined.

The ~10 samples include only a few instances of
swarming: Collections taken at stations 7 and
9, cruise 5, contained unusually high percentages
(60 and 58 percent) of foraminifers; the collec
tion made at station 2, cruise 7, contained a high
and unusual percentage (51 percent) of hyperid
amphipods. In each case there was no marked
change in number for the other major constituents.

As all of our plankton stations were located
in the open ocean with very few within 100 miles
of land, the collections consisted primarily. of
such-£orms as are permanently planktonic through
out their lives (holoplankton), and contained very
few transitory young and larval stages (111ero
plankton) of bottom-dwelling forms such as
echinoderms, crabs, and clams.
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TABLE S;-Cmfsl" 8: Pe,"centage, by 1I.umber, of six major
C07lstitfients 01 zooplankton collection8

[Values less tban 1 percent omitted]

coge- Chae· Tunl- Eu· Sipho· Fomml- Miscel·Station No. po a n~lta cats phausl· nOllbom nlfera lancollsacea
-----------------

1.___ • __ .c_______ . 36 10 11 II 6 -------- 272 _______________ .. 52 11 10 3 " .------- 164_ •• _. _• ______• ___ 49 10 12 2 10 13 46. ________ • __ . ___ . 70 6 4 4 1 7 87_.______ •________ 58 11 2 3 3 11 128_. ___________ • __ •
64 9 3 2 6 8 89 _______• _______ ._
60 4 19 3 3 4 710.______ •___ •____ 66 4 6 3 9 6 611._________ • ___ ._
58 4 4 6 2 12 1412. _•• __ • _____• __ • 63 5 1 10 4 4 1313__________ ._.___
59 10 4 7 4 3 1314. __ . __ •___ •___ ._ 56 16 2 11 2 2 1116.. ____ • ___ • __ • __ 61 14 2 7 I 2 13

16..•• _. ___ • __• __ . 58 12 4 4 7 4 11
17. __ •• ___________ 49 16 3 6 6 7 1418.• _"__ • ________ ._ 65 10 6 6 3 1019_.••• ___ • ______ • 58 11 4 8 3 2 1420___• ____ • ______ • 54 14 4 3 6 9 10:21___... ____ __ .. ____ ~ 52 16 2 13 4 3 102:?____ • __ •___ ._. __ 59 20 9 3 ------_ .. 3 6·23. ____ ._ ._._. ____ 63 21 3 3 ------3- 3 624_. ___________ • __

51 17 2 11 6 1025___ . ___ . __ ._. ___ 59 17 12 4 2 4 226. __ • __ ••_. ______ 66 20 8 ..··--s- 3 .. oo-- .. --- 3
32._._. __ ._. ___ • __ 64 8 4 4 -------- 1233. _•• ___ ' ____• ___ 56 22 8 3 4 -------- 734..• _________• ___ 64 14 4 6 5 ---- ..--- 735. ____ • __ • __ •• ___ 55 16 6 .7 6 ----_ .. -- 936. ___ • ______ •___ • 57 19 4 3 4 2 1137____ • __ • ___ ._. __ ro 22 2 10 5 1 10
42_._ . ___ • __ • __ • __ f18 8 ----:i- II 3 -------- 1043__________ • ____ • 74 11 4 1 -------- II44_ . __ • __ • __ • _____ 66 12 3 8 I 10
45. __• ____ • ___ •• __ 56 19 4 9 2 _.. ------ 10
46. _____ • __ • __ •• __ 59 22 '--iil' 10 4 -------- 447 __ . _______ • ____ • 59 10 5 2 ---'--3- 13S2. ____ •• _________ 62 17 7 1 4 653___ . __ • _________ 62 12 5 6 3 :1 1054._______ • ____ • __ 55 17 6 6 2 .------- 1355. ______ •_____ • __ 54 22 7 2 1 4 10
56._ .• __________ •• 51 13 8 2 3 -·----i- 22
5i_ . ___ • _____ •____ 56 20 2 11 2 862_____________ • __

64 13 3 2 4 2 121\3___ .. ___ •__ • ____ • 58 14 5 9 3 3 8
64. ___ • __ • __ ... ___ • 59 12 3 9 4 4 965. ______________ •

63 21 6 2 1 666______ • __ • _____ • 61 6 7 7 5 4 10
67..•• ____._ • ____ • 56 19 5 2 2 2 1468._•• ____• __ •__ ._ 47 18 2 2 4 7 20
69. _•• ____ •• ____ •• 6i 8 3 6 3 3 10
70_ .. __ ••. __ • ____ • 62 18 4 1 4 2 971. _____ • _________

1i3 10 4 7 8 3 15
72___ .•••_______ •• 55 11 2 6 9 2 15
73. __ . _. ____ •• ____ 60 22 8 2 1 2 574. __ . _• __________ 55 24 10 6 2 -------- 375.. __ • ______ • __ ._ 67 11 1 8 2 _.. ------ 10
76.. _. _- __________ 51 24 9 5 3 _.. ---_. - 877____ ._. _____ • __ • 43 6 6 9 14 1 227ll______ • _.. __ • __ • 55 7 6 1 11 4 16
79_______ ._ • __ • ___ 66 12 5 3 7 I 680. _______________ 7-1 7 3 2 3 -_ .. _---- 10Ill. _____ . __ . _____ . 65 16 6 5 3 -------- 6
82. __ •__________ ._ 74 10 5 3 :? _.. ------ 683___ .. _. __________ 59 19 ----- - 9 2 ---- .. --- 1184. _________ • __ •• 68 10 6 1 2 2 1185_._. ___________ . 51 19 12 q 10 -------- Ii86. ___ • __ • ____ •• __ 55 27 4 6 - ... --_ ... ----_.j- 8
87_____ •• _. ___• ___ 54 19 5 6 5 10
88.....• _. ________ 51 17 5 4 6 1 1689____ • ____ • __ • ___ 49 17 7 3 4 5 1690________________

60 10 5 6 3 3 1391._____ • _________
46 15 10 3 5 2 II'92__ •. __________ ._ 47 17 4 7 9 2 1493_._. _. __________ 70 10 I Ii 4 --_ ..._--- II

94._._____________ 66 18 7 4 5 4 6
95. _•• _______ ••• __ 72 6 3 4 3 2 1096__________ ._. ___ 72 7 7 7 -----_ ... ---...S- 597___ .•_• _____ • ___ 53 17 10 2 4 6
9~. ______ • ________

59 II 10 5 4 -------- 12
99 ______ •• _•• _. ___ 55 13 6 5 4 4 13
100.• ___ • __ • __• __ • 43 8 16 1 D 2 21
101.•• ____• ___ • ___ 57 9 11 4 8 -------- 10
102._••• ____ • __ • __ 54 14 1 9 2 -------- III103_._.___________ 67 2 9 3 6 -------- 13104___• _____ ._. ___ 67 11 6 I 5 -------- 10
105___• _______• _._ 70 4 4 3 8 -------- 11106___• ____ • __ • __ • 49 7 15 9 5 -------- 15

q

5
8
9
1
3
o
1
4
o
o
5
o
o

20

2

TABLE 7.-Crll·is6 7: Percentage. b1l number, 01 six major
consti#lIel1·ts 01 zooplankt<m collections

[Values less than 1 percent omitted1

TABLE 6.-.Cruise 5: Pfrcenlage, by number, of s£x major
constituents of zooplankton colleclions-Cont,inued

Copo.· Chaco Tunl- EIl- Sipho· Forami· Miscel-Station No. tog. phallsi-poda nath:l cata n('Ca noph(lra nifers ll,neollS

-----------------
12. __________ •••• _ 73 8 3 I 8 -------- 613__ . _____________ 61 14 6 4 I 2 1214_.• ___________ ._

77 3 3 3 3 ~~._---- 1115... _____________ 59 9 5 2 7 11 7
16~. ______________ 52 6 5 q 8 3 2417... _________ ~ _._ 67 5 3 4 4 2 1518. _____ . ________ 55 11 8 3 III 2 l!19_ .• _________ ~ ___ 68 4 8 8 5 2 520___ . ____________

60 9 8 6 4 2 1121. __ ._. __________ 61 11 6 6 I .---.--- 1422__________ . ___ .. 56 8 5 6 10 5 1023..___________ ••. 60 8 5 4 7 7 924_._____ • _. _____ . 57 10 3 8 4 1 1725. _. _____________ 54 12 9 5 7 :1 1126.••.•_________ ._ 6; 13 7 2 4 -------- 727.. __ • ______ . __ •. 61 16 4 8 2 .------- 828. _____________ •. 70 9 7 4 2 ---- .. _-- 829__ . _______ .. ___ . 51 10 5 4 -------- 9 2030.. ________ • __ • __ 47 10 7 3 2 6 2531.______ ._. ___ • __ 56 9 4 7 2 8 1432. _____ • __ • __ • ___ 56 12 8 4 1 3 1633_____ •• __ • ______ 55 14 4 6 3 4 14
34.... __ ..•...• _.. 53 17 4 2 2 9 1335._. ___ •• ____ • ___ 3S 16 3 3 4 26 1336_____ • ___ • ______ 39 9 7 3 5 12 2537_______________ • 50 8 7 4 4 11 1638__• _____________

52 5 6 3 4 13 1739____ • ___________ 41 5 8 6 4 19 1740___________ •__ .. 56 14 4 2 2 9 1341. __________ . __ .. 69 6 1 1 5 III 842..• _____________ 49 11 4 6 2 11 17
43.. _. ___ ••••• _. __ 58 18 4 2 3 4 1144. _. _____________ 53 15 6 3 4 8 1145._._ .• _____ • ____ 61 13 2 2 3 11 846. _________ •. _. _. 63 9 9 6 2 3 84i .._____ ._ ••• ___ . 65 11 4 2 3 11 448.._______ . ______ 3S 6 31 1 -------- 21 649._.____________ . 58 2 5 1 4 10SO__• ___ ••• _______ 58 8 6 5 3 2 1851. ____ •• _. _______ 51 4 10 6 5 3 2

I
Copo.· I chac-I Tunl-

En- Sipho- Forami-I Misccl-Station No. tOl(- pb,msi-p'Jda n....tha eat:l (leea nophora nilera lancous

-----
1..._. _____ . _____ . 47 6 4 4 5 7 272. _____ .. _____ . ___ 24 5 2 5 2 2 603__ .•_____ • ___ • ___ 51 13 1 8 6 144___ • ____ ••••• ___ . 61 12 16 4 1 6 105__._ •. ___ . _______ 57 7 10 3 5 7 116. _____ •__ • _______ 59 21 4 2 --._._-- l! 37.•________ ... ___ ._ 66 12 3 4 4 6 158_ . ______ • __ • ___ .. 68 11 5 6 4 2 59. _. ___ ._. ________ 68 9 5 2 2 2 1210..___________ •• _ 78 6 4 -------- 1 2 8l! ______ . ______.._ 60 8 14 --·--·3- 3 2 1~12. _____ • __ • __ • ___ 75 6 6 4 113 ______ • ______ • __ 63 8 6 2 10 314________________

78 4 3 2 2 215..____• __ •__ •• __ 52 24 4 4 3 2 116___________ • ___ . 63 l! 2 2 4 5 1.17_________ •• _____ 65 17 4 4 4 6 118.. __ • ___________ 61 12 4 2 7 3 'I19..______________
00 16 2 1 5 2 120. ___ •• __ • _• _____ 54 14 2 3 7 -------- 121.. ___ •____ • _____ 60 12 7 4 6 1 122________________
66 8 2 3 6 -------- 123_____ •_______ ._. 62 14 5 5 3 1 I24_________ •__ • __ . 62 6 11 5 4 2 1

251381-53--3
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TABLE 9.-Pe-I·centa,ge composUion, by numlbe.r, of the 8ia; maiOl' constitucnts of thc zooplankton collections, by oruise and'
longUude

4
5
3
6
3
5

Cruise 2 Cruise 5 Cruise 7
Cruise 8Oct.-Nov.Jan.-Feb. 1950 June-Aug. 1950 1950 Jan.-Mar. 1951

Major oonstituents

1720 W.I 158' W.I Total 172' W.I 158' W. Total 158' W. Ij2' \V.' 158' W.' Tota.l·

Copepoda.. __ •__ •____ . ___ •_____ 58.9 56.2 57.4 56.3 53.0 54.9 60.2 .~.6 58.0 58.
Chll'!tognatha_______ •.. __ . _. __ . 16.7 14.0 15.2 8.3 10.0 9.0 12.0 12.4 12.2 13.Tunic::J.ta___ : ___________ •• ______ s. (i 8.2 7.1 5.6 5.6' 5.6 4.7 6.1 .~.3 5.
Euphausiacea_._ .. _•. _______ .• _ 3.9 9.1 6.8 4.9 3.6 4.3 3.0 4.6 5.9 5.
Siphonophora__ .. : ______ •• _. __ • 4.2 2.9 3.5 5.0 3.4 4.3 4.3 5.2 4.0 4.
Foraminlfera._. _____ . _____ . ____ 2.5 1.3 1.8 7. i 9.9 8.6 3.0 1.6 4.8 2.
Miscellaneous_____ •__ •__ . _. _C. __ 8.2 8.3 8.2 12.2 14.6 13.3 12.8 11.5 9.8 10.4

I Includes statio'ns 1 to 26.
I Includes stations 30 to .'\3•

. • Includes stations 1 to 27.
• Includes stations 77 to 106.
• Includes stations 1 to 26.
• Includes stations 1 to 106, all longitudes.

The uniform composition of the zooplankton,
as shown by our measurem~nts, indicates the ex
i"stence of a stable ecological balance muong the
various components of the plankton and between
them and their environment. This uniformity,
or stability, is doubtless the result of a complex
interaction of factors. The physical and chemi
cal factors of the environment throughout the
range mmpled are' rather homogeneous and, per
haps while capable of effecting differencps in total
abundance of organisms, do not provide sufficient
variations to promote major differences in the
c.omposition of populations. The relative absence
of irregularly occurring swarms of larval and
adult forms may account for some of the uni
formity. It is reasonable to assume that, despite
the great spec.ies differences that may occur (Wil
son 1942), there is a particular niehe in this eco
system of the tropic-al and subtropical Pacific
which will snpport a ce.rtain number of copepods,
and another which will accommodate a certain
number of ehaetognaths, and so forth. The uni
forniity- of the data on planliton composition also·
argues that the collecting method and its uni
formity of application were appropriate for pro
ducing repeatable results.

ZOOPLANKTON AS FOOD

It. is generally recognized that neither an enu
meration of organisms present nor a totltl-volume
measurement shows the aetual food value of a
plankton sample. Food value could be estimated
by chemical analysis of eaeh sample, but this pro
cedure is hardly practical when large numbers of
samples must be examined. Sufficient work has
been done on' the chemical composition of the ma
jor zooplankton types to show that they vary

widely in nutritive value among types and even
within types for different localities.

According to Bjgelow and Sears (1939), the·
separation of the crnstaceans [md c.haetognaths
from the other types of zooplankton permits an
approximate division of the zooplankton into (1)
more nutritive forms whieh may be important as
fish food and (~) forms of little or no nutritive
value, such as the tunicates and siphonophores.
In our collections, the crustaeean-chaetognath
group averages 70 to 80 percent by number.

Nakai (lD4~) has shown that plankton animals
from the southern part of the Sea of Japan gen
erally contain less fat than those of northern areas.
The inference is made that in the warmer waters
to the south, the scarcity of phytoplankton, par
ticularly of diatoms with their rich oil reserves,
prevents tlle acemnulation of fat by the zooplank
ton. Clarke (1940) found that in the western
Atlantic the plankton of coastal water ha.d a
higher percentage of organic matter than that of
cont.inental-slope or Sargasso-Sea water. Sub
tropical plankton in general had a low organic
content. It is possible, therefore, that while.
three-fourths by number, and a smaller fraction
by volume, of the zooplankton of the central Pa
CIfic is theoretically nut.ritious, its actual food
value in calories may be less than for similar or
ganisms of higher latitudes.

The Pacific Oceanic Fishery Investigations is
cO~Iducting a study of the food of tunas. The
results to date show that a variety of zooplankton
forms are utilized' directly as food by these fish.
For example, representatives of the following
groups have been captured in our plankton nets
and have also been found among the stomach con-
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tents of mattiring and adult yellowfin tuna (Re
intjes and King 1953) :

mysids brachyuran htrvae
euphausiids. heteropods
amphipods . pteropods
stomatopod larvae cephalopod young
shrimps tunicates
palinurid larvae fish young

References have been previously cited (p; 111)

emphasizing the importance of plankton in the
rood of juvenile tunas.

ABUNDANCE OF THE ZOOPLANKTON

Estimated numbers and volumes of zooplank.
ton, times of sampling, and amounts of water
strained, are given in tables 1, 2, 3, and 4. Varia
tions in abundance with latitude are· demonstrated
by the histograms of figures 4,5,6,7, and 8. The
results are briefly sumnml'ized in tables 10 and 11.

TABLE 10.-.A:rcus Of greatcst abundance Of zooplankton, by cruise alld longitl/de

Cruise 2 Cruise 5 Cruise 7 Cruise 8
Zooplankton -

172° W. 158° W. 172° W. 158° W. 158° W. 172° W. lfiSo W.

Greatest estimated "number/m.' __________ 109 8.1 107 93 75 73 90
Latitude of greatest estimated number. __ 0° 5° S. 1° S. 3° N. 2°N. 1° N. 1° S.
Greatest displacement volume, cc./m.' ___ .082~ .0911 .0742 .0880 .0741 .OM8 .0666
Latitude of greatest displacement volume. 0° 1° S. 1° S. 0° 2°N.1 2° N. 5° S.
Boundaries of rich area (estimated num-bers) __ . __ . _____________________ • __ . ____ 2° N.-o° 3° N.-5° S. 4° N.-3° S. 5° N.-o° 6° N.-2° N. 6° N.-l° S. 1° 8.~0 8.
Boundaries of rich a"ea (displacementvolumes) ________ •. _________ • ___ • __ .• ___ 2° N.-2° S. 3° N.-Io 8. 1° N.-3° S. 5° N.-o° 6°N.-2° N. 5° N.-Io S. 1° 8.-5° S.
Latitudinal range of collection. ___________ 24° N.--.'i° 8. 19° N.-5° S. 27° N.-5° S. 21° N.--.'i° S. 201";° N.-2° S. 121°N .-14Ho 8. 21° N. _7° S.

I 8ample at 19° N.latitude was greatest in volumc but was atypical. as it contained a highly unusual number and volume of amphipods. (8ee table 3.)

TADLE 11.-NI/"Il/.1JCI"S IIl1d 1'olulJIes 01 :;oopla·nktoll. orga"Jl~

isms liS "elated to eql/atoria~ currents and ~atitudes

[Data from tho six m:\jor sections of cruises 2. 5, and 8. which crossed tho
Equator on 158° and 172" W.longitudel

Zoopla~ktonorgan-
Isms

Number
Current Latitude of obser-

vations Average Average
number volume.
per m.' ce. per m.'

North Equatorial Current___ 27°-18° N. 14 28 0.0184
17°_11° N. 27 26 .0176

Countercurrent ______________ 10°-6° N. 2; 32 .0255
South Equatorial Current____ 5°_1° N. 25 53 .0430

Equator 5 73 .0605
1°-50 S. 25 46 .0373

6°_14° S. 8 34 .0175

In general, nt the time and through the range of
latitudes sampled (~iO N. to 14° S.), the greatest
abundance of zooplankton was found in the re7
gion of the Equator, between 60 N. lmd 50 S. lati
tude. The latitude of peak abundance varied with
longitude and cruise. Although not evaluated
statistically, there appears in all sections a strik
ingly :parallel variation between the estimated
number for each sample and the displacen).ent vol
ume. Because of the disparity in size among the
different kinds of zooplankton organisms, num
bers are much.less meaningful indie-ators of pro
ductivity, or available food, than sample volumes;
therefore, our statistical studies have been based
solely on volume determinations.

'Whel~ the varying abundance of zooplankton is
reviewed in- respect to the presence or absence of
a convergence north of the Equator, certain inter
esting relationships are indicated:

1. 'When a wen-marked convergence is present,
the rich zone of zooplankton a.ppears to lie be
tween the Equator and the convergence to the
northward (fig. 4, left pnnel; fig. 5, right panel).
The eastern section, cruise 2 (fig. 4, right panel)
on which only surface tows were employed, does
not conform to this generality. Much of the ir
regularit.y in this section, however, is due to dif
feI'ences bet,veen samples taken by My and by
nigh~ . .

2. The northern boundary of the rich zone is
practically demarcated by the position of the con
vergence-when it occurs.

3. "When a well-marked convergence is lacking,
the peaks of abundance-both in number and vol
ume-occur south of the Equator (fig. 5, left
panel; fig. 7, right panel).

'.1. The cruise-S hydrographic data are not as yet
completely processed and the. presence or absenc.e
of convergences has not been determimid for all
sections; however, there is no evidence of a con
vergence along 1580 W. longitude (fig. 7, right
panel).
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EFFECTS OFTHE EQUATORIAL CURRENT SYSTEM

The general pattern of the Pacific Equatorial
Current system has been described by Sverdrup,
Johnson, and Fleming (1949, pp. 70S-71g) .
Croll1well (1951 and unpublished ms.3 ) , on the
basis of recent investigations by this labomtory,
suggests certain modifieations in the generally
accepted ideas pertaining to the details of the c.ir
ei.l1ation. The existence of the equatorial diver
gence with resultant upwelling of nutrient-rich
water, as demonstrated by the Oarnegie section of
1999 (Sverdrup, et al. 194~), is substantiated by
the researches of this labomtory. The presence
of a second major divergence at the no.rtherll
boundary of the Countercurrent has not been con
firmed, however. Cromwell concludes, on the.
basis of the information obtained on three cruises
(2,5, and 8) of the Hugh M. 8m-it1l., that there is
no evidence that any enrichment of the surface
layer-as a result of upwelling accompanying a
divergence-is occurring at the boundary between
the North Equatorial Current and the Counter
current.

On cruise 2, a sharp temperature discontinuity,
together with a local deepening of the thermodine,
was found to occur at about 2° N. latitude on
the western section and at about 4lho N. latitude
on the eastern section (fig. 4). These conditions
indicate the presence of a convergence or "front"
(Cromwell ms.) in the surface currents. The
nqrthern boundal'y of the South Equatorial Cur
rent was discernible at 5lh° N. latitude on the
western section, but was not well defined on the
eastern section. The convergence near go N. lati
tude was' entireiy within the South Equatorial
Current and, therefore, was not assoeiated with
tlie boundary of this current and the Countereur
reilt· as indicated by Sverdrup, et al. (194~, pp.
710,711) and Arrhenius (1950). A well-defined
convergence, as demonstrated by a mal'lied tem
perature discontinuity and a deepening thermo
dine, occurred at 41j::J° N. latitude on the eastern
se.ction of cruise 5 (fig. 5) and again was entirely
within the South Equatorial Current. An exam
ination of the data from the oceanographic cruises
(tables 6 to 8) indicates that the convergenee was
more pronounced in certain sections than in others
and in some it was not strong enough to exhibit
the usual signs and may have been entirely lacking,

• Circulation ill a meri<lional plane in the central equatorial
Pacific.

thus permitting tlle inference that it is shifting
and transitory in nature.'

Newly upwelled water is at first poorly popu
lated as regards both phytoplankton and zoo
plankton (Steemann Nielsen 1937). The latter
does not benefit directly from the nutrient-rich
water but must await the development of a phyto
plankton population. In a region of fairly rapid
currents, the phytoplankton maximum and the
more slowly developing zooplankton maximum
would be expected to occur at a considerable dis
tance from each other both in time and space.
Steemann Nielsen (1937) reports that in Iceland
wat.ers, when conditions for phytoplankton change
from had to good, the capacity for rapid reproduc
tion in phytoplankton enables a few specimens to
establish a rich population in 10 days; large
quantit.ies of zooplankton do not show up until
about a month later. "Ve are not aware of similar
population-growth data for the tropics, but we
ean safely assume that the rate of development
here would be considerably more rapid. Never
theless, it is surprising that in our sampling we
found the zooplankton maximum frequently oc
curring on or very near the site of the upwelling.

Since the days of .Hensen and the Ge.rman
Plankton Expedition of 1889, tropical seas have
been considered less productive than those of
higher latitudes. Explanations for this are
usually based on the theory that in the tropics
surface heating results in a stable stratification
of the sea, thus preventing any vertical mixing
by convection which would bring nutrients to the
euphotic zone (Delsman 1939; Graham 1941;
Sverdrup, et al. 1942, p. 942; Arrhenius 1950).
Such thermal stratification does apparently exist
throughout much of the tropieal, subtropical, and
temperate Pacific in are.as removed from la.nd
influence.

It was learned from the last cruise of the Oar
1wgie in 1999, that these generally stable dynamic
conditions are disrupted at the Equator by a strong
divergence which is accompanied by upwelling.
The latter wa.s considered responsible for the en
riciunent of the surfa.ce layers and the product.ion
of much higher concentrations of plankton than

• The Equatorial Cllrrent s)'stem is considerably more complex
than indicated here. Details of the circulation at the divergence
and the convergence and tile cnnsal forces involved. are presently
being studie<l by members of tbis organization and the Scripps
Institntion of Oceanography,
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were found in subtropicnl und tempemte lntitudes
(Graham 194~). The frequently appenring eon
vergence nt 2° to 5° N. "latitude also contributes
to this apparent greater nbundance of life in the
equatorial reg,ion. Floating organisms with high
buoyaney undoubtedly congregate here just as
driftwood does along a current rip or other dis
continuity zone; zooplankton enpable of resisting
the downward currents would also tend to con
centrate in the surface lnyers. "When a strong
convergence has persisted for a sufficient length
of time, an area of relatively high-plunkton nbun
dance should result, providing rich pusturage for
plunkton-feeding animals.

The unusual abundance of marine life in the
equatorinl region hns been observed by mnny ex
peditions and world tmvelers while crossing the
Pacific. Agassiz and Mayer (1902), in their re
port on observations llnd colleetions of the Alba
tJ'OSS in the tropical Pacific, state,

In fact it is el'ident that pl'lagic animals are not
abull(lant in regions far from large land massI's or whl're
there are no well-defined oceanic cnrrents or counter
currents. As soon as one approaches the region of great
currents or counter cnrrents, or the coasts of continl'nts
and larger islands, thE' number of animals increases with
remarkable suddenness.

Beebe (19g6) describes masses of floating debris
nnd the nssociated wealth of life in a current rip
some ~oo miles southeast (between 3° and 4° N.
latitude) of Cocos Island in the eastern Pneific.
Brooks (1934), in reporting his observations on
certain relationships between ocean eurrents and
birds, asks why it is that on oeean voyages day
after day goes by nnd no birds or marine life are
seen and then suddenly one passes into an area
teeming with life. He observed that, as his vessel
neared the Equator from the north, bird life in
creased greatly, as did other marine life such as
flying fish, sharks, and whales; then as he crossed
the Equator, the zone of abundant life was left
behind.

Revelle (1944) points out the agreement be
tween the southern boundary of the Countercur
rent and the northern border of the Pacific Globi
gerina. ooze area. In reporting on results of the
recent Swedish Deep-Sea Expedition, Arrhenius
(1950) states in 'respect to the Pacifie,

The biogenous comp')J1E'nt and simultaneously the rate
of sE'diml'ntation increases strongly below the conver
gence whl're a biolith, rich in fossils of foraminifera,

radiolarin and diatoms is thus deposited. North of the
conl'ergence of the Equatorial Counter Current, the shure
of the biogenous component in the sedimentation de
creases and the fossil-rich biolith turns into a clay, poor
in fossils and with a low intensity of sedimentation.'

As summarized by Herdman (19~3),

It is probable, on the whole. that the distribution and
variation of ocean currents have more than lutitude or
temperature alone to do with any observed scantiness of
tropical plankton. These mighty rivers of the ocean in
places teem with animal and plant life, and lllay sweep
abundance of food from one region to another in the
open sea.

VARIATION IN ZOOPLANKTON ABUNDANCE

The sampling method used in the present study
meet.s the criteria for randomness in most respects,
allowing the use of standard methods of statistical
aimlysis. Although the stations were located in
systematic order, a random sample was probably
obtained of the zooplankton population retained
by a meter net with 0.65-mm. apertures from the
upper 200 meters of water. There is some doubt,
however, as to the type of dist.ribution of the
phmkton population. Although our results indi.
cate a rather uniform, but very dilute distribution
of zooplankton, which would perhaps conform to
a Poisson distribution, the majority of workers
have reported clumping and lack of uniformity.
Snedecor (1946, pp. 4~ and g5~) states that the re
quirement of randomness must be adhered to, but
normal distribution of the popuiation is a specifi
cation that can be eonsiderably relaxed. Of course,
there are devices appropriate for analyzing sam
ples from nonnormal distributions. One com
monly used method involving a" transformat.ion of
the data to logarithms, was employed in certain
init.ial tests of the volume data. The results and
conclusions obtained were the snme, however, as
those reached through an analysis of the untrans
formed data. 'We assumed, therefore, that the
degree of anormality in the zooplankton popula
tion would affect our inferences but little, and in
this report have ehosen to examine and base our
conclusions upon tests of the untrunsformed data.
""Ve wish to emphasize the point that all statisti-

5 Th", C(lII\'N'genc~ h~re r~fel'l'~d to by Arrhenius Is that which
th~or~ticall~' OCCllrs at the sOllth~rn boundary of th~ Count~r·

current and, as \)r~vlously stat~d. has not b~e'Il ohserv~d by th~s~

Inv~stil:atiolls. "'e hav~ found the conv~rgence 2" to 3" south
of the ;llrrellt boundary and entirely within the South Equatol'ial
Current.
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Lesst significant difference Cor latitudinal means=. 0268

'Indicates a significant (P<0.05) mean sqnllre value.

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

[Two criteria of classiflcation]

Mean

0.0118 O.OZlI 0.0194
.0174 .0254 .0214
.0216 .0234 .0225
.0252 .0374 .0313
· 0204 •0203 •0204
· 0226 . 0338 . 0282
.0385 .0410 .0398
· 0556 •0604 •0580
· (1.152 •0664 •0558
.0230 .0315 .0272
· 0239 . 0490 . 0370
· 0239 . 0S80 . 0560
· 0658 . Oi01 . . 0680
· 0691 . 0449 . 0570
· 0230 •0531 . 0380
· 02-12 . 0327 . 0284
· 0201 . 0246 . 0224
· 0357 . 0289 . 0323------.0315 .0421 _

Day Night

Volume (ce./m.')
LatitudesStation Nos.

ting those stations whe.re two or more day hauls
or night hauls were made in succession, and also
omitting those stations worked during twilight
periods.

An analysis of the eruise-5 volumes (table 12)
indicates that for this cruise, there were signifieant
(P<0.05) differences between the day and night
hauls and also among latitudes. For the cruise-S
volumes (table 13), there were also significant
(P<0.01) differences between the day and bight
hauls and among latitudes.

If the means for latitudes tue compared using
the "least significant difference" calculated accord
ing to the method of Johnson (1950, p. 123;

LSD= (t.05) ..J28 2/k), it is evident that for both
cruises the means obtained near the Equator are
significantly greater than those to the north or
sout.h of .the Equator. For example, on cruise 8,
the mean volume (0.0513 cc./m.3

) for 1° and 2° S.
latitude differs from the mean voli.une (0.0178
cc./m.3 ) for 8° and 9° N. latit.ude by a dHference
of 0.0335, which is considerably greater than the
least significant difference, 0.0165.

TABLE 12.-(!rlti86 5: AnalY8i8 Of t'ariallce of t'oZumes of
paired. 8ampZe8 taken by day alld by night in about the
8a·me kltitude

Degrees Snm ofSonree of variation of free- Mcan sqnare F P
dolO squares

--
Times___ •• __________ I 0.00101336 0.00101336' 6.28 <0.05Latitudes ___________ 17 .00814675 .00047922' 2. 97 <0.05
Discrepancy_________ 17 .00274379 .00016140 --~._._- ------.---TotaL________ 35 .01190390 ------------_. ---- .... --------

land 2_. • •••• Zlo and 25° N _
5 and 4 .__ 19° and 21° N _. _
7 and 8______________ __ _ 15° and 14° N _. _
12 and 11 • 10° and 11° N •
15 and 14_. 7° and 8° N_. _
17 and 16 5° Bnd 6° N _
18alld 19 4° and 3° N ._
21 and 22. 1° N. and 0° ._
24 and 25 2° and 3° S_. _
26 and 27__• 4° and 5° S _
29 and 30. 4° and 3° S • _
32 and 33_______________ 1° S. and 0° .• _._
35and36 2° and 3° N _
38 Bnd 39_. 5° and 6° N. _
41 and 42_. 8° and 9° N _
44 and 45 • _.. __ 11° and 12° N _
47 and 48 ._ •. __ 14° and 15° N _
50 and 51.. .•..• _ 19° and 21° N _

Mean • • • _

cal analyses were made on zooplankton volumes
rather than on numbers.

An examination of the histograms in figures 4,
5, 6, 7, and S reveals distinct variations in zoo
plankton abundance with latitude; differences be
tween longitudes and between cruises are not so
obvious, however. The hydrographic data .ob
tained coincident with the zooplankton collections
also show latitudinal variations in inorganic
phosphate, surface and subsurfnce temperature,
oxygen, and t.hermocline depth (fig. 9). The
marked differences between day and night hauls
have already been referred to in the discussion of
methods. By employing an analysis of variance,
we have attempted t.o determine the significance
and magnitude of these space-time variations in
zooplankton abundance; by using correlation and
multiple-regression annJyses we have been able to
measure the degree of covariation between zoo
plankton and these different environmental
factors.

Effect of time of samplina

Our sampling method was not specifically de
signed to evaluate variations among the zooplank
ton volumes resulting from differences between
day nnd night hauls. An accurate measure of
these differences would have required both day
and night hauls (preferably within a 24-hour pe
riod) at every station. These day-night varia
tions could perhaps have been eliminated by
visit.ing every station at the same time of day or
night. In view of the number of stations and
the large area covered, neither procedure was
practical.

Although on cruises 2, 5, and S there was, theo
retically, opportunity for the occurrenee of equal
numbers of day and night collections, it so hap
pened that the day colleetions outnumbered the
night collections. Rarely, however, were more
than 2 day stations or ~ night stations oceupied
consecutively.

An estimate of the importance of the day-night
variation, as eompared with the latitudinal vari
ation, was obtained from the cruise-5 and cruise-S
data, using an analysis of variance wit.h two cri
teria of classifieation (following Snedecor 1946,
p. 256). We paired, impartially, successive night
and day hauls, where both occurred on the same
longitUde and on about the same latitude, omit-
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FIGUnE 9.-Variations in temperature, salinity, oxygen. inorganic phosphate, thermocline del>th. and zooplankton
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TABLE lB.-Cruise 8: AM.lysis of variance of volum.es of
paired su.mples taken by day a·nd by nig1lt i·n about the
same latitude

[Two criteria of classification]

TABLE 14.-Allalys£s of variance of volUtlJ.es (ce./m.') of
zooplallkton su.m.ples collected. on cruises 5 af/d 8

[Three criteria of classification]

Lenst significant difference for latitudinal menllS= .0218

Series A (172° W. Scries B (158° W.
longitude) longitude)

MeanL(),titude

Cruise 5 Cruise 8 Cruise 5 Cruise 8

------ -------
21° N. __ . ___ ......____ O. 02.~4 0.0145 0.0289 0.0154 0.0210
19° N. _____ .. _____ . ___ .0174 .0145 .0357 .0105 .0195
1,'1° N .... _______ ... ___ .0216 .0100 .0246 .0236 .0200
13° N. _. __ . _____ .... __ .0125 .0192 .0158 .0310 .0196
12° N. ____ .•____ ..____ .0084 .0097 .0327 .0094 .0150
11° N ___ . __ . __________ .0374 .01l5 .0242 .0093 .0206
10° N ______ . __ . _______ .0"..52 .0127 .0225 .0251 .0214
9° N .... __________ .. __ .0301 •00114 .0531 .0166 .0273
8° N _______ . ______ . ___ .0203 .0139 .0230 .0190 .0190
7° N. ___ . __ .. _________ .0204 .0244 .lr.58 .0477 .0296
6° N. ______ . __ .. ______ .0338 .0242 .044A .0186 .0304
5° N ___ .... ___________ .0226 .0369 .0691 .0174 .0365
4° N .. _. __ . _______ . ___ .0385 .0367 .0783 .0118 .0413
3° N .. ____.. ______ . ___ .0410 .0435 .0701 .0255 .0450
2° N _______ ~ ______ .. __ .0330 .0548 .0658 .0146 .0420
1° N _______ . ____ ..____ .0556 .0398 .0347 .0220 .0380
0° ___ • _________________ .06Oll .0345 .0880 .0370 .0550
1° S ._ •• ___ •________ ._ .0742 .0394 .0239 .0478 .0463
2° B ••• __ •.• __________ .0452 .0109 .0253 .0658 .0343
3° B_. __ ••••• __________ .01lfi4 .0146 .0490 .0257 .0389
4° B____ • __ •• ____ •• ____ .0230 .0101 . 02.~9 .0178 .0187
5° S •• ___________ • _____ .0315 .0202 .0087 .0666 .0318

---------------
Mean._ ••• ___ •• ____ .0338 .0230 .0394 .0258 _.--------

Volume (cc./m.')
Station Nos. Latitudes Mean

Day Night

------
2alld L __ . ___ ... _______ 19° and 21° N _____ 0.0105 0.0154 0.0130
4 and 6 ___•• __ ••• _. _____ 14~~0 and 13° N ___ .0236 .0310 .0273
8 and 9___•• ___ •• _. __ • __ 11° and 10° N __ . __ .0093 .0251 .0172
1'0 and 11 ______ •• ______ • 9° and 8° N _. _____ .0166 .0190 .0178
13 and 14_______ •• __• __ • 6° alld 5° N_. _____ .0186 .0174 .0180
15 and 16.••____ •• ______ 4° alld 3° N _._ •. __ .0118 .0255 .0186
18 and 19________ • ______ 1° N. and 0°•.____ • .0220 .0370 .0295
20 and 2L_____ •. ______ 1° and 2° S__ ........ .0478 .0558 .0513
23 and 24_. _____ • ___ • ___ 4°'\11(15° S __ • _____ .0178 .0666 .0422
33 and 32_____ ••• ______ • 6° and 7° N_. _____ .0325 .025\ .0288
36 and 35_______ ••• _____ 3° and 4° N _. _____ .0348 .0340 .0344
43 and 44_._. ____ •.. ____ 6° ami 5° N ... _____ .0126 .0204 .0165
45 and 46_._____ •••.• ___ 4° alld3° N .. _____ .0177 .0254 .0216
52 and 53••_____ •__ ••••. 7° anf16° N ... __ ••• .0224 .0-313 .020~
55 and 54... __________ ._ 4° and 5° N .• ___ .. .0118 .0276 .0197
62 and 63_••• _._. _____ •• 7° and 6° N __ ._. __ .0170 .0368 .026965 and 66___ •_______ • ___ 4° and 3° N __ . ____ .0118 .0359 .0238
70 and 69__ •• _•••• ______ 1° S. and 0°__.• ____ .0172 .0473 .0322
73 and 72_._. __________ • 4° and 3° S_. ______ .0175 .0~5 .0235
76 and 75... ____ •_______ 7° anrl 6° S_•• _. ___ .0100 .0332 .0216
78 and 79_••••••• _______ 12° lind 10° S•• ____ .0115 .om .0170
82 and 8L__ ._ •• _______ 6° and 7° S__ ... ____ .0100 .0291 .0196
84 and 83____ ._ •• _______ 4° and 5° S__ • _____ .0101 .0202 .0152
86 and 87.._____ ••• _. ___ 2° and 1° S__ ........ _ .0109 .0:194 .0252
89 lind 90____ • __••• _. ___ 1° and 2° N _._ •. _. .0398 .0548 .0473
94 and 93••_. ____ •••••• _ 6° and 5° N ...••.. .0242 .0369 .0306
97 and 98___ •• __ • _____ ._ 9° and 10° N. _•.•. .0094 .0127 .0110
100 and 101.____ •• ______ 12" ,"'d 13° N _____ .01){)7 .0192 .0144
104 aud 105_______•••• _. 17° nnd 19° N _____ .0181 .0145 .0163------Mean••• _••• ____ .• __ ------- .... ---- ---.- .0182 .0306 .... _------ Source of variation

Degrees 8um of
o~l~~~' sqUl\fCS

Mean
square F P

Least significant difference f'll'latitudilllll melllls=.0165

I 0.00225564
28 .00553218
28 .001825.31

57 .009r.J313

·_-------1-------------

1 O. 00039964 O. 00039964 1. 67 >0. 05
1 . 00329280 •00329"..so·· 13. i9 <0. 01

21 .01052548 .00050121· 2. 10 <0.03

1 I21
21 .01528396 .00023881 --- •••• -- •••••

21

87 .02950188 -- •••• -- ••••• - •••••-

Main effects:
Series (S}_._._._. __ ••• _
Cruises (Cl. •• •• __
Latitudes (Ll •• _

First-order interactions:
SX C•••• •••• - ••
SXL._. ••••• •• _
CXL••• •••• __ ••• _

Bl!Cond-order interaction:
SXCXL••• •• _•• __

---1-----1
TotaL_•• ••••

0.00225564·· 34.60 <0.01
.00019758" 3.03 <0.01
.00006519 • •

Mean sl~uarc F PSum of
squares

Degrees
of free·
dom

Source of ...ariation

Tlmes •• _. • _
Latitudes. __ • __ ._. __
Dlscrepancy.• __ ••• __

TotaL_._. _

··Iu<licates a highly signific(),nt (P<O.OI) me(),n square ...alue.

Thus, despite the important vllriation resulting
from diurnalmigration of the zooplankton, there
still remain in our data significant differences
among latitudes. Zooplankton populations oc
curring near the Equator are significantly greater
in abundance than those of adjoining areas.

Variations between cruises, latitudes, and lon~itudes

. To examine differences between cruises and be
tween longitudes and to inspect further the differ
ences among latitudes, an analysis of variance with
multiple classification as outlined by Snedecor
(1946, pp. 304-309) was utilized, employing as
many of the cruise-5 and cruise-8 data as were
available for similar latitudes and longitudes
(table 14). The analysis is of the same general
type as that used by Winsor a.nd Clarke (1940)
in their study of variation in the 'catch of plank
ton nets.

• Indicates a significant (P<O.05) mean square valuc.
•• Indicates a highly signific(),Ilt (P<O.OI) mean square value.

The analysis was first carried out In full to
determine the significance of the first-order inter",
actions. As these proved to be nonsignificant,
they were pooled (following Kendall 1948, p. 201)
with the second-order interaction to give a new
sum of squares with 64 degrees of freedom an.d
a new mean square which was then used as the
error term for testing the ma.in effects. The fol
lowing observations may be made from the tests
of significance:

1. No significant differences (P>O.05) are demon
strated between the means for series (longitudes)
(0.0284 cc./m.' for 172° W. longitude, and O.OB~ cc./m.·
for 158° W. longitude).

2. Significant differences (P<O.Ol) are demon
strated between the means for cruises (0.0366 cc./m."
for cruise 5 and 0.0244 cc./m! for cruise 8).

3. Significant differences (P<0.02) are demonstrated
among the means for latitudes (these ,"ary from 0.0550
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Least significant difference for latitudinal means=.0159

TAllLE 15.-A:na.lYllis 01 'variallce 01 'VolulIles (ee./m.") 01
zoo/llcwl,:toll. samplcs tal.'eJ~ in dall 1/(/1(ls, cru;s('s 5
a"/ld S-Continued

TABLE 16.-Amtlys;s of rariance of 'Volumes (ce./tIl.") 01
zooplankton sa-tnples tal.:en in night hauls, cru.ises 5
atl.d 8

[Latitudes grouped to provide a value for each colnmn; three crit.eria of
classification)

Series A (172° W. Series B 1158° W.
longitude) longitude)

Latitudes Mean

Cruise 5 Crui!'C8 Cruise 5 Cruise 8
----------------------
13°,12°, and 11° N ____ 0.0374 0.0192 0.0327 0.0310 0.0301
10°,9° N ____________ ._ .0301 .0127 .0531 .0251 .0302
8°,7°, and 6° N. __ .. __ .0338 .0139 .0449 .0190 .02711
5°,4°, and 3° N .. _____ .0410 .0369 .0701 .0255 .0434
2°,1° N., and 0°_______ .0004 .0548 .0880 .0370 .0600
10 ,2°, and 30 S______ .. .0664 .0394 .0490 .0558 .0526---------------Mean__________ •___ .0448 .0295 .0563 .0322 ----------

pFMean
square

Sum 01
squares

I 0.00030246 0.00030246 2. 67 >0.05
1 .00233248 .00233248·· 20.62 <0.01
5 . 00364125 •000;2825·· 6. 44 <0. 01

~ 1,00180978 .00011311 ---.--- -------

23 .0080859, • • __

De~rees

01 free
dom

Main effects:
Series (8). _
Cruises (C). __
Latitudes (LL _

First-order interactions:SXC __. •• _
SXL _
CXL . _

Second-order interaction:SXCX L_... _

TotaL_•. •• _

Source of variation

Del!:ree.~ Snm 01 Mean pBource of vo.riation of Iree· F
dOIll sqmues square

--
Main effects:

Series (8) .•____________ 1 0.00003481 O. 00003481 0.14 >0.05
Cruises (C) ___•________ 1 .00107584 .00107584 4.20 >0.05
LatItudes (L) ___ . _____ 8 .00395996 .00049500 1.113 >0.05

First-ordcr intemctions:SXC__________________ I

1,00640043

SX L________________ ._ 8CXL_._. ______________ 8 .00025602 .. -- ... -------
Sccond-order Interaction:SXCXL_______________ 8

TotaL.. __________ ••. 35 .01147104 _.. _--_ .. --- .----.- .. -----

cc./m." at the Equator to 0.0150 cc./m." at 12° N.
latitude).

In this analysis no attempt has been made to
isolate the component of variance resulting from
time of day at which the hauls were made, and the
data are insufficient for a 4-way analysis. In table
14, however, the night samples are rather evenly
distributed throughout; e. g., the columil for
series A, cruise 5, contains 8 night hauls and 1
twilight haul; series A, cruise 8, contains 7 night
hauls and 4 twilight hauls; series B, cruise 5, con
tains 8 night hauls and 2 twilight hauls; and
series B, cruise 8, contains 9 night hauls and no
twilight hauls. As a eonsequence we might as
sume that the day-night variation would tend to
cancel out.

To test this assumption we have utilized the
values given in table 14, and at the expense of
considerable loss of data, we have constructed two
3-way tables, one ine.Iuding only day samples (ta
ble 15) and the other only night samples (table
16). An analysis of the day samples revea1s quite
different results than does an analysis of the night
samples 01' of the combined day and night samples.
For the day samples we find no significant dif
ferenc($ (P> 0.05) bebveen series (longitudes) ,
between cruises, 01' among latitudes. An analysis
of the night samples provides the same conclu
sions as were derived fro111 the combined day and
night samples, there being no significant dif
ferences (P>0.05) between series (longitudes)
but highly significant differences (P<O.Ol) be
tween cruises and among latitudes.

TABLE 15.-Ana.lysis of 'Variance of 'Volumes (ce./m,") of
Z001Jla·nkton sa11l plcs taken in day 1I.a1lZs, cruises 5
antl8

[Latitudes grouped to provIde a ""Iue for each column: three criteria of
clsssiOcntion]

Series A (172° W. Series B (158° W.

Latitudes
longitude) longitude)

Mean

Cruise 5 Cruise 8 Cruise 5 Cruise 8
------ -------

15° and 13° N _________ 0.0216 0.0100 O. OWl 0.0236 0.017812° and 11° N _______ ._ .0084 .0097 .0242 .0094 .01291Il0 and 9° N ________ •• .0252 .0094 .0225 .0166 .01847° and 6° N_. ________ • .0204 .0242 .0258 .0477 .02055° and 4° N ___ ••• _____ .0385 .0367 .0783 .0118 .04133° and 2° N ___ ._. _____ .0330 .0435 .065S .0146 .03921° N. and 0° ___ •_______ .0556 .0398 .0347 .0220 .03801° and 2° S_______ •____ .0742 .01011 .0239 .0478 .03923° and 4° B_______ • __ ._ .0230 .014ll .0239 .0257 .0218------------Mean________ •• ____ .0333 .0221 .0350 .0244
---~...---

Least sllmlflcsnt difference for latitudinal means= .0233

··Indicates a highly significant (P<O.OI) mean square value.

Although it has been possible to utilize only a
portion of the data, the differelices between eruises
and among latitudes may be regarded as rea1, for
they have been demonstrated not only in table 14
where the day-night component was present, but
also in the last analysis, table 16, where the day
night component was removed. The evidence that
there is less latitudinal variation in the da.y
samples than in the night samples introduces
a new feature and reveals another possible source
of variation in the data. The cause, or eauses, of
this phenomenon, if real, lire as yet obscure to
the authors, but may be related to differenees in
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5

•• Indicates a highly significant eorrelation.
• Indicates a significant correlation.

TABT.E 17.-0orrelations 01 zooplankton abundance, as 'wet
1'oll/.1lICS, and certain. em'irotlmental factors, cruise 5

In the correlation analyses a positive relation
between zooplankton volumes and temperature at
the 100-meter depth was indicated (table 17), but,
being below the 0.05 level of probability, it was
not considered statistically significant. It seemed
of interest to examine the relation of zooplankton

tors. The results, summarized in table 17, point
out the following:

1. Statisticall~' significant (P<O.Ol) positive cor
relations between zooplanl.ton volume :1ml inorganic
phosphates at the surface, at the ·100-lIIeter depth, amI
at depths midway to the top of the thermocline;

2. Statisticall~' nonsignificant (P>O.05) correla
tions between zooplankton volume ancI temperature,
whether at the surface, the lOO-metel' l1epth, or at
depths midway to the top of the thel'mocline :

3. Statistically significant· negative correlations be
tween zooplankton volume and oxygen (as percent
saturation) at the surface (P<O.05J, at the 100-meter
depth (P<O.Ol), and at depths midway to the top of
the the-rmocline (P<O.Ol) ;

4. Statistically significnnt (P<O.Ol) correlations he
tween zooplankton volume ancI depth to the top of the
thel'lllOCline.

In most eeological investigations it has been
found that all factors examined are more or less
interrelated, variations in one factor having an
influence, either direct or indirect, on all the other
factors (Riley 1939a). The multjple-regression
method makes corrections for such interactions,
and in a three-variate analysis tests the relation
of a pair of variates irrespective of the influence of
a third.

Varlnres Degrees Corrda-
tion ro-of rrl~c-
,·mr.i~nt

p

X, X. dum (r)
._-------

Inorganic phosphates (pg at./L.) Zooplankton 41 O.IlSS·· <0.01
at surlace. Wl,t vol-

umes.
Inorganic phosphates (pg M./I,.) __ .. _do_______ 41 0.580" <0.01

at 100 m. depth. . ____ do ______ 0.730"Inorganic phosp'hates (,og at.fL.) H <0.01
at depths midway to thermo·
cline.

Temperaturll (0 C.lat surlaee____ _____do____ . __ 49 0.008 >0.0
'I'cmperaturll (0 C.) at 100 m. _____ do_______ 49 0.227 >0.05

depth. ___ ._do__ ..___ >0.05T~E~;tui.:tbcr~l,cft~c~ePths 49 -0.06S

Oxygen rpcrcent saturation) at _____ do_______ 49 -0.291' <0.0
snrlaco.

Oxygen ~er('/!nt saturation) at _____ do_______ 49 -0.834" <0.01
100 m. epth.

.....do .....___ -0.489" <0.010v.gen (percent saturation) at 49
( epths midway to thermocline. _____ do_______ 49 O. Sllll" <0.01Thermoeline depth Cleet). ___ . ___

1. Surface inorganic phosphates-high concentm
tion8 of 0.80 to 0.00 /Lg at./I... weI'e found in the immedi
ate vicinity of the Equator; values decreased to the
northward and southw:1rd to lows of 0.30 to 0.40 p.g
at./L.

2. Surface tempel'ature-highest water tempera
tures, about 28° C., were recorded fOI' latitudes 6° to 8°
N.; temperature decreased gradually to the northward
and to the southward, reaching 24° to 25° C.

3. Dissolved oxygen (percent saturation at sur
faee)-ranged from 94 percent near the Equator to 102
percent at higher latitudes.

4. Thermocline depth-varied from about 120 feet
in the north to over 500 feet in the region of the con
vergence.

·Employing cruise-5 data,6 a method of correla
t.ion analysis (following Snedecor 1946, p. 138)
was used to examine the relation between zoo
plankton volumes and these environmental fac-

-. Since dUferent methods of towing and nets of dllferent mesh
size were used on cruise 2, and since the hydrographic data of
cruise 8 are not as )'et entirely proces~ed, we have used eruise-5
data for the correlation annlyses. .

CORRELATIONS WITH ENVIRONMENTAL
. FACTORS

Some of the hydrogJ'll.phic· data obtained on
cruises of the Il1tgh M. Smith. have been pub
lished (Cromwell 1951), and since the. Pacific
Oceanic Fishery Investigations plans to publish
the hydrographic data on which these correlations
are based, we have not included the data in this
paper. Va.riations in certain features of the sur
face layer as measured on eruise 5, and graphi
eally portrayed in figure 9, may be summarized as
follows:

basic product.ivit.y, depth of t.hermocline, or other
bctors of the environment..

In summary, through the foregoing analyses,
we have demonst.rated that the rich zooplankton
catches from neRr the Equator "ere significantly
greater than those of higher lat.itudes. 1Ve have
learned also that t.here was little difference be
tween the populations along the two longitudes,
1720 lV. and 1580 'Y., over the range of latitudes
sampled. 'Ve can state with assurance that there
was a. distinct difference between the amount of
zooplullkton taken on the two cruises, 5 and 8.
The mean for cruise 5 (0.0366 cc./m.3 ) conducted
during the northern summer, was greater than that
for cruise 8 (0.0244 cc./m.S

) conducted during the
winter; therefore, a seasonal difference is sug
gested.
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and temperature at the 100-meter level independ
ent of' variation with inorganic phosphate. . A
multiple regression analysis (following Snedecor
1946, pp. 340-373) was therefore carried out em
ploying cruise-5 data, treating zooplankton vol
umes (cc./m.3 ) as the Y variate, inorganic phos
phates (p,g at./L) at 100· meters as the Xl variate,
and temperatures (OC.) at 100 meters as the X 2

variate.
The following multiple regression equation was

obtained:

Y=0.0484Xl +0.0023X2 -O.044969.

The first partial regression coefficient (bn '2=
0.0484; t=5.232, P<O.OOl, at 40 degrees of free
dom) and the first partial correlation coefficient
(1'n'2=0.638; P<O.Ol) are highly significant,
showing that there is a positive relation between
zooplankton volumes and inorganic phosphates, in
dependent of the variation with temperature, at
the 100-meter level. This conclusion was expected
from the previous correlation analysis. The sec
ond partial regression coefficie.nt (bY2' 1= 0.0023 ;
t=2.987, P<O.OI, at 40 degrees of freedom) and
the second partial correlation coefficient (TY2'1 =
0.423; P<O.Ol) are also highly significant, show
ing that there is also a positive relation between
zooplankton volumes and temperature, independ
ent of vu.riation with inorganic phosphate, at the
lOO-meter level. This conclusion is of interest
since it indicates a much higher degree of covaria
tion between zooplankton and temperature, than
was revealed by the previous correlation analysis.

We have shown that the abundance of zooplank
ton in the central Pacific is correlated ,,'ith inor
ganic phosphates, temperature, dissolved oxygen,
and thermocline depth. 'Ve do not believe,
though, that the abundance of zooplankton is in
any way limited by the conditions of temperature,
oxygen, or thermocline depth prevailing through
out the region. The relationships between zoo
plankton and these three environmental factors, as
indicated by the statistical correlations, are most
likely independent variations due to common
causes. Zooplankton is more directly linked with
phosphate, however, through the phosphate-+
phytoplankton~zooplanktonrelation. The l' e 
fore, the causal agent for these several variations
examined is directly or indirectly the Equatorial
Current system, principally the divergence at the
Equator which brings to the surface water that is

relatively low in temperature, low in oxygen con
tent, but high in chemical nutrients, and the con
vergence to the northward which results in a
deepening of the thermocline and a possible con
centration of the plankton.

Other investigators have found essentially simi.
lar correlations between plankton and these en
vironmental factors. Marshall and Orr (1927)
observed in the Clyde Sea area that where animal
life was rich, phosphates were high, but dissolved
oxygen and pH were low. Hardy and Gunther
(1935) found in the Pacific that numbers of zoo
plankton were positively correlated with phos
phate values. Jesperson (1935) states that there
is a direct relation between quantities of nitrate
and phosphate and macroplankton. Leavitt
(1938) found in the Atlantic Basin a correlation
between temperature, salinity, and density, and
the vertical distribution of zooplankton; a nega
tive correlation was found between oxygen and
zooplankton. Graham (1941) reports that differ
ences in productivity in the Pacific, as measured by
plankton dry weight, are correlated with the con
centration of phosphate.

COMPARISON WITH ZOOPLANKTON ABUNDANCE
OF OTHER REGIONS

To facilitate the compa.rison of our data with
that of other regions, we have calculated average
numbers and volumes (table 11) which are repre
sentative of the quantity of zooplankton in differ
ent latitudinal zones of the central Pacific. It is
a difficult task, however, to reduce to comparable
terms plankton data which have been obtained by
different investigators, using different methods, at
different seasons, and with results expressed in dif
ferent units. In surveying a considerable fraction
of the great bulk of available literature on quan
titative plankton sampling, we found only a few
reports that have enough in common with our own
work to permit a comparison of the results.

In Graham's report (1941) on plankton col
lected by the Oa.rnegie along a series of stations
extending from San Francisco to Samoa, he states,
"In the open Pacific Ocean from September to
November 1929, there was a greater production of
total plankton in the tropics between latitudes
20° N. and 11° S. than between latitudes 20° and
34° N." The richest collection of this section (fig.
10) was taken at 13° N. latitude, but was consid
ered atypical· since it consisted largely of salps.



ZOOPLANKTON ABUNDANCE IN THE CENTRAL PACIFIC 139

158

157

159
160

149

148

132

133

134

1300 '1400160D

UJ
151 zc 0

::>
152 ijl-

ei ~

153 en
-I 154

155

o 100 200 300 400 500 600
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FIGURE 10.-Station positions and zooplankton abundance (as dry weight of sample in milligrams) found on the last

cruise of the Carnegie in 1929 (data. from Graham 1941).

The sample ranking second in dry weight came
fi-om 5°30' N. latitude and the third-ranking sam
ple from 2° S.latitude. These results, while based
on a different method of analysis, are in general
agreement with our own observations.

The Japanese have carried on extensive plank
ton investigations in waters adjacent to th~ Palau
Islands and in the arelt between the Palaus and
'New Guinea. Results from the studies of
Haneda (1942) an<;l Tokioka (1942) are illus
t1'lited in figure 11. Although these data are
rather limited in scope, the samples of Tokioka

show quite definitely the influence of eurichment
near the Equator.

These surveys and the work of the 0 a·t'negle
are the only north-south plankton studies that
we are aware of in the equatorial Pacific, other
than our own. Unfortunately, the absolute values
obtained in them cannot be compared with our
results, but the generally similar variations with
latitude are of interest.

While crossing the Pacific from Panama to .the
Indo-Pacific region, the Dana. expedition made
plankton tows at frequent intervals.. Jesperson
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PLANKTON VOLUMES IN CC. PLANKTON VOLUMES IN CC,

FIGURE n.-Plankton abnml:lIlce in the western Pacific: Results given are settlement volumes nf total I.?) plankton
obtained by vel'Ucal hauls at 50 to 0 metel's along 1340 E. longitude. A. As reported by Tokiolm (1942) for
three cruises, December 1939. March 1940, and May 1940 (averaged b~' the senior authol'), B. As reported by
Halleda (1042) for one cruise, December 1939.

(1935), summarizes the results as follows (the
volumes expressed are catches per 1-hour haul
using llh-meter stramin nets with 50 and 100
meters of wire out) :

A notable fact here is, that we find specially large
VOlumes in the eastern part of the Pacific, from the Bay
of Panama to the Marquesas Is., with a distinct maxi
mum (1,125 cc.) at St. 2,558, which lies west of the
Galapagos. On the stretch from the Marquesas to
Tahiti we have decreasing quantities of plankton (ca.
150-200 cc.), whilst on the sections from Tahiti-Cook
Island (Rarotonga)-Samoa-Fiji the quantities are
very small. less than 100 cc. We thus have extremely
little macroplankton in this area of the central part of
the Pacific. ~'et a series of stations just north of Samoa
yielded somewhat larger quantities (ca. 100-260 cc.).
From Fiji to New Caledonia also the quantity of macro
plankton increases (ca. 125-210 cc.) and a further in
crease Is shown in the section from New Caledonia
down towards Kermadec Islands.

For comparison, in the North Atlantic the ex
pedition obtained volumes ranging from 90 to
7,250 cc. per hour of hauling.

The very ext.ensive plankton data presently be
ing collected by the California Cooperative Sar
dine Research Program (California, Progress Re
port 1950, and unpublished data) are quite com
parable to our own in most respects. Similar nets
have been used by both investigations, and the re
sults are e"'l:pressed in similar units. Whereas the
Sardine Research Program employed an oblique
tow to a depth of 70 meters for the collections re
ported here, our oblique tow descended to ~oo

meters. This difference in sampling method prob
ably had no great influence on the difference in re
sults obtained. If we consider 22 of their farthest
offshore stations, located between 25° N. and 33°
N.latitude and visited in September 1950, we find
that the ave,rage for the group was 0.057 cc./m.s,

which is approximately equivalent to our average
(table 11) for the South Equatorial Current near
the Equator but 3 times the average for the North
Equatorial Current. Values for regions of up
welling close in to the California coast were as
high as 14.595 cc./m.s in February 1950. This is
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many times our maximum value of 0.1025 cc./m.3

The average of 0.208 cc./m.3 for the entire 'West
Coast between 25° N. and 47° N. in April and May
1949, is just about 10 times our mean for the cen
tral equatorial Pacific.

Other regions of sparse plankton are found in
the Gulf Stream and in the Sargasso Sea of the
Atlantic Ocean. These areas apparently have
much poorer plankton populations than Atlantic
coastal and continental shelf waters (Clarke 1940;
Riley 1939b; Riley and Gorgy 1948).

Table 18 is a summary of representative plank
ton values for various areas of the Atlantic and
Pacific Oceans. Part of the variation in these val
ues may be due to differences in mesh size among
the nets used by different investigators. The
averages for the central Pacific are the poorest of
the lot; in fact they are so low that one is inclined
to speculate as to how the pelagic fish populations,
particularly the relatively large population of
tunas, are supported.

TABLE IS.-Comparison of plankton abu·lIdutice i1~ various areas of the _Hlulltic aJld Pacific Oc-calll!

[Values given in wet volume, estimated' numher, or wet weight]

Area Plankton values Mesh lIperture of net used Reference

Krllmer (1906).
Delsman (1939).
Motoda (1940).
Johllson (1949).
California prog. rept. (1950).

PACIFIC AREA:
S'lmoa to the Marshalls via the Equator. 0.4 to 0.95 cc./m.'_ ••. • • ••_._ _ 0.33 mm .•••. ..• •• __ •• ,_._
Java Sea • •__ • •• __ ••••••.• __ •• Avg.=O.83 cc./m.' • •• _ 0.33 mm • •. •• • _
Open sea, Palau Is . •.• ____ _ 110 to 530, no./m.' •• 0.33 mm ._. ..• . _
Bikini, just out.side reeL . •• •• 26.23 to 62.20 no./m.' __ • •• ___ _ 0.37 mm . • .. • • _
W t t u S (fit e t t' ) {0.016 to 0.129 cc./m.' ..• }O 65 mmes coas, .. 0 s lor s 'I lOllS ---- Avg.=0.057 ce./m.' •• ____. -----------------.- •• --.- •.

{
5 tu 109, no./m.' AVI1:.=3.~__ ---- ------- - }oCentral Pacillc•. _. .• .• . _. _ 0.002:00.102 cc./m;'- __ •• •. __ • _ .65 wm.• •__ • • .__ This report.
Avg.-0.027cc./m. ._ ••. • __ .

ATLANTIC AREA:
Baltic Soo • •••• • • 1.9 to 11.0 ee./m.'••• •• • • __ 0.33mw ._. • Kramer (1906).
OulC or Maine (10 to 100 m. depth) '. __ 0.12 to 4.30 ce./m.'_ •.•• . __ • •• 1.25 mm., front; 0.8 mm., middle

and rellr • •__ ••• ._____ Bigelow (1926).
Nortb Atlantic (coast:l1 water) . Avg.=0.5toO.8cc./m.' •• 29.38 meshes/ln., front; 48.54

. mesbes/in., rear •__ •. .____ Bigelow l!.,!d Sears (1939).
Florida Strait •••• _. __ __ __ ____ ____ ___ 0.02 ce./m.'•• _._ ••• ". •••_••• }
OulC Stream, off Florida. __ __ 0.05 cc./m.'•••• __ •• . •• __ •.•_•.•
GulC Stream, oII Georgia__ •• •.• • __ 0.07 ce./m.' . .• __ .•• _•• _ 0.158 mm • •• __ ••• Riley (1939b).
North Atlantic continental slope__ • __ •__ 4.3 cc./m.'. . • • _
Nortb Atlantic. coastaL •• __ •.• •• 8.1 cc./m.'. • • • _
North Atlantic, eoastaL ..•. • {AVg.:O.54 ce./m.:. __ •• • }

.Max.: 15.5 ee./m., .-- .. - --.---.---~.--- 10 strands/em ••• __ •• .• __ • _ Clark (1940).
N tb Atl l' If I re !Avg.-0.40ee./m.. -- •• ----------------or an le,o s 10 - ••• ---------- --- lMax.=3.5 ce./m.' •• • • • _
Sargasso Sea • •• ._ _ Avg.=0.045 gm./m.' .•••• __ •• }
OulC Stream.• ••• . "..• __ .••. 1 sta.=O.l37 gm./m.' __ • --.________ 0.158 mm --- .. -- •• --. _' 1 Riley and Gorgy (1948).
Slope water • • . . _ 2 sta.=0.14 and 1.6 grn./m.'••••• _.• •

PRODUCTIVITY

The practical application of most plankton re
search is to provide data for estimating and com- _
paring the productivity, or available food, in
various areas of the sea. It has been strongly em
phasized in more recent plankton literature that
the "standing crop" does. not give a true measure
of the rate of production. Harvey (1934) and
Harvey et al. (1935) have sho",,'n that the size of
the standing crop of phytoplankton is greatly af
fected by the grazing of animal herbivores and
therefore at anyone time is merely a momentary
balance between the processes of production and
consumption. In the tropics, steady grazing by
predators may keep the zooplankton at a lower
level of abundance than in higher latitudes where
seasonal features of the environment allow the
plankton to "pulse" or bloom and thus increase
much faster than the predators. The apparently

low standing crop may be considerably counter
balanced by a high rate of turnover and nearly
uniform production throughout the year.

It is generally assumed that in water masses
where the annual plant production is great the
density of the animal population will also be great.
This assumption is roughly borne out by general
observations (Harvey 1945). Delsman (1939)
has stated, "Where no rich plankton can develop,
no rich macrofauna, no abundant fish population
can either be expected." In the same vein, "The
dependence of various elements of tlle food chain
on a preceding one, conditions the distribution of
the larger forms" (Hesse, Allee, and Schmidt
1951). Also, it is reasonable to believe that the
zooplankton population will be the maximum that
the plant crop can support. Local situations may
not conform to this generality, but when large
areas are considered, there is usually found a direct
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relation between concentrations of phytoplankton
and zooplankto~ (Riley and Bumpus 1946). In
conducting a fish-brining experiment, Raymont
(1947) found that in both enclosed u-nd unenclosed
small sea areas the addition of It nitrate and phos
phate fertilizer stimulated phytoplankton growth,
which in turn maintained a high density of zoo
phmkton which promoted a rapid growth of
flatfish.

From tuna-cateh records and observations on
occurrence of surface sehools, the Pacific Oceanic
Fishery Investigations is accumulating evidence
on the distribution of tunas which indicates quite
definitely that areas of the greatest zooplankton
abundance in the central Pacific are also areas of
greatest tuna abundance.

We are fully aware that the data we have pre
sented on the ,'ariation of zooplankton nbundance
with latitude does not in any way reflect the "rate
of turnover," the most difficult element to deter
mine. in estimates of productivity. In this area
of the tropical Pacific, with temperatures very uni
form in time and space and zooplankton very uni
form in composition, the rate of turnover should
not be a disturbing feature in the comparison of
the several parts of our area, i. e., for our data
standing crop should be proportional to produc
tivity.

SUMMARY AND CONCLUSIONS

1. This report presents the results of 210 quanti
tative zooplankton collections made in the eentral
Pacific in 1950 and 1951, between 27 0 N. and 140

S. latitude, and 155 0 and 1750 '\V. longitude.
2. :Most of the collections were obtained by

oblique hauls to 200 meters' depth, employing
I-meter nets of 30xxx grit gauze with aperture
widths of 0.65 mm.

3. A method of sampling was developed that
harmonized with hydrographic and fishing opera
tions, required little of ship's time, and involved
no particularly elaborate treatment of samples in
the laboratory.

4. The zooplankton taken by our collecting
method was composed on the average by number,
of 57 percent Copepodu, with the other chief com
ponents ranking as follows: ehaetognatha, 12 per
cent; Tunicata, 6 percent; Euphausiacea, 5 per
cent; Siphonophora, 4 percent; and Foramin.ifera,
4 percent.

5. The composition of the collections wa.s re
markably uniform when longitudes and cruises
were compared.

6. Despite the use of oblique tows to 200 meters'
depth, we found significant diffe-renees between
day hauls and night hauls.

7. Since distinctly larger catches were obtained
on the "summer" cruise (cruise 5) than on the
"winter" cruise (cruise S), !t seasonal difference in
zooplankton abundance is indicated.

S. Within the range of latitudes sampled, the
greatest abundance, both by number and volume,
of zooplankton occurred in the region of the Equa
tor; sometimes the greatest eoncentrations were
found north of the Equator, when related to a
eonvergence, and to the south when no marked
convergence existed.

9. The nbundance of zooplankton is correlated
with sueh chemical and physical environmental
factors as inorganic phosphate, water tempera
ture., dissolved oxygen, and thermocline depth,
which are influenced by the upwelling resulting
from the equatorial divergenee.

10. Upwelling along the Equator replenishes
the supply of nutrients in the euphotic zone, 'thus
providing a fa.vorable environment for the growth
of phytoplankton. Sinee animal life fluctuates
with its food supply, conditions in this region
are favorable for the development of a zooplank-
ton population. .

11. ,\Yhile our observations on the standing
erop of zooplimkton do not give a measure of the
rate of produetion in its strict sense, we believe
that they do provide a useful index to the relat.ive
productivity of di1fel'ent Hl'enS of the central

- Pacific.
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