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ABSTRACT

Data on marine zooplankton and hydrography were
obtained off Oahu, Hawaii, at monthly intervals from
June 1957 through December 1958.

Samples collected at 3-hour intervals for 48 hours
in June 1957 were examined for diel variation. Volumes
of zooplankton exhibited the expected sinusoidal vari-
ation during the first 24 hours, but not during the
second. High volumes during the second morning
were attributed to the presence of an unidentified
diatom that retarded drainage of moisture during de-
termination of volumes of zooplankton. Variations in
abundance were sinusoidal for Ostracoda, Euphausi-
acea, Pteropoda, and fish larvae. Similar variations in
surface temperature and depth from the surface to
the top of the thermocline were attributed to solar

Once every month from June 1957 through
December 1958, members of the Bureau of Com-
mercial Fisheries Biological Laboratory, Honolu-
lu, collected hydrographic and meteorological
data from a station located at lat. 21°10.3’ N., long.
158°19.0° W. for the Island Observatory Project
of the International Geophysical Year Oceano-
graphic Program (Scripps Institution of Ocean-
ography, 1965). This position, referred to as the
IGY station, is about 32 km. southwest of Barbers
Point, Oahu, where the depth of the water is about
3,000 m.

Samples of zooplankton were also collected at
the IGY station for studies of variations in the
standing crop and composition of marine zoo-
plankton in relation to environmental factors at
a single locality in Hawaiian waters. The results
showed that volumes of zooplankton were high in
waters of high surface and subsurface salinities.

METHODS

The samples of zooplankton were collected with
a net having a mouth diameter of 1 m.; a flow-
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heating and internal waves, respectively.

The 19 monthly samples showed correlations between
volumes of zooplankton and salinities and between
volumes of zooplankton and depth to the top of the

- thermocline. The 19 months were divided into nine

successive periods, each with a temperature-salinity
curve differing from that of the preceding and follow-
ing periods. Volumes of zooplankton and the abundance
of Siphonophora, Chaetognatha, Euphausiacea, deca-
pod Crustacea, and Pteropoda increased when portions
of the temperature-salinity curves greater than 35.09%,
increased during the nine periods; and, conversely, the
volumes of zooplankton and the abundance of these
groups of zooplankters decreased as the amount of
water with salinity greater than 35.09%, decreased.

meter was mounted in the center of the opening.
The body of the net was constructed of synthetic
fiber of 0.656 mm. aperture width ; the rear section,
including the cod end, was made of synthetic fiber
of 0.308 mm. aperture width. Detailed descriptions
of the construction of the net and the method of
making the tow have been presented by King and
Demond (1953).

The nets were towed obliquely from the surface
to a depth of 60 m. and back in one-half hour. In
June 1957, such hauls were made at 3-hour in-
tervals over a 48-hour period to measure diel
variations. In the succeeding months, four half-
hour hauls were made each time the station was
occupied : two successive daylight hauls starting
at about 1600 ls.t. (local standard time) and two
successive night hauls between 2100 and 0300 Ls.t.

The methods of processing and determining the
volumes of the samples of zooplankton have been
described by King and Hida (1954, 1957a). Counts
of various groups of plankters were made on the
night samples. :

For the counts, an aliquot of a sample was
first placed in a counting cell (a 15 by 20 by 1.5-cm.
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plastic dish) which had 300 subdivisions ruled
into its bottom. The organisms in 40 randomly
selected squares were identified and counted
under a dissecting microscope. The estimated
number of a group of organisms in 1,000 m.?
of water was calculated by the following formula
(modified from King and Demond, 1953):

CA

E=fanW

1,000

where E=number of organisms per 1,000 m.? of
water
C=counted number of organisms
A=area of counting cell (300 cm.?)
f—=fraction of total sample in the counting
cell
a=area of square (1 ecm.?)
n=number of squares counted (40)
W=cubic meters of water strained by net

Usually, on each visit to the IGY station, two
hydrographic casts were made, one during the
highest tide and the other during the lowest tide.
Ordinarily, each cast was from 0 to 500 m. depth
and consisted of 12 Nansen bottles, but on some
occasions the- casts were deeper. Temperature
and salinity data were obtained with each cast,
and with a few exceptions, oxygen and inorganic
phosphate were also measured. Additional temper-
ature data were obtained with bucket thermom-
eters and bathythermographs.

Salinity determinations were made by a modi-
fication of the Knudsen method (Van Landing-
ham, 1957) ; inorganic phosphate determinations
were made with a Beckman ! spectrophotometer.

Temperature, salinity, phosphate, and oxygen
values used in the study were averaged as follows:

Surface value: average of measurements ob-
tained at water surface during high tide and low
tide.

0 to 60 m. value: average of measurements at
depths of 0, 10, 20, 30, 40, 50, and 60 m. during
high tide and low tide.

200 to 300 m. value: average of values at 15-
unit increments between the 400 and 300 thermo-
steric anomaly surfaces on a temperature-salinity
plot. These two anomaly surfaces represented ap-
proximately 200 and 300 m., respectively.

1Trade names referred to in this publication do not imply
endorsement of commercial products.
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Vertical temperature distribution: isotherms
were contoured on the basis of the average tem-
peratures at the following depths: 0, 9.2, 15.2, 80.5,
45.8, 61.0, 76.2, 91.5, 100.6, 122.0, 149.4, 152.5, 183.0,
199.8, 213.5, 244.0, and 274.5 m. Readings were
limited to a maximum of five bathythermograms
per month.

DIEL VARIATIONS

In central Pacific waters, diel variation in vol-
umes of zooplankton and in abundance of certain
zooplankton has been shown to vary as the curve
of the sine function (King and Hida, 1954;
Legand, 1958; Nakamura, 1967) ; the peak equated
to midnight. The volumes and abundance of zoo-
plankters determined from samples obtained at 3-
hour intervals from June 21 to 28, 1957, were
examined for similar variations. Temperatures and
depths fo the top of the thermocline for this
period were also examined for diel variations.

VOLUMES OF ZOOPLANKTON

The volumes of zooplankton obtained for the 48-
hour series ranged from a low of 13 cc./1,000 m.?
of water strained to a high of 40 cc./1,000 m.3, with
a mean of 26 cc./1,000 m.® (fig. 1). The volumes of
the samples obtained during the night were greater
than those of the samples collected by daylight;
the night to day ratio was 1.8 : 1. The greater abun-
dance of zooplankton in darkness has been attrib-
uted by investigators to some combination of an
upward migration by the zooplankters and an
increased avoidance of the net by some organisms
in daylight (King and Hida, 1954, 1957a; Flem-
inger and Clutter, 1965; Brinton, 1967).

The volumes from the 48-hour series appeared
to conform approximately to a sinusoid for the first
24-hour period but not for the second. The volumes
remained high through the second morning. An
unusually large amount of an undetermined species
of diatom was present in samples 11, 12, 15, and
16. The greater resistance of these samples to mois-
ture drainage than of those without diatoms re-
sulted in a greater determination of wet volume.
This fact may have explained the unusually high
volumes in samples 12, 15, and 16. On the other
hand, the volume of sample 11 did not appear to
be unusual even though it too contained diatoms.
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Figure 1.—Variations in volumes of zooplankton over a 48hour period, June 21-23, 1957, at the IGY station.
Sunrise during this period was at 0503 and sunset at 1846 hours. )

COMPOSITION OF ZOOPLANKTON

Abundance of groups of plankters expressed as
average numbers per 1,000 m.* of water strained
and as average percentages of total numbers of
plankters is summarized in table 1. By far the most
numerous organisms in the samples were copepods,

which on the average constituted about 60 percent

of all organisms present. Chaetognatha and Halo-
sphaera wviridis,® almost equal in average abun-
dance, were the second and third most common
organisms in the samples. Numerically, each aver-
aged less than 10 percent of the copepods.
Distinct diel variations, with greater numbers
during darkness, were exhibited by Ostracoda,
Euphausiacea, Pteropoda, and fish larvae (fig. 2).
Amphipoda exhibited such a diel variation only
during the second half of the series (fig. 2). In
addition to the aforementioned groups, Annelida
(Polychaeta) and calanoid Copepoda have been
shown previously to exhibit distinct diel variations
in Hawaiian waters (Nakamura, 1967). In this
study, these two groups did not show the character-
istic peaks of abundance during darkness. Perhaps
if specific or generic identifications had been made

2This phytoplankter "was present in every sample and was
included in all counts.

TaBLE 1.—Average abundance and average perceniage
composition of various plankiers for 16 samples of the
48-hour series

Plankters Average i Average

abundance composition
No./1,000m2  Percent
Halosphaeral. ... .. . . eieaao. 1, 6.6
Foraminifera. . .- - cooooeee e eeeema e 776 2.6
Radiolaria.._. - 672 19
Siphonophora.. 1,088 3.7
Chastognatha._ .. 1,626 5.6
Annelida__...... 132 4
Calanoid Copepoda....-.. 17,788 59.8
Noncalanoid Copepoda__. .. ____ .. .. _...__ 1,024 3.4
Ostracoda. oo 866 2.9
Euphausiacea. . ....... 664 2.2
Amphipode. . e 1,189 4.0
Decapod Crustacea.. . .. . _aeoa_. 1,075 3.6
Pteropoda.._...___. . 200 1.0
Heteropoda.. ... -- 47 b
Gastropod 1arvae ... o icireciiaemmm—ans 64 .2
Pelecypoda. - oo cae———— 50 .2
Thallacea. - .o eeimmemaas 51 .2
Appendicularia. ... ... aeeil 422 1.4
gisg 1arvAe. e immmemmean 132g .%
18h @gRS ... .

Others. .. i 82 .3

1 Halosphaera viridis, a phytoplankter, numerous in all samples.

diel fluctuations would have been revealed, for
Nakamura (1967) found that the following genera
of calanoid copepods were concentrated in the
upper waters during darkness: Plewromamma,
Neocalanus, Condacia, Undinula, and Ewchaeta.
In the present study abundance of Heteropoda
reached a peak during daylight as well as at night.
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FI6URE 2—Variation in the abundance of various groups
of zooplankters during June 21-23, 1957, at the IGY
station.

TEMPERATURE

The diel variation in surface temperature (fig.
3) was attributed to solar heating during the day
and cooling at night. A subsurface thermal dis-
turbance was evident between 0400 and 1200 hours,
June 22, It was probably caused by advection;
however, unusual changes in the volumes of
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zoop'ankton did not occur during the thermal
disturbance.

DEPTH FROM SURFACE TO TOP OF
THERMOCLINE

The sinusoidal variation in the depth from the
surface to the top of the thermocline (fig. 3)
showed fluctuations probably caused by internal
waves. The variations in depth to the top of the
thermocline, however, did not appear to influence
the abundance or composition of the zooplankton
during the 48-hour period. The depths for the
hauls of zooplankton in this series ranged from 52
to 65 m. The depth from the surface to the top of
the thermocline ranged from 23 to 61 m. Sample 8
was the only one collected entirely within the iso-
thermal layer above the thermocline. The volume
of sample 8 was not unusual. Chaetognatha had
their least abundance and Pelecypoda their great-
est abundance in this sample.

CORRELATIONS BETWEEN ZOOPLANK-
TON AND PHYSICAL AND CHEMICAL
FACTORS

King and Hida (1954, 1957b), in their studies

of the distribution and abundance of zooplankton
in Hawailan waters, were unable to show a con-
sistent relation between the standing crop and
temperature, surface phosphate, dissolved oxygen,
and depth from the surface to the top of the ther-
mocline. Analyses of their data from seven cruises
gave one statistically significant correlation
(P<0.05) between zooplankton and temperature
(at 10-m. depth) and one significant correlation
(P <0.01) between zooplankton and surface phos-
phate. King and Hida’s samples were taken from
a large area around the Hawaiian Islands.
_ Consistently high or low standing crops regard-
less of changes in the environment (McGary 1955;
Seckel, 1955) have been found in certain areas in
Hawaiian waters. For example, King and Hida
(1954, 1957b) found consistently low volumes of
zooplankton from immediately east of the island
of Hawaii.

The results of the correlation analyses for the
present study, where sampling was confined to one
locality, are summarized in table 2. Volumes of
zooplankton were examined in relation to the phys-
ical and chemical data for the surface, 0 to 60 m.
(range in depth of the hauls for zooplankton),
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FIGURE 8.—Vertical distribution of temperature during June 21-23, 1957, at the IGY station.

TaBLE 2.—Summary of correlatiorns between volumes of
zooplankton and cerlain physical and chemical enviion-
mental factors

Degrees Correla-
of free- tion

First variate  Second varjate (X:)
(Xy) dom coeﬂ(it;ient
- X

Surface salinity ~ Zooplankion Night hauls. 16 0.397
®/oo)- volal)mle (cc./1,000 Day hauls. _ 16 +* 655

md3).

Surface oxygen Zooplankton Night hauls. M4 —-.029
(ml./1). volal)lme (ce./1,000 Day hauls. 14 228

m.3).

Surface inorganic Zooplankton Night hauls. 13 —.132
phosphate volume (cc./1,000 Day hauls. . 13 -.227
(ug.8t.10). mJ).

0-60 m. salinity = Zooplankton Night hauls. 16 .464
(®loo). vo}'1)1me (cc./1,000 Day hauls._ 16 **,706

mJ).

0-60 m. Zooplankton Night hauls. 16 .026
temperature volume (cc./1,000 Day hauls._ . 16 -.236
¢ C). m.J).

200-300 m. Zooplankton Night hauls. 16 *. 507
salinity (°/o0)- volit)lme (ec./1,000 Day hauls. . 18 . 455

m.J3).

Depth to top of  Zooplankton Night hauls. 16 *—.504
thermocline volume (cc./1,000 Day hauls_. 16 *— 544
(m.). m.s3).

*Significant at 5-percent level.

**Bjgnificant at 1-percent level.

and about 200 to 300 m., and also the depth from
the surface to the top of the thermocline. Changes
in volumes of zooplankton and in physical and
chemical factors of the environment during the 19
months are illustrated in figures 4, 5, and 6. Sur-
face values are given in table 3.

Except for June 1957 and October 1958, the
volumes of zooplankton obtained at night were
greater than those collected by day (fig. 4). The
ratio of night to day volumes ranged from 0.9:1
t0 3.3:1and averaged 1.8: 1.

Volumes of zooplankton showed close correla-
tions with salinities and depths of the isothermal
layer but' not with other environmental factors.
Positive correlations were significant at either the
5 percent or 1 percent probabilities between vol-
umes of zooplankton for day hauls and salinities
at the surface and at 0 to 60 m., and for night hauls
and salinities at 200 to 300 m. (table 2). Correla-
tions between volumes of zooplankton for night
hauls and salinities at 0 to 60 m. and for day hauls
and salinities at 200 to 300. m. were very close
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Freure 4.—Monthly variations in volumes of zooplankton collected by night and by day at the IGY station
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A. Mean 0 to 60 m. temperatures. B. Mean 0 to 60 m.
salinities (solid line) and mean 200 to 300 m. salinities
(dashed line).

to significance at the 5 percent probability (for
P = 0.05 and d.f. = 16, r = 0.468). Negative cor-
relations were significant between volumes of zoo-
plankton for both night and day hauls and depths
from the surface to the top of the thermocline.
Neither temperature, oxygen, nor inorganic phos-
phate was correlated with volumes of zooplankton.

We believe the significant relations between zoo-
plankton and salinity and between zooplankton
and the thickness of the isothermal layer resulted
from the advection of different types of water into
the Hawaiian area. The biomass of zooplankton
was higher in waters of high salinity.

ZOOPLANKTON AND TEMPERATURE-
SALINITY CURVES

Seckel (1962) indicated that the Hawaiian Is-
lands are located near the northern boundary of
the transition zone between two major types of

TaBLE 3.—Monthly values of surface salinity, inorganic
phosphate, and oxygen during low and high tides at the
IQY station

Salinity /o, Phosphate  Oxygen ml./1
ng.at./l
Month
Low High Low High Low High
tide tide tide tide tide tide
1957

June...o s 07 84.97 0.22 0.20 4.2 4.32
Julyeooo 34.87 34.88 .29 . 4.47 4.46
34.98 .20 .2 479 4,78
35.12 .13 P {: ———— 4,45
35.16 .10 .16 4.53 4,51
35.12 A1 .16 4.78 4,64
34.81 3.65 _.__.__ 4.58 4.56
34.81 34.85 12 13 479 4.69
. 85.08 35.05 2 .20 4.85 4.84
. 3494 3406 64 160 4.60 4.66
- 85,10 35.07 —c-emm e cccccecccccenaan
- 34.80 34.77 06 .82 4,56 4.62
- 8490 34.82 _.o........... 4.08 4.18
- 34.81 34.80 .49 .70 477 4.80
84.91 34.80 .39 .22 4,43 4.55
34.86 34.87 ... 4,556 4.64
- 8494 3496 .21 28 e 4.40
34.96 34.94 .11 A0 el
84,94 35.05 ........ [ R, 4,64

surface water: (1) the high-salinity (surface
values >85.0%,) North Pacific Central Water, and
(2) the low-salinity (surface values <34.2%.)
North Pacific Equatorial Water. These water
types corresponded approximately with the sub-
surface water masses as defined by Sverdrup,
Johnson, and Fleming (1942). Seckel (1962) clas-
sified the California Current Extension, which
forms the core of the transition zone, as a third
type. He showed that the boundaries of these water
types shifted seasonally and affected the type of
water to be found near Oahu.

Our data were analyzed from the standpoint of
advection of different types of water as indicated
by changes in the temperature and salinity during
the 19 months of observation. The data were di-
vided into the following nine chronological periods
(fig. 7) on the basis of the similarity in the tem-
perature-salinity (T-S) curves for successive
months: June to July 1957, August 1957, Septem-
ber to November 1957, December 1957 to March
1958, April 1958, May 1958, June to July 1958,
August to November 1958, and December 1958.
Each period had temperature and salinity char-
acteristics that were different from the preceding
and succeeding periods. The average monthly
(0-60 m.) temperatures, the average monthly
salinities (0-60 m. and 200-300 m.), and the
average depth from the surface to the top of the
thermocline for the nine periods are illustrated
in figure 8.
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TABLE 4.—Average abundance (No./1,000 m3) of various plankiers from samples taken at night at the IGY station

Period and (In parentheses) number of samples

Sept., Dec. 1957, . Aug., Eight-

Plankters June,  Aug. 1957 Oct., Jan., Apr.1958 _ June, Sept., Dec. 1958  period

July 1967 Nov. 1957 Feb., July 1958 Oct., mean

Mar. 1958 Nov. 1958
2 m (6] O} m 2 (CY) ¢} ®
Halosphaera ! ....cccooemomnena- memecramemmm——- 5,392 1,771 3, 047 3, 569 5,284 1,582 2,400 5,102 8,518
For:fnpinlfera .......... - 660 551 283 286 1,308 04 274 589 502
- Radiolaria._....._.._. ———- 204 394 158 156 366 38 142 208 220
Siphonophora. .. . 2,198 3,543 5, 943 3,055 4,185 6,137 3,723 4, 358 4, 142
Chastoghatha. ... 70 Laus a4 2988 L2090 4813 2420 23 518 7 638
Annelida.___.___.__.__ - 184 157 238 188 366 37 128 410 254
Calanoid Copepoda. ... .. . 12,762 38,733 32, 069 18,704 30,395 20, 078 13,489 24,916 23, 893
Non-calanoid Copepoda._. 1, 359 2, 362 2, 301 1,192 4,028 1,796 1,898 2,905 2,230
Ostracoda. .o cooaooooann- 1,974 2, 559 2,633 8,615 6, 069 607 550 1,937 2, 480
Euphausiaces......... 1,338 2,440 4,541 1,673 3,130 1,662 1,893 1,788 2,300
B O istacon. 298 3,0 448 L8 336 a0  sm  s5on 5,448
apod Crustacea. 1 -1,842 ]

lr?teecro%oda ......... 486 945 1, 361 546 1,360 446 1,049 1,378 946
Heteropods. ... - 247 79 394 38 52 68 18 oo 124
Gastropod larvae. 50 197 174 33 105 138 136 208 141
Pelecypoda. ... B0 e 74 177 e, 44 132 223 88
Thaliaces. ... 11 157 202 464 1,308 668 146 - 372 416
Appendicularia. 135 157 851 720 3,191 216 256 1,639 896
Fh larvae.. .- 234 23 269 202 368 692 70 oo 22
Flsh eggs. oo oo camean———- 98 79 31 90 314 25 21 112 96

t Halosphaera viridis, a phytoplankter.

The physical, chemical, and biological character-
istics of each of the nine periods are discussed be-
low. .For the discussion the averages for each
period are considered high or low relative to the
overall average for the nine periods. A night sam-
ple of zooplankton was not taken in May 1958;
thus, the counts of zooplankton for night collec-
tions are divided into eight rather than nine
periods (table 4).

JUNE TO JULY 1957

This period was characterized by relatively high
temperatures, low salinities, and a shallow isother-
mal layer. The average 0 to 60 m. temperature was
25.6° C. The 0 to 60 m. and 200 to 300 m. average
salinities were 34.92%. and 35.00%., respectively,
- compared to the nine-period means of 34.97%. and
35.08%.. The average depth to the top of the ther-
mocline was 51.4 m. (fig. 8).

The average volume of zooplankton for day
hauls equaled the nine-period mean of 20 cc./
1,000 m.® (fig. 9) ; the average night volume of 25
ce./1,000 m.? was lower, however, than the eight-
period mean of 37 cc./1,000 m.® Most of the counts
of groups of organisms were low (table 4) ; Halo-
sphaera, Foraminifera, Amphipoda, and Heter-
opoda were exceptions. The abundance of calanoid

Copepoda, which numerically make up about 59

percent of the total standing crop of zooplankton,
was very low during this period.

AUGUST 1957

August 1957 appeared to be a transition period
(fig. 7). The 0 to 60 m. salinity increased from
84.92%, to 34.98%., and the 200 to 300 m. salinity
increased slightly from 35.00%. to 85.02%.. The 0
to 60 m. temperature (26.0° C.) also increased.
The depth of the isothermal layer (49.1 m.) de-
creased from the previous period.

The volume of zooplankton for the day hauls
(18 cc./1,000 m.*) for this period was slightly less
than the average for June to July 1957 ; however,
the night volume (44 cc./1,000 m.*) showed a sub-
stantial increase. Radiolaria and: calanoid Copep-
oda were more abundant in August 1957 than in
any other period.

SEPTEMBER TO NOVEMBER 1957

Temperature and depth of the isothermal layer
for this period were lower; salinities were higher
than in the previous period. The average 0 to 60
m. temperature was 25.9° C. The depth to the top
of the thermocline was 47.4 m. The 0 to 60 and 200
to 300 m. salinities were 85.14%. and 35.11%,
respectively. :

The average volumes and counts of zooplankton
were high. Volumes for day (25 cc./1,000 m.?) and
night (56 cc./1,000 m.*) samples were both higher
than the corresponding averages (20 cc./1,000 m.?
and 37 cc./1,000 m.?) for all periods. Euphausiacea
and Hetergpoda were more abundant in this period
than in a,gggl:)ther.
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FI6URE 9.—Average volumes of zooplankton during nine periods at the IGY station.

DECEMBER 1957 TO MARCH 1958

Monthly changes of the measured properties
from July to November 1957 were gradual; the
change from November to December 1957, how-
ever, was abrupt. The 0 to 60 m. temperature
dropped from an average of 25.9° C. in November
1957 to 24.6° C. in December 1957 (fig. 6A) and
remained low, averaging 24.1° C. for December
1957 to March 1958 (fig. 8A). The monthly 0 to 60
m. salinity likewise changed considerably, drop-
ping from 35.12%. in November to 84.82%, in De-
cember (fig. 6B). The December 1957 to March
1958 average was 84.92%. (fig. 8B).

The 200 to 300 m. salinity (35.10%.) changed
slightly (fig. 8C), but the depth to the top of the
thermocline showed a considerable deepening from
an average of 47.4 m. during September to No-
vember 1957 to 84.6 m. (fig. 8D) for this period.

The volumes of zooplankton declined markedly
from the preceding period. The night volume
dropped from an average of 56 cc./1,000 m.® in
September to November 1957 to 28 cc./1,000 m.2
The day volumes of zooplankton declined from 25
ce./1,000 m.? to 17 ce./1,000 m.® (fig. 9). Except
for Halosphaera, Ostracoda, Pelecypoda, and
Thaliacea the abundance of plankters was rela-
tively low during this period.

APRIL 1958

- Maximum and minimum values were recorded

for the physical and chemical properties during
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April 1958 (figs. 6 and 8). The 0 to 60 m. temper-
ature (22.8° C.) was the lowest recorded during
the 19 months. The 0 to 60 m. salinity (35.14%.)
equaled the September to November 1957 average,
the highest average for the nine periods. The 200
to 300 m. salinity (35.18%) was also the highest
for the nine periods. The isothermal layer during
this period was the shallowest (22.6 m.) of the nine
periods.

The zooplankton showed marked differences
from the preceding period. The day and night vol-
umes of 30 cc./1,000 m.? and 50 cc./1,000 m.?* for
April were much higher than those for December
1957 to March 1958. With the exception of Pele-
cypoda, all of the organisms were more numerous
than in the preceding period.

MAY 1958

In May the physical and chemical characteristics
of the water differed markedly from those of April
1958. The 0 to 60 m. temperature increased from
the low of 22.8° C. in April to 24.6° C. in May.
The most important change, however, was in the
0 to 60 m. salinity, which decreased from 35.14%.
in Apnl the highest for the nine periods, to
34.78%. in May, the lowest for the nine periods.
The 200 to 300 m. salinity decreased slightly from
35.18%. in April to 35.13% in May. These dif-
ferences suggest that the major change from April
to May was in the upper waters. The depth to the
top of the thermocline (62.8 m.) was slightly

greater than the nine-period mean (59.4 m.).
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The average volume of zooplankton for the day
hauls was 15 ce./1,000 m.2, lower than that for any
previous period.

JUNE TO JULY 1958

Except for a continued rise in temperature and
a shallower isothermal layer, the changes during
this period were not very great. The average 0 to
60 m. temperature was 25.5° C. The average 0 to
60 m. salinity increased to 34.86%.. The average
200 to 300 m. salinity declined further to 35.10%..

The average depth to the top of the thermocline:

was 49.8 m.

The night volumes of zooplankton for June to
July averaged 41 ce./1,000 m:? as compared to the
eight-period average of 37 cc./1,000 m.2, and the
average day volume of 20 cc./1,000 m.® was the
same as the nine-period day average. Siphono-
phora, Annelida, Amphipoda, Thaliacea, and fish
larvae were relatively abundant in this period.

AUGUST TO NOVEMBER 1958

Changes in temperature, salinity, and depth of
isothermal layer continued. The O to 60 m. tem-
perature reached its 1958 peak in this period with
an average of 26.3° C. The average 0 to 60 m.
salinity (34.92%.) increased over the preceding
period (34.86%.). The average 200 to 300 m.
salinity continued to decline to 35.00%.. This
period and June to July 1957 had the lowest 200
to 300 m. salinities for the nine periods. The depth
to the top of the thermocline deepened to an
average of 74.0 m.

The low abundance of zooplankton was similar
to the lows of June to July 1957, December 1957 to
March 1958, and December 1958. Only the averages
for Pteropoda and Pelecypoda were above the
eight-period average.

DECEMBER 1958

This period was characterized by a marked de-
crease in temperature, rising salinities, and a pro-
gressively deépening isothermal layer. As in 1957,
the 0 to 60 m. temperature underwent a large drop
between November and December. For 1958 the
decline was from 25.9° C. in November to 24.1° C.
in December (fig. 6A). The 0 to 60 m. salinity of
85.07%. continued to increase from 34.82%, in July
(fig. 6B). The 200 to 300 m. salinity (35.06%.) in-
creased from the previous period. The depth to
the top of the thermocline was 93.3 m.

VARIATIONS IN MARINE ZOOPLANKTON IN HAWAIIAN WATERS

The volume of zooplankton for December 1958
was again lower than the nine-period average.
Except for seven groups (Halosphaera, Forami-
nifera, Ostracoda, Amphipoda, Heteropoda,
Thaliacea, and fish larvae), however, the plankton
during December 1958 was more abundant than
in June to July 1957, December 1957 to March
1958, and August to November 1958.

COMPARISON BETWEEN PERIODS

A noticeable feature in the 19 months’ observa-
tions was the dissimilarity of the hydrographic
features for the same months of the 2 years. The
200 to 300 m. salinijties for June to July were sub-
stantially lower in 1957 than in 1958, whereas the
0 to 60 m. and 200 to 300 m. salinities for August
to November were higher in 1957 than in 1958. The
depth to the top of the thermocline was shallower
in the fall of 1957 than in the fall of 1958. The 0
to 60 m. temperatures reflected the seasonal fluctu-
ations of high temperatures in summer and fall
and low temperatures in winter and spring and
so did not vary greatly between years for the same
months.

Zooplankton was more abundant during the fall
of 1957 than in the fall of 1958 (figs. 4 and 9).
Previous studies of the distribution of zooplankton
in Hawaii have indicated a lack of consistent sea-
sonal change. In 1950 and 1951, volumes were
significantly higher during early summer and
midsummer than in late summer and fall (King
and Hida, 1954). But in 1956, the standing crop
of zooplankton was greatest in January, April,
and September (Nakamura, 1967).

June to July 1957 and August to November 1958
were alike. Both had similar T-S curves (fig. 7),
hence their temperature and salinity character-
istics were similar (fig. 8). Both of these periods
had low volumes of zooplankton (fig. 9). The day
volume of zooplankton for June to July 1957 was
equal to the nine-period mean while that for Au-
gust to November 1958 was low. :

December 1957 to March 1958 and May 1958
were also alike. Both had similar T-S curves (fig.
7). Both had low day volumes of zooplankton. A
night volume was not available for May 1958.

The two periods (September to'November 1957
and April 1958) that had high night and day
volumes of zooplankton (fig. 9) also had high 0
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to 60 m. and 200 to 300 m. salinities (fig. 8), but
their temperatures were quite dissimilar (fig 8).

VARIATIONS OF ZOOPLANKTON AND
SALINITY

Of great interest were the coincident variations
in the night volumes of zooplankton with varia-
tions in the portions of the T-S curves with salini-
ties >85.0%.. As shown in figures 7 and 9, increases
or decreases in night volumes of zooplankton ap-
peared with corresponding changes in the salinity.
The T-S curves indicated a progressive invasion
of high-salinity water in the upper surface layers
from June to July 1957 to September to November
1957. The night volumes of zooplankton increased
correspondingly during these same periods. In
December 1957 to March 1958, less saline waters
returned to the uppermost layer of the ocean and
the volume of zooplankton dropped below that of
the preceding period. Then in April 1958 high-
salinity water again invaded the area, and the
volume of zooplankton increased. During May
1958 the salinity maximum was about the same as
in the previous period, but the surface water was
less saline. A night volume of zooplankton was not
available for this period. During the next two
periods, June to July 1958 and August to Novem-
ber 1958, the occurrence of high-salinity waters
decreased progressively. Corresponding decreases
also were evident in the night volumes of zooplank-
ton. Water of higher salinity returned again in the
uppermost layer during December 1958 coincident
with an increase in the night volume of zooplank-
ton.

Thus, waters of high salinity appeared to sustain
a greater biomass of zooplankton. The abundance
of several groups of zooplankton fluctuated coinci-
dentally with the night volumes and with salinity.
These groups were Siphonophora, Chaetog-
natha, Euphaustacea, decapod Crustacea, and Pte-
ropoda (fig. 10). Because of the correlation of the
abundance of these zooplankters with water type,
the possibility of finding endemic species appeared
favorable. Sherman (1963) found certain species
of calanoid Copepoda (Pontellidae) associated
with, and thus useful as indicators of, waters of
high salinity (North Pacific Central Water) in
the Hawaiian area. These groups of zooplankton
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FI1GUuRE 10.—Average abundance of six groups of zoo-
plankton at night during eight periods at the IGY
station. '
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may include other species possibly useful as
indicators.

SUMMARY

1. Data on zooplankton and hydrography were
obtained at lat. 21°10.3’ N., long. 158°19.0" W.
from June 1957 to December 1958. The station was
visited once a month, and samples were taken once
at highest tide and once at lowest tide. In June
1957, the station was occupied for 48 hours to
obtain samples for studies of diel variation.

9. Volume of zooplankton from the 48-hour
series conformed to the characteristic sinusoidal
variation for the first day, but not for the second.
A diatom that prevented drainage of moisture dur-
ing determination of the volumes probably caused
the high volumes during the morning of the second
day. Variations in abundance were distinctly sinu-
soidal for Ostracoda, Euphausiacea, Pteropoda,
and fish larvae. Variations in surface temperature
were attributed to heating during the day and cool-
ing during the night. Variations in the depth to
the top of the thermocline were attributed to inter-
nal waves.

3. Correlations were significant and positive be-
tween day volumes of zooplankton and salinities
at the surface and at 0 to 60 m., and for night vol-
umes of zooplankton and salinities ‘at 200 to 300
m. Positive correlations for night volumes of zoo-
plankton and salinities at 0 to 60 m. and for day
volumes and salinities at 200 to 300 m. were very
close to the 5-percent probability. Correlations
were significant and negative between both day
and night volumes of zooplankton and depths to
the top of the thermocline.

4. The 19 months were divided into niné periods,
each period having a temperature-salinity curve
different from the preceding and the following
periods.

5. Salinities and depths to the top of the thermo-
cline were dissimilar for the same months in 1957
and 1958. Night volumes of zooplankton were high-
est in the fall of 1957.

6. Variations in the night volumes of zooplank-
ton coincided with variations in salinities > 35.0%..
As the salinity increased, zooplankton increased;
as salinity decreased, zooplankton decreased. The
abundance of Siphonophora, Chaetognatha, Eu-
phausiacea, decapod Crustacea, and Pteropoda

fluctuated coincidentally with the night volumes
of zooplankton and with salinity.
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