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1.1 INTRODUCTION 

As part of the Department of Energy's (DOE) research, development and 
demonstration effort towards the ultimate goal of the commercialization of 
Ocean Thermal Energy Conversion (OTEC), DOE has contracted with the Lawrence 
Berkeley Laboratory (LBL), University of California to carry out a shipboard 
measurement program to provide critical baseline biological and phYSical 
oceanographic data at potential OTEC sites. Hawaii is a potential OTEC site 
region and consequently LBL has sponsored a research study with the University 
of Hawaii to obtain and analyze the required environmental data. 

The objective of this study is to evaluate the variability in physical, 
chemical and biological parameters at an OTEC benchmark site off Keahole 
Point, Hawaii, latitude 19°55'N and longitude 156°10'W in a water depth of 
about 1300 meters as shown in Figure 1-1. While the primary focus of this 
project is the study of environmental variabi1ity~ the primary goal of the 
study is to utilize th.e field results to aid in the design of subsequent OTEC 
monitoring programs. In particular, the measurements are intended to provide, 
at a specific location, one year of background data which will form the basis, 
in conjunction with available information for the region, for defining longer 
term and more extensive environmental surveys necessary to evaluate the siting 
and eventual operation of an OTEC plant in the region. 

In order to meet the objectives of this study, six occupations of the 
HOTEC benchmark site occurred during the course of this project and Table 1-1 
describes the designation, dates and vessels used for each cruise. 

Table '~1: Designation, Dates and Vessels for all ~OTEC Cruises 

Cruise Designation 

HOTEC-1 
HOTEC-2 
HOTEC-3 
HOTEC-4 
HOTEC-5 
HOTEC-6 

Dates 

October 28-29, 1978 
April 12-13, 1979 
June 17-18, 1979 
July 29-August 1~ 1979 
October 2-5, 1979 
December 7-8, 1979 

Vessel 

M/V Ho10ho10 
R/V Noi'i 
M/V El Greco 
R/V Kana Keoki 
R/V Kana Keoki 
R/V Noi'i 

On each cruise four hydrocasts were made consisting of two deep hydro
casts to 1000m taken at noon and midnight (approximately), designed to des
cribe the distribution of parameters over the full water column and two 
shallow hydrocasts to 300m taken at sunset and dawn (approximately), designed 
to provide more detail information on the euphotic zone. For the deep hydro
casts water temperature, salinity, dissolved oxygen and nutrient parameters 
nitrate-nitrite, ammonia, urea, total nitrogen, ortho-phosphate, total 
phosphate and reactive silicate were measured. For the shallow hydrocasts, 
in addition to all parameters measured in the deep hydrocasts, chlorophyll, 
phaeo-pigments and adenosine triphosphate (ATP) measurements were obtained and 
finally for the dawn shallow hydrocast in situ carbon fixation rates were also 
obtained. 
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The measurements of chlorophyll, phaeo-pigments and ATP concentrations 
and the carbon fixation rates were designed to focus on the standing stock 
and photosynthetic activity of the natural phytoplankton. If the operation 
of an OTEC system has effects on the surrounding biological community, effects 
to the phytoplankton which are producers for the entire trophic structure will 
be the most fundamental and among the first to be detectable. Many, if not 
most, aquatic organisms would be affected by entrainment, and by temperature 
changes and chemical discharges of sufficient magnitude. Phytoplankton, in 
addition, can respond to another OTEC effect, the discharge of micronutrients 
into the lighted zone. The biological impact of OTEC operation is best 
assessed by monitoring the stocks and activity of the phytoplankton. 

The parameters used here to characterize the stock and activity of the 
phytoplankton were chosen to give a pertinent and reasonably comprehensive 
picture, within the requirements and constraints of an open-sea monitoring 
program. Chlorophyll a is the most common and most taxonomically general 
measure of phytoplankton biomass. Phaeo-pigments are measured because: 
(1) they absorb and emit light at wavelengths very similar to those character
istic of chlorophyll; thus they can interfere with accurate chlorophyll 
analyses if they are present in large amounts but not measured; and (2) phaeo
pigments, as natural degradation products of chlorophyll, indicate some 
physiological properties and ecological factors (such as grazing pressure) 
important to the phytoplankton. Adenosine triphosphate (ATP), an important 
component and energy-currency of all living cells, is used here as a supple
mentary measure of microbial biomass and physiological condition. Much 
current research is directed toward developing the relationship between ATP 
and other more familiar ecological parameters. Finally, primary production is 
determined by carbon-14 uptake experiments, known for the past 25 years as the 
most sensitive indicator of carbon fixation. This photosynthetic activity of 
the plants is important, not only as the initial carbon source for all living 
things in the marine food web, but also because it may well be one of the 
first parameters to respond to the discharge of the nutrient-enriched waters 
from OTEC systems. 

On each cruise zooplankton samples were taken with a 0.75 meter mouth 
diameter, 202~ mesh net equipped with an opening-closing device and flowmeter. 
For the first three cruises, single oblique samples were taken over three 
depth intervals during the day; 1200-800 meters, 800-200 meters, and 200-0 
meters. Single horizontal tows were taken at 25 meters day and night. On the 
fourth cruise, these oblique tows were replicated during the day. In addi
tion, a series of shallow oblique tows covering the upper 25 meters were made 
both day and night. On the last two cruises, the sampling effort was greatly 
increased. Replicate oblique samples covering three depth intervals were 
taken both day and night: 600-200 meters, 200-25 meters, and 25-0 meters. 
Aliquots of all samples were analyzed for dry weight and ash-free dry weight. 
Other aliquots were used for taxonomic analysis. 

Finally, during each cruise a minimum of 12 expendable bathythermograph 
probes were launched usually at two-hour intervals while on-site, range-range 
positioning data was obtained utilizing an electronic pOSitioning system with 
data printouts usually every 10 minutes while on-station and meteorological 
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data (wind speed and direction, atmospheric pressure, wave height and 
direction and wet- and dry-bulb air temperatures) were measured every 4 hours. 
The migration of the deep scattering layer (DSL) was to have been observed 
using a 12 KHz recording depth sounder, but since the system was lost with 
the M/V Holoholo, no DSL information was obtained during this study. 
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2.1 MATERIALS AND METHODS 

2.1.1 Water Sample Measurements 

Each hydrographic water cast was made with twelve (12) 10-liter, plastic, 
Niskin, sampling bottles with the deep hydrocasts consisting of bottles being 
placed at 2, 25, 50, 75, 100, 150, 200, 300, 400, 600, 800 and 1000m of 
measured wire depths below the water surface. The shallow hydrocasts involved 
bottle placements of 2, 10, 30, 50, 70, 90, 110, 130, 150, 200, 250 and 300m 
of measured wire depths below the water surface. A meter wheel was utilized 
to measure wire length. The following subsections describe materials and 
methods used to analyze the water samples. 

2.1.1.1 Temperature and Calculated Depth 
• In situ temperatures were measured using deep-sea reversing thermometers 

attached to each water bottle. A set of 3 reversing thermometers, 2 protected 
and 1 unprotected, were placed in a reversing assembly and attached to indi
vidual water sample bottles. Prior to the initial cruise all reversing 
thermometers were reca1ibrated at 5°C intervals using a temperature-controlled 
water bath to an accuracy of O.Ol°C. A computer program was utilized to 
adjust the observed temperatures for index correction and the relative expan
sion to mercury and glass (Lafond, 1951). Following these temperature correc
tions, the in situ density Ps t p was also computed and fian11y the calculated 
depth was evaluated by integrattng the density vertically to obtain the mean 
density of the water column above the level of reversal as described by Lafond 
(1951). 

2.1.1.2 Salinity and Dissolved Oxygen 

Salinity samples were collected from all depths from both the deep and 
shallow hydrocasts. One-liter samples were collected, stored in clear plastic 
bottles with tight-fitting caps, and returned to the laboratory. Salinity 
analyses were performed in triplicate using a Bisset-Berman Inductive Salinom
eter which was calibrated from each cruise using Standard Copenhagen Water. 
Results are expressed as O/~, i.e. parts per thousand, ± the standard devia
tion of the replicate trials. 

Dissolved oxygen samples were collected from all depths from both the 
deep and shallow hydrocasts, and were in all cases the first samples to be 
removed from the Niskin samplers. Sample waters were transferred to 300 m1 
BOD bottles, allowing the contents to spillover ca 2X the bottle volume, and 
immediately Ipick1ed" by the addition of manganoussulfate and alkaline iodide. 
Bottle contents were well mixed, the precipitate allowed to settle, then mixed 
again to ensure complete binding of oxygen in the precipitate, and transferred 
to the laboratory for analysis by titration. Dissolved oxygen was the first 
analysis performed and in all cases took place within the first week following 
return from the cruise. Dissolved oxygen was determined by Winkler titration 
(described in detail in Strickland and Parsons, 1972), using sodium thio
sulfate on subsamp1es which were acidified with H2 S04 • The thiosulfate 
titrant was standardized against a KI0 3 solution as per Strickland and Parsons 
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(1972). Triplicate titrations were performed on 50 ml subsamples from each 
BOD bottle. Results are reported in units of ml 02/t, ± the standard devia
tion of the three replicate trials. 

2.1.1.3 Nutrients 

Two subsamples of water were taken from each of the twelve Niskin 
bottles of each of four hydrocasts made during the HOTEC cruises. The water 
samples were taken in 60 ml amber polyethylene screw-cap bottles. One set of 
samples, to be analyzed for total nitrogen and total phosphorus, was frozen 
immediately. The other set of water samples was filtered through pre-washed 
Whatman GF/C or Gelman A-E glass fibre filters and frozen. Samples remained 
frozen until just before analysis. They were then placed upright in a shallow 
water bath and thawed rapidly. Care was taken that the caps remained tight, 
and that ~o contamination of the samples by the bath water occurred. 

All chemical analyses were performed on a Technicon AutoAna1yzer II 
system. The chemical analyses were performed according to standardized meth
ods of analysis in sea water, with some modifications where necessary for use 
on the AutoAnalyzer, or for increased sensitivity. The methods used were: 

Nitrate-nitrite: cadmium-copper reduction of nitrate to nitrite 
and coupling with an azo dye (Strickland and Parsons, 1972; 
Technicon, 1977). 

Ammonium: alkaline phenol method (Solorzano, 1969) modified for 
autoana1yzer use (Patton and Whitledge, 1977). 

Urea: diacetyl monoxime reaction (Demanche, et a1., 1973). 

Total persu1fate nitrogen: alkaline persulfate oxidation 
(Grasshoff, 1976) followed by nitrate analysis. 

Ortho-phosphate: phospho-molybdate reaction (Strickland and 
Parsons, 1972). 

Total persu1fate phosphorus: acidic persu1fate oxidation 
(De'E1ia et al., 1977) followed by ortho-phosphate analysis. 

Reactive silicate: silico-mo1ybdate reaction (Strickland and 
Parsons, 1972). 

Limits of detection for all of the above chemical analyses have been 
determined on several occasions. The limit of detection for the dissolved 
nutrients has been calculated as twice the standard deviation of a series of 
twenty sea water blanks. For a normal distribution, 95% of the values will 
fall within approximately plus or minus two standard deviations from the mean. 
Thus any value which is less than two standard deviations greater than zero 
cannot be statistically differentiated from zero at the p = 0.05 level. The 
term "ND" (not detectable) has been used to report data which is below the 
limit of detection. The limits of detection for the total nitrogen and 
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phosphorus analyses have also been determined from a series of twenty sea 
water blanks. In addition to these initial determinations of detection limit, 
a series of at least five blanks was run with each determination of total 
nitrogen or phosphorus. If the values of these blanks were outsid~ the range 
of expected values, the whole run was repeated. 

2.1.1.4 Phytoplankton 

Phytoplankton pigment samples were taken from all depths from only the 
shallow hydrocasts. Triplicate 100 ml subsamp1es from each depth were fil
tered under gentle (~ 1/3 atmosphere) vacuum immediately after sample collec
tion. Gelman cellulose acetate filters (similar to Mil1ipore HA filters) 
having a rated pore size of O.4S~m were used. Just prior to the completion of 
each filtration, a few drops of saturated Mg C03 solution was added to each 
volume to avoid acidification during processing. Immediately following fil
tration, filters were folded and placed into darkened centrifuge tubes 
containing 90% acetone, agitated to disintegrate materials, placed in the 
freezer, and maintained in subzero temperatures prior to analysis. Chloro
phyll a and phaeo-pigment concentrations were measured using fluorometric 
techniques for extracted pigments (Strickland and Parsons, 1972). Following 
elution, samples were again agitated and then centrifuged to obtain clear 
extracts. Analyses employed a Turner Model 111 fluorometer which had been 
calibrated against the tri-chromatic, spectrophotometric method (also Strick
land and Parsons, 1972) using in vitro diatom cultures, similar to procedures 
used in Bienfang (1977a; 1977br-and Bienfang and Gundersen (1977). Results 
are reported in units of ug/l (- mg/m3) and confidence limits about the means 
represent the standard deviation of the triplicate subsamp1es. 

Samples for ATP analysis were taken from all depths from only the shallow 
hydrocasts. Triplicate 1 1 subsamp1es were taken from each depth and immedi
ately filtered under gentle (~ 1/3 atmosphere) vacuum through sterile Gelman 
cellulose acetate filters. Immediately upon completion of filtration, filters 
were folded and plunged into screw-top digestion tubes containing S m1 of 
boiling TRIS buffer and allowed to extract for 10 minutes, after which tubes 
were removed, placed into the freezer and kept frozen prior to subsequent 
analysis. In the laboratory analysis was performed using an SIA ATP Photo
meter (Model 2000). Details of the enzyme preparation and ATP analysis are 
given in Karl and LaRock (197S) and Karl (1978). Calibration was performed 
for each cruise using ATP standard solution and running linear regression 
analysis on no less than S serial dilutions covering a range of O.S - 30 ng/l. 
Results are presented in units of ng ATP/l and confidence limits about the 
means reflect the standard deviation of triplicate analyses • 

Samples for determination of primary productivity rates were taken from 
nine depths from the dawn hydrocast. Triplicate light bottle samples were 
drawn from the 2, 10, 30, SO, 70, 90, 110, 130 and lS0m samplers, injected 
with ca 40~ Ci H14C0 3 and incubated in situ at the depth of sample origin 
throughout the day. The general procedures for the radiocarbon method des
cribed in Strickland and Parsons (1972) were followed. Samples were lowered 
to depth prior to sunrise to avoid preincubation shock of deep samples to 
surface light levels. All samples for primary productivity analysis were pre-
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screened through 202~m mesh Nitex (to remove large grazers) and incubated in 
glass 300 m1 BOD bottles. The taking of dark bottle counts to account for 
nonphotosynthetic 14C uptake was discontinued after cruise 2, in favor of the 
determination of zero-time blank values. Zero-time blank values were 
determined by injecting at least a pair of samples with 14C, mixing, and 
immediately filtering the contents; confidence limits about the means of these 
duplicates were in all cases very low. All 14C solutions were prepared from 
sterile, aqueous NaH14C0 3 stock solutions from New England Nuclear Corporation. 
Working 14C solutions were prepared by dilution of 5m Ci stock solutions with 
filtered distilled water which had been buffered to pH ~ 9.0, and made to a 5% 
salt solution by addition of NaC1 (to give a density greater than seawater). 
Following the incubation the samples were retrieved and immediately injected 
with DCMU (a photosynthetic inhibitor) and immediately filtered. Introduction 
of DCMU takes a short time relative to the filtration time and thus improves 
the comparability of samples first and last filtered. Filtration (s 1/3 
atmosphere vacuum) was done through Gelman membrane filters having a rated 
pore size of 0.45~m. Following filtration, the funnel walls and filters were 
rinsed with filtered seawater and the filters placed in scintillation vials 
containing 0.5 m1 of 10% HC1 to drive off dissolved 14C (Lean and Burnison, 
1979). In the laboratory the vials were flushed with air and 10 ml of 
counting cocktail added. Standardization of 14C activities was performed for 
each cruise. Five serial dilutions of the working stock were made using 
pH ~ 9.0 buffered distilled water; aliquots of the diluted stock were added 
to vials containing phenethy1amine and subsequently admixed with counting 
cocktail. Linear regression analysis of disintegrations per minute versus 
dilution factor was employed to give the working activity used for the sam
ples. All samples were counted on a Searle Delta 300 Liquid Scintillation 
Counter. The unit was calibrated to provide conversion of counts per minute 
(cpm) to disintegrations per minute (dpm) using a set of quenched 14C 
solutions having a wide and evenly-spaced range of external standard ratios 
(ESR); these dpm and ESR data were fit to a fourth-order polynomial (r2=0.99) 
to give counting efficiency from ESR data to provide dpm data from CPM and 
ESR data. All introduction and serial dilutions of 14C solutions were done 
with Pipetman Automatic pipets, found to be accurate and highly reproducible. 
Total carbonate carbon present was determined by carbonate alkalinity deter
minations (Strickland and Parsons, 1972). Results of carbon-fixation deter
minations are reported in units of ~g carbon.£~l • hr- 1 , and confidence 
limits about the means reflect the standard deviation of triplicate trials. 

2.1.2 Zooplankton 

Zooplankton samples were usually taken with a 0.75 meter mouth diameter, 
202~ mesh net equipped with an opening-closing device. On several occasions 
when the net had been lost, a 0.5 meter, 202~ mesh net was used. The net was 
fitted with a digital flowmeter which was read before and after each tow. In 
addition, a time-depth recorder was fitted to the hydrographic cable directly 
below the net to record the actual depths sampled. 

The sampling program as originally developed consisted of three single 
oblique tows taken during the day and covering separate depth intervals: 
1200-800 meters, 800-200 meters and 200-0 meters. Single horizontal tows at 
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25 meters were to be taken during the day and at night. The oblique tows 
were to be replicated on alternate cruises to provide an estimate of sampling 
variability. This program was followed for the most part for the first four 
cruises. The sampling effort was increased for the last two cruises. 
Replicate oblique samples covering three depth intervals (600-200 meters, 
200-25 meters and 25-0 meters) were taken both day and night on these two 
cruises. . 

After each tow, the sample was washed into the cod-end using a portable 
water sprayer filled with salt water. The sample was removed from the cod
end, placed in a glass quart jar, and preserved with a 5% buffered forma1in
sea water solution. In the laboratory, the sample was split in a Fo1sum 
Plankton Splitter. One aliquot (generally 1/4th of the sample) was saved for 
biomass (dry weight and ash-free dry weight) determinations. The other 
portion was further split for taxonomic analysis. The aliquot for biomass 
analysis was placed in a plastic cylinder fitted with a bottom made of 500~ 
Nytex nylon mesh. The sample was successively passed over this mesh, 
effectively separating the sample into two-size classes: the "macro" fraction 
which was retained on the 500~ mesh, and the "meso" fraction which passed 
through the mesh. Each of these fractions was thoroughly rinsed with fresh 
water and collected on individual tared, pre-combusted glass fibre filters. 
The samples were dried to constant weight at 60°C and weighed to give values 
for dry weight of plankton. The filters and sample were then placed in a 
muffle furnace and combusted at 500°C for three hours. The weight of the 
residue, when subtracted from the value of plankton dry weight, gave a value 
of ash-free dry weight. 

A1iquots for taxonomic analysis were placed in a counting chamber with a 
grid bottom and counted under a dissecting microscope. The aliquot size was 
chosen such that 500-1000 individuals were counted. Identification of indivi
duals for the first three cruises consisted of identifying all copepods (as 
far as possible) to species, and all other organisms to family. For the last 
three cruises, where many more samples were to be counted, animals were 
identified only to general taxa, i.e., ca1anoid copepod, gastropod, etc. 
Because the benchmark is located in an area important to sport and commercial 
fishermen, the larval fish taken in the plankton samples from HOTEC-3 were 
identified to species where possible to provide information as to the species 
of fish which might be directly affected by the operation of an OTEC facility. 

Using the information generated by the flowmeter on each tow, the 
abundances of plankton in terms of numbers per cubic meter were calculated for 
each tow. Biomass estimates for each size fraction were also converted to 
terms of mg dry weight or mg ash-free dry weight per cubic meter •. 

2.1.3 XBT Data 

Expendable bathythermograph'data was obtained using T-7 XBT probes (750m) 
and a launcher/recorder system manufactured by Sippican Corporation. For each 
cruise at least 12 XBT probes were launched with the initial probe deployed 
on the first even-numbered hour at the site. Typically probes were then 
launched every two hours. Immediately following each probe launch, water 
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surface temperatures were obtained using a bucket thermometer and the range
range position of the launch was noted. During cruises 1 and 3, the recorder 
malfunctioned and would only operate in the T-4 mode (450m) and consequently 
although T-7 probes were deployed, XBT temperature data is only available 
for the upper 450 meters. 

2.1.4 Navigation Data 

In order to accurately locate the survey vessel at the benchmark site, 
a range-range electronic positioning system was employed called the Trisponder 
System manufactured by Del Norte Technology, Inc. This system has a maximum 
range capability of 80,000m with a range accuracy of ± 3m. To utilize this 
system, two shorebased transponder units were set up at locations l55°50.l9'W 
longitude, 20010.32'N latitude and 155°56.92IW longitude, 19°46.02IN latitude. 
From these two shore locations distance ranges to the interrogation unit 
onboard the survey vessel were available every second, with a hard copy print
out of each range and the time of day recorded every 10 minutes while in the 
site area. Following the cruise, the range-range data was converted to 
latitude-longitude pairs. 

2.1.5 Meteorological Data 

Wind speed and direction information was obtained using a Remote 
Indicating Wind System, Model No. W22l-100 manufactured by Weather Measure 
Corporation. Wind direction was measured relative to vessel heading and the 
vessel compass heading was also recorded to obtain true wind direction. Wet 
and dry bulb air temperatures were obtained using a sling psychrometer. 
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3.1 RESULTS 

3. 1. 1 Sa 1 in ity 

A compilation of the salinity data from the four casts for all six 
cruises is given in tabular form included as Appendix A, and vertical dis
tributions of values over the 0-900m range are presented in Figure 3-1. 
Overall, the maximum range of salinity values encountered was 34.003 -
35.173 0/00 • The vertical profiles display several typical features: (1) a 
surface region ca 70 meters in depth having uniform values, overlies (2) a 
subsurface region of high salinity which attains ma~imum values at ca 
100-125m, below which (3) a region of salinity minimum occurs at ca250-300m, 
followed by a deeper region where slightly higher values occur. --

The range of averaged (± S.E.) salinity values from the upper 70m mixed 
layer was 34.227 ± 0.006 - 34.774 ± 0.005 0/00 ; these were observed on cruises 
#2 (April 1979) and #6 (December 1979), respectively. In the salinity maxi
mum, values ranged from 34.575 - 35.173 0/00. Near the salinity minimum, 
values from 34.003 - 34.340 0/00 were measured. Below 700m salinity values 
ranged from 34.333 - 34.467 0/00 • It is noted that the average (± S.E.) 
salinity in the 625m region, the region from which OTEC deep water will be 
drawn, was 34.369 ± 0.012 0/00 ; this value differs by only 0.094 0/00 from 
the overall average value of 34.463 ± 0.017 observed within the mixed layer, 
the projected region of discharge. 

3.1.2 Dissolved Oxygen 

Dissolved oxygen concentrations from all 24 hydrocasts are plotted in 
Figure 3-2, and are found in numerical form in Appendix A. The plot shows a 
"mixed layer" of about 90m depth, in an annual-average sense. There is a 
region of rather linear decrease in concentration with increasing depth 
between 100 and 450m, followed by a deep region of uniform low concentrations 
from 450m to the deepest sampled depths at about 900m. 

In the upper 90m, oxygen concentrations ranged from 4.8 - 6.3 m1/t, with 
a mean of 5.4 mljt and a standard error of 0.02 m1/t, for 143 data points. 
Variation is similar at most depths through the "slope" region and in the 
deep uniform region. Below 400m, the mean 02 concentration is 1.0 m1/t, with 
S.E. = 0.06 ml/t (n = 34 points). The five pOints indicating concentrations 
of less than 0.5 m1/t, below 50Om, are all from the HOTEC-6 cruise. We have 
no reason to question the validity of these observations. The five samples 
received treatment identical to other samples from that cruise having O2 
concentrations that fall among values from the other cruises. If these 5 
points are ignored, the mean concentration for depths greater than 400m is not 
greatly changed, but the estimate of variability in that part of the water 
column would be rather less. 

Deep water drawn up for OTEC operation will have a concentration of dis
solved oxygen of about 1 m1/t; effluent will be discharged into waters having 
concentrations of 5 to 6 m1/t. The mixed-layer values are at or above O2 
saturation levels for waters of the temperatures and salinities observed here. 
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Fig. 3.1. A plot of all salinity detenninations CO/oo) made 
during the six cruises of the HOTEC Benchmark 
Survey, October 1978 to December 1979. 
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A plot of all determinations of dissolved oxygen 
concentrations (ml.l- 1 ) made during the six cruises 
of the HOTEC Benchmark Survey. 
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3.1 .3 Nutri ents 

Results for the chemical analyses of the water samples from HOTEC 
cruises 1-6 are presented in Appendix 8, Tables 8-1 through 8-6, respectively. 
A preliminary observation of the data indicated that, for five of the seven 
nutrients, three depth layers with different chemical concentrations were 
present: a mixed layer about 100 meters thick with concentrations which were 
relatively low and uniform with depth; a layer extending between 150 and 400 
meters in which concentrations increase rapidly with increasing depth; and a 
-layer between 600 and 1000 meters of relatively high and uniform concentra
tions. The vertical distributions of ammonium and urea, however, appeared to 
be relatively uniform over the whole 1000-meter water column. 

Nutrient data for each layer (upper 100 meters, 200 to 400 meters, and 
600 to 1000 meters) was analyzed by a three-way analysis of variance. The 
three variables in the analysis were date of cruise, time of day, and depth. 
For the mixed-layer analysis, data from each of the four hydrocasts on the 
last five cruises were utilized. The upper five samples taken on the deep 
hydrocasts (0, 25, 50, 75, and 100 metersl and five of the upper six samples 
on the sha 11 ow hydrocas ts CO, 30, 50, 70, and 90 meters) were utili zed. Thus, 
five levels of date, four levels of time of day, and five levels of depth 
were available for the mixed-layer analysis. The analysis of variance 
calculations generated an overall mean and standard deviation for each 
nutrient, mean values for each cruise, time of day, and depth, and overall 
standard deviations for each of these variables, as well as providing statis
tical tests of signifance. 

The results of the statistical analyses for the mixed layer are presented 
in Table 3-1. All the nutrients showed significant seasonal (cruise) varia
tions. However, the patterns of these variations were not uniform. Nitrate
nitrite showed the highest concentrations in October 1979, with levels nearly 
as high in June. Lowest concentrations occurred in April and August. The 
concentration of total nitrogen (which includes dissolved and particulate 
organic nitrogen as well as the dissolved nitrogenous compounds), was highest 
in December and lowest in October 1978. Total phosphorus and ortho-phosphate 
levels were highest in October 1978. Low values of ortho-phosphate occurred 
in April, June and December, while low values of total phosphorus occurred 
in August and October 1979. The highest values of reactive silicate occurred 
in June, while the lowest levels were observed in October 1979. 

Variations in concentration with time of day were not significant for 
total phosphorus, but were significant for the other chemical species. Con
centrations of nitrate-nitrite were high and uniform during the day, and low 
and uniform at night. Total nitrogen and reactive silicate were highest at 
sunset and lowest during the pre-dawn period. Ortho-phosphate was highest at 
sunset. 

Variations in concentration with depth within the upper 100 meters were 
not significant for nitrate-nitrite and reactive silicate. Total nitrogen 
and ortho-phosphate were present in highest concentrations in the near surface 
(0 or 2 meter) samples, and were relatively uniform with depth below this 

3-4 

] 

1 

m 
I) 

I 
I 

,'I 

I 
I 



~ - ~ t:a1 raas ... .. 
~ Jr_ .. ~ --.. GIiaII EI8 .. 1m ~. --.. 

Table 3-l. Means, standard deviations, and levels of significance for five nutrients 
in the mixed layer (0-100 meters). 

Nitrate- Total Phosphate Total Reacti.ve 
Nitrite Nitro~ Phos~horus Silicate 

SEASON -Significance <i.01 <.01 <.01 < .01 <.01 

April 1979 .38 11.71 .19 .52 2.48 
June .48 6.36 .21 .55 2.51 
August .08 12.85 .11 .45 2.20 
October .05 11.13 .10 .42 1.14 
December .09 17.99 .02 .54 1.45 
Standard Deviation .90 18.61 .35 .24 2.80 

TIME OF DAY - Significance <: .01 N.S. <.01 N.S. N.S. 
w 
I Noon .34 12.77 .13 .50 1. 78 U1 

Sunset .12 12.39 .14 .49 2.23 
Midnight .27 11.55 .10 .49 2.16 
Pre-Dawn .14 11 .31 .13 .49 1.66 
Standard Deviation .52 3.44 .10 0 1.39 

DEPTH - Significance N.S. < .01 < .01 <.01 N.S~ 

o meters .35 13.83 .16 .58 2.37 
25 (30) meters .22 11.40 • 13 .49 1.95 
50 meters .22 11.89 .12 .50 2.00 
75 PO} meters .17 11.49 • 11 .46 1.81 
100 (90) mete:rs .13 11.42 .10 .43 1.66 
Standard Deviation .38 14.54 .10 .24 1.19 

N.S. = Not Significant 



level. Total phosphorus was distributed relatively uniformly between the 
surface and 50 meters, and decreased to its lowest levels at 100 meters. 

The magnitudes of the standard deviations of the five chemical consti
tuents in the mixed layer indicated that, in general, the variability asso-
ciated with the bi-month1y sampling schedule (seasonality, roughly) was . 
greater than that due to time of sampling or depth. The variability due to 
depth of sample was generally smallest. 

Because of incomplete sampling in October 1978, only data from the last 
five cruises was used in the analysis of the data from the two subsurface 
layers. Data from the 200, 300, and 400 meter samples from the noon and mid
night hydrocasts were analyzed for the transition layer. The results of the 
statistical analyses for this layer are presented in Table 3-2. All five 
chemical species exhibited significant seasonal variations. Nitrate-nitrite 
was found in highest concentrations in December and was lowest in October. 
Total nitrogen was highest in December, lowest in June and October, and 
intermediate in April and August. Ortho-phosphate was found in highest con
centrations in April, and decreased through the course of the year to its 
lowest values in October and December. Total phosphorus was highest in June 
and lowest in April. Reactive silicate was highest in April and December 
and lowest in June and October. 

There was no signifiaant difference between the overall means of total 
phosphorus at noon or midnight. The other four nutrients did exhibit sig
nificant variations, nitrate-nitrite, ortho-phosphate and reactive silicate 
being higher at noon than midnight, and total nitrogen being higher at mid
night. All five nutrients showed the same pattern of sharply increasing 
concentration with depth. 

Data for the deep (600 to 1000 meter) layer were again taken from the 
noon and midnight hydrocasts of the last five HOTEC cruises. The results of 
the'statistical analyses for the deep layer are presented in Table 3-3. 
Seasonal variations were significant for nitrate-nitrite, total nitrogen, 
and total phosphorus. All three had their highest concentrations in 
December. Nitrate-nitrite was lower but relativ~ly uniform throughout the 
rest of the year, while total nitrogen was lowest in June and August, and 
total phosphorus was lowest in April and August. 

None of the five nutrients showed any significant differences between 
the noon and midnight means. Only reactive silicate showed a significant 
change in concentration with depth, increasing in concentration by 40% 
between 600 and 1000 meters. 

Data from all twelve of the noon and midnight hydrocasts for the last 
five cruises were utilized in the analyses for ammonium and urea. The results 
of these statistical analyses are presented in Table 3-4. Seasonal variations 
for ammonium were not significant. Urea was relatively uniform in April, 
August, and December, but more than twice that level in June, and only half 
that level in October. 
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Table 3-2. Means, standard deviations, and levels of significance for five nutrients 
in the transition layer (200-400 meters). 

Nitrate- Total Phosphate Total Reactive 
Nitrite Nitrogen Phosphorus Silicate 

SEASON - Significance < .01 < .01 < .01 < .01 < .01 

April 1979 15.27 27.15 1.32 1.20 19.37 
June 14.51 21.21 1.18 1.68 17.05 
August 15.61 27.43 1.25 1.42 18.31 
October 13.87 23.35 0.95 1.53 17.02 
December 16.76 31.82 0.98 1.59 19.40 
Standard Deviation 2.70 10.03 0.40 .46 2.88 

TIME OF DAY - Significance < .01 < .01 <.01 N.S. <.01 
w 
I 

....... Noon 15.65 24.35 1.19 1.47 18.72 
Midnight 14.76 28.03 1.08 1.50 17.74 
Standard Deviation 2.44 10.10 0.31 0.10 2.67 

DEPTU - Significance < .01 < .01 < .01 < .01 <.01 

200 meters 4.10 14.13 0.32 0.63 4.40 
300 meters 16.09 24.94 1.17 1.44 16.11 
400 meters 25.43 39.50 1.92 2.30 34.17 
Standard Deviation 33.80 40.25 2.53 2.76 47.40 

N.S. = Not Significant 
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Table 3-3. Means,standard deviations, and levels of significance for five nutrients 
in the deep layer (600-1000 meters) 

Nitrate- Total 
Nitrite Nitrogen 

SEASON - Significance .04 .01 

April 1979 35.88 50.63 
June 36.06 42.57 
August 36.10 42.29 
October 35.96 51.02 
December 40.62 53.87 
Standard Deviation 5.07 13.04 

TIME OF DAY - Significance N.S. N.S. 

Noon 37.62 47.50 
Midnight 36.23 48.63 
Standard Deviation 3.79 3.10 

DEPTH - Significance N.S. N.S. 

600 meters 36.75 47.69 
800 meters 36.83 49.29 
1000 meters 37.20 47.22 
Standard Deviation 0.76 3.43 

N.S. = Not Significant 
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Phosphate 
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N.S. 

2.97 
2.91 
2.91 
2.85 
2.89 
0.10 

N.S. 

2.96 
2.86 
0.26 

N.S. 

2.85 
2.94 
2.94 
0.17 

~ 
~ 

Total 
Phosphorus 

.01 

2.99 
3.63 
3.11 
3.62 
4.06 
1.07 

N.S. 

3.62 
3.34 
0.77 

N.S. 

3.28 
3.61 
3.54 
0.55 

A> 
e!lt3tl\ a:!;! 

Reactive 
Si 1 icate 

N.S. 

88.11 
77 .91 
75.65 
66.14 
81.95 
19.89 

N.S. 

80.64 
75.27 
14.71 

.01 

65.96 
75.48 
92.42 
42.37 
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Table 3-4. Means, standard deviations, and levels of 
significance for ammonium and urea over the 
0-1000 meter water column 

SEASON - Significance 

April 1979 
June 
August 
October 
December 
Standard Deviation 

TIME OF DAY - Significance 

Noon 
Midnight 
Standard Deviation 

DEPTH - Significance 

o meters 
25 meters 
50 meters 
75 meters 

100 meters 
150 meters 
200 meters 
300 meters 
400 meters 
600 meters 
800 meters 

1000 meters 
Standard Deviation 
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Ammonium 

N.S. 

0.12 
0.23 
0.17 
0.32 
0.30 
0.41 

N.S. 

0.25 
0.20 
0.28 

N.S. 

0.20 
0.10 
0.17 
0.15 
0.18 
0.09 
0.10 
0.45 
0.18 
0.40 
0.30 
0.41 
0.41 

Urea 

0.01 

0.44 
0.94 
0.46 
0.23 
0.47 
1.27 

N.S. 

0.48 
0.53 
0.30 

0.045 

1.12 
0.40 
0.77 
0.57 
0.55 
0.42 
0.33 
0.44 
0.32 
0.29 
0.42 
0.43 
0.74 



Neither ammonium or urea showed significant noon-midnight variations. 
The variation of ammonium with depth was not significant, and was just sig
nificant (p = 0.045) for urea, probably due to the high concentrations 
observed in the surface samples. 

3.1.4 Chlorophyll a 

Results of the chlorophyll a measurements for all cruises are given in 
tabular form as Appendix C and presented graphically in Figure 3-3 a-f. 
Mean values are plotted separately for the dawn and dusk hydrocasts to allow 
inspection for diurnal variability. For each datum, error bars represent 
the standard deviation about the means of triplicate subsamples. 

The vertical profiles show (1) a shallow, mixed region having relatively 
low chlorophyll levels which grade into (2) a region of the deep chlorophyll 
maximum below which (3) chlorophyll values decline. 

The data from all the cruises show chlorophyll a values which are fairly 
uniform with depth above 60m. Within this mixed surface region, values 
ranged from 0.03 mg.m- 3 (cruise #2, April 1979) to 0.18 mg.m- 3 (cruise #6, 
December 1979). Overall, the average mixed-layer chlorophyll a concentration 

11 -3 -was O. ± 0.06 mg·m • 

The presence of a deep chlorophyll maximum is a characteristic feature in 
all the profiles. The depth at which this maximum occurred ranged from 64 to 
94 meters and was generally situated at ca 85 meters. There was no consistent 
variation in the depth of the deep chlorophyll maximum between the dusk versus 
dawn hydrocasts. The chlorophyll levels encountered in this region showed 
considerable variability (0.17 - 0.62 mg.m- 3 ); the mean value encountered in 
this region was 0.31 mg.m- 3 • 

. Below the chlorophyll maximum, values were seen to show a sharp decline 
with depth to a region of fairly uniform low levels (0.01 - 0.05 mg.m- 3 ); the 
depth marking the upper boundary of this region ranged from 110-200m. 

In order to quantitatively deal with the topics of diurnal variation and 
seasonal variability, the chlorophyll data were numerically integrated over 
depth. This was done over the entire vertical range investigated, 

260 

Ct = J C(z)dz 
o 

and over the 60 meter range describing the surface mixed zone. 
60 

Cs = J C(z)dz 
o 

The results of these calculations, having units of mg.m-2 , are given in 
Table 3-5, and plotted in Figure 3-4 a-b. 
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Fig. 3-3, Vertical profiles of chlorophyll a concentrations (mg.m- 3 ) in the water column at the 
HOTEe site. The IIdawn" hydrocastsare represented by the dotted-line plots, and "dusk" 
hydrocasts by the solid-line plots. The horizontal bars indicate the standard devia
tions about the means of triplicate analyses. 
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Table 3-5. Depth-integrated values of phytoplankton parameters at the HOTEC site during the 
Benchmark Survey. Units of measurement are given in the left-hand column with 
the name of each parameter. Depth ranges for integrations are given in parentheses. 

Cruise 1 Cruise 2 Cruise 3 Cruise 4 Cruise 5 Cruise 6 
parameter Oct. 1978 April 1979 JWle 1979 Aug. 1979 Oct. 1979 Dec. 1979 

Chlorophyll!, mg. m-2 

(0-260 m) dawn 17.87 15.50 16.87 25.67 21.20 43.77 
dusk 16.93 13.77 27.60 22.13 28.20 45.13 
mean 17.40 14.64 22.24 23.90 24.70 44.45 

(0-60 m) dawn 4.13 1.93 3.20 7.20 3.73 10.30 
dusk 5.13 1.93 4.93 5.67 5.53 10.23 
mean 4.63 1.93 4.07 6.44 4.63 10.27 

Percent in layer dawn 23 12 19 28 18 24 
above 60 m dusk 30 14 18 26 20 23 

Phaeo-pigment, mg. m-2 

(0-260 m) dawn 21.20 4.87 10.47 12.67 22.47 4.47 
dusk 13.73 5.00 22.53 6.93 13.67 3.67 
mean 17.47 4.92 16.50 9.80 18.07 4.07 

ATP, mg.m- 2 

(0-260 m) dawn 1.42 0.56 2.25 3.29 5.46 4.07 
dusk 1.34 1.13 2.90 3.34 5.72 4.47 
mean 1.38 0.84 2.58 3.32 5.59 4.27 

Primary productivity, 
mg C. m-2• h- 1 (0-125 m) 18.70 3.12 10.01 2.86 17.32 0.72 

g C. m-2• day-1 (0-125 m) 0.224 0.037 0.120 0.034 0.208 0.009 
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Considerable variability was seen in the total standing stock of 
chlorophyll biomass (z = 0-260) in the six site visits. Integrated chloro
phyll values ranged from 13.77 - 45.13 mg.m-2 ; the average (± s.d.) integrated 
chlorophyll level was shown to be 24.55 ± 10.42 mg.m-2 • The lowest and 
highest values for integrated levels were found on the same cruises when the 
surface chlorophyll levels attained minimum and maximum values. No consistent 
seasonal trend is apparent in the integrated chlorophyll data (Figure 3-5a). 
No statistically significant (all p > 0.05) correlation was seen between the 
chlorophyll concentration at the maximum, and the integrated value taken over 
the entire water column, in these 12 sets of data. 

Integrated values for the surface-to-6Om layer (Cs ) also showed consider
able variation, ranging from 1.93 - 10.30 mg.m-2 (Table 3-5). On a relative 
basis, this range was greater than that observed for either the region of the 
deep chlorophyll maximum, or for the water column taken as a whole. The 
overall average value of integrated chlorophyll (Cs) in the surface layer was 
5.33 ± 2.77 mg.m-2 (Figure 3-5b). The chlorophyll biomass in this region 
constituted from 12-30% of the total for the water column as a whole. 

The data (Figures 3-3, 3-4; Table 3-5) show no evidence for a consistent 
diurnal variation of chlorophyll levels. Inspection of the integrated values 
(Table 3-5, Figure 3-4a) shows that levels from the dusk hydrocasts exceeded 
those from dawn hydrocasts on three of the six comparisons. The absolute 
differences between the dawn-dusk casts ranged from 0.94 - 10.72 mg·m-2 ; these 
variations ranged from 3-48% of the means of the two casts. The mean (± s.d.) 
dawn-dusk difference in total chlorophyll was -2.15 ± 5.56 mg.m-2 and is not 
significant (t-test p > 0.10). It is noted that since these data come from 
single hydrocasts each time, it is not possible to isolate sampling varia
bility from the diurnal variability implied by the timing of the hydrocasts. 

3.1.5 Phaeo-pigment 

. Results of the phaeo-pigment measurements for all cruises are given in 
tabular form as Appendix C, and presented graphically in Figure 3-5 a-f. 
Mean values are plotted separately for· the dawn and dusk hydrocasts to allow 
for inspection for diurnal variability. For each datum-point, error bars 
represent the standard deviation about the means of triplicate subsamples. 

The vertical distributions of phaeo-pigments are similar in character to 
those for chlorophyll, and show (1) a shallow mixed layer having relatively 
low values, (2) a subsurface region having maximum levels, (3) below which 
phaeo-pigment levels decline. 

In mixed layer (ca 0-6Om), phaeo-pigment concentrations ranged from un
detectable levels to 0.09 mg.m- 3 and showed an average (± s.d.) value of 0.04 
± 0.07 mg.m- 3 • 

The depth of the maximum phaeo-pigment concentration ranged from 76-111 
meters, and was generally found at 94 ± 11 meters. Phaeo-pigment values en
countered in this region varied from 0.05 - 0.45 mg.m- 3 ; the mean (± s.d.) 
phaeo-pigment value at the maximum was 0.15 ± 0.11 mg.m- 3 • 
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Below the zone of the maximum, levels showed a sharp decline, parallel
ing the distributions seen for chlorophyll. Below approximately 160m, phaeo
pigment levels were usually < 0.05 mg.m-3 • 

Vertical profiles of phaeo-pigment (P) were also numerically integrated 
over depth, 

Pt = J P(z)dz 

a 

in order to quantitatively address seasonal and diurnal variation. The 
results of the calculations, having units of mg.m-2 , are given in Table 3-5. 
Integrated phaeo-pigment values ranged from 33.67 - 22.53 mg·m-2 over the 
12 hydrocasts and had a mean (± s.d.) value of 11.81 ± 7.17 mg·m-2 • 

There is no evidence of a consistent trend of diurnal variation in the 
phaeo-pigment data (Figure 3-5, Table 3-5). Integrated values from the dawn 
cruises exceeded those of the dusk cruises in 4 of 6 comparisons. The 
difference between the dawn versus dusk Pt values ranged from 0.13 - 12.06 
mg.m-2 ; expressed as percent of the mean, the dawn-dusk differences ranged 
from 3-73%. The depth of the phaeo-pigment maximum was also similar between 
the six dawn (92 ± 11m) and the dusk (97 ± 12m) hydrocasts. Overall the 
average (± s.d.) dawn-dusk differences in Pt were 1.77 ± 7.66 mg.m-2 • 

The depth of the phaeo-pigment maximum was found to be at or below the 
depth at which the chlorophyll maximum was found. In the twelve comparisons, 
the phaeo-pigment maximum occurred deeper than the chlorophyll maximum in 
six instances; the two maxima were found at the same depth in six instances; 
there were no cases in which the phaeo-pigment maximum was found above the 
chlorophyll maximum. Comparison of the ratios of the integrated phaeo
pigment and chlorophyll values, Pt/Ct, gave values which ranged from 0.08 -
1.19 and showed that, on the average, total phaeo-pigment levels were ca 
55 ± 36% of total chlorophyll levels in these waters. 

3.1.6 Phaeo-pigment:Chlorophyl1 a Ratios 

The ratios of the P(z) {Figure 3-5 a-f} and C(z} (Figure 3-3 a-f) 
values are presented in Figure 3-6 a-f. Vertical distributions of these 
data are less similar from cast to cast than the distributions of either of 
the determinants of the ratio taken alone. The irregularity among casts is 
most pronounced in the region below which the subsurface maxima of P(z} and 
C(z) occurred. Generally the p(z}:C(z) plots reveal that in the surface 
waters the ratios are generally low; values show a general tendency to be 
higher at depths greater than ca 60m. There was not an appearance of 
pronounced subsurface peaks oflP(z):C(z} as was apparent for both the P(z} 
and C(z) distributions. Overall most (87%) of the 144 P(z):C(z} comparisons 
gave ratios which were < 1; the average P(z):C(z) ratio (± s.d.) observed in 
the surface waters for the twelve hydrocasts was 0.28 ± 0.25. 
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3.1.7 ATP Concentrations 

The means (± s.d.) of the triplicate ATP determinations are tabulated 
in Appendix C. and presented graphically in Figure 3~7 a-f. Vertical dis
tributions of ATP concentrations are characterized by high and variable values 
in the mixed layer. followed by declining concentrations below 100m. The 
subsurface concentration maximum usually seen in pigment profiles is, in 
general. not apparent with ATP. High variability in mixed-layer concentra
tions, which cannot be entirely accounted for by analytical variation, 
creates an appearance of one or more minor subsurface maxima in some ATP 
profiles. Such peaks are not generally found at the same depth as the pigment 
maxima, however. 

ATP concentrations in the upper 100m ranged from 2.37 ~g.m-3 to 52.75 
~g.m-3, with a mean of 20.60 ~g.m-3 (s.d. = 11.82 ~g·m-3, n = 91).· Below 
100m, the overall mean was 7.30 ~g.m-3{s.d. = 5.23, n = 51). 

Inspection of the depth-integrated (a-260m) ATP concentrations, 
expressed as mg.m-2 , shows that the differences between dawn and dusk hydro
casts was quite small, compared with cruise-to-cruise differences expressing 
annual variation. The means from the six cruises ranged from 0.56 to 5.72 
mg ATP.m-2 , with a mean of 3.00 and s.d. equal to ).78 mg·m-2 (n = 6). This 
tenfold range in integrated values over the year of the survey is rather more 
than the three-to-fivefold ranges exhibited by the plant pigment estimates. 

3.1.8 Primary Productivity Rates 

Results of the primary productivity determinations are given in tabular 
form in Appendix C, and presented graphically in Figure 3-8 a-f. The vertical 
distributions of primary production show great variation among the six site 
visits; this variation is apparent in the general shape of the distributions, 
the· maximum depth at which production was measurable, and the values of the 
integrated production rates (Table 3-5). The distributions {Figure 3-8 a-f} 
do not show the presence of either photoinhibition near the surface or 
distinct subsurface maxima; rather the profiles are fairly uniform at depths 
above which truncation occurs. There was no clear correlation between the 
standing stocks (measured as either chlorophyll a or ATP) and the primary 
productivity rates observed on the six site visits. 

Numerically integrated primary productivity rate estimates, having units 
of mg carbon,m-2 .h-1 , ranged from 0.72 - 18.70 mg carbon.m-2 .h- 1 and showed a 
mean (± s.d.) rate of 8.79 ± 7.81 mg carbon·m-2 .h-1 • These data showed a 
26-fold variation in integrated production, with values of 18.70, 3.12, 10.01, 
2.86, 17.32 and 0.72 mg carbon.m-2 .h- 1 , over the six site visits. The 
considerable variability seen in the primary production data is noteworthy. 
On three occasions (cruises #2, #4, and #6) the primary productivity in the 
water column was found to be so low as to stress the detection limits of the 
method. 

The integrated primary productivity data {in units of mg carbon·m-2 .h- 1 } 

can be converted to daily rate estimates by multiplication by 12 (assuming 12 
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hours of light per day). Expressed in terms of daily productivity, the data 
from cruises #1 through #6 give values of 0.224, 0.037, 0.120, 0.034, 0.208, 
0.009 g carbon-m-2 .day-l, respectively. Using these values, we see that the 
average (± s.d.) daily primary productivit~ throughout the water column in 
question becomes 0.105 ± 0.094 g carbon·m- .day-I. Conversion of these 
values to yearly production values (multiplication by 365) ~ives an average 
annual primary productivity rate of 38.4 ± 34.3 g carbon·m- .year- I , and an 
estimate of the annual range based on the six cruises of 4.2 - 72.6 g 
carbon.m-2 .year- l • These data, i.e., the annual average primary production, 
the applicable range estimate, and the indication of considerable natural 
variability, represent important synoptic information describing phytoplankton 
dynamics at the subject site. 

3.1.9 Light 

Vertical profiles of scalar (nondirectiona1) irradiance were taken six 
times during each of the carbon-fixation experiments on cruises #4 and #5. 
Measurements were made with a profiling quantum scalar irradiance meter 
(Biospherica1 Instruments, Inc.) in units of quanta.cm-2 .s- l • The instrument 
is designed to be sensitive to photosynthetically-active radiation (PAR) in 
the wavelengths 400-700nm. 

Extinction coefficients were calculated from each profile, as the slope 
of the regression of log (I z) on depth, where Iz is the measured irradiance 
at each depth. The coefficients were quite uniform during the day on the 
HOTEC-4 cruise, having a mean value C± s.d.) of -0.033 ± 0.005 m- I • They were 
lower and slightly more variable on the HOTEC-5 cruise: -0.027 ± 0.008 m- I • 
These coefficients are typical of open-ocean waters of high clarity. 

3.1.10 Zooplankton 

Summaries of the net tow data (time of tow, depth and volume filtered, 
etc.) for HOTEC'cruises 1 through 6 are presented in Appendix Tables 0-1 
through 0-6, respectively. Biomass data are presented in Appendix Tables 0-7 
through 0-10. The biomass data for the first three cruises, since they are 
from single samples which covered different depth intervals and were taken 
with two different nets, can give no more than rough estimates of biomass for 
those periods. They cannot be used in any analysis of variance computations 
which require balanced experimental design. 

The biomass data from HOTEC 4 can be used to compare the estimates of 
zooplankton biomass in the upper 25 meters which are derived from two 
different sampling regimes: horizontal tows at 25 meters, or' oblique tows 
covering 0-25 meters. A three-way analysis of variance with replication can 
be calculated, with the three variables being time of day (day vs night), 
depth (horizontal vs oblique), and size fraction (macro vs meso). The results 
of such an analysis of variance are presented in Table 3-6, along with the 
mean values for each of the three main variables and the time-depth inter
action term. Note that whereas the overall differences between day and night 
and between horizontal and oblique samples are not significant, the interac
tion term between these two variables is highly significant. The mean 
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values for the four interaction terms show that during the day the biomass 
estimate from the horizontal tow is much larger than that from the oblique 
tow, whereas at night the estimate from the oblique tow is larger. The 
overall difference between the size fractions is significant, with the meso 
fraction making up about 38% and the macro fraction making up about 62% of 
the total dry weight biomass. As indicated by the non-significant inter
action terms (time vs size, depth vs size, and time vs depth vs size), this 
difference was not affected by the time of sampling or the depth of sample. 

Table 3-6. Results of three-way analysis of variance 
with replication for the data for zooplankton 
biomass in the upper 25 meters during HOTEC-4 

MEAN STANDARD SIGNIFICANCE 
(mg/m3 ) DEVIATION LEVEL 

TIME 
Day 2.84 
Night 3.23 0.79 0.30 

DEPTH 
Horizontal 3.04 
Oblique 3.03 0.01 0.50 

SIZE 
Macro 3.78 
Meso 2.29 2.97 0.01 

INTERACTION 
Day-Horizontal 3.60 
Day-Oblique 2.08 
Night-Horizontal 2.48 3.03 0.01 
Night-Oblique 3.98 

OVERALL 3.04 1.28 

Sampl ing 0.72 (24% of Overall Mean) 
Vari abi 1 ity 

While an analysis of variance computation covering the whole year 
cannot be performed on the biomass data due to differences in sampling 
procedures, computations covering the 0-25 and 25-200 meter intervals for 
the last two cruises can be done. As well as testing for significant 
differences between bi-monthly abundance estimates, the analysis of variance 
computation provides an estimate of sampling variability from the paired 
samples. The results of the analysis of variance for the dry weight of 
plankton during HOTEC 5 and 6 are presented in Table 3-7. The differences in 
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zooplankton biomass between the two cruises, between the three depth 
intervals, and between day and night were all significant. The biomass 
increased by 60% between October and December 1979. Overall biomass levels 
were 50% higher in the upper 200 meters at night, the result of diel vertical 
migrations of zooplankton from below 200 meters. The sampling variability, 
expressed as a fraction of the overall mean biomass, was about 22%. 

Table 3-7. Results of three-way analysis of variance 
with replication for the zooplankton biomass 
data from HOTEC 5 and 6 

CRUISE 
HOTEC 5 
HOTEC 6 

DEPTH 
0-25m 
25-200m 

TIME 
Day 
Night 

OVERALL 

Sampling 
Variabil ity 

MEAN 
(mg/m3 ) 

3.07 
5.13 

5.11 
3.09 

3.27 
4.93 

4.10 

STANDARD 
DEVIATION 

4.12 

4.03 

3.32 

2.08 

SIGNIFICANCE 
LEVEL 

0.01 

0.01 

0.01 

0.90 (22% of Overall Mean) 

The statistical analysis of the 25 meter horizontal and 0-25 meter 
oblique tows suggests that a reasonable estimate of the biomass in the upper 
25 meters may be obtained from the average value of the day and night biomass 
estimates from either the 25 meter horizontal or the 0-25 meter oblique tows. 
Such biomass estimates for the six HOTEC cruises are presented below. 

Dry Weight 
(mg/m 3 ) 

HOTEC-l HOTEC-2 HOTEC-3 HOTEC-4 HOTEC-5 HOTEC-6 

2.58 3.56 2.33 4.15 3.61 6.60 

Biomass levels for the 0-200 meter depth interval can be calculated directly 
from the sample biomass measurements for the last four HOTEC cruises. A rough 
estimate of the biomass in the upper 200 meters for HOTEC 1 and 2 can be 
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derived from the assumption (taken from the analysis of variance for HOTEC 5 
and 6 above) that the biomass in the 25-200 meter interval is 60% of the 
value in the 0-25 meter layer. Biomass estimates for the 0-200 meter layer 
thus derived are presented below. 

Dry Wei~ht 
(mg/m3 ) 

HOTEC-1 

1.68 

HOTEC-2 HOTEC-3 HOTEC-4 HOTEC-5 HOTEC-6 

2.31 5.19 3.45 3.28 4.02 

Biomass levels in the upper 25 meters were highest in December and lowest in 
October 1978 and June 1979. Levels in the upper 200 meters were highest in 
June and lowest in October 1978. 

Numerical abundances of zooplankton are presented in Appendix Tables 0-11 
to 0-20. For the first three HOTEC cruises, cope pods were identified, as much 
as possible, to species, and the other organisms at least to family. These 
data are presented in Appendix Tables 0-11 through 0-13, respectively. For 
HOTEC 4 through 6 more samples were taken and identifications were limited to 
more broad taxonomic categories, i.e., ca1anoid copepod, etc. Data from the 
first three cruises were combined to conform to the general categories used 
for the last three cruises. These data for all six HOTEC cruises are present
ed in Appendix Tables 0-14 through 0-19. 

In general, the ca1anoid copepods were the numerically most abundant 
taxonomic group of zooplankton. In most cases the group of small ca1anoid 
copepods here termed "microcalanoids" was the single most abundant group, 
although in some cases the abundances of the cyc10poid copepods, mainly 
Corycaeus and Oncaea, were as or more numerous. 

Large changes in numerical abundance occurred between day and night 
samples, reflecting the changes in diel vertical distribution which most 
plankton exhibit. The general pattern of change in abundance which was 
observed was an increase for most groups in the 0-25 meter depth interval and 
a decrease in abundance in the 25-200 meter interval during the night. Since 
no night samples were taken below 25 meters during the first three cruises, 
and night samples were taken only in the upper 200 meters during the fourth 
cruise, the data describing the changes in vertical distribution for the 
whole water column are necessarily sparse. It appears from the data 
generated during HOTEC 5 and 6 that the patterns of die1 changes in abundance 
in the 200-600 meter depth interval may be quite variable. During HOTEC 5 
the numerical abundances of most of the taxa in the 200-600 meter interval 
decreased at night. However, numerical abundances increased in this layer at 
night during HOTEC 6. 

Estimates of sampling variability were generated from the paired sample 
data from HOTEC 4, 5, and 6. For each pair of samples, the mean difference 
and standard deviation of the differences were calculated, and Student's 
t-va1ue calculated. Calculations were made on both the untransformed data and 
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after a x' = log (x+l) transformation. The mean difference ± the standard 
deviation for the untransformed data was 1.19 ± 1.40. The mean difference 
for the log-transformed data times/divided by the standard deviation (the 
standard deviation being multiplicative instead of additive is a result of 
the log transformation) was 1.20 times/divided by 1.20. For the sixteen 
sets of paired samples, the t-va1ues for the differences between pairs were 
significant for only one data set (HOTEC 5, 200-600 meters, night). 

The results of the identification of fish larvae in the samples from 
HOTEC 3 are presented in Appendix Table 0-20. The majority of the fish 
larvae were members of the family Myctophidae, which are not of direct 
economic significance but which may be a major dietary item of some of the 
sport fish found in the HOTEC region. Numbers taken were relatively low. 

3.1.11 XBT Data 

The XBT data for all six HOTEC cruises have been both digitized at 1°C 
isotherm intervals and graphical overlays plotted as shown in Appendix E. 
For OTEC resource evaluation purposes Figure 3-9 describes the monthly 
temperature-depth distribution at the Keaho1e Point benchmark site obtained 
from the average of the XBT data shown in Appendix E. 

3.1.12 Meteorological Data 

Appendix F tabulates the meteorological observations for all 6 HOTEC 
cruises. 

~ 
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4.1 DISCUSSION 

4.1.1 Salinity and Dissolved Oxygen 

The vertical variations in salinity denote different water masses 
encountered through the water column. The vertical sequence protrayed is: 
subtropical surface water (0-70m mixed layer), North Pacific central water 
(salinity maximum centered at 100-125m), North Pacific intermediate water 
(salinity minimum centered at 350m), and Pacific deep water (showing 
slightly higher salinity values in deeper samples). Within the surface mixed 
layer, salinity showed clear temporal variability, where values ranged from 
34.227 to 34.774 0/00 during the cruises in April 1979 and December 1979, 
respectively. This variation may reflect the combined effects of local 
weather (e.g., rainfall and solar irradiance levels), influencing the dilution 
and evaporation of local seawaters. The salinity variation seen in deeper 
regions was much less distinct from cruise to cruise, and is probably not due 
in any appreciable degree to local events. 

The salinity profiles that have been taken off Keaho1e Point by other 
researchers (Gundersen and Palmer, 1972; Bathen, 1975; U.S. DOE, 1979) are 
consistent with the vertical structure to be expected from the influences of 
the Pacific water masses in the area (see, for example, Sverdrup et a1., 
1942), and with observed profiles in other nearby waters (Gundersen et a1., 
1972; Gundersen and Mountain, 1973; Gundersen et a1., 1976). 

Dissolved oxygen concentrations in the water column in the Keaho1e area 
(Bathen, 1975; U.S. DOE, 1979) have shown near-saturation levels of about 5 
m1/~ in surface waters, some uniformity in the mixed layer of 50-100m depth, 
followed by decreasing concentrations to levels of about 1 m1/~ at BOOm. 
This is a typical pattern for this part of the Pacific; similar observations 
have been made off Oahu by Gordon (1970) and by Gundersen et a1. (1976). 

The present-study shows that the vertical distributions of dissolved 
oxygen portray a 90m mixed region having high levels overlying a layer 
(100-450m) exhibiting rather constant declines in dissolved oxygen with 
depth, below which low and uniform levels prevail. Oxygen is not a conserva
tive property in seawater; rather the levels of dissolved oxygen are markedly 
affected by biological activity. For the upper mixed layer, levels ranged 
from 4.B - 6.3 ml 02·~-1, showed little clear cruise-to-cruise variation and 
represent values which are at or above saturation levels for the prevailing 
temperature and salinity conditions. High values in the surface waters re
flect the combined inputs from photosynthetic activity and contact with the 
atmosphere. The region of declining oxygen concentrations occurs below the 
area of extensive mixing with surface waters, and lies below the region to 
which sufficient light penetration permits photosynthesis. Oxygen utilization 
in these and deeper waters occurs via the respiration of all biologically 
active communities. 
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4.1.2 Nutrients 

Two of the seven nutrients sampled during the six HOTEC cruises did not 
exhibit any structure in their vertical distributions. The concentration of 
ammonium did not change significantly with depth, although the data do 
suggest that there was an increase in concentration below 300 meters. The 
level of sampling effort (no replicates) and large relative standard devia
tions make the confidence limits for the concentration with depth so wide 
that slight differences, if present, cannot be detected. The vertical 
distribution of urea, although just barely significant (p = 0.045) and quite 
variable, showed no real structure with depth. The significance of concen
tration with depth is most likely due to the high levels of urea found in 
the surface samples. 

The other five nutrients exhibited a three-layered depth distribution: 
low and variable concentrations in the mixed layer (0 to 100 meters); 
sharply increasing concentrations with depth in the transition layer (200 to 
400 meters); and high, relatively uniform concentrations below 400 meters. 
Within the mixed layer, nitrate and silicate were uniformly distributed with 
depth, while total nitrogen, ortho-phosphate, and total phosphorus exhibited 
distributions in which the concentrations were highest at the surface and 
decreased with depth. Although the depth distributions of nitrate and sili
cate were not statistically significant, the data suggest that they, too, had 
a decrease in concentration with depth. Again, lack of replicate samples and 
high variability result in wide confidence limits. 

Within the mixed layer, the biological processes of nutrient uptake by 
phytoplankton and excretion by zooplankton and the phYSical process of 
vertical mixing are the factors which control the concentrations of the 
dissolved nutrients. The biological processes occur at a more rapid rate than 
vertical mixing in the surface waters. Small scale differences (both in space 
and,time) are therefore most likely a reflection of recent biological acti
vity. The patterns of vertical distribution and variations over the course of 
a day which have been observed appear to be independent (the interaction term 
for these two variables in the analysis of variance calculations were not 
significant for any of the dissolved nutrients in the mixed layer). In 
general the dissolved nutrient concentrations tended to decrease with depth. 
This suggests that the balance between uptake and excretion is tipped in 
favor of uptake in the deeper part of the mixed layer, and that excretion 
exceeds uptake in the shallow part of the layer. Data from the phytoplankton 
portion of the HOTEC program indicate that the levels of chlorophyll and 
productivity are higher in the lower portion of the mixed layer, which would 
support the hypothesis of increased uptake. 

Only nitrate and phosphate concentrations showed significant variations " 
over the course of the day. The input of nitrate to the mixed layer is 
probably mostly through vertical mixing from below, which would tend to be a 
relatively constant process. Uptake by phytoplankton would be the main pro
cess by which nitrate was removed from the water. It has been shown that 
nitrate uptake by some marine phytoplankton occurs for the most part only 
during the day, and is reduced to near zero at night (Caperon and Ziemann, 
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1976). One would expect to observe, therefore, lowest concentrations of 
nitrate at sunset and highest concentrations just before dawn or in the early 
morning. In fact, the highest concentrations of nitrate were observed at 
noon and the lowest concentrations at sunset, indicating uptake that exceeds 
input due to mixing. Also as expected, nitrate levels rose after sunset, 
as uptake shut off. However, nitrate levels were observed to fall between 
midnight and 0400 hours. The reason for the decrease at this time is not 
clear. 

The daily distribution of phosphate was relatively constant, with 
slightly lower concentrations only at midnight. This would suggest that 
phytoplankton uptake of phosphate and zooplankton excretion and vertical 
mixing are in relative balance. 

The concentrations of total nitrogen and total phosphorus did not 
change over the course of the day. The majority of these fractions are made 
up of particulate material, mainly phytoplankton. Changes in particulate 
nitrogen and phosphorus would be due mainly to growth of phytoplankton and 
grazing on phytoplankton by zooplankton. While the data for total phosphorus 
are so uniform as to show no pattern, the data for total nitrogen, assuming 
a large part of this is in the particulate form, suggests increased losses 
due to increased grazing at night. This increased grazing would most likely 
be the result of vertically migrating zooplankton adding to the grazing 
pressure. 

Seasonal changes in concentration were significant for all the nutrients 
in the mixed layer. The patterns of seasonal change appeared to be unrelated, 
however. Correlation coefficients for all combinations of nutrients by 
season were not significant. 

Within the transition zone (here taken as being between 200 and 400 
meters) all five nutrients showed sharp increases in concentration with depth. 
The major processes controlling concentrations in this layer are probably 
vertical diffusion for the dissolved nutrients and sinking of particulate 
material from above for total nitrogen and total phosphorus. Seasonal changes 
in concentration were significantly correlated between nitrate and total 
nitrogen. The concentration of total nitrogen in this layer was also 
significantly correlated with the concentration of total nitrogen in the mixed 
layer, suggesting that the sinking of particulate material from the productive 
mixed layer is the source of some of the total nitrogen found in the transi
tion zone. The concentrations of total nitrogen and reactive silicate were 
also correlated by season. This, along with the evidence of sinking presented 
above, suggests that some of the reactive silicate found in the transition 
zone is the result of the dissolution of the siliceous shells of diatoms 
sinking through the water column. 

In the deep layer, only the seasonal concentrations of ortho-phosphate 
and silicate were significantly correlated. These two nutrients were the only 
ones which did not show significance in their overall seasonal concentrations. 
Apparently the slight variations in concentration with season for these two 
nutrients were in the same direction. 
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There were no observed significant changes in concentration with time 
of day for any of the nutrients in the deep layer. Since the layer is well 
below the surface layer where most of the biological activity, which 
generally exhibits changes on a daily cycle, takes place, the processes 
which cause changes in concentration occur on a longer time scale. 

Only silicate showed any evidence of significant changes inconcentra
tion with depth in the deep layer. The increase in reactive silicate with 
depth is generally attributed to the increased dissolution of siliceous diatom 
shells du~ increasing pressure (Riley and Skirrow, 1965). 

4.1.3 Phytoplankton 

The distributions of phytoplankton biomass, expressed as chlorophyll a. 
show a vertical structure which is similar for all site visits, i.e., a -
surface mixed layer of relatively low chlorophyll concentrations lying above 
a subsurface chlorophyll maximum, below which values show marked decline to 
negligible levels. This is a fairly typical feature of oceanic water 
columns and has been reported in many regions of the world's oceans 
(Lorenzen, 1967; Saijo et al., 1969; Hobson and Lorenzen, 1972; Venrick et 
a1., 1973; Jeffrey, 1976; Bienfang and Gundersen, 1977). Several explanations 
have been offered for the presence of the deep chlorophyll maximum. Phyto
plankton sinking rate deceleration has been suggested as an important factor 
maintaining this distribution at the base of the mixed layer (Menzel and 
Ryther, 1959; Steele and Yentsch, 1960; Steele, 1961; Anderson, 1972; Goering 
et al., 1970; Venrick et a1., 1973; Jamart et al., 1977). The maximum has 
also been suggested to result from an increase in the cellular content of 
chlorophyll via adaptation to the reduced light levels prevailing in the area 
(Steele, 1964; Eppley et al., 1973; Kiefer et al., 1976; Jeffrey and Vesk, 
1977). 

Despite the similarity in the shapes of the vertical chlorophyll dis
tributions among the six cruises, considerable variation was seen in absolute 
values of chlorophyll observed. Levels in the surface mixed layer ranged 
from 0.03 - 0.18 mg.m- 3 • The depth of the subsurface chlorophyll maximum 
ranged from 64-94m, and showed levels which ranged from 0.17 - 0.62 mg.m- 3 • 
The temporal variability in phytoplankton stocks is also shown by comparison 
of the integrated levels. Within the mixed layer (z = 0-60), integrated 
chlorophyll ranged from 1.93 - 10.30 m~.m-2, and for the entire upper 260m, 
values ranged from 13.77 - 45.13 mg.m-. The variability in the standing 
stock of phytoplankton seen in the six site visits was not clearly corre1at
able with variations in any of the other parameters (e.g., nutrients, primary 
productivity) measured in the study. One might expect that periodic nutrient 
inputs to the waters could account for the temporal variations in phyto
plankton biomass; unfortunately, the turnover time of nutrients in such 
nutrient-impoverished systems is so rapid that it precludes measurement. 

Other researchers have found that concentrations of chlorophyll in the 
waters near the HOTEC site are, in general, typical of other subtropical 
areas, which showed low surface concentrations (0 to 0.10 mg/m3 ) increasing to 
a maximum of about 0.3 mg/m 3 at depths ranging from 50 to over 100m (Beers and 
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Stewart, 1971; Gilmartin and Revelante, 1974; Gundersen et al., 1976; 
Bienfang, 1977; Bienfang and Gundersen, 1977; U.S. DOE, 1979). There appears 
to be a wide range of variation among the results of these studies, both in 
the surface concentrations and in the concentrations at the deep maximum. 

~ 

60 The fraction of the total chlorophyll, f C(z)dz, found in the mixed layer 
f C(z)dz, was fairly constant over the six 0 cruises in spite of the varia
o tions in overall levels observed. The percent of phytoplankton chlorophyll 
present in the upper 60 meters ranged from 12-30% and showed an average of 
21.3 ± 5.4%. 

There is little reported information on phaeo-pigment concentrations at 
the site or in the general area, which is not surprising in view of Shuman's 
(1975) observation that phaeo-pigment determinations are usually done to 
correct chlorophyll measurements for possible contamination. Bienfang (1977) 
found that a phaeo-pigment profile at Keahole followed the shape of the 
chlorophyll profile, with the concentrations generally about 1/3 to 1/2 the 
chlorophyll levels. In the region of the pigment maximum, however, the phaeo
pigment concentrations increased to 0.8 to 0.9 times the chlorophyll levels. 
These observations are similar to those of Gundersen (1977) off Oahu. 

The present study shows that the distribution of phaeo-pigments displays 
a vertical structure similar to that of chlorophyll, showing low surface lev
els, a subsurface maximum, and declining levels in deeper waters. The shape 
of vertical profiles showed similarity for all six cruises, and appears to be 
a typical feature of the water column. The general similarity in the dis
tribution of phaeo-pigments and chlorophyll a arises in part from the fact 
that the former are derived from the latter.- Phaeo-pigments are degraded· 
forms of chlorophyll, produced in large part by the grazing activity of 
herbivores. The measured concentrations of phaeo-pigments at any time are 
also, however, affected by prevailing light levels and to some degree chemical 
degradation to forms which are not measured by this method. 

Phaeo-pigment levels showed considerable variation over the six cruises. 
Within the mixed layer, values ranged from undetectable levels to 0.09 mg.m- 3 , 
which subsurface maximum values ranged from 0.05 - 0.45 mg.m- 3 , integrated 
phaeo-pigment 1evels1°p(z)dz ranged from 3.67 - 22.53 mg.m-2 over the 12 
hydrocasts. 0 

. In spite of the fact that phaeo-pigments originate from chlorophyll, 
there was not a strong correlation between the depth-integrated values of the 
two pigment types in the six sets of comparisons. This may be due to 
coincident variations in the light fields and/or the grazing pressure exerted 
upon the phytoplankton stocks over some time prior to the measurement. 

The depth of the phaeo-pigment maximum was, in all 12 inspections, at or 
below the depth of the chlorophyll maximum. This may be due in part to the 
fact that phaeo-pigments are light-labile and the higher light intensities in 
the surface waters causedphoto~xidation to unmeasurable byproducts. Higher 
phaeo-pigment concentrations at depths below the chlorophyll maximum may also 
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reflect phaeo-pigment production in a region where low light levels inhibit 
both phaeo-pigment degradation and chlorophyll production. 

Evaluation of depth- and hydrocast-specific P(z):C(z) ratios shows that 
in the surface mixed layer, ratios are characteristically low (x ± s.d. = 
0.28 ± 0.25), and, overall depths, nearly 90% of the ratios were < 1.00. 
Comparison of these parameters over the 260m water column inspected in the 
shallow hydrocasts may also be done by the ratio of the integrated values, 
Pt/Ct. Over the six cruises, Pt/Ct ratios ranged from 0.08 - 1.19 and showed 
that the average phaeo-pigment concentrations in the water column were 55 ± 
36% of the chlorophyll levels. 

The vertical profiles of ATP concentration show a general pattern of de
creasing values with depth. Levels were high and variable in the surface (0-
100m) waters and ranged from 2:37 - 52.72 ng~1-1 (= ~g.m-3). There is no 
indication of a subsurface maximum in the ATP levels as is apparent for the 
chlorophyll a and phaeo-pigment concentrations. ATP is a biomass indicator 
that is found in all living tissue; thus biomass due to bacteria, phytoplank
ton ciliates, and microzooplankton « 202~m) might be represented in these 
values. Depth-integrated ATP values showed variations of 0.56 - 5.72 mg·m-2 

over the 12 hydrocasts. The average (± s.d.) of the depth-integrated ATP 
values for the six cruises was 3.00 ± 1.78 mg.m-2 • 

Rates of carbon fixation by photosynthetic microorganisms have been 
measured off Keaho1e by Bienfang (1977} and off Oahu by Gundersen et a1. 
(1976), and Gundersen (1977). The profile done by Bienfang at Keahole may, 
however, be atypical because it was done on a dark day of cloud cover and 
volcanic debris in the air. Near-surface fixation rates were about 0.03 mg 
C.m- 3·h- 1 , and had declined to about 0.002 at 110m depth. It was noted that 
the profile of P/B ratios decreased exponentially, as is common for profiles 
of light transmittance. This is taken as evidence of light-limitation of 
pho.tosynthesis on that day. Eppley et a1. (1973) presented a profile of P/B 
ratios from Central Pacific waters, which has surface values very similar to 
Bienfang's, but with a rather different profile shape, since light was not 
limiting in the upper regions of the photic zone during their experiments. 
The profiles near Oahu (Gundersen et al., 1976; Gundersen, 1977; Bienfang and 
Gundersen, 1977) are probably more representative of the Keaho1e area than 
Bienfang's (1977), but it should be noted that wide ranges of variation may 
be expected for carbon fixation rates, as for chlorophyll concentrations. 
The profiles show some uniformity of rates (O - 0.2 mg C·m- 3·h-1 ) in the 
upper mixed layer, a subsurface maximum between 50 and 90m (- 0.05 - 0.60 mg 
carbon.m- 3·h- 1), and sharply declining rates with depth to very low levels 
below 110m. Similar profiles were constructed by Gilmartin and Revelante 
(1974) at sev~ral offshore stations in the islands, using deck incubation with 
simulated subsurface light levels. 

Distributions of primary productivity taken on the six cruises describe a 
photic zone which extends to ca 125m in most cases. Primary productivity 
rates, although highest in the-shallower samples, generally showed a sur
prising degree of uniformity throughout much of the photic zone. An outstand
ing feature of these data is the amount of variation among the six cruises. 
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This variation was not directly correlatable with the size of the phytoplank
ton population (in chlorophyll a levels) responsible for the carbon fixation 
activity. Neither is the variation accounted for by light levels (indexed 
by % cloud cover) prevailing during the incubations. A plausible explanation 
for the variations in primary productivity observed is variation in nutrient 
inputs at some time prior to the measurements; this may be the case even in 
the face of the absence of observable changes in the levels of ambient 
nutrients. The turnover time of regenerated nutrients in oligotrophic 
environments is very rapid, and so the small nutrient inputs most frequently 
escape detection. In addition to contributing nutrients to the ambient pools, 
the process of grazing also transforms chlorophyll to phaeo-pigments. 
Inspection of the data from the six cruises revealed a correspondence between 
the levels of phaeo-pigment measured and the rates of primary productivity 
observed. Correlation covariance analysis was performed between the average 
depth-integrated phaeo-pigment values and the depth-integrated primary pro
ductivity values; this analysis gave a correlation coefficient r = 0.92 which 
connotes statistical significance at the p < 0.01 level (d.f. = 4). The same 
test between the depth-integrated chlorophyll and the inte9rated primary 
production did not show statistical significance (p > 0.05). The implication 
from these findings is that the input rate of regenerated nutrients, indexed 
by the presence of the degradation products of grazing, has a strong effect 
on the rates of primary production in these waters. 

The six inspections of total primary productivity showed values ranging 
from 0.72 - 18.70 mg carbon.m-2 ·h- 1 ; this converts to a range of daily produc
tion estimates of 0.009 - 0.224 g carbon.m-2 .day-l. It is concluded from this 
data that large natural variation in the rates of primary productivity is a 
typical feature of this environment. 

A relevant synoptic finding of these data is that the average annual 
primary production in the subject area is 38.4 g carbon.m-2 .year- 1 • The 
standard deviation about the estimate (± 34.2 g carbon·m-2 .year- 1 ) is large as 
a result of the-range of the six estimates involved. Note that if the esti
mate of annual primary production is made by numerical integration over time, 
to account for the variable intervals between cruises, the estimate of the 
annual production differed by only about 4% from the estimate acquired by 
calculating the mean of the six cruises and multiplying by 365; the latter 
approach was taken so that the standard deviation about the mean estimate 
could be reported. The range in annual primary production implied by the s.d. 
of the data from the six site visits is 12.04 - 101.11 g carbon·m-2 ·year-1• 

Since primary production values represent the rate at which the phyto
plankton are performing ecological work, i.e., putting energy into the trophic 
system, and chlorophyll values represent the size of the population performing 
that work, the ratio of the two (called PIS) is employed as an indication of 
the specific rate of activity of each biomass unit. A detailed discussion of 
PIS ratios (mg carbon.mg chlorophyll a-1.h- 1) is given in Bienfang and 
Gundersen (1977). The six data sets discussed here show PIS ratios which vary 
from 0 - 8.31 mgcarbon·mg chlorophyll a-1.h- 1; PIS ratios show variation both 
vertically and temporally. Vertica11y,-va1ues from all cruises show rapidly 
declining values with increasing depth; this reflects in part the diminishing 
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supply of light for photosynthesis. The temporal variations in P/B ranges 
over the water column were marked; ranges for the six cruises were 0.72 -
4.57,0- 2.80, 0 - 2.27,0.03 - 0.52, 0.32 - 8.35, and 0 - 0.11 mg carbon.mg 
chlorophyll a-1.h- 1, respectively. Nearly all of these values, particularly 
in the near-surface samples, represent P/B ratios which suggest strong 
nutrient impoverishment. This indication that nutrient limitation is exerting 
control over the phytoplankton dynamics of the area is in agreement with the 
indication from the phaeo-pigment/primary production relationship suggesting 
that variable levels in the input of regenerated nutrients are related to 
variations in water column productivity in the area. 

The timing of the hydrocasts for this study was estab1 ished to inspect for 
diurnal variations in the parameters measured. Upon inspection of the data, 
there is, without exception, no evidence for a consistent diurnal variation in 
any of these parameters. Since replicate casts were not made at any of the 
sampling times, it is not possible even to unequivocab1y separate sampling 
variability from whatever differences are seen between any pairs of hydrocasts. 
The salinity and dissolved oxygen measurements, which were made in both the 
shallow and deep hydrocasts, did not show any significant (p > 0.05) varia
tions, or general trends for diruna1 variation. For both the chlorophyll a 
and phaeo-pigment data, neither the average values in the surface or the 
maxima, the depth of the maxima, nor the depth-integrated values showed 
significant diurnal variation. Average ATP levels, and depth-integrated 
values likewise, showed no evidence of diurnal variation. 

4.1.4 Zooplankton 

The lack of uniformity in the sampling program over the course of the 
year, and the lack of matching day and night samples for the first four 
cruises make anything more than general statements about the zooplankton 
populations difficult to support. In general, ca1anoid copepods were 
num~rica1ly the most abundant taxonomic group. Many species appeared to 
undergo extensive diel vertical migrations. The biomass levels of the 
zooplankton exhibited significant seasonal changes. The seasonal levels of 
biomass were not significantly correlated with any of the other parameters 
measured during the HOTEC program, however. Sampling variability, both for 
numerical abundance and biomass was about 22% of the mean. 
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5.1 RECOMMENDATIONS 

Temporal variations in the physico-chemical parameters, dissolved 
oxygen and salinity appear to be well described by the existing sampling 
frequency. While surface oxygen determinations showed saturation levels in 
all cases, the surface salinity values showed appreciable variation, probably 
due to local weather. Since the salinity values are used in the calculation 
of crt and actual depth measurements, salinity determination should take 
place on all hydrocasts. 

The large temporal variations observed in all phytoplankton parameters 
(chlorophyll a, phaeo-pigments, ATP, primary productivity) indicate that the 
frequency of measurement should definitely not be decreased. In view of the 
wide variations recorded for these parameters, it is open to question whether 
the outer bounds of natural variability are expressed by these data. Since 
the number of observations has a direct bearing on the statistical limits 
about the means, improved confidence limits about the delineation of natural 
conditions could result from an increased sampling frequency and/or an 
extended sampling program. The issue of the magnitude of confidence limits 
may be of particular relevance since: (1) these data are to describe a base
line condition against which conditions during OTEC operations are to be 
compared, and (2) the injection of nutrient-rich de~p water to the photic 
zone is likely to have the most immediate and direct ·influence on the phyto
plankton components of the trophic structure. Impacts to the phytoplankton 
during OTEC operation can be determined (or inferred) where parameter levels 
exceed the means and boundaries describing natural conditions. The wider 
those limits, the poorer the detection capability of-the comparison; thus 
improvements in the description of natural levels and variability will direct
ly enhance the ability to perceive and evaluate environmental impacts. , 

The existing sampling program was conceptually designed to inspect for 
diurnal variability. None of the parameters measured under this portion of 
the program showed evidence of diurnal variations. Further, since only one 
cast was made at each time, it is not possible to isolate any observed 
variability (apparently diurnal) from natural sampling variability. It is 
suggested that the sampling regime be modified to omit this ineffective 
attempt at measuring diurnal variation which apparently does not exist. 
Several (eight) of the target depths of the deep (0 - 1000m) and shallow 
(0 - 300m) hydrocasts (taken at noon-midnight and dusk-dawn, respectively) 
overlapped; this results in a redundancy in measurement of several parameters. 
To overcome the aforementioned shortcomings in the sampling program, and to 
incorporate assessment of natural sampling variability, it is recommended 
that future programs perform (a) triplicate hydrocasts, (b) as closely spaced 
as possible between 0200-0700 hours, (c) to take samples from 15 target 
depths (2, 10, 30, 50, 70, 90, 110, 130, 150, 200, 300, 400, 600, 800, 1000m). 
This represents a combination of the deep and shallow hydrocasts, and reduces 
by one the number of casts required per cruise. The performance of these 
casts in the early morning is to provide for day10ng primary productivity 
incubations without subjecting the populations from deep in the water column 
to high surface light intensities. 
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It is recommended that the incubation of primary productivity samples be 
done in an on-deck incubator (constructed to simulate both light quality and 
quantity at the depth of sample origin), rather than in situ. Maintenance 
in situ of the proper depths of incubating suffers from the same uncertainties 
as those affecting actual sampling of the target depths. Since the incubation 
depth strongly influences the light regime to which the samples are subjected~ 
uncertainties in actual incubation depth can influence the primary producti
vity values. It is believed that the simulation of subsurface light condi
tions can be done with equal or better confidence in establishing target light 
fields than can in situ incubation. 

It is recommended that future OTEC baseline monitoring programs evaluate 
two stations (spaced ca 10 miles apart) rather than only one. This will per
mit assessment of areal variability under the prevailing climatic conditions, 
and in the face of measured sampling variability at a given site. The 
sampling program at both sites should be identical, and should be done on 
successive days of each cruise. The recommended hydrocast and incubation 
revisions are workable within this modification. The designation of areal 
variability in this study is extremely relevant since OTEC effluent impacts 
will be field effects rather than point effects, and assessment of the areal 
variation in natural conditions is likely to have a great bearing on the 
ability and certainty with which "downstream" effects are able to be evalu
ated. 

This effort did not include any analysis of the taxonomic composition of 
the phytoplankton community evaluated by the biomass and productivity measure
ments performed. Some degree of taxonomic baseline information (e.g., 
dominant species, principal taxonomic groups) should be performed. 

The way in which the natural phytoplankton communities respond to 
nutrient enrichment via encounter with deep water is a subject that has great 
relevance to the impacts of OTEC. The results from ancillary experiments 
performed during the course of this program suggest that the phytoplankton 
response to nutrient enrichment is highly variable, and would appear to be 
related to the preconditioning history of the population prior to sampling~ 
rather than to prevailing conditions during the experiment. Data from three 
sets of experiments showed that the degree of enhanced primary productivity 
in natural samples enriched with water from 600m ranged from no effect to 
more than 300% increase. These results indicate that there exist compelling 
unknowns regarding the response of natural populations to deepwater nutrients, 
and commensurate uncertainty concerning the environmental response to deep 
water brought up by operation of OTEC facilities. Initiation of a program 
to supplement the description of baseline primary p~oductivity of the natural _ 
popu1ations~ with evaluation of the nature and degree of response to nut~ient 
enrichment, could take optimum advantage of the occasion of baseline measure
ment and provide extremely valuable information concerning the reasons for and 
the magnitude of variable degrees of biostimuation in natural populations. 
Since it is hypothesized here that phytoplankton response to nutrient enrich
ment is controlled by the preconditioning history of the population, it would 
be useful to have an index of that history, when experiments are performed. 
Analysis of particulate carbon and nitrogen would be a convenient and appro-
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priate measure, since plant C/N ratio is often used to index plants' 
nutritional state. Although oceanic particulate matter has a large and 
variable detrital component, the wide variation in plant response to enrich
ment (see above) suggests that nutritional history (and thus C/N ratio) would 
be different enough, at different times, to be detectable with such analysis. 

All the nutrients measured during the first year of environmental base
line survey are of potential importance during the operation of an OTEC pa1nt. 
The high concentrations of dissolved nutrients in the deep water would be 
added to the nutrient-poor shallow water, and, depending on the final con
centrations of the discharge from the plant, could induce increased producti
vity. However, reactive silicate is rarely a limiting nutrient, and continued 
measurement of this parameter is probably unnecessary. Urea was found to be 
distributed relatively uniformly with depth, to be uniform over the course of 
the day, and to be quite variable seasonally. Although urea is utilized by 
phytoplankton, its importance in the presence of much larger concentrations of 
nitrate is probably not great. Continued measurement of urea is therefore not 
recommended. 

All the nutrients measured during the first year of HOTEC showed 
significant variations between the bi-monthly cruises. Therefore, continued 
sampling on a bi-monthly schedule is recommended. 

Daily variations in the concentrations of the dissolved nutrients were 
significant within the mixed layer and the underlying transition layer. These 
v.ariations are of biological origin, and the reasons behind them are relative
ly well understood. Unless a program specifically designed to examine daily 
variations is desired, it is probably better to change the emphasis of the 
sampling from four hydrocasts taken at four different times during the day to 
several replicate hydrocasts taken at one time. The best time would seem to 
be in the early morning before sunrise, when nutrients are at their highest 
levels of the day, before uptake by phytoplankton begins. This sampling 
period would also best fit the requirements of the phytoplankton program. 

Since the distribution of nutrients in the deep layer is relatively 
uniform, a minimum number of samples needs to be taken there. The sample 
spacing in the upper two layers should probably be a combination of the close 
sampling intervals used in the shallow hydrocasts within the upper 150 meters, 
and the more separated samples in the transition layer. There is no reason 
that all samples cannot be taken on a single hydrocast. 

The level of replication to be used will have to be a balance between the 
ideal large number of replicates and the cost of analysis for each replicate. 
A minimum of two replicates must be taken. The statistical analyses for the 
data from the first year of baseline surveys suffered a decrease in sensiti
vity due to the lack of replication. How many more replicates to take is 
indicated by the increase in sensitivity of an analysis of variance calcula
tion with two, three, or four replicates. The f-ratio value at p = 0.05 for 
a 6x2 analysis of variance without replication would be computed with the 
interaction term as the denominator. This term would have only 5 degrees of 
freedom, and the f-ratio for the first term would have 5x5 degrees of freedom. 
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This value is 5.05 (Snedecor and Cochran, 1967). With two, three, or four 
replicates, the f-ratio would be computed from the "error" term which would 
have 13, 25, or 37 degrees of freedom, respectively. The f-ratio for the 
5x13, 5x25, and 5x37 degrees of freedom situations would be 3.02, 2.76, 
and 2.47, respectively. These are increases in sensitivity of 40%, 45%, and 
51%. Obviously, the increase in sensitivity is greatest with the addition of 
replication to the program. The analysis of four replicates is probably not 
warranted by the slight increase in sensitivity of the statistical analyses, 
but three replicates are probably the most reasonable balance between sensi
tivity and cost. 

Both numerical abundance and biomass levels of the zooplankton popula
tion showed significant changes between the bi-month1y cruises. This has also 
been shown in previous studies in the area (see AECOS, 1979, for a review of 
the historical data). The zooplankton sampling program should continue to 
collect samples on a bi-month1y schedule. 

Variations between day and night levels of abundance and biomass were 
also very large. In order to utilize the statistically powerful analysis of 
variance, care should be taken that sampling on each of the future HOTEC 
cruises be as uniform as possible and that the design be balanced between day 
and night. 

Several depth intervals should again be sampled. Oblique samples 
probably produce samples more representative of the depth layer sampled than 
either vertical or horizontal tows. The zooplankton conference held at LBL 
earlier during the HOTEC program proposed the following depth intervals to be 
sampled: 0-25 meters, 25-200 meters, and 200-600 meters. The data generated 
during the first year of the HOTEC program, while somewhat scant, suggests 
that these are probably a reasonable separation of the water column • 

. As was the case for the nutrients, the level of replication is a very 
important consideration in the design of a sampling program. For the zoo
plankton program, however, the cost of additional replicates is much greater, 
since analytical time is longer and additional expensive sea time is required 
to acquire the replicates. Two replicate samples for each depth interval day 
and night is probably the most cost-effective program. 
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APPENDIX A 

Temperature, Salinity, Dissolved Oxygen, at and Ps,t,p 
Data For HOTEC 1-6 Cruises 
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I 
I Cruise · HOTEC-l Date (GMT) : 28 Oct. 1978 Time: 1412Z, 0412HST · Ship · M/V Holohol0 Water Depth: 1000m Wire Angle: 0° · 
f Location: 19°59'N, 156°08'W Weather: Beaufort-1, Sea State-Calm 

-""". Observed Dissolved 
Depths Temperature Sal inity Oxygen crt Ps,t,p 

( M ) ( °C ) (0/00) (Int/t) (g/cc) 

, . 0 25.62 34.600 4.90 22.85 1.02285 
5 26.36 34.610 4.87 22.63 1.02270 

I 
23 26.34 34.520 5.14 22.56 1.02292 
41 26.34 34.600 5.05 22.62 1.02326 
58 26.37 34.900 5.14 22.84 1.02377 
74 24.81 34.690 5.05 23.16 1.02423 

I 91 23.27 34.880 5.47 23.76 1.02494 
107 22.15 35.150 5.01 24.29 1.02559 
123 34.780 4.91 
163 34.760 5.01 
202 34.530 4.59 
243 14.48 34.320 4.01 25.57 1.02731 

I 
Cruise : HOTEC-l Date (GMT) : 28 Oct. 1978 Time: 2307Z, 1307HST 
Ship · M/V Holohol0 Water Depth: 1000m Wire Angle: 0° · Location: 19°59'N, 156°08'W Weather: Beaufort-1, Sea State-l 

tf! 
Observed Temperature Sal inity Dissolved 

crt P 

I Depths Oxygen s,t,p 
( M ) ( °C ) (0/00) (Int/t) (g/cc) 

~ 0 27.34 34.630 5.23 22.33 1.02233 
-t.t< 23 26.38 34.630 5.12 22.63 1.02299 

43 26.33 34.630 5.19 22.65 1.02336 

m 
79 • 23.49 34.820 5.43 23.66 1.02479 

110 21.97 35.140 4.94 24.33 1.02587 
140 20.11 35.020 5.47 24.75 1.02652 
199 14.35 34.390 3.83 25.65 1.02741 r 248 11.93 34.270 3.21 26.05 1.02814 
295 8.80 34.200 2.19 26.54 1.02892 
339 7.57 34.250 1.64 26.77 1.02958 

I 382 34.250 1.55 
523 6.01 34.280 1.15 27.00 1.03070 
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Cruise : HOTEC-1 Date (GMT) : 
Ship : M/V Ho10hol0 Water Depth: 
Location: 19°59'N, 156°08'W Weather: 

Observed Temperature Salinity Depths 
~ M } { °C ) {%o} 

0 26.31 34.663 
5 26.24 34.614 

21 26.21 34.612 
36 26.19 34.604 
50 26.11 34.640 
64 25.70 34.744 
76 24.37 34.736 
89 22.48 35.006 

100 35.173 
127 34.908 
152 34.706 
175 14.16 34.387 

Cruise : HOTEC-1 Date (GMT) : 
Shi p: : M/V Ho10ho10 Water Depth: 
Location: 19°58'N, 156°10'W Weather: 

Observed Temperature Sal inity Depths 
( M ) ( °C ) (0/00) 

0 26.32 34.630 
24 26 022 34.630 
46 26.16 34.630 
84 24.02 34.780 

117 21.65 35.170 
148 19.40 34.920 
207 14.28 34.140 
282 34.200 
375 6.93 34.170 
468 6.25 34.250 
606 340360 
740 34.400 

A-4 

28 Oct. 1978 Time: 0415Z, 1815HST 
1000m Wire Angle: 0° 
Beaufort-1, Sea State-Calm 

Dissolved 
Oxygen 
~ml/t) 

at Ps,t,p 
(g/cc) 

5.08 22.68 1.02268 
4.98 22.67 1.02274 
5.01 22.67 1.02302 
5.01 22.67 1.02330 
4.92 22.72 1.02363 
5.08 22.93 1.02408 
5.05 23.33 1 .02461 
5.19 24.09 1.02541 
4.85 
4.83 
4.34 
3.86 25.69 1.02741 

28 Oct. 1978 Time: 0930Z, 2330HST 
1150m Wire Angle: 0° 
Beaufort-1, Sea State-Calm 

Dissolved 
at P Oxygen s,t,p 

, (mllt) (glce) 

4.98 22.65 1.02265 
4.81 22.68 1.02304 

22.70 1.02340 
5.21 23.47 , 1.02465 
4.83 24.45 1.02595 
4.66 24.86 1.02653 
3.97 25.47 1.02721 
3.21 
1.48 26.79 1.02912 
1.37 26.95 1.02973 
1.37 
0.88 1.03065 
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Cruise HOTEC-1 Date (GMT) : 29 Oct. 1978 Time: 1830Z, 0830HST . . 

1 
Ship : M/V Ho10ho10 Water Depth: 700m Wire Angle: 0° 
Location: 19°59 I N, 156°051W Weather: Beaufort-1, Sea State-1 

,,- Observed Salinity Dissolved 
Depths Temperature Oxygen crt -p s,t,p 
{ M ~ ( °C 1 (%ol (mile) {g/ccl 

(. 5 26.30 34.630 . 22.66 1.02273 

23 26.15 34.630 22.70 1.02305 

I 42 26.04 34.650 22.75 1.02345 
60 26.55 35.060 22.90 1 .02400 

I 
78 23.89 34.810 23.53 1.02470 

143 19.61 34.980 24.85 1.02655 
198 12.88 34.320 25.90 1.02754 

I 
I 

Cruise : HOTEC-1 Date (GMT) : 29 Oct. 1978 Time: 2138Z, 1138HST 
Ship : M/V Ho10holo Water Depth: 950m Wire Angle: 0° 

I Location: 20 0 05 1N, 156°041W Weather: Beaufort-l, Sea State-l 
" 

Observed Temperature Sal inity Dissolved 
Depths Oxygen crt p s,t,p 

m ( M ) ( °C ) (0/00) (mi/l) ( g/cc) 

I 5 26.62 34.640 22.56 1.02264 
21 26.36 34.630 22.64 1.02300 

I 39 26.22 34.640 22.69 1.02339 ,--

56 26.67 35.050 22.86 1.02397 

I~ 74 24.64 .34.750 23.26 1.02450 
142 19.59 34.870 24.77 1.02646 
205 11.34 34.250 26.14 1.02768 
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Cruise · HOTEC-2 Date (GMT) . · . 
Ship · M/V Noi'i loJater Depth: · location: 19°55.6'N, 156°08.8'W Weather: 

Observed 
Depths Temperature Salinity 

( M } { °C } {%o} 

0 24.87 34.253 
23 24.75 34.240 
43 24.71 34.242 
58 .24.18 34.238 
74 23.65 34.595 

102 21.70 34.883 
131 18.28 34.733 
199 11.76 34.239 
278 8.85 34.219 
450 5.98 34.272 
635 4.91 34.410 
822 4.24 34.459 

Cruise · HOTEC-2 Date (GMT) : · Ship · M/V Noi' i Water Depth: · location: 19°56.1'N, 156°08.5'W Weather: 

Observed Temperature Sal inity Depths 
(M) ( °C ) (0/00) 

0 25.10 34.226 
9 24.86 34.209 

22 24.78 34.204 
32 24.75 34.201 
43 24.59 34.216 
60 24.29 34.223 
75 23.47 34.563 
91 34.780 

109 21.84 34.923 
149 18.91 34.772 
193 16.23 34.508 
237 12.36 34.219 
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12 April 1979 Time: 2016Z, 10l6HST 
1 325m Wire Angle: 0° 
Beaufort-2, Sea State-2 

Dissolved 
Oxygen crt p s,t,p 
{mill} {g/cc} 

5.68 22.82 1.02282 
5.47 22.84 1. 02315 
5.47 22.86 1.02347 
5.57 23.01 1.02389 
5.68 23.44 1.02458 
5.23 24.21 1.02570 
4.67 25.00 1.02653 
3.82 26.06 1.02761 
2.39 26.55 1.02846 
1. 14 27.00 1.02978 
1.20 27.24 1.03094 
1.39 27.35 1. 03197 

13 Apri 1 1979 Time: 0322Z, 1722HST 
1250m ~li re Ang1 e: 0° 
Beaufort-3, Sea State-3 

Dissolved 
crt p 

Oxygen s,t,p 
(mf./l) (g/ce) 

5.47 22.73 1.02273 
5.52 22.79 1.02291 
5.61 22.81 1.02318 
5.59 22,81 1.02342 
5.38 22087 1.02372 
5.43 22.97 1.02403 
5.41 23.47 1.02470 
5.43 
5.23 24.20 1. 02571 
4.87 24.87 1.02647 
4.40 25.32 1.02697 
3.42 25.92 1.02752 
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Cruise : HOTEC-2 Date (GMT) : 1 3 Apri 1 1979 Time: 0959Z, 2359HST 
Ship : M/V Noili Water Depth: 1200m Wire Angle: 0° 

I Location: 19°53.7 I N, 156°10.9'W Weather: Beaufort-2, Sea State-2 

..:.. Observed Temperature Sal inity Dissolved 
Depths Oxygen crt p s,t,p 

( M ) ( °C ) (0/00) (me/i) (glee) 

0 25.02 34.246 5.47 22.77 1.02277 
22 24.73 34.234 5.23 22.84 1.02315 

m 
40 24.70 34.233 5.25 22.85 1.02346 
55 24.39 34.260 5.30 22.96 1.02386 
69 23.72 34.443 5.18 23.30 1.02444 
95 21.86 34.944 4.99 24.21 1.02573 

I 124 17 .43 34.681 4.24 25.17 1.02661 
192 34.227 3.40 
272 R.74 34.213 2.32 26.56 1.02847 

I 
444 6.21 34.314 1.02 27.00 1.02979 
628 5.07 34.398 1.18 27.21 1.03091 
816 4.10 34.467 1.18 27.38 1.03200 

I 
Cruise : HOTEC-2 Date (GMT) : 13 Apri 1 1979 Time: 1345Z, 0345HST 
Ship . M/V Noili Water Depth: 1250m Wire Angle: 0° . 

I 
Location: 19°56.2'N, 156°08.8 I W ~/eather: Beaufort-1, Sea State-3 

Observed Temperature Sal inity Dissolved 
crt I Depths Oxygen p s,t,p 

( M ) ( °C ) (0/00) (meli) (glee) 

n 0 24.95 34.222 5.41 22.77 1.02277 
9 24.94 34.221 5.28 22.77 1.02289 

24 24.73 34.192 5.32 22.81 1.02318 

D 38 24.71 34.166 5.38 22.80 1.02341 
47 24.57 34.226 5.38 22.88 1.02373 
60 24.08 34.286 5.38 23.08 1.02412 

I 
77 23.36 34.582 5. 14,. 23.51 1.02474 
94 34.746 5.18 

111 21.42 34.792 5.05 24.22 1.02567 
156 18.27 34.674 4.40 24.96 1.02648 

I 202 14.61 34.395 4.04 25.60 1.02709 
250 11. 74 34.204 3.30 26.03 1.02759 
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Cruise : HOTEC-3 Date (GMT) : 17 June 1979 Time: 2215Z, 1215HST 
] 

Ship : M/V El Greco Water Depth: 1350m Wire Angle: 0° 
~l Location: 19°55.5'N, 156°09.2'W Weather: Beaufort-2, Sea State-1 

Observed Temperature Sal inity Dissolved 
crt P .1 Depths Oxygen s,t,p 

( M ) { °C ) {%o) {mi/i) (g/ee) 

0 25.72 34.339 5.90 22.62 1.02262 ,I 
23 25.13 34.353 5.85 22.81 1.02313 
43 25.17 34.396 5.96 22.83 1.02347 I 60 24.80 34.428 5.54 22.97 1.02390 
72 23.52 34.588 5.92 23.47 1.02460 

106 20.62 35.004 5.52 24.60 1.02598 

I 154 17.74 34 0 702 4.71 25.11 1.02658 
239 12.81 34.257 4.00 '25.87 1.02749 
309 9.33 34.174 2.75 26.43 1.02836 
448 5.81 34.223 1.07 26.98 1.02976 I 632 5.20 34.356 1.01 27.16 1.03086 
826 4.29 34.423 1.43 27.32 1.03194 

I -. *\ 

Cruise . HOTEC-3 Date (GMT) : 18 June 1979 Time: 0415Z, 1815HST . 
Ship : M/V El Greco Water Depth: 1100m Wire Angle: 0° 
Location: 19°56.8'N, 156°08.7'W Weather: Beaufort-1, Sea State-1 I 
Observed Temperature Sal inity Dissolved 

I Depths Oxygen crt Ps,t,p 
{ M ) ( °C ) {%o) (mil i) (g/ee) 

0 25.76 34.360 5.47 22.62 1.02262 I '~!j 

9 25.62 34.342 5.14 22.65 1.0227A '., 
25 25.55 34.374 5.38 22.70 1.02309 
40 25.58 34.411 5.41 22.72 1.02338 ! fi'" 
50 24.83 34.240 5.94 22.82 1 . 02368 
62 23.67 34.589 5.43 23.43 1.02446 
79 22.70 34.859 5.12 23.91 1.02509 

-~ 96 21.09 34.986 5.05 24.46 1.02570 
116 20.17 35.023 4.96 24.74 1.02607 
163 17.65 34.694 4.98 25.13 1.02659 ., 213 15.16 34.412 4.27 25.49 1.02703 
262 12.13 34.237 3.54 25.98 1.02756 

I 
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I 
I Cruise : HOTEC-3 Date (GMT) : 18 June 1979 Time: 0943Z, 2343HST 

Ship : M/V El Greco l~a ter Depth: 950m Wire Angle: 0° 

1 Location: 19°56.4 IN, 156°08.1IW Weather: Beaufort-1, Sea State-1 

Observed Temperature Salinity Dissolved 
Depths Oxygen p 

crt s,t,p 
{ M } { °C } {%o} {mR./R.} {g/cc} 

(- 0 25.72 34.349 5.47 22.63 1.02263 
23 25.21 34.340 5.77 22.78 1.02310 

I 
45 25.26 34.386 5.52 22.80 1.02344 
65 24.72 34.421 5463 22.99 1.02391 
70 23.49 34.696 5.57 23.56 1.02469 

104 20.34 34.967 4.81 24.65 1.02600 

I 152 18.55 34.809 4.69 24.99 1.02656 
237 12.46 34.241 3.69 25.94 1.02754 
304 9.00 34.176 2.50 26.49 1.02840 

I 
454 5.95 34.219 1.03 26.96 1.02974 
638 4.78 34.392 1.01 27.24 1.03094 
831 4.12 34.437 1.12 27.35 1.03197 

! 
Cruise . HOTEC-3 Date {GMT} : 18 June 1979 Time: 1400Z, 0400HST . 
Ship : M/V El Greco Water Depth: 1 350m Wire Angle: 0° 

~ 
Location: 19°55.8 IN, 156°08.7IW Weather: Beaufort-2, Sea State-1 

Observed Temperature Salinity Dissolved 

I Depths Oxygen p 
crt s,t,p 

{ M } { °C ) {%o} {mR./ R.) {g/cc} 

i 0 25.60 34.368 5.25 22.68 1.02268 ~~., 
.r.:. 10 25.48 340345 5.01 22.70 1002275 

28 25.21 34.335 5.01 22.77 1.02291 

I 45 25.24 34.344 5.32 22.77 1.02306 
+~ 61 24.85 34.427 5023 22.95 1.02322 

74 23093 34.563 5.54 23.33 1.02342 
83 22.17 34.845 5.10 24.05 1. 02367 
98 20.60 34.963 5.21 24.58 1.02394 

114 20.29 35.000 4.78 24.69 1.02420 
160 17.85 34.733 4.56 25.11 1. 02473 .. 
208 14.77 34.382 4.29 25.55 1.02515 , 
256 12.19 34.232 3.73 25.97 1.02551 

I 
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Cruise . . 
Ship : 
Location: 

Observed 
Depths 

( M ) 

0 
21 
42 
62 
75 

103 
152 
236 
304 
451 
633 
828 

Cruise : 
Ship : 
Location: 

Observed 
Depths 

( M ) 

0 
8 

22 
35 . 
40 
48 
62 
76 
93 

138 
185 
233 

HOTEC-4 Date (GMT) : 30 July 1979 Time: 2213Z, 1213HST 
R/V Kana Keok i l~ater Depth: 1325m Wire Angle: 0° 
19°56.0'N, 156°08.5'W Weather: Beaufort-2, Sea State-1 

Temperature Salinity Dissolved 
Oxygen p 

crt s,t,p 
( °C ) (0/00) (mRJ R,) (g/ee) 

27.28 34.352 5.74 22.14 1. 02214 
27.01 34.322 5.76 22.20 1.02257 
26.04 34.445 5.83 22.60 1.02329 
23.98 34.535 5.78 23.30 1.02417 
22.88 34.890 5.59 23.89 1.02497 
20.88 35.017 5.74 24.54 1.02595 
17.83 34.745 5.23 25.12 1.02661 
11.67 34.164 3.72 26.01 1.02756 
9.16 34.158 2.49 26.45 1.02837 
5.83 34.188 1.04 26.95 1.02972 
4.79 34.335 1.06 27.20 1.03089 
4. 15 34.384 1.20 27.31 1.03192 

HOTEC-4 Date (GMT) : 1 Aug. 1979 Time: 0303Z, 1703HST 
R/V Kana Keoki Water Depth: 1350m Wire Angle: 0° 
19°55.3'N, 156°09.2'W Weather: 8eaufort-4, Sea State-3 

Temperature Sal inity Di ssol ved p Oxygen crt s,t,p 
( °C ) (0/00) (mR,/R,) (g/ee ) 

26.75 34.378 5.80 22.33 1.02233 
26.77 34.375 5.25 22.32 1.02246 
26.44 34.359 5.25 22.41 1.02283 
26.35 34.353 5.34 22.43 1.02313 
25.85 34.448 5.52 22.66 1.02361 
24.46 34.545 5.99 23.16 1.02425 
23.08 34.728 5.96 23.70 1.02491 
22.08 '34.991 5.01 24.19 1.02552 
21.42 35.024 4.98 24.40 1.02587 
18.85 34.870 4.66 24.96 1 .02657 
15.36 34.431 4.56 25.46 1.02702 
11.64 34.522 3.33 26.30 1.02787 
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I 
f Cruise HOTEC-4 Date (GMT) : 1 Aug. 1979 Time: 1035Z, 0035HST : 

Ship . R/V Kana Keoki Water Depth: 1360m Wire Angle: 0° . 
Location: 19°55.6 I N, 156°09.5 I W Weather: Beaufort-3, Sea State-2 

..,Mi', Observed Dissolved 
Depths Temperature Salinity Oxygen . (J t P s,t,p 

( M ) ( °C ) (%o) (mR./~ ) (glee) 

" 0 26.54 34.361 5.19 22.38 1.02238 
21 26.52 34.355 5.65 22.38 1.02274 

I 
42 26.18 34.349 5.78 22.49 1.02318 
62 25.58 34.413 5.21 22.72 1.02371 
71 22.97 34.714 5.19 23.73 1 .02481 

107 20.56 35.004 4.28 24.62 1.02599 

I 152 18.21 34.797 4.90 25.07 1.02660 
236 11.90 34.170 3.70 25.97 1.02753 
304 8.96 34.182 2.28 26.50 1.02841 
451 5.55 34.157 1.16 26.96 1.02973 

, 633 4.96 34.333 1.06 27.17 1.03087 
I, 828 4.28 34.390 1.33 27.30 1.03191 

D 
Cruise : HOTEC-4 Date (GMT) : 1 Aug. 1979 Time: 1425Z, 0425HST 
Ship : R/V Kana Keoki Water Depth: 1355m Wire Angle: 0° 

D Location: 19°55.7 I N, 156°08.9'\~ Weather: Beaufort-2, Sea State-2 

I 
Observed Temperature Salinity Dissolved p Depths Oxygen O't s,t,p 

( M ) ( °C) (0/00) (mR./~) (g/ee) 

I 0 26.59 34.291 5.57 22.31 1. 02231 
8 26.61 34.381 5.45 22.37 1.02252 

25 26.32 34.353 5.52 22.44 1.02286 

D 40 26.11 34.372 5.63 22.52 1.02321 
49 24.80 34.391 5.85 22.94 1.02381 
58 23.59 34.642 5.21 23.49 1.02452 

,~ 
74 22.70 34.875 5.54 23.93 1.02511 
92 21.99 34.970 5.25 24.20 1.02552 

110 20.90 35.023 4.92 24.54 1.02595 
157 18.47 34.846 4.96 25.04 1.02660 
205 15.24 34.494 4.66 25.54 1.02709 

'--. 253 12.70 34.494 3.92 26.07 1.02771 

1 
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Date (GMT) 
] 

Cruise . HOTEC-5 : 3 Oct. 1979 Time: 2146Z, 1146HST . 
Ship : R/V Kana Keoki Water Depth: 1375m Wire Angle: 0° 

""1 Location: 19°56.9 IN, 156°09.0 ' W Weather: Beaufort-O, Sea State-Calm 

Observed Temperature Sal inity Dissolved 
Depths Oxygen at P s,t,p ., 
{ M } { °C } {%o~ {mRJ R.} {g/cc) 

0 27.36 34.457 6.27 22.19 1.02219 
~'~ 

17 26.90 34.457 5.96 22.34 1.02245 
36 26.63 34.610 5.67 22.54 1.02272 I 54 24.61 34.708 6.29 23.24 1.02305 
74 23.18 34.961 5.89 23.85 1.02343 

114 20.78 35.028 5.38 24.58 1.02411 

I 156 18.42 34.827 5.03 25.04 1.02465 
243 11.51 34.003 4.50 25.92 1.02544 
334 8.44 34.065 3.19 26.49 1.02606 
521 5.65 34.057 1.20 26.87 1.02704 iJ 712 4.87 34.351 1.09 27.20 1.03785 
904 4.03 34.305 1.29 27.26 1.03855 

m ~. 

Cruise : HOTEC-5 Date (GMT) . 4 Oct. 1979 Time: 1038Z, 0038HST . 
Ship : R/V Kana Keoki Water Depth: 1000m Wire Angle: 0° 
Location: 19°50.4IN, 156°08.4IW Weather: Beaufort-2, Sea State-1 I 
Observed Temperature Salinity Dissolved I 

Depths Oxygen at Ps,t,p 
{ M ) { °C } (0/00) {mR./R.} (g/cc) 

~ ~ ... ~. 
c"t·; 
"'-\ 

0 27.65 34.594 5.76 22.20 1.02220 
19 . 27.06 34.615 5.23 22.41 1.02278 

~ 38 26.84 34.618 5.47 22.48 1.02322 
""J 

57 26.06 34.632 5.74 23.04 1.02400 
78 23.51 34.810 5.72 23.64 1.02478 

--118 21.59 35.088 5.12 24.40 1.02589 
160 19.43 34.911 4.87 24.84 1.02652 
249 11.55 34.161 4.34 26.03 1.02757 
340 8.31 34.069 3.04 26.51 1.02840 .-527 5.46 34.238 0.93 27.04 1.02981 
718 4.69 34.374 1.04 27.24 1.03093 
909 4.10 34.403 1.37 27.32 1. 03194 

J 
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I 
I Cruise · HOTEC-5 Date (GMT) : 5 Oct. 1979 Time:0406Z, 1806HST · Ship · R/V Kana Keoki Water Depth: 850m Wire Angle: 0° · 
I L'Jcation: 20 0 00.7 I N, 156°04.4'W Weather: Beaufort-2, Sea State-Calm 

"",,'. Observed Temperature Sa 1 inity Dissolved 
Depths Oxygen at p .. s,t,p 
{ M ) ( °C ) (0/00) (mi/i) (g/cc) 

I· 0 27.83 34.565 5.07 22.12 1.02212 
7 27.41 34.570 5.12 22.26 1.02241 

I 
20 27.45 34.592 5.10 22.26 1.02273 
34 27.14 34.599 5.19 22.37 1.02312 
50 26.08 34.647 5.23 22.74 1.02371 
66 24.22 34.695 5.36 23.34 1.02442 

I 84 23.52 34.765 5.45 23.61 1.02486 
101 22.19 35.097 5.25 24.24 1.02559 
120 20.88 35.044 4.96 24.56 1.02597 

I 
166 18.50 34.831 4.61 25.02 1.02658 
214 16.13 34.551 4.48 25.38 1.02702 
262 12.21 34.225 4.08 25.96 1.02754 

I 
Cruise : HOTEC-5 Date (GMT) : 5 Oct. 1979 Time: 1536Z, 0536HST 
Ship : R/V Kana Keoki Water Depth: 1360m Wire Angle: 0° 

iI 
Location: 19°56.8'N, 156°08.0'W Weather: Beaufort-2, Sea State-Calm 

Observed Temperature Salinity Dissolved , Depths Oxygen at p s,t,p 
( M ) ( °C ) (0/00) (mi/i) (g/cc) 

m 0 26.92 34.574 4.94 22.42 1.02242 
.. 7 26.88 34.595 4.92 22.45 1.02260 

21 26.72 34.587 5.27 22.49 1.02293 

i 
37 26.67 34.459 5.10 22.41 1.02313 

,0 54 26.21 34.584 5.10 22.65 1.02363 
70 23.65 34.784 5.32 23.58 1.02462 
88 22.60 34.911 5.14 23.98 1.02515 

106 21.51 34.678 5.10 24.11 1.02537 
124 20.58 34.583 5.12 24.29 1.02564 
170 18.63 . 34.866 4.94 25.01 1.02659 
218 15.01 34.269 4.59 25.41 1.02693 
267 12.10 4.19 25.98 1.02756 

r 
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Cruise : HOTEC-6 Date (GMT) : 
Ship : M/V Noi'i Water Depth: 
Location: 19°55.9'N, 156°8'W Weather: 

Observed 
Depths Temperature Salinity 

{ M } ( °C ) (0/00) 

0 25.75 34.807 
24 25.21 34.785 
46 25.15 34.783 
65 25.16 34.783 
84 22.49 34.810. 

119 20.83 35.024 
155 18.46 34.805 
240 11.49 34.142 
329 8.33 34.083 
517 6.00 34.255 
708 4.71 34.377 
901 4.?6 34.404 

Cruise . HOTEC-6 Date (GMT) : . 
Ship : M/V Noi'i Water Depth: 
Location: 19°55.3'N, 156°9.2'W Weather: 

Observed 
Depths Temperature Salinity 

( M ) ( °C ) {O/oo} 

0 25.67 34.779 
9 25.37 34.730 

27 25.28 34.784 
46 . 25.20 34.788 
62 25.14 
80 24.12 34.783 
97 22.04 34.828 

114 21.40 34.777 
130 20.88 35.101 
173 18.37 34.816 
227 14.18 34.331 
265 11.80 34.170 

A-14 

7 Dec. 1979 Time: 2247Z, 1247HST 
1025m Wire Angle: 0° 
Beaufort-l, Sea State-l 

Dissolved 
at p Oxygen s,t,p 

(mt/t) (91 cc) 

5.74 22.51 1.02251 
5.34 23.11 1.02344 
5.16 23.13 1.02378 
5.43 23.13 1.02410 
5.45 23.93 1.02499 
5.01 24.56 1.02596 
4.79 25.01 1.02657 
4.10 26.03 1.02757 
2.66 26.52 1.02841 
0.24 26.99 1.02976 
0.27 27.24 1.03093 
0.42 27.31 1.03192 

8 Dec. 1979 Time: 0434Z, 1834HST 
1350m Wire Angle: 0° 
Beaufort-2, Sea State-l 

Dissolved 
at p Oxygen s,t,p 

(mt/t) (g/cc) 

5.23 22.69 1.02269 
5.01 23.02 1.02315 
5.12 23.09 1.02348 
5.16 23.63 1.02420 
5.27 23.14 1.02404 
5.23 23.44 1.02452 
5.30 24.08 1.02520 
5.34 24.21 1.02547 
5.16 24.60 1.02602 
4.76 25.04 1.02659 
4.39 25.64 1.02709 
4.28 25.99 1.02755 

] 
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I 
I Cruise : HOTEC-6 Date (GMT) : 8 Dec. 1979 Time: 1055Z, 0055HST 

Ship . M/V Noi'i Water Depth: 1230m Wire Angle: 0° . 
t Location: 19°54.6'N, 156°11 • l' W Weather: Beaufort-O, Sea State-1 

L'i".:: Observed Dissolved 
Depths Temperature Sal i nity Oxygen at Ps,t,p 

( M ) ( °C ) (0/00 ) (mR./R.) (a/ec) 

• 0 25.46 34.757 5.10 23.01 1.02301 
21 25.36 34.754 5.12 23.04 1.02337 
44 25.29 34.765 5.10 23.07 1.02373 

I 63 25.16 34.780 5.14 23.12 1.02410 
82 22.62 34.899 5.30 23.97 1.02503 

121 19.94 34.970 4.87 24.76 1.02607 

m 
161 17.52 34.702 4.83 25.17 1.02661 
246 11.24 34.130 4.10 26.07 1.02759 
336 8.46 34.073 2.88 26.49 1.02838 

tJ 
522 5.94 34.239 0.33 26.98 1.02975 
705 4.79 34.362 0.33 27.22 1 .03091 
899 4.06 34.415 1.29 27.34 1. 03196 

I 
Cruise : HOTEC-6 Date (GMT) : 8 Dec. 1979 Time: 1505Z, 0505HST 
Ship : M/V Noi'i Water Depth: 925m Wire Angle: 0° 

i 
Location: 19°56.4'N, 156°7.8'W Weather: Beaufort-1, Sea State-1 

Observed Dissolved 

I Depths Temperature Sal inity Oxygen at Ps,t,p 
( M ) ( °C ) (0/00) ( mRJ R.) (g/cc) 

I 0 25.47 34.756 3.12 23.01 1.02301 
* 9 25.40 34.758 5.16 23.03 1. 02317 

26 25.32 34.755 5.16 23.06 1.02345 
.43 25.21 34.779 5.19 23.11 1.02376 

I 60 25.14 34.755 5.21 23.11 1.02402 
. !~ 

76 24.31 34.824 5.30 23.41 1.02451 
94 22.01 34.775 5.47 24.05 1.02516 

J~ 109 21.15 34.881 5.27 24.36 1.02560 
124 20.57 34.050 5.23 24.65 1.02603 
164 18.19 34.797 5.05 25.07 1.02660 
209 14.08 34.317 4.70 25.65 1. 0271 0 
256 11.49 34.132 4.30 26.02 1.02756 

:;; 
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Cruise 
Ship 
Location 

Observed 
Depths 
~L 

0 
5 

21 
36 
50 
64 
76 
89 

100 
127 
152 
175 

Cruise 
Ship 
Location 

Observed 
Depths 
-1~L 

282 
375 
468 
606 
740 

IBD ~ ~ ~ 

HOTEC-l 
M/V Holohol0 
19°59'N, 156°08'.., 

Dissolved Phosphates Oxygen 
{mili) {pg-at/i) 

5.08 0.27 
4.98 0.21 
5.01 0.27 
5.01 0.24 
4.92 0.28 
5.08 0.27 
5.05 0.29 
5.19 0.24 
4.85 0.37 
4.83 0.48 
4.34 0.69 
3.86 1.11 

HOTEC-l 
M/V Holohol0 
19°58'N, 156°10'W 

Dissolved Phosphates Oxygen 
~L (l!g-atli) 

3.21 1.76 
1.48 2.69 
1. 37 3.07 
1.37 2.60 
0.88 3.23 

fiiB 

Date (GMT) 
Water Depth 
Weather 

TOTAL 
Phosphorous 

{)l!l-atli) 

0.60 
1.03 
0.91 
0.53 
0.70 
0.56 
0.87 
0.77 
0.92 
1.02 
1.05 
1.66 

Date (GMT) 
Water Depth 
Weather 

TOTAL 
Phosphorous 
-.!illl:!!.L!l 

1.98 
3.06 
3.30 
2.78 
5.79 

DE El m;a 

28 Oct. 1978 
l000m 

~ .... 

Time 
Wire Angle: 

0415Z, 1815HST 
0° 

Beaufort-I, Sea State-Calm 

Nitrates Silicates Anmonium Urea TOTAL 
& Nitrites Nitrogen 
h!!I-atl i ) (l!!I-atLi) (l!!I-atlt) (l!g-atlt) {jlg-atlt} 

0.03 3.03 0.02 0.77 5.10 
NO 0.88 0.19 0.80 5.64 
NO 2.88 0.08 0.75 5.74 
NO 1.13 0.11 1.10 7.02 
NO 2.32 NO 0.69 5.70 

0.02 1.99 NO 0.60 5.14 
0.03 2.56 NO 0.83 6.02 

tiD 2.36 0.31 0.72 6.15 
0.64 3.07 NO 0.65 6.30 
2.15 5.05 0.09 1.44 7.21 
5.29 4.32 0.75 12.22 

12.28 8.25 0.08 1. 31 18.32 

28 Oct. 1978 Time 0930Z. 233011ST 
1150m IHre Angle: 0° 
8eaufort-l, Sea State-Calm 

Nitrates sn icates Anmonium Urea TOTAL 
& Nitrites Nitrogen 
(!lg-atltl ll!9:.ill!l li!9:~!1 !) (Ilg-at/t) {Jlg-~t/t) 

24.8/1 24.00 NO 0.67 24.63 
32.67 35.09 NO 0.56 36.26 
35.52 44.34 NO 0.67 35.75 
37.10 49.01 NO 0.53 39.04 
37.93 52.67 NO 0.98 38.85 

-- ~, .~ 
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Cruise 1I0TEC- I 
Ship H/V lIoloholo 
Location 19°59'N, 156°08'W 

Observed Dissolved Phosphates Depths Oxygen 
_1J!L ~L hI9-at/!l 

5 4.87 0.18 
23 5.14 0.22 
41 5.05 0.18 
58 5.14 0.24 
74 5.05 0.10 
91 5.47 0.26 

107 5.01 0.29 
123 4.91 0.18 
163 5.01 0.63 
202 4.59 0.88 
243 4.01 1.00 

Cruise UOTEC-l 
Ship M/V lIolohol0 
Location 19°59'N, 156°08'W 

Observed Dissolved Phosphates Depths Oxygen 
_1!!L (mt/t) (llg-at/t) 

0 5.23 0.17 
23 5.12 0.26 
43 5.19 0.24 
79 5.43 0.14 

110 4.94 0.26 
140 5.47 0.33 
199 3.83 0.60 
248 3.21 1.52 
295 2.19 2.23 
339 1.64 2.30 
382 1.55 2.25 
523 1.15 1. 76 

• 
~:~ f.1~ ~ ~ ••. ,;.!" ~~ 

Dtlte (GMT) : 
Water Oepth: 
Weather 

TOTAL 
Phosphorous 

h.19-at/ t ) 

0.78 
0.78 
0.78 
0.82 
0.70 
0.90 
0.70 
0.85 
1.06 
0.96 
1.45 

Date (flHT) 
Water Depth 
Weather 

TOTAL 
Phosphorous 
--illl-.ill!l 

0.17 
0.66 
1.12 
0.88 
0.42 
0.70 
0.87 
2.22 
2.56 
2.64 
2.57 
2.01 

~ 
~:Jf 

28 Oct. 1978 Time : 1412Z, 041211ST 
l000m Wire Angle: 0° 
Beaufort-I, Sea State-Calm 

Nitrates Sit icates AIlIoonium Urea TOTAL 
& Nitrites Nitrogen 
..l!!9:ill!l i1l9-at/ t ) i~lR.) (1l9-a t/.t) hlg-~t/t) 

NO 1.21 0.11 1.42 6.10 
NO 1.33 0.06 0.99 1.88 

0.07 2.09 0.09 0.84 1.70 
NO 2.11 0.15 1.05 2.34 

0.19 1.08 0.06 0.97 2.17 
0.03 1. 74 0.20 1.17 3.05 
0.05 2.59 0.13 1.52 2.44 
0.24 1.13 0.03 0.75 4.83 
1.10 4.39 0.32 1. 71 4.78 
3.87 7.42 0.07 1.59 7.40 
9.91 6.75 0.27 2.70 14.60 

28 Oct. 1978 Hme : 2307Z, 1307llST 
1000m Wire Angle: 0° 
Deaufort-l, Sea State-l 

lIitrates S11 icates ADlnonium Urea TOTAL 
& Nitrites N1 tr'ogell 
(Jlg-at/!l (1l9-at/.t) (1l9-at/.t) (1.I9-at/.t) ~t/t) 

NO 1.47 0.02 0.75 1.91 
NO 3.46 0.15 0.63 3.13 

0.02 2.56 0.06 0.51 2.17 
NO 1.29 0.10 0.51 1.94 

0.44 3.05 0.02 0.74 2.21 
2.08 2.18 0.08 0.72 2.23 

10.73 7.43 0.04 0.65 21.05 
17.93 11.60 0.06 0.60 27.90 
23.69 24.76 0.15 0.98 31.89 
27.48 26.08 0.15 0.98 33.54 
34.62 39.82 0.13 0.55 36.71 
36.92 45.40 0.07 0.73 38.46 

• 
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Cruise IIOTEC-l Date (GMT) : 29 Oct. 1973 Time 1830l, 0830llST 
Ship M/V Holohol0 Water Depth: 700m Wire Angle: 0° 
location 19°59'N, 156°05'W Weather Beaufort-I, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates SO jcates Anroonium Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 

_i!!L. (Illt/t) . {1I~tlH _ u.g=~tlt) 11!!l-MLti (pg-at/t) (llg-at/tl tl!g-~tI!j CtJg-at/t) 

5 0,19 0.56 0.06 1.35 0.03 0.80 10.04 
23 0.26 0.56 0.03 3.55 NO 0.68 10.42 
42 0.20 0.64 NO 1.23 NO 0.58 8.49 
60 0.13 0.43 NO 1,38 0.02 0.65 8.59 
78 0.26 0.50 0.02 1.99 NO 0.64 9.76 

143 0.41 0.57 2.59 2.43 0.02 0.69 12.09 
198 1. 21 1.24 14.32 10.03 0.03 0.58 19.35 

OJ 
I 
tTl 

Cruise IIOTEC-l Date (GMT) 29 Oct. 1978 Time : 2138l, 11 3811ST 
Ship M/V lIo1ohol0 .'ater Depth 950m Wire Angle: 0° 
location 200 05'N. 156°04'W Weather Beaufort-I. Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Sil icates AnlllOnium Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 
U!.L (mtlt) (I!!J-atlt) (I!!J-atl t ) (I!!J-atlt) (I!!J-atltl h!!I-at[t) (I!!I-a t[ t) (l!!J-at/t) 

5 0.25 0.35 tiD 2.63 0.03 0.76 9.76 
21 0.19 0.46 0.03 1.17 NO 0.57 8.46 
39 0.18 0.69 NO 2.43 0.03 0.70 9.45 
56 0.17 0.33 0.02 1.59 NO 0.71 8.44 
74 0.21 0.43 NO 1.97 0.03 0.59 8.51 

142 0.28 0.601 1.16 1.56 NO 0.58 16.74 
205 1.48 1.71 20.75 14.95 NO 0.63 22.12 



-- ---

Cruise IIOTEC-2 Date (GHT) 12 Aprll 1979 Time: 2016Z. 101611ST 
Ship M/V Noi'i Water Oepth 1325m Hire Angle: 0° 
location 19°55.6'N. 156°0B.8'li Weather Beaufort-2. Sea State-2 

Observed Dissolved Ph splat TOTAL Nitrates Silicat s Ammo 1 n U TOTAL 
Depths Oxygen 0 1 es Phosphorous & Ni tri tes e nUl rea Ni trogen 

-1!!L (mt/t) (pg-at/&.. (1l9-at/t) hw-at/t) 1l!9::!.V!l. (Ilg-atlt) (llg-at/t) (p9-at/lt) 

o 5.68 0.39 0.56 1.87 2.42 0.64 3,64 26.89 
23 5.47 0,23 0.51 1.43 1.86 0.35 0.51 11.34 
43 5.47 0.24 0.47 0.43 1.74 0.17 0,47 10.69 
58 5.57 0.27 0.40 1.52 3,93 0.36 0.83 12.87 
74 5.68 0.13 0.40 0.20 1,78 0.16 0,28 9.74 

102 5.23 0.28 0.33 0.60 3.31 0,12 0.31 14.40 
131 4.67 0.56 0.42 4.99 4.99 0.11 0,40 13.08 
199 3.82 1.51 1.12 16.48 18.21 0.12 0.24 26.14 
278 2.39 2,16 1.86 24.44 36.43 0,15 0.42 41.48 
450 1.14 3.04 2.79 34.65 71.48 0.09 0.21 53.08 
635 1.20 2.80 3.02 33.84 80.92 0.19 0.44 53.14 

OJ 822 1.39 3.20 3.13 37.53 124.26 0,04 0,26 57.08 
1 

0'\ 

i -

Cruise HOTEC-2 Date (GMT) 13 April 1979 Time: 0322Z, 172211ST 
Shl p M/V tloi' i Wa ter Oepth 1250m .'i re Angl e: 0° 
location 19°56,I'N, 156°08.5'W Weather Beaufort-3. Sea State-3 

Observed Dissolved TOTAL Nitrates . TOTAL 
Depths Oxygen Phosphates Phosphorous & Nitrites SIlicates Ammonium Urea Nitrogen 
~L (mlt/lt) (\lg-at/lt) (lJg-at/lt) (llg-at/lt) !pg-at/lt) (llg-at/lt) !1l9-at/t) iIl.9:at/lt) 

o 5.47 0.18 0.80 .38 6.19 NO .10 10.35 
9 5.52 0.19 0.58 .15 NO 8.70 

22 5.61 0.17 0.57 .07 3.32 NO .11 8.88 
32 5.59 0.16 0.55 .11 1.81 NO .15 14.36 
43 5.38 0.18 0.52 .06 2.25 tID NO 10.49 
60 5.43 0.15 0.53 .10 2.27 NO .43 9.18 
75 5.41 0.15 0.54 .10 1.93 NO NO 10.34 
91 5.43 0.21 0.45 .07 8.83 tiD .61 10.17 

109 5.23 0.19 0.54 .52 2.87 tiD .43 10.62 
149 4.87 0.45 0.83 3.86 4.16 NO .26 11.65 
193 4.40 0.73 0.81 8.22 7.72 NO .20 16.94 
237 3.42 1.40 1.21 17.15 16.09 NO .27 21.09 
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Cruise HOTEC-2 Date (GMT) 13 April 1979 Time : 0959Z, 2359HST 
Shill 14/V Noi'i Water Depth 1200m Wire Angle: 0° 
location 19°53.7'N, 156°10.9'W Heather Beaufort-2, Sea State-2 

Observed Dissolved Phosphates . TOTAL tli trates Silicates Antnon 1 urn Urea TOTAL 
Depths Oxygen Phosphorous & Ni tri tes Ni trogen 

--.J1LL (mtlt} (I!!I-atlt) (I!!I-atl!l - (I!!.I-atl t ) m-atl t} ~.!l. iilll-:!!L!l lli9:ill!l 
0 5.47 O.IB 0.49 0.39 3.74 0.02 0.61 9.65 

22 5.23 0.15 0.49 0.09 1.93 NO 0.17 9.16 
40 5.25 0.07 0.40 0.10 3.86 0.10 0.55 11 .62 
55 5.30 0.12 0.32 0.06 1. 75 0.07 0.16 10.58 
69 5.18 0.12 0.30 0.08 2.30 0.04 NO 15.90 
95 4.99 0.19 0.29 0.56 2.13 NO NO 8.59 

124 4.24 0.52 0.49 5.69 6.11 0,14 0.20 15.90 
192 3.40 1.37 1.21 17.08 17.46 NO 0,11 26.13 
272 2.32 1.80 2.08 22,94 33.00 NO 0.20 40.16 
444 1.02 2.81 2,97 34.61 66.47 0,04 0.26 51.78 

OJ 
628 1.18 2.93 2.94 36,90 84.58 NO 0.11 51.56 

I 816 1.18 2.97 2.07 37.77 100.95 NO 0,11 37.14 
........ 

Cruise IIOTEC-2 Date (GMT) 13 April 1979 Time : 1345Z, 034511ST 
Sh1p M/V tloi'1 Water Depth I 250m Wire Angle: 0° 
location 19°56.2'N, 156°0B.8'W Weather Beaufort-I, Sea State-3 

Observed Dissolved Phosphates TOTAL Nitrates Sl1 kates Alnnonium Urea TOTAl 
Depths Oxygen Phosphorous & Nitrites Nitrogen 

--.JJtL_ (mtlt} (l!!I-atl t } (I!!I-atlt) ~m (I!!I-atlt} (I!!I-atltl (I!!I-atl t l (I!!I-atlt) 

0 5.41 0.18 0.68 0.45 11.30 NO 14.82 
9 5.28 0.28 0.64 0.09 0.17 NO 0.16 10.83 

24 5.32 0.24 0.64 0.11 1.83 NO 0.15 9.65 
38 5.38 0.24 0.55 0.08 1.71 NO 0.11 8,63 
47 5.38 0.19 0.59 0.07 I. 75 NO 0.18 9.72 
60 5.38 0.20 0.57 0.10 1.74 tiD 0.25 9.62 
77 5.14 0.22 0.53 0.46 2.96 NO 0.21 9.81 
94 5.18 0.15 0.50 0.07 2.51 NO 0.10 9.44 

111 5.05 0.28 0.56 0.75 2.52 NO 0.05 10.07 
156 4.40 0.57 0.72 5.12 4.63 NO 0.19 14.10 
202 4.04 0.77 1.10 8.98 7.91 NO NO 19.25 
250 3.30 1.48 1.56 17.fi4 18.50 NO 0.16 26.03 



Cruise /lOTEC-3 Date (6tH) : 17 June 1979 T1me : 22152, 1215UST 
Ship H/V El Greco Water Depth: 1350m Wire Angle: 0° 
location 19°55.5'N, 156°09.2'W Weather Beaufort-2, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Sit icates Anmonium Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 

_l!!L ..Jmt/!L (jlg-at(t) (I!y-atlt) - !I!y-atlt} (I!y-atlt) {I!y-atlt) (I!g-atlt) {I!y-atlt} 

0 5.90 0.23 0.53 1.11 3.50 0.47 0.84 12.97 
23 5.85 0.20 0.54 0.43 2.23 0.17 0.47 8.36 
43 5.96 0.16 0.66 0.24 1.37 0.50 0.71 7.94 
60 5.54 0.15 0.69 0.28 1.49 0.21 0.67 7.52 
72 5.92 0.13 0.48 0.17 1.36 0.24 0.91 2.19 

106 5.52 0.22 0,67 1.28 2.35 0.35 1.29 4.12 
154 4.71 0.50 0.86 5.65 5.30 0.21 0.62 7.01 
239 4.00 1.08 1.61 13.34 12.89 0.31 1.89 19.90 
309 2.75 2.06 2.55 25.61 35.22 0.14 0.50 29.33 
448 1.07 2.92 3.53 36.28 71.01 0.14 0.34 39.91 
632 1.01 2.98 3,17 36.87 79.12 0.37 1.19 45.53 

OJ 826 1.43 2.83 3.17 35.30 85.67 0.17 0.47 45.79 
I 

OJ 

Cruise HOTEC-3 Oa te (GIn) : 18 June 1979 Time 04152, 181511ST 
Ship 14/V El Greco Water Depth: 1100m Wire Angle; 0° 
location 19°56.8'tl, 156°08.7'.., '''eather Beaufort-l, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Silicates AnmontuPl Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 
(I~ ) _JmtL!l __ {I!!J-atlt) .Jl!9::!!L!L _.1l!y-a tl t) (I!y-atlt) (I!!l-atlt) (l!g-atLt} il!.tl!l.!l 

0 5.47 0.35 0.63 0.15 1.97 0.5/! 2.23 7.93 
9 5.14 0.33 0.56 0.09 2.24 1.06 4.09 13.01 

25 5.38 0.26 0.40 0.12 3.65 0.22 0.78 6.17 
40 5.41 0.26 0.44 0.23 3.64 0.33 1.49 2.77 
50 5.94 0.26 0.41 1.38 4.76 0.34 1.60 3.11 
62 5.43 0.21 0.46 0.21 1.81 0.19 0.77 4.58 
79 5.12 0.23 0.48 0.43 1.95 0.25 1.38 4.58 
96 5.05 0.28 0.49 1.02 1. 79 0.18 0.49 5.59 

116 4.96 0.35 0.56 2.29 2.54 0.15 0.38 4.20 
163 4.98 0.51 0.B2 4.73 3.95 0.21 0.76 6.80 
213 4.27 0.90 1.09 9.82 7.95 0.26 0.94 10.83 
262 3.54 1.36 1. 74 15.83 14.50 0.45 1.90 22.33 
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Cruise : IIOTEC-3 Date (GMT) : 18 June 1979 Time : 0943Z, 2343HST 
Ship M/V EI Greco Water Depth: 950", Wire Angle: 0° 
Location: 19°56.4'N, 156°08.I'W Weather : Beaufort-I, Sea State-I 

Observed Dissolved Phosphates . TOTAL Nitrates SII icates IIIlInonium Urea TOTAL 
Depths Oxygen Phosphorous & IUtrites Nitrogen 

__ 1.&_ ~L (I!g-atlt) .JJ!..9.-a tl l) (I!!I-atll) (pg-atlt) (pg-atlt) (jlg-atlt) li!9.:ill& 
0 5.47 0.25 0.67 0.61 2.23 0.18 1.68 9.19 

23 5.77 0.23 0.52 1.18 3.84 0.16 1.60 8.52 
45 5.52 0.32 0.50 2.32 6.54 0.64 3.80 8.36 
t5 5.63 0.14 0.52 0.12 I. 31 0.09 0.34 8.23 
70 5.57 0.12 0.63 0.78 1.63 0.17 1.81 9.28 

104 4.81 0.22 0.58 1.53 2.15 0.13 0.68 11.29 
152 4.69 0.33 0.02 3.57 3.61 0.10 0.45 12.47 
237 3.69 1.11 1.67 14.39 13.64 0.12 0.56 22.54 
304 2.50 1.99 2.59 24.47 31.66 0.21 0.41 36.29 
454 1.03 2.75 3.45 33.95 57.93 0.16 0.29 40.41 
630 1.01 2.99 3.62 36.85 00.88 0.05 0.32 42.17 

OJ 831 1.12 3.00 3.62 37.12 92.83 0.18 0.61 41.25 I 
1.0 

Cruise HOTE(-3 Date (GIn) 18 June 1979 Time : 1400Z, 0400llST 
Ship M/V EI Greco Water Depth 1350111 Wire Angle: 0° 
Location 19°55.8'N, 156°08.7'W Weather 8eaufort-2, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Silicates Anllllnium Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 
U!L ..J!!!!L!L hlg-atl") (I!g-atll) ~:ili& (I!!l-atll) lli.:!!ill h!g-atll) 11!9.::~ 

0 5.25 0.27 0.67 1.03 3.49 0.04 1.69 4.07 
10 5.01 0.21 0.58 0.18 1.61 rIO 0.35 2.44 
28 5.01 0.20 0.58 0.13 1.47 NO 0.36 4.87 
45 5.32 0.18 0.56 O.ll 1.35 0.02 • 0.24 2.90 
61 5.23 0.17 0.58 0.12 1.29 0.02 0.20 1.97 
74 5.54 0.14 0.52 0.12 1.29 NO 0.24 6.26 
83 5.10 0.20 0.50 0.69 1.73 0.07 0.44 3.82 
98 5.21 0.26 0.53 1.41 2.011 0.05 0.32 5.42 

114 4.78 0.27 0.82 1.77 3.44 1m 0.40 5.00 
160 4.56 0.49 0.82 5.34 4.70 0.11 0.35 7.10 
208 4.29 0.80 1.25 9.24 7.60 0.02 0.37 12.93 
256 3.73 1.29 1.63 15.72 14.39 0.44 0.35 22.54 
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Cruise 
Ship 
location 

Observed 
Depths 

__ l!!._) 
0 

21 
42 
62 
75 

103 
152 
236 
304 
451 
633 
626 

Cruise : 
Ship : 
location: 

Observed 
Depths 
-1.~L 

0 
8 

22 
35 
40 
48 
62 
76 
93 

138 
135 
233 
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HOTEC-4 Da te ( Gfff) : 
R/Y Kana Keok I Water Depth: 
19°56.0'N, 156°08.5'W Weather : 

Dissolved Phosphates TOTAL 
Oxygen Phosphorous 
(mt/i) (lJg-at/i) hlg-at/i) 

5.14 0.10 0.53 
5.76 0.10 0.44 
5.83 0.08 0.52 
5.78 0.11 0.43 
5.59 0.15 0.43 
5.14 0.18 0.34 
5.23 0.38 0.51 
3.72 1.39 1.52 
2.49 2.16 2.32 
1.04 2.95 2.87 
1.06 3.15 3.23 
1.20 2.66 3.22 

IIOTEC-4 Date (fliT) 
R/V Kana Keok I Water Depth: 
19°55.3'N, 156°09.2". Weather 

Dissolved Phosphates TOTAL 
Oxygen Phosphorous 
(mi{i) h~g-at{.tl lllg-atlt) 

5.80 0.11 0.55 
5.25 0.12 0.40 
5.25 0.11 0.35 
5.34 0.10 0.43 
5.52 0.09 0.37 
5.99 0.10 0.35 
5.96 0.10 0.69 
5.01 0.14 0.49 
4.98 0.16 0.46 
4.66 0.31 0.54 
4.56 0.58 0.12 
3.33 1.48 1.64 

~ ~ tftLJ:.1:J.f .. ~ 

30 July 1919 Time 2213Z, 1213"ST 
1325m Wire Angle: 0° 
8eaufort-2, Sea State-l 

Nitrates S11 icates Allloonium Ureil TOTAL 
& NitrHes Nltrogen 
hog-at/i) hlg-at/i) (lJg-at/i) hog-ilt/i) (lJg-at/i) 

NO 1.97 0.14 0.36 16.32 
NO 1.97 0.10 0.18 13.61 
NO 1.57 0.04 0.30 12.17 

0.03 1.99 0.02 1.11 13.85 
0.09 2.04 0.04 0.19 13.85 
1.30 2.36 0.04 0.51 18.57 
4.52 4.81 0.13 0.30 15.68 

18.34 17.91 0.16 0.34 25.29 
26.84 33.69 0.26 0.30 33.79 
37.60 70.90 0.24 0.33 35.10 
40.35 88.71 0.26 • 0.33 41.17 
33.50 81.73 0.35 0.47 44.73 

1 AU~lUst 1919 Time : 0303Z, 170311ST 
1350m Wire An91e: 0° 
8eaufort-4, Sea State-3 

fUtrates Silicates AnIoonium Urea TOTAL 
& Nitrites Nitrogen 
lilg-atli) lI!9-atl t ) ll!g-at{t) (I!g-at{i) ll!!I-atlt) 

0.11 3.04 0.05 0.14 12.41 
0.16 2.01 NO 0.29 12.97 
0.11 2.01 0.03 0.44 13.21 
0.10 1.91 NO 0.43 16.80 
0.10 1.82 NO 0.21 11.37 
0.10 2.46 0.03 0.42 11.77 
0.11 2.63 0.09 0.33 10.91 
0.49 2.63 0.09 0.28 9.45 
0.85 3.95 0.07 0.31 12.41 
4.08 4.53 0.10 0.19 15.12 
8.14 1.05 0.09 0.29 20.49 

21.02 17.96 0.10 0.11 36.80 

~ 
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Cruise HOTEC-4 Date (GMT) 1 Au!!. 1979 Time : 1035Z, 0035HST 
Ship R/V Kana Keoki Water Depth 1360in Hire Angle: 0° 
location 19°55.6'N, 156°09.5'W Weather Beaufort-3, Sea State-2 

Observed Dissolved Phosphates TOTAL til trates Silicates Antnonium Urea TOTAl 
Depths Oxygen Phosphorous & :11 trltes Nitrogen 
-(~- (mt/t) (1l9-at/t~ (Ilg-at/ t ! !l!!I-atlt ) U!!I-atl t } hl!l-atLtl !1!9.=ill.!l ("'~J-at/t) 

0 5.19 0.14 0.43 0.12 2.61 0.13 0.32 11.37 
21 5.65 0.10 0.44 0.10 2.46 0.10 0.26 11.29 
.,2 5.78 0.10 0.42 0.09 2.16 0.12 0.36 11.69 
62 5.21 0.09 0.42 0.07 1.85 0.12 0.40 11.93 
71 5.19 0.13 0.41 0.09 2.07 0.29 1.01 12.19 

107 4.28 0.18 0.48 1.60 2.83 0.13 0.42 13.21 
152 4.90 0.24 0.56 3.25 4.12 0.20 0.33 17 .12 
236 3.70 1.35 1.31 16.81 17 .21 ND 0.29 38.65 
304 2.28 1.96 2.30 23.89 32.10 0.24 0.39 34.02 
451 1.16 2.95 3.20 37.25 69.63 0.40 0.60 43.65 
633 1.06 1.98 2.71 24.23 50.51 0.37 0.62 35.50 

O:J 828 1.33 2.78 3.41 33.67 92.43 0.24 1.29 43.56 
I 
--' 
--' 

Cruise HOTEC-4 Date (GMT) 1 Au!!. 1979 Time : 1425Z. 0425UST 
Ship M/V Kana Keokl ~/ater Depth 1355m I~ire Angle: 0°· 
location 19°55.7'". 156°08.9'W Weather Beaufort-2. Sea State-2 

Observed Dissolved Phosphates TOTAL Nitrates Sil Icates Antnonlum Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 
U1L {mtlt~ (I!!I-atlt) {I!!I-atl t } !l!!I-atlt} (I!!I-atl t ) {I!!I-atl t } (l!!I-atltl (I!!I-atl t } 

0 5.57 0.11 0.66 0.11 3.80 0.05 0.51 13.37 
8 5.45 0.10 0.51 0.08 1.63 0.14 0.41 12.49 

25 5.52 0.15 0.41 0.11 2.56 NO 0.56 11.45 
.,0 5.63 0.10 0,52 0.09 2.19 0.09 0.23 11.69 
49 5.85 0.14 0.45 0.09 1.70 0.14 0.40 15.20 
58 5.21 0.11 0.37 0.10 2.29 0.15 0.27 11.37 
74 5.54 0.13 0.38 0.14 1.97 0.18 0.45 11.13 
92 5.25 0.15 0.36 0.67 2.25 0.14 0.61 10.81 

110 4.92 0.20 0.37 1.92 2.99 0.15 0.47 11.37 
157 4.96 0.40 0.55 4.77 4.46 0.13 0.30 14.97 
205 4.66 0.58 0.77 8.12 6.93 0.08 0.32 20.33 
253 3.92 1.30 1.45 18.81 15.60 0.17 0.49 33.76 



Crui se 
Ship 
location 

Observed 
Ilepths 

__ L~l_ 
0 

17 
36 
54 
74 

114 
156 
243 
334 
521 
712 

to 904 
I ..... 

N 

Cruise 
Ship 
Location 

Observed 
Depths 
(.!iL 

0 
19 
38 
57 
78 

118 
160 
249 
340 
527 
718 
909 
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II01£C-5 Date (GMT) 
R/V Kana Kcoki Water Depth 
19°56.9'N. 156°09.0'11 Weather 

Dissolved Phosphates TOTAL 
Oxygen Phosphorous 

-1ml/l) (pg-atlt} (l!!I-at / l } 
6.27 0.08 0.56 
5.96 0.07 0.46 
5.67 0.09 0.53 
6.29 0.07 0.46 
5.89 0.09 0.35 
5.38 0.08 0.43 
5.03 0.27 0.79 
4.50 0.99 1.54 
3.19 1.85 2.43 
1.20 2.71 3.59 
1.09 3.09 3.77 
1.29 3.08 3.77 

110 TE C.; 5 Date (GMT) 
R/V Kana Keok i I~ater Depth 
19°50.4'N. 156°08.4'H Weather 

Dissolved Phosphates TOTAL 
Oxygen Phosphorous 
{mIlt} {pg-atlt} {tlg-atlt} 

5.76 0.02 0.59 
5.23 flO 0.47 
5.47 NO 0.49 
5.74 NO 0.41 
5.72 NO 0.38 
5.12 0.02 0.36 
4.87 0.12 0.50 
4.34 0.92 1.45 
3.04 1.52 2.45 
0.93 2.76 3.53 
1.04 2.67 3.50 
1. 37 2.81 3.53 

~ .. ! ... {t' 
W;:"Q~ t'J"$\J .... GWS _~~. ItJj.~ ,;.'}a: 

3 Oct. 1979 Time : 2146Z. 114611ST 
1375", Wire An91e: 0° 
Beaufort-O. Sea State-Calm 

Nitrates Sl1icates ARII10nium Urea TOTAL 
& Nitrites Nitrogen 
(l!g-at/l} {llg-atll} (l!g-at/l} (l!!I-atlt} (l!!I-at/l} 

0.02 1.09 tiD 0.18 10.08 
0.02 1.06 NO 0.18 9.28 
0.03 1.18 NO 0.18 9.32 
0.03 1.19 NO 0.24 10.36 
0.04 1.35 0.46 0.22 9.05 
0.94 1.85 NO 0.19 9.58 
3.71 3.46 NO 0.19 10.76 

14.89 14.84 NO 0.17 21.10 
25.63 34.69 NO 0.20 39.11 
35.09 54.39 NO 0.25 52.36 
38.32 68.00 2.71 0.44 55.51 
38.84 79.57 NO 0.20 50.11 

4 Oct. 1979 Time : 1038Z. 003RHST 
1000m Wire An91e: 0° 
Oeaufort-2. Sea State-l 

Nitrates Silicates Ammonium Urea TOTAL 
& !Utri tes Nitrogen 
{l!g-atlt} {l!g-atlt} {l!g-at/tl {l!9-atl t } {l!9-at/ l l 

NO 1.20 NO 0.20 10.39 
NO 1.16 Nil 0.19 10.76 
NO 1.18 NO 1).23 10.69 
NO 1.29 NO 0.43 8.58 
NO 1.29 0.31 0.19 7.51 

0.26 1.78 0.02 0.25 7.98 
2.26 2.56 NO 0~20 9.99 

14.79 15.28 2.53 0.19 19.44 
21.95 31.28 1.21 0.31 39.70 
36.46 60.12 NO 0.19 50.29 
33.58 61.85 NO 0.17 48.76 
33.47 72.92 0.34 0.21 49. J1 

~ 
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Crut se ': 1I0TEC-5 Date (I1MT) 
Ship R/ V Kana Keok i Water Depth 
locatlon: ;~OoOO.7'N, 156°04.4'14 Weather 

Observed Dissolved Phosphates TOTAL 
, Depths Oxygen ' Phosphorous 
~L Imtlt) II!!I-at/ t ) !pg-at/t) 

0 5.07 0.24 0.48 
7 5.12 0.20 0.38 

20 5.10 0.17 0.39 
34 5.19 0.16 0.35 
50 5.23 0.13 0.50 
66 5.36 0.13 0.30 
84 5.45 0.15 0.33 

101 5.25 0.16 0.31 
120 4.96 0.21 0.50 
166 4.61 0.37 0.57 
214 4.48 0.57 0.78 
262 4.08 1.17 1.43 

to , 
w 

Cruise HOTEC-5 Date (IiMT) 
Ship R/Y Kana Keok i Water Depth 
location 19°56.8'N, 156°0B.O'W Weather 

Observed Dissolved Phosphates TOTAL 
Depths Oxygen Phosphorous 
{~ ~!L h!!I-atltl (j19-atl t ) 

0 4.94 0.16 0.41 
7 4.92 0.13 0.31 

21 5.27 0.12 0.30 
37 5.10 0.19 0.40 
54 5.10 0.12 0.35 
70 5.32 0.12 0.30 
88 fi.14 0.14 0.30 

106 5.10 0.17 0.40 
124 5.12 0.15 0.40 
170 4.94 0.29 0.45 
218 4.59 0.64 0.87 
267 4.19 1.07 1.35 

~ 
~ 

5 Oct. 1979 

~ e@i1i [fril 

Time 

>. 

.' r 

: 0406Z, 180611ST 
850m Wire Angle: 0° 
8eaufort-2, Sea State-Calm 

Nitrates Sl1icates AnIoonium Urea TOTAL 
& IHtrHes tUtrogen 
(I:!!I-at/t) (I!g-at/t) (I:!!I-atlt) (I:!g-at/t) (II!I-at/t) 

0.14 1.18 NO 3.09 15.81 
0.08 1.18 NO 1.32 12.28 
0.06 1.23 NO 1.21 11.65 
0.05 1.08 NO 0.80 9.71 
0.09 1.11 tID 0.41 8.74 
0.06 1.11 NO 0.46 8.64 
0.06 1.17 NO 0.39 7.96 
0.06 1.44 2.61 0.42 7.98 
0.83 1.69 NO 0.40 9.27 
3.72 3.17 NO 0.35 11.00 
6.94 5.87 NO 0.38 13.00 

15.16 6.90 NO 0.28 19.72 

5 Oct. 1979 Time : 1536Z, 053611ST 
1360m Wire Angle: 0° 
8eaufort-2, Sea State-Calm 

Nitrates S111 cates AnIoonium Urea TOTAL 
& til trl tes Nitrogen 

(1:!9-atl t ) (I:!!!-atlt) !1:!9-atl t l !1:!9-atl t ) !JIll-atlt) 
0.15 1.08 3.78 8.22 15.46 
0.05 1.20 0.04 0.26 16.14 
0.06 1.01 0.63 2.50 14.71 
0.06 0.95 3.37 2.32 15.77 
0.05 1.02 0.07 0.95 11.71 
0.06 1.03 0.45 1.76 14.16 
0.07 1.31 0.11 1.03 10.64 
0.25 1.48 0.09 0.B2 10.70 
0.55 1.55 NO 0.51 12.44 
3.22 2.89 0.12 0.79 13.39 
8.74 7.72 0.16 0.78 111.47 

14.59 14.11 0.07 0.78 23.92 

"'- ~ lil!ilIIIiIil 



Cruise IIOTEC-6 Date (GIn) : 
Ship M/V lIoi'i Water Depth: 
location 19~55.9'N, 156°8.0'W Weather 

Observed Dissolved Phosphates TOTAL 
Depths Oxygen Phosphorous 

_'-'11 _ _ 1~ (l!g-atlt) (pg-atltl 

0 5.74 0.10 0.55 
24 5.34 0.02 0.65 
46 5.16 NO 0.1\5 
65 5.43 0.02 0.47 
84 5.45 tlO 0.51 

119 5.01 0.02 0.73 
155 4.79 0.14 0.60 
240 4.10 0.93 1.45 
329 2.66 1.89 2.47 
517 0.24 2.85 3.40 
708 0.27 3.06 5.96 

OJ 901 0.42 3.10 4.49 I ..... 
.f::o 

Cruise HOTEC-6 Date (GUT) 
Ship H/V Hoi'i Water Depth 
location 19°55.3'N, 156°9.2'W Weather 

Observed Dissolved Phosphates TOTAL 
Depths Oxygen Phosphorous 

--1J1L --1!!!!l!L (l!!I-atl t ) h!!I-atltl 

0 5.23 0.03 0.71 
9 5.01 tlO 1.44 

27 5.12 tlO 0.47 
46 5.16 liD 0.71 
62 5.27 NO 0.46 
80 5.23 110 0.46 
97 5.30 110 0.48 

114 5.34 0.35 0.39 
130 5.16 0.07 0.53 
173 4.76 0.21 0.78 
227 4.39 0.64 1.10 
265 4.28 1.05 1. 37 

- --- L-... 
. -. 

L..R 
_ 
~ .. -,- ~--:if' .. m1im • ," ,.J.r;?!tt!S-I '.: .,"'S.'i:"~ '!'~ .';' 

.. ,;.'L~~ ___ , .~ .::.-..J.. •• '" -_ .-.:l;i 

7 December 1979 
1025m 
8eaufort-l, Sea State-l 

Ifl trates Silicates & Ifitrites 
{!!g-atltl {'Ig-atltl 

0.16 1.68 
0.09 1.51 
0.07 1.41 
0.10 1.33 
0.08 1.54 
1.06 2.61 
J.68 4.63 

17.09 16.29 
29.53 37.38 
40.37 68.40 
42.69 89.07 
43.05 96.35 

8 December 1979 
1350m 
Beaufort-2, Sea State-l 

Nitrates Silicates 
& Ni tri tes 
h,g-at/t) hl!l-atlt) 

0.11 1. 78 
0.10 1.52 
0.10 1.44 
0.08 1.48 
0.09 1.38 
0.08 1.45 
0.08 1.64 
0.30 1. 70 
0.97 1.85 
3.78 4.61 

10.44 11.53 
10.62 15.48 

f~YI ~ 

Time 2247Z, 124711ST 
Wire Angle; 0° 

AmmoniulII Urea -:-OTAl 

{l!g-atl tl (l!g-atltl 

0.37 3.07 19.03 
If 0 0.18 15.23 
NO 0.40 17.56 

0.28 1.05 20.07 
NO 0.33 18.94 
NO 0.26 20.27 
NO 0.29 17.40 

0.09 0.27 21.14 
0.10 0.19 43.93 
0.31 0.27 47.50 
0.12 0.20 47.12 
0.09 0.18 44.35 

Time : 0434Z, 1834HST 
Wire Angle: 0° 

AIlInonium 

(l!!I-atlt) 

NO 
NO 

0.07 
lfO 
tlO 

0.21 
flO 

11.18 
0.14 
0.06 
0.07 
0.32 

~ 
~~s 

Urea TOTAL 
Nitrogen 

{l!!I-atlt) ~t) 

0.21 22.89 
0.18 22.37 
0.34 22.72 
0.33 21.54 
0.33 22.75 
0.47 21.99 
0.39 22.15 
0.30 22.47 
0.24 24.35 
0.24 26.30 
0.21 29.63 
0.32 32.16 

~ ".' 
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Cruise HOTEC-6 Date (GMT) 8 December 1979 Time : 1055Z, 0055HST 
Ship H/V Noi'i Water Depth 1230," Hire Angle: 0° 
Location 19°54.6'N, 156°11.1'W Weather Beaufort-O, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Silicates AllJlllni um Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites Nitrogen 

.-..l . .!1L {ml/l) {jlg-at/l) (I!!l-atll) (1!9-at/.q {pg-at/ll (jI!t:at/R.l (I!g-atlt) (l!g-atlR.) 
0 5.10 0.16 0.62 0.11 1.65 0.06 0.31 18.08 

21 5.12 0.06 0.94 0.09 1.53 0.10 0.26 14.75 
44 5.10 0.02 0.55 0.08 1.35 0.10 0.73 17 .13 
63 5.14 NO 0.47 0.10 1.40 0.31 0.47 15.81 
82 5.30 NO 0.43 0.10 1.54 0.86 0.55 16.18 

121 4.87 0.06 0.58 1. 97 3.22 0.15 0.33 15.55 
161 4.83 0.11 0.77 3.67 4.43 0.15 0.28 21.93 
246 4.10 1.03 1.52 17.65 17 .40 3.42 0.34 29.07 
336 2.88 1.79 2.73 2B.96 36.26 0.69 0.32 57.40 
522 0.33 2.79 3.51 41.25 69.31 0.11 0.19 62.83 

OJ 705 0.33 2.55 3.60 34.62 71.12 tID 0.35 62.40 
I 899 1.29 3.00 3.41 41.75 97.46 NO 0.47 59.03 
-' 
U'1 

Cruise IIOTEC-6 Date (GMT) 8 December 1979 Time . 1505Z, 0505HST 
Ship M/V Noi'i Hater Depth 925111 Wire An!lle: 0° 
Location 19°56.4'N, 156°7.8'14 Weather Beaufort-I, Sea State-l 

Observed Dissolved Phosphates TOTAL Nitrates Sil1cates AlIJIIOnium Urea TOTAL 
Depths Oxygen Phosphorous & Nitrites tlitrogen 

_J . .!1L {filt/l} (j'!l-at! t) (pg-at/tl (I!g-at/R.) {pg-at/l} (pg-a til) (Ilg-atll) 1!!..9.:ill!l 
0 3.12 NO 0.51 0.06 1.31 0.29 0.35 15.43 
9 5.16 NO 0.60 0.08 1.33 0.31 0.24 17.15 

26 5.16 NO 0.30 0.04 0.91 0.11 0.31 12.35 
43 5.19 tID 0.55 0.07 1.35 0.12 0.33 16.49 
60 5.21 flO 0.47 0.11 1;40 0.11 0.48 14.90 
76 5.30 NO 0.41 0.08 1.49 0.12 0.32 15.99 
94 5.47 ND 0.45 0.08 1.64 0.45 0.54 14.94 

109 5.27 tID 0.47 0.35 1. 34 0.05 0.31 17.45 
124 5.23 NO 0.74 0.76 1.69 0.03 0.26 13.90 
1611 5.05 0.16 0.67 3.79 4.71 0.07 0.26 15.61 
209 4.70 0.59 0.91 10.64 11.94 0.08 0.33 26.58 
256 4.30 1.04 1.06 16.99 20.40 1 :03 0.27 30.64 
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APPENDIX C 

Chlorophyll, Phaeo-pigments, ATP and Primary Productivity 
Data For HOTEC 1-6 Cruises 
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Cruise : HOTEC-l Date (GMT): 28 Oct. 1978 Time: 0415Z, 1815HST 
Ship : M/V Holoho10 l~ater Depth: 1000m "lire Angle: 0° 
Location: 19°59'N, 156°08'W Weather Beaufort-l, Sea State-Calm 

Observed Ch 1 orophy11-a Phaeo-Pigments A.T.P. 
Depths (1l9/1) (1l9/1) (ng/1) ( M ) 

0 0.08 0.03 4.93 
5 0.07 0.01 2.37 

21 0.09 0.03 8.10 
36 0.09 0.04 5.26 
50 0.10 0.04 9.63 
64 0.16 0.06 17 .47 
76 0.23 0.10 12.67 
89 0.26 0.18 9.23 

100 0.12 0.12 6.60 
127 0.06 0.09 5.40 
152 0.03 0.04 5.87 
175 0.01 0.03 4.87 

Cruise : HOTEC-1 Date (GMT) : 28 Oct. 1978 Time: 1412Z, 0412HST 
Ship : M/V Ho1oho10 Water Depth: 1000m I-lire Angle: 0° 
Location: 19°59'N, 156°08'W Weather Beaufort-1, Sea State-Calm 

Observed Ch1orophy11-a Phaeo-Pi gments A.T.P. 
Depths (1l9/1) (1l9/1) (n9/1) ( M ) 

0 0.07 0.03 14.5 
5 0.08 0.03 25.25 

23 0.06 0.05 4.70 
41 0.08 0.04 10.75 
58 0.11 0.07 5.55 
74 0.21 0.06 17.45 
91 0.25 0.21 11.59 

107 0.14 0.15 7.55 
123 0.07 0.13 3.20 
163 0.04 0.16 2.15 
202 0.02 0.02 2.70 
243 0.02 0.02 2.35 

C-3 



Cruise : HOTEC-l Date (GMT) : 29 Oct. 1978 Time: 1830Z, 0830HST 
Ship : M/V Holohol0 Water Depth: 700m Wire Angle: 0° 
Location: 19°59 I N, lS6°0S'W Weather Beaufort-l, Sea State-l 

Observed Chlorophyll-a Phaeo-Pigments A.T.P. 
Depths (}lg/R.) (}lg/R.) (ng/R.) ( M ) .~ 

S 0.08 0.02 
23 0.08 0.01 I ._!:. 

42 0.09 0.03 
60 0.16 0.04 ~ 78 0.27 0.16 

143 O.OS 0.06 I 198 0.01 0.02 

I "'":;. 

Cruise : HOTEC-l Date (GMT): 29 Oct. 1978 Time: 2138Z, 1138HST 
Ship : M/V Holohol0 Water Depth: 9S0m Wire Angle: 0° 
Location: 20 0 0S'N, lS6°04 1W Weather Beaufort-l, Sea State-1 

Observed Chlorophyl1-a Phaeo-Pigments ·A.T.P. 
Depths (}lg/R.) (}lg/R.) (ng/R.) ( M ) 

S 0.09 0.02 
21 0.09 0.02 
39 0.12 0.03 
S6 0.18 O.OS 
74 0.27 0.12 

142 0.12 0.14 
20S 0.01 0.02 

C-4 
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Cruise : HOTEC-1 Samples Obtained: 
Ship: M/V Ho1oholo 
Location : 19°59'N, 156°08'W Incubation: 
l~ater Depth: 1000m 
Weather : Beaufort-1, Sea State-Calm 

Date (GMT) - 28 Oct. 1978 
Time ------- 1400Z, 0400HST 
Date (GMT) - 28-29 Oct. 1978 
!ime ------- 1600Z, 0600HST 

to 0400Z, 1800HST 

Depth Primary Productivity 
(M) tl:!9 C/9.,/hr 

5 0.32 
10 0.17 
30 0.17 
50 0.07 
70 1. 21 

90 0.18 
110 0.18 
130 0.10 
150 O. 13 

C-5 



Cruise : HOTEC-2 Date (G~1T) : 
Ship : M/V Noi' i Water Depth: 
Location: 19°56.1'N, 156°0B.5'W Weather: 

Observed Chlorophyll-a 
Depths (llg/R.) ( M ) 

0 0.03 
9 0.03 

22 0.03 
32 0.04 
43 0.04 
60 0.06 
75 O.OB 
91 0.17 

109 0.15 
149 0.06 
193 0.01 
237 0.01 

Cruise : HOTEC-2 Date (GMT) : 
Ship : M/V Noi Ii Water Depth: 
Location: 19°56.2 IN, 156°0B.B'W l~eather: 

Observed Ch 1 orophyll-a 
Depths (1l9/R.) ( M ) 

0 0.02 
9 0.02 

24 0.03 
3B 0.04 
47 0.06 
60 0.07 
77 0.18 
94 0.21 

111 0.11 
156 0.05 
202 0.01 
250 0.01 

C-6 

13 Apri 1 1979 Time: 0322Z, 
1250m Wire Angle: 
Beaufort-3, Sea State-3 

Phaeo-Pigments A.T.P. 

(1l9/ R.) (ng/R.) 

0 B.07 
0.006 14.13 
0.002 7.43 
O.OOB 6.80 
0.005 9.93 
0.002 9.77 
0.02 7.07 
0.03 3.80 
0.05 4.87 
0.04 2.70 
0.01 30 10 
0.004 

13 April 1979 Time: 1345Z, 
1250m Wire Angle: 
Beaufort-l, Sea State-3 

Phaeo-Pigments A. T.P. 
(1l9/R.) (ng/R.) 

0.02 5.47 
-- 4.B7 

0.01 3.20 
0.004 6.27 
0.01 4.27 
0.005 5.03 
0.02 5.50 
0.03 3.67 
0.05 2.95 
0.03 0 
0.01 0 
0.02 0 

1722HST 
0° 

0345HST 
0° 

Rl 
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Cruise : HOTEC-2 Samples Obtained: Date (GMT) - 13 April 1979 
Time ------- 1345Z, 0345HST 
Date (GMT) - 13-14 Aoril 1979 
Time ------- 1600Z, 0600HST 

Ship : M/V Noili 
location : 19°56.2 I N, 156°0B.B'W Incubation: 
Water Depth: 1250m 
Weather -: Beaufort-l, Sea State-3 

Depth 
(M) 

0 
10 
30 
50 
70 
90 

110 
130 
150 

Primary Productivity 
(1l9 C/ t/hr ) 

C-7 

0.034 
0.056 
0.031 
0.067 
0.062 
0.033 

to 0230Z, 1630HST 



Cruise : HOTEC-3 Date (GMT): 18 June 1979 Time: 0415Z, 1815HST 
Ship : M/V E1 Greco Water Depth: 1100m Wire Angle: 0° 
Location: 19°56.8'N, 156°08.7'W Weather: Beaufort-1, Sea State-l 

. Observed Chlorophyl1-a Phaeo-Pigments A.T.P. Depths 
{ M } {l:!g/t} {119/ t } (ng/t) 

0 0.09 0.02 31.64 
9 0.07 0.03 16.88 

25 0.09 0.04 20.28 
40 0.08 0.01 23.25 
50 0.15 0.07 19.59 
62 0.18 0.06 22.57 
79 0.62 0.45 34.61 
96 0.19 0.22 10.15 

116 0.12 0.13 3.31 
163 0.04 0.05 5.08 
213 0.02 0.04 2.93 
262 0.03 0.02 2.68 

Cruise : HOTEC-3 Date (GMT): 18 June 1979 Time: 1400Z, 0400HST 
Shi p : M/V El Greco Hater Depth: 1350m l~i re Angl e: 0° 
Location: 19°55.8'N, 156°08.7'W Weather: Beaufort~2, Sea State-l 

Observed Ch1orophyl1-a Phaeo-Pigments A.T.P. Depths 
( M ) (l:!g/t} {l:!9/ t } {ng/ t) 

0 0.05 0.02 25.20 
10 0.06 0.01 22.16 
28 0.06 0.02 21.81 
45 0.06 0.02 13.11 
61 0.08 0.04 18.46 
74 0.15 0.04 18.91 
83 0.39 0.17 14.46 
98 0.14 0.17 6.14 

114 0.07 0.07 5.22 
160 0.03 0.01 3.58 
208 0.01 tID 2.08 
256 0.01 0.01 3.30 

C-8 
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Cruise : HOTEC-3 Samples Obtained: 
Ship : M/V E1 Greco 
Location : 19°55.8 I N, 156°08.7'W Incubation: 
Water Deoth: 1350m 
Weather' : Beaufort-2, Sea State-1 

Date (G~1T) - 18 June 1979 
Time ------- 1400Z, 0400HST 
Date (GMT) - 18-19 June 1979 
Time ------- 1630Z, 0630HST 

to 0200Z, 1600HST 

Depth Primary Productivity 
(M) ( ~g C/ 9.,fh r ) 

2 0.113 
10 0.130 
30 0.136 
50 0.127 
70 0.089 
90 0.115 

110 0.110 
130 
150 

C-9 



Cruise : HOTEC-4 Date (GMT): 1 Aug. 1979 Time: 0303Z, 1703HST -, 
Ship : R/V Kana Keoki ~/ater Depth: 1350m Hire Angle: 0° \ 
Location: 19°55.3 I N, 156°09.2IW Weather: Beaufort-4, Sea State~3 

Observed Ch1orophy11-a Phaeo-Pigments A.T.P. Depths 
{ M } {l!9/ t } (1l9/ t} {n9/ t } 

0 0.09 NO 20.94 
8 0.09 NO 27.44 

22 0.08 NO 31.18 
35 0.12 0.01 35.31 
40 0.12 0.04 30.65 
48 0.17 0.06 28.28 
62 0.21 0.09 25.55 
76 0.19 0.11 18.65 
93 0.17 0.09 13.61 

138 0.04 NO 7.19 
185 0.04 NO 6.81 
233 0.03 NO 5.28 

Cruise : HOTEC-4 Date (GMT): 1 AuCl. 1979 Time: 1425Z, 0425HST 
Ship : R/V Kana Keoki Water Depth: 1355m Wire Angle: 0° 
Location: 19°55.7 I N, 156°08.9 IW !4eather: Beaufort-2, Sea State-2 

Observed Ch1orophy11-a Phaeo-Pigments A.T.P. Depths 
{ M } (1l9/ t} (l!9/ t } {n9/ t } 

0 0.13 0.02 26.75 
8 0.11 0.03 25.84 

25 0.11 0.02 26.75 
40 0.12 0.05 20.16 
49 0.20 0.04 
58 0.27 0.07 17.88 
74 0.37 0.13 17.39 
92 0.24 0.28 17.73 

110 0.05 0.03 7.89 
157 0.06 NO 12.77 
205 0.04 0.03 6.24 
253 0.03 NO 3.60 
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Cruise 
Ship 
Location : 
Water Depth: 
Weather 

HOTEC-4 Samples Obtained: Date (GMT) - 1 August 1979 
Time ------- 1425Z, 0425HST 
Date (GMT) - 1-2 Aug. 1979 
Time ------- 1700Z,0700HST 

R/V Kana Keoki 
19°55.7 I N, 156°0B.9 I W Incubation: 
1355m 
Beaufort-3, Sea State 1-2 to 0300Z, 1700HST 

Depth Primary Productivity 
(M) ()Jg C/~/hr) 

2 0.035 

10 0.029 

30 0.032 

50 0.02B 

70 0.051 

90 0.010 

110 0.011 

130 O.OOB 

150 0.026 

C-ll 



Cruise : HOTEC-5 Date (GMT) : 5 Oct. 1979 Time: 0406Z, 1806HST 
Ship : R/V Kana Keoki Water Depth: 850m Wire Angle: 0° 
Location: 200 00.7'N, 156°04.4'W Weather: Beaufort-2, Sea State-Calm 

Observed Ch1orophy11-a Phaeo-Pigments A.T.P. 
Depths (~g/~) (~g/~) (ng/~) 

( M ) 

0 0.10 0.01 27.66 
7 0.09 NO 32.90 

20 0.08 0.02 40.11 
34 0.10 0.01 52.72 
50 0.12 0.03 49.12 
66 0.25 0.11 41.09 
84 0.26 0.09 36.83 

101 0.24 0.22 19.96 
120 0.13 0.08 9.80 
166 0.05 0.02 9.20 
214 0.05 0.01 14.43 
262 0.05 0.01 8.27 

Cruise : HOTEC-5 Date (GMT) : 5 Oct. 1979 Time: 1536Z, 0536HST 
Ship : R/V Kana Keoki Water Depth: 1360m Wire Angle: 0° 
Location: 19°56.8'N, 156°08.0'W Weather: Beaufort-2, Sea State-Calm 

Observed 
Depths 
( M ) 

o 
7 

21 
37 
54 
70 
88 

106 
124 
170 
218 
267 

Ch 10 rophy ll-a 
(~g/~) 

0.04 
0.04 
0.09 
0.08 
0.10 
0.14 
0.29 
0.15 
0.14 
0.04 

NO 
NO 

C-12 

Phaeo-Pigments 

(~g/~) 

0.07 
0.03 
0.02 
0.01 
0007 
0.07 
0.15 
0.13 
0.08 
0.05 
0.15 
0.12 

A.T.P. 
(ng/ ~) 

40.27 
22.74 
30.11 
35.19 
46.50 
34.70 
28.15 
19.79 
17.99 
9.96 

12.58 
6.68 
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Cruise 
Ship 
Location 
Water Depth: 
Weather 

HOTEC-5 Samples Obtained: Date (GMT) - 5 Oct. 1979 
R/V Kana Keoki Time ------- 1536Z, 0536HST 
19°56.8 I N,156°08.0 ' W Incubation:. Date (G~1T) - 5-6 Oct. 1979 
1360m Time ------- 1700Z, 0700HST 
Beaufort-2, Sea State-Calm to 0330Z, 1730HST 

Depth Primary Productivity 
(M ) (}Jg C/ R,/hr) 

2 0.334 

10 0.130 

30 0.228 

50 0.216 

70 0.164 

90 0.142 

110 0.082 

130 0.048 

150 0.052 

C-13 
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Crui se .: HOTEC-6 Da te (GMT) : 8 Dec. 1979 [Ti me: 0434Z, 1834HST] 
Ship : ~1/V Noili Water Depth: 1350m Wire Angle: 0° -"I 
Location: 19°55.3 I N, 156°9.2IH Weather: Beaufort-2, Sea State-1 

Observed Ch 1 orophy11-a Phaeo-Pigments A.T.P. 
Depths (1l9/Q,) . (llg/Q,) (ng/Q,) ( M ) 

0 0.18 ND 24.91 
9 0.18 ND 33.96 

27 0.20 ND 31.46 
46 0.19 ND 19.62 
62 0.24 ND 32.99 
80 0.38 0.02 31.46 
97 0.34 0.04 21.85 

114 0.27 0.08 14.19 
130 0.18 ND 14.75 
173 0.12 ND 7.93 
227 0.09 0.01 6.81 
265 0.09 0.03 7.23 

Cruise : HOTEC-6 Date (GMT): 8 Dec. 1979 [Time: 1505Z, 0505HST] 
Ship. : M/V Noili Water Depth: 950m Wire Angle: 0° 
Location: 19°56.4 IN, l56°7.81\~ ~'Ieather: Beaufort-l, Sea State-1 

Observed Chlorophyll-a Phaeo-Pigments A.T.P. Depths 
( M ) (1l9/Q,) ( 119/ Q,) ( ng/Q,) 

0 0.16 0.02 26.17 
9 0.14 0.01 32.57 

26 0.19 ND 26.17 
43 0.23 ND 31.87 
60 0.24 ND 24.63 
76 0.29 0.04 29.79 
94 0.31 0.08 20.88 

109 0.19 0.01 11.55 
124 0.15 0.04 16.28 
164 0.08 0.01 6.40 
209 0.09 0.01 7.51 
256 0.10 ND 6.95 
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Cruise HOTEC-6 Samples Obtained: Date (GMT) - Dec. 8, 1979 
Time ------- 1505Z, 0505HST 
Date (GMT) - Dec. 8-9, 1979 
Time ------- 1630Z, 0630HST 

M/V Noili Ship 
Location 
Hater Depth: 

19°56.4 I N, 156°7.8 I W Incubation: 

Weather 
925m 
8eaufort-1, Sea State-1 

Depth 

~ 

10 

30 

50 

70 

90 

110 

130 

150 

Primary Productivity 
()..lg C/9-/hr) 

C-15 

0.001 

0.002 

0.013 

0.001 

o 

0.032 

0.002 

o 

o 

to 0130Z, 1530HST 
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APPENDIX 0 

Zooplankton Data For HOTEC 1-6 Cruises 
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Appendix Table D-l. Zooplankton tow data sununary for HOTEC·l. 

Cruise: HOTEC-1 

Ship: M/V HOLOHOLO 

Station: 19°59', 1560 08'W 

Sample Number: 

Date: 

Time Start (Local): 

o Net Diameter (m): 
I 
VI 

Mesh Size (~): 

Tow Type: 

Depth Covered (m): 

Wire Out (0): 

Wire Angle (0): 

Flowmeter Revs.: 

Volume Filtered (m3): 

Length of Tow (min): 

1 

10-27-78 

0915 

0.5 

202 

Vertical 

800-0 

800 

0 

3225 

96 

105 

*Sample No. 5 - LBL Check Sample 

2 3 4 

10-27-78 10-27-78 10-27-78 

1130 1610 2110 

0.5 0.5 0.5 

202 202 202 

Vertical Horizontal Horizontal 

800-0 25 25 

800 50 50 

0 60 60 

5655 8893 7276 

166 262 214 

75 15 15 

~ • (~ ..... ~ .. .- tt 

5* 

10-29-78 

0925 

0.5 

202 

Vertical 

800-0 

800 

0 

4855 

143 

75 



Appendix Table D- 2. Zooplankton tow data summary for HOTEC 2. 

Cruise: HOTEC- 2 

Ship: M/V NOI'1 

Station: 190 55'N, l560 08'W 

Sample Number: 1 2. 3 4* 5 

Date: 4-12-79 4-12-79 4-12-79 4-12-79 4-12-79 

Time Start (Local): 1142 1330 1455 1900 2030 

o Net Diameter (m): 0.75 0.75 0.75 0.75 0.75 
I 
~ 

Mesh Size (~): 202 202 202 202 202 

Tow Type: Oblique Oblique Horizontal Oblique Horizontal 

Depth Covered (m): 1200-0 400-0 25 480-0 25 

lUre Out (m): 1550 1300 35 1300 35 

Wire Angle (0): 30-40 50 45 50 45 

Flowmeter Revs.: 90605 91086 11693 84485 10729 

Volume Filtered (m3): 2025 2036 261 1888 240 

Length of Tow (min): 98 73 10 80 10 

*Sample #4 - LBL Check Sample 

~ 

- - I..--. 
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Appendix Table D- 3. Zooplankton tow data summary for HOTEC 3. 

Cruise: HOTEC- 3 

Ship: M/V EL GRECO 

Station: 190 55'N, 1560 09'W 

Sample Number: 1 2 3 4 5* 6 

Date: 6-17-79 6-17-79 6-17-79 6-17-79 6-17-79 6-18-79 

Time Start (Local): 1430 1500 1730 0040 

o Net Diameter (m): 0.75 0.75 0.5 0.5 0;5 0.5 . 
I 

til Mesh Size (lJ): 202 202 202 202 202 202 

Tow Type: Oblique Oblique Oblique Horizontal Oblique Horizontal 

Depth Covered (m): 1000-800 800-200 200-0 25 1000-0 25 

Wire Out (m): 35 3S 

Wire Angle (0): 45 45 

Flowmeter Revs.: 30276 21403 10114 29219 59789 30347 

Volume Filtered (m3): 357 252 53 153 313 159 

Length of Tow (min): 10 30 10 

*Samp1e #5 - LBL Check Sample 



Appendix Table D-4. Zooplankton tow data summary for HOTEC 4. 

Cruise: HOTEC- 4 

Ship: R/V KANA KEOKI 

Station: 190 56'N, l560 08'W 

Sample Number: 1 2 3 4 5 

Date: 7-29-79 7-29-79 7-29-79 7-29-79 7-29-79 

Time Start (Local): 1413 1436 1452 1517 1558 

Net Diameter em): 0.5 0.5 
0 

0.5 0.5 0.5 
I 
0- Mesh Size (IJ): 202 202 202 202 202 

Tow Type: Horizontal Horizontal Oblique Oblique Oblique 

Depth Covered em): 25 25 25-0 25-0 200-0 

Wire Out (m): 35 35 35 35 300 

Wlre Angle Co): 45 45 45 45 45 

Flowmeter Revs.: 15443 13626 11336 11376 7326 

Volume Filtered (m3): 81 72 60 60 39 

Length of Tow (min): 12 12 17 12 11 

.. t-

--.II ~llllf~ rE]1'j ~ mil 'ik.'m ~ e5*~ ~!m ~ 

6 

7-29-79 

1616 

0.5 

202 

Oblique 

200-0 

300 

45 

7541 

40 

16 

.. 
-----' 

. .j 

'---' 
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Table 0-4 (cont.) 

Cruise: HOTEC- 4 

Ship: R/V KANA KEOKI 

Station: 190 56'N. l560 08'W 

Sample Number: 7 8 9* 10 11 12 13 

Date: 7-29-79 7-29-79 7-29-79 7-29-79 7-29-79 7-29-79 7-29-79 

Time Start (Local): 1642 1728 2005 2059 2115 2136 2156 

Net Diameter (m): 0.5 0.5 0.5 
0 

0.5 0.5 0.5 0.5 
I 

---l Mesh Size (\.I): 202 202 202 202 202 202 202 

Tow Type: Oblique ObUque Oblique Horizontal Horizontal Oblique Oblique 

Depth Covered (m): 800-200 800-200 1000-0 25 25 25-0 25-0 

Wire Out (m): 1150 1150 1400 35 35 35 35 

Wire Angle (0): 45 45 45 45 45 45 ' 45 

Flowmeter Revs.: 25448 42328 60468 18566 13694 11908 11344 

Volume Filtered (m3): 34 223 319 98 72 63 60 

Length of Tow (min): 32 40 40 10 12 12 12 

*Sample #9 - LBL Check Sample 



Appendix Table D-5. Zooplankton tow data summary for HOTEC 5. 

Cruise: HOTEC- 5 

Ship: R/V KANA KEOKI 

Station: 190 56'N, 156°08'W 

Sample Number: 6 7 8 9 

Date: 10-2-79 10-2-79 10-3-79 10-3-79 

Time Start (Local): 2252 2330 0007 0021 

o Net Diameter(m): 0.75 0.75 0.75 0.75 
I 

00 

Mesh Size (J.l): 202 202 202 202 

Tow Type: Oblique Oblique Oblique Oblique 

Depth Covered (m): 200-25 200-25 25-0 25-0 

Wire Out (m): 250 250 30 30 

Wire Angle (0): 40 40 30 30 

Flowmeter Revs.: 38757 37095 10079 9332 

Volume Filtered (m3): 455 435 119 110 

Length of Tow (min): 26 29 9 9 

Samples 1-5 Unsuccessful - Faulty Trip Mechanism 
Sample #10 - LBL Check Sample 

- - '--

« " ,_ _ ty;!!F,')!J f':~l1fl1. '--il ..... 
~ .:~ _.~~:L ~ ~ ~-3 ~ 

10* 11 

10-3-79 10-3-79 

0047 0810 

0.75 0.75 

202 202 

Oblique Oblique 

1000-0 600-200 

1200 700 

30 30 

81064 56846 

953 669 

40 40 

·A 

ttJlii:D ~ 
. 

12 

10-3-79 

0855 

0.75 

202 

Oblique 

600-200 

700 

30 

50814 

594 

27 

, 
--" --l ..-......J 
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Table D-5 (cont.) 

Cruise: HOTEC- 5 

Ship: R/V KANA KEOKI 

Station: 190 56'N, 1560 08'W 

Sample Number: 13 14 15 16 17 18 

Date: 10-3-79 10-3-79 10-3-79 10-3-79 10-4-79 10-4-79 

Time State (Local): 0937 1008 1346 1358 0138 0237 

o Net Diameter (m): 0.75 0.75 0.75 0.75 0.75 0.75 
I 
10 

Mesh Size ().J): 202 202 202 202 202 202 

Tow Type: Oblique Oblique Oblique Oblique Oblique Oblique 

Depth Covered (m): 200-25 200-25 25-0 25-0 600-200 600-200 

Wire Ou t (m): 250 250 30 30 700 700 

Wire Angle (0): 30 30 30 30 30 30 

Flowmeter Revs.: 29233 27236 18039 7043 90407 59218 

Volume Filtered (m3): 343 321 211 83 1060 695 

Length of Tow (min): 22 23 8 6 47 45 



Appendix Table D-6. Zooplankton tow data summary for HOTEC 6 

Cruise: HOTEC- 6 

Ship: R/V NOI'1 

Station: 190 56'N. 1560 08'W 

Sample Number: 1 2 3 4 5 6 

Date: 12-7-79 12-1-79 12-7-79 12-7-79 12-7-79 12-7-79 

Time Start (Local): 1350 1410 1426 1512 1557 1658 

Net Diameter (m): 0.75 0.75 0.75 0.75 0.75 0.75 
1::1 
I 

~ Mesh Size (lJ): 202 202 202 202 202 202 

Tow Type: Oblique Oblique Oblique Oblique Oblique Oblique 

Depth Covered: 0-25-0 0-25-0 25-200-25 25-200-25 200-600-200 200-600-200 

Wire Out (m): 35 35 285 285 850 850 

Wire Angle (0): 45 45 45 45 45 45 

Flowmeter Revs.: 7130 16388 27468 31458 74467 66190 

Volume Filtered (m 3): 84 193 323 370 875 778 

Length of Tow (min): 8 9 38 39 56 53 

'" - - --
I 
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Table D-6 (cont.) 

Cruise: BOTEC-' 6 

Ship: a/v NOI'I 

Station: 19056'N. l5600S'W 

Sample Number: 7 S 9 10 11 12 13* 

Date: 12-7-79 12-7-79 12-7-79 12-7-79 12-7-79 12-7-79 12-S-79 

Time Start (Local): 1937 1947 2003 2034 2116 2245 0158 

Net Diameter (m):' 0.75 0.75 0.75 0.75· 0.75 0.75 0.75 
0 
I .... Mesh Size (1I):' 202 202 202 202 202 202 202 .... 

Tow Type: Oblique Oblique Oblique Oblique Oblique Oblique Oblique 

Depth Covered: 0-25-0 0-25-0 25-200-25 25-200-25 200-600-200 200-600-200 0-1000-0 

Wire Out (m): 35 35 285 285 850 850 1400 

Wire Angle (0): 45 45 45 45 45 45 45 

Flowmeter Revs.: 11633 101S4 38082 39465 93378 98007 36925 

Volume Filtered (m3): 137 120 448 464 1097 1152 434 

Length of Tow (min): 6 6 24 25 78 63 46 

* Sample #13: LBL Check Sample 



Appendix T.able D-7. Dry weight, ash-free dry weight, 
cent organic content for the zooplankton samples 
HOTEC 1, 2, and 3. Weights in (mgjm3 ). 

01.1 01.1 
',c ,c 

bO <11 bO 01.1 ..... <11 ..... c:: t) 
<11 ~ <11 <11 ..... 
!l ~ !l t) c:: 

I co 
>. ,c>. ~ bO 
~ (Jl ~ <11 ~ 

Q <'0 Po< 0 

HOTEC 1 
800-0 m vertical 

Macro .28 .25 89.3 
Micro .25 .20 80.0 

25 m iborizontal day 
Macro 1. 63 1.43 87.7 
Micro .53 .45 86.5 

25 mhorizontal night 
Macro 1.54 1.38 89.6 
Micro 1.46 .91 62.3 

HOTEC 2 
1200-0 m oblique 

Macro .96 .84 87.5 
Micro .32 .29 90.6 

400-0 m oblique 
Macro 1.14 1.01 88.6 
Micro .39 .34 87.2 

25 m horizontal day 
Macro .96 .84 88.5 
Micro 3.83 3.54 92.4 

25 m horizontal night 
Macro 1.51 1.26 83.4 
Micro .83 .69 83.1 

0-12 
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Table 0-7 (cont. ) 

HOTEC 3 
800-200 m vertical 

Macro 
Micro 

200-0 m vertical 
Macro 
Micro 

25 m horizontal day 
Macro 
Micro 

25 m horizontal night 
Macro 
Micro 

.37 .31 83.8 

.26 .22 84.6 

3.00 2.19 73.0 
2.19 1. 78 81.3 

.94 .85 90.4 
1.09 .88 80.7 

1. 31 .98 74.8 
1.33 1.18 88.7 

0-13 



Appendix Table 0-8. Dry weight, ash-free dry weight, and per 
cent organic content for ~e zooplankton samples from 
HOTEC 4. Weight in (mg/m ). 

Dry Weight 
mg/m3 

Ash Free Dry % 
Sample II 

1 

2 

3 

4 

5 

6 

7 

8 

10 

11 

12 

13 

Depth Time 

25 Day 

25 Day 

0-25-0 Day 

0-25-0 Day 

0-200-0 Day 

0-200-0 Day 

200-800-200 Day 

Siz.e* 

Macro 
Meso 

Macro 
Meso 

Macro 
Meso 

Macro 
Meso 

Macro 
Meso 

Macro 
Meso 

Macro 
Meso 

800-1000-800 Day Macro 
Meso 

25 Night Macro 
Meso 

25 Night Macro 
Meso 

0-25-0 Night Macro 
Meso 

0-25-0 Night Macro 
Meso 

* Macro Fraction - Retained on 500 ~ mesh 

5.62 
2.20 

3.92 
2.67 

2.93 
1.90 

1.77 
1. 70 

2.12 
1.60 

1. 51 
1.66 

.85 

.30 

.21 

.09 

2.24 
1.65 

4.00 
2.03 

4.51 
2.92 

5.23 
3.27 

Weight mg/m 3 Organic 

4.79 
1. 79 

3.09 
1.97 

2.53 
1.60 

1. 33 
1.30 

1.71 
1.40 

1.31 
1.46 

.72 

.25 

.15 

.07 

2.00 
1.49 

3.39 
1.81 

3.90 
2.57 

4.60 
2.77 

85.2 
81.4 

78.8 
73.8 

86.3 
84.2 

75.1 
76.4 

80.7 
87.5 

86.7 
87.9 

84.7 
83.3 

71.4 
77 .8 

89.3 
90.3 

84.8 
89.2 

86.5 
88.0 

87.9 
84.7 

Meso Fraction - Passes 500 ~ mesh, retained on 200 ~ mesh 

0-14 
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I 
J. Appendix Table 0-9. Dry weight, ash-free dry weight, and per 

cent organic content for lhe zooplankton samples from 

J HOTEC 5. Weight in (mg/m ). 
'\1 

Dry Weight Ash Free % 
Sample /I Depth Time Size* mg/m3 Dry Weight Organic 

15 0-25-0 Day Macro .68 .49 72.1 

I:~ 
Meso .80 .59 73.7 

16 0-25-0 Day Macro .82 .67 81. 7 
Meso .82 .67 81. 7 

I 13 200-25 Day Macro 1.26 1.00 79.4 
Meso .87 .65 74.7 

D 14 200-25 Day Macro 1.07 .83 77 .6 
Meso 1.02 .79 77 .4 

I 11 600-200 Day Macro .69 .56 81.2 
Meso .44 .32 72.7 

I 12 600-200 Day Macro .75 .64 85.3 
Meso .46 .38 82.6 

8 0-25-0 Night Macro 3.76 1. 75 46.5 
Meso 1.92 1.45 75.5 

9 0-25-0 Night Macro 3.67 2.51 68.4 

I Meso 2.00 1.38 69.0 

6 200-25 Night Macro 2.12 1.43 67.4 

I 
Meso 1.03 .79 76.7 

7 200-25 Night Macro 1.85 1.31 70.8 
Meso .87 .67 77.0 

~ 0< 17 600-200 Night Macro .14 .13 92.9 
Meso .05 .04 80.0 

I 18 600-200 Night Macro .04 .037 92.5 
Meso .02 .014 70.0 

• 

* Macro Fraction - Retained on 500 ~ mesh 
. ., Meso Fraction - Passes 500 ~ mesh. retained on 200 1.1 mesh 

1;,/ 

0-15 
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Appendix Table D-10. Dry weight, ash-free dry weight, and 
cent organic content for t~e zooplankton samples from 
HOTEC 6. Weight in (mg/m ). 

Dry Weight Ash Free 
Sample 1/ Depth Time Size* mg/m3, Dry Weight 

1 0-25-0 Day Macro 3.24 2.33 
Meso 2.52 1. 67 

2 0-25-0 Day Macro 3.77 3.38 
Meso 1.66 1.22 

3 25-200-25 Day Macro 1.50 1.20 
Meso 1.98 1.25 

4 25-200-25 Day Macro 2.28 1.88 
Meso 1.86 1.23 

5 200-600-200 Day Macro 0.65 0.51 
Meso 0.37 0.24 

6 200-600-200 Day Macro 0.54 0.47 
Meso 0.31 0.22 

7 0-25-0 Night Macro 3.74 3.07 
Meso 2.13 1.34 

8 0-25-0 Night Macro 4.77 4.13 
Meso 4.57 2.50 

9 25-200-25 Night Macro 2.29 2.01 
Meso 1.00 0.78 

10 25-200-25 Night Macro 2.74 2.40 
Meso 0.99 0.79 

11 200-600-200 Night Macro 
Meso 

12 200-600-200 Night Macro 0.83 0.74 
Meso 0.62 0.40 

D-16 

per 

% 
Organic 

71.9 
66.3 • 
89.7 
73.5 

80.0 
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Appendix Table D-ll. Zooplankton abundance (number/m3 ) for HOTEC 1. 

Nannoca1anlls minor 
Neoca1anus gracilis 
N. robustior 
Undinu1a vulgaris 
Suca1anus mucronatus 
E. e10ngatus 
E. crassus 
Acroca1anus monachus 
Ca1oca1anus ova1is 
C. sp. A 
M cynocera c1ausi 
C1ausoca1anus arcuicornis 
~uaetideus giesbrechti 
Gaetanus sp •. 1\. 
Va1devie11a brevicornis 
Euchaeta marina 
phaenna spinifera 
3co1ecithrix danae 
s. brarlyi 
Scottoca1anus thomasi 
Lophothrix 1atipes 
P1eurornanuna xiphias 
P. abdomina1is 
P. piseki 
P. quadrangu1ata 
Centropages vio1acaeus 
C. ca1aninus 
C. bradyi 
Lucicutia f1avicornis 
L. c1ausi 
rIa1opti1is oxycepha1is 
Euaugapti1is rigidus? 
Paracandacia truncata 
Candacia bipinnata 
~. varicans 
C. paene10ngimana 
Ponte11ina p11lmata 
Labidocera sp. A 
Neoponte11a sp. A 
Parundine11a sp. A 
.I\.cartia danae 
:1\.. neg1igens 
~ormoni11a phasma 
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...... e ~ 
o 

o ·ri 
1+1 
ol-l~ 
oCD~ CX):>o 

.19 
1.03 

.33 

.01 

.13 
1.02 

.38 

2.38 

.74 

.l9 

.02 

.01 

.01 

.10 

.27 

.34 

.85 

2.39 

.74 

.04 

.88 

.01 

.02 

.01 

.01 

.02 
1.44 

2 

r-I e ~ 
o 

o ·ri 
1+1 

01-1>. 
OCDIt1 CX):>o 

.33 

.54 

.04 

.08 

.03 

.04 

.33 
1.52 

1.00 

.22 

.01 

.01 

.05 

.08 

.66 

.38 

.06 

.41 

1.38 

.03 

.21 

.01 

1.44 

1.49 
1.82 

.71 

.78 

.26 

3.53 

4.65 

3.35 

1.53 
.07 

.37 

1.15 

.07 

.22 

7.85 

1.14 
.07 

5.55 
.02 

.91 
1.83 

.02 
3.02 

4.46 
.05 

2.33 

2.22 
1.58 

1. 71 
.02 
.02 

2.79 

.02 

.05 

.11 

.25 

.02 

.02 

5.71 



Table D-11 (cont.) 

Oithona setigera linerais 
Oncaea venusta 
O. mediterranea 
O. conifera 
Conaea gracilis 
Lubbockia squillimana 
Sapphirina metallina 
S. nigromaculata 
S. ovatolanceolata 
S. sp. A 
Copilia mirabilis 
Corycaeus speciosus 
C. clausi 
C. lautus 
C. typicus 
C. lirnbatus 
Farranula gracilis 
Clytemnestra scutellata 
Uacrosetella gracilis 
Uicrosetella rosea 
Euterpina acutifrons 
Miracia efferata 
Uicrocalanoid 
Pleuromamma copepodite 
Candacia copepodite 
Calanoid nauplius 
Calanoid copepodite 
Oncaea copepodite 
Corycaeus copepodite 
unidentified copepod 
Ostracod 
I1ypediid amphipod 
Euphausiid juvenile 
Euphausiid zoea 
Euphausiid nauplius 
Decapod zoea 
Drachyuran zoea 
Penaeid zoea 
l-iysid 
Lucifer sp. 
Radiolarians 
Foraminifera 
Siphonophore 
IIydromedusae 
Polychaetes 
Gastropod 
!3ivalve 
IIeteropod 
pteropod 
Echinoderm larva 
Salp 
Doliolid 
Larvacean 
Chaetognath 
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1 
12.80 

2.22 
2.48 

.25 

.01 

.02 

.01 

.04 
2.59 

.39 

.33 

.38 

.42 

.04 

.66 

.02 

.05 

7.14 

1.30 

.05 
2.04 

.13 

.08 

.02 

.13 

.02 

.18 

.38 

.05 

.46 

.19 
3.64 
1.19 

2 
10.44 
1.23 
3.08 

.04 

.04 
1.21 

.33 

.22 

.22 

.01 

.12 

5.50 

1.65 

.19 
2.90 

.08 

.09 

.05 

.04 

.11 

.08 

.14 

.08 

.67 

.22 

.27 

.25 
3.28 
1.30 

3 
33.82 
1.60 
1. 71 

.07 

.07 

.04 
5.02 

.15 

.74 

.74 

1.49 

32.60 

1. 75 
.15 

.78 

.19 

.22 

.74 

.29 

.93 

.19 

.19 

.04 

.74 

.07 

.56 

.67 
1.97 
3.53 

4 
34.29 
8.85 

.85 

.23 
3.89 

.05 

.18 

.18 
2.70 
1.65 

.85 

.16 
16~00 

.07 

.23 

.46 

.02 

4.22 
7.77 

.91 

1.60 
.46 

3.79 
.32 
.48 

.02 

1. 76 

.11 

.05 

.05 

.55 

.14 
39.63 

.18 

.07 

.66 

.48 
2.15 
4.16 
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Appendix Table 0-12. Zooplankton abundance (number/m3 ) for HOTEC 2. 

Nannocalanus minor 
Neocalanus gracilis 
N. robustior 
Undinu1a vulgaris 
~uca1anus mucronatus 
E. e10ngatus 
1:. crassus 
Acrocalanus monachus 
Ca1oca1anus ovalis 
c. sp. A 
H cynocera clallsi 
Clausoca1anus arcuicornis 
Ruaeti~eus giesbrechti 
Gaetanus sp. A 
Valdeviel1a brevicornis 
Buchaeta marina 
Phaenna spinifera 
Sco1ecithrix danae 
S. braoyi 
Scottocalanus thomasi 
Lophothrix latipes 
Pleurornarnma xiphias 
P. abdominalis 
P. piseki 
P. quadrangu1ata 
Centropages vio1acaeus 
C. ca1aninus 
C. bradyi 
Lucicutia flavicornis 
L. c1ausi 
rIalopti1is oxycephalis 
Eaaugapti1is rigidus? 
Paracandacia truncata 
Candacia bipinnata ,.. . _. var~cans 

c. paenelongimana 
Ponte11ina p1umata 
Labidocera sp. h 
Neoponte1la sp. A 
Parundine1la sp. A 
.I\cartia danae 
.1\. neCJlilJens 
~ormoni11a phasma 
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o·,..j 
o r-I >. 
N..QRj 
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.22 
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.05 

.02 

.80 

.69 

.02 
1.39 

.05 

.10 

.11 

.67 

.05 

.08 

2.75 

.85 

.02 

.02 

.02 

.40 
4.16 
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S Q) 
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00' 
1 .,..j 

0.-1 >. 
O..Q Rj 
00:2'00 
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.21 

.05 

.02 

.03 

.02 

.08 

.33 

.33 

.02 

.02 

1.22 

.65 

.03 

1.26 
3.34 

.02 

.64 

.54 
1.50 

.02 

.83 

.08 

.05 

.02 

.51 
1. 73 

.16 

.-I 
Rj 
+J 
s:: 
o 
N 

3 

S·,..j 
1-1>. 

IIlORj 
N::X:O 

.06 
1.86 

.19 

1.33 
.62 

1.24 

1.08 

.16 

.03 

.03 

2.91 

.06 

.68 

.03 

10.60 
6.85 

4 

r-I 
Rj 
+J 
s:: 
o 
N+J 

S·,..j .s:: 
1-1 Ol 

III O·,..j 
N::X:Z 

.37 
1.11 

.24 

.03 

.40 

.34 

1.05 

5.30 

.14 

.17 
7.46 

.84 

3.00 

.07 

.27 

.03 

.10 

23.83 
3.38 



Table D-12 (calt.) 

Oithona setigera linerais 
Oncaea venusta 
O. mediterranea 
O. conifera 
Conaea gracilis 
Lubbockia squillimana 
Sapphirina metallina 
s. nigromaculata 
S. ovatolanceolata 
S. sp. A 
Copilia mirabi1is 
Corycaeus speciosus 
C. clausi 
C. lautus 
C. typicus 
C. 1imbatus 
Farranula gracilis 
Clytemnestra scutellata 
Uacrosetella gracilis 
lticrosetella rosea 
Euterpina acutifrons 
Miracia efferata 
Uicrocalanoid 
Pleurom~na copepodite 
Candacia copepodite 
Calanoid naup1ius 
Calanoid copepodite 
Oncaea copepodite 
Corycaeus copepodite 
Unidentified copepod 
Oatracod 
Uypediid amphipod 
Euphausiid juvenile 
Euphausiid zoea 
Euphausiid nauplius 
Decapod zoea 
Brachyuran zoea 
Penaeid zoea 
Hysid 
Lucifer sp. 
Radiolarians 
Foraminifera 
3iphonophore 
I1ydrr.)medusae 
Polychaetes 
Gastropod 
!3ivalve 
IIeteropod 
Pteropod 
Echinoderm larva 
Sa1p 
Dolio1id 
T.arvacean 
Chaetognath 
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1 
7.71 

.30 
2.93 

.80 

.82 

.24 

.02 

.08 

.26 

.05 

.26 

1.28 
.24 

.02 

.02 

20.39 
1.63 

.35 

1.33 
3.76 

.05 
5.07 

.16 

.22 

.40 

.14 

.06 

.08 

.10 

.02 

.59 

.50 

.16 

.08 

.05 

.03 

.64 

.85 

2 
4.96 

.02 
2.59 

.65 

.05 

.02 

.05 

.41 

.13 

.48 

.06 

.02 

9.47 
3.24 

.84 

.32 

2.39 
1.14 

3.69 
.10 

.92 

.22 

.ll 

.19 

.02 

.02 

.16 

.16 

.30 

.05 

.25 

.22 

.03 

.10 

.17 
1.83 

3 
28.22 
1.27 

.62 

.62 

.19 

.03 

.19 
3.07 

.62 
1.52 

26.08 

548.37 
1.98 
1.86 

8.49 

.22 

.12 

1.24 
.16 

.03 

.62 

.06 

.06 

.03 

2.76 
.12 
.16 

10.57 
7.38 

4 
8.64 

.67 
1.01 

.03 

.07 

.37 

.17 
4.15 

.17 
1.11 

.47 
27.92 

.03 

.03 
39.32 

.33 
1.80 

.67 

4.79 
5.27 

2.80 
.51 

1.35 

.24 

.03 

.07 

.07 

.61 

.07 

.14 
4.93 

.37 

.07 

.64 
2.26 

.24 
4.52 
5.87 
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Appendix Table D-13 .. Zooplankton abundance (number/m3 ) for HOTEC 3. 

Nannocalanus minor 
Neocalanus gracilis 
U. robustior 
Undinula vulgaris 
~ucalanus mucronatus 
E. elongatus 
E. crassus 
Acrocalanus monachus 
Calocalanus ovalis 
C. sp. A 
M cynocera clausi 
Clausocalanus arcuicornis 
Euaetineus giesbrechti 
Gaetanus sp. A 
Valdeviella brevicornis 
Euchaeta marina 
Phaenna spinifera 
Scolecithrix danae 
S. bradyi 
Scottocalanus thomasi 
Lophothrix latipes 
Pleuromamma xiphias 
P. abdominalis 
P. piseki 
P. quadrangulata 
Centropages violacaeus 
C. calaninus 
C. bradyi 
Lucicutia flavicornis 
L. clausi 
rIaloptilis oxycephalis 
Euaugaptilis rigidus? 
Paracandacia truncata 
Candacia bipinnata 
C. varicans 
C. paenelongimana 
Pontellina plumata 
Labidocera sp. A 
Neopontella sp. A 
Parundinella sp. A 
Acartia danae 
A. negligens 
~1ormoni lla phasma 

1 

.07 

.02 

.02 

.02 

.43 

.11 

.57 
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.03 

.14 
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1. 71 
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.02 

.24 
1.58 
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.10 
2.03 

.20 
2.03 

.30 

.92 
4.27 

8.14 
10.08 

3.36 
.36 

1.63 

.10 

.41 

1.22 

8.24 

2.34 
.51 
.51 

1.63 
.10 
.92 

20.87 
.81 

4 

.09 

.26 

.09 
1. 71 

.17 

2.05 
3.84 

3.84 

1.96 

.60 

.09 

.43 

1.88 

.34 

.26 

1.28 
.17 

16.89 
.34 

5 

.09 

11.43. 

.60 

.77 
3.93 

6.23 

5.37 

3.58 

.94 
9.90 

.09 
1.19 

7.85 

:09 

.77 

.09 

19.20 
.77 



1 
Table D-13 (cont. ) 1 1 2 3 4 5 
Oithona setigera 1inerais .02 2.96 81.63 13.56 20.99 
Oncaea venusta .09 1.49 10.89 9.81 12.97 '"{ 
O. mediterranea .05 5.89 10.69 2.30 1. 71 
O. conifera .72 .68 
Conaea gracilis .05 .26 .81 ""'" 
Lubbockia squi11imana .18 2.54 1.62 
Sapphirina meta11ina 
5. nigromacu1ata 
S. ovato1anceo1ata ! S. sp. A . 06 1.12 .34 .34 - . 
Copi1ia mirabi1is .34 .43 
Corycaeus speciosus .20 2.85 3.24 3.16 'I C. c1ausi .02 1. 32 1.02 1.02 
C. 1autus 2.14 2.06 1. 79 
·C. typicus .03 

I C. 1imbatus .05 .36 4.48 11.77 17.92 
Farranu1a gracilis 
Clytemnestra scutellata .02 
Uacrosetellagracilis .34 I Microsete11a rosea .34 
Euterpina acutifrons .05 .06 
Miracia efferata 

I Uicrocalanoid .36 9.81 138.02 101.08 135.44 
Pleuromamma copepodite .07 3.01 3.66 .09 1.11 
Candacia copepodite .27 1.63 3.16 4.35 
Ca1anoid nauplius .02 4.17 2.05 ' . 

\ Calanoid copepodite .06 .81 
Oncaea copepodite .29 1.36 29.41 4.78 32.18 
Corycaeus copepodite .02 .05 5.70 2.05 3.58 I Unidentified copepod .32 .54 2.85 
Ostracod .07 1.89 3.16 .09 12.80 

.,' 

Hypediid amphipod .06 .61 .43 2.05 
Euphausiid juvenile .23 .10 .17 1. 79 I Euphausiid zoea .11 2.54 6.56 1.37 
Euphausiid nauplius .09 2.65 7.68 4.86 
Decapod zoea .02 .30 .26 .26 ij Drachyuran zoea ;~: . 

Penaeid zoea .09 
Mysid .09 

m Lucifer sp. _",1 

Radiolarians .42 6.21 4.95 9.13 0' 

Foraminifera .12 .10 
Siphonophore .03 .26 ~ If I1ydromedusae .20 .17 .17 J 
Po1ychaetes .03 2.75 .34 1.11 
Gastropod .02 .91 7.43 10.49 13.23 

~I 3iva1ve .24 3.56 3.93 10.93 
IIeteropod 
Pteropod .05 1.11 
Echinoderm larva 1.32 .85 .51 J Salp .60 
Dolio1id .02 .20 .09 .43 
T"arvacean .03 77.76 41.62 47.79 

I Chaetognath .05 .72 11. 09 3.66 7.93 
D-22 
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I Appendix Table 0-14. Taxonomic summary for HOTEC 1 • Number/m 3 

t 
",. Samp It.! Numb~r: 1 2 3 4 
$, 

r r-l r-l 

r-f r-l 19 19 

I·· 
e ~ e ~ § § 
9:p 9:p N N+J e· ... e· ... ..c: 
Ol-l!>t Ol-l!>t 

lI) ~ ft,1 1-10'1 
g~~ OQiItl U"IO·.-4 

OO:>Q N:C Q N:CZ 

I Culanoid cop~pod 9.78 6.97 19.67 28.14 

11 Microcalanoid copepod 11.84 9.04 42.68 18.68 

Cyclopoid copepod 21.95 16.81 43.96 69.95 

" I Harpacticoid copepod .77 .13 1.49 .71 

Ostracod 2.04 2.90 .22 3.79 

I Arnphipod .13 .08 .74 .32 

Euphausiid .23 .14 1.22 .48 

Decapod .20 .15 .38 1. 89 

I Radiolarian .38 

Foraminifera 

Siphonophore .05 .08 .04 .05 

Hydromedusa .15 .05 

Ii .,. 
.46 .08 .74 Polychaete .55 

I Gastropod .67 .14 

39.63 Bivalve 

Hl~teropod .18 

Pteropod .22 .07 .07 
" 

Salp .27 .56 .66 

',(.- Doliolid .19 .25 .67 .48 
~! 

Larvacean 3.64 3.28 1.97 2.15 

Chaetognath 1.19 1.30 3.53 4.16 
0-23 
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Appendix Table D-IS. Taxonomic summary for HOTEC 2. Number 1m3 

Salllpl~ Number: 1 2 3 4 

r-f ...-l -I E Q) ~ J9 
95- ~~ ~ ~4J 
0;:1 I .... E· ... e· ... ..c 
ga ~ g~ ~ Ln~~ j.,j0" f1 Ln 0· ... 

, ;~~: .-t 0 ~OO N::CO N:r:Z 

Calanoid cope pod 12.11 13.27 24.25 46.34 

m Microcalanoid copepod 23.86 14.53 591.40 43.91 

Cyclopoid copepod 20.08 12.89 70.92 54.84 I 
Harpacticoid copepod .04 .06 .08 

Ostracod 5.07 3.69 2.80 II ~~ . 

Amphipod .16 .10 .22 • 51 

Euphausiid .64 1.14 1.36 1.35 

Decapod .20 .34 .19 .41 I 
Rad iolarian .16 

Furaminifera .08 .16 ; 
Siphonophore .10 .30 .62 .61 

£I 

liJ Hydromedusa • 07 ,,' . 
·L 

Polychaete .02 .05 .06 .15 ; 
Gastropod .59 .25 .06 4.93 

Bivalve .50 .37 ~I 
lit- t ~ropod .03 .07 

I' l L~r()pod .16 .22 .64 ~~ 

S<Jlp .05 .03 .12 

! Do liulid .03 .10 .16 .24 

L.::lrvac~an .64 .17 10.57 4.52 

1 
.85 1. 83 7.38 5.87 Chaetognath 

0-24 

I 
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Appendix Table D-16. Taxonomic summary for HOTEC 3. Number/m3 

l 
.t 

Samp l~ NWllb~r: 1 2 3 4 5 

e 
er-! 

r-! r-! 
~ 

Or-! r-! ~ ~ 
~a ga e a ~ § 
6 °B ~~ 9°B 

N+l 
e°.-i e 0.-i.t:: 

11 
o ~ 

g~~ 
o ~ Ln~~ ,.. ~ 

~~~ ~~~ Ln Q . .-i 
N:I:C N:I:Z 

Calanuid cop~pod 1.17 6.36 47.91 26.56 61.96 

m Microca1anoid copepod .52 13.32 171.60 114.06 153.88 

r Cyclupoid copepod .59 13.56 153.58 51.27 98.39 

Harpacticoid .07 .06 .68 copepud 

I Ostracod .07 1.89 3.16 .09 12.80 

Amphipod .06 .61 .43 2.05 

Euphausiid .43 5.29 14.41 8.02 

I 
Decapod .02 .30 .35 .35 

Radiolarian .42 6.21 4.95 9.13 

I Furaminifera .12 .10 

Siphonophore .03 .26 

i Hydromedusa .20 .17 .17 

Polychaete .03 2.75 .34 1.11 

~ Gastropod .02 .91 7.43 10.49 13.23 

Bivalve .24 3.56 3.93 to•93 

lieteropod 

1I Pteropod .05 1.11 

Salp .60 

Dolio L iJ .02 .20 .09 .43 

Larvacean .03 77.76 41.62 47.79 

Chaetugnath .05 .72 11.09 3.66 7.93 
D-25 
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Appendix Table D-17. Taxonomic summary for HOTEC 4. Nurnber/m3 

.] 

Sample Number: 1 2 3 4 5 6 ~] 

~ ~ .l III III e: e: 
+J +J 
c:: c:: Q) Q) 0 Q) 0 Q) 

0 0 e: ::l e: ::l , ::l , ::l 
N N C" C" o C" o C" Ifr e:..-1 e: °H 0"1"'4 o °H 0"1"'4 o 0.-i 

'"' ~ ,.. ~ , ~ » ,~ ~ N ~ » N ~ » .~t( V'I 0 III V'I 0 III V'I,oC1l LI').QC1l , .0 C1l '.Q1lI 
N::CQ N::CQ NOQ NOQ OOQ OOQ 

Ca1anoid copepod 104.05 47.62 36.27 28.80 22.74 18.89 ! _.( 

Microca1anoid copepod 225.77 256.36 182.40 172.80 142.22 146.33 

Cyc1opoid copepod 58.90 90.79 103.47 73.07 144.70 145.93 I l!. " ~. 

Harpacticoid copepod 

Ostracod 2.36 9.10 • 14.07 I 
Amphipod .41 I Euphausiid .78 1. 78 1.07 .53 .41 3.22 

Decapod .39 .89 .53 .80 

Radiolarian 4.32 9.35 9.60 11. 73 7.44 2.81 

Foraminifera 1.57 1. 78 E 
S ip"honophore 1.06 2.48 4.02 

I Hydromedusa .78 .41 1.21 

Polychaete .39 1.60 .53 1.65 .40 
~ "' 

Gastropod 4.32 3.56 3.73 4.80 4.96 5.63 

Bivalve 1.57 2.23 2.67 3.73 .83 2.41 m .~ 

Heteropod 1. 61 

Pteropod . 53 .40 
.. !II l!l ,. . 

1.) 

Sa1p .78 2.23 2.67 3.20 .83 
~I 

Doliolid 1.57 2.23 3.20 3.31 6.43 

Larvacean 179.83 162.00 208.53 224.00 195.55 225.13 J 
Chaetognath 1.96 5.34 6.93 2.67 8.68 5.23 

C1adoceran 1.07 1.60 .41 .40 l 
Echinoderm larvae .53 .41 .80 
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I Table D-17 (cont.) 

I 
Sample Number: 7 8 10 11 12 13 

.i 
j" 

I: 
I: 

0 
0 0 ::,~ 

0 00 r-t r-t 
N 1 1'0 1'0 
1 0 ... ... 

0 Q) 0 Q) c:: c:: Q) Q) 

0 :l N :l 0 0 I: :l I:: :l 
000" r-t 0" N ... N ... C" ... 0"'" 
1..-4 1..-4 1:..-4..c 1:..-4..c 0..-4..c 0..-4..c 

o r-t :>. o r-t :>. 
'"' ClO '"' ClO 

1 r-t ClO 1 r-t ClO 
0.01'0 0.01'0 11"10..-4 11"10..-4 11"1.0..-4 11"1.0..-4 
NOCI ooOQ N::Z::Z N::Z::Z NOZ NOZ 

Ca1anoid copepod 6.93 1.08 21.88 33.78 30.98 26.13 I :fii 
Microca1anoid copepod 27.58 3.80 229.08 272.00 115.92 110.67 

I Cyc1opoid copepod 25.19 3.37 135.18 132.89 163.05 138.67 

Harpacticoid copepod .24 .65 .53 

I Ostracod 3.46 .22 8.49 11.11 4.57 4.27 

Amphipod .12 .14 1.96 1. 78 .50 

Euphausiid .72 .11 13.06 4.44 5.08 4.80 

Decapod .50 

Radiolarian .72 .11 2.29 2.67 6.09 1. 60 

I Foraminifera 

Siphonophore .48 .65 4.44 6.09 4.27 

I Hydromedusa .04 .33 .44 .50 3.73 

I 
Polychaete .65 2.13 

Gastropod .72 .14 1. 63 1.33 16.76 18.67 

I Bivalve .12 3~27 3.11 10.67 5.33 

Heteropod .33 .44 

Pteropod .65 1. 52 .53 

Sa1p .50 

J Do lio lid 1. 63 .89 

;l"~ Larvacean 36.06 6.35 134: 53 176.89 174.22 200.00 i 
'i .I. 

Chaetognath .84 .04 3.59 2.22 9.65 9.07 

C1adoceran 1. 52 1.06 

Echinoderm larvae .24 .07 .53 
D-27 



Appendix Table 0-18. Taxonomic summary for HOTEC 5. 

Sample Number: 6 7 8 

e e 
Q) Q) Q) 

U"\ :: U"\ :: e ::l 
N c:r ~ N c:r~ c:r~ 

I ..-1"c I ..-1"c 0..-1"c 
o r-l 00 o r-l 00 I r-l 00 
0.0..-1 0.0"" LI"'I..Q..-1 
NOZ NOZ NOZ 

Ca1anoid copepod 17.82 12.36 22.23 

Microca1anoid cope pod 72.96 65.32 126.92 

Cyc1opoid copepod 61.14 52.38 84.97 

Harpacticoid copepod .18 .20 1. 79 

Ostracod 11.44 11. 57 5.02 

Amphipod .56 .20 

Euphausiid 1.31 1.57 1.43 

Decapod .75 .20 

Radiolarian 2.44 .59 2.15 

Foraminifera 

Siphonophore 1.69 1.77 .36 

Hydromedusa .18 .59 .72 

Polychaete .56 .98 .72 

Gastropod 4.50 6.87 8.96 

Bivalve 8.06 6.67 24.74 

Heteropod .18 .36 

Pteropod .98 .36 

Salp .36 

Doliolid .56 .59 .36 

Larvacean 27.38 22.56 48.40 

Chaetognath 5.81 2.75 16.49 

Cladoceran 

Echinoderm larvae .94 .59 .72 
D-23 

3 Number/m 

9 

Q) 

e :: 
c:r~ 

0..-1"c 
I r-l 00 

LI"'I .0 .~ 
NOZ 

26.37 

122.57 

106.28 

1.16 

5.43 

.78 

.78 

.39 

4.27 

1.55 

1.55 

1. 94 

11.25 

24.05 

.39 

1.16 

.39 

1. 55 

40.34 

14.74 

.39 

"', 

~11 

m ;.;~ 

! ,. " 

I 
I 

n .. 

I 
.~ 
':'''f' 

" ~ 
*~ 

~ .~ 



Table 0-18 (cont.) 

f 
Sample Number: 11 12 13 14 

e e e s 
0 Qj 0 Qj Qj Qj 

0 ::l 0 ::l on ::l on ::l 
NO" NO" N 0" NO" 
I~ I~ I~ I~ 

o ~ >- o ~ >- o ~ >- o ~ >-
0.010 0.010 0.010 0.010 
\CO~ \Co~ NO~ NO~ 

,. 
Calanoid copepod 5.36 6.39 8.46 7.71 

Microcalanoid copepod 35.59 34.98 74.39 82.41 I " 

Cyclopoid copepod 24.04 25.79 54.98 60.61 

i .: Harpacticoid copepod .06 .50 .25 .80 

Ostracod 4.78 4.60 12.69 8.11 r Amphipod .38 ~ 14 .87 .53 

I Euphausiid .32 .65 1.12 .40 

Decapod .50 .13 

Radiolarian 1.02 .72 4.10 5.45 

Foraminifera 1.60 

I Siphonophore .38 .36 2.11 1.20 

I 
Hydromedusa .25 .93 

Polychaete .13 .62 .13 

Gastropod 1. 98 1.44 2.61 8.11 m ~\ 

Bivalve 2.74 2.23 4.23 23.66 

I ~ Heteropod 

Pteropod .06 .07 .13 

Salp .62 

f Doliolid .19 .14 1. 74 .93 

4.81 24.51 34.56 Larvacean 7.21 
.;. ;. 
,~ Chaetognath 2.74 2.44 7.09 5.72 ! 

Cladoceran .06 

Echinoderm larvae .13 .14 .25 .53 

0-29 



Table 0-18 (cont. ) 
] 

1 
Sample Number: 15 16 17 18 

-'( 

e e ",,'1 

<11 <11 0 <11 0 <11 
e =' a =' 0 =' 0 =' 

C" C" N C" ~ N C" ~ 
O~ O~ I~.c I~.c 

1...-4 ~ 1...-4 ~ 0...-4 00 0 ..... 00 

~m U"\,ccu U"\,ccu 0.0""" 0.0""" 
NOQ NOQ \ooz \Ooz 

Calanoid copepod 3.64 6.17 1.35 .36 

Microcalanoid copepod 52.78 50.38 3.22 .48 I 
Cyclopoid cope pod 41.05 51. 92 3.40 .74 

I Harpacticoid copepod 1. 01 1.03 .02 

Ostracod .40 1.03 .12 11 
Amphipod .51 .02 

Euphausiid .20 .04 .02 I 
Decapod .02 .01 

Radiolarian 5.26 5.14 .14 .01 

Foraminifera .61 .51 I 
Siphonophore .20 1. 54 

Hydromedusa .01 I 
Polychaete .20 

·11 ,~.., 

Gastropod 2.83 2.06 .06 .01 ,;/' 

Bivalve 8.29 10.28 .04 .01 

m ,It!'" 

Heteropod 

Pteropod .20 .02 ~lt 
Salp 

Doliolid .81 .01 ~I 

Larvacean 24.27 57.06 .52 .07 

Chaetognath 4.85 3.08 .42 .09 j 
C1adoceran 

J 
Echinoderm larvae .61 

0-30 
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I 
I 

I 

I , 

Appendix Table D-19. Taxonomic summary for HOTEC _6. 

Sample Number: 1 2 3 

s 
11"1 

IS IS N 
OJ OJ I OJ 

0 ::l 0 ::l 0 ::l 
I C"' I C"' o C"' 

11"1 '1"4 11"1 '1"4 N'1"4 
N r-4 >. N r-4 >. I r-4 >. 
I,QIII I,QIII II"I,QIII 

OOQ OOQ NOQ 

Calanoid copepod 33.02 48.64 18.60 

Microcalanoid copepod 101.59 119.38 118.69 

Cyclopoid copepod 85.33 67.21 67.55 

Harpactiloid cope pod 2.03 1.77 1.09 

Ostracod 4.65 

Amphipod .44 

EuphausUd .51 

Decapod 2.54 1.33 .55 

Radiolarian .51 1.77 13.40 

Foraminifera .51 1.77 

Siphonophore 

Hydromedusa 

Polychaete 2.03 1.33 1.09 

Gastropod 33.52 28.74 15.31 

Bivalve 7.11 10.17 74.93 

Heteropod 

Pteropod 

Sa1p 

Ooliolid .44 2.18 

Larvacean 1.01 9.73 10.94 

Chaetognath 9.14 15.03 4.65 

Echinoderm Larvae 
D-31 

S 
11"1 
N 
I 

0 

3 
Number/m 

4 

OJ 
::l 

o C"' 
N'1"4 
I r-4 >. 

II"I,QIII 
NOQ 

22.14 

111.16 

62.27 

.46 

5.30 

.46 

.46 

.46 

21.91 

1.61 

.69 

.46 

3.23 

33.44 

.46 

1.38 

15.45 

8.99 

.92 



1 
J 

Table 0-19 (cont. ) 

c1 

Sample Number: 5 6 7 8 --i 
IS IS 

0 0 
0 0 
N N 

I I IS IS 
0 QJ 0 QJ QJ QJ 
0 ::J 0 ::J 0 ::J 0 ::J 
\CC" \CC" I C"'" I c· ... 
I~ I~ In .~ .c In~.c 

0..-1 ..... o ..-I ..... N ..-I 00 N..-IOU Ii 0..c11S 0..c11S l..c~ l..o~ 
NO~ NO~ 00:2: 00:2: ~ '! 

Calanoid copepod 8.58 5.04 59.80 86.76 

ltJ Mlcrocalanoid copepod 
.~, 

20.97 17.55 127.07 210.49 ?':.. 

Cyclopoid copepod 13.46 11.41 61.66 83.20 

11 Harpactiloid cope pod .39 .22 4.98 4.27 

Ostracod 4.29 4.28 9.34 11. 38 I 
Amphipod .20 .11 .62 2.13 

Euphausiid .78 .44 2.13 m ';". 

Decapod .11 .62 1.42 

Radiolarian 1.46 1. 75 1.87 .71 

Foraminifera I 
Siphonophore 1. 25 

Hydromedusa .71 I 
Polychaete 1.87 .71 

E -"1 

Gastropod .78 .99 8.72 24.18 ' , 

Bivalve 3.02 4.50 62.91 131. 55 

~ ~ Heteropod 
1 

Pteropod " .62 
I 

Salp 

Dollol1d .20 .11 .62 2.13 ~ 
Larvact:an 1.17 .33 15.57 41. 96 

Chaetognath 1.56 1.43 2.49 10.67 t 
Echinoderm Larvae .11 .62 1.42 

1 0-32 

I 



-. .. ~ ... 

t Table 0-19 (cont. ) 

J 
Sample Number: 9 10 11* 12 

e 
e s 0 

0 
11"\ 11"\ N 
N N I 
I Qj I Qj 0 Qj 

0 ::l C ::l 0 ::l o C" ... o C" ... ..0 C" ... 
N~..c N~..c I~..c 
I .... 00 I .... 00 0 .... 00 
1I"\..c~ 1I"\..c~ O..c~ 
NOZ NOZ NOZ 

Calauoid copepod 21.14 22.62 11.11 

I Microcalanoid cop~pod 57.71 58.67 31.48 

Cyclopold copepod 53.14 53.33 29.26 

I Harpactiloid cope pod .37 .22 

r Ostracod 6.48 6.25 3.70 

Amphipod .76 .55 .30 

I Euphausiid 2.48 2.21 .67 

Decapod .57 .37 .22 

Radiolarian 4.57 4.78 .74 

I 
Foraminifera 

Siphonophore .57 .74 .15 

I Hydromedusa .22 

Polychaete 1.33 1.29 .52 

m Gastropod 5.90 6.07 1. Of. 

Bivalve 14.48 15.45 10.52 

I Heteropod .38 .37 
,. 

Pteropud .38 .55 

Salp 

001 ioUd 1.14 1.29 .67 1: 
't:. 

Larvacean 11.42 10.67 6.22 

c.:haetognath 2.48 2.39 2.07 

Echinoderm Larvae 
, , 

.57 .37 .30 
0-33 

*Sample lost in processing 
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Appendix Table D-20. Larval fish taken during HOTEC 3. "'1 Number/sample. 

C'1 '] 
C ,~ ~ e:: 

..... 0 N ,...., ~ .......... 
~o ~o :.;;... E co co.e 

~I 
00 0 ... >. ..... 00 

Qj olIN <lie c:: co c:: .,-j 
;:J • ;:J 

-' 0'0 0 c:: cr cr. C" I N N ..... 0 ·,1 ..... .,-j E .,-j E 
~o ~o ..... 0 l-o l-o 
.oN .00 .co OLf"l OLf"l 
o~ 000 c C'~ :J:N ;I:N 

Hlenniuae 
/:''rwhe l yuPUs bpunneolus ~ iJ 

Carangidae 
Megalaspis aor'dyla 1 ! ",'. 

i" 

Exoctidae 

Gempylidae I Cempylus serpens 

Gonostomatidae 

m Cyalothone sp. 1 16 1 2 7 
Diplophos taenia 1 1 
Gonostoma sp. 1 1 

Iniomidae 1 

M~lamphaeidae E '1-
Me lamp he s danae i 
Me.lamphes sp. i 

I Melanocoetidae 
-'),'. 

Melanoaoetus johnsoni 1 1 

.~ Melanostomiatidae ~;1 
Me Zanostomias biseloiatus 1 -;J 

Molidae 

E Ran;~ania levis 2 ",( 
":1 

Mycotophidae ,.!.j Benthosema fibulatum 9, 
Benthoserna sp. 2 4 {I 

Bo 'liniah thys sp. 
Cel'Q.tosaopelus LJarnringi 3 5 11 38 4 .~ Cerutosaope lus sp. 4 
D'iaphuB theta 1 
Diaphus sp. I, S I 

-I 

J Diogen-ic.:hy thys atl.mtiuud 2 
Diogenichythys sp. 
lIypogophum pro;J.:imwfI 4 
Hypogophum reinhai'·dt'i 3 1 Lcunpanye tUB nobilis 
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Table 0-20 (contd. ) 

l' ...... C'~ 

~ ~ 

...... E N M ...-; ...-; .... 
~ ~ E ~ 111 11I.c 

0 .... ;..., .... 00 
alO alO QJ E a 111 a· ... 
;:JOO ;:JO ;:J 0"0 o a 
0"1 0" N 0"0 N N 
.~ 0 ~ 1 '''; I .... E .... E 
...-;0 ..... 0 ...-;0 I-< I-< 
.oN .00 .00 OLl"l OLl"l 
0...-; 000 ON ::eN ::eN 

.. 
Mycotophidae (cont. ) 

I 
LanpanyctuB sp. 1 1 3 
Lampadena Zuminosa ') 

LaJfTpadena s p • I .. 
SymboZophorus caZifor"YI.ienais l 4 

I, Unidentified myctophid 4 4 J 

Notosudidae 

I 
ScopeZosaupus sp. 

Phatichthiidae 
Va ZencieneZZus tripunctuZatus 2 

I Serranidae 

Sternoptychidae 
ArgyropeZecus acuZeatus 1 

Unidentif ied leptocephalus 

I Unidentified yolk sac 1 1 2 '/ , Unidentified damaged 19 10 6 1 J 

Unidentified 11 10 1 6 4 

~ ,:·tk • 

I ,." 

-~ 

.,' , 

0-35 



APPENDIX E 

XBT Data For HOTEC 1-6 Cruises 
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I 
[ 

:; . 

I 
I 

I , 

-

r-

-

,,",0 5 

-0 5 

-0 5 

TEMPERATURE (OC) 

1P 15 v 
~ 
'/UI 

:r~ ~ 
//, ~ 

rJIf 
",/ 

/' 

1/ AI'. ~l.I' 
,- II' 
.... 

~~ ;;;; 
J:. 

6 if 
A 

", 
./ 

./ 
.A 15 ~. .1" 

'¥ 

,7 

; 

10 15 

E-3 

DEPTH (METERS) 
SURFACE 

50 
/' 

-" 
~ 100 

IIV~ 
Ir 

~- T 

/' Pi 150 
~~ '/ 

U" 
Jf" 

~ '11: 25 30 200 1:47. ...,. 
~ 

250 

T 
T 

300 

T 

350 

20 25 30 400 

450 

500 

I 

550 

T 

20 25 30 600 

I 
I 

650 

HOTEC CRUISE NO. 1 I 

DATE 27-29 October 1979 T 

OVERLAYS - - 700 

LOCATION T 

LATITUDE 19t..55N 
I 
I 

WNGITUDE 156/10W H - 750 



ISOTHERM DE PTH S (M) 

HOTEC CRUISE # _1_ SH I p: M/V HoLoHoLo 

18Tno. 1 2 3 4 5 
LATITUDE 0 20 19 20 19 19 • 05 59 01 56 58 

LONGITUDE 0 156 156 156 156 156 
• 02 03 05 16 12 

DATE (GMT) 10/27/73 10/28/78 10/28/78 10/23/78 10/28/78 
TIME (GMT! 2115 0300 0450 0700 0845 
TIME (LOCAL) 1115 1700 1850 2100 2245 
SURF. Tee) 27.7 27.6 27.0 26.8 26.9 

29 
28 
27 02 03 
26 64 16 15 91 . B4 
25 91 91 91· 104 94 
24 100 107 102 116 . 108 
23 134 119 128 139 136 
22 152 149 142 171 162 
21 168 172 168 185 195 
zo 175 190 178 198 201 
19 198 198 192 210 213 
18 213 216 223 225 226 
11 238 245 235 236 238 
16 248 256 247- 250 248 
15 259 259 253 256 259 
14 274 277 268 264 268 
13 290 297 277 277 290 
12 314 335 308 300 311 
11 332 369 338 328 331 
10 347 396 379 366 355 
9 396 441 425 408 396 
8 442 491 469 442 440 
1 
6 

E-4 

6 
19 
59 

156 
08 

10/28/78 
ll45 
0145 
26.5 

88 

91 
104 
122 
149 
175 
197 
211 
218 
238 

253 
268 
296 
309 
320 
335 
372 
421 
472 

., 

.1 
I 
I 

J 
I 
I 
II 
I 

~Jl 
.[1 

-~ 

J 
I 
I 



I 
I 
, . .. 

I 
I 
f 
I 

I 
I 
I 
I 
,I 
I 

X8 T 110. 

LATITUDE 0 , 
LONGITUDE 0 , 
DATE (GMT) 
TIME (GMT) 
TIME (LOCAL) 
SURf. T ('C) 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 
15 
14 
13 
12 
11 
10 
9 
8 

7 
6 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # -L SH I p: M/V HoLoHoLo 

7 8 9 10 11 12 
19 19 20 19 19 20 
59 59 00 59 59 05 

156 156 156 156 156 156 
08 12 12 08 05 04 

10/28/78 10/28/78 10/28/78 10/29/78 10/29/78 10/29/78 
1330 1545 2000 0050 1745 2100 
0330 0545 1000 1450 0745 1100 
25.6 26.5 27.8 27.7 27.0 27.1 

08 03 03 
79 84 79 98 91 

75 85 101 93 101 104 
81 98 114 104 107 114 
94 114 122 128 125 140 

108 128 152 145 145 160 
142 157 175 168 152 172 
165 166 189 174 180 198 

- 186 175 204 183 191 210 
195 187 219 213 201 219 
206 213 236 226 229 244 

226 226 244 248 232 250 
244 247 259 270 256 253 
267 280 271 285 274 271 
305 297 303 317 290 274 
320 309 320 344 314 232 
328 320 335 378 343 309 
338 347 358 394 381 351 
366 393 389 426 421 378 
408 442 457 495 488 462 
465 

E-5 



TEMPERATURE (OC) 

to- 1-0 5 If) 15 ./ 

·rAL 
1/ 

.r' ~ 
'.Ai!' 

1/"" "l 
,4 ':.! 

rIlTl 
.d ", 
r.v; 

1.1, 
~ 

,";' 
.111 

lA' 
,&I 

t-1-0 5 '" 0 -15 III 
J 

t 

~ 

/ 
t: 

.-

r1 

; 

/, . 

I-~O 5 .. I 10 15 
. ;: 

rf 
';k' 

" 
.. 

.. ,. 

E-6 

DEPTH (METERS) 

III SURFACE 

50 

• rlI 
AV4 100 

/rJ: 
r.-

A' 

rA 
.,::.. .-" 150 
~ 

~ I 
IZ~ 
~ 20 25 30 200 

J 
.1 

250 

300 

350 
I 
I 
I 

20 25 30 400 

I 

450 

500 

I 

550 

I 

20 25 30 600 

I 

650 

HOTEC CRUISE NO . 2 I 

DATE 12-13 April 1979 I 

OVERLAYS l-I- 700 
LOCATION I 

LATITUDE 19/55N 
LONGITUDE 156/10W 

1 
t-I- 750 

] 

I 
I 

1 

I 



I 
I 

I 
I 

XI' no. 

LATITUDE 0 , 
LONGITUDE 0 , 
DATE (GMT) 
TIME (GMTI 
TIME (LOCAL) 
SURF. T (OC) 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 
15 
14 
13 
12 
11 

10 
9 

8 
7 
6 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # -L ... SH I p: M/V Noi I i 

1 2 3 4 5 6 
19 19 19 19 19 19 
55 55 55 55 56 56 

156 156 156 156 156 156 
09 09 10 09 08 08 

4{12{79 4/12{79 4{13{79 4/13/79 4/13{79 4/13{79 
2045 2159 0001 0202 0401 0600 
1025 1159 1401 1602 1801 2000 
24.8 25.2 25.2 25.0 25.0 24.8 

.. 

... 

---
--

05 -. 

93 91 90 85 105 88 
128 123 121 121 125 125 

..... 

145 138 140 138 145 144 
152 156 160 163 152 159 -.-
165 160 175 172 165 170 
-180 180 183 183 183 190 
196 193 195 195 192 200 
205 222 218 221 215 218 

220 228 230 238 235 234 
235 242 246 251 248 248 
250 257 260 263 255 259 
267 277 278 275 268 268 
285 294 293 288 290 287 
320 320 323 318 320 313 
353 351 358 350 361 365 
388 407 404 385 407 424 

452 460 477 452 465 481 

530 523 551 520 550 540 
600 620 565 650 650 660 

E-7 



"BT no. 
LATITUDE 0 

• 
LONGITUDE 0 , 
DATE (GMT) 
TIME (GMT) 
TIME (LOCAL) 
SURF. T ("C) 

29 
28 

27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 
15 
14 
13 
12 
11 
10 
9 

8 

7 
6 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # _2_ SH I p: "IV Noi 'i 

7 8 9 10 11 
19 19 ~~ !~ !~ 55 54 

156 156 l~g 156 156 
09 11 09 03 

4/13/79 4/13/79 4/13/79 4/13/79 4/13/79 
0801 1000 1200 1400 1608 
2201 0000 0200 0400 0608 
24.8 25.0 24.9 24.3 24.3 

91 90 90 90 100 
130 128 133 121 133 
145 145 156 148 137 
156 156 161 152 150 
166 167 173 170 170 
176 177 182 184 193 
191 186 201 200 197 
201 206 217 215 217 
221 223 233 229 230 
235 238 242 244 235 
258 259 259 258 249 
278 277 276 275 266 
290 292 295 295 290 
313 320 319 315 330 
342 350 345 367 355 
404 400 390 400 380 
.460 466 475 440 bottom 
523 545 540 540 
612 670 640 640 

E-8 

12 
19 

"" 156 
02 

4/13/79 
1800 
0800 
24.8 

100 
130 
136 
149 
167 
183 
196 
218 
224 
234 
243 
266 
290 
332 
353 

372 
bottom 

] 

1 
-, 

I 
I 
I 

~ID 

.~ 

I 
t 
I 
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• 
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I 
I 
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.~ .. ," 

I-

~ 

I-

I 

1-0 5 

1-0 5 

/ 
i 

, 

1-0 5 

TEMPERATURE (OC) 

1P 15 
t/ 
~ 

L..-A: "'f'Y 
I:J" rwt 

;;;:6. I?Y IV 
A ::AI 

r7..ii" v:-' 
.f/, iE/ 
~.n. 

~r, VI 
~ 

.rJ.H 
rI 

0 15 
~ 

i' 

I' ' 
I· 

:" I 

, . 
i 

10 15 

E-9 

DEPTH (METERS) 
SURFACE 

50 

"-
!liII 

IO':I<': 100 
/.'-~ 

!~ 
1m 150 
~' 

Lm'I 
~ It>J I 

/.iU 

'~ 20 25 30 200 
rJI;J I-?' 
"/ , 
... " 

250 

300 
I 
I 
I 

350 

20 25 30 400 

450 

I 
I 

500 
I 

I 

550 

I 

20 25 30 600 
I 
I 

650 

HOTEC CRUISE NO. :3 I 

DATE 17-18 June 1979 
OVERLAYS 10-~ 700 

LOCATION 1 

LATITUDE 19/55N I 
LONGITUDE 156/10W I--I-- 750 



X8 T ftO. 

LATITUDE • 
• 

LONGitUDE 0 

• 
DATE (GMT) 
TIME (GMTl 
TIME (LOCAL) 
SURF. T (GCl 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 
15 
14 
13 
12 
11 
10 
9 
8 
7 
6 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # _3_ SH I P : M/V EL Greco 

1 2 3 4 5 
19 19 19 19 19 
55 56 56 56 54 

156 156 156 156 156 
09 09 09 09 09 

6~~~679 6/18/79 6/18/79 6/18/79 6/18/19 
0010 0200 0405 0750 

1200 1410 1600 1805 2150 
25.8 26.4 27.2 27.1 25.8 

01 01 
02 04 02 

53 45 56 65 56 
95 83 86 88. 81 . 

112 103 100 110 98 
123 116 119 114 114 
134 134 132 127 133 
164 163 150 154 153 
180 182 165 

. 
170 179 

193 194 180 182 198 
227 225 214 207 214 
246 237 227· 230 260 
263 250 250 253 263 
273 258 266 263 271 
290 270 285 280 285 
316 295 308 310 303 
338 . 320 .. 330 335 328 
370 350 363 370 365 
420 413 408 410 401 
440 470 470 450 450 
495 530 530 515 521 
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I 
I 
I 
I 

X8T no. 

LATitUDE 0 , 
LOHGIlUDE 0 , 
DAlE (GMT) 
TrME (GMT) 
TIME (LOCAL) 
SURF. T (OC) 

29 
28 
27 
26 
25 
24 
23 
22 
21 
20 
19 
18 
17 

16 
15 
14 
13 
12 
11 
10 
9 

8 
7 
6 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # _3_ SH I p: .~/V. EL Greco 

6 7 8 9 10 
19 19 19 19 ~~ 56 55 55 55 

156 156 156 156 156 
08 09 09 09 09 

6/18/79 6/18/79 6/18/79 6/18/79 6/18/79 
1029 1203 1400 1600 1800 
0029 0203 0400 0600 0800 
25.6 25.6 25.4 25.4 25.4 

. 

64 70 . 60. 55 69 
95 91 87 83 90 

108 112 107 101 104 
111 120 112 110 120 
120 133 123 130 132 
152 155 153 158 163 

·189 178 175 172 180 
205 190 187 199 195 
234 210 208 215 215 
255 225 235 234 240 
265 248 245 242 260 
280 260 257 266 285 
285 280 277 287 303 
300 300 297 310 310 
321 333 224 343 340 
358 372 262 370 369 
410 419 396 415 395 
466 480 469 473 446 
540 536 535 520 

E-ll 
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W"" SURFACE 
TEMPERATURE (OC) DEPTH (METERS) 
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t HOTEC CRUISE NO. 4 

"--r- ;'---r" 
DATE 30-31 JuZy" 1979 

OVERLAYS I-.... 700 , 
! LOCATION 

, LATITUDE 19/55N 
I 

LONGITUDE 156/10W 
I 

~ I- 750 
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I 
I 
I 
I 

I 

lSOTHERM DEPTHS (M) 

HOTEC CRU ISE # .-!..- SH I P : R/V Kana Keoki 

XBT NO. 1 2 4 5 I 6 7 8 
LATITUDE ° 19 19 19 19 19 19 19 

I 56 56 55 56 56 56 57 i 

LONGI TUDE ° 156 156 156 156 : 156 ! 156 . 156 
I 09 09 09 09 J 08 09 i 05 

DATE (Gt-1T) 7/30/79 7/30/79 7/30/79 7/30/79 i 7/30/79 7/30/7917/31/79 
TIME (GHT) 0200 0600 1015 1445 11800 2200 0200 
TIME (LOCAL) 1600 2000 0015 0445 i 0800 1200 1600 
SURF T (OC) 28.6 28.4 27.1 26.7 I 26.8 27.3 27.6 

I 
I 

29 ! 
! 

28 1 1 I I I 

! 
27 15 3 0.5 i 6 4 
26 50 50 41 50 I 49 49 62 I 25 65 63 58 66 55 59 68 

I 24 85 86 79 85 75 75 75 
I , 

23 109 102 91 100 I 98 99 100 
22 ' 123 121 116 120 115 120 125 

" 

21 150 145 139 

I 
140 140 148 150 

20 170 164 160 165 158 168 168 
! 

19 192 190 183 185 185 182 190 
18 215 200 190 199 204 197 213 
17 223 213 200 212 218 205 230 
16 240 234 215 226 232 232 245 
15 248 242 223 240 245 238 255 
14 268 268 242 251 258 248 258 
13 289 280 258 272 270 258 272 
12 295 308 283 295 289 283 299 
11 314 340 309 320 315 310 329 

I 10 350 360 355 350 340 350 360 

I 9 ". 400 410 400 390 403 410 420 
I 8 435 455 450 440 442 460 448 

7 500 490 500 470 485 SOD 475 
6 585 561 580 580 550 600 555 

I 

E-13 
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ISOTHERM DEPTHS (M) 

HOTEC CRUISE # _4_ SH I P : R/V Kana Keoki 

X8 T no. 9 10 11 12 13 

LATITUDE 0 19 19 19 19 19 , 52 57 54 54 54 
LONGITUDE 0 156 156 156 156 156 , 12 10 09 10 08 
DATE (GMT) 7/31/79 7/31/79 7/31/79 7/31/79 7/31//'9 
TIME (GMT) 0600 1000 1400 1800 2200 
TIME (LOCAL) 2000 2400 0400 0800 1200 
SURF. T rC) 27.1 26.8 26.7 26.6 27.0 

29 
28 
27 3 

26 72 51 69 65 70 

25 78 71 72 80 82 

24 89 83 86 91 93 

23 104 100 102 '102 110 

22 125 130 136 125 127 

21 149 151 155 146 151 

20 165 170 175 167 165 

19 188 194 199 183 188 

18 209 208 218 212 210 

17 225 228 231 227 218 

16 235 235 240 235 232 

15 252 250 250 250 243 

14 265 265 268 261 252 

13 285 283 280 278 269 

12 302 306 298 298 295 

n 320 329 320 334 316 

10 348 370 356 369 360 

9 400 420 390 408 404 

8 450 475 445 459 444 

7 506 528 484 496 478 

6 590 600 590 610 590 

E-14 
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TEMPERATURE (OC) 
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DEPTH (METERS) 
SURFACE 
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HOTEC CRUISE NO. 5 
DATE 3-4 October 1979 I 

OVERLAYS I-- r- 700 
LOCATION 

LATITUDE 19/55N I 
LONGITUDE 15671 OW - r- 750 



ISOTHERM DEPTHS (M) 

HOTEC CRUISE # ..L- SH I p: R/V Kana Keoki 

XBT NO. 1 3 4 5 6 7 
LATITUDE a 19 19 19 19 19 19 , 56 55 54 56 55 56 
LONGITUDE a 156 156 156 156 156 156 , 09 15 10 08 I 11 10 
DATE (GMT) 10/3/79 10/3/79 10/3/79 10/3/79 10/3/79 10/4/79 
TIME (GMT) 0232 1000 1400 1758 2200 0208 
TIME (LOCAL) 1632 2400 0400 0758 1200 1608 
SURF T Cae) 27.8 27.0 27.0 27.1 27.2 27.6 

29 
28 
27 50 0 0 10 25 59 

26 70 53 80 81 54 80 
25 85 65 90 88 60 91 

24 92 73 93 93 84 112 

23 102 83 110 109 97 135 

22 119 103 132 124 115 155 
21 140 120 149 138 137 175 

I 

20 160 157 165 166 163 195 
19 178 171 180 188 180 218 

18 19] 190 196 200 200 222 
17 210 209 201 212 210 243 

16 220 226 220 225 229 253 

15 231 237 235 231 240 261 

14 242 255 250 244 251 286 

13 263 270 258 251 265 303 

12 283 298 300 278 282 338 

11 296 340 332 311 304 377 

10 345 363 350 340 340 448 

9 390 386 372 370 370 500 

8 435 427 450 420 435 560 

7 505 505 510 485 500 
6 580 600 650 570 595 

I 

E-16 

8 
19 
51 

156 
09 

10/4/79 
0600 
2000 
27.7 

40 

70 
83 

98 

110 

133 
151 

170 
183 

199 
210 

230 
245 
"260 

268 
289 

320 
348 
385 

425 
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I 
! 
I 

i , 

151 

'~l 

'1 

~I 

~. j 



I 
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I 

ISOTHERM DEPTHS (M) 

HOTEC CRU ISE # -..L. SH I P : R/V Kana Keoki 

! XB T no. 9 11 12 
I LATITUDE 0 19 19 19 
! ' 48 ~fi ~fi 

LONGITUDE 0 156 156 156 , 10 09 10 
DATE (GMT) 10/4/79 10/4/79 10/4/79 
TIME (GMT) 1000 1800 2200 
TIME (LOCAL) 0000 0800 1200 
SURF. T rC} 27.6 27.6 27.7 

29 
28 
27 48 40 50 
26 74 57 54 
25 84 73 72 

24 90 80 86 

23 115 100 103 

22 135 118 135 
21 156 135 158 

20 185 163 184 

19 203 184 210 

18 218 195 220 

17 228 210 238 

16 236 220 251 

15 252 232 262 

14 263 248 291 

13 273 255 300 

12 288 283 315 

11 307 320 342 

10 340 338 365 

9 373 376 395 

8 432 410 438 n 

7 490 479 517 

6 570 600 630 

E-17 



SURFACE 
TEMPERATURE (OC) DEPTH (METERS) 
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HOTEC CRUISE NO. 6 i 

I,. DATE 7-8 December 1979 I 

OVERLAYS ~ ~ 700 

LOCATION I 

I LATITUDE 19/55N I 

I" 
LONGITUDE 156!10W ~ -- 750 ... 

E-18 
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I 

ISOTHERM DEPTHS (M) 

HOTEC CRUISE # _6_ SH I P : M/V No; I; 

XB T no. 3 4 5 6 
LATITUDE 0 19 19 19 19 , 55.4 54.2 55.7 57,0 

LONGITUDE 0 156 156 156 156 , 8.5 10.6 9. 1 9.6 
DATE (GMT) 12/8/79 12/8/79 12/8/79 12/8/79 
TIME (GMT) 0015 0200 0355 0600 
TIME (LOCAL) 1415 1600 1755 2000 
SURF. T rC) 25.8 25.9 25.6 25.3 

29 
28 

27 
26 
25 86 80 80 70 
24 92 88 85 90 . 

23 98 100 98 93 
22 122 119 115 103 
21 149 152 145 135 
20 165 182 170 155 
19 185 203 190 194 
18 205 211 213 205 
17 214 228 223 215 
16 232 235 235 . 223 
15 248 243 245 234 
14 255 263 250 242 
13 272 279 269 260 
12 285 337 290 276 
11 321 352 320 308 
10 340 392 340 348 

\. 

9 373 419 360 374 
8 415 488 408 414 

7 470 680 470 480 
6 590 595 610 
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ISOTHERM DEPTHS (M) I 

"I 
HOTEC CRUISE # _6_ S HIP : M/V No; I ; 

\ 

XB T no. 10 11 12 ,-l 
LATITUDE 0 19 19 19 , 56.9 54.6 54.8 

LONGITUDE 0 156 156 1~~ 5 , 10,1 11 .2 
DATE (GMT) 12/8/79 12/8/79 12/8/79 
TtME (GMT) 0845 1150 1680 
TIME (LOCAL) 2245 0150 0680 
SURF. T rC) 25.2 25.2 25.5 

29 
28 
27 
26 
25 70 81 30 

24 85 89 93 

23 93 97 100 

22 105 115 108 

21 125 130 121 

20 143 153 150 

19 165 177 169 

18 180 185 190 

17 190 200 203 

16 219 218 208 

15 238 245 225 

14 250 259 245 

13 263 268 252 

12 277 280 274 

11 305 296 290 

10 325 327 306 

9 380 370 340 

8 420 415 382 

7 485 492 450 

6 620 605 575 

E-20 
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APPENDIX F 

Meteorological Data For HOTEC 2-6 Cruises 
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t1ETEOROLOG ICAL DATA 
HOTEC CRUISE NO. 2 SHIP: M/V NOI'I 

OBSERVATION NO. 1 2 3 4 5 6 

DATE (GMT) 4/12/79 4/13/79 4/13/79 4/13/79 4/13/79 4/13/79 
DATE (LOCAL) 4/12/79 4/12/79 4/12/79 4/13/79 4/13/79 4/13/79 
TIME (GMT) 2200 0200 0600 1000 1400 1800 
TIME (LOCAL) 1200 1600 2000 0000 0400 0800 

LATITUDE 19°55' 19°55 1 19°56 1 19°54 1 19°56 1 19°56 1 

LONGITUDE 156°09 1 156°09 1 156°08 1 156°11 1 156°09' 156°02 1 

BAROMETRIC PRESSURE (In.Hg) 30.18 30.14 30.14 30.15 30.11 30.16 

CLOUD COVER (%) 60 nO 70 95 100 80 

VISIBILITY (m1) 25 30 30 25 20 30 

WIND SPEED (Knots) 6 9 CALM 5 CALM CALM 
*WIND DIRECTION (OM) 240 230 240 310 160 0 

SEA STATE (Beaufort) 2 3 2 2 3 2 

WAVE HEIGHT (Ft) 1 2 1 1 2 2 

*l~AVE DIRECTION (OM) 180 180 180 160 160 230 

WAVE PERIOD (Sec) 5 5 - - 5 5 

RELATIVE HUMIDITY (%) 78.5 78.5 86 91 91 86 

TEMPERATURE (OC) 25 25 23.9 23.3 23.3 24.4 

*DIRECTION FROM WHICH HIND AND \~AVES APPROACH 

~ iaiiIoMIiII! 
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t·1ETEOROLOGICAL DATA 
HOTEC CRUISE NO. 3 SHIP: M/V EL GRECO 

OBSERVATION NO. 1 2 3 4 5 6 

DATE (GMT) 6/17/79 6/18/79 6/18/79 6/18/79 6/18/79 6/18/79 

DATE (LOCAL) 6/17/79 6/17/79 6/17 /79 6/18/79 6/18/79 6/18/79 

TIME (GMT) 2200 0200 0600 1034 1413 1807 

TIME (LOCAL) 1200 1600 2000 0034 0413 0807 

LATITU[JE 19°55' 19°56' 19°56' 19°56' 19°56' 19°56' 

LONGITUDE 156°09 ' 156°09' 156°09' 156°08' 156°09 ' 156°08' 

BAROMETRIC PRESSURE (In.Hg) 30.26 30.24 30.28 30.30 30.28 30.30 

CLOUD COVER (%) 25 25 NIGHT NIl1HT 15 40 

V I SIB I L ITY (NM) 30+ 40+ 40+ 40+ 40+ 40+ 

WIND SPEED (Knots) 5 CALM CALM 5 6 CAU1 
*WIND DIRECTION (OM) 220 - - 182 170 -

SEA STATE (Beaufort) 1 1 1 1 1 1 

WAVE HEIGHT (Ft) 3-4 3-4 3-4 3-4 3-4 2-3 

*HAVE DIRECTION (OM) 345 350 - - - 355 

WAVE PERIOD (Sec) 5 4.5 - - - 5 

RELATIVE HUMIDITY (%) 72 67 75 79 71 72 

TEMPERATURE (OC) 27.8 30.6 27.2 25.6 25 26.7 

*DIRECTION FROM WHICH WIND AND WAVES APPROACH 

, 

- ----
:r "r 

,..III - ~ @~ ~ mm ~:g ~~ ~ 

7 8 

6/18/79 

6/18/79 

2220 

1220 

19°55' 
j 

156°08' 

30.30 
50 
30+ 

4 
158 

1 
2-3 

355 
5 

72 

26.7 
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METEOROLOGICAL DATA 
. HOTEC CRUISE NO. 4 SHIP: . R/V KANA KEOKI 

OBSERVATION.NO. . 1 2 3 4 5 6 

DATE (GMT) 7/30/79 7./30/79 7/30/79 7/30/79 7/30/79 7/30/79 

DATE (LOCAL) 7/29/79 7/29/79 7/30/79 7/30/79 7/30/79 7/30/79 

TIME (GMT) 0200 0600 1000 1445 1815 2200 

TIME (LOCAL) 1600 2000 0000 0445 0815 1200 

LATITUDE 19°56 1 19°56' 19°55' 19°55' 19°56' 19°56' 

LONGITUDE 156°09' 156°09' 156°10 1 156°09' 156°08 1 156°09' 

BAROMETRIC PRESSURE (In.Hg) 30.02 30.05 30.06 30.02 30.04 30.05 

CLOUD COVER (%) 20 30 10 10 10 5 

VISIBILITY (NM) 25 30 25 25 30 30 

WIND SPEED (Knots) 3 4 4 8 4 5 

*WIND DIRECTION (OT) 350 160 95 325 350 63 

SEA STATE (Beaufort) 1 1 1 1 1 2 

WAVE HEIGHT (Ft) 2 2 2 2 2 2 

*WAVE DIRECTION (OT) 20 25 20 60 10 25 

WAVE PERIOD (Sec) 5 6 5 5 5 6 

RELATIVE HUMIDITY (%) 69 74 64 72 64 72 

TEMPERATURE (OC) 24.4 23.9 21. 7 22.8 22.2 23.3 

*DIRECTION FROM I-IHICH l~IND Arm \~AVES APPROI\CH 

~.'. . •• ; ""~i. --- ~ 

7 8 

7/31/79 7/31/79 

7/30/79 7/30/79 
0230 0600 
1630 2000 

19°57' 19°52' 

156°06 1 156°12' 

30.00 30.02 

20 30 

25 25 

0 4.5 

- 180 

1 2 

2 2 
! 

15 5 i 

6 5 

62 72 I 

30.0 27.2 I 
I 
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METEOROLOGICAL DATA 
HOTEC CRUISE NO. 4 SHIP: R/V KANA KEOKI 

OBSERVATION NO. 9 10 

DATE (GMT) 7/31/79 7/31/79 
DATE (LOCAL) 7/31/79 7/31/79 
TIME (6tH) 1000 1430 
TIME (LOCAL) 0000 0430 

LATITUDE 19°57' 19°55' 
LONGITUDE 156°10' 156°09' 

BAROMETRIC PRESSURE (In.H9) 30.04 30.00 
CLOUD COVER (%) 20 -
VISIBILITY (Nf,1) 25 25 
WINO SPEED (Knots) 18 0 

*WIND DIRECTION (OT) 117 -
SEA STATE (Beaufort) 3 1 
WAVE HEIGHT (Ft) 2 2 

*WAVE DIRECTION (OT) 90 100 
~lAVE PER 100 (Sec) 4.5 5 
RELATIVE HUMIDITY (%) 72 75 
TEMPERATURE (OC) 26.1 25.6 

*DIRECTION FROM ~lHICH NINO AND WAVES APPROACH 
**Anchored in Kiho10 Bay 

J.' 4: - i..-- ~ &M~ em lIB .. 

11 12 13 14** 

7/31/79 7/31/79 8/01/79 8/01/79 
7/31/79 7/31/79 7/31/79 7/31/79 

1800 2210 0200 0600 
0800 1210 1600 2000 

19°54' 19°54' 19°54' 19°51 ' 
156°10' 156°08' 156°07' 155°57' 

30.02 30.00 29.94 29.96 
35 1 5 20 
25 25 25 25 
0 8 12 12 
- 270 10 5 
1 1 3 2 
2.5 1 3 1.5 

350 30 0 20 
4 4 4 4 

65 65 73 68 
27.8 28.3 28.3 26.7 

{-, _ ... - rJlt!J I!I!m! 

15 16 

8/01/79 8/01/79 
8/01/79 8/01 /79 

1000 1415 
0000 0415 

19°55' 19°56' 
156°08' 156°09' 

29.98 29.95 
20 10 
25 25 
8 5 
- 220 
2 2 
2 2 

10 20 
5 4.5 

71 74 
25.6 25.0 

~ 

~ ~ ~ 
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METEOROLOGICAL DATA 
HOTEC CRUISE NO. 5 SHIP: R/V KANA KEOKI 

OBSERVATION NO. 1 2 3 4 5 6 

DATE (GMT) 10/3/79 1013/79 10/3/79 - 10/3/79 10/4/79 10/4/79 
DATE (LOCAL) 10/2/79 10/3/79 10/3/79 10/3/79 10/3/79 10/3/79 
TIME (GMT) 0600 1000 1400 1800 0200 0600 
TIME (LOCAL) 2000 0000 0400 0800 1600 2000 

LATITUDE 19°57 1 19°58' 19°56' 19°57' 19°57' 19°53' 

LOtIGITUDE 156°10' 156°12' 156°09' 156°08' 156°09' 156°08' 

BAROMETRIC PRESSURE (In.Hg) 29.85 29.85 29.88 29.88 29.85 29.88 
CLOUD COVER (%) 90 90 90 20 60 60 
VISIBILITY (NM) 15 15 15 15 15 15 
WIND SPEED (Knots) 10 12 6 6 0 6 

*WIND DIRECTION (OT) 340 - 70 240 - 170 

SEA STATE (Beaufort) 0 1 0 0 0 0 
WAVE HEIGHT (Ft) 1 1 1 0 2 1-2 

*WAVE DIRECTION (OT) 20 20 20 20 60 40 

WAVE PERIOD (Sec) 10 3 3 3 3 3 

RELATIVE HUMIDITY (%) 75.5 83 82.7 72.5 72.5 79 
TEt4PERATURE (OC) 27.7 26.6 25.6 27.7 27.8 26.6 

*DIRECTION FROM WHICH ~IIND AND WAVES APPROACH 

~ -.'.t:._~ .-, 

7 8 I 

10/4/79 10/4/79 

10/4/79 10/4/79 
1000 1400 
0000 . 0400 

19°50' 19°55' 

156°08' 156°08'. 
--

29.90 29.91 

30 10 
15 15 

6 6 

138 140 

0 0 
1 2 

120 90 

3 3 
75.5 61.5 
27.7 27.8 
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t~ETEOROLOGICAL DATA 
HOTEC CRUISE NO. 5 SHIP: R/V KANA KEOKI 

"'T1 
I 
co 

OBSERVATION NO. 

DATE (GMT) 
DATE (LOCAL) 
TmE (Gr-n) 
TIME (LOCAL) 

LATITUDE 
LONGITUDE 

BAROMETRIC PRESSURE (In.Hg) 
CLOUD COVER (%) 
VISIBILITY (NM) 
WIND SPEED (Knots) 

*WIND DIRECTfON (OT) 
SEA STATE (Beaufort) 
WAVE HEIGHT (Ft) 

*WAVE DIRECTION (OT) 
WAVE PERIOD (Sec) 
RELATIVE HUMIDITY (%) 
TEMPERATURE (OC) 

-- -- -

9 10 

10/4/79 10/4/79 
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METEOROLOGICAL DATA 
HOTEe CRUISE NO. 6 SHIP: M/V NOI'I 

OBSERVATION NO. 1 2 3 4 5 6 

DATE (GrH) 12/7/79 12/8/79 12/8/79 ,12/8/79 12/8/79 12/8/79 
DATE (LOCAL) 12/7/79 12/7/79 12/7/79 12/8/79 12/8/79 12/8/79 
TU1E (GMT) 2200 0200 0600 1200 1700 2200 
TIME (LOCAL) ·1200 1600 2000 0200 0700 1200 

LATITUDE 19°55.9 1 19°51.9' 19°57.0' 19°54.5' 19°54.8' 19°55.6' 
LONGITUDE 156°8.2' 156°8.6' 156°9.6' 156°11 .. 2' 156°7.5' 156°5.9' 

BAROMETRIC PRESSURE (In.Hg) 30.20 30.16 30.22 30.19 30.18 30.15 
CLOUD COVER (%) 5 5 - 30 5 5 

VISIBILITY (Nt1) 30 30 30 30 30 30 
WIND SPEED (Knots) ,.t. 3 0 5 0 1 0 

*WIND DIRECTIOH (OM) 235 - 180 - - -
SEA STATE (Beaufort) 1 1 1 1 1 1 

WAVE HEIGHT (Ft) 4 2 3 2 2 1 

*HAVE DIRECTION (0~1) 000 000 000 000 000 000 
I~AVE PERIOD (Sec) 5 5 5 5 5 5 

RELATIVE HUMIDITY (%) 79 72 79 83 83 85 
TEt~PERATURE (OC) 26.1 27.8 26.1 25.6 25.6 26.9 

*DIRECTION FROM l~HICH HIND AND HI\VES APPROACH 
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