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OTEC EHVIRONMEN'l'AL BIOLOGICAL OCEMOGRAPHIC PROGRAM 

ABSTRACT 

One of the major goals of the OTEC biological 
field measurement program is to assess the effect 
of OTEC operations on the environment. Prior 
understanding of the natural variability of the 
tropical oceanic plankton community is the most 
important method for determining changes due to 
operation of an OTEC plant. 

Tbe spatial and temporal patterns of the plankton 
community in terms of absolute number, biomass and 
species composition have been investigated at 

. potential OTEC sites. Considerable data exists 
which document the changes with depth of all three 
measurements. Diel fluctuations in number and 
species composition have been studied at one site. 
While horizontal and seasonal patterns of varia­
bility. likely exist at all sites, they are subtle 
and remain somewhat unclear. Attempts are now 
being made to determine the overall trophic struc­
ture of the plankton community at these sites 
using these data, gut content analysis, and infor­
mation already in the literature. 

1. Introduction 

1.1 Goals of OTEC Biological Oceanographic Program 

The goal of the OTEC biological oceanographic 
program is two-fold. First,to provide the 
engineer with data important to the design, opera­
tion, and maintenance of the OTEC plant, second, 
to provide an unbiased and accurate report of the 
impact of OTEC on the marine biological community. 
A biological impact is neither judgemental (i.e., 
good or bad) nor directional (i.e. increas·e or 
decrease). A biological impact is defined as a 
significant change in one or more selected biolog~­
ical parameters (e.g., abundance, productivity, 
biomass respiration etc.). This implies a sta­
tistical analys:l.s of the biological parameter(s) 
selected a priori. 

To evaluate the impact of OTEC on the marine 
biological community one must first select those 
components of the community most likely to be 
impacted. In addition an impact will be judged by 
the degree to which OTEC alters this community. 
To judge th·e degree of impact one must first know 
the extent or range of natural variability ·within 

This· work was supported by the Assistant Secretary 
for Conservation and Renewable Energy, Office of 
Solar Power Applications, Division of Ocean Energy 
Systems of the u.s. Department of Energy under 
Contract No. W-7405-ENG-48. 

the community. Without this information it is not 
possible to determine if the observations made 
during the impact assessment represent natural 
variability or a real change (impact). This paper 
will address the above two topics: 1) defining the 
biological community,. and 2) determining the aver­
age condition and range of natural variability. 

To an OTEC construction contractor and opera­
tor biological impact studies are important for 
three reasons. First are legal requirements 
needed to license the operation of the plant • 
Second, to provide insight into design considera­
tions to maximum performance and minimize mainte­
nance (e.g., screen, mesh size, intake location, 
etc.). Thirdly to identify possible economies 
derived from biological processes (e.g. biomass 
production, fishing enhancement, etc.) 

The data presented in this report are the 
result of the efforts of several groups Partici­
pants in these studies have included AECOS Inc.; 
Ed Nods and Associates University of Hawaii, Look 
Laboratories and Hawaii Institute of Y~rine Biol­
ogy, Oceanic Institute; Gulf Coast Research 
Laboratory; University of South Florida; Florida 
Institute of Oceanograp~y University of Miami 
(Florida); and Marine Sciences Group/Lawrence 
Berkeley Laboratory 

1.2 Define Biological Community 

The biological community of interest consists 
of all living organisms potentially impacted by 
OTEC operations. These organisms can be divided 
into major ecological gr~Jps, including (Table 1) 
Benthic (living in or on the sediments); Nektonic 
(efficient swimmers capable of swimming against 
the current); and Planktonic (floating or feebly 
swimming organisms). Each of these groups consist 
of subgroups. Although there are further subdivi­
sions possible, such as neritic (coastal) vs. oce­
anic (open ocean); littoral (sediments from shore 
to slope) vs. deep-sea (sediments from slope and 
deeper) etc., the subdivisions presented here are 
sufficient 'for this discussion 
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1.3 Average Condition and Range of Natural Varia­
bility 

The first step is to define the parameters of 
interest relevant to the community under investi­
gation. Typically, these parameters have included 
abundance biomass, productivity etc. but should 
be selected for their relevancy to the particular 
community and site under investigation. The 
second step is to define where and how to best 
sample these parameters. This is dependent on the 
parameter, community and site. Such things as 
mesh size, volume of water to sample, near or far 
field samples, depth(s) to sample core type, sam­
pling frequency, number of replicates, etc.·, all 
come to mind when considering this second step. 
The third and final step is to take and analyze 
the samples and calculate the mean value(&) and 
variance for each parameter. 

2. Specific Biological Communities of Interest .to 
OTEC 

The ideal impact · study would examine only 
those communities that are affected by OTEC. The 
first task is to focus the studies on those eco­
logical groups w.ith the highest probability of 
being impacted OTEC, depending upon the exact 
site and plant configuration, will impact all 
major ecological groups, i.e., benthic, nektonic 
and planktonic organisms (Table .1·) 

2.1 Benthic 

As the initial OTEC studies were concerned 
solely with deep ocean sites the environmental 
studies could concentrate solely on the nekt·onic 
and planktonic organisms This does not mean that 
the benthos at these oceanic sites could not be 
affected only that the impacts (e.g., transmis­
sion cable path) were projected to be minimal. If 
the site was changed to ~ neritic environment such 
as a shelf sitter or shore based the benthic 
group would be significantly impacted, and 
environmental studies would be initiated. 

2.2 Nektonic 

2.2.1 Marine Mammals 

Of the organisms inthe nektonic ecological 
group the least direct affect will be· with the 
marine mammals. In this group (Table 1) there is 
no potential for otters to be affected. Although 
all the other groups can be impacted proper sit­
ing studies will alleviate environmental impacts. 
For example, the endangered Hawaiian monk seals 
are confined to a restricted area and simply by 
locating any OTEC site at a distance from this 
area impacts to this seal will be avoided. 
Whales, porpoises and. dolphins present a different 
problem as they range over an extensive area. The 
major OTEC impact would be the disruption of mat­
ing, especially for species such as the endangered 
humpback whale. This again is a siting problem 
which could be eliminated by proper prior 
knowledge of the distribution and behavior of the 
animals. 
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2.2.2 Other Animals 

All of the organisms listed under this eco­
logical group (Table 1) will be impacted by OTEC 
.The macronekton, although capable of avoiding 
entrainment are attracted to structures (e.g., 
OTEC) in the ocean thereby increasing the number 
subjected to the probability of entrainment and 
impingement. The effect on macronekton will be 
highly species dependent. Experience at OTEC-1 
showed that although sharks (white tips) and large 
adult fish (yellow fin tuna, dolphin fish) were 
attracted to the structure none appeared to be 
impinged. However as impingement was not studied 
directly, smaller species may have been impacted. 

Micronekton would be much more susceptible to 
entrainment and impingement. Visual sightings in 
the OTEC-1 moon pool revealed entrainment of 
micronekton. At the present time replicate stra­
tified depth micronekton samples are being taken 
quarterly at the Puerto Rico OTEC (PROTEC) site. 
These samples are being analysed at the present 
time. 

Preliminary data from the PROTEC site show 
that the micronekton migrate diurnally and is com­
posed primarily of midwater shrimps and fishes (2 
to 20 em) which are dominant predators at the 
third to fifth trophic levels. These organisms 
although much less abundant than zooplankton, 
through predation play a major role in regulating 
zooplankton abundance and population structure. 
Significant impact to the micronekton due to 
entrainment and impingement can be avoided by 
pr.oper intake design, such as reducing the velo­
city. field around the intake mo~th and the actual 
design of the intake structure (mesh opening size 
fish diversion system, etc.) 

Attraction of fish and other nekton to the 
plant at the present time is impossible to 
prevent Any structure placed in the ocean 
attracts organisms for a number of reasons such as 
refuge from predators, a food source, mating, 
habitat, etc. The impact of attraction is 
regarded as beneficial but needs to be quantified, 
especially as · regards the attraction of commer­
cially important species and the impact of attrac­
tion on other populations. Fish abundance is dis­
cussed in more detail in the paper by Ryan and 
Jones in this conference. 

Marine turtles occur in potential OTEC sites 
but are capable of avoiding the OTEC plants. Tur­
tles are not known to be attracted to . structures 
in the ocean. 

2. 3 Planktonic 

The effect on planktonic organisms (Table 1) 
is potentially the greatest impact of OTEC. 
Plankton,. which cannot effectively avoid an OTEC 
plant, are all subjected to the full range of OTEC 
operational effects. These include. 
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1) Entrainment 
2) Impingement 
3) Stimulation/Inhibition due to; 

a) Redistribution of water masses 
b) ~orking chemicals 
(This topic is discussed in the paper by 
Venkataramiah et al., in this conference.) 

4) Redistribution of plankton 
5) Attraction 
6) Fouling 

The degree of impact of each of these OTEC 
operational effects is highly species dependent. 
as well as, highly dependent upon the extant 
physical/chemical regime. A multitude of 
scenarios for each OTEC operational effect on the 
plankton can be constructed. These scenarios will 
not be discussed here, suffice it to say that 
numerous planktonic impacts are probable and to 
investigate and determine the extent of these 
impacts a scientist must have prior knowledge of 
both the taxonomic composition and the natural 
variability of the plankton. 

2.3.1 Phytoplankton 

Phytoplankton taxonomic work is aimed at 
accomplishing three tasks 1) identifying the 
phyletic group of the phytoplankter (pennate or 
centric diatom, athecate or thecate dinoflagel­
late, coccolithophorid, other flagellates, and 
other) •. 2) determining the size structure of the 
community and 3) determining the response of 
these populations to OTEC operations. 

Analyses of community composition at the PRQ­
TEC site (Table 2) shows that monads and small 
flagellates (<5 um diameter) .usually far outnumber 
all other phyletic groups. The typical rank order 
of phyletic groups, based upon numerical abundance 
shows monads and small flagellates, diatoms and 
coccolithophores (in relatively similar abundance 
to one another), followed by dinoflagellates and 
blue-greens. The taxonomic composition within 
each phyletic group characteristically displays 
very high diversity. Similar results have been 
shown for the island of Hawaii OTEC (HOTEC) site. 

Analysis of the size structure of phytoplank~ 
ton communities off Hawaii shows a vast predomi­
nance of biomass occurring in extremely small (< 5 
um) cells. Size fractionation studies showed that 
about 80% of the phytoplankton biomass and nearly 
90% of the photosynthesis occurs in the size frac­
tion < 5 um (Figure 1 Table 3)". This feature of 
subtropical phytoplankton communities is of con­
spicuous relevance to OTEC. The introduction of 
large quantities of deep water nutrients.to a sub­
tropical system may alter the existing size struc­
ture in favor of larger celled sp~cies, such as 
those which tend to dominate in regions of natural 
upwelling. Should this occur in response to OTEC 
operation, changes could be generated in the types 
of animals found at higher levels of the food 
chain including not only herbivores but higher 
level carnivores.. The implication is that changes 
in the size structure of the primary trophic level 
may be transmitted throughout the entire food web 
of affected areas. 
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Figure 1. 

The introduction of large quantities of deep 
water to the surface layer will have impacts to 
the metabolic rates of the affected phytoplankton 
communities. A series of deep water enrichment 
experiments were performed to examine the degree 
of biostimulationin response to the unique form of 
environmental perturbation represented by the OTEC 
discharge. Deep water is characterized by signi­
ficantly higher nutrient concentrations. In 
Hawaii the following nutrient concentrations are 
representative of the surface and deep waters. 

Nitrate 
(lJM) 

Surface water 0.3 
Deep water 40.0 

Phosphate 
(j.l!-1) 
0.2 
3.0 

Silicate 
(j.l!-1) 
2.1 

80.0 
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Examinations of the response of naturally occuring 
phytoplankton to a 3-16% deep water nutrient 
enrichment showed biostimulation of 9-149% over 
natural levels. ·The degree of stimulation was 
depth-dependent and showed considerable variation 
from time to time. The greatest stimulation 
occured in the upper light-saturated layer {about 
40m) below this layer there was little biostimu­

-lation despite evidence of prevailing nutrient-
limitation. These findings relate to the vertical 
extent of exported stimulation, and thus descrip­
tion of .the total photic zone response. Enrich­
ment experiments carried on for five days indi­
cated that the stimulatory response progressed for 
2-3 dsys before leveling off. 

2.3.2 Animals 

2.3.2.1 Microzooplankton 

No systematic taxonomic examination has 
performed. Some data are available from 
island of Oahu, Hawaii OTEC (O'OTEC) site and 
presented in Table 4. 

2.3.2 .• 2 Macrozooplankton 

been 
the 
are 

To date the greatest taxonomic effort has 
been directed towards identifying the copepod 

. populations in the zooplankton community with 
recent efforts directed at the micronekton and 
phytoplankton. Total zooplankton abundance and 
biomass are easily measur.ed parameters, however, 
they do not permit community or population dynam­
ics to be examined. To do this one must know who 
(p-opulations), by name (taxonomy), is a part of 
the whole (c0111munity). As taxonomic identifica.,­
tion is time consuming (expensive), key or indica­
tor species are singled out These species are 
chosen on many bases, one basis is abundance. 

Tables 5-8 present the top five (5) copepod 
genera in the upper 25m based on ranked abundance 
of identified copepods. The top six (6) rankings 
are given if the lowest two genera are of equal 
rank. These tables also separate the day/night 
ranked abundance and give the percent copepod com­
position by taxonomic order. 

Table 9 is a summary Table from all sites of 
the top 5 copepod genera in the upper 25m. 
Several genera appear to be dominant at all sites 
(Oithona, ~. Corycaeus, Calocalanus, and 
Mecynocera) while other dominant genera are 
characteristic of particular sites. For example. 
Clausocalanus, Farra.nula, Temora and Paracalanus 
are dominant at PROTEC an~C sites but not at 
the llOTEC site. Ac<~.rtia is dominant at the HOTEC 
and the PROTEC sites but not at the Gulf of Mexico 
OTEC (GOTEC) sites (Table 10). Acartia is gen­
erally found closer to shore and the HOTEC and 
PROTEC sites are. closer to shore than the GOTEC 
sites Dominance also varied in day vs. night 
samples but no consistant pattern is evident. 

The percent composition by order for copepods 
in the upper 25 m is summarized in Table 11. 
Calanoid copepods are the most dominant order at 
all stations and times except during the day at 
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.the GOl'EC Mobile site .when Cyclopoid copepods were 
1110st numerous. 

Due to variations in the taxonomic expertise 
Of different investigators, consistency of the 
level of identification varies between sites and 
between investigators at the same sites For exam­
ple at the O'OTEC site in Oahu, preliminary indi­
cations are that Clausocalanus i~ a dominant zoo­
plankter which had most probably been lumped under 
unidentified microcalanoids at the HOTEC site. 
Copepoda, identified to genera, provide a common, 
accessible goal for all investigators. Addition­
ally, within a genera, the niche occupied by the 
included species would be restricted relative to a 
higher taxonomic group, such as within a copepod 
order. Therefore by identifying all copepods to 
at least the level of genera, a consistent site 
and time description of the copepod community can 
emerge. 

2.3.2.3 Ichthyoplankton 

The first larval fish (ichthyoplankton) sam­
ples were taken this year and the results are 
being analyzed. 

2~3.2.4 Other Larval Animals 

These are collected with macrozooplankton 
samples and are identified to larval type, e.g., 
gastropod veliger, pelecypod veliger, etc• This 
data is being analyzed. 

3 Natural Variability 

The basis against which one measures change 
in a parameter is the average value and the 
natural variability of that parameter. If follow­
ing or during the occurence of some perturbation 
the average value and variability of the parameter 
has significantly changed then the investigator 
can determine that there has been a significant 
impact on that parameter due to that perturbation. 
Significance is generally tested at the 95% level, 
i.e., there is the risk that due to random chance 
alone one out of 20 times the acceptance of the 
conclusion that there was a significant impact 
will be incorrect. As important is to know the 
significance level of concluding there was no 
.impact when in fact there was. 

The first stages of the OTEC biological 
oceanographic field program was descriptive and 
looked mainly at the macrozooplankton community 
and phytoplankton community. This data was col­
lected to obtain a general picture of the plankton 
at the various OTEC sites. This picture is com­
posed of the general community composition 
biomass, depth variability, seasonal variability, 
etc. The second stage·of the OTEC environmental 
field program is structured to produce a quanti­
fied analysis of the selected community parameters 
at specific sites. Most of the data collection 
for this stage was initiated this year and are 
still being analyzed. However, some preliminary 
quantitative data will be assessed. Results will 
be structured according to the Planktonic Ecologi­
cal Group given in Table 1. 

,, 
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Figure 2. 

3.1 Bacteria 

No work has yet been initiated on this group 
of plankton. It is planned to initiate work on 
these organisms next year. 

3.2 Phytoplankton 

. At the HOTEC site large temporal and vertical 
variations in phytoplankton biomass and primary 
productivity were observed. Over a year, phyto­
plankton biomass (chlorophyll a) varied threefold, 
and primary productivity, -although always 
nutrient-limited varied more than 25-fold (Table 
12). Vertically the profiles of phytoplankton 
biomass were similar over time (Figure 2) showing 
low and uniform levels in the upper 4Q-60m, with a 
chlorophyll a maxima centered at 85m. .Photosyn­
thetic rates were highly variable over time (Fig­
ure 3) and productivity: biomass ratios were con­
sistently low and indicative of strong nutrient 
limitation. The large variation in photosynthetic 
activity was far in excess of the accompanying 
changes in the physical properties of the system, 
and could not be explained by variations in phyto­
plankton biomass or the prevailing nutrient gra­
dients. Directing attention to factors which 
might affect the specific rates of activity, we 
found significant correlations (P(O 01) between 
depth-integrated phaeopigment stocks and primary 
production, and between phaeopigments and ammonium 
levels. Phaeopigments are produced by the diges­
tion of chlorophyll. Variations in the supply of 
regenerated nutrients by grazers is believed to 
account for most of the observed temporal varia­
bility in photosynthesis. 
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Figure 3. 

3.3 Animals 

3.3.1 Microzooplankton 

HOTEC-03 
JUN. 79 

0.1 0.1 0.1 

HOTEC-08 
DEC. 79 

Although this group has not been expressly 
sampled, six vert·ical net tow (35um ·mesh) samples 
taken at the (O'OTEC) site from 200m to the sur­
face have been analyzed for microzooplankton. The 
results are presented in Table 4. The replicate 
samples show a high variability in total abun­
dance. However, copepod nauplii are consistantly 
dominate and exhibit a low variability as a per­
cent of the total abundance (mean of 70.3% and 
range of 60.9% to 76.3%). .. 

3.3.2 Macrozooplankton 

The greatest amount of effort has been 
expended in the sampling and analysis of macrozoo­
plankton from the several potential OTEC sites 
Operationally, these are plankton retained by a 
200 um mesh net. Some results of these analyses 
are presented below. 

The size distribution in abundance of macro­
zooplankton at the.GOTEC site off Mobile, Alabama 
is skewed towards the smaller size classes (Table 
13). The depth distribution of these size classes 
varies with time of day (Figure 4). The depth 
distribution of total zooplankton at this site 
showed a diel vertical migration pattern (Figure 
5, Table 14). In the evenings and going into the 
night (1740 hrs to 2415 hrs) the zooplankton leave 
the shallow-water (0-SOm) and migrate down to t!!~ 
50m-100m layer where a peak abundance of 4938 m 
was observed. During the night (2230 hrs to 0515 
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brs) the zooplankton distribution remains the 
same As daylight approaches and into the day 
(0515 hrs to 1415 hrs) the zooplankton leave the 
near-surface water (5Q-100m) :and move back into 

.. the surface, mid- and deep-water 
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ZOOPLANKTON DIEL ABUNDANCE 
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Figure 5. 
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The HOTEC site likewise shows a diel vertical 
·.migration pattern, with zooplankton migration into 
the surface waters during the night and back into 
the deeper waters during the day. Zooplankton sam­
ples from the GOTEC sites off Mobile and Tampa and 
the PROTEC site were obtained only during the day 
and reveal strictly the depth distribution of zoo­
plankton 

Figures 6-9 are summary graphs of day/night 
surface (0-25m) copepods abundance at four poten­
tial OTEC sites. It is apparent that one can not 
-make the sweeping generalization that copepod 
abundance increases at night and decreases in the 
·day 

0 
Day/night copepods abundance distributions 

are site dependent, time dependent and depth 
dependent • 

The diel variation with depth of zooplankton 
biomass in two size categories (0 2-0.5mm and 
greater than 0.5 mm) is depicted in Figure 10. 
HOTEC-05 showed evidence of diel vertical migra­
tion of biomass while HOTEC-06 did not. This is 
in contrast to the abundance data (Figure 8) where 
both cruises evidenced diel vertical migration. 
This poi~ts out the problem of parameter selection 
for examining events or impacts. An investigator 
must choose that (those) parameter(s) which most 
succinctly or simply explains the event or impact 
under study 

On HOTEC-05, as also evidenced in the GOTEC 
Mobile site data (Figure 4) diel vertical migra­
tion occurred in smaller and larger zooplankton. 
The depth distribution of biomass at the HOTEC 
site (Figures 10 and 11), was similar for both 
size classes. 

The depth distribution of the mean zooplank­
ton abundance or biomass from all sites has the 
same basic characteristic of drastically reduced 
numbers or weight with increased depth. The vari-· 
ability of these parameters is likewise reduced 
with increasing depth. Therefore the greatest 
sampling effort for quantifying . the zooplankton 
community should be exerted in the shallow waters 
and least in the deep waters. This general state­
ment of sampling effort is reinforced by the fact 
that the impact of OTEC is projected to be 
greatest in the shallower waters. 

The zooplankton data show significant sam­
pling variability, diel variability, cruise to 
cruise variability depth variability and spatial 
variability. The largest components of the site­
specific variability are generally associated with 
depth and time. Spatial variability can be large 
i.f one does not select similar sampling sites. 
Depth variability can be accounted for by perform­
ing stratified sampling. Variability at a single 
site and depth due to sampling, diel migrations 
and cruise dates are all components of time varia­
bility. The data, up to now, do not permit the 
best accounting for time variability. One of the 
purposes of the sampling programs presently under­
way is to permit us to develop the most cost 
effective sampling scheme to account for time 
variability. Preliminary indications are that 
OTEC zooplankton sampling should be done one of 
two ways: 
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2) 
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Sample time intensively with low replicates 
within each time, e.g., sample once a month 
taking only replicates, or 

Divide the year i~to 2 seasons and sample 
intensively within each season, e.g., Tepli­
cate sample intensively in January (winter) 
and July (summer) only. 
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3.3.3 Ichthyoplankton 

The first larval fish (ichthyoplankton) sam­
ples were taken this year and the results are 
being tabulated. Ichthyoplankton and fish abun­
dance are discussed in more detail in the paper by 
Ryan and Jones in this conference. 

3.3.4 Other Larval Animals 

These are collected with macrozooplankton 
samples, but the data has not been analyzed. 

4. Summary 

The OTEC biological oceanographic program has 
concentrated ·its efforts on acquiring data for 
engineering design and impact assessment. The 
latter goal was the subject of this paper. Impact 
assessment is evaluated through analysis of change 
in affected biological communities. Therefore, 
initial OTEC studies were directed at determining 
community composition, mean abundances and natural 
variability. 

For initial environmental studies a deep­
water moored OTEC system was envisioned •. The 
impact of this OTEC configuration would be princi­
pally on the planktonic community. This community 
has been examined at five (5) potential OTEC 
sites The results show that the components of 
the plaDktonic community exhibit a high degree of 
variability with depth, space and time. Whereas 
accounting for the variability with depth and 
space are straight forward accounting for the 
variability with time is the subject of present 
investigat·ions. 
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Figure 9. 
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TABLES 

TABLE 1 TABLE.( 

fLUOR ECOLOGICAL GROUPS PBYTOPI.A!il:l'ON COMPOSITION. PROTEC StTE
1 

I. Benthic 
A. Bacteria 

Phyletic Croup 
B. Plants 

1. Microflora Dinofla- Coccolith- Blue-green 

2. Kac.roflora 
Depth Diato• gdlates ophortda ..... d. filaments 

C. ADiaala D R w D D • 
1. Micro£ auna 
2 .. Kacrofauft& 10 •• 20.0 3.1 1.5 13.8 39.9 72.6 37.8 

II. Nek.tonic 10. 16.3 24.7 10.9 6.3 M.1 31.4 37.6 8.7 

"· Marine Mammnls 
1"' 8.6 1. Otten 

14.7 0.4 9.6 85.3 u;• 
2. Seals and sea lions 20. 7.3 26.8 2.4 
3 Porpoises and dolphins 

2.8 19.7 33.1 70.1 36.2 0.6 1.1 

4 Whales 3"' 30.6 22.2 5.5 2.9 63.8 47.2 27.2 0.4 •• Other Animals 
1. Kicronek.ton .,.. ).0 n.• 1.2 1.9 14.5 8. 7 81.3 15.6 

a • .Juvenile fish 
b. Large crustaceans so. 12.6 39.2 1.8 o.s 2.9 2.9 82.6 47.5 

2. Kacronekton 
a. Squid 

60a 7.8 0.9 6.6 0.5 85.5 34.1 64.3 0.1 

b. Adult fish 75a 47.7 3.5 9.0 4.2 u.z 7.0 85.3 
c. Sharb: 

3. Marine turtles 100. 6.1 68.9 2.3 8.8 2.) • 22.2 87.9 1.5 

111. Planktonic 200. 46.2 6. 3 22.9 30.9 0.8 91.4 1.5 

"· Bacteria 300m 50.0 16.6 2s.o 25.0 8S.4 .. Plants 
1.· Pico-/Nan~hytoplankton 

1Percent of total abundance on the day can 2. Net (Macro) phytoplankton (D) and ataht cast (N) on cme cTUiae, 
c. Animals PROTEC .. lO. 

1. Microzooplankton 
2. Macrozooplankton 
3. lchthyoplankton 
4. Other larval aniuls 

" f' 
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~~ 
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I'UIZft Of CIILOIDfii!U a MD CARIION FIXATION 
lN >5 110 SIZE fRACTION. HOTEC-QI 

Deptb hrceat ia >S \a Praetton 
<•> Qllo...,hyll • C.rboo Flutin 

0 
5 

2l 
41 
58 
74 
91 

107 
123 
163 
202 
243 

14.] 
37.5 
]].] 
]7.5 
18.2 
14.3 
12.0 
21.4 
42.9 
25.0 
50.0 
50.0 

·tABLE 4 

10.3 
24.6 
13.9 
26 1 

5.0 
4 2 

11.6 
7.7 

IIICROZOOPIAIIItTON ()35 Ullaad <202 \Ill) ABUNDANCE 
o·on:c-ol 

CWIII S1TE,21° 19-S''N, 158° 125"W 
24 - 27 Kay, 1980 

Station 1" Day, laplic:a.te A 

-
Per1d1Dium ep. 
Ceratium 
Ca•tropod Veliger 
PelecYPOd _.eliger 
rolyc.baete 
Copepod Naupl1ue 
Caleooid Copepod 
Olthooa Sp. 
Copycaeus Sp. 
On.c:aea Sp. 
liDideoUf ied. Ba'i'"t icoid 
lapbauaiid 
La nacHo 
Bgga 
UDideoUUed i.arva 

Stat1oa. 1, Day, Replicate. B 

--
Noctiluca Sp:. 
_Peridiniwa Sp. 
·Ceratium Sp. 
T1nt1na.1d 
Ga•tropod Veliger 
Pelecypod Vt:llger 
Polychaete 
Cope:pod. Naupliua 
Calaaoid Copepod 
Olthooa Sp. 
Corycaeus Sp. 
Oncaea Sp. 
Unidentified. Harpactlcoid 
!uphausUd 
Larvace"aa 
Esgo 

Station 2, Night, Replicate A 

Peridinium Sp. 
CeraUum· Sp. 
Tintinnid 
Pteropod 
C.at.ropod Veliger 
Pelecypod VeUger 
Polychaete 
Ostracod 
Copepod Naupliue 
C.lanoid Copepod 
Oithona sp. 
Corycaeua sp. 
Oncaea ap 
Unidentified Barpac.ticoid 
EupbausUd 
Lervac.eaa 
Esgs 

G-200111 

Ht..ber per 
Cubic Meter 

19 
66 
14 
28 
14 

2219· 
156 
360 

9 
75 
66 
47 
75 
19 
33 

_!i.oab .. per 
Cubic Met8r 

4 
99 
47 
14 
33 
52 
19 

1380 
114 
185 
"23 
85 
19 
23 

142. 
23 

Nulllber per 
Cubic. Ket8r 

4 
14 

I 
I 

13 
16 
2 
I 

463 
29 
60 
j 

17 
2 
I 

28 
I 

Total Tau • 15 
Total Couot - 676 
Total Abuodaoce • 3204 
Z-,AIIuntiaiiCti~Copepod NauplU •·69.3 

Total Taxa • 16 
Total Count • 4 78 
Total Abundance • 2267 
% Abunda ac.e Copepod Naupl11 • 60.9 

Total Taaa • 17 
Tot·al Count • .559 
Total Abundance • 662 
% Abuadanc.e Copepod Nauplii • 69.9 

TAble 4 (cooUDDed) 

Scectoa 2, Mi&ht lleplicaca B -
foridloi~a Sp. 
C.rauu. ap. 
DiDOpbyata ap. 
Ttactanid 
51 phonophore 
C.atropod veliger 
Pelecypod •erUger 
Pol,chaete 
Copepod .D&upliua 
CalaDoid c:opepod 
Oithooa ap. 
Corycaeua ap. 
Ckacaea ap. 
atdeDtU led. b.arpactic:oid 
luphauaUd 
ChaetOJnatb 
J.arwaceaa 
laP 

SUtioD 2, Day, leplicate A 

forldioium Sp. 
C..ratium Sp. 
tintinnid 
Caatropod YeUger 
Pelecypod Veltger 
Polychaete 

. Copepod Naupliua 
Calanoid Copepod 
Oitbooa Sp. 
CorycaeuS Sp 
OD.c.aea Sp. 
UD1d.entified Karpactic~id 
laphauoUd 
Larvacean 

StatioD 2, Day, Replicate 8 

Name 

Per1clin1wa Sp. 
Ceratiwa. Sp 
Dinoph.yais Sp. 
TiDtinnid. 
Pteropod 
Caatropod Veliger 
Pelecypod Ve.liger 
Polychaete 
Cope~d Nauplius 
Calaaoid Copepod 
Oitbona- Sp. 
Coryc.aeus · Sp. 
Oncaea Sp. 
Unidentified Harpactic:oid 
Chaetognatb 
Larvacean 
Eggo 

lh8l>erpor 
Cubic Kater 

142 
128 
n 
23 
4 

61 
23 
9 

4352" 
303 
555 

14 
94 
61 
23 
9 

228 
14 

Number per 
Cubic Meter 

9 
26 

2 
14 

7 
9 

1353 
116 
190 

7 
35 
23 

4 
26 

Number per 
Cubic: Meter 

80 
123 

23 
9 
4 

47 
23 
9 

3124 
166 
251 

9 
56 
33 
9 

so 
42 

Total T.u.a • 18 
Total Count • 1289 
Total Abua.daac:e/11 • 6068 
Z Abundance Copepod Hau pl U • 71 • 7 

Total Tua • 14 
Total Count • 7 70

3 
Total Abuadaa.ce/m • 1825 
1 Abwulaoce Copepod NauplU • 74.1 

Total Tau -• 17 
-Total Count • 8643 
Total Abundance/m 
Copepod Nauplii • 4095 

- Z Abundance • 76 3 

/ 
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CIIPEPOD IUIIICJ!D ABUNDANCE" 
llotEC SITE 

Dace lbdnant Genera l CoapoaUtoa 
(day/lli&bt) (% of total eopepoda) by Order 

2S-]0 Oet Otthona ]1.1 Calaaoida 
1971 Acart.la 7.2 Cyc1opoda 
(daJ) Coryc:aeua 6.2 Harpacticot.de 

Mec,.ocera 4.3 
C&.localaaua 3.] 

t-U AprU Coryu.eu.a s.a Calaootda 
1978 Oltboa.a 4.1 Cyc1opoda 
(day) Acartla 1.5 llarpacticoida 

Monoallla 1.0 
C.atropas•• 0 4 

1;14 Juae Coryc.cua 10.5 · Calaao14a 
1978 O..eaee 8.8 Cyc1opo1da 
(day) Acania 8.8 Harp&cttcoida 

OUhooa 7.0 
Caallacta 2.4 

25-30 Oet 01.thooa 28.7 Calaaoida 
1978 Corycaeua 19 2 Cyclopoict. 

(ll1gbt) Pleu rOII&Iaal& 9.7 Barpact1co1cla 
O..eaea 8.3 
k&rtia 4.8 

9-13 Apr11 Corycaeue 26.9 Calaooida 
1978 Acart1a 16.4 Cyc1opo1da 

(ll1gbt) Oitbooa 9.3 Barpact'ico1d.a 
PleurC~aUtma s .3 
Euchaeta 3.7 

13-14 .Juae O..eau IS.I Calano14a 
1978 Caeycaeue 8.7 Cyc:lopoida 

(a1gbt) 01:hona 6.7 Rerpa~ticoida 
Acartia 6 I 
UDd1aul• 3.6 

•All ~2~. aaaplee for each cndae depth vere ~,aaed to raak copepod 
aeuera. 

TABLE 6 

COPEPOD IIAIIItED ABUNDANCE" 
PROTEC SITE 

o-zs .. 

51.5 
41.1 
1.4 

19.7 
10.3 

0 

73.0 
26.6 
0.4 

34.5 
59 9 
0.6 

62.2 
37.8 

0 

-68.7 
31.3 
0 

Date Dominant Genera % Composition 
(day/o1gbt) (% of total copepoda) by Order 

31 Jul-3 Aug Clausoealanus 19.0 Calanoida 73.3 
1978 C&localanus 18.1 Cyc.lopoida 26.7 

(day) Undiaula 16.8 Harp act icoida 0 
Oitboaa 14.7 
Acartia 9.9 

lo-14 Oet Clauaocalanua 24.7 Calanold.a 71.0 
1978 Calocalanua 18.1 Cyc.lopoida 29.0 
(day) Parran~o~la 11 ~ Harpac:.t 1co1da 0 

Onea~t.a 8.3 
Uod1Dula 6.9 

lQ-16 Feb Claueocalaau.a 24.5 Cal.aoo1de 64.0 
1979 OithoGa 18 3 Cyc:lopoida 34.1 
(day) Parac.alaoua 17.8 Ha rpact ic.oida 1.9 

Teaota 9.6 
Coryc:aeua 7.2 
Kec)'llocera 7.2 

19-23 April teaora 32.1 C&lanofd 52.4 
1979 Corycaeva 24.4 Cyclopoid 46.6 

(day) Clausocalanu• 7.3 Harpactkoid 1.0 
Farraaula 6.7 
ODc.aea 6 7 

4-9 June Clav10calaaus 36.5 Calaaotda 70.1 
1979 Farn.nula 20.5 Cyclopoida 29.5 

(day) Dndtnu.la 20.S 8&rpact1c.o1da 0.4 
Oithou 7 .o 
Caloc.a.laau.a 4.9 

10 

TAIL& 6 (cOG<ioued) 

Dace Doaicant C.cuu·a % c..apoetuoa 
(day/ll1ght) (Z of total copepoda l by Order 

31 Jul-3 Au& Ac.Artia u.s Cal.aoo1da 87.8 
1978 Clau.acalaaua 16.7 Cyc:lopotda 11.9 

(a1&ht) Parac:alanue l%.1 Barpaettc.otda 0.3 
Calocalanua 7.4 
Ottbona 5 3 

·lo-14 Oet Clau.acalaaua 16 5 C.lanotda 78.0 
jl.rr.;, 

1978 CalocalaftQa 13.9 Cyclopo1da 31.6 
(a1&bt) Temora 12.6 Barpacticotcla 0.4 

Ollcaea 12.1 1; Pattaftllla 11.7 

Jt-23 Apr Clauaoealaaua 28.7 Calaaotda 54 4 
1979 Oitbou 21 6 Cyclopoida 45.0 

(llf.Cbt) Coryc.aeua u.o Harpac.tic.oida 0.6 
Calocalaa.a.a 7 s 
Parraaula 6 s 

4-9JUD Uodilltula 2S.S Cal.aoo1da 72 s 
1979 Teaora u.3 Cydopo1da 25 9 

(ll1gbt) Claueocalaaua 9 3 Harpacctcotda 1.6 
Oithona 8 I 
Calocalaaus 6 9 

*All aamplea for each c.nat..e between ~25 aa daptb were uaed to 
r&Gk copepocl geaeE"a. 

TABLE 7 

COP!POD IIAIIItED ABDliDAIIC£0 
GOTEC TAMPA SITE 

o-2s.. 

Date Doainant Ceur• Z Compo~ition 
(day/a1sht) (% ot tocal copep_ocla) by order 

9-21 June Clausocalanus 32o6 calanoida S8.o 
19·78 Oncaea 16.S Cyclopoida 40.8 

(day) Paracalaaua Ill Harpacttcoid.a 1.2 
Oithoaa 10.2 
rarraaula 9.3 

15-27 Aug Oithona 2S.O Calanoida 48.9 
1978 Clausocalauua 24.4 Cyclopofd.a 48.3 

(day) Ollc:.aea u.s Hazluicticoida 2.8 
Kecynoeera 9 9 
Fananula S.7 

21 Oet-6 Nov Claueocalanua 32.7 Calaitoida S7.0 
1978 Oncaea 19 1 Cyc1opo1da 40 9 

(day) Oithona 11.6 Barpacticoida' 2.1 
rarra!N.la 1 o3 
Euchaeta 6.S 

16-20.Dee Clausocalanue 44.9 Calanoida 70 I 
1978 Oithona 19.2 Cyelopoida 29.3 

(day) Eucbaeta 7.7 Harpacticoida 0.6 
Oacaea 3.8 
rarranula 3.3 d 

IQ-U Feb Clausoc:alaaus 4S.S Calanoida 83.9 
1979 Oithona 7.8 Cyclopoida IS.4 

(day) Eucha eta 7 5 . Harpactic:oid8 0.7 
Oncaea s.8 
Eucalanua 4.7 

25-29 April Clauaocalanua 34.1 Calanoida 6S.I 
1979 Oncaea 118 Cyclopoida 34.6 

(day) Oit.hou 11.6 Harpactieoida o.o 
Corycaeua 7.8 r, 
Calocalanua 6.2 

25 .Jun-IJul Oncaea 20.3 Calanoida 56.3 
1979 Clauaocalanus 18.7 Cyclopoida 43.0 

l~r (day) Temora 14.9 Rarpaeticoida o.s 
Farranula 10.4 
Oithona 7 0 
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TAIL! 8 

COPEPOD llANB!D ABIJNDANCE* 
COTEC IIOBILE SITE 

ialiie Timii.;;d)-- -- -·--- ---· 
------- -------- ----- --------- o-2~ 

Dato Daatnaat Genera Z C:C.!1081Uon Date Damtnant Genera % Cc:apoaitioa 
(dey/a1ght) (% of total copepode) by Order (dey/a1ghc) (% of total copepods) by Order 

9-21. July Oaaea. 55.4 Calall01de 17.3 15-21 llov Cl.aueocalaaua 19.2 Calanoida 69.5 
1978 Oithou 14.7 Cyclopo1da 80.9 1977 Paracalaaus 16.6 Cyclopoicla 29.6 

(1l1ahC) Corycaeua· 5.9 Barpac:ticoida 1.8 (clay) OD.caea 12.2 Harpacticoida 0 9 
Farraaula 3.4 Oichona 110 
Clau.ocalaaua 3.2 Caloealanu.. 7 .o 
Kecyaocera 3.2 

9-21 Ju.oe Oacaea 40.8 CalaDOicla '23.9 
15-27 Aug Onc:aea 35.4 Calallllicla 42 6 1978 Oithona 199 Cyclopoida 73.1 

1978 ClauSoca.laaua 12.4 Cyc.lopolda . S4.8 (clay) temora 9.0 Barpacticoida 3.0 
(alghc) Oithoo.a 10.4· Harpacttcoida 2.6 .Corycaeu.a 5;5 

llecynocera 5.3 Calocalaaua 7 .s 
teaora 4 7 

15-27 Aug Oithoaa 48 4 Calanotda 28.8 
21 Occ-6 Nov Ouc.aea = 24 4 Calaaoida "·1 1978 Caloealanus 21.4 Cyc:lopotda 69.! 

1978 Clauaoealamu1 22.8 Cyelopo1da 40.8 (clay) Coryeaeu11 8.9 Ha.rpacticoida 2.1 
(llighc) te~~ora 10.0 Barpacticoida 0.1 Paracalanua 4.2 

Parranu.la 9'4 Macroetella 2.1 
Calocalaoue 8 1 OD.caea 2.1 

16-20 Dec Clauaocalaaue 28.9 Calanotda 65.6 21 Occ-6 11ov Clau.socalanua 31.8 Ca.t..noida 61 4 
1978 Oitbou 12.3 Cyclopoicla 34.4 1978 Onc:aea 17.4- Cyclopoida 38.3 

(lligbC) Oa.caea 10.0 8a~act1coida o.o (clay) Farranula 10.2 Harpac.tic.oida 0.3 
Euc.baeta 3 7 Calocalanua 6.0 
Kaanoc.alaau.s 3.1. ~"': < ·ott bona 5.7 

·1o-15 Feb Cla"ueoealamia 26.7 Cal&aoida 718 15-21 llov Oncaea 23.6 Calanoicla 69.5 
1979 Oitboaa 15.4 Cyclopoida 24.2 19i'7 Paracalaaus 18 1 Cyclopo1d.a 29.6 

(DiSh C) Paracalaaus u.s Harpacticoicia 0.5 (oiehc) Oithona 15.4 Barpact 1c._o14a 0.9 
ODcae:a 9.6 Cl"•u.socalanu.s 129 
llatU'lOealaaus 6 0 Eucbaeta 4.2 

25-30 April Cl.&u.socalaaas 45.4 Calanoida 753 9-21 June ODcae:a 27.8 Calaaoida 40 7 
1979 ' Oncae:a 14.S Cyc1opo1da 24 z 1978 Oithona 14.6 Cye.lopoida S8.6 

(aighC) temora 6 9· Kal'pacticoida o.s (Diebt) Corycae:ua 14.3 Harpacticoida 0.7 
01Chona 3.8 Temora 9.9 
Farrauula 3.5 Paracalaaus 7.6 

25 Jun-1 Jul temora 26 8 Calanoida 75 8 15-27 Aus ODcaea 25.7 Calaaoicia 47.9 
1979 Farranula 11.9 Cyclopoida 23.7 1978 Oithona 18.4 Cyc.lopoida 48.1 

(algbc) Clausocalaaua 10 7 Barpac.ticoida 0.5 (DlgbC) Clausoealanua 7.2 lfal'p&Cticoida 4'.0 
Oncaea 8.9 Cor-ycaeus s.o 
Ullcliaula 6.8 Kecynoce:ra 4.5 

21 Oct-6 Nov Clauaocalaaua 33.3 Calanoida 59.8 
1978 OD.cae:a 20.4 Cyclopoida 39.6 

*All Q-2.5m. aam.plea for each cruise depth vere u.ed ~o rank copepod (aighc) Farranula 13.9 Barpacticotda 0.6 
aenera. Temora 6.8 

Calocalanua 5.7 

::!~ G-2Sm N!lplea for each cruise Were used to rank eopepod gen-
----- -·----- -------·-··- -··----·-------·--·-------·--·----

------------- ---------------------------------------------·--·· ---------------------·------·-· 
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IUIIIIlD OP nVE CDPUOO CUUA 11A11UD A_,IIDAIICil 

lllml: none GORe ,_,. Mobile ~ Doy llallt Doy ltcfit Doy Nl&ht ... , Niaflt 

Oltballll 3/3z 3/3 3/5 3/4 7/7 5/7 4/4 3/A 31/37 
Oocau 1/3 Z/3 Z/5 1/4 7/7 7/7 4/4 4/4 28/37 
C.Laueocal••• 5/5 4/4 7/7 7/7 Z/4 3/4 ZB/37 
rarraaula 3/5 Z/4 5/7 4/7 1/4 1/4 16/37 
Coryu .... 3/3 3/3 Z/5 1/4 1/7 1/7 Z/4 Z/4 15(37 
Calocal.aau.a 1/3 3/5 4/4 1/7 117 4/4 1/4 IS/37 
Teaora Z/5 Z/4 1/7 3/7 1/4 Z/4 11/37 
PAracala-..a 1/5 1/4 1/7 1/7 2/4 2/4 1/37 
.A.c&~rUa 3/3 . 3/3 1/5 1/4 1/37 
llecyoocera 1/3 1/5 1/7 2/7 1/4 6/37 
UDdtDW.a 1/3 3/5 1/4 1/7 6/37 
&uc:haeca 1/3 3/7 1/7 1/4 •137 
Plur---. Z/3 2/37 
tlonallilla 1/3 1/37 
Cand.acla 1/3 1/37 
Ceacropq:a1 1/3 1/37 
Euealaaua 1/7 1/37 
•~moc.al.aaua 1/7 1/37 
Kacro.tella 1/4 1/37 

1 .tb• top fin (or ats 1f laat tvo -.uaU naked &bua.daaca copepod ..... 
era at eadl aite an raDited ac.ra.a aU aitu for the o-2S. depth. 

Z lll: DUIIIber of tt.Ma c.hn the senera uaa lhted 1ft tbe top fi"le nnlr.ed 
abuadaace seaera oftr tbe -.ber of cnaiNa talr.taa eta, or Di&ht ••plea. 

l bilk S\1111 • "-Uoa of the occurrence of . aenera ..... tbe total 
a.aber ol CC\Iiaaa. 

tABLE 10 

CEii!IW. SITE DESCIIPTIOIIS 

Site 
Parameter BOTEC O'OTEC PR.OTEC GOTEC· GOTEC 

(Hobile) (Tampa) 

Approximate Site 19°65'll 21°20'N 17°57~K 29°00'K 26°00'N 
Location ISO IO'W 158°13'W 65°so·v sa•oo·w 85°S4'w 

Diataaee Prom 33 7.9 4.6 138 300 
Shore (b) 

Depth To 1,200 I 000 1,200· I 200 1,400 
BottOIII (m) 

Ave rage Maxi mUll 135 120 120 125 125 
Photic Zone 
Depth (m) 

Average Hixed 50/80 50/80 60/80 30/80 30/75 
Layer Depth (•) 
(SUIII/Wiru:) 

Average Surfac.e ID-40 ID-40 IQ-40 25-50 311-90 
Current: Speeds 
(c.m/aec.) 

TABLE 11 

SUMMidtT OF IW<I:ED P£R.CENT COMPOSITION BY ORDER. FOI. COPEPODS 

BOTEC PROTEC GOTEC 
COPEPOO Tampa Hobile 

ORDER. Day Night Day Night Day Night Day Night He an 

Calanoida 73.4 56.8 66.2 73.2 62.8 58.2 38 0 49.5 59.8 
CJClopolda 26.0 41 0 33 I 26.1 ]6.1 40.9 60.2 48.7 39.2 
Barpacticoida 0 6 0.2 0.7 0.7 1.1 1.9 1.8 1.8 1.0 
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...rB li'I'IC&At!D PH"TrOPJ.AIIftOII P&IWtET!U1 

a::mto-o1-o• 

110ft0-o1 B0tt0-02 RrJTI!C-o] IIDT!()-()4 
Oct 71 April 79 Jaae 79 .... 79 

17.40 14.64 %2.24 2).90 

17.47 4.92 16.50 1.80 

18 70 3.12 10.01 1.86 

wonc-o5 IOTIC-06 
Oct 79 Dee 79 

24.70 44.45 

18 07 4.07 

l73Z 0 72 

1 a.J.onptlyll .aad pUeopt.a-a.u iac .. rat.t ... r 2SO.. Pr:laary ptOIIhae­
Udr.y tor.earar..s .,.r 120. 

z Date• of .. • a - 2 

&lalla of qC • a - 2 • hr -l 

TABLE 13 

ZOOPJ.\IIICTON SIZE Ol5TI18UTION* 
COTEC KOIILE SITE 

Size distribution of zooplankton from 22 s1111plee collected between 0 amd 
SOO a at th.e Mobile OTEC eite . . 

Percent 
Claa• Siae Coepoeition 

1 0 s- 5.6 
2 o.s--o.9mm 38.6 
3 l.o..-1.9mm 44.8 
4 2.0....-2.9mm 5.0 
5 ].a..-3.9 ... 1.9 
6 4.am.-4.9mm l.S 
7 5 a.. .... 5.9mm 0.6 
8 6.am.-6.0mm 0.9 
9 7.am.-7.9mm 0.2 

10 8 Oma-8.9mm 0.1 
11 9.0mm-9.9mm 0.2 
12 !O.Il1m-19.9ma 0.6 
13 20.0mm-29.9am 0.0005 
14 30.0mm-39.9111D 0.001 
IS 40.0awo-49.9aa 
16 50.0.... 0.003 

•stu distribution from 22 samples collected between o-sOOm. repreeent­
iDC 128 ·copepod epec:ies and 43 other taxa. 

TABLE 14 

ZOOPLA!IItTON DIEL ABUNDANCE VITI! DEPTH 
GOTEC MOBILE SITE 
1-2 NOVEMBER 1978 

.Number NWiber 
Time Zoopl! f<ton .Cop'tlfd• 

Depth • • 
o-5o.. 1740 3069.6 2552.1 

SD-100.. 1740 451.2 258.5 
10<.'-300.. 1930 70.5 50.3 
30Q-500m 1930 42.9 34.6 . 

o-so.. 2230 250.1 160 5 
5o-lOOm 2230 4938;6 3562 8 

10Q-300m 2415 32.5 27.2 
30o-500m 2415 97.3 63.5 

o-5o.. 0325 262.9 170.7 
511-100.. 0325 2543 0 1847.7 

1011-300. 0515 172.4 117.3 
3oo-soo.. 0515 49.8 43.6 

o-5o.. 0915 1813.8 1274.0 
o-so.. 1030 2554 3 1981.7 
o-5o. 1145 2131.3 1504.2 

5~100.. 0915 359.8 211.5 
511-100.. 1030 197.6 147.2 
SD-100.. 1145 458.1 304.6 

IOQ-300.. 1300 720.5 486.9 
IOQ-300.. 1415 101.5 75 6 
30o-500.. 1300 111 .a 99.5 
30o-500m 1415 46.1 38.7 
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This report was done with support from the 
Department of Energy. Any conclusions or'opinions 
expressed in this report represent solely those of the 
author(s) and not necessarily those of The Regents of 
the University of California, the Lawrence Berkeley 
Laboratory or the Department of Energy. 

Reference to a company or product name does 
not imply approval or recommendation of the 
product by the University of California or the U.S. 
Department of Energy to the exclusion of others that 
may be suitable . 
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