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INTRODUCTION
In the marine environment, copepods form the major link in the food
chain between plants and the fishes. Coastal waters contain other
abundant phytoplankton-grazing organisms (i.e., planktonic stages of
bottom living echinoderms, mollusca, decaﬁoda and worms), however, in

the seas copepods dominate this group. Marine plankton collections

. are usually dominated by copepods. - They have been found to numerically

constitute from 25% to 96% of the total net zooplankton (Wickstead,
1959; Deevey and Brooks, 1977; Hopkins, Bennett and Shuert, 1979; Steen
and Gunter, 1980).

Marine copepods, particularly within the low latitudes, are small,
rarely exceeding 10 mm in length and generally less than 1 mm. For this
reason a knowledge of their feeding habits and the kind and amount of
food that they require has been most difficult to detect. ZEarly
knowledge on the nutrition of copepods came from gut content studies
which usually reflected the composition of the microplankton in the sea
at the time. Later work involved the laboratory culture of copepods
which led to accurate measurements of food ingested throughout the life
cycle. Methods of measuring both feeding and respiration rates have
also been improved in recent years. These studies tend to support the
theory that oceanic copepods are feeding generalists, with most species
feeding on a wide range of sizes and types of food organisms. Both
grazers and carnivores appear to take advantage of the most prevalent

food source.



In oligotrophic waters of tropical oceans the widé diversity of
copepods that appear to be feeding on the same spectrum of food cannot
support the theory of niche separation based on the availability of
food. Recent speculation on the pressure for resource partitioning and
competition for food among copepods is greatly reduced by the effects of
heavy predation by other zooplankton and micronekton predators.

In this report we review the body of knowledge on the feeding
strategies and diets of copepods, especially those species that
frequently occur in tropical and subtropical oceans in regions
potentially capable of supporting Ocean Thermal Energy Conversion (OTEC)
operations. Conditions that cause mortality ambng individuals within
naturally occurring populations are also addressed. Since copepods are
a vital link in the marine food chain the changes that occur in a natural
marine copepod population within the area of OTEC operations should

" assist in determining the overall effect of OTEC on the marine ecosystem.

FEEDING MECHANISMS AMONG COPEPODS

Attempts have been made to categorize copepod feeding strategies
according to the structure of feeding and swimminé appendages. Anraku
and Omori (1963) found that the setation on the copepod second antenna,
maxillae and maxilliped along with the dentation on the mandible determines,
to a large part, the capabilities that a copepod has in capturing and
ingesting different types and sizes of food particles. Other investi-
gators have determined that the distances between setae on the feeding
appendages of copepods control the size range of particles that the

individual copepod is capable of filtering (Gauld 1964, 1966;



Vyshkvartseva and Guntel'Makher, 1971; Wilson, 1973; Steel and Frost,
1977). Scanning electron migrographs have supported the theories
concerning morphological feeding specialization among copepod species
(Sullivan, Miller, Peterson, and Soeldner 1975; Nival and Nival, 1978).
Grazing copepods generally have maxillae and maxillipeds with numerous
long setae that are formed into a '"net or scoop', mandibles with many
rounded teeth, and swimming appendages that produce strong feeding
currents from which food particles are filtered. Carnivorous copepods
have feeding appendages with a reduced number of stout setae and a
mandible with sharp pointed teeth on the denticulate cutting edge. They
are generally capable of strong rapid swimming over relatively short
distances. Gauld (1966) haé attempted to show possible evolutionary
trends within the copepods based on the setal development of‘feeding
appendages. Marshall (1973) has shown in reviewing the literature that
there is a definite relationship between the food gathering capacities
of calanoid copepod feeding appendages and swimming abilities. Anraku
(1963) distinguishes three kinds of feeding mechanisms; filter feeding,
encounter feeding and active hunting. It is also recognized that some
species incorporate more than one of these mechanisms in their feeding

strategy.

COPEPOD FOOD AND ITS DIRECT INFLUENCE ON FEEDING
Diatoms and flagellates are most often the major components within
the guté of pelagic calanoid copepods (Marshall and Orr, 1962; Marshall,
1973), however, heterotrophic microorganisms and other crustaceans make

up the bulk of the food for deep-sea copepods (Vinogradov, 1962; Harding,



1974; Alvarez and Matthews, 1975). Food preferences, particle selection
and ingestion rates are best known for copepods from’the genué Calanus
(Fuller, 1937; Marshall and Orr, 1955, 1956; Cowey and Corner, 1963;
Mullin, 1965; Paffenhofer, 1970, 1971, 1976a, 1976b; Mullin and Brooks,
1970; Corner, Head and Kilvington, 1972; Frost, 1972a, 1975, 1977;
Vidal, 1980a, 1980b, 1980c, 1980d). Although much of the understanding
concerning copepbd-nutrition has been gained from work on.temperate and
boreal copepod species, investigations concerning the more tropical
copepod genus Eucalanus show that factors controlling the feeding
proéess are common among all copepod species (Paffenhdfer and Knowles,
1978b, 1979). A review of the food organisms eaten by‘tropical and
subtropical copepodé is given in Table 1.

Mullin (1963) showed that the grazing rates of 4 species of Calanus
varied inversely with phytoplankton cbncentration, and that these
calanoids generally removed large cells at a higher rate than small
cells when feeding on mixed phytoplankton. Poulet (1978) found that
' copepods act as opportunistic particle feeders, by being able to shift
their grazing pressure from one size to anotﬁer. No species behaved as
a selective grazer with respect to particle size. Paffenther and Knowles
(1980) observed that certain calanoid copepods effectively function as
omnivores, being able to shift from a more passive particle grazer to a
more active carnivorous predator. They suggest that omnivorousness is
inherent in most calanoid and possibly many cyclopoid copepod species.

Beers and Stewart (1969) found that the density of marine micro-
zooplankton (<202 pm) was from 10 to 30% of the larger zooplankton

density and from 14 to 34% of that of the phytoplankton crop. Oceanic



Table 1. Nutritional information on copepods frequently occurring in tropical and subtropical marine waters.

COPEPOD _ FOOD SIZE RANGE SOURCE
Acartia clausii Flagellates and <10 pm
diatoms : >10 pm Marshall and Orr, 1962
Skeletonema costatum, Phaeodactylum
tricornutum, Dunaliella sp., Asterionella
japonica, Lauderia borealis, Ditylum
brightwellii and Artemia sp. nauplius Gaudy, 1974
Tetraselmis succica Person-le Ruyet, 1975
Iéochrysis galbana, 4 pm
Dunaliella tertiolecta and 8-10 pm
Peridinium trochiodeum 10-12 pm Landry, 1975
Skeletonema costatum, Phaedactylum
tricornutum, Nannochloris oculata and
Isochrysis sp. 3-7 pm Nival and Nival, 1976
Thalassiosira gravida and T. nordenskioldii 0'Connors et al., 1976
Gyrodinium fissum 44x30.6 um Piontkovskii and Petipa, 1976
nauplii and ,
copepodids natural particles 3-19 pm Allan et al., 1977
4.5-45.3 pm

naturally occurring algae

mean diameter

Hargis, 1977



Table 1. (continued)

COPEPOD FOOD SIZE RANGE SOURCE
natural phytoplankton,
Skeletonema costatum and Procentrum
minimum ' 16-22 pm
Thallasiosira nana, Colycomonas ovalis,
Onchromonas nannos, Amphidinium sp. and
Chromonas diplococca 5-12 pm Richmond, et al., 1977
coccolithophores 10 pm
Emiliania husley, Cruciplacotithus
neohelis, Nitzchia closterium and
Coscinodiscus sp. 5-50 pm Honjo and Roman, 1978

Exuviella baltica and Nitzschia closterium

Peridinium trochiodeum

Chaetoceros pseudocurvisetus,
Amphidinium klebsii, Procentrum
micans and Isochrysis galbana

Thalassiosira nordenskioldii

T. gravida

8 pm diameter
(2-cell chain)

30 Ym diameter
(1-5 cell
chain)

Moraitou and
Verriopoulous, 1978

Pechen-Finenko,
et al., 1978a

Tomasini and Mazza, 1978

Donaghay and Small, 1979a



Table 1. (continued)

COPEPOD ‘ FOOD ' _ SIZE RANGE SOURCE
T. pseudonana and 8 pm diameter
T. fluviatilis 20 pm diameter Donaghay and Small, 1979b
A. longiremis _ '
(1.16 mm) immature chaetognath 2.6 mm Davis, 1977
A. negligens coral mucus Richmah, et al., 1975
A. tonsa diatoms ' >10 pm Marshall and Orr, 1962
Chaetocerous sp., Chamydomonas
reinhardti and Isochrysis galbana Heinle, 1969
flagellates 7 1-10 pm Hargrave and Geen, 1970
plastic beads ) _ 7-70 pm Wilson, 1973
detritus and phytoplankton 5-25 pm Gerber and Marshall, 1974b
Skeletonema costatum Mullin and Evans, 1974
Gymnodinium lanskaja 8.8-11.6 pm
Procentrum micans and 30-38 um
Streptotheca thamensis ' 54.6-64.6 pm  Kukina, 1975
nauplii ' natural particles 3-19 pm
_ in range of
copepodids natural particles biomass peaks Allan, et al., 1977

Gonyaulax tamarensis Dagg, 1977




Table 1. (continued)

COPEPOD FOOD SIZE RANGE SOURCE
Phaeodactylum tricornutum, Dunaliella
and Skeletonema sp. Reeve and Walter, 1977
Skeletonema costatum, Procentrum minimum,
Thallasiosira nana, Colycomonas ovalis,
Ochromonas nannus, Amphidinium sp. and
Chroomonas diplococca 5-22 pm Richman, et al., 1977
Nitzschia closterium 4-6 pm
Fucus vesiculosus detritus 10-24 um quan, 1977
coccolithophores 10 pm
Emiliania huxley, Cruciplacothithus
neohelis, Nitzchia closterium and
Coscinodiscus sp. 6-50 pm Honjo and Roman, 1978
Gonaulax excarvata White, 1979
Anomalocera natural occurring algae and Artemia sp.
patersoni nauplii S Fernandez, 1977
Centropages :
hamatus Skeletonema costatum and Chlamydomonas sp. Gauld, 1951
flagellates <10 pm
flagellates >10 pm
diatoms >10 pm Marshall and Orr, 1962



Table 1. (continued)

COPEPOD

FOOD . SIZE RANGE

SOURCE

Centropages
typicus

Chiridius armatus

Tetraselmis suecica

natural phytoplankton : <76 pm

Skeletonema costatum, Phaeodactylum
tricornutum, Lauderia borealis and
Artemia sp. nauplius

Tetraselmis suecica

Gonyaulax tamarensis

Chaetoceros pseudocurvisetus, Amphidinium
klebsii, Procentrum micans and Isochrysis

galbana

natural phytoplankton <76 pm

Dunaliella sp., mixed microzooplankton

females

Chirundina indica

Clausocalanus
arcuicornis

and Chiridius sp. copepodids <75 pm

microcrustaceans, silicoflagellates,
Artemia sp. (stage V), Thalassiosira

- fluritalis and Cyclotella nana

algae and Artemia salina (nauplii)

Person~le Ruyet, 1975

Smith and Hall, 1980

Gaudy, 1974

Person-le Ruyet, 1975
Dagg, 1977, 1978
Tomasini and

Mazza, 1978, 1979

Smith and Hall, 1980

Alvarez and Matthews, 1975

Mullin, 1966

Fernidez, 1977



Table 1. (continued)

COPEPOD FOOD SIZE RANGE SOURCE
Eucalanus diatoms, radiolarians, silicoflagellates,
attenuatus dinoflagellates, coccolithophorids,

microcrustaceans, and foraminiferans Mullin, 1966
Eucalanus Gymodinium lanskaja 8.8-11.6 pm
elongatus Gyrodinium fissum 12.2-36.5 pm

Streptotheca thamensis 54.6-64.4 um

Coscinodiscus sp. 29.4-65.8 pm

Stephanopixis palmeriana 82.6-84.0 pm

Thalassionema bacillaris 12.6-89.6 pm

Eucalanus pileatus

nauplius III
nauplius IV-V
adults

adults
Eucalanus
subtenuis

Euchaeta acuta

Euchaeta marina

L

Coscinodiscus sp.
Rhizosolenia castracanci

Skeletonema costatum, Leptocylindrus
Rhizosdenia alata

Rhizosolenia alata

fed on all above species at higher
rates than juveniles

Fecal pellets of E. pileatus
nauplius

natural phytoplankton

Artemia sp. and silicoflagellates

microcrustaceans

154.0-154.6 pm
93.8-536.7 pm

23 pm
68 um

Kukina, 1975

Paffenhofer and
Knowles, 1978a

Paffenhofer and

Knowles, 1978b

Boyd, Smith and Cowles, 1980
Mullin, 1966

Mullin, 1966

01



Table 1. (continued)

COPEPOD FOOD SIZE RANGE SOURCE
Euchirella bella diatoms, crustaceans, silicoflagellates,

foraminiferans and coccolithophorids Mullin, 1966
Euchirella diatoms, silicoflagellates, forminiferans,
curticauda coccolithophorids and Artemia sp. Mullin, 1966
Euterpina Platymonas suecica, Dicrateria Sp-.,
acutifroms Platymonas sp., Gymnodinium sp. and

Phaeodactylum tricornutum Nassogne, 1970
Labidocera
acutifrons Artemia sp. Mullin, 1966
Labidocera
aestiva natural phytoplankton <76 pm Smith and Hall, 1980
Labidocera Artemia sp., Gymnodinium splendens,
trispinosa Acartia tonsa (nauplius), A. clausii

(nauplius), Paracalanus sp. (nauplius) _

and Calanus pacificus (nauplius) Landry, 1978b
Lophothrix
laticeps Artemia sp. and Coscinodicus perforatus Mullin, 1966
Metridia lucens diatoms >10 pm

flagellates >10 pm Marshall and Orr, 1962

Artemia sp. (nauplius), Peridinium sp.,
Thalassiosira nordenskioldii and

Rhizosolenia sp.

Hag, 1967

T



Table 1. (continued)

COPEPOD FOOD ' SIZE RANGE SOURCE
Metridia longa Artemia sp. (nauplius), Dunaliella sp.,

Peridinium sp., Thalassiosira

nordenskioldii and Rhizosolenia sp. Hag, 1967

Nannocalanus
minor

Neocalanus
gracilis

Oithona nana

Oithona similis

Oncaea venusta

Paracalanus
parvus

Coscinodiscus perforatus, Thalassiosira -
fluvitalis, Cyclotella nana, radiolarians
and microcrustaceans

Thalassiosira fluvitalis, Cuscinodiscus
perforatus, Cyclotella nana, radiolarians,
silicoflagellates, crustaceans and '
coccolithophores

Coscinodiscus sp., Thalassiosira
fluviatilis, Artemia sp. nauplii

copepod nauplii © 110 pm
flagellates 1-10 pm
flagellates <10 pm and
>10 pm
diatoms >10 pm

bacterial floc

diatoms . >10 pm

Skeletonema costatum

Mullin, 1966

Mullin, 1966

Marshall, 1973
Lampitt, 1978

Hargrave and Geen, 1970
Marshall and Orr, 1962
Ogawa, 1977

Marshall and Orr, 1962

Mullin and Evans, 1974

Al



Table 1. (continued)

COPEPOD FOOD SIZE RANGE SOURCE
bacterial floc Ogawa, 1977
Paracalanus parvus eggs, Thalassiosira
fluviatilis, Ditylum brightwelli
Gongaulax polyedra and Peridinium
trochoideum Checkley, 1980
Pleuromamma diatoms, radiolarians, foraminiferans, »
abdominalis silicoflagellates and crustaceans Mullin, 1966
Pleuromamma diatoms, radiolarians, foraminiferans,
gracilis silicoflagellates and crustaceans Mullin, 1966
Pleuromamma natural phytoplankton and Artemia salina
gracilis (nauplii) Fernandez, 1977
Pleuromamma piseki Artemia sp. Mullin, 1966
Pleuromamma diatoms, tintinnids, coccolithophorids,
xiphias foraminiferans, radiolarians, silicoflagellates
and crustaceans Mullin, 1966
Rhincalanus
cornutus Thalassiosira fluvitalis and Artemia sp. Mullin, 1966
Rhincalanus
nasutus diatoms, radiolarians and Artemia sp. Mullin, 1966
nauplius IT-II1 Ditylum brightwelli

nauplius IV

D. brightwelli and Thalassiosira fluviatilis

€1



Table 1. (continued)

COPEPOD

FOOD . SIZE RANGE

SOURCE

nauplius V
copepodid I-IV

copepodid V and
adults

Scolecithrix
danae

Temora longicornis

Coscinodiscus wailessi, D. brightwelli and
T. fluviatilis

C. wailesii, D. brightwelli, T. fluviatilis
and Cyclotella nana

all above diatoms and Artemia sp.

radiolarians and crustaceans

females

females

nauplii to
adults
adults only

Skeletonema cost#tum and'Chlamydomonas sp.

Skeletonema costatum 4-5 pm
flagellates <10 pm
flagellates >10 pm
diatoms >10 pm
flagellates 1-10 pm
Tetraselmis suecica

Thaiassiosira rotula

Lauderia borealis 36 pm

Rhodomonas sp., Thalassionema nitschiodes,
Skeletonema costatum, Procentrum sp.,
Rhizosolenia delicatula, Leptocylindrus
danicus, Cerataulina pelagica and
Asterionella japonica '

Mullin and Brooks, 1967

Mullin, 1966
Gauld, 1951

Berner, 1962
Marshall and Orr, 1962
Hargrave and Geen, 1970

Person-le Ruyet, 1975

Harris and Paffenhofer, 1976

0'Connors, et al., 1980

1



Tablé 1. (continued)

COPEPOD

FOOD . SIZE RANGE

SOURCE

Temora stylifera

Skeletonema costatum, Phaeodactylum

nauplii

females

Temora turbinata
nauplii-
copepodids and
adults

Undinula vulgaris

tricornutum, Dunaliella sp., Asterionella
japonica, Lauderia borealis, Ditylum
brightwellii and Artemia sp., nauplii

Peridinium trochoideum, Skeletonema
costatum and

Leptocylindrus danicus 14-18 pm
Rhizosolenia alata 23-68 um

Eucalanus pileatus, nauplius, fecal
pellets.and ,
Rhizosoelenia alata ‘ 30 pm -

Peridinium trochoideum
Skeletonema costatum and

Leptocylindrus danicus 14-18 pm
Rhizosolenia alata 23-68 pm
detritus (95% of gut content) _ <239 pm
chlorophyll (2% of gut content) 5-30 pm
Natural suspended particles <239 pm

Gaudy, 1974

Paffenhofer and
Knowles, 1978a

Paffenhofer and
Knowles, 1978a, 1979
Paffenhofer and

Knowles, 1978a

Gerber and Marshall, 1974b

Gerber and Gerber, 1979

ST
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organic detritus and its associated bacteria and p flagellates (2-10 pm)
populations present other sources of copepod food that are not fﬁlly
understood at the present time (Parsons and Strickland, 1962; Marshall,
1965; Conover, 1966; Pomeroy and Johannes, 1968). Recently developed
techniques in fluorescence analyses of copepod gut contents have enhanced
the possibility of separating the phytoplankton component of the copepods
gut from other organic matter (Mackas and Bohrer, 1976). The determi-
nation of food source, time of feeding and position of feeding within

the water column are all important in defermining the trophic structure

of copepod communities.

PREDATION ON COPEPODS
Predation of copepods on other copepods is a common'bccurrence,

especially among species that do not frequent the euphotic zone through
vertical migration. Harding (1974) lists deep-sea copepod species thaﬁ
commonly have copepqd remains within their guts. When offered copepod
prey of considerable size, Chiridius was unable to ingest it entirely
and mastication outside the mouth was necessary; which allowed some of
the body contents of the prey to go into solution with the water
(Alvarez and Matthews, 1975). Landry (1978) observed Labidocera
trispinosa feeding on the developmental stages of other planktonic

calanoid copepods. Lampitt (1978) observed Labidocera trispinosa

feeding on the developmental stages of other planktonic calanoid

copepods and also found that the cycldpoid copepod, Oithona nana fed on

copepod nauplii of 100 pm body length. Predatory planktonic copepods

may contribute significantly to the mortality of other copepods.
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Copepod nauplii may be the major prey of small carnivorous copepods
(Hag, 1967; Wickstead, 1962; Hodgkin and Rippingale, 1971; Ambler and
Frost, 1974).

Cannibalism>has been observed in copepods undér culture situations
where the adults would often prey on juveniles of their own species
(Paffenhéfer and Knowles, 1980), however, Matﬁhews (1964) observed that
Chiridius would prey on other smaller and weaker Chiriaius adults. Alvarez
and Matthews (1975) observed cannibalism among stage V Chiridius kept in
a medium of the diatom Dunaliella sp.

Copepodé are prey for many pelagic invertebrates. Chaetognaths are
often seen in preserved zooplankton samples with copepods in their guts.
It has been demonstrated that copepods are the main food organisms for
many chaetognaths (Nagasawa and Murumo, 1972; Newbury, 1978; Szyper,
1978). Copepods have been documented as important food items in the
diets for many marine macroinvertebrates: i.e., euphaﬁsiids (Ponomareva,
1963) and mesopelagic shrimp (Foxton and Roe, 1974; Omori, 19?9). In
neritic and estuarine waters planktonic medusae (Clifford and Cargo,
1978; Moeller, 1978) and ctenophores (Bishop, 1967; Burrell and Van
Engel, 1976; Kremer, 1979) prey heavily on copepods. Ctenophores so
dominated the copepods in an enclosed ecosystem, that when they were .

removed Paracalanus parvus replaced Acartia tonsa as the dominant

copepod (Mullin and Evans, 1974). Copepods appear to be subjected to
heavy predation pressure throughout their life tycle, Noctiluca, a

dinoflagellate, has been observed devouring Acartia tonsa eggs in waters

of southern California (Kimor, 1979).
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Marine fish which are able to feed directly on copepods are
trophibally near the base of the marine food chain. Many marine and
estuarine larval and juvenile fish feed primarily on copepods.(Pélsson,
1973; Jones and Hall, 1974; Kjelson, Peters, Thayer and Johnson, 1975;
Paul, Hood and Nevé, 1976; Last, 1978a, 1978b) and copepod eggs were
found to constitute 90% of the food items taken by herring larvae (Bjdrke,
1978). The adults of commercially important fish such as anchovies and
menhaden are planktophagous; fgeding“largely on adults and juveniles of
neritic copepods thjas de Mendiola and Ochoa, 1973; Durbin and Durbin,
1975).

Gut analyses of deep-sea fishes indicate that calanoid copepods
contribute significantly to the diets of both mesqpelagié and bottom
species (Bright, 1970; Samyshev and Schetinkin, 1973; Scott, 1973; Tyler
and Peércy, 1975). Thirty-five percent of the deep-sea bottom fish
studied by Bright (1970) from the Gulf of Mexico had calanoid copepods
in their guts, while the copepods made up approximately 12% of the food
items in these fishes diets. In recognition of the importance of copepods
in the diet of fishes, small scale commercial fisheries have developed

in the northern Atlantic and Pacific for Calanus finmarchicus and C.

plumchrus, which are large species that are seasonally abundant (Omori,
1978). The copepods are deep-frozen and used as food in the culture of

salmonids.

COPEPODS AND OTEC OPERATIONS
An operating Ocean Thermal Energy Conversion (OTEC) plant produces

a limited upwelling in the marine ecosystem where upwelling does not
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normally occur. Due to the inherent nature of OTEC operations, the water
which fasses through a plant generally has introduced into it, a biocide
to prevent fouling in the heat exchangers, and operational accidents

that allow potentially harmful substances to escape into the water are
always possible. Since copepods are abundant within the base of the
marine food pyramid, changes in population levels or community structure
should reflect the effects of OTEC operations. Considerable déta must,
however, be available to the investigator for true changes brought about
by OTEC to be distinguished from natural cyclic events within the plankton
community.

Feeding response studies from areas of upwelling have shown that
different species of mérine'copepods.are adapted to various degrees of
change within their environments. Examples of such findings are:
Eucalanus were able to withstand lower oxygen levels than either Calanus
or Centropages, vertical migration patterns of copepods were altered by
phytoplankton food concentrations, and differences in copepod feeding
strategies were not as evident during times of food abundance as when
food was scarce (Boyd, Smith and Cowles, 1980). Copepods were size
selective feeders at high food concentrations, but decreased their
selection as total food abundance diminished (Cowles, 1979). Different

scales of phytoplankton patchiness appeared to have varying affects on

individual copepod species. Dagg (1977) found that Acartia tonsa and

- Centropages typicus depended on constant food availability and were,

therefore, sensitive to small scales of patchiness, whereas Pseudocalanus

minutus and Calanus finmarchicus could physiologically remove themselves
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from small scale variability. Dagg, Cowles, Whitledge, Smith, Howe and
Judkins (1980) compared the feeding rate of large copepods (>102 pm)
with the rate of primary production and found that in the Peru upwelling
the copepods were harvesting less than 5% of the daily phytoplankton
production. Mathisen, Thorne, Trumble and Blackburn (1978) have shown
that population densities of pelagic fish in an area of upwelling are
more independent from that of the copepods on which they feed, than the
copépods are from the population densities of their food.

Many questions remain unanswered concerning possible influences of
OTEC on a tropical oceanic ecosystem. Boyd, Smith and Cowles (1980)
questions the feasibility of using data from laboratory studies in which
copepods are held in unnatural conditions and fed phytoflankton species
that are often unknown to them. Much of .the present data on copepod
nutrition are from species that occur outside the area of OTEC operations.
To pfoperly quantify the phytoplankton-zooplanktqn interactions within
the oceans that may result from OTEC operations, measurements should be
made on organisms under conditions as close as possible to natural. The
quality of field data taken prior to and during OTEC operations becomes

extremely important in establishing zooplankton system simulations.

RECOMMENDATIONS
1. Copepod feeding studies should be conductéd using copepods and
phytoplankton from areas of OTEC operations.
2. 1In order to assess the effects of OTEC on marine copepods populations,
the extent of natural mortality due to predation on copepods must be

determined through both field and laboratory studies.
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Toxicology studies on numerically dominant copepod species within
areas of OTEC operations should be conducﬁed using toxicants from
OTEC operations.

Toxicology studies on the developmental stages of copepods should be
conducted in order to assess the effects on delayed development and/
or mortality.

The effect of a local OTEC induced upwelling on phytoplankton and

copepods should be determined.
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