
SOME ASPECTS OF RAFT CULTURE 

OF OYSTERS IN HAWAII 

by 

Robert W. Brick 
Department of Zoology 
University of Hawaii 

Honolulu, Hawaii 96822 

Hawaii Institute of Marine Biology 

Technical Report No. 24 

·1Jecem15er-T970 



ACKNOWLEDGEMENTS 

I would like to express my sincere gratitude to those who offered 

guidance and aid to me during this study: Drs. Philip Helfrich, E. Alison 

Kay and Chennat Gopalkrishnan of the University of Hawaii, The Hawaii 

Division of Fish and Game, Mr. Tom Way Wong and especially to my wife 

Blanche. This study was supported in part by a National Science Foundation 

Traineeship grant through the Department of Zoology, University of Hawaii. 



TABLE OF CONTENTS 

Introduction • 1 

Methods 5 

Results 

Predation 13 

Kaha1uu Pond Experiments 17 

Condition Index and Growth. 23 

Mortality 33 

Economic Aspects 33 

Summary and Conclusions 41 

References Cited. • 43 

Appendix A • • 46 

Appendix B • • 47 



Some Aspects of Raft Culture 
of Oysters in Hawaii 

INTRODUCTION 

Geography and burgeoning population each contribute to Hawaii's 

great dependence on suppliers from the United States mainland and else-

where. for its food requirements. The Hawaii Department of Land and 

Natural Resources has initiated studies into local marine and brackish 

water food production with the objective of reducing the degree of de-

pendence on outside sources. One such study is that of Sparks (1963) 

who surveyed the oyster production potential in Hawaii. Although not 

widespread, certain areas appear suitable for commercial oyster pro-

duction (Sparks, loco cit.). In view of the high demand for oysters in 

local restaurants and markets and the resulting importations from Japan 

an~ the American Pacific Northwest (J. Simpson, Director, Hawaii Res-

taurant Association, personal communication), certain aspects of oyster 

biology in Hawaii pertinent to the development of commercial oyster 

production are examined in this study. 

A pilot project of raft culture of oysters was initiated in Kaneohe 

Bay in August, 1969, for the purpose of exploring the possibility of 

establishing an oyster culture program in Hawaii. 

Culture of bivalves by suspending them above the bottom has been 

practiced in Spain, France, Norway an9 Japan for many years (Glude, 

1949; Bardach and Ryther, 1968). Important advantages of raft culture 

over bottom culture of oysters are an increased rate of growth, better 

quality of the meat and reduced mortality (Quayle, 1956; Shaw, 1960; 

Haven, 1960; Glude, 1964). Increased fouling of oysters and greater 



production costs are disadvantages of the suspended-culture technique 

(Quayle, 1956). Most successful in raft culture of oysters are the 

Japanese, who have produced up to 50,000 pounds of meat per acre per 

year (Bardach and Ryther, 1968). 

2 

Important factors contributing to the suitability of an area for 

raft culture of oysters are (1) the degree of exposure to wind and wave 

action, (2) water temperature and salinity levels, (3) contamination by 

bacterial or other pollutants and (4) the nature of suspended matter in 

the water column. A program of environmental monitoring (including 

temperature and salinity measurement and estimates of suspended phyto

plankton and detritus quantity and dry weight of total suspended matter) 

was conducted to evaluate each potential site for raft culture of oysters. 

Essential to the development of an oyster industry is the ability 

to produce an oyster of high quality in areas available. Aside from 

shape of the shell, which may affect only the "half-shell" oyster 

market, oyster quality is commonly described by an index of condition. 

Plump, light-colored, i.e., good quality, oyster meat is said to be in 

good condition (has a high condition index), whereas flaccid, darker 

colored meat is of poor condition (has a low condition index) (Medcof & 

Needler, 1941). Condition indices calculated by Grave (1912) and Quayle 

(1950) were based on comparisons of oyster shell cavity volume and the 

volume of the oyster meat. Higgins (1938, after Westley, 1961) suggested 

using dry weight of meat instead of meat volume. Galtsoff, et ale (1947), 

Haven (1960), Sakuda (1966), Walne (1970) and others have compared dry 

weight of meat with shell cavity volume in the calculation of meat 

quality. Sakuda (1966) describes oysters of commercial quality as 



having condition indices of 10 or more based on the following formula: 

C.I. = dr meat wei ht 
shell cavity volume 

A necessity in planning the required scale of a profitable oyster 

culture enterprise is knowledge of how soon the product will be ready 

for marketing. Growth studies provide this information. Growth of the 

commercially important oysters found in Hawaii, Crassostrea virqinica 

(Gmelin, 1791) and Q. gigas (Thunberg, 1793), has been studied exten-

sively, primarily in the colder north temperate zone where growth has 

been found to vary from two inches in two years in Canada to two inches 

in less than six months in Florida (Ingle and Dawson, 1952). Loosanoff 

and Nomejko (1949) used both linear and volumetric measurements in 
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studying growth of bivalves. Quayle (1951) in comparing these two meth-

ods, points out difficulties in using linear measurements due to frequent 

irregularities and fluting of oyster shells. Objections to volumetric 

measurements due to encrusting organisms on oyster shells have been 

raised by Beaven (1952); however, Butler (1952a, 1952b, 1953) reports 

the use of a volumetric method on Florida oysters. Linear measurements 

were described as valid by Ingle and Dawson (1952) for "well-shaped, 

uncrowded individuals" and Yonge (1960) states that shell increments 

fairly accurately reflect increases of the body within. The single 

study of oyster growth in Hawaii (Sakuda, unpublished) uses linear valve 

measurements of Q. virginica. 

High levels of biological productivity in relatively deep Hawaiian 

waters have been reported recently. Extensive beds of the bivalve, 



Pinna muricata, have been found at depths of between 35 and 100 meters 

off western Oahu (Brock and Chamberlain, 1968). J. McVey (personal 

communication) has observed increases in total biomass over a recently 

established artificial reef at depths of about twenty-five meters in 

Pokai Bay, Oahu, and he reports the widespread settlement and growth of 

the Hawaiian oyster, Ostrea hanleyana (Sowerby, 1871) on the large con

crete pipes of the reef. It was decided, then, that one aspect of the 

present study should be to explore the feasibility of utilizing these 

deeper sites than are normally considered for oyster culture. 

Changes which occur in size, composition and habits of animals 

during their development necessitate corresponding alterations in diet 
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for maximum efficiency of energy utilization. Knowledge of the efficiency 

of food energy utilization of any animal during different states of its 

life history is useful in the culture or propagation of that animal. 

Certain foods may be more efficiently converted into new tissue at one 

life stage than at another; others may be useful in affecting particular 

aspects (promoting rapid growth, fattening, reproduction, etc.) of an 

animal's development. Information of this sort would be most useful in 

selecting the most suitable from among several possible sites for oyster 

culture. And, it is essential in developing a totally controlled oyster 

diet. 



METHODS 

Oyster trays and racks were constructed of galvanized iron (Figure 

1). Trays constructed of half-inch diamond metal lath were found to be 

unsuitable because rapid and heavy growth of fouling organisms so com

pletely encrusted the screen as to severely reduce the rate of water 

flow through each tray. Trays constructed of one inch mesh "hardware 

cloth" were found to be satisfactory, however, for supporting oysters 

and allowing a relatively free passage of water. 

It has been reported (Corn, unpublished) that the spiny puffer, 

Diodon hystrix, preys on oysters in Kaneohe Bay. Small skates and rays 
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are also known to feed on oysters locally. To evaluate the effects of 

these predators, oysters were reared in exposed and in protected (screened) 

conditions. 

Specimens of Crassostrea virginica of assorted sizes were collected 

from oyster reefs in West Loch of Pearl Harbor. Spat of the same species 

were also collected in West Loch and generously supplied by the Division 

of Fish and Game of the Hawaii Department of Land and Natural Resources. 

Spat collectors used by the Division of Fish and Game consist of heavy 

paper plates covered with a thin layer of cement; the plates thus are 

easily broken up for separation of individual spat. Ten plates strung 

together on a heavy wire provide an easily manageable unit. Assorted 

sizes of £. gigas were collected from the sea wall and pilings around 

Coconut Island in Kaneohe Bay (Figure 2), and spat were also collected 

in Kaneohe Bay. 

Crassostrea virginica and C. ~ were distinguished in this study 

by the generally smoother valves and the dark purple color of the 



Figure 1. Galvanized oyster rack of the 
type used in this study. 
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adductor muscle scar of the former as opposed to the relatively fluted 

shell and lighter color (light purple, tan or white) of the adductor 

muscle scar in the latter. 
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In August, 1969, single racks of oysters were suspended at depths 

of two and six meters near Coconut Island. In October, 1969, additional 

racks of oysters were transported to Kahaluu Pond (see Figure 2) where 

they were suspended from a "Styrofoam"-supported raft (Figure 3). Racks 

were placed so that the upper oyster trays were about 30 centimeters be

low the surface of the water, and the lowest trays were about one meter 

deep. A sample of oysters was also placed on a tray supported only a 

few centimeters above the bottom in a part of Kahaluu Pond exposed for 

about three hours at mean low tide (Figure 4). 

In October, 1969, oysters (£. virginica) of all sizes were placed 

at the artificial reef in Pokai Bay at depths of 15, 18 and 25 meters. 

Oysters were attached individually to plastic strips with an epoxy resin, 

and the strips were attached to the large pipes of the reef. A rack of 

three trays (identical to those used in Kaneohe Bay) was also suspended 

at a depth of 18 meters. Oysters in two trays were attached to strips 

(as described above); the strips were secured in the trays with nylon 

monofilament line. Oysters in the third tray were attached directly to 

the tray with epoxy resin. 

Salinity measurements were made twice monthly at all stations with 

the use of an "American Optical" refractometer. The salinity conversion 

scale used by the Hawaii Institute of Marine Biology has an estimated 

accuracy of ± 2 0/00. Salinity was also measured just outside the wall 

of Kahaluu Pond (see Figure 4). Temperature was measured to the nearest 



Figure 3 . Oyster r aft used in Kaha1uu Pond 
to support three oyster racks of 
the type shown in Figure 1. 
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3. Area exposed at low tide 
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4. Break in pond wall 
5. Kaneohe Bay 
6. Kahaluu Stream 
7. Floodgates 



half degree C. with the use of a standard laboratory thermometer. 

The index of condition was calculated monthly from samples of four 

oysters from each station. An attempt was made to maintain a constant 

mean oyster size and age per sample for all condition analyses. 
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Oyster meat was removed from the shell, drained for five minutes, 

placed in pre-weighed aluminum pans and oven-dried for three days at 90oC. 

Shell cavity volumes were determined as the difference in displacement 

between unopened oysters and their empty shells. The four oysters per 

sample were treated together as a unit, and a mean index value calculated. 

Due to storm damage and the subsequent settling of the oyster raft into 

the muddy bottom, no condition indices were calculated for January 1970 

for the Kahaluu samples. 

Only linear measurements have been used in this study of oyster 

growth. Since each oyster was attached separately to the substratum 

with epoxy resin and the problems of crowding and misshapeness eliminated, 

the method was considered valid. Shell height (greatest measurement 

between the unbone and the ventral tip of the right valve) and shell 

length (greatest anterior-posterior measurement) to the nearest milli

meter were recorded for individually marked oysters each month. 

To evaluate the efficiency of energy conversion by oysters, two 

studies were undertaken: (1) to determine the natural diet of the oysters, 

and (2) to consider the response to controlled feeding experiments. 

Phytoplankton analyses were made in Kahaluu Pond both by towing a 

28 micron net through the water and by examination of water samples. 

The algal content of the stomach and of fecal pellets was also examined. 

Water samples were also analyzed for amount (number of "particles") of 



detritus, and total dry weight of suspended matter. Phytoplankters and 

detritus "particles" were counted with the use of a hemocytometer and a 

Sedgewick-Rafter cell. 

In the controlled feeding experiments presently being conducted, 

five samples of oysters are being maintained in separate plastic con

tainers in the laboratory. Each of four containers is receiving a con

stant supply of unicellular algal culture while the fifth sample, a 

control, is not being supplied with algae. These experiments have not 

yet been completed. 
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RESULTS 

Predation 

No evidence of predation by rays, large crabs or Diodon hystrix 

was found in the uncovered oysters. 
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Six weeks after suspending the two oyster racks near Coconut Island 

100 per cent of the more than 150 oysters contained therein were found 

to be dead. Shells of dead oysters were commonly occupied by from one to 

five polyclad flatworms of the genus Stylochus (Ehrenburg, 1831) (desig

nated Stylochus n.s. by Poulter (1963)). In a second trial at the same 

location two weeks later, forty per cent mortality was incurred in a ten

day period. Again, shells of dead oysters contained the same flatworm. 

Subsequently, samples of oysters placed in a more northerly portion of 

Kaneohe Bay near buoy 14 (see Figure 2) were also found to be replaced 

by Stylochus. 

In a series of tests undertaken to clarify the relationship between 

this flatworm and Crassostrea, Stylochus was clearly shown to be an 

oyster predator. The flatworm caused significantly greater (p( .01) 

mortality among experimental oysters than was shown by controls (oysters 

not exposed to Stylochus) (Table 1). Indeed, this flatworm was seen to 

slip between the parted valves of live oysters on several occasions. 

Apparently in the act of feeding, the worm was also seen wrapped around 

the soft parts of oysters during this study. 

Several species of the genus Stylochus are reported to be oyster 

predators (Hopkins, 1949, 1950; Landers and Rhodes, 1970). Jennings 

(1968) in describing nutrition and digestion in Stylochus inimicus 

(Palombi) suggests the flatworm's pharynx is extended outside the body 



Table 1 

Results of experiments designed to test 
for predation of Stylochus n.s. on oysters. 

(v = £. virginica, 9 = £. gigas) 

EXEerimental 
Oyster 

No. No. mortality No. 

Control 
Oyster 

mortality 
Dates Oysters ~. {no·l Oysters {no·l 

10/1 - 14/69 15 v 9 10 15 v 2 

10/17 - 31/69 10 v 5 7 10 v 2 

11/1 - 14/69 10 v 5 9 10 v 0 

2/6 - 18/70 10 v 5 2 10 v 0 

2/6 - 18/70 10 9 5 1 10 9 0 

5/2 - 19/70 4v 2 2 4 v 0 

5/2 - 19/70 4 9 2 3 4 9 0 

5/14 - 31/70 4 v 2 4 4 v 0 

5/14 - 31/70 4 9 2 2 4 9 0 

5/30 - 6/16/70 4 v 2 3 4v 0 

5/30 - 6/16/70 ~g 2 ~ ~g 0 

Totals 57 v 37 v 57 v 4v 
24 9 9 9 24 9 o 9 
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and against the oyster's soft tissue, and that digestive juices poured 

out of the pharynx wall or a more inner gastrodermis may act to break 

down oyster tissue into simple particles which enter the worm via its own 

intestine. Jennings (loc. cit.) points out that the entire digestive 

process in stylochids is in need of much clarification. 

It should be noted that the oyster is not passive to the intrusion 

of this flatworm, but it reacts to the intruder by secreting a chitinous 

partition which entraps it. In their report on the Florida oyster "leech", 

Pearse and Wharton (1938) state that two days were required to build 

such a partition, and that sometimes several partitions might be con

structed before the flatworm was finally trapped. In those instances 

when an oyster succeeds in this defensive behavior, the flatworm even

tually decomposes within its "crypt". If we can assume that a large 

oyster is relatively efficient in trapping small flatworm predators, then 

we may have provided an explanation for Landers and Rhodes' (loc. cit.) 

observation that Stylochus ellipticus up to 15 rom long successfully 

attacked oysters no larger than 49 rom long. 

Pearse and Wharton (1938) report that~. inimicus, changed to ~. 

frontalis (Verrill) by Hyman (1939), survives in water of low salinity 

(6 0/00). Landers and Rhodes (1970) observed s. ellipticus to success

fully prey upon oysters in water with salinity as low as 5 0/00. Results 

of studies to determine the limits of salinity tolerance of Stylochus n.s. 

in Hawaii are presented in Table 2. 



Table 2 

Mortality of Stylochus n.s. exposed to different 
salinities. Numbers represent worms which died 
during the test. Data are reported as number 

dead per 15 specimens in each test. 

Salinity 0/00 

8 17 34 

Hours of 1 9 2 a 
exposure 

2 12 3 a 

3 14 4 a 

In all tests, salinities were lowered gradually to reduce the 
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chance of death by shock. Oyster shells to which specimen worms adhered 

were placed in glass vessels containing sea water of 34 0/00 (from the 

laboratory sea water system). Fresh water was added slowly over a two

hour period to achieve the first dilution (17 0/00). The greater dilu

tion (8 0/00) was achieved over a period of three and one-half hours. 

At the end of each test, fresh sea water was added over a period of 15 

minutes to attain ambient salinity. Non-survivors were counted after 

test specimens had been bathed in fresh sea water for 15 minutes. Tem-

perature ranged no more than one degree from 25°C during all tests. 

Reports of freeing samples of oysters of stylochids by the use of 

a concentrated salt bath (Provenzano, 1961) prompted a study of the 

upper limits of salinity tolerance in Stylochus n.s.. Worms on oyster 

shells were dropped directly into containers of water at 75 0/00 and 

125 0/00 (sea water to which NaGl was added), held for one minute and 



then drained in air for 15 minutes before being returned to normal sea 

water. Mortality of worms in the experiment was 1 of 15 specimens at 

75 0/00 and 14 of 15 specimens at 125 0/00. 

Kahaluu Pond Experiments 
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Attempts to find a Stylochus-free area suitable for oyster culture 

led to the selection of Kahaluu Pond in the northern part of Kaneohe 

Bay. This forty-acre pond, originally constructed for early Hawaiian 

Royalty, has no regular supply of fresh water. A break in its wall and 

two floodgates in the remaining wall allow a thorough mixing of water 

with the changing tides. Salinity measurements shown in Figure 5 indi

cate similar conditions at the oyster raft and outside the pond wall. 

Water temperature ranged between 2l.50 C and 28°C, during this ten-month 

study. Galtsoff (1964) reports approximate minimum and maximum tem

perature (8°C to 42°C) and salinities (5 0/00 to 30 0/00) beyond which 

Crassostrea virginica exists under marginal conditions (normal body 

functions and processes being impaired). 

One disadvantage of this pond is its lack of depth. From a little 

less than two meters near the broken wall, depth decreases to some of 

the innermost areas which are as much as 20 centimeters above sea level 

at the lowest tide. 

The relative abundance of Kahaluu Pond phytoplankters along with 

oyster gut and feces contents are presented in Table 3. From the table 

it can be seen that stomach contents of oysters in Kahaluu Pond are in 

general agreement with the composition of suspended algae in the sur

rounding water. From Appendix A, on which Table 3 is based, data do not 
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Figure 5 

Temperature (---) at oyster raft in Kahaluu Pond. 
Salinity at oyster raft ( ••• ) and outside 

Kahaluu Pond wall (---). 
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Table 3 

Algal constituents of the water, oyster gut contents 
and oyster fecal pellets from Kahaluu Pond Samples. 

Algae 

DIATOMS: 
Amphiprora sp. 
Amphora sp. 
Chaetoceros spp. 
Cyclotella sp. 
Diploneis sp. 
Licmophora sp. 
Melosira nummloides 
Navicula spp. 
Nitzschia closterium· 
Nitzschia punctata 
Nitzschia spp. 
Pinnularia sp. 
Pleurosigma sp. 
Rhizosolenia setigera 
Skeletonema costatum 
Surirella sp. 
Thalassionema nitzschioides 

DINOFLAGE.LATES: 
Ceratium furca --Gymnodinium sp. 
Peridinium sp. 
Prorocentrum sp. 

CI-IT..OROPHYTES: 
Carteria sp. 
Chlamydomonas sp. 

PRASINOPHYTE: 
Platymonas sp. 

CHRYSOPHYTE: 
Chrysochromulina sp. 

Waterl 

o 
+ 

+++++ 
+ 
+ 
+ 
+ 

+++++ 
++++ 

+ 
+++ 

+ 
++ 
+ 

++ 
+ 

++ 

+ 
+ 
+ 

++ 

+ 
+ 

+ 

+ 

+ = relative abundance; 0 = none found 

Source 

Gutl 

o 
+ 
o 
+ 
+ 
o 
o 

+++ 
++ 
+ 
+ 
+ 
o 
o 
o 
+ 
+ 

o 
o 
+ 
+ 

o 
+ 

+ 

+ 

1. based on centrifuged water samples and on 28 micron 
mesh plankton net collections. 

2. based on four individuals per examination period. 

Feces2 

+ 
o 
o 
o 
o 
+ 
+ 

+++ 
++ 
+ 
+ 
+ 
o 
o 
o 
+ 
+ 

o 
+ 
o 
+ 

o 
o 

o 

o 
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support an hypothesis of complete selection of items found in the gut 

(p < .05). The degree of discrimination shown by £. virginica in its 

food selection is the subject of some disagreement. While Loosanoff 

(1949), Menzel (1955) and Yonge (1960, in reviewing Menzel 1955) support 

at least some qualitative selection of food particles by the palps, 

Galtsoff (1964) and Jorgensen (1966) suggest those examples of quali

tative sorting which have been demonstrated are the exception rather 

than the rule, feeding being typically non-selective. All of these 

authors point out the need for further study in the area of food selection. 

The constituents of an oyster's normal diet are the subject of some 

controversy among the acknowledged authorities. The prominent role of 

diatoms and other representatives of the phytoplankton has been proclaimed 

by many investigators since McGrady (1874, after Galtsoff, 1964) con-

cluded that "diatoms and spores of algae" comprise the food of Carolina 

oysters. It has been demonstrated that larval and adult oysters survive 

and grow when fed controlled diets of single or mixed unicellular algal 

cultures (Loosanoff et ale 1955; Davis and Guillard, 1958; Walne, 1959; 

Minaur, 1970). Coe (1947, 1949) however, asserts that most of the 

nutrition of oysters and other filter-feeding bivalves in natural en

vironments derives primarily from detrital material originating in 

aquatic plants and animals. Also, Yonge, (1928) and Galtsoff (1964) 

report that organic matter dissolved in surrounding water is absorbed 

by the alimentary canal, digestive diverticula and by phagocytes which 

accumulate on the surfaces of the mantle and gills. The value of nat

urally occuring dissolved organic matter as a significant nutrient for 

aquatic animals, however, has not been established (Johannes, et al., 1969). 



ZoBell and Landon (1937) have demonstrated that bacteria may playa 

role in nutrition of oysters. 

Few attempts at artificial feeding have brought about an increase 

in weight of oysters (Galtsoff, 1964). In studying several substances 
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as potential artificial foods for oysters, Nelson (1934, after Galtsoff, 

1964) reports success only with cornstarch. Neither details of his 

experiments nor his criteria for "success" have been disclosed (Galtsoff, 

1964). Galtsoff (1964) also describes the ingestion and elimination of 

yeast cells by oysters, but does not mention their possible role in 

nutrition. 

Complicating the subject of oyster nutrition further is the fact 

that many ingested particles pass unharmed through the oyster intestine. 

I have successfully cultured several species of algae found in oyster 

feces. Poor extracellular digestion has been ascribed to the absence 

of extracellular protease and lipase (Yonge, 1926). One element of 

natural phytoplankton which regularly failed to appear in the feces 

during this study is that of naked organisms. Whether or not the pro

ducts of the disintegration of these delicate cells actually play a role 

in natural oyster nutrition has not been established. As Galtsoff (1964) 

points out, "the presence of an organism or its remnants in the alimen

tary tract in itself is not a proof that it is being used by the oyster 

as food." Under controlled dietary conditions, however, such matter is 

obviously utilized. 

In studying the relationship of oysters to their environment, 

v. L. Loosanoff and his associates, J. B. Engle (1947) and F. L. Jommers 

(1948) concluded that when oysters encountered relatively high 
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concentrations of total suspended matter, the rate of water transport and 

therefore the rates of filtration and feeding were reduced or stopped. 

Suspended silt in concentrations of 0.1 mg per ml reportedly reduced the 

rate of water transport in g. virginica by 50 percent (Loosanoff and 

Tommers, 1948). Algal cells 5 microns in diameter in concentrations of 

2 million per ml cause oysters to show irregular valve movements and 

reduced pumping rates (Loosanoff and Engle, 1947). 

Descriptions of oyster behavior in Hawaii based upon the conclusions 

of Loosanoff, et ale (1947, 1948) however, must be considered tenuous, at 

least. Detailed studies of factors affecting the rate of water trans

port in oysters in Hawaii or places of similar climate are needed before 

sound conclusions regarding oyster feeding in these areas can be made. 

The significance of detritus in the oyster diet may rest in its 

nutritional value, its contribution to the total amount of suspended 

matter in surrounding water or to both factors. No attempt was made in 

this study to ascertain the nutritional value of detritus. Counts of 

detritus "particles", however, are reported in Table 4, with total 

particles and dry weight of suspended matter from water adjacent to the 

Kahaluu Pond oyster raft. 
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Table 4 

Analysis of suspended matter in Kahaluu Pond 
water adjacent to oyster raft. 

Date, 1970 March 9 April 8 May 15 June 10 July 12 

Detritus 
"particles", #/ml 25,160 152,000 77,500 870,000 950,000 

Total suspended 
particles, #/m1 472,660 535,000 2,067,500 1,002,000 1,104,500 

Total suspended 
matter (dry), 
mg/ml 0.05 0.09 0.15 0.12 

Condition index and growth 

Condition indices calculated in this study (Figure 6) suggest 

oysters- of sub-commercial quality according to the standards set by 

Sakuda (1966). In light of the preceeding discussion of suspended 

matter in Kahaluu Pond water, one would not expect to find "prime" 

0.14 

oysters in this pond. In contrast to Kahaluu Pond conditions, Loosanoff 

and Engle (1947) report that in Long Island, New York, oysters are 

"fattened" in certain bays where "the water is usually very clear, con-

taining but a small number of microorganisms." Overall differences in 

condition indices between raft culture oysters and those on the shallow 

tray were not significant (p < .05). 

By recording data for individually marked oysters, certain patterns 

of growth other than the overall average became apparent. Figure 7 

presents growth curves of three oysters selected to illustrate differ-

ences in growth rate. The three, initially of approximately the same 
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Figure 6 

Condition indices of oysters in Kahaluu Pond. 
~. ~ (-- -- --), ~. viroinica on raft (---), 

~. virqinica on shallow tray (----). Each 
point represents an average of four oysters 

processed together. No measurements were taken 
in January. The level of acceptable commercial 

quality is that suggested by Sakuda (1966). 
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Figure 7 

Growth curves of three oysters selected to 
illustrate wide variation in growth rate. 
The three oysters represent the maximum, 

average and mlnlmum growth found in 
oysters of one tray on the Kahaluu raft. 
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age and size, represent the maximum, average and minimum growth seen in 

one tray. Differences in growth rate shown are significant at the 0.01 

level. A selective breeding program could determine the presence or 

absence of genetic basis for observed differences in growth. If estab

lished, a genetic basis could be exploited in the development of a rapid 

growth rate. 

A second peculiarity of growth pattern is shown in Figure 8 in 

which growth curves of three oysters that died during the study are 

compared with the average growth curve of all surviving oysters in the 

same tray during the same period. Death in each case was preceeded by 

a period of little or no growth in shell height. Inclusion of these 

"non-growing" oysters within a sample would distort the apparent mean 

growth rate of the healthier oysters in the sample. Also, as pointed 

out by Hopkins, et ale (1953), the death of these oysters between suc

cessive measurements would result in an apparent increase in growth 

rate of survivors. Therefore, monthly growth data are based essentially 

on surviving oysters at the date of last inspection. 

Average growth of g. virginica (N = 110) and~. gigas (N = 16) in 

Kahaluu Pond between October 1969 and June 1970 is summarized in Figure 

9. A division of oysters into six size classes presents a clearer 

representation of absolute growth patterns (Figure 10). As might be 

expected, small oysters grew significantly faster than large ones (p<.Ol). 

Table 5 presents absolute and percent monthly increments in shell height 

for oysters in each size class. Monthly percentages are based on the 

total growth per class as representing 100 percent. Initial and final 

measurements are also compared to yield an overall percent growth for 

each size class over the ten months of the study. 
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Figure 8 

Growth patterns of three oysters which died (x) 
during the study compared with the pattern of 

surviving oysters in the same tray. 
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Figure 9 

Mean absolute growth of f. ~ (--) , N = 16, and 
c. virginica (----), N = 110, on the oyster raft in 

Kahaluu Pond. 



0", 
0 .. 
,,",0 
o~ 
IO~ 
~~ 

8 
x 0: 
U l:: 
z ::; 
III 011 
X oJ 
I- ~ ~ 
O:r .. 
I- U ::J 

o ~ ~ 
-0 
x-
0" -... 



29 

Figure 10 

Mean absolute growth of oysters in six size classes 
from Kahaluu Pond oyster raft. Overall differences 

in growth rates were found to be significant (p < .01). 
See Table 5 for numbers involved. 
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Size 
C1ass* !! 

I 16 

II 25 

III 20 

IV 17 

V 17 

VI 15 

10-11 

Table 5 

Mean absolute and percent ( ) growth in shell height 
(cm) for oysters initially of six size classes in 

Kaha1uu Pond. Monthly percentages are based on each 
class total as representing 100 percent. Initial 

and final mean measurements are compared to give an 
overall percent growth. 

Monthly Interval 
11-12 12-1 1..;2 2-3 3-4 4-5 -- 5-6 

.6(13.3) .7(15.6) .4{8.9) .3(6.7) .4(8.9) .4(8.9) .6(13.3) .6(13.3) 

.5(12.2) .7(17.1) .5(12.2) .4{9.8) .2(4.9) .2(4.9) .6(14.5) .5(12.2) 

.3(8.8) .5(14.7) .4(11.8) .2(5.8) .4(11.8) .3(8.8) .5(14.7) .4(11.8) 

.3(10.3) .5(17.3) .3(10.3) .4(13.9) .1(3.4) .3(10.3) .3(10.3) .4(13.9) 

.1(5.4) .3(15.8) .1(5.4) .3(15.8) .2(10.5) .2(10.5) .3(15.8) .2(10.5) 

.1(11.1) .1(11.1) .1(11.1) .1(11.1) .2(22.2) .1(11.1) .1(11.1) .O{O.O} 

Mean total 
growth 

6-7 per oyster 

.5(11.1) 4.5 (76.7) 

.5(12.2) 4.1 (57.0) 

.4(11.8) 3.4 (41.5) 

.3(10.3) 2.9 (28.2) 

.2(10.5) 1.9 (17.1) 

.1{11.1} .9 {7.6l 

Mean .33(10.7) .49(15.8).32(10.4) .29(9.6) .25(8.2) .25{8.2) .42(13.6).37(12.0) .35(11.4) 3.0 (34.1) 
monthly 
growthl 
oyster 

Initial mean size of classes: 

I 
II 

III 
IV 
V 

VI 

1.4 cm 
3.1 cm 
4.8 cm 
7.4 cm 
9.2 cm 

10.9 cm 

w o 
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Summer growth of 0.56 cm per month for specimens of C. virqinica 

averaging 3.24 cm in "length" and of 0.09 cm per month for others 

averaging 6.53 cm "length" has been reported from Florida waters (Ingle 

and Dawson, 1952). No such sharp reduction in growth between comparable 

size classes was noted in this study. Rather, growth slowed gradually 

with increasing shell height (Figure 12). 

No significance was associated with observed differences among the 

ten monthly increments in shell height of oysters during this study 

(Figure 11). Thus, it can be assumed that as in Louisiana oysters 

described by Menzel (1951) and unlike those from Connecticut described 

by Loosanoff and Nomejko (1949), oyster growth in Hawaii continues 

throughout the. year. This is to be expected as Hawaiian water tempera

tures vary relatively little (21.50 C - 28°C in Kahaluu Pond during this 

study) between summer and winter. The settling of the oyster raft to 

the muddy bottom of Kahaluu Pond during January, 1970, is undoubtedly 

associated with the January growth data. 

Average growth observed during a ten-month period in Kahaluu Pond 

indicates the production of a market-sized oyster (7.6 cm in shell 

height) in approximately 14 months. This time period is similar to the 

15 months reported by Sakuda (unpublished) as required for the American 

oyster in Pearl Harbor to reach 7.6 cm in shell height. Measurement of 

oysters in Pokai Bay indicated no growth between October and November, 

1969. Also, none of the very few oysters remaining at the reef after 

storms swept the area during December 1969 and January 1970 showed any 

growth. 
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Figure 11 

Monthly growth of 110 oysters from Kahaluu Pond 
raft expressed as percent of total growth. 

Figure 12 

Ten months' growth of oysters in six size classes 
from Kahaluu Pond raft. Each point represents an 

overall percentage increase of oysters per size class. 
See Table 5 for numbers and mean sizes involved. 
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Mortality 

Oyster mortality (see Table 6) is presented as numbers dead and 

percent dead each month. Monthly percentages are based on the total 

mortality in each size class during the entire study as representing 100 

percent. Also, an overall percentage of mortality was calculated for 

each class by comparing the initial and final (surviving) numbers of 

oysters. Differences among mortalities in each size class are not 

significant at the .05 probability level. 

Few (18 of a possible 200+) oyster shells were found to contain 

the flatworm Stylochus n.s., although somewhat more than that number 

probably fell prey to this pest. Several empty shells were found to 

contain complete or incomplete partitions of the type described by Pearse 

and Wharton (1938) which block intruders such as Stylochus. 

Economic Aspects 

Successful oyster farming, like the production of land crops, 

requires a certain amount of investment in time, energy and material for 

maximum yield. Essential, also, are the means of protecting one's in

vestment, e.g., by private ownership of the area farmed, or by long

term lease or exclusive use permit of public lands. A comparison of 

public and private oyster grounds in the United States reveals striking 

differences in yield between management techniques practiced in each 

area (Bardach and Ryther, 1968). Unmanaged (public) oyster grounds 

annually yield an average of six pounds of meat per acre, whereas man

agement (involving some manipulation of oysters and predator control) 

of private or leased public grounds results in 170 pounds of meat per 



Table 6 

Monthly mortality of raft oysters in three size classes from 
Kahaluu Pond. Data is expressed as actual number 

and percent ( ) of class total. 

Size Monthl~ Interval 
Class* N 10-11 11-12 12-1 1-2 2-3 3-4 4-5 5-6 

I 52 4(11.4) 2(5.7) 9(25.7) 2(5.7) 7(20.0) 0(0.0) 4(11.4) 4(11.4) 

II 96 10(17.9) 9(16.1) 7(12.5) 3(5.4) 8(14;,3) 8(14.3) 2(3.6) 4(7.1) 

III 43 1(4.5) 2(9.1) 6(27.3l 3(13.7l 5(22.7l 1(4.5l 1(4.5l o(O.Ol 

Total 15(13.3) 13(11.5) 22(19.5) 8(7.1) 20(17.7) 9(8.0) 7(6.1) 8(7.1) 
monthly 
mortality 

Initial size range of classes: 

I 0.6 - 3.0 cm 
II 3.1 - 9.0 cm 

III 9.0 - 12.5 cm 

Total 
Class 

6-7 Mortality 

3(8.7) 35 (67.3) 

5(8.8) 56 (58.3) 

3(13.7l 22 (52.4l 

11(9.7) 113 (59.1) 

~ 
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Figure 13 

Ten months' mortality of oysters in three size classes 
on Kahaluu Pond raft. Each point represents overall 
percent mortality per size class. See Table 6 for 

numbers and mean sizes involved. 

Figure 14 

Monthly mortality of 191 oysters on Kahaluu Pond 
raft expressed as percent of total mortality. 
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acre in annual production. At these rates, the 185,000 acres of pri-

vately controlled oyster grounds exceed the 4 million acres of public 

grounds in annual production. Furthermore, intensive management (cul-

ture) in the United States has resulted in annual yields in excess of 

5,000 pounds per acre (Bardach and Ryther, 1968). 

Studies indicate the likelihood of the profit incentive in oyster 

culture leading initially to development of the luxury rather than the 

protein staple oyster market (Bardach and Ryther, 1968). The higher-

priced tlhalf shell" or "cocktail" oyster in Hawaii will afford greater 

returns on investment than the less expensive regular "cooking" oyster 

(see Table 7). It is to be expected, however, that improvement of cul-

ture technology, based largely on early profits, could enable an ex-

pansion of operations to such an extent that all cultured oysters would 

become much more widely available (Bardach and Ryther, 1968). 

Table 7 

Seasonal retail price range of fresh and frozen 
oysters in Honolulu. (Source: survey of 

oyster dealers in Honolulu.) 

Type of oyster Price :range Quantity 

Regular: 
fresh $1.10 - $1.80 Dozen, live 
frozen .90 - 1.20 Pound, meat 

Luxury 1.80 - 2.50 Dozen, live 

Several factors militate against successful pond culture of oysters 

in Hawaii. Oysters are considered such a favorite delicacy in Hawaii 
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that poaching is a common occurrence, even in many private areas. Thus, 

oyster production on unprotected public grounds is not considered even 

remotely feasible. Nor are the few private sites of potential oyster 

culture in Hawaii, the brackish and marine empoundments located on the 

coasts of most island~presently suited for other than very limited 

oyster culture operations. Siltation has so reduced the volume of the 

majority of these ponds since their construction several hundred years 

ago, that today, even gentle winds agitate the muddy bottoms and turn 

their waters brown. As pointed out earlier, an inverse relationship 

exists between the amount of suspended silt present and the rate of 

pumping of water by oysters (Loosanoff and Tommers, 1948). Another 

adverse situation in most Hawaiian fishponds is that porosity of re

taining walls allows little or no control over water exchange with the 

outside environment. Thus, effective predator control is difficult and 

sometimes impossible to achieve. 

The problems of shallowness of ponds and porosity of walls could 

be eliminated simultaneously by reinforcing the present retaining walls 

with material dredged from the pond bottoms. 

No more than two to three acres of Kahaluu Pond are covered by one 

meter or more of water at low tide and are thus feasible for tray cul

ture of oysters. If the Japanese conservation practice of limiting the 

area directly utilized by oyster culture to one-fourth of the immediately 

available area (Bardach and Ryther, 1968) were followed, then only .5 

to .75 acre of Kahaluu Pond could be covered by oyster trays. If the 

improvements in Kahaluu Pond mentioned earlier were carried out, that 

forty acre area could conceivably support up to ten acres of oyster 



trays or rafts in as many as four tiers. The most obvious limitation 

to such an operation would be the ability of the remaining thirty acres 

of pond to generate adequate food resources to satisfy the more than 

three million oysters which might be held at one time. 
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Production costs of a one-acre tray-culture operation are estimated 

in Table 8. Costs of materials were determined in a survey of Honolulu 

suppliers (see Appendix B) and are based on large volume prices. Man

hours of labor are estimated from my own experience as well as that of 

workers on the islands of Oahu and Molokai. With regular maintenance, 

the floating trays are estimated to have a life of five years, thus 

covering a period of four 14-month oyster maturation and harvest periods. 

Spat collectors consisting of 20 cement-coated paper plates strung 

together on a length of wire are estimated to provide 400 spat; thus 

the hypothetical operation described in Table 8 would begin operations 

with 100,000 spat. A survival rate of 40 percent, as was reported by 

this study in Kahaluu Pond, would result in 40,000 potentially marketable 

oysters in 14 months. If sold at 40¢ per pound, as in the single case 

of locally produced oysters being marketed in Honolulu in recent years, 

and estimating 6 oysters per pound, the 40,000 surviving oysters would 

earn $2,666, or about $980 less than the estimated costs for the same 

period. At 54.7¢per pound, oyster income just matches costs, while at 

60¢ per pound, the operation would show a profit of a little over $350. 

In view of the critical role of protein in man's diet, and in view 

of the high relative cost of protein compared with other foods, every 

effort should be made to reduce production costs of .an oyster culture 

operation rather than to rely on a higher priced product as the source 



Table 8 

Estimated production costs for a one acre tray-culture operation. 

A. 2,178 Oyster Trays 
Labor: 300 hours @ $1.70 
Materials (current Honolulu prices): 

27,000 ft. lumber (fir, 2 x 3) @ .108/ft. 
10,300 ft. hardware cloth (48", 1 x 2" 

mesh) @ 50.95/100 ft. 
910 cu. ft. Styrofoam @ $1.60/cu. ft. 
350 lb. staples (7/8") @ .25/1b. 

Total tray cost 
Tray cost per harvest (averaged over 4 harvests) 

B. 250 Spat Collectors 
Labor: 40 hours @ $1.70 
Materials (current Honolulu prices): 

1,500 ft. wire (galvanized, 16 ga.) 
5,000 paper plates (8") @ $15/1000 
2 bags cement @ $2.00/bag 
4 bags sand @ $l.OO/bag 

Spat collector cost per harvest 

C. Handling Spat Collectors 100 hours @ $1.70 

D. Tray Maintenance (14 months) 350 hours @ $1.70 

E. Harvesting Oysters 100 hours @ $1.70 

F. Total Cost Per Harvest 

2,916 

5,248 
1,456 

88 

4 
75 

4 
4 

Total Initial 
Cost 

510 

9,708 
10,218 

68 

87 
155 

Per Harvest 
Cost 

2,555 

155 

170 

600 

170 

3,650 
w 
'" 
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of profits. With experience, techniques will likely be developed which 

will allow a reduction in material costs as well as a reduction in man

hours needed. 

A primary hinderance to the renovation of most Hawaiian fishponds, 

and to further development of aquacultural operations in Hawaii, is the 

present lack of opportunity for obtaining necessary financing. (Estimates 

of the cost of renovation of Kahaluu Pond, to include repair of the 

broken wall and dredging the bottom amounts to approximately $30,000.) 

During the 1970 Hawaii State Legislature, the Agriculture Committee of 

the House of Representatives considered the role of the state government 

in financing aquacultural endeavors under existing authority of the 

Farm Loan Program and the Agricultural Products Program, Sections 155-1 

and 153-1 respectively of the Hawaii Revised Statutes. The committee 

recommended a broad interpretation of the terms "farm" and "farm pro

ducts" so as to include aquacultural operations in ponds, lakes and 

rivers within the scope of current statutes and thus provide a source of 

funds for aquacultural development. The report of the Agriculture 

Committee in the form of House Bills 2000-70 and 2001-70 were forwarded 

to and filed (tabled) for the remainder of the legislative session by 

the House Committee on Economic Development. Needed action, thus, re

mains to be taken in this area. 
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SUMMARY AND CONCLUSIONS 

1. The polyclad flatworm Stylochus n.s. was found to prey on both 

Crassostrea virginica and f. gigas in Kaneohe Bay. Although a con

centrated salt bath was found to kill the flatworm, this treatment 

does not prevent re-infection of oysters by the pest. Studies 

showed the flatworm capable of, at least, marginal survival in 

salinities as low as 8 0/00. In describing oyster predation by the 

species of Stylochus in Kaneohe Bay, I have confirmed and elaborated 

upon a report by Edmondson (1946) of oysters there being killed by 

a "predaceous flatworm." 

2. Estimates of total suspended matter in Kahaluu Pond adjacent to the 

oyster raft were found to be great enough during three of five 

months of study to reduce the rate of water transport, and hence 

the feeding rate of oysters by up to 50 percent according to the 

findings of Loosanoff, et a1. (1947, 1948). High detritus "counts" 

are attributed to the shallow nature of the pond. 

3. High turbidity of the water in Kahaluu Pond during this study is a 

probable explanation for the generally sub-commercial quality of 

oysters grown in that enclosure. 

4. Oyster growth in Kahaluu Pond reported in this study is such that 

approximately 14 months would be required to produce an oyster of 

marketable size (three inches). Small oysters initially 1.4cm 

in shell height, grew significantly faster, 0.50 cm per month, than 

oysters initially 10.9 cm in mean shell height, 0.1 cm per month. 

Growth was continuous through the ten months of this study. No 

growth was observed in oysters from the Pokai Bay experiment. 
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Although the exceedingly clear water in that bay supports very 

little phytoplankton, further evidence is needed before definite 

conclusions regarding oyster growth in that area can be made. One 

obvious lesson from the Pokai- Bay experience is that aquacultural 

operations there are subject to the effects of storms to depths of 

at least 25 meters. 

5. Oysters in three size classes in Kahaluu Pond did not show signifi

cantly different mortality rates. The mean mortality of all oysters 

over ten months was 59.1 percent. 

6. Success in commercial oyster production in Kahaluu Pond, as well 

as in most other Hawaiian marine and brackish ponds, will depend, 

in part, upon improvement of the pond from its present state of 

disrepair. Oyster growth, quality and mortality would all be likely 

beneficiaries (from the farmer's point of view) of the repairing 

of the pond wall and the dredging of the pond to the greatest fea

sible depth. A greater degree of control over water exchange and 

salinity would allow better predator control. Increased depth of 

the pond would reduce the amount of suspended detritus and silt. 

A proposed state goverTh~ent program designed to assist financially 

in the improvement of Hawaiian fishponds to a level sufficient to 

support commercial aquaculture operations suffered a setback during 

the 1970 legislature. The exploitation of local food production 

potential, however, is of sufficient importance to merit state 

assistance, at least during early developmental stages. 

7. Estimated production costs of a one-acre oyster culture operation 

in Kahaluu Pond would require oysters to be sold at approximately 60¢ 

per pound (live) in order to realize any profit. 
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APPENDIX A 

Numbers of Phytoplankters per milliliter-found 
in Kahaluu Pond water and in oyster gut and feces. 

1. Amphiprora 
2. Amphora 
3. Chaetoceros 
4. Cyclotella 
5. Diploneis 
6. Licmophora 
7. Melosira 
S. Navicula spp. 
9. Nitzschia closterium 

10. Nitzschia punctata 
11. Nitzschia spp. 
12. Pinnularia 
13. P1eurosigma 
14. Rhizoso1enia 
15. Skeletonema 
16. Surirella 
17. Thalassionema 
IS. Ceratium 
19. Gymnodinium 
20. Peridinium 
21. Prorocentrum 
22. Carteria 
23. Chlamydomonas 
24. P1atymonas 
25. Chrysochromu1ina 

Date 

Net 

31121412sl6/9 

0 0 0 
2.0 0 2.0 
6 14.75 5.25 
0 0 1.75 
0 1.75 2.~ 

1.5 0 .5 
0 0 .5 
6 6 4 

~.5 14.5 ~.o 
1.25 1.25 .5 
~.25 3.5 2.5 

0 1.75 1.75 
3.25 2.5 0 
1.25 0 1.25 
3.0 1.75 1.0 
2.5 0 .75 
2.0 2.0 2.25 
1.5 2.0 2.0 
0 1.5 0 

1.5 0 1.25 
1.25 2.5 2.0 
1.5 0 0 
1.5 1.25 0 
2.0 1.5 2.0 
.75 2.5 1.75 

Gut 

13/1. 21412S 6/9 

0 0 0 
.25 0 .25 
0 0 0 
0 0 .5 
0 .25 .25 
0 0 0 
0 0 0 

2.0 1.5 ~.5 
.75 1.5 1.75 
0 0 .25 

.75 1.0 .5 
0 .5 .25 
0 0 0 
0 0 0 
0 0 0 

.75 0 .25 

.25 .25 .75 
0 0 0 
0 0 0 

.75 0 .25 

.25 .5 .75 
0 0 0 

.25 .25 0 
0 0 .25 
0 0 .25 
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Feces 

t3/.J. 21412s 6/9 

0 .25 0 
0 0 0 
0 0 0 
0 0 0 
0 0 0 

.25 0 0 
0 0 .25 

[2.0 .25 .25 
.5 1.C .25 
0 .25 .75 

.25 .25 .25 
0 .25 .25 
0 0 0 
0 0 0 
0 0 0 
.5 0 0 

.25 .25 .5 
0 0 0 
0 .5 0 
0 0 0 
.5 0 .25 
0 0 0 
0 0 0 
0 0 0 
0 0 0 



APPENDIX B 

Construction materials suppliers surveyed in 
estimating production costs for Kahaluu 

Pond oyster rearing operation 

1. Atlas Building Materials, Inc. 
2841 Pukoloa St., Honolulu 

2. City Mill Co., Ltd. 
660 Nimitz Hwy., Honolulu 

3. Hardware Hawaii, Ltd. 
Kailua Shopping Center, Kailua 

4. Oahu Lumber and Hardware Co., Ltd. 
1217 N. King St., Honolulu 

5. Wisdom Rubber Industries, Inc. 
179 Sand Island Access Rd., Honolulu 
(for styrofoam) 
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