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the product of 5 years of growth. Unfortunately Kent's opinion is not cor­
roborated by accurate measurements and observations. 

According to Seale ( 1910, 1917) the gold-lip oyster of the Philippine 
Islands, P·inctada. niaxima., is supposed to reach marketable size and become 
most valuable commercially in 4 or 5 years. He believes that specimens 
weighing 11 pounds are from 10 to 12 years old. Seale also fails to support 
his statements by direct measurements. 

Talavera ( 20) states that P. nia.:ri111a is sexually mature in 2 years and 
that it attains the "present legal size," that is, 14 cm. nacre measurement, in 
about 3 or 4 years. From a study of the correlation between nacre measure­
ment and external dimensions he concludes that the total length of a market­
able oyster should be not less than 19 cm. 

Observations made by A. G. Nicholls ( 15) during the Great Barrier Reef 
Expedition in 1928-1929 show that small Pinctada margaritifera during a 
9-month period increased in length from 27 to 42.6 millimeters ( average 
figures). If our explanation of the absence of small oysters in Pearl and 
Hermes Reef is correct, the rate of growth of the Hawaiian species must be 
much greater than that of its Australian relative. Unfortunately no conclusion 
as to the age of the Hawaiian oysters could be drawn from the analysis of 
the length-weight relationship of its shells. This important problem can be 
solved only by long continued observations on a stock of oysters kept under 
known conditions. 

SEX AND SPAWNING 

The sexes of the Hawaiian pearl oysters are separate. Out of 160 adult 
oysters the gonads of which were examined, 65 or 40.6 per cent were males 
and 95 or 59.4 per cent females. Thus the ratio between the males and females 
was 1 :1-46. The inequality of sex ratios has been noticed also in the Ceylon 
oyster (Margaritifera vulgaris). Kelaart (2, p. 153) found only four or five 
males per hundred of females and believes that this is a normal sex ratio for 
that species. 

In July and August, 1930, all the adult oysters ( 10 cm. or longer) were 
ripe; their gonads were swollen, soft, and contained fully developed eggs or 
spermatozoa. Some of the oysters had already spawned but still retained a 
small amount of sex cells. 

The author's observations show that spawning of males and females is 
similar to the spawning of the American edible oyster, Ostrea. virginica. The 
female discharges its eggs as a milky cloud which is effectively dispersed 
through the water by snapping of the valves. The male ejects the sperm as a 
continuous stream issued through the cloaca. The fertilization takes place out­
side the organism. Experiments performed on oysters obtained from Kaneohe 
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Bay, Oahu, and from Pearl and Hermes Reef indicate that the discharge of 
eggs or sperm can be stimulated either by a rise in temperature or by the 
addition of the sexual products of the opposite sex. 

The males were found to be the first to respond to the increase in tem­
perature and began to spawn as soon as the latter rose from 23-25° to 27° C. 
The presence of sperm in the water initiates spawning of the females, while 
discharged eggs in turn stimulate the emission of sperm by the males. This 
observation confirms the previous finding of Howell, who noticed that the 
males of Ceylon pearl oysters can be stimulated to discharge their sperm by 
the addition of sea water charged with freshly laid eggs. 

According to the author's observations an increase in temperature to 27° 
is essential for the initiation of spawning in the males. It has been observed 
that as soon as at least one individual has responded and discharged some 
sperm, spawning spreads by mutual stimulation throughout the whole group 
of oysters kept together. This happened several times with oysters collected 
from the reefs and kept in tanks. On account of these conditions and high 
air temperature it was extremely difficult to prevent spawning of oysters 
which were transported to the laboratory. 

In 1930 spawning of the Hawaiian oyster in Pearl and Hermes Reef 
occurred at the time when the water temperature varied between 25 and 27° C. 
and was approaching its annual maximum. It is very probable that there is 
only one spawning season which coincides with the temperature maximum of 
the water. This inference can be made from a study of the monthly average 
temperature curve, based on Japanese observations (fig. 3), and from the 
absence in the lagoon of any oysters of intermediate size ( from 6 to 9.9 cm. 
long). 

The absence of oysters of intermediate size can be explained either by the 
supposition that oysters failed to spawn during the summer of 1929 or by the 
more probable assumption that by August 1-year-old oysters had already 
reached 10 cm. in length. As has been shown above, this is in agreement with 
the measurements of the 1-year-old oyster which was planted at Pearl and 
Hermes Reef. 

With regard to spawning seasons the Hawaiian species differs from the 
Australian pearl oyster, Pinctada margaritifera, which at Low Isles, according 
to Nicholls ( 15), spawned twice a year, in November and again in May. 
During these periods the temperature of the water varied between 26.2° and 
28.4° C. in November and 27° and 25° C. in May. From Nicholls' observa­
tions one can notice that spawning of the Australian species takes place both 
when the water temperature is rising (November) and after it begins to drop 
(May). Similar observations were made by Herdman ( 11) on the Ceylon 
oyster, which also spawns once in May and again in November. It is quite 
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possible that differences in the occurrence and number of spawning seasons 
of various species of oysters would be correlated with the temperature regime 
in various localities. In the temperate zone where the winter temperature 
drops below 18° C. and highest summer temperature rarely exceeds 27° C. 
oysters spawn once a year when the temperature is near the maximum, where­
as near the equator where the annual range of temperature is smaller and the 
maximum approaches 30° C. there are two spawning seasons, one when the 
water is warming (November) and second one when it begins to cool (May). 

DEVELOPMEN1' OF Eccs AND ATTACHMENT OF THE LARVAE 

Eggs of the Hawaiian pearl oyster can be artificially fertilized in a small 
glass dish by adding to them a few drops of freshly obtained sperm. In a 
few hours typical free-swimming larvae develop. Our attempts to rear them 
until they reached setting stage were, however, unsuccessful. Similar failure 
has been recorded by Herdman ( 11), who succeeded in obtaining free swim­
ming larvae of the Ceylon pearl oyster but was unable to keep them alive in 
his tanks. It is believed, however, that our failure to rear the larvae of the 
Hawaiian oyster was primarily due to the primitive conditions of the tempo­
rary laboratory at Southeast Island. The duration of the free swimming stage 
of the Hawaiian oyster remains, therefore, undetermined. Herdman estimates 
that the attachment of Ceylon oyster may be made within five days following 
fertilization, but his conclusion lacks corroboration. 

Although the author was unable to keep the larvae alive and determine the 
duration of their free living stage, the fact that the setting of young oysters 
at Pearl and Hermes Reef takes place in August is evidenced by a number 
of spat found attached to the shells of the adult oysters. The smallest speci­
men in the collection was o.6 mm. long. All the young seed oysters collected 
during the survey were found attached to the shells of Jive adult oysters. In 
several instances small specimens were found in a precarious position, just 
between the lips of the large oyster (pl. 4). It is obvious that they could not 
continue to grow in the selected place and would be either killed by snapping 
of the shells of the adult oyster or forced to change their place of attachment. 

Careful examination of reefs, algae, pieces of broken corals, and other 
submerged objects failed to disclose the spat of pearl oysters. It is, of course, 
possible that the presence of nearly microscopic spat on the reefs and dead 
corals was overlooked and that our failure to find it except on the shells of the 
adult oysters should be attributed to the difficulty of observing such small 
objects when working in the diving helmet. On the other hand it is possible 
that the surface of the old oyster shell presents the most favorable conditions 
for the attachment of the larvae. On account of its inclined position and 
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vigorous snapping of the valves its surface remains clean, whereas the rocks 
and pieces of dead corals are covered with fine sediment which may prevent 
setting of the larvae. 

Although as many as 10 or 12 small oysters may be found attached to one 
large shell, the adult oysters do not grow in clusters. This is due to the fact 
that the attachment of the pearl oyster is not permanent, the organism being 
able to change the place to which it first cemented itself. The process of 
detachment of the Hawaiian pearl oyster has not been observed by the author, 
but it has been noticed that small oysters left overnight in the tank changed 
their places of attachment. According to S. Thomas in 1886 ( 11, p. 130) 

young Ceylon pearl oysters about one-half inch in diameter moved up 4 inches 
along the smooth side of a glass in 8 or 9 minutes. Herdman ( 11) states that 
a number of small oysters placed on the bottom of a narrow vertical aquarium 
started at once to climb up the glass sides and traveled on the average at the 
rate of about 1 inch per minute. Apparently the locomotory power of the 
young oyster decreases with age, though it is not entirely lost by the adult 
organism. Herdman ( 11) observed the reattachment of a two-and-a-half­
year-old oyster which traveled three and a quarter inches during the night. 
There is no doubt that an adult oyster, after being separated from its place 
of attachment, can anchor itself in a new environment, provided its byssus 
gland has not been injured. In 1929 at Pearl and Hermes Reef a number of 
adult oysters which were too small to be of commercial value were trans­
planted in the lagoon from one reef to another. In 1930 the majority of them 
were found attached to the corals. Likewise, oysters brought by the author 
from Pearl and Hermes Reef and planted in Kaneohe Bay, Oahu, attached 
themselves and grew well. 

The ability of young and adult oysters to shift their place of attachment 
supplies explanation of the absence of cluster formation and is undoubtedly 
responsible for the single occurrence of adult oysters in spite of the fact that 
several seed oysters may be found on one large shell. It is interesting to acid 
that the detachment and locomotion of oysters very seldom occur during day­
light, but take place mostly at night. Herdman (11, p. 133) observed that 
Ceylon oysters are extremely sensitive to light when preparing to attach them­
selves and that flashing a bright light when oysters are moving in the tank 
always causes the withdrawal of the foot and cessation of activities. 

All the adult oysters examined by the author contained one or several 
specimens of decapod crustacean Conchodytes tneleagrina Peters living in 
their mantle cavities. 
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THE OYSTER BEDS OF PEARL AN'D HERMES REEF 

OBSERVATIONS IN 1930 

Observations made at 70 stations more or less uniformly scattered over 
the whole area of the lagoon show that pearl oysters are confined exclu­
sively to those sections where the bottom is covered with corals. Thus 
the distribution of oysters, shown on the chart (fig. 8) by black sectors in the 
circles, in general coincides with the distribution of the reefs which are found 
chiefly in the northern half of the lagoon. Outside of this area the bottom 
consists of shifting sand unsuitable for the attachment and growth of the 
oyster. There is a consensus among pearl fishermen that the oysters thrive 
on reefs which are swept by strong tidal currents. Present observations 
corroborate this view. 

In Pearl and Hermes Reef pearl oysters were found standing vertically 
or in slightly inclined position attached to the corals on the outside slopes of 
the reefs. Only a few specimens were found lying flat on sandy bottom in 
the centers of small lagoons. No oysters were found on either side of the 
main encircling reef. Oysters were found at any depth between 8 and 45 feet, 
but were most abundant at a depth of from 15 to 25 feet. According to 
Captain Anderson, at the time the pearl banks were discovered oysters were 
very abundant in shallow water, from 3 to 10 feet deep. Their present scarcity 
at these levels is apparently the result of three years of unrestricted fishing. 

Because of their peculiar habitat the Hawaiian pearl oysters cannot be 
dredged or gathered by means of other gear employed in the fishing industry. 
For commercial fishing it is therefore necessary to employ divers who pick 
the shells with their hands and bring them to the surface ( pl. 5, B). Experi­
enced Filipino divers employed during the survey were able to swim continu­
ously for several hours and dive to a depth ranging from 25 to 50 feet. They 
resented the use of the diving helmet or scaphander, preferring naked or 
"skin" diving, and never used any weights or sinkers that would facilitate 
their descent to the bottom. The only pr.otection employed consisted of a pair 
of tightly fitting goggles, the glass of which was rubbed with tobacco juice 
to prevent condensation of vapor. Heavy cotton gloves served as precaution 
against cuts and scratches. In search for oysters the divers would swim in a 
zigzag line along the reef observing the bottom with their heads in the water. 
Due to high transparency of the water the bottom is usually visible to a depth 
of 45 or 50 feet. On exceptionally calm and clear days the visibility exceeds 
60 feet. 

For scientific investigation the following method of searching and fishing 
was adopted. Upon arrival at the station and completion of hydrographical 
observations the divers at a given signal would jump into the water and begin 
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swimming and diving. Oysters brought from the bottom were immediately 
thrown in the skiff which followed the divers as closely as possible. A com­
plete record was kept of the time spent in diving and of the number of oysters 
collected by each diver. Personal examination of the reefs has convinced the 
author of the high efficiency of this method of collecting. The divers never 
missed an oyster that happened to be within the range of their vision and 
were able to explore large areas of the bottom. Conversely, the use of the 
diving helmet was of little value and involved a great deal of labor and loss 
of time. 

Because of the scarcity of the oysters, large areas of bottom had to be 
examined. The fragility of corals, which would not support the weight of a 
human body, and the steepness of the slopes of the reefs on which the oysters 
grew made walking over them very difficult. 

The method of collecting by skin diving precluded the possibility of esti­
mating the absolute abundance of oysters on various reefs. It was, however, 
possible to determine their relative abundance by computing the number of 
oysters caught at a given station in a unit of time per unit of effort. In fishing 
with various gear the problem is relatively simple and depends on the type 
of gear used and its efficacy. In dealing with human beings whose efficiency 
as divers cannot be estimated in advance but should be determined by trial, 
it presents certain difficulties. The three divers employed in this work differe_d 
from each other in their ability to swim and dive. One was able to dive to a 
depth of over 50 feet and apparently enjoyed deep diving; the second diver 
rarely went below 35 feet; 25 feet was the limit of operation of the third one. 
The ability to reach the greatest possible depth did not constitute, however, 
the most important qualification of a successful diver in Pearl and Hermes 
Reef. This would have been a deciding factor in other localities, as for 
instance in Ceylon, where pearl oysters form extensive banks similar to the 
beds of edible oysters along the Atlantic Coast and extending to a depth of 
13 fathoms and more. In Pearl and Hermes Reef success in pearl fishing is 
primarily dependent on the ability of the diver to discern from the surface the 
objects on the bottom and on his endurance in swimming. After comparing 
the records of the three divers employed by the author it has been found that 
their efficiency, determined by the number of oysters brought in a unit time 
was the same, in spite of the fact that each of them was unconsciously cover­
ing that section of the reef the depth of which was within the range of his 
ability. It has been therefore assumed that their diving efforts were equal. 
To avoid the possible effect of fatigue which may cause a considerable de­
crease in the rate of swimming and loss of visual acuity the divers were 
invited to rest as often as they desired. However, even after an hour and a 
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half of continuous swimming they were apparently untired by their efforts 
and refused to come aboard. 

In order to obtain some idea of the area covered by the divers in their 
search for oysters it was necessary to determine the rate of their swimming 
and diving. This was accomplished in the following manner. The divers were 
ordered to swim and search for oysters along a small circular atoll ( near 
signal "Neg"), the two diameters of which were accurately measured. The 
results of the two tests made on August 18 are presented in Table 5. They 
show that the rate of the resulting forward motion averaged 42.7 feet per 
minute. The reader must bear in mind that this figure does not represent the 
actual velocity of swimming, which of course is much greater, but shows the 
rate at which the divers proceed along the periphery of the atoll. Their actual 
path is a complex zjgzag line fluctuating from 30 to 50 feet to the right and 
left from the circumference of the atoll and occasionally going to the depth of 
35 feet and possibly deeper. At this rate one diver in one hour would complete 
fishing over an area having a circumference of 2,562 feet. 

Table 5. Velocity of Collection by Two Skin Divers. 

(Both divers started and finished diving at the same time.) 
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1 ............ 23.5 1,036 1.96 7 35 24 43.2 
42.7 

2 •••••••••••• 23.5 634 0.74 8 30 15 42.3 

Test 11 small lagoon southeast of signal "Neg," 9 :58 to 10 :22 A.M.; August 18, 1930; 
Test 2, small lagoon south of signal "Neg," 10 :44 to 10.59 A.M., August 18, 1930. 

A complete record of diving operations showing the total number of oys­
ters obtained at each station, time spent in diving, and the relative abundance 
of oysters (number of oysters per diver per hour) is shown in Table 6. 

The relative abundance of oysters is also shown graphically on the chart 
( fig. 8). Oysters are most abundant on the reefs located in the central part of 
the lagoon and their dislribution coincides in general with the distribution of 
the reefs. No oysters were found on sandy bottoms in the southern section 
of the lagoon and only a few were observed in the central sections of the 
inside reefs. The majority of the oysters were found attached to the outer 
slopes of the reefs where the conditions were apparently most favorable for 
their propagation and growth. 
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Table 6. Distribution and Relative Abundance of Pearl Oysters in 
Pearl and Hermes Reef 

Time of Relative 

39 

Station 
number 

Diver's 
number 

diving, 
minutes 

Oysters Number of Number of Abundance 
of oysters oysters 

31 .................. 2 30 1 
32 .................. 3 30 10 
33 .................. 3 40 2 
34 .................. 2 30 6 
35 .................. 2 30 19 
36 .................. 2 40 4 
37 .................. 2 20 8 
41 .................. 2 30 4 
44 .................. 2 30 11 
55 .................. 3 15 5 
56 .................. 3 30 10 
59 .................. 3 40 38 
60 .................. 2 so 34 
61 .................. 3 20 5 
64 .................. 3 45 75 
65 .................. 3 40 5 
66 .................. 3 30 13 
67 .................. 3 35 17 
71 .................. 4 40 29 
72 .................. 3 30 1 
74 .................. 2 30 1 
75 .................. 2 20 4 
76 .................. 2 35 17 
77 .................. 2 20 17 
79 .................. 2 30 13 
81 .................. 2 15 9 
82 .................. 2 25 3 
83 .................. 2 15 4 
86 .................. 2 24 4 
87 .................. 2 15 2 
88 .................. 3 20 5 

1 
6.6 
1 
6 

19 
3 

12 
4 

11 
6.6 
6.6 

19 
20.4 

5 
33.3 
2.5 
8.6 
9.7 

10.9 
0.7 
1 
6 

14.6 
25.5 
13 
18 
3.6 
8 
5 
4 
5 

with pearls pearls 

1 
7 

4 

3 

3 
15 

3 

7 

6 

The data presented on the chart (fig. 8) and in Table 6 show the scarcity 
of oysters. The maximum yield on the best reef was only 33 oysters per hour 
per diver, while on a great number of them only one or two specimens were 
found after a continuous search for nearly two hours. These observations 
indicate that the pearl oyster population of Pearl and Hermes Reef has 
reached a low limit. That these conditions are not due to natural causes but 
are the result of fishing operations is clear from the statements made to the 
author by several fishermen who were fishing the lagoon in 1927 and 1928. 
They all agree that oysters were very abundant and that during the most inten­
sive fishing operations as many as 1,000 large shells were taken daily from 
the reefs. 

Although official records are wanting, it was possible by inquiring of dif­
ferent parties engaged in pearling to estimate the minimum number of oysters 
taken from Pearl and Hermes Reef since the discovery of pearl oyster bot-
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toms in 1927. A very conservative analysis of this information shows that 
during this period not less than 100 tons of shells ( about 100,000 oysters) 
were exported from Pearl and Hermes Reef to Honolulu. How many defec­
tive shells were discarded or how many small oysters were sacrificed in search­
ing for pearls it is impossible to estimate. 

Commercial concerns consider that diving can profitably be carried out if 
the bottom yields not less than 50 oysters a day per diver. At present this 
minimum cannot be attained at Pearl and Hermes Reef, for the oyster popu­
lation has reached a dangerously low limit and is threatened with complete 
extinction. Studies on the physiology of reproduction of edible oysters and 
experiments performed by the author during the present survey show that 
for successful propagation the oysters must grow in a close proximity to one 
another. A few specimens scattered over a large territory are unable to stimu­
late the discharge of sexual products and, under these conditions, should 
spawning be stimulated by the temperature, the eggs would have a very remote 
chance of being fertilized by the sperm. At present the pearl oyster commu­
nity at Pearl and Hermes Reef is still able to propagate and if left undis­
turbed will probably reestablish itself in a period of several years. On the 
other hand, if fishing is continued the number of adult oyste1·s will be quickly 
reduced to such a minimum that no further propagation would be possible. 
In connection with this discussion it is interesting to acid that no spat were 
found on a few oysters collected at Midway Islands, although the oysters 
showed indications of having spawned. All the oysters collected at Midway 
were old and apparently the remnants of a former larger colony which had 
almost ceased to exist. 

The present survey has shown that at 60 feet and deeper the bottom of 
the lagoon is covered with soft coral mud in which no oyster can live. A 
comparatively small number of oysters was observed at a depth between 40 

and 55 feet. The greatest number was confined to the stratum between 15 and 
30 feet. Inasmuch as present fishing operations cover the whole zone inhab­
ited by the oysters, hopes or expectations that there still remains in deep water 
a stock of breeders which may supply spat is entirely unjustified. The main­
tenance of the oyster colony and its growth is entirely dependent on the propa­
gation of its members which inhabit the reefs within the reach of skin divers. 
Should the number of the oysters be further reduced, the propagation of this 
colony would cease and in a short time only a few adult specimens which had 
escaped the divers' attention would remain. 

COMMERCIAL VALUES 

Because of the small number of oysters examined by the author and the 
impossibility of inspecting the pearls accumulated by various persons who 
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were engaged in fishing operations in the lagoon it is impossible to give an 
accurate estimate of the potential value of Pearl and Hermes Reef as a pearl­
producing area. Out of 164 oysters examined by the author 18 contained 
pearls (pl. 5, A). Altogether 36 irregular pearls of various sizes and quality 
were obtained. None of the pearls were perfect. The value of the whole 
lot was less than 50 dollars. 

According to information obtained by the author, about one quart of pearls 
was obtained from the lagoon during the 2-year pe1·iod of fishing operations, 
but only a small number of good pearls were found. According to the state­
ment made by an official of the company engaged in pearling, the best pearls 
were sold in Paris. On one occasion the company refused to accept $5,000 
for one of the best pearls found in the lagoon. Several Hawaiian pearls could 
be seen in local jewelry stores in Honolulu. The best were offered in 1930 
for $1,500 and $2,500 each. 

Because of the scarcity of pearl oysters and the relatively small area of 
Pearl and Hermes Reef it is doubtful that the lagoon will ever become an 
important source of supply of pearls. On the other hand the large shell of 
the Hawaiian oyster represents a valuable product for which there is a steady 
demand on the market. Pearl and Hermes Reef should be regarded, therefore, 
as a valuable source of supply of mother-of-pearl shells. Unfortunately a 
large percentage of shells at Pearl and Hermes Reef is damaged by the 
boring sponge that honeycombs the shell substance, rendering it useless for 
commercial purposes. 

During the past years good shells were shipped to San Francisco and New 
York and sold to the manufacturers of mother-of-pearl articles and pearl but­
tons. The shells were usually graded into five classes according to their shape, 
weight, size, and quality of the nacre. The highest grade shells were sold in 
1929-1930 at about 20 cents a pound (wholesale). Those of the lowest grade 
brought only 10 cents. Although the nacre of the Hawaiian oyster has a beau­
tiful silvery lustre its value is decreased by a greenish-olive or pink color 
along the margin. On account of this discoloration the Hawaiian shells are 
less desirable to the trade than the Australian shell, which in 1929-1930 was 
sold in New York for about 45 cents a pound. 

CULTIVATION OF PEARL OYSTERS 

Two years of fishing operations carried out by one company have resulted 
in a noticeable depletion of pearl oyster resources of Pearl and Hermes Reef 
and rendered this locality unsuitable for further commercial exploitation. 
There is no doubt that if left unprotected the pearl oyster colony would be 
completely destroyed by the fishermen attracted to the place by the possibility 
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of obtaining a few valuable pearls. Because of the remoteness of the place 
no efficient patrolling and enforcement of the restrictive regulations seem to 
be possible. On the other hand, the survey of Pearl and Hermes Reef has 
demonstrated the presence of a fairly large number of young oysters (spat) 
which if left undisturbed would grow and reach maturity. From these obser­
vations it can be inferred that should the oyster community of Pearl and 
Hermes Reef be protected from further depredations it will increase in size 
and in the course of several years may reach its former state. Inasmuch as 
there are no other known pearl oyster bottoms within the Hawaiian archipel­
ago, Pearl and Hermes Reef seems to be the only place from which a large 
number of oysters can be obtained. It has been estimated that since 1927 
about 100 tons of oysters were exported; 50 tons were taken out of water but 
discarded as defective, and probably not more than 100 tons remain at present 
on the reefs. (The author is convinced that less than 100 tons of oysters 
remained on the reefs in 1930, but intentionally considers the greater figure.) 
Thus, the total oyster population of the lagoon for the period of 1927-1930 
was about 250 tons or 250,000 adult oysters. 

This source of supply is too small for the development of an industry, and 
present experience teaches that it could easily be wiped out by a few years of 
fishing operations. The best possible utilization of the place can be made by 
considering it as a source of supply of live stock that could be used for trans­
plantation and propagation in other waters. The suitability of various sec­
tions of the Hawaiian islands for propagation of this species is evidenced by 
the findings of pearl oysters in several islands of the archipelago. There are 
reasons to believe that by exercising proper care and precautions the trans­
planted oysters could be propagated in these localities on a large commercial 
scale. To test this possibility the author made an investigation of the inshore 
waters of Oahu and selected one section of Kaneohe Bay as a place which 
appears suitable for the establishment of an experimental oyster farm. 

Kaneohe Bay (fig. 9; pl. 3, B) is located on the northeastern shore of 
Oahu. It is about 8.½ miles long and 2_½ miles wide. It is separated from 
the ocean by a series of reefs and sand bars forming an outer boundary marked 
by a white line of breakers. The bottom is covered with coral reefs made 
primarily by Porites lobata Dana, Pocillopora daniicornis Dana, P. lingulata 
Dana, Montipora verrilli Vaughan, !VI. verrucosa Lamarck, Pavona duerdeni 
Vaughan, Dendrophyllia 11ia,nni Verrill, and Fungia scutaria Lamarck. 

Between the reefs the bottom is covered with soft mud. Extensive sand 
flats and bars are found near the outer edge of the bay, around some of the 
islands ( Ahuolaka, Kapapa islands) and along the western and southern 
shores of Mokapu Peninsula. The salinity of the water during June, 1930, 
varied between 34.29 and 36.08 parts per thousand. (For distribution of 
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salinity see fig. 9.) It is said that after heavy rains the eastern corner of the 
bay adjacent to Mokapu Peninsula may be affected by floods of fresh water 
which considerably reduce its salinity. 

The place selected for oyster planting is situated west and south of the 
southern end of Mokuoloe Island. Here the bottom is covered with a dense 
growth of corals standing up abruptly from a depth of about 35 feet. There 
is a strong current which brings the water from the open ocean. The place 
is sufficiently protected from heavy seas. 

The transportation of live pearl oysters presents certain difficulties which 

~ 
WAIK E 

l.186YVILL 

0 

MOKOLII I. 

C,, 

MILES 

' 

N 

s 

H[[IA 

u' 

< 
..,, 

0 

•>4.N 

MOKVOLOE I 

[) 

-:2'- KANEOHC 

0 

FrcuRE 9.-Sketch chart of Kaneohe Bay, Oahu. 



44 Bernice P. Bishop Museum-Bulletin 107 

one does not encounter in dealing with the edible oyster. Laboratory experi­
ments made by the author at the Marine Laboratory in Honolulu have demon­
strated that, unlike the edible oyster, the Hawaiian pearl oyster lacks ability 
to keep its valves tightly closed when taken out of the water. In a few min­
utes after being exposed to air it relaxes its adductor muscle, opens the 
valves, and loses all the water that fills the shell cavity. Within three or four 
hours the oyster dies. Obviously it must be kept fully submerged during 
transportation. This requires the construction of special tanks and arrange­
ments for pumping sea water. In order to test the feasibility of transporting 
oysters from Pearl and Hermes Reef to Honolulu two tanks were installed 
on the deck of the Whippoorwill. The tanks, made of 2-inch surfaced red­
wood, were 5 feet 10 inches long, 3 feet 6 inches wide, and 2 feet 2 inches 
deep. Their inside measurements were 5 X 3 X 2 feet. Sea water was 
delivered at the rate of 10 gallons a minute through a 2-inch pipe connected 
to the ship's circulating pump. The inlet was 1 inch above the bottom; the 
overflow spilled over the top. Each box contained four wooden frames, with 
bottom made of galvanized iron wire, which were placed in two tiers one on 
top of the other. Oysters were placed on the bottom of the boxes and in each 
tray. Altogether the two boxes held 320 oysters of medium size ( from 14 to 
17 cm. long). The oysters were collected during the survey of Pearl and 
Hermes Reef and were kept in shallow water at the wharf at Southeast 
Island. A few hours before departure they were transferred to the ship. 
Previously, the tanks were soaked in water for two weeks ,\nd thoroughly 
washed, and several tests were made to ascertain that the oysters would sur­
vive in them. During the return trip which lasted eight days the tanks were 
cleaned and the oysters examined every other day. Only 10 of them died in 
transportation, a very small percentage considering crowded conditions in the 
tanks and rough weather encountered during the voyage. It happened often 
that because of rolling and pitching of the ship oysters from the upper tiers 
were thrown on the deck, though they apparently suffered no injury. 

The circulating pump was working continuously until the ship reached the 
entrance to Pearl Harbor, when it was stopped. Two hours later the tanks 
with oysters and water were lifted from the deck by a crane, placed on a 
truck, and rushed to Kaneohe Bay. They were immediately dumped in shal­
low water near the wharf of the Territorial Game Farm. On account of soft­
ness of bottom and the influx of fresh water this section of the bay is unsuit­
able for pearl oysters. They were kept there only five days until arrange­
ments were completed for their transplantation to the reef near Mokuoloe 
Island. Here the oysters were scattered along the slope of the coral reef at 
depths varying from 15 to 35 feet. Two weeks later the reef was examined 
by the author. The oysters were found to be in good condition, and some of 
them had already attached themselves to the corals. 
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In December, 1930, at the request of the Chief Territorial Warden, Mr. 
Castle examined the reef and was able to count 121 oysters, of which four 
were dead. The last report of the chief warden states that the reef was 
examined again on April 17, 1931, by one of the Filipino divers employed 
during the expedition, who reported finding 150 oysters only two of which 
were dead. Six oysters taken out of water and examined by the chief warden 
were found to be in good condition and nearly doubled in size. 

The success in bringing live oysters from Pearl and Hermes Reef to Kane­
ohe Bay shows the feasibility of restocking the waters of the main islands of 
the Territory of Hawaii with this valuable species. One can not expect that 
300 specimens brought by the expedition will suffice; systematic transplanta­
tion would require a much larger number of oysters. The purpose of the 
present work was, however, to demonstrate the feasibility of transplantation 
of this mollusk and to determine the best method. 

CONCLUSIONS AND RECOMMENDATIONS 

The investigations of Pearl and Hermes Reef demonstrated the depleted 
state of pearl oyster bottoms which were discovered only three years before. 
From the scarcity of 1-year-old oysters an inference can be drawn that the 
normal propagation of the oyster community was affected by some adverse 
factor the true nature of which cannot as yet be definitely determined. 

It is possible to suppose that the failure of oysters to spawn in 1929 was 
responsible for the scarcity of young oysters in 1930. There is no evidence, 
however, to corroborate this supposition. On the other hand, a suspicion that 
fishing operations carried on in 1927-1929 interfered with the propagation 
of the oyster seems to be well justified. The adverse effect of intensive fish­
ing should be attributed not so much to the decrease in number of breeders 
(spawners) as to the inevitable destruction of spat which, as we have seen, 
attaches itself to the shells of the adult oysters. Even if the oysters are care­
fully culled before being taken ashore and all the spat returned to the reefs, it 
is doubtful that many can survive. All seed oysters examined by the author 
had very delicate shells which were easily injured when the oyster was de­
tached. Moreover, the chances are that when thrown in the water they will 
fall on soft or sandy bottom and perish before being able to reattach them­
selves. The introduction of a cull law will therefore be useless. The restric­
tion of the fishing season and closing of the fishing bottoms during the time 
of spawning may have a beneficial effect. However, because of our ignorance 
of the rate of growth of young oysters and their habits it is impossible intelli­
gently to formulate such regulations. 

The presence of a relatively large number of spat attached to the shells of 
the adult oysters indicates that the pearl oyster colony has not yet lost its 
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vitality. If it is left undisturbed for several years there is no doubt that it 
will reach its former size. 

The experience with newly discovered banks of pearl or edible oysters in 
various parts of the world teaches that the apparent richness of virgin bottoms 
is often misleading and is not indicative of their natural productivity. Many 
newly discovered oyster banks have remained undisturbed for possibly thou­
sands of years, so that dense populations represent the accumulated heritage 
of many generations. Many oyster banks which to their discoverers appeared 
to be inexhaustible were depleted in a very short time after the beginning of 
intensive fishing. Destroyed oyster banks along the coast of Maine and New 
Hampshire are the best examples of these conditions. The true productivity 
of any oyster bottom is determined by the rate of propagation and growth of 
its population, not by the abundance of individuals at the time of discovery. 
An understanding of these factors enables one to determine what portion of 
the population may be taken without depleting the whole community. Unfor­
tunately, our present knowledge of the biology of the pearl oyster is entirely 
inadequate to provide a scientific basis for the solution of this problem. 

It has been stated above that probably no more than 100 tons of oysters 
remain at present at Pearl and Hermes Reef. Considering that $250.00 a ton 
is probably the highest market value of shells, the total value of pearl shells 
left on the bottom is only $25,000. To this figure the value of pearls should 
be added. It is, of course, impossible to state how many pearls and of what 
quality could be obtained from the reef. On the basis of information received 
from parties engaged in pearling in this locality and from the data referring 
to pearling at Thursday Island (23) we can estimate about $150 worth of 
pearls to every ton of pearl shell. Thus, the combined value of pearl shells 
and pearls which are growing now on the bottom of Pearl and Hermes Reef 
does not exceed $40,000. The potential value of the bottoms, however, is 
much greater. There is no other place in the territory of the United States 
where a large number of pearl oysters can be found. Successful experiments 
in transporting live oysters from Pearl and Hermes Reef to Oahu and the 
presence of the same species in several islands of the archipelago show that 
cultivation of this oyster in the inshore waters of the Hawaiian islands is pos­
sible. It is desirable, therefore, to regard the pearl oyster bottoms of Pearl 
and Hermes Reef as a source of supply of breeders which could be used for 
restocking and cultivation. 

The success of the experiment in transplanting pearl oysters from Pearl 
and Hermes Reef to Kaneohe Bay indicates the feasibility of developing 
pearl oyster farming in Hawaiian waters. The number of oysters which were 
planted in the bay is, however, too small for restocking the extensive reefs 
in that body of water or for establishing an oyster farm. For the latter pur-
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pose a greater number of oysters should be transplanted and more informa­
tion should be obtained regarding the spawning, setting, and growth of this 
species. These biological observations should be carried on throughout the 
year by a trained biologist. It is recommended, therefore, that the Territorial 
Government appoint a qualified marine biologist to carry out the program of 
the investigations and continue the experimental work that was begun in 1930. 
At the same time private persons should be encouraged to undertake pearl 
oyster farming and develop a new industry in the territory. Because of a 
considerable demand for mother-of-pearl shells, market conditions appear to 
be favorable to the development of this valuable natural resource and pearl 
oyster farming may become an important industry of the Territory of Hawaii. 

It is also recommended to set aside Pearl and Hermes Reef as a Govern­
ment reservation from which no oysters should be taken except by the permis­
sion of the Government and exclusively for the purpose of transplantation 
and cultivations. Because of our lack of knowledge regarding the rate of 
propagation and growth of the oyster it is recommended to resurvey Pearl 
and Hermes Reef in 1935 in order to obtain a census of the oyster population 
and determine the number of oysters that could be taken for transplantation. 

Upon completion of biological and hydrographical observations presented 
in this paper the following recommendations were made to the Board of Com­
missioners of Agriculture and Forestry of the Territory of Hawaii: 

I. To forbid commercial fishing for pearl oysters in Pearl and Hermes Reef for a 
period of not less than S years. 

2. To resurvey the bottom of Pearl and Hermes Reef in 1935. 
3. To establish at Pearl and Hermes Reef a pearl oyster reserve from which oysters 

could be taken only by permission of the Government and exclusively for the 
purpose of transplantation and cultivation. 

4. To continue biological observations on the rate of growth, spawning, and setting 
of this species. 

5. To employ a marine biologist capable of carrying out these studies. 
6. To encourage the cultivation of pearl oysters in the Territory of Hawaii by 

private citizens. 

On September 15, 1930, the Governor approved regulations issued by the 
Board of Commissioners of Agriculture and Forestry; pearl oysters were 
placed under the protection of the Government, and to take oysters from 
waters under the jurisdiction of the Territory of Hawaii was prohibited. The 
full text of the order is as follows: 

Under authority of Act 209, Session Laws of Hawaii, 1929, the Board of Commis­
sioners of Agriculture and Forestry of the Territory of Hawaii hereby makes the follow­
ing Rule and Regulation for the conservation of pearl oysters in the waters under the 
jurisdiction of the Territory of Hawaii. 

Section 1. It shall be unlawful for any person, firm or corporation to take, molest, 
collect or destroy any kind of pearl oyster found in any of the waters under the j urisdic­
tion of the Territory of Hawaii. Provided, however, the Governor on recommendation 
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of the Board of Commissioners of Agriculture and Forestry may by proclamation declare 
an open season and permit the taking, etc., of any species of pearl oysters found within 
the waters under the jurisdiction of the Territory of Hawaii, for stated periods, and may 
at any time take either of said species of oysters for the purpose of propagating, experi­
menting and planting them in new localities and for scientific research work in connection 
with the propagation and cultivation of oysters. 

Section 2. Any person, firm or corporation violating any of the provisions of this 
regulation shall be subject to a fine of not more than $500.00 or to imprisonment for not 
more than six months or to both such fine and imprisonment in the discretion of the court. 
One half of all moneys collected from any fine imposed under this Regulation shall be 
paid to the person or persons assisting in the arrest and conviction of the offender. 

Section 3. This Regulation shall take effect upon its approval by the Governor of 
Hawaii. 

Adopted by the Board of Commissioners of Agriculture and Forestry this 12th day 
of September, 1930. 

Approved this 15th day of September, 1930, by Lawrence M. Judd, Governor of 
Hawaii. 
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