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We have examined harpacticoid copepods inhabiting the phaeophyte Miyok, Undaria pi-

nnatifida (Harvey), on the southern coast of Korea and cultured in the laboratory pieces

of Miyok frond heavily infested by frond-mining nauplii to identify the harpacticoid cope-

pod to which those nauplii belong. Of the harpacticoids found in Miyok-washings, only

Amenophia orientalis Ho and Hong and an unidentified species of the genus Scutellidium

occurred consistently in all Miyok samples examined. Many females of both species carried

egg sacs. In the cultures the frond-mining nauplii developed, in 15 days at 15, into cope-

podid stages or adults that were all identified with Amenophia orientalis. 1t is therefore

concluded that this species is the causative agent for the so-called pinhole disease of the

cultivated Miyok on the southern coast of Korea, which is diagnosed by the appearance

on the thallus of numerous pinholes occupied by developing nauplii.

Introduction

The so-called pinhole disease of the cultivated
Miyok (the brown alga Undaria pinnatifida) in Ko-
rea is a well-known plague inflicting a considerable
damage to the Miyok farms in Korea. Because of
the ever increasing demand for Miyok as a food
item, Miyok cultivation in Korea has developed as
a major mariculture industry in recent years. In the
past few years, however, the industry has suffered
greatly with the pinhole disease which is diagnosed
by the appearance of numerous pinholes in the
thallus of Miyok. Affected Miyok is therefore con-
sidered unfavorable for human consumption.

A scientific article reporting on the pinhole di-
sease of Miyok was first published in Japan by To-
rii and Yamamoto (1975), who described a Thalest-
ris sp. belonging to the harpacticoid copepod family
Thalestridae as the causative organism. Subsequen-
tly, the same disease was reported from Miyok fa-
rms in Korea by Kang (1981), who also assumed

a Thalestris sp. as the causative agent, but no relia-
ble evidence supporting his claim was presented.
Recently, Ho and Hong (1988) described two new
species of thalestrid harpacticoids from Miyok fa-
rms on the southwestern coast of Korea. As their
species were collected from infested fronds, they
considered them to be responsible for the infesta-
tion.
-_In studies on the harpacticoid copepods recove-
red in Miyok-washings, we have found not only
those previously regarded as causative organisms
for the pinhole disease but also several other har-
pacticoid species. One of which, Scutellidium sp.,
occurred consistently along with Amenophia orien-
talis Ho and Hong (1988) described as a causative
agent.

Furthermore, Parathalestris infestus which Ho
and Hong (1988) described as another causative

" species was found only occasionally. Therefore, we

have reopened the question of what species is/are
responsible for the Miyok pinhole disease in Korea.
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Materials and Methods

For the studies of the harpacticoid fauna in Mi-
yok beds, samples of heavily infested Miyok were
collected from Miyok farms on the southern coast
of Korea. Each sample (about 5 kg in wet weight),
after draining excess water by suspending it in air
about 20 seconds, was soaked in a 10% formalin.
Later in the laboratory the preserved Miyok was
washed to recover harpacticoids.

For the culture of harpacticoids, infested Miyok
fronds were cut in pieces about 3X5 cm? contai-
ning about 100 pinholes occupied by developing
nauplii. The pieces of fronds were individually cul-
tured in covered petri dishes 10 cm in diameter at
a constant temperature of 15T in an incubator.
Water of the culture dishes was changed every
other day by transferring the fronds as well as the
free copepods to a new petri dish filled with filte-
red seawater. Protozoa were found on the frond
throughtout the culture and their number seemed
to increase with time. But no attempts were made
to identify them or assess their abundance. The
cultures were examined under dissecting micros-
cope once every day, and one or two cultures were
fixed in formalin for closer observations of the de-
veloping harpacticoids.

Results and Discussion

As shown in Table 1, Amenophia orientalis and
Scutellidium sp. occurred consistently in all Miyok-
washings, and these two species together compri-
sed over 87% of the total number of harpacticoids
found in every sample. Also found were about 10
other harpacticoids species, but none of them inc-
luding Parathalestris infestus Ho and Hong (1988)
originally described from Miyok beds on the south-
western coast of Korea were common nor did they
occur consistently in this study. Amenophia orienta-
lis and Scutellidium sp., the two common species
found in the study, were very characteristic by
their bodies, which were highly depressed dorso-
ventrally while all other harpacticoid species found
were cylindrical.

Table 1. Harpacticoids found in Miyok-washings
Loction gl (2 compontion)
Songjeong* 5/8/90 Amenophia orientalis  (49)
Scutellidium sp. (43)
others ®
5/24/90  Amenophia orientalis  (47)
Scutellidium sp. (42)
others 1n
5/31/90  Amenophia orientalis  (33)
Scutellidium sp. 61)
others (6)
Wando** 6/4/90 Amenophia orientalis  (54)
Scutellidium sp. (33)
others (13)

*on the southeastern coast of Korea
** on the southwestern coast of Korea

Table 2 shows the results of the culture experi-
ment in which pieces of Miyok fronds containing
pinholes (about 100 per piece) occupied by develo-
ping nauplii were cultured individually in coverd
petri dishes at 15T in an incubator. The infested
fronds used in the experiment were collected on
May 24, 1990 in a Miyok farm in Songjeong on the
southeastern coast of Korea. The collected fronds
were brought to the laboratory and their culture
was begun about two hours later on the same day.

At the beginning of the culture, the developing
nauplii in pinholes of the fronds were all at the ea-
rly nauplius stage. In four days, about 80% of them
developed into late nauplii or beyond; in seven
days, about 90% developed into early copepodids
or beyond; in 11 days, about 90% developed into
late copepodids or adults, and in 15 days, 31% rea-
ched the adult stage.

The adults obtained in the culture agreed in mo-
rphological details with the descriptions of Ameno-
phis orientalis given by Ho and Hong (1988), and
all developmental stages found in the cultures be-
longed to the same species.

The Miyok frond, from which infested pieces
were cut out for the culture experiment, was found
to harbor Amenophia orientalis, Scutellidium sp. and
other harpacticoid species in a ratio of 47:42:11,
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Table 2. Development of Amenophia orientalis reared from early nauplius stages in laboratory*

No. of No. of % composition of
Dat Length of culture pinhole copepodids development stages found™*
ate in days in_the recovered

l culture I 11 il v v
5/24%* | 0 100
5/28 4 346 167 21 71 8
5/31 7 398 144 9 75 16
6/4 11 278 79 1 8 86 5
6/8 15 330 56 5 64 31

* Pieces of Miyok frond containing about 100 pinholes occupied by developing nauplii were cultured in

covered petri dishes at 15T in an incubator.

** Developmental stages:
V =adults.

*** The starting date of the culture.

and in the first two species all stages including
ovigerous adults were common. However, all late
copepodids and adults, stages that permit a positive
species identification, developed from the nauplii in
pinholes cultured were of only one species, Ameno-
phia orientalis.

According to the ratios of the number of cope-
pods obtained in the culture and that of pinholes
in the fronds, about a half of the cultured harpacti-
coids survived after four days, about 28% survived
after 11 days, and only 17% survived after 15 days.
These low survival rates resulted from the death
of all copepods in a number of cultures. In some
cultures, however, up to 60% of the nauplii survi-
ved to develop into late copepodids or adults.

As the nauplii molted into copepodids, they cra-
wled out of the hole and started moving actively
on the surface of the frond. They began eating al-
gal tissue on the surface usually without digging
through the fronds. The fronds therefore showed
increasing numbers of scratch marks on the surface
as the copepodids actively consumed the algal tis-
sue.

In all of the cultures, we have observed many
protozoa crawling on the frond. Their number see-
med to increas with time. We were not able to de-
termine, however, whether the copepods actually
preyed on these protozoa.

We have not observed newly hatched nauplii sta-
rted digging into the algal tissue, but we have ac-
tually observed nauplii in the pinholes that were
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=early nauplii, II =late nauplii, Il =early copepodids, IV =late copepodids,

actively nibbling the algal tissue. The nauplii had
massive, jaw-like antennae similar to those found
in other frond-mining nauplii described by Harding
(1954) and Fahrenbach (1962). Initially the hole
was round and big enough to accommodate just
one nauplius, but it became elongate as the naup-
lius dug in one directions. By the time when the
nauplius was ready to molt into a copepodid, the
hole was as large as about seven times the residing
copepod, and the surrounding algal tissue was dark.
The edge of the hole, however, showed no obvious
growth forming a gall as in other frond-mining har-
pacticoids.

As shown by Fahrenbach (1962) and Ho and
Hong (1988), several harpacticoid species parasitic
to red algae have been descrived, including all
nauplius and copepodid stages in some species. In
two species, Diarthrodes feldmanni and Diarthrodes
¢ystoecus, both larvae and adults are known to feed
on the algal tissue (Bocquet, 1953; Fahrenhach,
1962).

All of these parasitic harpacticoids are known to
mine and produce galls or pinholes on the frond.
Simihiar galls or pinholes occupied by nauplii were
first found in the phaeophyte Miyok Undaria pin-
natifide in Japan by Torii and Yamamoto (1975)
and in Korea by Kang (1981). Adult harpacticoid
copepods to which these mining nauplii were belie-
ved to belong have been described for the first
time in Korea by Ho and Hong (1988). Of the two
species, Amenophia orientalis and Parathalestris in-
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festus, described by Ho and Hong (1988), however
only Amenophia orientalis was found in the study
to be conspecific with the nauplii mining the frond
of Miyok in Korea. In our knowledge, our study is
the first to identify the minign nauplii by rearing
them in the laboratory up to the adult stage.
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