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Since the introduction of sugarcane into the
Southwestern Islands (Okinawa Prefecture
and southern islands of Kagoshima Prefec-
ture) about 300 years ago, some insects living
on gramineous crops and weeds have adapted
to attack this new crop, and others which were
originally restricted in southern areas (es-
pecially Taiwan) have been introduced into
these islands with sugarcane seedlings.

Following two features can be recognized
of the insect pests of sugarcane in the South-
western Island: (1) many of important pest
species are suspected to be introduced pests,
and (2) gradation-type outbreaks of soil-
inhabiting insect pests have recently been
noted in many parts of this area.

Introduced pests

Among nine species of important pests of
sugarcane, which were described in ‘Standard
of Control Practice of Insect Pests for 1975
(Okinawa Ken),” the oriental chinch bug,
Cavelerius saccarivorus, is known to be intro-
duced from Taiwan in or some years before
1915. This species is now found on all
parts of the Southwestern Islands. This is
an only case where year of introduction was
approximately estimated, but sugarcane leaf-
hopper, Perkinsiella saccharicida, is also con-
sidered to be introduced from Taiwan in the
biginning of this century. This species did
not become a serious pest of sugarcane in
Southwestern Islands as well as in Taiwan,
probably due to effective parasites. Although
direct evidence is lacking, there is a possibility
that some other species such as a moth-borer,

Eucosma schistaceana, sugarcane mealybug,
Saccharicoceus sacchari, and wooly aphid,
Ceratovacuna lanigera are also introduced
pests. FEucosma schistaceana is found in the
Southwestern Islands, Taiwan, The Philip-
pines, Indonesia and some distant localities
where sugarcane is growing. Sugarcane is an
only host plant so far known for this species”.
Saecharicoccus sacchari is also found in most
of sugarcane growing areas, possibly due to
introduction with cane seedlings.

Special remark must be made on a diaspine
scale, Aulacaspis takarai, which is a serious
pest of sugarcane in Miyako Jima (Miyako Is.)
and adjuscent islets since 1960’s. This species
was discovered in Miyako Jima in 1961 being
confused with another important pest of
sugarcane in southern areas, Aulacaspis
tegalensis. but deseribed in 1965 as a new
species. Takagi described this species also
from a bamboo, Plioblastus linearis, of Oki-
nawa Honté (the Island of Okinawa) but
there is no report to date on the infestation
of this species on sugarcane of Okinawa Hontd.
As Azuma, Oshiro and Nema?* failed to trans-
plant this population to sugarcane despite
more than ten thousand individuals were
tested, it is highly possible that A. takarai of
Okinawa Honté is a distinct race from that
of Miyako Jima. The author cannot deny a
possibility that A. tekarai (sugarcane race)
was accidentally introduced from a southern
area (e.g. Indonesia) into Miyako just after
the War II, because Indonesia is the mother
country of other two important Aulacaspis
species which attack sugarcane; A. tegalensis
and A. madjunensis, and there were frequent
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Fig. 1. Outbreaks of soil-inhabiting insect pests of sugarcane in Southwestern

Islands.

1: Tokunoshima, 2: Oki-erabu Jima, 3: Yorontd, 4: Kume Jima.
5: Miyako Jima, 6: Tarama Jima, 7: Isigaki Jima, 8: Iriomote Jima,

9: Hateruma Jima,
12 : Minami-Daitd Jima

immigrations of peoples from southern area
to Miyako just after the war.

Gradation of soil-inhabiting insects

One of the notable features recently seen
in sugarcane insect pests in the Southwestern
Islands is the gradation-type outbreak of soil-
inhabiting insect pests,

As shown in Fig. 1, outbreaks or severe
injury of soil-inhabiting species have been
known for 6 species and, at least, on 9 islands,
when we include locust and grasshoppers to
the soil-inhabiting insects as they lay eggs
into soil. It is notable that, for all the species,
when the population density once reached a
high level, the high density has been main-
tained for a long time. The situation resembles
to the ‘Gradation’ (a German ecological term)
in forest defoliators, and then we call these
the ‘gradation-type outbreak.’

10: Yonaguni Jima,

11: Kita-Daité Jima,

Population density of a wireworm, Mela-
notus sp. (tamsyuensis?) (Plate 1A) increased
to a high level in the southern part of Minami-
Daité Jima (Southern Daitd Is.) since 1965.
In the outbroken area, all the buds of sugar-
cane ratoons or seedlings were eaten and the
sugarcane field became a barren land (see
Plate 1B). This wireworm was known to be
a pest of sugarcane in Okinawa Prefecture
before the War II, but such a severe damage
was not known so far. The outbreak is
continuing till the present time and outbroken
area is gradually expanding year by year.
It must be noted that this outbreak began in
1965, before the prohibition of heptachlor use
in 1972. Heptachlor was an effective control
measure of this wireworm and a large amount
of this had been used in Minami Daitd Jima.
The author believe that this population became
resistant to the heptachlor. Similar outbreak
has also been known in the southern part of



Plate 1.

A: A larva of Melanotus sp. attacking sugarcane. B: Abandoned sugarcane
fields due to severe damage by Melanotus sp. (1973, Minami-Daité Jima). C:
Group of lst instar nymphs of Locusta migratoria phase (ransiens (June 1973,
Minami-Daitd Jima). D: Mass-flight of Locusta migratoria phase (transiens
(December 1974, Kita-Daité Jima). E: A male (top) and a female (bottom) of
Mogannia iwasakii, F: Nymphs of Mogannia iwasakii found under a single stool
of sugarcane (1973, Isigaki Jima).
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Miyako Jima and a restricted part of Ishigaki
Jima since the beginning of 1970’s. Among
chemicals we can use now, only DD and EDB
were effective to control this species,

The locust, Locusta migratorie, several
times invaded into the Southwestern Islands
from the Philippines, but there was no case
where the phase transformation took place in
these islands before 1971. Solitary phase of
this species is always seen in the South-
western Islands but the density never reaches
to such a level that leads serious injury. An
unusual rise in the density of this locust was
first noted in Minami-Daité Jima (a small,
flat, islet where sugarcane occupies more than
609% of land) in 1971. Marching of black-
coloured nymphs (Plate 1C) and gregarious
oviposition, both of which are features of the
transient and gregarious phases, were ohserved
in 1972 and 1973%. Swarming of a number
of adults (possibly more than one hundred
thousands) was observed in Kita-Daité Jima
(northern Daité Is.) in December, 1974
(Plate 1D). Morphometric analysis confirmed
the idea that the phase transformation from
solitary phase to transient phase has taken
place in Minami-Daitd Jima®, Epidemic status
of L. migratoria in Minami- and Kita-Daitd
Jima is continuing till the present time (1975),
In addition, another outbreak and partial phase
transformation of L. migratoria was observed
in Tarama Jima in 1974. Although Uvarov'®
wondered whether the populations of L. migra-
torie in small island can respond to the over-
crowding to cause phase transformation or
not, It6 and Yamagishi® claimed that other
outbreaks and consequent phase transfor-
mation should take place in islands, of which
ecological situations are similar to Minami-
Daitdé Jima.

In Tarama Jima, a grasshopper, Hierogly-
phus annulicornis, which was previously not
so common in the Southwestern Islands, has
also reached an epidemic level in recent years.

Outbreaks of a white grub, Anomala allo-
pilosa, have been reported on five separated
islands in 1974; Tokunoshima, Oki-erabu Jima,
Yoron-t6, Motobu Peninsula of Okinawa Hontd,
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and Miyako Jima. The number of adult beetles
caught by light traps in Miyako in 1974 and
1975 was ten times as many as those in 1970
to 1974, and the damage was so gevere that
even ratoon canes died almost completely in
the centre of outbreak,

A biologically interesting phenomenon is the
gradation of a cicada, Mogannia iwasakii, in
sugarcane fields of Isigaki Jima, Miyako Jima
and a vrestricted part of Okinawa Hontd
(Plate 1E, F), Since the first discovery in
1907, this endemic cicada was known to in-
habit Miscanthus grassland and nobody recog-
nized this as a pest of sugarcane. But heavy
infestation of this species to sugarcane was
reported in Isigaki Jima since 1965 (Fig. 2F)
and in Okinawa Hontd since 1967. The density
of cicada is tremendously high, 200 to 400
adults emerge per 1m? leaving more than
50,000 eggs.

Based on their ecological studies, Ité6 and
Nagamine”® and Nagamine and It6” pointed
out three features of the outbreak of this
cicada:

(1) In this species, having once reached
an epidemic situation, the unusually high
density has lasted semi-permanently and the
amplitude of population fluctuation is remarka-
bly small.

(2) The micro-geographical distribution
of this species is unique, that is, in Okinawa
Hontd, the density of this species suddenly
rise from zero to an enormously high level
within narrow transient zone of which width
is less than 1 km (Fig, 2). Thus the distribu-
tion pattern of density along a line from one
unifested area, through the centre of infes-
tation, to another uninfested area does not
resemble a mountain with a wide circum-
ference but rather a trapezoid with sides
nearly vertical.

(8) Life table study showed that more
than 95% of individuals are killed just after
the egg hatch, mainly due to predation by
ants. We considered that in the outbreak area,
when the density once exceeded a threshold
level, the population of this species could
escape from any pressure of natural enemies,
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Fig. 2. Distribution of the numbers of adults and exuviae of Mogannia
fwasakii along a sea-side road through the outbreak centre.
Broken lines indicate a route other than the sea-side road. Vertical
bars attached to the circles indicate the range of values (From Ité

& Nagamine, 1974)

and, this resulted in a long-continued outbreak.

It is a curious fact that the population
density of cicadas, which for a long time
were unknown as sugarcane pests, has recently
reached epidemic levels in sugarcane fields of
several different localities. These are, Yanga
guttulata in Madagascar (since 1962), Cica-
detta. (Melompsartia) puer (since 1962) and
Parnkalle muelleri (since 1964) in Queensland,
and Mogannia hebets in Taiwan (since 1962).

In 1975, we saw a number of adults of other
cicada, Platyplewra kwroiwae in sugarcane
fields of Motobu Peninsula of Okinawa Hontd,
Oki-erabu Jima and Tokunoshima, As P. kuro-
twae is an inhabitant of pine wood, this out-
break which is believed to begin in 1974, is
of course a strange phenomenon.

Destruction of natural enemies (especially
of ants) due to over-use of organochlorine in-
secticides was considered to be a cause of
the outbreak in Queensland'’ and Madagas-
car”. Dubois™ also remarked that the increase
of the number of ratooning is an important
cause of the population increase, because
ploughing results in 90 to 95% mortality of

nymphs.

Cumulative amount of the organochlorine
insecticides used in sugarcane fields of Oki-
nawa Prefecture exceeded 730 kg /ha till 1972
when use of these chemicals was prohibited.
This over-use might result in decrease of
natural enemies, especially ants. The number
of ratooning increased since the introduction
of a new variety NCo 310 and sometimes
reached more than 8 times. Nagamine and
1t6™ considered that either or both of these
factors should be responsible for the outbreak
of cicadas.

It is highly possible that these two factors
should also be a major cause of outbreaks of
other soil-inhabiting species. Having once
reached an epidemic level, escape from the
pressure of natural enemies may be responsible
for the maintenance of the high population
level for a long time.

The organochlorine insecticides are still
being used in sugarcane fields of many coun-
tries, because there is no other effective in-
secticides to control soil insects and only a
trace of these insecticides could be detected
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in sugar. But this policy may not only result
in further contamination of ecosystem but
also lead danger to human health when the
bagasse becomes to be used as a food of live-
stock. Other control measures such as the
sex pheromone of wireworm'® and pathogenes
of cicada and wireworms', and the method
to combine these with insecticides should be
explored to control soil-inhabiting insects,

Island ecology

According to MacArthur and Wilson's”
theoretical discussions on the relative sim-
plicity and unstableness of island fauna, the
richness of fauna is determined by the proba-
bility of immigration and extinction; the both
being, in turn, functions of (1) area of island,
(2) distance from the mainland, and (8) time.
The younger, smaller, and/or farther the
isalnd is, more simple fauna can be seen. This
is the case of islands such as, Minami- and
Kita-Daité Jima, Tarama Jima, Oki-erabu
Jima and Miyako Jima. It has been pointed
out that there may be empty niches in such
an island, which enable introduced animals to
establish more easily than continent, to expand
their habitat, and increase their numbers to
an enourmously high level. This may be one
of the causes of some of the strange phenomena
reviewed in the previous sections.

The above mentioned features of the island
fauna offer, on the other hand, good conditions
for the bhiological control of insect pests by
introduction of natural enemies. In this re-
spect, it is notabe that the introduction of
Japanese weasel, Mustela itatst, to control rats
and mice in sugarcane fields succeeded only in
small islets, such as Minami-Daité Jima and
Hateruma Jima, but failed in a larger island
such as Isigaki Jima.

Cavelerius saccharivorus is attacked by two
parasites, Phanurus blissae and Phanurus sp.,
in Taiwan where the density is low, but the
latter parasite is not found in the Southwest-
ern Islands, Ceratovacuna lunigere has some
parasites in Indonesia but no parasite is so
far found in this area. Introduction of para-
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sites of these two species is worth to be at-
tempted. Introduction of parasites or predators
against Aulacaspis takarai is also worth to be
attempted, because this species is suspected
to be an introduced pest. In addition, there
is a possibility that some islands lack some
of natural enemies of sugarcane pests which
are seen in other islands. In this case, ex-
change of natural enemies within South-
western Islands is promissing, Detailed survey
on the natural enemy fauna in all the islands
where sugarcane is growing is needed,
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