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Text-fig. 5. Distribution of B. reticulatus in Tanabe Bay. 

find B. kondakovi on the rocky shore, 
floating objects or piles there. 

In Hiroshima Bay, four species, B. 
amphitrite, B. albicostatus, B. reticulatus 
and B. Iwndakovi, were found together 
on the cultured oyster (Crassostrea gigas) 
(ARAKAWA, 1973). The writer found an 
association between B. kondakovi and B. 
albicostatus near Yanagawa, Saga Pref., 
in Ariake Bay, and between B. kondakovi, 
B. amphitrite and B. reticulatus in Hamana 
Lake, in both cases on the stakes of 
bamboo. B. kondakovi is generally not 
found on rocky shores, but rather on 
piles, oysters and stems of plants etc., 
in the innermost part of the bay.' B. 
kondakovi may be ecologically different 
from three other species. 

In conclusion, the distribution of B. 

kondakovi does not completely coincide 
witj1 that of the other three species in 
geographic sense, and the range of B. 
reticula/us does not completely agree 
with that of B. amphitrite and B. albi
costatus in vertical sense. However, a 
strictly sympatric relation between these 
four species of B. amphitrite group can 
be observed not only in the Tanabe Bay 
but also at many other localities in 
Japan. Therefore, geographical vari
ation (subspecies) and/or ecophenotypic 
effect do not explain the morphological 
differences. It is clear these four taxa 
are distinct at the species level. 

Mechanisms of reproductive isolation 
Because of the definition of species 

(MA YR, 1963), reproductive isolation is 
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the most important criterion for the 
discrimination at the species level. 
Species of superfamily Balanoidea are 
hermaphrodites, with the exception of 
four species of commensal forms (HENRY 
and McLAUGHLIN, 1967; McLAUGHLIN 
and HENRY, 1972) which have complement
al male. Though there are some evidences 
of self-fertilization (CRISP, 1954; BARNES 
and CRISP, 1956; BARNES and BARNES, 
1958, etc), method of reproduction of 
hermaphrodite is III general cross 
fertilization. Fertilized eggs hatch into 
nauplius larvae and are kept in the 
mantle cavity of adult individual until 
the larvae reach a certain developmental 
stage. Therefore, the period when 
mature eggs or nauplius larvae are 
found in the mantle cavity of adults 
may be regarded roughly as breeding 
season. Whether or not the eggs 
attain the mature stage can be judged by 
the darkness in color of eggs. The dif
ference in breeding seasons of closely 
related species 1vfegabalanus rosa and 
M. volcano, which had been previously 
treated as two subspecies of M. tintin
nabulum, were interpreted as a possible 
mechanism of reproductive isolation 

(Y AMAGUCHI. 1973). In fact, the breed
ing season of M. rosa is in March to 
May (Spring) when the water temper
ature begin to rise, while that of M. 
volcano corresponds to the period of 
maximum water temperature in July 
to October (Summer to Autumn). 

Reproductive seasons of members of 
the B. amphitrite group in Japan has 
not yet been sufficiently examined. 
However, nauplius and cyprid larvae of 
B. amphitrite and B. albicostatus were 
reared in the following seasons: May 
to August (B. albicostatus) at Misaki by 
ISHIDA and Y ASUGI (1937), July to 
September (E. amphitrite) at Akiho, 
Yamaguchi Pref. by HUDINAGA and 
KASAHARA (1942). Larval settlements 
of B. amphitrite, B. albicostatus and B. 
reticulatus were observed in the follow
ing seasons: April to December (E. 
reticulatus) by MAw AT ARI and KOBA
YASHI (1954a, b), May to November (B. 
amphitrite and B. reticulatus) by Y AMA
MURA, KUWATANI and NISHII (1969), 
April to December by Y AMAMURA 
(1972). All the above three observations 
made at Ago Bay agreed that the 
larval settlements of three species 

Explanation of Plate 21 

(Photo by scanning electron microscope (SEM).) 
Fig. 1. Balanus amphitrite DARWIN from Tanabe Bay (Loc. H). la. labrum, av., x 100., lb. 

8th segment of right cirrus III, Iv., x300., lc. 8th segment of right cirrus IV, Iv., x250. 
Fig. 2. Balanus albicostatus PILSBRY from Tanabe Bay (Loc. H). 2a. labrum, av., x 100., 2b. 

8th segment of right cirrus III, Iv., x 200., 2c. 10th segment of right cirrus IV, Iv., 
x 300. 

Fig. 3. Balanus reticulatus UTINOMI from Tanabe Bay (Loc. H). 3a. labrum, av., x 100., 3b. 
8th segment of right cirrus III, Iv., x200., 3c. 10th segment of right cirrus IV, Iv., 
x 300. 

Fig. 4. Balanus kondakovi TARASOV and ZEVINA from Kasaoka Bay, Okayama Pref. 4a. 
labrum, av., x 100., 4b. 12th segment of right cirrus III, Iv., x 250., 4c. 11th segment of 
right cirrus IV, Iv., x 250. 

[Description to be published in Part 2J 
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attain their maximum activity in june 
to October. Unfortunately, the exact 
breeding seasons of these species were 
not mentioned by these authors. Some 
of these may breed all the year round. 
However, the breeding seasons of these 
three species seem to be in summer 
and roughly coincide with each other. 

Morphological difference between these 
three species cannot be explained by poly
morphism, because only one of them is 
represented at some places. Hybrids 
have never been found. Therefore, it 
is interpreted that these three species 
are distinct from one another. If they 
are not reproductively isolated by dif
ferences in breeding seasons, it must 
be by some other unknown mechanism. 

Stratigraphic distribution 
The oldest fossil of B. amphitrite 

group so far known from japan is 
traced back to the Pleistocene. 

Fossil B. kondakovi has been found 
attached to the bank forming oysters 
in the Pleistocene and the Holocene 
sediments at Locs. 24a, 30d, and 34. 
They are, however, not associated with 
other species of B. amphitrite group. 
Fossil oyster bank which is represented 
by autochthonous Crassostrea gigas sug
gests an environment of the innermost 
portion of the embayment. Thus, the 
habitat of B. kondakovi has been un
changed since the Pleistocene. 

Fossil B. albicostatus has been found 
in association with B. reticulatus in the 
Pleistocene and the Holocene sediments 
at Locs. 21, 28a-b and 30a, g. Thus, 
the sympatry of these two species was 
already established before the Pleistocene. 

Living B. amphitrite is found in as
sociation with B. albicostatus and/or B. 
reticulatus in various bays of japan. B. 
albicostatus and B. reticulatus are found 
on the shells from the shell mounds of 

the jomon age (3500-4200 Y. B. P.) (Locs. 
19b, c) and the Kofun age (500-700 
A. D.) (Loc. 19a). Yet, fossil or even 
semifossil B. amphitrite* has never been 
found in japan. Therefore, it is highly 
probable that B. amphit1'ite is a new 
comer to the japanese coasts sometimes 
in the historical age, as was assumed 
by HIRO (1938). 

According to the trustworthy obser
vation made by HIRO (1938) before the 
World War II, B. amphitrite hawaiiensis 
(=B. amphitrite) and B. amphitrite 
communis (=B. reticulatus) live on the 
shore below the low tide line, while B. 
amphitrite albicostatus (=B. albicostatus) 
are always found in the intertidal zone. 
In detail, B. amphitrite is dominant and 
B. reticulatus is rare in such bays under 
little influence of oceanic water as Kure 
and Sasebo harbors. On the other hand, 
B. amphitrite is extremely rare and B. 
reticulatus is a common species in the 
bays faced on Pacific Ocean. 

The recent observations made by the 
writer in japanese embayments, includ
ing Kure and Sasebo harbors, clarified 
the fact that B. amphitrite as well as 
B. albicostatus becomes abundant in the 
intertidal zone. B. reticulatus, however, 
is still found to the lower level of 
intertidal zone of shore or on floating 
objects. In conclusion, B. amphitrite 
seemingly extended its habitat into the 
intertidal zone in various bays of japan 
during the past half century. The ap
parent shift in the vertical distribution 
of B. amphitrite may be interpreted as 
a result of the combination of two 
factors, first, the increase in individual 
number of B. amphitrite over the general 
area of B. albicostatus and B. reticulatus 

* OHARA (1969) reported on occurrence of 
B. amphitrite from the Pleistocene Semata 
formation; however, it seem that the identi
fication is incorrect. 
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in the intertidal zone and the zone be
low the low tide, and second, the thin 
out of B. amphitrite in the zone below 
the low tide, due to the competitive 
advantage of B. reticulatus over B. 

amphitrite. This assumption seems 
interesting but entrust its proof to 
further observation. 

[to be continued] 

Explanation of Plate 22 

Figs. 1-5. Balanus albicostatus PILSBRY from the Holocene Numa Formation (Loc. 28a). 1a
b. whole wall (UMUT -CA8313), x 2., 2a-b. exterior and interior views of right scutum 
(UMUT-CA8314), x5., 3a-b. exterior and interior views of right tergum (UMUT-CA 
8315), x5., 4a-b. exterior and interior views of rostrum (UMUT-CA8316), x3., 5a-b. 
exterior and interior views of left lateral (UMUT-CA8317), x3. 

Figs. 6-10. Balanus reticulatus UTINO~H from the Holocene Numa Formation (Loc. 28a). 6a
b. whole wall (UMUT -CA8318), x 2.5., 7a-b. exterior and interior views of left scutum 
(UMUT-CA8319), x 5., 8a-b. exterior and interior views of right tergum (UMUT-CA 
8320), x5., 9a-b. exterior and interior views of rostrum (UMUT-CA8321), x3., lOa-b. 
exterior and interior views of right lateral (UMUT -CA8322), x 3. 

Fig. 11. Balanus reticulatus UTINOMI (UMUT -CA8323) on Cerithideopsilla dj adj ariensis (MARTIN) 
from the Holocene Of una Shell Bed (Loc. 30e), xl. 

Fig. 12. Balanus reticulatus UTINO:VIl (UMUT -CA8324) on coral from the Holocene Taito-zaki 
Formation (Loc. 21), xl. 

Figs. 13-18. Balanus kondakovi TARASOV and ZEVINA from the Pleistocene Akasawa Silt (Loc. 
42a). 13a-b. whole wall (UMUT -CA8325), x 1.5., 14a-b. exterior and interior views of 
right scutum (UMUT -CA8326), x 5., 15a-b. exterior and interior views of right tergum 
(UMUT -CA8327), x 5., 16a-b. exterior and interior views of left lateral (UMUT-CA8328), 

... x 2.5., 17a-b. exterior and interior views of left carinolateral (UMUT -CA8328), x 2.5., 
18. shell wall (UMUT -CA8329) on Crassostrea gigas (THUNBERG), x 1. 

[Description to be published in Part 2J 
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