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PART II. SOME ECOLOGICAL INFORMATIONS 

1. General Remarks on the Biology of Orchestia 

platensis japonica 

Orchestia platensis japonica is well known as one of the "sand-hoppers" 
among the gammaridean group and commonly inhabits at the high-water 
marks on the beach; often found in a great abundance under damp seaweed 
or straw-mat washed ashore, sometimes living under dead leaves in the damp 
places far above the sea-shore. The animal is a scavenger, showing the 
feeding habit of a "biting" type, and often seen crowding together and biting 
at the shucked meat of oyster while the animals are kept in an experimental 
glass-vessel in the laboratory. 

The material was collected once a month from March 1962 to March 1963, 

at the high-water mark on the beach of Onoura, Saeki-gun, Hiroshima Pref., 
where the sampling spot was located just beneath the stone wall, submerged 
always in the high-tide of each lunar month and covered all over with 

Publ. Seto Mar. Bioi. Lab., XIII (5), 327-348, 1966. (Article 17) 
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Fig. 45. Seasonal change of size-composition of Orchestia platensis japonica. (For female: 
• ovigerous female; ~ females whose ovary is well developed; [!] females bearing 
the empty brood pouch), 
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empty shells of "Asari ". Sampling in each month was made in the daytime 
of the new moon or the full moon when the tide was outgoing, keeping a 
constant distance from the stone wall. The specimens were put quickly 
into the collecting bag by a small elliptical hand shovel. 

The length of animals is measured from head to telson along the natural 
curve of the dorsal line. All the individuals or a part of the total collection 
of each month were measured and sorted into size groups. Seasonal change 
of size-composition may be seen by comparing one another the results of 
analyses of the specimens scooped by shovel in respective months (Fig. 45). 
The individuals less than 4.5 mm long are defined as the sexually indifferen
tiated youngs and treated together with the female. Adult females examined 
are classified into three groups according to the states, ovigerous, with fully 
developed ovary, or with the empty brood pouch. The number of em
bryos or youngs within the brood pouch is counted, when the animals are 
ovigerous. 

The spawning appears to continue nearly throughout the year, and there
fore it is difficult to define distinctively each spawning group, but it is 

Table 2. Collecting data in reference to the investigation on the biology of Orchestia 
platensis japonica. 

Date 

7/III 

6/IV 

4/V 

4/VI 

2/VII 

2/VIII 

1/IX 

1/X 

1/XI 

12/XII 

10/I 

25/II 

26/III 

Material examined 
------------~----------------~ 

Time Age of W.T. Extracting Total Indiffer- Female Male 

12.00 

11.45 

11.00 

10.40 
10.30 

11.00 

11.10 
11.50 

13.00 

11.45 

11.00 

11.50 

11.20 

moon ( oc) rate entia ted 4.6-
in days young 6.0 rom 

4.5 rom> 6.1 rom< 

0.7 

1.3 

29.3 

1.6 

0.1 
1.6 

2.0 

2.3 

3.6 

14.9 

14.2 

1.0 

0.6 

10.7 

12.0 

18.0 

19.2 

21.6 

26.8 

27.2 

24.2 

19.9 

12.9 

10.2 

6.2 
11.0 

1/4 

1/4 

1/4 

1/2 

1/2 

1/1 

1/1 

1/1 
1/1 
2/3 

1/2 

1/3 

1/2 

406 
212 

208 

174 

157 

212 

66 
216 

181 

146 
210 
189 

187 

23 

7 

20 

75 

52 

125 

6 

118 

48 

12 

19 

38 

1 

80 

11 

2 

3 

45 

64 

20 

12 

30 

13 

37 

22 

8 

236 

154 

119 

68 

37 

5 

20 

63 

71 

74 

88 

65 

134 

67 

40 
67 

28 

23 

18 

20 

23 

32 

47 

66 
64 
44 

probable that two active spawnings are seen in the period from spring to 
early summer and in the autumn season from October to November. The 
spawning season in spring is more prominent than that in autumn, and the 
total number of spawns is considered to be most abundant in this season 
throughout the year, although a large number of the newly hatched small 

specimens are not shown in the figure; this is probably on acc;ount of eitber 
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the error of samling or of the operation extracting samples from the total 
specimens collected. Similar seasonal change of size composition and the 
presence of two main spawning seasons, were also observed at another 
station on the same beach, at a certain damp place where the kitchen re
sidues were piled up. 

Ovigerous females are 6.0-6.5 mm in length at the minimum. For the 
external appearances of the adult females drawing toward the spawning, 
the marsupial plates begin to develop at first, in time the ovary comes to 
mature fully so that the purplish blue mass can be seen through the dorsal 
chitinous cuticle of the pereion, at this time the marsupial plates have fairly 
developed, but not yet armed fully with the marginal setae, and then the 
individuals bearing embryos within the brood pouch come to appear. The 
moulting will be taken just before the issue of mature eggs into the brood 
pouch, and after this moulting the so-called "riding position" will be seen 
again, followed then by a copulative posture immediately before or in the 
middle of the issue of mature eggs. It is pretty sure that the fertilization 
takes place outside the body. During the breeding period with embryos 
within the brood pouch, the marsupial plates develop fully and are densely 
armed with long marginal setae. After the release of youngs or embryos, 
the fully developed marsupial plates remain empty for a short period and 
then fall off in time. Such breeding processes are repeated several times 
by each adult female during the spawning season. Durations for respective 
processes (e.g. of riding position, purplish blue state of ovary, of incubation 
of embryos within the brood pouch, and of retaining the empty pouch), are 
not made clear as yet; this requires many careful observations in laboratory 
in future. It is, here, to be noted that the purplish blue state of ovary has 
never be seen from the outside in all of 434 ovigerous specimens. The 
mature eggs within the ovaries may all be issued into the brood pouch in 
a short time. 

Thus, as shown in the figure, the females defined as "females whose 
ovary is well developed" always indicate to be in a state prior to the 
ovigerous stage, and "females bearing the empty brood pouch" always in a 
state after the release of youngs or embryos from the brood pouch. The 
latter is clearly distinguished from the former in having marsupial plates 
fully developed, but no sign of the purplish blue mass of ovary. 

The size of mature ova within the ovary is 0.32mm-0.43mm in diameter. 
The embryonal stages within the brood pouch were provisionally divided into 
"eggs", "medium", and "advanced" stages, respectively 0.62 mm, 0.71 mm, 
and 0.79 mm in diameter on an average. In the "advanced" stage, the 
appendages of the youngs are more or less perceptible through the chorion, 
and the shape is almost ovoid, 0.83-1.05 mm in longer diameter. The newly 
hatched young is 1.5-2.0 mm long. 
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More than 50 percent of ovigerous females bear 5-9 embryos within the 
brood pouch respectively, but 22 at the maximum in a 10.7 mm long specimen. 
When a few number of embryos are included within the brood pouch, they 
are usually consisting of only youngs or embryos of the advanced stage, 
while when abundant, all or most of them are the eggs of the earlier stages. 
And it is often met with that embryos in some different stages of develop
ment are observed within the same brood pouch. These facts seem to show 
the possibility that the embryos may hatch or be released from the brood 
pouch by and by in the order of development. On the other hand, however, 
it is generally said in some mem hers of both Isopods and Tanaidaceans that 
the number of the fertilized eggs is reduced by the expulsion of embryos 
before their development is completed (HowEs 1939, p. 290). Anyhow, the 
number of embryos within the brood pouch is very variable so far as I 
examined, and no significant correlation could be found between it and the 
season or the size of mother. If the fertilized eggs in the brood pouch could 
be counted exactly soon after the issue from the ovary, there might be 
found any relation between the egg number and some factors. 

The gammaridean animal is usually said to live on for about a year. 
The present specimens fully grown up attain nearly to 15.0 mm long in both 
sexes. The spawning group seen in March 1963 is likely to belong to the 
group hatched in the season April to June 1962. Now, taking it into account 
that the size of the newly hatched specimens is 1.5-2.0 mm long, the average 
growth rate per a month may be roughly estimated to be about 1.0 mm, 
although the growth rate naturally differs according to the water temperature. 
Sex-ratio indicates no positive relation with the season, even though the 
specimens less than 6.0 mm are excluded. 

2. An Observation on the Nocturnal Migration 
of Benthic Gammaridean Amphipods 

The nocturnal migration of gammaridean amphipods inhabiting the sea 
floor or among seaweeds is one of the most interesting phenomena. The 

object of this observation was first to obtain the general outline of the 

upward movement at night, and second to distingui~h the species migrating 
up to the surface waters at night from many benthic amphipods living 

abundantly both in number of individuals and species on the Zostera belt 

near the low-water mark. 

It was planned to see successive changes in the number of individuals 
at different hours of obsesvation from nightfall to dawn. The result is 

represented graphically in Figure 46. The "number of individuals" is re

presented by the number of gammarideans per horizontal haul of a plankton 
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Fig. 46. Diagram showing the diurnal change of number of individuals of the benthic 
gammarids per sample obtained by the horizontal towing of plankton net in the 
surface waters on Zostera belt near the low·water mark. The solid column indicates 
the proportion of Paradexamine barnardi to the total sample. 

net (stretched with GG 40, mesh 39/inch), towed by a return sailing of a 
distance of about 250 meters in the surface water above the Zostera belt off 
the Ono-Branch of our laboratory, Onoura, Saeki-gun, Hiroshima Pref. 

In the Seto Inland Sea, the tide range is fairly prominent, and the tidal 
flow is very fast, particularly in "Seto" (strait). This Zostera-belt is facing 
Ono Seto, and narrowly spreads outside the inlet in the direction along the 
tidal flow; therefore, it is desirable to collect at the time when the tidal 
flowing is dead. Moreover, the Zostera-belt is very shallow being about 0.5 
meter in depth in low water at the spring tide. Thus, the collecting was 
always done in the slack water just before the high water, and then it was 
impossible to carry out successive observations in the same day. 

As seen in Table 3, the samples of both series A and C were collected 
after the moondown, while the series B was taken after the moonrise. No 
distinctive relations, however, could be seen between the migration and the 
moon light so far as the present collections were concerned. In general, the 
number of individuals rapidly increases as soon as it becomes completely 
dark after the nightfall, reaching to the maximum just before 22.00, then 
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Table 3. Data of the observations on the nocturnal migration of benthic gammarids. 

Series Date 

30/VIII 

6/IX 

A 9/IX 

10/IX-a 

11/IX 

10/IX-b 

12/IX 

14/IX 

16/IX 

B 20/IX 

c 

21/IX 

22/IX 

23/IX-a 

24/IX-a 

23/IX-b 

24/IX-b 

27/IX 

1/X 

5/X 

8/X 

9/X 

10/X 

Time 

22.05 

0.01 

3.20 

5.08 

5.58 

18.35 

19.35 

21.15 

22.15 

0.30 

1.35 

2.45 

4.50 

5.45 

18.15 

19.00 

20.00 

21.45 

23.25 

1.00 

3.00 

5.15 

Age of 
moon 

in days 

29.6 

7.0 

10.0 

11.0 

12.0 

11.0 

13.0 

15.0 

17.0 

21.0 

22.0 

23.0 

24.0 

25.0 

24.0 

25.0 

28.0 

2.3 

6.3 

9.3 

10.3 

11.3 

Moon-

rise set 

5.30 18.55 

11.51 22.38 

14.41 0.07 

15.36 

16.28 

15.36 

17.16 

18.42 

20.01 

1.01 

2.02 

1.01 

3.07 

5.28 

7.50 

22.55 12.19 

23.45 13.18 

14.12 

0.39 15.00 

1.34 15.43 

0.39 15.00 

1.34 15.43 

4.19 17.28 

7.55 19.29 

11.37 22.02 

14.17 

15.06 

15.51 

0.48 

1.54 

Sun-

rise set 

5.42 18.40 

5.46 18.31 

5.48 18.26 

5.49 

5.50 

5.49 

5.50 

5.52 

5.53 

5.56 

5.56 

5.57 

5.58 

5.59 

5.58 

5.59 

6.01 

6.04 

6.07 

6.10 

6.10 

6.10 

18.25 

18.25 

18.25 

18.23 

18.20 

18.17 

18.11 

18.10 

18.08 

18.07 

18.05 

18.07 

18.05 

18.01 

17.56 

17.51 

17.46 

17.45 

17.44 

Depth 

(m) 

3.5 

2.4 

2.3 

2.6 

2.5 

3.0 

3.0 

3.7 

3.2 

3.0 

2.6 

2.4 

2.2 

2.6 

2.3 

2.5 

3.0 

3.2 

2.5 

2.1 

2.1 

2.6 

W.T. 

CC) 

25.4 

24.7 

25.6 

24.6 

24.2 

25.4 

25.0 

25.0 

25.5 

24.8 

24.5 

25.0 

25.1 

25.1 

25.3 

25.0 

23.8 

23.4 

22.2 

22.5 

22.5 

22.8 

gradually decreases towards the dawn, and animals wholly disappear while 
the sky is turning gray before dawn. The result of series A seems unusual. 

Nevertheless, these observations made only in high water of different 
days are considered to accord with the day of lunar month. The results 
indicate, thus, the number of migrating individuals increases in the spring 

tide of the full moon or new moon. Similar phenomenon is also observed in 
the nocturnal migration of members of amphipod genus Bathyporeia carried 
out in the intertidal waters of Kames Bay, open to the Firth of Clyde, by 
WATKIN (1939). He says there, "when the samples are related to the day of 
lunar month it is shown that the numbers increase in the tidal waters in 
the periods immediately preceding the full moon and preceding and partly 
overlapping the new moon." My results show that the animals stop migrating 
upwards in the day time, even in the twilight. It is still questionable if 
the numbers always show the maximum at about 22.00 at night, although 
this time corresponds just to the high water of the new moon or full moon 
as it was so in my observations. In future, the nocturnal change of the 
number of migrating individuals throughout the same night will be clearly 
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explaind by further investigations made at the location in a certain much 
deeper inshore area, deep enough even in the low water of neap tide and 
without any prominent tidal :flow in neither spring nor neap tide, which will 
disturb the towing of plankton net. 

The total number of individuals of each species obtained is given below, 
together with the frequency of occurrences shown by the number of samples 
for each species : 

(Number of individuals) (Frequency) 
Paradexamine barnardi 607 18 (all) 
Aoroides columbiae 45 10 
Ericthonius pugnax 41 11 

Corophium uenoi 39 6 
S ynopia ultramarina 23 7 
Pontogeneia rostrata 21 7 
Corophium sp. (juv.) 19 8 
Byblis japonicus 16 8 
Pontocrates altamarinus 11 8 
Gitanopsis vilordes 10 4 
Maera serratipalma 8 5 
Grandidierella japonica 6 5 
Stenothoe gallensis 4 4 
Melita koreana 4 4 
Orchomenella littoralis 4 3 
Corophium acherusicum 4 2 
Eriopisella sechellensis 2 2 
Melita sp. (juv.) 2 2 
]assa falcata 2 2 
Ampelisca miharaensis 1 1 
Aoroides secunda 1 1 
Ampithoe lacertosa 1 1 
Microjassa cumbrensis 1 1 

Paradexamine barnardi occurred most abundantly nearly in all samples, 
showing 69.6 percent of the total individuals of all species. It is noticeable 
that such groups as the burrowing or tubicolous forms often appear in 
surface water at night. These facts seem to show that nearly all of the 
benthic gammarideans act the nocturnal migration. Unfortunately, the pre
sent observations were made in the season when the gammarideans were 
rather scarce, and so it is very desirable that further investigations will be 
carried out in the season when much larger numbers of individuals are 
available, for instance in spring to early summer. 

There has been discussions by some authors on the factors causing this 
nocturnal migration, and the influence of the tide is regarded as an impor
tant factor in the tidal area. This may be supported also in the present 
observation by the increase of individual number in the high tide of the new 
and full moon. The migration may really have something to do with the 
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breeding cycle for each species. Nearly all the individuals obtained were 
small specimens ; further detailed analyses are needed on the size and age 
compositions and sex-ratio. 

3. A Note on the Comparison of Species Composition 

Between Two Different Areas 

Nearly all of the species described in this paper are found in relatively 
shallow waters, from the Zostera-belt near low-water mark to about 60 meters 
deep; and the bottoms of the localities are in most cases composed of silt, 
mud, or sandy mud. Unfortunately, no detailed analyses of the nature of 
the bottom inhabited by animals have been made, so that the relations 
between the animals and the important factor, the soil grade, are almost 
unknown. But there is an interesting difference between the species obtained 
from Zostera-belt near low-water mark and those collected from the deeper 
area. The 'Zostera-belt near low-water mark' mentioned here is the place 
where the tide dose not completE>ly go out even in the spring tide and about 
5 meters at the deepest place in low-water. Such a Zostera-belt usually offers 
a habitat suitable for many young fishes as well as for small crustaceans 
important as prey-animals. Particularly gammarideans are very rich there 
in the number of both individuals and species, and occupies 60-90 percent 
of small crustaceans on the Zostera-belt of Mihara Bay (NAGATA 1960). The 
abundant occurrences of gammarideans on the Zostera-belt is obviously shown 
also by the stomach contents of fishes caught there (KITAMORI, NAGATA, and 
KoBAYASHI 1959). 

The species of gammarideans very commonly found on the Zostera-belt 
near low water mark are listed below: 

1) Paradexamine barnardi 10) Corophium acherusicum 
2) Pontogeneia rostrata 11) Byblis japonicus 
3) Ampithoe lacertosa 12) Eriopisella sechellensis 
4) Ampithoe valida 13) Pontocrates altamarinus 
5) Grandidierella japonica 14) Orchomenella littoralis 
6) Ericthonius pugnax 15) Aoroides columbiae 
7) Pleustes panopla 16) Eurystheus japonicus 
8) Cerapus tubularis 17) Corophium uenoi 
9) ]assa falcata 

Of the above-listed species, species 11, 12, and 13 are found abundantly 
and species 14-17 are found occasionally also in the area more deeper than the 
Zostera-belt near low-water mark. While the species 1-10 are mostly limited 
to the Zostera-belt. On the Zostera-belt of Mihara Bay (Area IV), species 1-5 
were found very abundantly in net-collections, while species 6 was unexpect
edly rather scarce. The list of the species living very abundantly on the 
inshore Zostera-belt is based on the materials obtained from Mihara Bay in 
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Fig. 47. Map showing station localities in 
two surveys of "Area XI". Marks 0 
and X indicate respectively stations in 
1959 (Area-a) and 1960 (Area-b). Sts. 
16-22 in 1960 nearly coincide with Sts. 
29-23, and so does St. 11 in 1959 with 
Sts. 19 and 26 in 1960. 

the Seto Inland Sea and near Asa
mushi in Mutsu Bay. On the Zostera
belt of the latter locality, species 1, 
3, 6-9, and 13-16 were very rich. 

On the other hand, general a
spects of their occurrences in the 
area deeper than the Zostera-belt near 
low-water mark are well represented 
in Tables 4 and 5 (see also Figs. 1 
and 47). The collections in this area 
were made by drawing a bottom
layer net (NAGATA 1960, fig. 1) on the 
soft sea floor for 1.5-4 minutes at 
each station, but the drawing can 
never be done under the constant 
conditions throughout the stations 
and therefore the collections are not 
to be estimated quantitatively. How
ever, several common species widely 
distributed in the littoral areas below 
the level of the low-water mark may 
be clearly shown in the catches of 
these two surveys. More than 90 
percent of total individuals in each 
catch is occupied by the following 
10 species: all the 7 species of Am
peliscidae, Pontocrates altamarinus, 
Eriopisella sechellensis, and Bathymedon 

longimanus. Most of them have often been found in the stomach contents 
of benthos-feeding fishes, too. J, L. BARNARD started in the opening of his 
paper of 1954b, "Amphipoda of the family Ampeliscidae form an important 
component of any littoral marine soft-bottom fauna", and this appears to be 
the fact common to all amphipod faunas of the littoral sea floor along the 
Japanese coast deeper than about 10 meters. Eurystheus utinomii, Anonyx 
nugax pacijicus, and two species of the genus Photis have been collected most 
abundantly at the three stations deeper than 10m in Mihara Bay (NAGATA 
1960, fig. 2), but not so numerously as expected in the two surveys. 

As mentioned above, a prominent difference in their occurrences was 
noted between the species commonly found in respective areas, but other 
species occur comparatively less abundantly and less frequently, and thus 
it is unable to show definitely for each species the area of the richest 
occurrence. 
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Table 4. Species composition at each station, based on the bottom-layer net catches made in 
the east area of Suo Nada (Area XI-a) in the period June 12-16, 1959. 

Total: 5673 specimens. Depth: 32-56 m. (see· Figs. 1 and 47). 

St<1-tion No. 1 2 3 4 5 6 7 8 9 10 11 12 13 14 Total 

Ampelisca brevicornis 212 318 334 230 150 19 120 8 30 128 196 127 136 lJ)_9 2117 
Pontocrates a1-&amar1nus 106 127 96 28 37 79 150 22 129 30 41 26 64 56 991 
Eriopisella seche1lensis 29 29 as 17 24 38 138 22 31 59 39 17 8 39 528 
Byblis japonicus 4 14 35 105 12 80 86 115 451 
Bathvmedon lonf'imanus 31 7 2G 47 49 24 36 48 45 5 9 3 31il 
Ampelisca naikaiensis 7 41 63 33 42 44 79 :1(19 
Ampelisca bocki 1 1 79 1 45 1 22 37 79 2 1 269 
Ampe1isca miharaensis 9 24 15 11 20 20 __a3 132 
Ampelisca misakiensis 1 37 lO 8 2 8 28 33 127 
Photis 1ongicaudata 3 3 ll 53 7 29 106 
Photis reinhardi 1 42 9 7 59 
Eurystheus utinomii " 1 ll 9 17 9 1 6 56 
Melphidippa g1obosa 1 2 4 3 :3 9 4 3 5 4 7 45 
L11Jebo&gia japonica 1 ~ 2 6 4 5 ll 1 1 33 
Corophium uenoi 1 ~} 2 l4 20 
Melita tubercu1ata l 3 5 1 3 1 1 lS 
Idune11a curvidacty1a 1 2 4 2 1 1 1 2 l4 
Melphidippa borealis 3 1 1 4 2 ll 
Liljeborgia serrata l 2 1 3 3 10 
Corophiidae undet. sp. (B) 1 1 5 7 
Ampelisca cyclops 5 1 6 
Ceradocus capensis 5 5 
Maera serratipalma 4 4 
Aristias pacificus 1 4 
Idunella chilJ,ensis 2 1 3 
Corophium kitamorii 2 1 3 
~gissa hamatipos 1 2 3 
Leptamphopus novaezea1andiae 3 3 
Orchomene11a 1ittora1is 2 2 
Me1phidippella sinuata 2 2 
Me1phisana japonica 2 2 
Podoceropsis nitida 1 1 2 
Endevoura mirabilis 1 1 
Harpinia miharaensis 1 1 
.E.'urystheus japonicus 1 1 
Podocerus 1llCQllSp1CUUS 1 l 



Table 5. Species composition at each station, based on the bottom-layer net catches made in the east area of Suo Nada 
(Area XI-b) in the period Sept. 2-5, 1960. 

Total: 3689 Specimens. Depth: 10-56 m. (see Figs. 1 and 47). 

~~n1o. l 2 3 4 5 6 7 8 9 10 ll 12 13 14 15 16 17 18 19 20 21 22 23 21 25 26 27 28 29 

Amn• is ovl '~nl o 4 23 103 306 127 10 65 237 123 29 3 117 17 95 122 54 147 3 101 24 3 23 1 95 61 
Ampel1sca boc.1t1 ~~ 6 19 l 19 l 6 15 39 14 37 63 49 67 26 l 9 l4 l 17 
Amn• ' eo. m T .. k; •nei e 4 l 9 64 45 6 3 20 38 ll 23 ll 5 12 6 l 16 
Bvblis 'aponicus 3 28 l 51 45 8 15 30 :J4 l l 2 4 22 6 l 
Pontocrates al tamarin·.1~ 3 l l4 9 4 4 7 4 l l4 7 5 2 25 9 13 l II 8 l II I 7 1 
Ampelisca naikaiensis l 3 l 2 4 15 9 l 27 31 1 3 2 7 7 22 4 
Ampelisca miharaensis 1 ~l 1 2 4 l 4 22 20 2 3 4 5 1 6 4 
Eriopisella. sechellensis 3 3 7 1 1 3 1 l l 2 2 1 2 l l 1 I 3 
Ampelisca cvcloDS ][; 7 8 
Bath 'TJledon lon11imanus 3 g 3 1 
Melphidippa globosa l 5 2 l 
Photis lon!!icaudata 1 l 2 3 1 l 
Melnhidinnella. sinuata 1 2 l 3 1 
Unciolella lunata 6 2 
Orchomenella li ttoralis 5 1 
Megaluropus a gil is 5 

Photis reinhardi l 2 2 

Corophium crassicorne f) 

End< vnnu m; ro.h' .. 2 1 l 
I Ih ,,, 3 l 
Eurvstheus ·anonicus l 2 
Eurvstheus utinomii 0 l 
Ericthonius pugnax 3 

Scouelocheirus hopei l l 
Lil iebor11ia serrata l l 
Maera serrati nalma 2 
Maerella. teJJ,uimana 2 
Podoceropsis ni tida I 1 
Grandidierella ·al)onica 2 
Paraphoxus oculatus I 
Harpinia miha.raensis 
Anonyx DU.Il&X pacificus l 
Leucothoe incisa l 
Liljeborgia ·a on1ca. 1 
!<lunella chilkensis l 
Molnh' •an ·anonica l 

Aor9_ i~_!!_!!_~_oJ umb_iae 1 
-·---

Total 

162 
428 
275 
263 
163 
141 

83 
35 
31 
16 

9 
9 
8 
8 
6 
5 
5 

" 4 
4 
3 
3 
3 

2 
2 
2 
3 
2 
1 

1 
l 
1 
l 
1 
l 

w 
w 
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4. Gammaridean Amphipods as Prey-animals, with Special Relation 
to the Triglid Fishes Caught in the Seto Inland Sea 

As previously mentioned again and again, amphipods are important prey
animals often found abundantly in the stomach contents of many benthos
feeding fishes. To make clear the trophic relations between higher consumers 
and their preys, our laboratory carried out the collecting of benthic fishes 
by the experimental two-boat trawler (30 tons & 80 H.P.), which had eight 
cruises over eleven "Nada "-areas around the coast of Shikoku in the period 
from Sept. 1957 to Sept. 1960 and obtained enormous catches of benthic fishes. 
And I have had an opportunity to observe the stomach contents of nearly 
all of the benthic fishes, but piscivorous fishes and plankton feeders. 

For an example, a qualitative analysis of their feeding frequency by 
food-group of the fishes caught during the fourth cruise made in May-June 
1958 is given in Table 6. Here, the feeding frequency is shown by the 
percentage of the number of fish feeding on a respective food·group to the 
total number of the fish examined. The total number of fishes examined 
here amounts to 2880 individuals, including 75 species, but in this table, 
only the results for 31 species are given, the species represented by less 
than 10 individuals being omitted. As seen on this table, main food items 
of those benthic fishes except for piscivors in the Seto Inland Sea are 

shrimps, small crustaceans, annelids, and fishes; although the proportions of 
these food animals are different with feeders, nearly all of fishes are known 
to show a fairly high percentage of shrimps in the stomach contents. Fishes 
or squids which all the feeders listed in this table preyed upon are small in 
size and not so significant quantitatively so far as concerned with those found 
in the Seto Inland Sea. Strictly saying, all the values in the table may be 
swayed to some extent by the number of feeding individuals examined, 
variation of their size, and also by the seasonal change of prey-animals 
themselves; although they may be available to get the general view of the 
food organisms of the fishes. 

Relatively high percentages of small crustaceans are seen in flatfishes 

and triglid ones. Especially it is noteworthy that unexpectedly large amount 

of small crustaceans including gammaridean amphipods are eaten by the 

latter. Particularly as to Lepidotrigla microptera, a large number of individuals 

were examined so that the above-mentioned trend seems to be unsuspecting. 

It is supposed that triglid fishes bear some resemblance to flatfishes in their 

feeding habits. In feeding they usually lie prostrate on the bottom <:nd feel 

the sea floor by means of their long finger-like pectoral filaments. 

Of course, like other feeders, triglid fishes show some changes in the 

composition of food animals with growth. Table 7 shows the percentage of 
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Table 6. Feeding frequency of the benthic fishes caught during May-June 1958, by 
food-group. 

Triglidae 
Lepidotrigla abyssalis 
L. guntheri 
L. japonica 
L. microptera 
L. kishinouyei 
Pachytrigla alata 

Flatfishes 
Laeops lanceolata 
Areliscus sp. 
Poecilopsetta plinthus 
Pleuronichthys cornutus 
Limanda yokohamae 
Areliscus interruptus 
Psettina ijimai 
Scidorhombus pallidus 
Eopsetta grigorjewi 
Arnoglossus japonicus 
Pseudorhombus pentophthalmus 

Sparidae 

8-15 
9-21 
8-19 
7-30 

14-24 
11-22 

8-13 
12-17 
6-11 
9-17 

14-21 
6-10 
5- 8 
5- 6 

12-19 
7-10 
6-13 

11 
12 
30 

287 2 
37 
15 7 

41 
31 
22 
20 
19 
39 

115 
13 
41 
57 14 

100 25 

0, 

.§ 
.... 

.<:: 
(f) 

9 73 
83 

20 80 
7 89 
3 100 

94 

5 
32 

5 
2 2 

23 
2 61 

60 
6 44 

.<:: 

"' .... 
l) 

7 
1 

7 

1 

7 

1 

"d 
0 
0, 
0 ..... 
"' s 
0 ..... 

(f) 

64 
8 

57 
39 
27 

3 
73 

5 
26 
21 
96 
92 
44 
74 
47 

18 
17 
10 7 

7 3 
3 

100 
90 
64-
75 5 
63 16 
54-
45 --

8 

2-

2 

16 
9 

25 
32 
28 

Chrysophrys major 12-35 16 69 6 25 

Branchiostegidae 
Branchiostegus spp.* 11-32 55 29 6 33 4 16 22 - 4 11 

Nemipteridae 
Nemipterus spp.** 9-47 39 41 3 56 18 5 10 

Sciaenidae 
Argyrosomus argentatus 

Platycephalidae 
Kumococius detrusus 
Suggrundus meerdervoorti 
Cociella crocodila 

Lamnina 
Mustelus griseus 
M. manazo 

Rajina*** 
Holorhinus tobijei 
Raja kenojei 
Dasyatis akajei 

9-23 

14-26 
14-23 
20-44 

42-85 
40-77 

13-35 
9-24 

15-32 

274 37 

22 27 
32 25 
18 33 

11 27 
63 16 

28 
58 14 
27 30 

6 

68 12 

59 5 5 
91 3 
50 28 33 

55 36 18 9 
81 41 11 6 

82 
86 3 
85 4 

2 
7 

*) Comprising two species B. argentatus and B. japonicus japonicus. 
**) Comprising two species N. virgatus and N. bathybus. 

***) Measured by 'Body Length', 

1 

6 

75 

4-

7 

~r 
-! 

5 
4 

I 
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Table 7. Feeding frequency of Lepidotrigla microptera caught during June 1959, by size 
and by food.group. 

T.L. (mm) <120 <160 <200 <240 <280 <320 Total 

Number of feeding 
1 12 103 69 35 5 225 individuals 

Fish 3.8 5.7 11.4 5.3 

Squid 5.8 2.9 2.9 4.0 

Large shrimp 41.6 43.6 50.7 71.4 80.0 50.6 

Small shrimp 100.0 66.6 56.3 55.0 71.4 40.0 58.6 

Crab 0.9 0.4 

Amphipod 75.0 43.6 26.0 22.8 20.0 36.0 

Cumacean 1.9 0.9 

Polychaete 16.7 4.9 2.9 5.7 4.9 

Molluscan 3.9 2.9 5.7 3.6 

the feeding frequency by food-group and by size in Lepidotrigla microptera 
caught during the cruise in June 1959. With the increase in size, the percent
ages of large shrimps and fishes grow higher, while those of small shrimps 
and amphipods gradually decrease. Small crustaceans were represented by 
only two groups of gammaridean amphipods and cumaceans. 

Table 8. Feeding frequency of triglid fishes caught during Sept. 1957 to July-Aug. 1958, 
by season and by food-group. 

Sept. 
'57 

Fish 5.5 

Squid 6.3 

Shrimp 70.8 

Crab 3.3 

Stomatopod 1.4 

Small crustacean 19.6 

Polychaete 1.4 

Molluscan 0.3 

Echinoderm 

Others 

Undet. contents 7.2 

Numbers of feeding 
363 individuals 

Dec. 
'57 

11.0 

1.3 

91.9 

2.3 

3.9 

13.3 

6.1 

6.1 

0.3 

1.0 

235 

Jan.-Feb. 
'58 

2.9 

80.9 

10.3 

1.5 

19.1 

2.9 

53 

May-June July-Aug. 
'58 '58 

1.8 9.1 

7.3 2.5 

87.9 84.4 

1.5 3.6 

0.4 

37.1 13.8 

6.6 1.8 

3.0 

0.4 

0.5 

2.3 8.7 

396 275 

On the other hand, the feeding frequency of triglid fishes caught in the 
period from Sept. 1957 to July-Aug. 1958, by season and by food-group, is 
shown in Table 8. The feeding frequency for shrimps was highest through
out, and that of small crustaceans was always relatively higher than those 
of other prey-groups excepting shrimps. Figure 48 shows the seasonal change 
of the feeding frequency for small crustaceans given in Table 8, together 
with that for !Jammaridean amphipods eaten bl various :fishes living on tht; 
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10 12 10 

Mnnth 

Fig. 48. The seasonal change of the feeding 
frequency for small crustaceans ( ... ) and 
for gammaridean amphipods (- ). The 
dotted line refers to that of triglid fishes 
given in Table 8, while the solid line 
concerns that of the various fishes living 
on the Zostera belt near the low-water 
mark in Mihara Bay. 

Zostera-belt of Mihara Bay (KITAMORI, 

NAGATA et KoBAYASHI 1959, fig. 8). 
Amphipods are the largest component 

of small crustaceans found in the 
stomach of triglid fishes treated in 

Table 8, and therefore it is very 

interesting that the two curves shown 
in Figure 48 indicate a similar tend
ency ; one refers to the offshore 
areas, while the other concerns the 
inshore region near the low-water 
mark. Results of many surveys in 
Mihara Bay indicate that the seasonal 
change of the feeding frequency for 
gammaridean amphipods agrees fair
ly well with the seasonal variation 
in the quantity of the amphipods 
themselves in that habitat. And this 
means nothing but that triglid fishes 

in the Seto Inland Sea feed relatively well on small crustaceans. 
Now throughout the five-month data shown in Table 8, the percentage 

composition of the total small crustaceans found in the stomach contents of 
triglid fishes is given as follows: 

Amphipoda 
Gammaridea 54.1 
Caprellidea 5.4 

Cumacea 24.4 
Ostracoda 9.6 
Mysidacea 5.6 
Brachyura & Macrura larvae 5.6 
Isopoda 0.09 
Nebaliacea 0.09 

More than half of small crustaceans consist of gammaridean amphipods, 
of which several dominant species are given below together with the per
centage composition: 

Ampelisca brevicornis 
Ampelisca cyclops 
Ampelisca bocki 
Ampelisca misakiensis 
Ampelisca miharaensis 
Ampelisca naikaiensis 
Byblis japonicus 
Pontocrates altamarinus 

l 23.2 

17.5 
11.7 
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Eurystheus utinomii } 37.5 
Eurystheus japonicus 
Photis longicaudata } 0.3 
Photis reihardi 
Liljeborgia japonica 0.4 
Podocerus inconspicuus 3.4 
Other species 5.9 

It is seen that 89.9 percent of the total are occupied by 10 species of 
the genera Ampelisca, Byblis, Pontocrates, and Eurystheus. The conjecture that 
these species important as prey·animals must be inhabiting abundantly on 
the offshore floor is supported actually by two benthos-collections shown in 
Tables 4 and 5, namely the above 10 species account for 78.6 percent of the 
total individuals in Area XI-a (Table 4) and for 96.2 percent in Area XI-b 
(Table 5). 

REFERENCES 

ALDERMAN, A. L. 1936. Some new and little known amphipods of California. Univ. Calif. 
Pub!. Zoo!., 41 (7): 53-74, 51 text-figs. 

BARNARD, J. L. 1952. Some Amphipoda from Central California. Wasmann Jour. Bioi., 10 
(1): 9-36, 9 pis. 

--- 1954. A new species of Microjassa (Amphipoda) from Los Angeles Harbor. Bull. 
So. Calf. Acad. Sci., 53 (3): 127-130, pis. 35-36. 

--- 1954a. Marine Amphipoda of Oregon. Oregon State Monog., Zoo!., 8: 1-103, pls. 1-33. 
--- 1954b. Amphipoda of the family Ampeliscidae collected in the eastern Pacific Ocean 

by the Velero III and Velero IV. Allan Hancock Pacific Expeds., 18 (1): 1-137, pls. 1-38. 
--- 1955. Gammaric:c::m Amphipoda (Crustacea) in the collections of Bishop Museum. 

Bishop Mus., Bull. 215: 1-46, text-figs. 1-20. 
--- 1958. Index to the families, genera, and species of the gammaridean Amphipoda. 

Allan Hancock Found., Occ. Pap. No. 19: 1-148. 
--- 1959. The number of species of gammaridean Amphipoda (Crustacea). Bull. So. 

Calif. Acad. Sci., 58 (1\ p. 16. 
--- 1959a. Liljcborgiid amphipods of Southern California coastal bottoms, with a revision 

of the family. Pacific Naturalist, 1 (4): 12-28, text-figs. 1-12, 1 tab., 2 charts. 
--- 1959b. Generic partition in the amphipod family Cheluridae, marine wood borers. 

Ibid., 1 (3) : 1-12, text-figs. 1-5. 
--- 1959c. Ecology of Amphipoda and Polychaeta of Newport Bay, California. Allan 

Hancock Found. Pub!., Occ. Pap. No. 21: 1-106, pis. 1-14. 
--- 1960. Common pleustid amphipods of Southern California, with a projected revision 

of the family. Pacific Naturalist, 1 (17): 37-48, 6 text-figs. 
--- 1960a. The amphipod family Phoxocephalidae in the eastern Pacific Ocean, with 

analyses of other species and notes for a revision of the family. Allan Hancock Pacific 
Expeds., 18 (3) : 169-375, pis. 1-75, 14 tabs., 1 chart. 

--- 1961. Gammaridean Amphipoda from depths of 400 to 60000 meters in scientific re
sults of the Danish Deep-Sea Expedition round the world 1950-52. Gala thea Report, vol. 5: 
23-128, text-figs. 1-83, 8 tabs. 

--- 1962. Benthic marine Amphipoda of Southern California : families Amphilochidae, 
Leucothidae, Stenothoidae, Argissidae, Hyalidae. Pacific Naturalist, 3 (3): 116-163, text-figs. 
1-23, 1 table. 



344 K. NAGATA 

---- 1962a. Benthic marine Amphipoda of Southern California: families Tironidae to 
Gammaridae. Ibid., 3 (2): 73-115, text-figs. 1-23, 2 tables. 

---- 1962b. Benthic marine Amphipoda of Southern California : families Aoridae Photidae, 
Ischyroceridae, Corophiidae, Podoceridae. Ibid., 3 (1): 3-72, text-figs. 1-32. 

BARNARD, K. H. 1916. Contributions to the crustacean fauna of South Africa. 5.-The 
Amphipoda. Ann. So. African Mus., 15 (3) : 105-302, pis. 26-28. 

---- 1925. Contributions to the crustacean fauna of South Africa-No. 8. Further addi
tions to the list of Amphipoda. Ann. Soc. African Mus., 20 (5) : 319-380, pl. 34. 

--- 1930. Amphipoda. British Antarctic ("Terra Nova") Expedition, 1910, London. Nat. 
Hist. Repts., Zoo!., 8: 307-454, 63 text-figs. 

--- 1932. Amphipoda. Discovery Repts., 5: 1-326, pl. 1, 174 text-figs. 
--- 1935. Report on some Amphipoda, Isopoda, and Tanaidacea in the collections of the 

Indian Museum. Rec. Indian Mus., 37: 279-319, 21 text-figs. 
--- 1937. Amphipoda. John Murray Exped. 1933-34, Sci. Repts. Brit. Mus. (Nat. Hist.), 

4 (6) : 131-201, 21 figs. 
--- 1940. Contributions to the crustacean fauna of South Africa, XII. Further additions 

to the Tanaidacea, Isopoda, and Amphipoda, together with keys for the identification of the 
hitherto recorded marine and fresh-water species. Ann. So. African Mus., 32 (5) : 381-543, 
35 text-figs. 

--- 1955. Additions to the fauna-list of South African Crustacea and Pycnogonida. Ann. 
So. African Mus., 43 (1) : 80-99, text-figs. 38-49 (Amphipoda). 

BULYCHEVA, A. I. 1952. Novye vidy bokoplavov (Amphipoda, Gammaridea) iz Japonskogo 
Morja. Akad. Nauk SSSR, Trudy Zoo!. Inst., 12: 195-250, 39 figs. 

---- 1955. Novye vidy bokoplavov (Amphipoda, Gammaridea) iz Japonskogo Morja. II. 
Ibid., 21 : 193-207, 6 text-figs. 

CHEVREUX, E. 1900. Amphipodes provenant des campagnes de l'Hirondelle (1885-1888). Res. 
Camp. Sci. Albert Ier, Monaco, 16: I-IV, 1-195, pis. 1-18. 

---- 1901. Amphipodes. Mission Scientifique ...... Alluaud aux lies Sechelles. Soc. Zoo!. 
France, Mem., 14: 388-438, 65 text-figs. 

---- 1907. Amphipodes recueillis dans ..... .l'Oceanie par M. Seurat. Ibid., 20 (4): 470-
527, 35 text-figs. 

--- 1908. Sur trois nouveaux amphipodes mediterraneens appartenant au genre Corophium 
Latreille. Bull. Soc. Zoo!. France, 33: 69-76, 6 text-figs. 

---- 1911. Campagnes de Ia Melita. Les amphipodes d' Algerie et de Ia Tunisie. Mem. 
Soc. Zoo!. France, 23 (3): 145-275, pis. 6-20, 17 text-figs. 

CHEVREUX, E. and L. F AGE. 1925. Amphipodes. Faune de France, 9 : 1-448, 438 text-figs. 

CHILTON, C. 1911. The Crustacea of the Kermadec Islands. Trans. N. Z. Inst., 43: 544-573, 
4 text-figs. 

--- 1920. Some New Zealand Amphipoda: No. 1. Ibid., 52: 1-8, 5 text-figs. 
---- 1921. Report on the Amphipoda obtained by the F.I.S. "Endeavour" in Australian 

Seas. Bioi. Res. "Endeavour", 5 (2) : 33-92, 16 text-figs. 
---- 1921a. Fauna of the Chika Lake. Amphipoda. Mem. Indian Mus., 5: 519-558, 12 

text. figs. 
---- 1925. Zoological results of a tour in the Far East. The Amphipoda of Tale Sap. 

Mem. Asiat. Soc. Bengal, 6: 531-539, 3 text-figs. 
CRAWFORD, G. I. 1937. A review of the amphipod genus Corophium, with notes on the British 

species. Journ. Mar. Bioi. Assoc. United Kingdom, 21 (2) : 589-630, 4 text-figs. 
DAHL, E. 1944. Amphipoda of the family Ampeliscidae from Professor Sixten Bock's Expedi

tion to Japan, 1914. Arkiv for Zoo!., 36A (1): 1-18, 10 text-figs. 
---- 1959. Amphipoda from depths exceeding 6000 meters. Galathea Rep., 1: 211-241, 

18 figs. 



Gammaridean Amphipoda of the Seta Inland Sea, IV 345 

DELLA VALLE, A. 1893. Gammarini del Golfo di Napoli. Fauna und Flora des Golfes von 
Neapel, 20 : xi plus 948 pp., 61 pls. 

DUNBAR, M. J. 1954. The amphipod Crustacea of Ungava Bay, Canadian Eastern Arctic. 
Journ. Fish. Res. Board Canada, 11 (6) : 709-798, 42 text-figs., 1 table. 

ENEQUIST, P. 1949. Studies on the soft-bottom amphipods of the Skagerrak. Zool. Bidrag, fran 
Uppsala, 28: 297-492, 67 text-figs., 6 charts. 

GURJANOVA, E. 1951. Bokoplavi morei SSSR i sopredel'nyx vod (Amphipoda-Gammaridea). 
Opred. po Faune SSSR, Izd. Zool. Inst. Akad. Nauk, 41: 1-1031, 705 figs. 

--- 1962. Bokoplavi severnoj chasti Tikhogo Okeana. Opred. po Faune SSSR, Izd. Zool. 
Inst. Akad. Nauk, 74: 1-441, 143 text-figs. 

HowEs, N. H. 1939. Observations on the biology and post-embryonic development of Jdotea 
viridis (Slabber) (Isopoda, Valvifera) from New England Creek, South-East Essex. Journ. 
Mar. Biol. Assoc. United Kingdom, 23: 279-310, 14 figs., 2 tables. 

HURLEY, D. E. 1954. Studies on the New Zealand amphipodan fauna. No. 9. The families 
Acanthonotozomatidae, Pardaliscidae and Liljeborgiidae. Trans. Roy. Soc. N.Z., 82 (3) : 763-
802, 14 text-figs. 

--- 1954a. Studies on the New Zealand amphipodan fauna. No. 7. The family Corophi
idae, including a new species of Paracorophium. Ibid., 82 (2): 431-460, 7 text-figs. 

--- 1957. Studies on the New Zealand amphipodan fauna. No. 14. The genera Hyale and 
Allorchestes (family Talitridae). Ibid., 84 (4): 903-933, 9 text-figs. 

IRIE, H. 1956. Tube-building amphipods occurring at the "wakame" (a species of brown algae: 
Undaria pinnatijida) grounds of Simabara, Nagasaki Prefecture. Bull. Fac. Fish., Nagasaki 
Univ., 4: 1-6, 6 figs. 

--- 1959. Studies on pelagic amphipods in the adjacent seas of Japan. Ibid., 8: 20-42, 
4 figs., 11 tables. 

IwASA, M. 1934. A new amphipod (Parhyale kurilensis, n. sp.) from Urup. Journ. Fac. Sci. 
Hokkaido Imp. Univ., ser. 6, Zool., 3 (1): 1-7, pls. 1-2. 

--- 1939. Japanese Talitridae. Ibid., ser. 6, Zool., 6 (4): 255-296, pls. 9-22, 27 text-figs. 
KITAMORI, R., K. NAGATA, and S. KOBAYASHI. 1959. The ecological study on "Moba" (Zone 

of Zostera marina L.). (II) Seasonal changes. Bull. Naikai Reg. Fish. Res. Lab., 12: 187-
199, 13 figs., 2 tables. (In Japanese). 

NAGATA, K. 1959. Notes on five species of the amphipod genus Ampelisca from the stomach 
contents of the triglid fishes. Publ. Seto Mar. Biol. Lab., 7 (2) : 263-278, 11 text-figs. 

--- 1960. Preliminary notes on benthic gammaridean Amphipoda from the Zostera region 
of Mihara Bay, Seto Inland Sea, Japan. Ibid., 8 (1): 163-182, pls. 13-17, 2 text-figs. 

--- 1961. A new atylid amphipod from Japan. Annot. Zool. Japon., 34 (4): 216-218, 2 
text-figs. 

--- 1961a. Two new amphipods of the genus Eurystheus from Japan. Publ. Seto Mar. 
Biol. Lab., 9 (1): 31-36, 2 text-figs. 

OLIVEIRA, L. P. H. 1953. Crustacea Amphipoda do Rio de Janeiro. Mem. Inst. Oswaldo Cruz, 
51 : 289-376, 27 text-figs. 

PIRLOT, J. M. 1936. Les amphipodes de !'expedition du Siboga. Siboga-Exped., Mon. 33e: 
237-328, text-figs. 101-146. 

--- 1938. Les amphipodes de !'expedition du Siboga. Siboga-Exped., Mon. 33f: 329-359, 
text-figs. 147-161. 

REID, D. M. 1951. Report on the Amphipoda (Gammaridea and Caprellidea) of the coast of 
tropical West Africa. Atlantide Rpt., Copenhagen, 2: 189-291, 58 text-figs. 

RUFFO, S. 1950. Studi sui crostacei Anfipodi. XXII-Anfiipodi der Venezuela raccolti dal G. 
Marcuzzi. Mem. Mus. Civ. Stor. Nat. Verona, 2 (2); 49-65, 5 text-figs. 

---- 1959. Contributions to the knowledge of the Red Sea. No. 13. Bull. Sea Fish. Res. 
Stat., Haifa, 20: 1-26, 6 text-figs. 



346 K. NAGATA 

SARS, G. 0. 1895. Amphipoda. An account of the Crustacea of Norway with short descrip
tions and figures of all the species, 1: i-viii, 1-711, 240 pls., 8 suppl. pls. 

ScHELLENBERG, A. 1926. Die Gammariden der Deutschen Siidpolar-Expedition 1901-03. 
Deutsche Siidpolar-Exped., Berlin, 18: 235-414, 68 text-figs. 

---- 1926a. Die Gammariden der Deutschen Tiefsee-Expedition. Wiss. Erg. D. Tielsee-Exp. 
"Valdivia", 23 (5) : 195-243, 28 text-figs., pl. 5. 

--- 1927. Amphipoda des nordischen Plankton. Nordisches Plankton, 20 (6): 589-722, 
104 text-figs. 

--- 1928. Amphipoda in Cambridge Expedition to Suez Canal. Trans. Zoo!. Soc. London, 
22 : 633-692, 12 text-figs. 

-~-- 1931. Gammariden und Caprelliden des Magellangebietes, Sudgeorigens und der 
Westantarktis. Further Zoo!. Res. Swedish Antarctic Exped. 1901-03, 2 (6) : 1-290, 1 pl., 
136 text-figs. 

---- 1936. Zwei Neue Amphipoden des Stillen Ozeans und zwei Berichtigungen. Zoo!. 
Anz., 116: 153-156, 1 text-fig. 

1937. Schlussel und Diagnosen der dem Susswasser-Gammarus nahestehenden Ein
heiten ausschliesslich der Arten des Baikalsees und Australiens. Ibid., 117: 267-280, 4 
text-figs. 

---- 1938. Litorale Amphipoden des tropischen Pazifiks. Kg!. Svenskapsakad. Hand!., (3) 
16 (6): 1-105, 48 text-figs. 

--- 1942. Krebstiere oder Crustacea IV: Flohkrebse oder Amphipoda. Die Tierwelt 
Deutschlands, Jena, 40: 1-252, 204 text-figs. 

SEXTON, E. W. & D. M. REID 1951. The life-history of the multiform species ]assa falcata 
(Montagu) (Crustacea Amphipoda) with a review of the bibliography of the species. Linn. 
Soc. London, Jour. (Zoo!.), 42 (283): 29-91, pls. 4-30. 

SHEARD, K. 1938. The amphipod genera Euonyx, Syndexamine and Paradexamine. Rec. So. 
Austr. Mus., 6 (2) : 169-186, 9 text-figs. 

---- 1939. Studies in Australian Gammaridea. (I) The genus Ceradocus. Ibid., 6 (3) : 
275-295, 8 text-figs. 

SHIINO, S. 1948. Studies on marine crustaceans III. On a new boring amphipod, Chelura 
brevicauda, sp. n. Misc. Rept. Res. Inst. Nat. Resources, 12: 25-28, 3 text-figs. (In Japanese). 

SHOEMAKER, C. R. 1930. The Amphipoda of the Cheticamp Expedition of 1917. Cont. Canad. 
Bioi. Fish., 5 (10) : 221-359, 54 text-figs. 

---- 1933. Two new genera and six new species of Amphipoda from Tortugas. Carnegie 
Inst. Wash., Pap. Tortugas Lab., 28: 245-256, 8 text-figs. 

--- 1942. Amphipoda crustaceans collected on the Presidental cruise of 1938. Smithson. 
Misc. Col!., 101 (11): 1-52, 17 text-figs. 

--- 1945. The amphipod genus Photis on the east coast of North America. Charleston 
Mus. Leafl., 22: 1-17, 5 text-figs. 

--- 1947. Further notes on the amphipod genus Corophium from the east coast of America. 
Journ. Wash. Acad. Sci., 37 (2) : 47-63, 12 text-figs. 

--- 1949. The amphipod genus Corophium on the west coast of America. Ibid., 39 (2) : 
66-82, 8 text-figs. 

---- 1955. Amphipoda collected at the Arctic Laboratory, Office of Naval Research, Point 
Barrow, Alaska, by G. E. MacGinitie. Smithson. Misc. Coils., 128 (1): 1-78, 20 text-figs. 

--- 1956. Observation on the amphipod genus Parhyale. Proc. U.S. Nat. Mus., 106 (3372): 
345-358, 4 figs. 

STEBBING, T. R. R. 1888. Amphipoda. Rept. "Challenger" Exped., Zoo!., vol. 29. 

---- 1897. Amphipoda from Copenhagen Museum and other sources. Trans. Linn. Soc. 
London, (2), Zoo!., 7 : 25-45, pis. 6-14. 



Oammaridean Amphipoda of the Seto Inland Sea, IV 347 

--- 1899. Amphipoda from Copenhagen Museum and other sources. Part 2. Ibid., 7: 
395-432, pis. 30--35. 

--- 1906. Amphipoda I. Gammaridea. Das Tierreich, 21: 1-806, 127 text-figs. 
--- 1910. Crustacea. Part 5. Amphipoda. Sci. Res. Trawling Exped. H.M.C.S. "Thetis". 

Mem. Austr. Mus., 4, vol. 2, (12) : 565-658, pis. 47-60. 
STEBBING, T. R. R. & D. RoBERTSON 1891. On four new British Amphipoda. Trans. Zoo!. Soc. 

London, 13 : 31-42, pis. 5-6. 
STEPHENSEN, K. 1915. Isopoda, Tanaidacea, Cumacea, Amphipoda (excl. Hyperidea). In Report 

of the Danish Oceanographical Expedition, 1908-10, to the Mediterranean and adjacent seas. 
vol. 2, Biology, D. 1: 1-53, 33 text-figs. 

---- 1923. Crustacea Malacostraca. V (Amphipoda I). The Danish lngolf-Expedition, 3 
(8) : 1-100, 22 text-figs., charts. 

--- 1925. Crustacea Malacostraca. VI (Amphipoda II). Ibid., 3 (9): 101-178, text-figs. 
23-53, charts. 

--- 1932. Some new amphipods from Japan. Annot. Zoo!. Japon., 13 (5) : 487-501, 5 

text-figs. 
---- 1933. Ceinina japonica (n. gen., n. sp.), a new aberrant species of the amphipodan 

family Talitridae from Japan. Trans. Sapporo Nat. Hist. Soc., 13 (2) : 63-68. 
--- 1935. Indo-pacific terrestrial Talitridae. Bernice P. Bishop Mus., Occas. Pap., 10 (23) : 

1-20, 2 tables. 
--- 1938. Gradidierella japonica n. sp., a new amphipod with stridulating (?) organs from 

brackish water in Japan. Annot. Zoo!. Japon., 17 (2): 179-184, 2 text-figs. 
---- 1938a. The Amphipoda of N. Norway and Spitsbergen with adjacent waters. Tromso 

Mus. Skrifter, 3 (2): 141-278, text-figs. 20-31. 
--- 1940. Marine Amphipoda. The Zoology of Iceland, 3 (26): 1-111, 13 text-figs., 2 

tables. 
--- 1940a. The Amphipoda of N. Norway and Spitsbergen with adjacent waters. Tromsi:i 

Mus. Skrifter, 3 (3) : 279-362, text-figs. 32-52. 
--- 1942. The Amphipoda of N. Norway and Spitsbergen with adjacent waters. Ibid., 

3 ( 4) : 363-526, text-figs. 53-78. 
--- 1944. Some Japanese amphipods. Vidensk. Medd. fra Dansk naturh. Foren., 108: 

25-88, 33 text-figs. 
1944a. Crustacea Malacostraca. VIII (Amphipoda IV). The Danish lngolf-Expedition, 

3 (13) : 3-51, 38 text-figs. 
1944b. The Zoology of East Greenland. Amphipoda. Meddel. om Gri:inland., 121 (14) : 

1-165, 18 text-figs., 3 tables. 

TATTERSALL, W. M. 1922. Zoological results of a tour in the Far East. Part 8. Amphipoda 
with notes on an additional species of Isopoda. Mem. Asiatic Soc. Bengal, 6: 435-459, pis. 
18-21. 

THOMSON, G. M. 1879. New Zealand Crustacea, with descriptions of new species. Trans. N.Z. 
lnst., 11 : 230-248, pl. 10. 

1879a. Addition to the amphipodous Crustacea of New Zealand. Ann. Mag. Nat. 
Hist., (5) 4 (23) : 329-333, pl. 16. 

--- 1880. New species of Crustacea from New Zealand. Ibid., (5) 6: 1-6, pl. 1. 

--- 1881. Recent additions to and notes on New Zealand Crustacea. Trans. N.Z. Inst., 
13: 204-221, pis. 7-8. 

UENO, M. 1933. Freshwater Crustacea of Iturup. Annot. Zoo!. Japon., 14: 109-113, 1 fig. 
---- 1935. Crustacea collected in the lakes of Southern Sakhalin. Ibid., 15 (1) : 88-94, 

4 figs. 

UTINOMI, H. 1947. Caprellidae of Japan and adjacent waters. Seibutu, Suppl., 1 : 68-82, 8 
text-figs. (In Japanese). 



348 K. NAGATA 

WALKER, A. 0. 1898. Crustacea collected by W. A. Herdman, F.L.S., in Puget Sound, Pacific 
coast of North America, Sept. 1897. Proc. Trans. Liverpool Bioi. Soc., 12: 268-287, pis. 15-16. 

1904. Report on the Amphipoda collected by Professor Herdman, at Ceylon, in 1902. 
Ceylon Pearl Oyster Fisheries, Suppl. Rept., 17: 229-300, 8 pis. 

--- 1909. Amphipoda Gammaridea from the Indian Ocean, British East Africa, and the 
Red Sea. Trans. Linn. Soc. London, (2), Zoo!., 12: 323-344, pis. 42-43. 

WATKIN, E. E. 1939. The pelagic phase in the life history of the amphipod genus Bathyporeia. 
Journ. Mar. Bioi. Assoc. United Kingdom, 23: 467-481, 2 text-figs., 4 tables. 




