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The relation between sedentary organisms and attachment substratum is of
ecological interest. There have accumulated a number of evidences that the
larvae of marine invertebrates search for 2 suitable substratum on or in which they
occur, and many invertebrate larvae have an ability to delay metamorphosis until
they find a suitable substratum (cf. Willlams, 1964). Detailed studies of the
agsociation between Bryozoa and their algal substrata were made by Rogick and
Croasdale (1949) in the region of Woods Hole and by Ryland (1962) in British
waters. Other works are fragmental descriptions scattered throughout taxzonomic
papers. The association between Bryozoa and algal substrata is in part explained
by the particular selectivity of the larvae (Ryland, 1959a, b).

As to Hydrozoa, there is no extensive work on the association with algal sub-
strata in our country, although occasional descriptions are found in faunal and
taxonomic papers (Yamada, 1950a, b, 1959, etc.). Uchida ¢ al. (1963)
described briefly the fauna inhabiting marine algae and marine plants in their
report on the fauna of the Akkeshi region, Hokkaido. Katd ¢t al. (1961) discussed
the distribution pattern of the hydrozoan colonies attached on Sargasso-algae and
suggested the important role of the interspecific interaction between the Hydrozoa
in determining their micro-distributions. They have also been studying in the
laboratory on the mechanisms of the mentioned interaction (Katé et al. 1962, 1963,
1964). '

The observations reported in this paper were made mainly during the summers
of 1962 and 1963 along the coast of Asamushi and its vieinity in Aomori Prefecture,
northern Honshi, Japan.

Here I express my cordial thanks to Prof. Mutsuo Katé, of the Biological
Institute of the Toéhoku University, for his kind dircction during the present
work and for his critical reading of the manuseript. Thanks are also due to Prof.
Eturd Hirai, Director of the Marine Biological Station of Asamushi, and to the
staff members of the Station for their helpful criticisms. The Hydrozoa were

1} Contributions from the Marine Biological Station of Asamushi, Aomori Xen, No. 323.
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identified by Pfof. Mayumi Yamada of the Hokkaido University, and the algae by
Prof. Masahiko Takamatsu of the Hirosaki University, both to whom I extend my
gratitude. The snails collected by the bait method were sent to Dr. Tadashige

Habe, National Science Museum, Tékyo, for identification, and my thanks are due
to him,

METHODS

At the time of each collection of the Hydrozoa, the associated substrata were
recorded. Frequent visits were made to a number of shores which have various
kinds of bottom and various degrees of exposure to wave action, to collect the
Hydrozoa. Each collection was made from the midlittoral zone down to the shallow
infralittoral zone, about four meters deep. Besides the shore collection, diving
was also done to collect various kinds of Hydrozoa.

Some Hydrozoa have been known to occur on a variety of shells and ascidians.
In order to collect these animals other methods were employed. The snails, by the
bait method, were collected from the various vegetation types along the coast of
Tsuchiya. Tish meat was set as a bait in several dense algal areas and the snials
on or around the bait were collected 30 minutes after the setting. One psecies of
ascidian and two of snails were dredged from the bottom of about 30 m in depth off
the Marine Biological Station of Asamushi.

In such a survey, a fairly large number of hydrozoan species could be collected
though neither biomass nor colony number could be measured accurately. In each
collection, only the occurrence of the associations between the algae and
Hydrozoa was recorded, irrespective of biomass and the number of colonies
obtained.

For the nomenclature of the Hydrozoa and algae, the writer follows Yamada
{1959) and Segawa (1959), respectively, and the names of all algal species examined
in the present study are listed in the Appendix Table.

OBSERVATIONS AND DISCUSSION

T. ASSOCIATION BETWEEN THE HYDROZOA AND ATTACHMENT SUBSTRATA

1. Generdl description, of associations. '

Table 1 shows the association between the Hydrozoa aud their attachment
substrata. Below the infralittoral fringe on the rocky coast, Hydrozoa were
observed attaching to rocks, stones, and boulders, which are categorized as ‘stones
and boulders’ in the table. ‘Shells and carapaces’ refers to the shells of mollusks
and carapaces of crabs, mostly of Pugettia quadridens which inhabits the seaweeds.
Only one colony of Plumularia strictocarpe and one of Orthopy:bfis platycarpa were
collected from the carapace of the carbs. “Wooden structures’ refers to the bottom
of a boat or submerged wooden structures such as piles and submerged boats.
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Table 1. The occurrence of Hydrozoa on varions types of substratum.

- Substrato
a8
AEAR- 5
HYDROZOAN SPECIES E 515!y 3 g
{Abbreviation} - : 2} =, g ..g E
i8S 88|y R
g : g | S| E % o |= B
512 8|2 BIEIE B2
ARG Ald|< 4|8
Coryne uchidai Stechow (8] 31 I 28 gé
=t Hydrocoryne miurensis Stechow  (Hm) 20 1 19 . B
z Tubularie stmplex Alder (Ts) 3 u
g Hydractinia epiconcha Steehow (He) 13 »
& ' Oytaeis japonica Uchida (C5) 18 IR
B | Bougainvillia sp. (B) " s
- \Proboscidactyla favicirrata Brandt  (Pf) | . 0
Halecium sp. 1 (H) ! g
Halecium sp. 2 (Hy) 4 15 J 2
Halecium sp. 3 ((Ié,,) 22
Campanularia sp. s
Orthopyais platycarpae Bale {O) 3 5 4 3 ) 253 22'{'
Chytie delicatula {Thornely) {Cd} ! o
Clytia edwardsi (Nutting) (T2} .  ®
Obelia geniculate (Linné) (G) 1 2 sl
= | Obelia dichotoma. (Linné) (0d) 5 7 | ¢
<t | Hebella sp. {Hs) " 2
8 | Lafoea fruticosa (M. Sars) L) 1 | 1
& | Dynameng hozawai (Stechow) (D) Lsnl s
& | Sertularelle minrensis Stechow (M) 1 1 ! 3
Sertularella spirifera Stechow (Ss) B e 1o
Sertularelle sp. {8) B M 15
Amphisbetia pacifica Stechow (A) 1 a8
Pycnotheca mivabilis (Allman) P . I
Antenelle secundaria (Gmelin) {As) 42 16 2 =
Plumdaria striclocarpa Stechow (Ps) 9% 6 T 2 5I 5 o0
| Aglaophenia whiteleggei Bale (W) 290 8 | i |
| |
Total number of observations |13 92 39 2 o o 39 920 1264
i
No. hydrozoan species agsociated ] 91 12! ﬁl ) 31 1‘ sll 18

‘Annelid tubes” are those of Potamilla myriops, and ‘Bryozoans’ include two
species of Bryozoa, namely, Watersipora culeulate and Amat]n}a. distans, ’the latter
is common as an epiphyte on the alga, Sargassum fortile. ‘Ascldlgn tests’ are those
of Chelyosoma siboju and Styela clave. .

Among those Hydrozoa which were found commonlly on rocks and stone:?,,
several species, e.g., Antenella secundaria, Plumularia strictocarpa and. Aglaophenia
whitelegges frequently ocourred on shells, while some other Hydrqzoa such as
Hydrocoryne miurensis, ete. did not. Shells seem to be .favours.mble substrsf,ta for
many species of Hydorozoa, probably because of their wide variety of habitats,
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Shells of Chlamys farrers nipponensis were more frequently observed to
carry Hydrozoa than those of Pecten yessoensis. Mytilus edulis that grows i the
infralittoral zone often carried a variety of Hydrozoa, e.g., Obelia geniculata, Sertu-
lorella sp., Plumularia strictocarpa, Clytia delicatule and Orthopyzis platycarpa,
while another mussle, Septifer virgatus, had no attached Hydorozoa probably owing
to its high position in the midlittoral zone.

Hydrozoa that are commonly found on rocks usually do not make a colony
on algae as shown by Hydrocoryne miurensis and Aglaophenia whiteleggei, and
most algal associations found in Anienella secundaria and in Plumularia strictocarpa

were indirect ones as will be shown

suBsSTRA :A - in some detail later.
g é‘gg g o é g% g 2 3, Table .1 is schematically pres-
x gsgg : u:“:.’ ig%gé 2 ,gg ented in Tig. 1. On the left .side of
e E%gg % §‘§ p §=:§§ géé S o5 the figure, the hydrozoan species are
, GhEiesdz 562i5TE @5 arranged vertically and the dominant
c|o & |8 3 species on a given substratum are
T e ® ®® m© 1 s]liown, on thegright haif the oceur-
2: . 8 rence of hydrozoans arranged horizon-
B ® © ° * tally shows the suitable attachment
ﬂz © ) * substrata of each hydreid. Double
H3 2z circles indicate the dominant species
24| C0C @ C—) eee o ®§ it on each substratum on the left side
§l co & 8 oo o é s and the preferable substrata of a
He e 4o 20 o 4 given hydroid on the right one.
Ll e @ | ® . They were determined by the oceur-
Mo @ o0 9@ 3 rence probability method (Katé et al.
S| & 2 &) 8 08 128 1952). The percentage of the number
P o8 o o2 @g o oy & of observations of each constituent
Pe ee e E&Bee e@ s hydroid .to johe total number of
o S8mzeaal 204 observations in each substratum was
= 6 o ® @ e calculated, a,.nd.those Hydrozoa which
2 20 20940 4570 eocso 3 e0% have the significantly larger per-

Fig. 1. The association of the common
Hydrozoa with various types of substratum,
Values significantly larger than the theoret-
ical means are indicated with double cricles
(for explonation see text). Left column;
Occurrence of Hydrozon on a given
substratum {vertically arranged). Right
column; Qecurrence of & given hydroid on
various types of substratum (hormonta.lly
arranged).

centage values than the theoretical
mean (which iz calculated on the
basis of the same probability of
occurrence in each species, namely
when five hydrozoan species were
found on a given substratum, the
theoretical mean or percentage of
each species was caloulated to be 20
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percent) in 90 percent reliability were considered to be the dominant species on
the substratum concerned. TFor the right half, the same procedure was employed.

From Table 1 and Fig. 1, the following is to be noted: Iydrozoa can be
grouped, in relation to algal substrata, into three groups; first, Hydrozoa which
did not select an algal substratum, second, Hydrozoa which occurred on both algal
and other substrata, and third, Hydrozoa which occecmrred only on an algal
substratum. 'This is summazized in Table 2.

Table .2
Groupmg of Hydrozos according to the attachment substrato.
‘ : . No. of algal
Group ‘ Substrata Hydroids spp.associated
Stones and boulders — Hydrocoryne miurensis
Hydractinia epiconcha
Shells { Cylaets japonica
I | Non-algae N Halecium sp. 2
Annelid tubes ———— Proboscidactyla flavicirrate
Hydroids — ———— {Hebella sp.
Ascidian tests Lafoea fruticosa
Orthopyzis platycarpa 32
JSertularelia MIUTENSEE 21
~ Sertularella sp. 19
Almost on algae — Obelia geniculata 18
IT | Algae and others — ¢ Amphishetia pacifice 15
. Coryne uchidai 7
Lqually on the both —  Plumularia. striclocarpa 15
i : Antenelle secundaria 12
Seldom on algae — {Ag}aopiaenia whitelegges 1
Pycnotheca mirabilis 4
IIT | Algae only Sargasso algae { Haleciwm sp. 1 3
Bougainvillia sp. 1

2. Group I. Hydrozoa which did not select an algal substratum.

All the specimens of Lafoea fruticose were collected from the ascidian,
Chelyosoma siboja, except one colony which is from the snail, Pusinus perples. All
of these animals were dredged from the bottom of about 30 m n depth off
Asamushi.

Hebella sp. is divided into two forms; the smaller form attaching to the
hydroid, Antenella secundaria that was found on an ascidian, Styele clova, and
another larger form attaching on the hydroid, Aglaophenia whiteleggei. So far,
Hebella was observed in association only with these Hydrozoa.

A commensal hydroid, Proboscidactyla flavieirrata, prefers attaching to tubes
of the sedentary polychaete, Potamille myriops. This association is also reported
from Hokkaido (Uchida and Okuda, 1941, Yamda, 1950 a, Uchida e al. 1963). This
hydrozoan species does not make colonies on all tubes of Pofgmille. In general, the
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larger tubes were more occasionally’ observed to be colonized than the smaller
ones along the coast of Tsuchiya, though it was reported that this hydroid is found
on comparatively young tubes of the same annelid in the Akkeshi region,
Hokkadio (Uchida and Okuda, 1941, Yamada, 1950a). On the Californian coast
Proboscidactyle sp. has been found in association only with Pseudopotamilla.
ocellata (Hand and Hendrickson, 1950). Hirai (1960) reported from his laboratory
experiments that Proboscidactyla sp. could grow to form a colony on the tube margin
only when a living Potamille existed in the tube, and further, when the annelid
was removed from its tube the hydroid degenerated to a stolon and never regener-
ated again to form a luxuriant colony. - Thus, Proboscidactyle fravicirrate is con-
sidered to be in full dynamic association (Whittaker, 1962) with its substratum,
Potamalla myriops. As to other commensal Hydrozba, Kakinuma (1964) i‘eported
Bugymmnanthea cirrhifera on the soft part of Mytilus edulis from Hachinohe, and
Yamada (1950b) recorded Ostreohydra japonica attaching to the gill surface of
Ostrea gigas from Hiroshima. These Hydrozoa may be in full association with
their respective host mollusk.

Hualectum sp. 2 was collected in the infralittoral zone on the shells of Chlamys
farreri mipponensis from the rocky coast of Gome-jima islet off the Station,

Hydractinia epiconcha and  Cytaeis japonica were found associating with
only snails. The results of the bait method collection are summarized in Table 3,
which presents obviously that each hydroid selects a particular species of snail
as the substratum. Their preferences did not overlap, namely, Hydractinia epr-
conche attached only to the snail, Reficunassa acutidentata, whereas Cylaeis
Japowica to only Niotha livescens. All of the snails carrying colonies of these

Table 3

Snail catch with fish meat bait in various vegetations. All algal vegetations are
along the rocky shore at Tsuchiya and the Zostere belts in the sandy bottom
at Oure and Tsuchiya. Vegetations are arvanged according to their
vertical distribution levels. Numbers in parentheses represent
the snails colonized by Hydractinia epiconchke and
by Cytaeis japonica (underlined).

Vegetations
Snails Sargassum | Surgassum | Coccophora Zostera maring
thunbergii tortile | langsdorfii | (urg | Tsuchiya 1| Tsuchiya 2
Thais cluvigera 1 !
Reticunassa fratercule 236 103 1 ;
Barleeia augusta 1 9 '
Temanella turrita 1 21 2 |
Cantharidus jessoensis- 1 1
Mitrella. tenuis 3 163 42 2 | 9
Reticunassa acutidentata 14 266 (176)| 11(11) 8(8)
Niotha livescens a(9) 15(15) | 4(4)
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Hydrozoa were collected from, the Zostera belt and those snials, Reticunassa acutiden-
tate, that inhabited rocky environment where Sargasso-algae were flourishing
carried no Hydrozoa. On the rocky shore near the Shimode Marine Biological
Station, Shizuoka Prefecture, however, Hydractinia epiconcha was collected attach-
ing to the snaill, Cantharus mollis, in March. In Akkeshi Bay, Hydmctinia
uchidas is said to be the commen hydroid that covers “the surface of dead shells
of gastropods mainly Neptunea arthritice which are mostly inhabited by a hermit-
crab” {Nagao, 1961). Reticunassa fratercula, though it is abundant and has a
sculptured rugose surface, did not carry any Hydrozoa, probably because of its high
position of habitat in the midlittoral zone. Mitrella tenuis which has a smooth
ghell is also free from the colonization of Hydrozoa, though it is found in the
Zostera belt. It may be considered from the above that these two forms of Hy-
drozoa are principally restricted to areas of sandy bottom, selecting the snails with
rugose surface as their attachment substrata. But the snail species selected may
not be constant throughout the entire range of distribution of these Hydrozoa, as
shown by Ryland (1962) in Bryozoa on algal thalli., Furthermore, their snail
preference is considered to be stable, thus reducing competition for substratum.
It is unkmown whether they select a particular snail or merely survive on a 'particular
snail after attaching to a variety of snail species. A snail carrying both species to-
gether was not observed in the present investigation at least in the case of the above
two species. Sand6é (1964) collected three snails of Trittia japonica carrying
Hydractinia epiconche from the Zostera belt at Kugurizaka near Asamushi, It
selected a similar snail with rugose swrface and which lives on the sandy bottom.

3. Group IL. Hydrozon which occurred on both algae and other substrata.

In the second group of Hydorozoa, three major subgroups can be recognized
as shown in Table 2. Aglaophenia whitelegger and Anlenclla secundaria,
especially the former, seldom selected an algal substrata. Antencile secundaria
selected stones and rocks far more frequently than algae, and even when it was
observed on the alga the association was an indirect one, that was formed by the
growth of a colony from some other substratwm to the associated alga.
Plumularia  strictocarpa was found frequently on algae and on rtocks but its
principal substratum is considered to be other than algae.

There hiave been observed many Hydrozoa which are associated almost always
with an algal substratum. Most of the common Hydrozoa belong to this category.

4. Group III. Hydrozoa which occurred only on algal substrata.

Halecium sp. 1 and Bougatnwllia sp. were observed in association only with
Sargasso-algae in the present survey, while Miss Kakinuma, of the Station, informed
the writer that she found Bougainvillia sp. attaching to a rope hanged from a buoy
in front of the Station several years ago. The distribution of Bougainwvillia sp.
was restricted to Oura baylet near Asamushi in the present survey. Pyenotheca
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mirabilis attached to algae belonging to Sargassaceae, besides the several occur-
rences on Zostera maring.
Hydrozoa of the present group have a few associated algal species,

Two hydroids, Sertularelle miurensis and Orthopyxis platycarpa are dominant
throughout the various algal substrata, showing a wide range of algal preference (or
selection) and a great number of occurrences. Sertularella sp. and Obelia geniculata

1. HYDROZOA FOUND IN ASSOCIATION WITH ALGAL SUBBTRATA are referred to the exclusive species with a relatively small number of algal species
In the present section, the associations between the Hydrozoa and algae will but with a number of occurrences. It is interesting that no Hydrozoa show wide
be treated in some detail, the data of the associations are given in Table 4. algal preference and few oscurrences. If Hydrozoa do not show algal preference for

Table 4. TFhe association of Hydrozos with algae.

ALGAL SPECIES - HYDROZOAN SPECIES
{Abbreviation) G | B l " ‘ H, | Cs ‘ 0 cd | E G l 0d i D | M \ 8 ‘ A P | As | Ps | w | TO*
= [Ulva pertuse (UP} 18
3 {Cottirom fragite (CF) 2 g S8 110 1 plo® 52
b ( Dickyola dicholoma ' (DD) 1 1 10 9 1 3 2 1
& | Dictyopteris divaricata (DT 21 5 15 6 20
(p:é Padina crasse (PO 1 1 48
S | Chorda filum {CH) 3 1 1 1 . 1
E Lominaria jeponice (LJ) 1 7
O | Undarie pinnatifide (UN) 3 1 1
- Sargassum horneri (SR} 9 1 5 ]
& | Surgassum lortile (S0) 7 7 2 | 23 65 1 3 4 1 2
7 | Sargassum fulvellum (SF) 5 29 g 45 9 2 115
E Sargassum thunbergii (ST) 3 1 12 1 2 39 51 1 1 91
O | Sargassum hemiphyllum (SH) 9 8 1 2 1| 36 3 1 5 2 m 15 104
E Sargassum micracanthum (SM) 3 1 2 132
Sargassum sp. (88) 2 8 1 3 3
A Coccophora langsdorfii {CL) ) 22 a5 |4 | 95 12
Nemalion vermiculare (NV) 1 4 9515
Gelidium amansii . (GA) 11 '
Coralling pikulifera (CP) 2 N - 2| 1 28
Halymenia acuminata (HA) 2 1 2 1 8
Grateloupia filicina (GR) 1 8
Grateloupic okamuroi (G0) 1 1 i
Grapopeltis affinis {GF) 1 2
Gracilaric leatorit (GC} 2 1 1
=4 | Gymnogongrus fabelliformis  (GT) 1 7 1| s 3
5 | Gigarting ienclle (GT) 4 1 14
E Chondrus ocellatus f. typicus  (CT) ] 4 5 1 1 6
&\ Chondrus ocellatus f. erispus ~ {CO) 2 1 1 12
8 | Chondrus armatus (CA) 1 4
a Ceramiwm spp. {CS) 2 3 1 1
g5 | Campylaephora hypnaecoides  {(CM) 3 9 6
Aecrosorium polyneurum (AP) 1 5
Aerosorium yendot (AY) 3 1
g Polysiphonia spp. (PS) 2 1 1 g
& | Chondria crassicaulis (CC) 9
S | Lausencia spp. (L8) 3 5 1(1) g i 3 2 35
o5 | Symphyocladie lativscula (8L} 10 1 1 2 1 3 12
= | Bhodomela laria ) (RL) 1 o 5 ol 2 1 19
@ (Phyllospadiz iwatensis (PI) ‘ . 27
3 {Zostem marina (ZM) 1| 2 o | a5 | 3 . . ) 43
* Total number of cbservations 28 8 9 2 i 4 ] 252 8 95 54 2 3 | 300 | 199 & 15 1 23 1 929
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the particular algal species, the total number of observations will be proportional
to or correlated with the number of algal species utilized as the substratum.
Table 4 scems to give such a relation at least superficially.

Here, it becomes necessary to analyze whether the Hydrozoa show a
particular aglal preference or an indifferent nature in the algal selection.

1. Algal preference of Hydrozoa.

It is obvious from Table 5 that Phaeophyta or brown algae which include
Sargassaceae are utilized as the most suitable substrata by almost all of the
hydrozoan species, the next preferable ones are Rhodophyta or red algae, and
the ones least preferable as algal substrata are Chlorophyta or green algae.

Table 5
Number of associnted algal species in major groups with each hydroid.
CHLORO- | PHAEOQ- | RHODO- | ZOSTE-
PHYTA | PHYTA | PHYTA | RACEAE
Bpp. associated/ Total No. of
examined /11 14/27 23/31 /2 algal spp.
9 algal spp. agsociated
associated 18.2 51.9 59.5 100
No. of hydrozoan
species ' T 17 10 9
Coryne uchidai 6 1 T
Bougainvillia sp. 1 1
Hajecium sp. 1 3 3
Halecium sp. 3 1 1
Campanularia sp. 2 1 3
Orthopyais plabycarpe 2 10 19 1 32
Clytic delicatula 2 1 1 4
Clytia edwardsi 1 1 2
Obelia geniculaic 2 8 i 1 18
Obelia dicholoma 1 1
DPynamena hozawar 2 1 3
Sertularella miurensis 1 11 8 1 2t
Sertularclle sp. 1 8 10 19
Amphisbetia pacifica 1 3 1 15
Pyenothecn mirabilis 3 1 4
Antenella secundaria 2 5 5 12
Plumnlaria strictocarpae 2 B T 1 15
Aglaophenia whitelegged 1 1
Total No. associations u | m | m 5 162

Only a few species of green algae have been reported to support Bryozoa (Rogick
and Croasdale, 1949, Ryland, 1962), and this seems to be the general characteristic
of the green algae. The unfavourability of the green algae as substrata may be
attributed to their life forms and to their high situation in the midlittoral zone.
They are, in general, short-lived, soft and feeble like Enteromorpha spp. and
Monostroma spp., filamentous like Cladophora spp. and having thickly haired sur-
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faces like those of Codium spp. It is well known that the somewhat hard thallus of
[lva spp. can support the epiphytic sedentary animals such as Bryozoa, Hydrozoa,
and Serpulid Polychaeta.

Among the red algae, 22 specics out of the 37 exmained were found to carry
ten species of Hydrozoa. The large number of associated algal species in the
group of red algae is the result of a variety of species of this group, but the number
of hydrozoan species associated is less than in the group of brown algae and the
total number of the associations ohserved are not more abundant in red than in
brown algae. These figures of red algae are seen again in the Bryozoa,

It is interesting to note the leading position of brown algae in preferability ; the
number of hydrozoan species associated with that group is largest though they
include a somewhat less number of species to support the Hydrozoa than the next
preferable red algae do, and the total number of observations recorded for the
brown algae is fairly large. A similar tendency of the preferability of brown algae
is shown in the Bryozoa (Rogick and Croasdale, 1949). Thus, brown algae are the
most suitable algal substrata, having the largest number of Hydrozoa observed on
the algal substrata, namely, 17 species out of 18, and a large value in the total
number of associations recorded. The fact that those Hydrozoa which oceurred
only on algal substrata selected only brown algae suggests the remarkable suit-
ability of this group of algac. It may be in part due to the shrub-like life forms
such as Sargassaceae, and to the hard thallus. There ave, also, as in green
algae, ﬁla,mentcmsﬂ small forms and hairly ones which may be responsible for the
Jow percentage of the algal species associated.

Tig. 2, derived from Table 4 through the same procedure as in the case of Iig.
1, shows schematically the algal species selected in various degrees by the 13
frequent species of Hydrozoa. There are various hydrozoan species, from the
very exclusive species such as Bougwwvillie sp. and Clylia edwardsi which are
restricted to & particular algal species, to the indifferent species such as Orthopyzis
platycarpa  and  Sertularelle miurensis which select 32 and 21 algal specics
repsectively, Even the indifferent Hydrozea have more preferable algal species,
the fact indicates that there seem to be some kind of preferable algal substrata to
any species of Hydrozoa.

Coryne uchidui was frequently observed attaching to Sargassum hemiphyllum
which flourished in the infralittoral fringe and below, and to other members of
Sargassaceae in the infralittoral zone. Bougainvillia sp. is restricted to Sargassum
hemiphyllum which grew in a given area in the Cura baylet. Although the
vegetation of Sargassum hemiphyllum is well developed along the rocky coasts out-
side of Oura, the mentioned species has not been collected there.

Most of Halectum sp. 1 attached to the proximal parts of Sargassum tortile in
the infralittoral Zone on the rocky coast.
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Tig. 2. The association of common
Hydrozoa with various algae. The figure
shows the number of occurrences of associa-
tions between various Hydrozoa snd each
of algal substrata (vertically arranged).
Double cricles indicate the values that are
significantly larger than the theoretical
mean, For the details, see text.

Orthopyxis platycarpa, attaching
to a variety of algae, shows preference
to Sargassum hemiphyllum, Sergassum
Sulvellum, Sargassumtortile, Coccophora

lagnsdorfii, Dictyopteris divaricate and

Ulva pertusa, and exclusive of the
last two listed species all of the algae
belong to Sargassaceae.

Obelia geniculate attaches to
various algae, but it shows preference
to certain algal species. The remark-
able suitability of Dictyota dicholoma
to attachment is evident when we
recall that Obelia geniculata was
commonly observed in association
with this alga from late summer to
early autumn wherever the alga
fluorished.

It is noteworthy that Sertularelle
miurensis showed the greatest pref-
erence to Sargassum tortile, though it
was found associating with a variety
of other algae, among which rather
preferable algae were Sargassum
hemiphyllum, Sargassum  fulvellum,
Coceophora lagnsorfii and Sargassum
thunbergiz.

Sertularelle sp. prefers Sargassum
thunbergit to other algae, while it
selected Sargassum hemiphyllum rath-
er frequently. Amphisbetio pacifica
attaches to Coccophora langsdorifiv
frequently.

It is obvious from the facts mentioned above that the brown algae, especially
those belonging to Sargassaceae, offer sutiable substrata for various kinds of
Hydrozoa. And even in the Sargassaceae, each hydrozoan species selects particular

algae as shown below.

Coryne uchidai — Sargassum hemiphyllum, (and S. tortile, S. fulvellum),

Halevium sp. 1 — 8. tortile,

Orthopyats platyecarpe — S. hemiphyllum, 8. fulvellum, S. tortile, Coccophora
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landgsdorfii, Dictyopteris divarieata and Ulve pertusa,
Obelia geniculata — Dictyota dichtoma, Dictyopteris diwaricata, S. hemiphylium

and Chondria crassicoulis,

Sertularelle miurensis — S. tortele, 8. hemiphyllum, S. fulvellum, Coccophora

langsdorfis and S. thunbergit,

Sertularella sp. — S. thunbergii, S. hemiphyllum,

Amphisbetia pacifica — Coccophora langsdorfic.

Clytia edwardsi shows great preference for Zostera marina.

Other hydrozoan species are not discussed in detail because of their low
frequency in occurrence and low degree of preference for the algae.

2. Characterization  of  algal
substrate.

There is a problem as to what
kind of Hydrozoa a particular algal
species supports significantly and
most frequently. Concerning this
question, a figure was prepared
([ig. 3), which shows the relative
frequency of the Hydrozoa on a given
algal species in the same way asin
Fig. 1 (right half).

Ulva pertusa, a single favourable
green alga, is colonized frequently by
Orthopymis platycarpa and Sertularelle
miurensis, whereas another green
alga, Codium fragile, has no charac-
teristic hydrozoan species. Dictyola
dichotoma supports Obelia geniculata
very frequently and Dictyopleris
divaricate carries Orthopyxis platy-
carpe and Sertularelle miurensis.

Undaria pinnatifide was observed
to support Orthopyxis platycarpa
which attached, in most cases, to a
frill or to a holdfast of the thallus.
Hydropolyps have characteristic
shapes according to their attachment
sites on the frill.

In order to collect the Hydrozoa,
especially to obtain abundant
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Fig. 3. The association of the common
Hydrozoa witl various algae. The figure
ghows the number of occurrences of associa-
tions hetween various algne and each of
Hydrozoa {(horizontally arranged}. Presented
in same symbols as Fig. 2.
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Sertularella mivrensis, it is advantageous to collect Sargassum tortile. This associa-
tion is very remarkable on the rocky coasts throughout the year. This constant
and continuous association presents an inferesting ecological problem of great
importance. Sargassum fortile carries, besides Sertularclle miurensis, abundant
Orthopyxis platycarpa on the upper part of its thallus.

SBargassum thunbergii is the most favourable substratum to Sertularello sp., and
those algae which grow on the exposed sites on the coast often carry Sertularella
TRVUTENSIS,

Other species of Sargassaceae seem to be suitable substrata for both Sertulorelle
miurensis and Orthopyxis platycarpe. The monthly observations show that
Sertularelle sp. survives successfully i the midlittoral zone by attaching to the
proximal portion of the thallus of Sargassum thunbergii, whereas Sertularella miu-
rensis, characteristic on Sargassum foritle which grows in the infralittoral zone,
cannob survive successfully in the midlittoral zone. Spring tides of May, which

_occurs in the daytime, damage the Hydrozoa, Sertularella miurensis, attaéhing to
the thallus gorwing in the infralittoral fringe. Serfularells miurensis prefers
Sargassum torfile to Sargassum thunbergit, so it is still unlmown whether Sertularetle
sp. has a wide range of tolerance fo desiccation or whether it recieves an advantage
by attaching to the proximal portions of Sargassum thunbergit, because the algae
seem to serve as a cover preventing the Hydrozoa from desiceation at low tides.

Coceophora  langsdorfic carries characteristically Admphisbetia pacifica. As
other Sargassaceae, this alga offers suitable sites to Sertularelle miurensis and
Orthopyxts platycarpa, this is probably due to the wide torelance of these Hydrozoa
in algal preference. ‘

A red alga, Gelidium amamsii, is utilized for attachment frequently by
Orthopyxts platycarpa and Amphisbetic pacifice, and because of the remarkable
association of the latter hydroid with this alga, the Japanese name ‘Tengusa-uma-
kabi’ is given to Amphisbetia paciaca.

Tn general the red algae offer a less suitable substratum for Hydrozoa com-
pared with the brown algae, whereas the shrub-like or spreading algae, c.g.,
Chondria crassicaulis, Lourencia spp., and Rhodomela lariz are rather suitable.
They are frequently collected and found carrying one or both of Orthopywis
platycarpa and Sertularelle miurensis.

It may be noted that Zostera marina supports many Clytia edwardsi, which can
be easily collected by dredging the Zosicra plants from the deeper part of the
Zostera belt in Oura baylet.

It has been shown in the earlier pages of this paper that most of the
hydrozoan species have a particularly preferable algal substratum and also that
there really exist very preferable algal groups such as Sargassaceae. On the other
hand, there also exist those algae which carry no hydrozoan epiphytes (see
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Appendix Table). .

Trom the above observations some problems arise:  what is the cause of the
preferability and of unpreferability of the algal species ag th'e Esubstratum of the
Hydrozoa; what are the mechanisms by which the association is mduc'ed or prevent
ed; and is the ecological distribution of the Hydrozoa along the coast in accorda.nce
with that of their preferable algal species? It is presumable that the eGOIOgIGE-!.]
distribution of the Hydrozoa along the coast would be influenced by that of their
preferable algal species within the possible range of distribution of the Hydrozoa
in relation to tidal effects. These interesting problems will be discussed ab another

occasion.

SUMMARY

1. Observations are presented on the associations between 27 species of
Hydrozoa, of which seven belong to Athecata and 20 to Thecata, and the substrata
on which they occur, with particular reference to the algae. .

9. Hydrozoa are classified into three groups n relation to algal substrata, viz.,
Group I: Hydrozoa which do not select algal substrata, Group II: Hydroz.fm
which occur on. both algal and other substrata, and Group II1: Hydrozoa which
oceur only on algal substrata. .

3. There are observed 18 species of Hydrozoa attaching to 38 species of
algae and two of eclgrasses. Two species of green algae, 14 of brown and 22 species
of red algae are récorded as the substrata of Hydrozoa. -

4, The data show that many of the Hydrozoa exhibit definite preferences to
substrata, for attachment. Some athecate hydroids show complete exclusiveness
in substratum preference. '

5. Remarkable suitability of brown algac as substrata for hydrozoan
attachment, especially those of Sargassaccae, are clearly shown. TFurthermore,
each species of Sargassaceae carries particular species of Hydrozoa. .

6. Since the hydrozoan species exhibit such marked preferences for their
algal substrata, it is suggested that the distribution of them along the coast may be
affected by that of their preferable algal species, within the possible range of
distribution of Hydrozoa in relation to tidal effects. :
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APPENDIX TABLE

A list of algal species examined in the present survey with notes on associated hydrozoan
species.

drozoan species: O: Coryne uchidai, B: Bougainvillia sp., H: Hulfzcium. sp. 1,
E:y;!c;;:zwm 8p. 3,P Cs: Oampa,nul‘c]aria, sp., O: Orthopyais platycarpa, Cd: Clytia delzcaiulq,
T: Clytia edwardsi, G: Obelin geniculata, Od: Obelia dichotoma, D: Dynumena k?zaz?;vz,
M: Sertularelle miurensis, 8: Sertularella sp., A: Amphishetia pacifica, P: J.Pycno{bheoa 'm_zmbz 18,
As: Antenelle secundaria, Ps; Plwmularia sirictocarpe, W Aglaophenia whilelegget.

CHLOROPHYTA

Monostroma angiceva Kjellman

Ulve pertuse Kjellman (0 G M 8 A As Py)
Enteromorpha compresse (L.) Greville
Enteromorpha linza (L) J. Agardh
Cladophore sp. 1

Oladophora sp. 2

Cladophora wrightiana Harvey

Cladophora densa Harvey

Chaetomorpha moniligera Kjellman

10. Bryopsis plumose (Hudson} C. Agardh

11. Codium fragile (Suringar) Hariot (O G As Ps)

PHAEOPHYTA

12. Eetocarpus 8p.

13. Sphacelarie variabilis Sauvageau

14. Dictyota dichotome (Hudson} Lamouroux {C O G M S As Ps)
15. Dictyopteris ‘divaricata (Okamura) Okamura (O G M 3 W
16. Padina cpesse Yamada (G)

17. Sphaerotrichia divaricate (Agardh) Kylin

18. Saunderselle sawicola Okamura et Yamada

19. Heterochordaria abieting (Ruprecht) Setchell et Gardner

20. Acrothriz pacifice Okamura et Yamada

21. Nemacystus decipiens {Suringar) Kuckuck

22, Desmarestic viridis (Miller) Lamouroux

28, Punctaria plantaginea (Roth) Greville

24, Puynclaric sp.

25. Scylosiphon lomentaria (Lyngbye) Link

26. Oolpomenia sinuose (Roth) Derbes et Solier

27. Colpomenia bulloss (Snunders) Yemada

28. Chorda filum (L.) Lamouroux (O E G M As}

29. Laminaria japonice Areschoug ? (G)

30. Undarie pinnatifide (Hervey) Suringar {O 5 Ps)

31. Sargassum horneri (Turner) C. Agardh (M)

32. Sargassum tortile O. Agardh (CH G O MBS A P As Ps)

33. Sargessum fulvellum Agardh (C O G M 5)

34. Sargassum thunbergii (Mertens) 0. Kuntze {C H OCd G MS As Ps)
35. Sargassum hemiphyllum G, Agardh (CB H H, Cs0CdE GO0OdMS As Ps)
36. Sargassum micracanthum (Kiitzing) Yendo (M)

87, Sargasswn gp. (0 M A )

38. Coccophora langsdorfii (Turner) Groville (C O M3 AP

© 0 NP PR 10
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RHODOPHYTA

39. Nemalion vermiculare Suringar (0)

40. Gelidium sp. (cf. G. divaricatum Martens)

41. Gelidium amansii Lamouwroux (0 G DM 8 A Ag Ps)

42. Neodilsew yendoana Tokida

43. Coralling pilulifera Postels et Ruprecht (S As Pg)

44. Halymenia acuminate (Holmes) J. Agardh (O A)

45. Grateloupia fiticine (Wulfen) J. Agardh (A)

46, Grateloupio ramosissima Okamura

47. Grateloupia okamurei Yamada (O M)

48. Grateloupia fwrutury Yomada

49. Carpopeltis affinis (Harvey) Okamura (O)

50. Carpopeltis flabellate (Holmes) Okamura

51. Gloiopeltie complanaie (Harvey) Yamda

52. Gloiopelits furcata Postols et Ruprecht

53. Nemastoma nakemurae Yendo

54. Hypnea sp.

88, Gracilaria textorii Suringar (O A)

56. Gymnogongrus flabelliformis Harvey ( C O M 8)

87, Gigartina tenelle Harvey (0 A Pg) .

58. Chondrus ocellatus f. typicus Okamura (O G 5 A)

89, Chondrus ocellatus f. crigpus Okemura (0 G A)

60. Chondrus wrmatus (Harvey) Okamura (0)

61. Chrysymenia wrightii (Harvey) Yamada

62. Lomentaria sp. (of. L. cafenaie Harvey)

83.  Lomentaric hakodatensis Yendo

64. Champia sp. (ef. €. parvula (Agardh} J. Agardh)

66. Callithamnion callophyllidicoln Yamada ?

66. Ceramium kondoi Yendo emend. Nakamura

G7. Ceramium spp. } (O M 5)
PP

68. Campylaephora hypnaeoides J. Agardh (O G)

89. Acrosoriwm polyneurum Okamura (O)

70.  Acrosorium yendoi Yamada (S As Ps)

71. Dasye sessilie Yamada

72. Polysiphonia wrcoelate Grevillo } ()

73. Polysiphonia spp.

74, Chondria crassicaulis Harvey (O G M S8 A As Ps)

75. Laurencic obiuse Lamouroux

76. Laurencie glundulifera Kittzing ? } (O M8 A As Pr)

77. Symphyocladia latiuscule (Harvey) Yamada (0 G D M S A Ps)

¥8. Rhodomela lariz (Turner) C. Agardh (O Cd G M 8 A)

ZOSTERACEAE

79. Phyllospadiz twatensis Makine (D)
80. Zostera maring Linné {Cs O CA E G M P Ps)





