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Five small st，ψhanodiscus taxa， S. invisitatus HOHN & HELL.， S. costatilimbus H. KOB.， S. hantzschii 
GRUN. ι tenuis (HUST.) HAK. & STOER勘九 S. delicat山 GENK.，S. minutullus (KtJTZ.) CL. & MOLL. (incl. 

S. parvus STOERM. & HAK.) have rutherto been found in Japan not only by light microscopy but also 
by scanning and transmission e1ectron microscopy. Among these species， four species were reported 
in this series of papers. Presently， the fi庇hone， S. delicatus is examined in detail by using transmission 
e1ectron microscope (TEM) and scanning e1ectron microscope (SEM). 

S. delicatus is characterized by the fascicles composed of two to three densely arranged rows of 

areolae， insertion of short fascicles not reacrung the centre between every two to five longer fascic¥es， 
and the variable shape of the external opening of the labiate process. 

The characters useful in identifying the above five small species are listed. These inc¥ude the 
shape of the mantle costa， the shape and position of the external opening of the labiate process and 
the number of the struts of the central and marginal strutted processes. These characters are quite 

constant witrun each species. 
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As emphasized by HAKANSSON et al. 
(1986)， the identification of the small and 
tiny Stephanodiscus species whose valves are 

less than 15μm in diameter has been es-

pecial1y difficult by the lack of taxonomic 

precision and confusion concerning the 

nomenclature of some small but widely 

distributed and ecological1y important spe-

cles. 

However， the types or authentic slides 
and materials of some species which were 

very often incorrectly identified and which 

caused confusion in the literature， have 

1) This work was partly supported by a grant from 
the Nissan Science Foundation. 

been examined precisely one after another 

(ROUND 1981; HAKANSSON & STOERMER 

1984 a， b; STOERMER & HAKANSSON 1984). 

Consequently， the five ]apanese smal1 spe-

cies which had hitherto been found by the 

authors and their co-workers have been 

clarified and the four of them including 

one new species， S. costatilimbus H. KOB.， 
were reported (KOBAYASI & INOUE 1985， 
KOBAYASI et al. 1985 a， b. KOBAYASI & 

KOBAYASHI 1986). 

In the present paper， the fifth one， S. 
delicatus GENKEL， is examined in detail by 

SEM and TEM and the characteristics 

useful in identifying the five smal1 Stψha-

nodiscus species are discussed. 
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Matenals姐 .dMe也ods

Materials used here were collected from 
the following three localities. (1) Plankton 
from a small fresh water lake， Waku-ike 
(pH 8ム wt.19.900)， Nagano Prefecture， 
on Sept. 21， 1972， sample number K-2118. 
(2) Plankton from lagoon Hachiro-gata 

(pH 7.5， wt. 1印2.800，salinity 1口7.2%，の
Akita Prefectu町rre，on Oct. 4， 1985. N-
1005. (3) Plankton from the estua可 of
the Naka River (pH 7.0， wt. 1400， salinity 
18偽)at the Siodome Bridge， Tokyo， on 
Nov. 9， 1984， N-935. In addition to the 
above materials， the following samples 

were used for the observations and the oc-
currence check. (4) Bottom mud from 
Inogashira Pond (pH 9.5， wt. 2600， salin-
ity 0%0， conductivity 146μs・cm-1)，Tokyo， 
on Sept. 13， 1983， K-1737. (5) Bottom 
mud 企oma small lake， Hime・n山 na(pH 

7.7， wt. 1500， salinity 0偽)in Rishiri Is-
land， northern Hokkaido， on Aug. 25， 1984， 
K-1950. (6) Bottom mud仕ombrackish 
lake 00・numa'(pH 8.5， wt. 1700， salinity 
9偽)， northern Hokkaido， on Aug. 25， 
1984， K-1954. (7) Epiphytic in brackish 

river， Hinuma-gawa (pH 9ム wt.2000， 
salinity 3仇 conductivity4800μs・cm-1)

Ibaragi Prefecture， Oentral ]apan， on Apr. 
17， 1985， K-2612. 
Methods of cleaning， washing， preparing 

samples for light and electron microscopy 
ぽ eprevio凶 lyreported (KOBAYASI et al. 

1985b). 

Results 

Under light microscope (LM)， specimens 
are circular with strongly elevated or de-

pressed central region. In our material， 
valve diameters are in a range of 6 to 14 
μm. The number of striae is 14ー18in 10 
μm measured along the valve margin. 
These values coincide well with that of 
the original description， though the ]apa-
nese specimens are a little larger than those 
from Rybinski Reservoirs， USSR (GENKEL， 
1985). The striation in a fascicle is so del-

icate that the punctae forming striae are 
unresolvable both in central and marginal 
regions. A single central strutted process， 
slightly excentric， can occasionally be dis-
tinguished (Figs 2-4， arrowed) and the 
central elevation or depression is so strong 
in most valves in our specimens曲目 the
central structure usually is out of focus 
when the marginal striae are in focus (Figs 

1，3，4). 
In contrast to the invisible marginal 

spines， the marginal strutted processes are 
visible as a dot oc~urring on every 3rd 
to 6th interfascicles in almost all valves ob-
served. 

In SEM observations， those characteri-
stics observed by LM  are well comfirmed 
and these are in agreement with the SEM 

photographs presented by GENKEL (1985) 
except the degree of central undulation. 

Frustules and the diagramatic representa-

tion of the features are shown in Figs 5-10. 
τbe central elevation and depression of our 
specimens are more conspicuous in exterior 
views than that shown by GE限 EL(1985). 
However， the same specimens with small 
and less prominent central elevation or de-

pression邸 shownin GENKEL'S paper (1985， 
Figs 2，3) are also observed in our materials. 

The interfascicles are generally elevated 
in the external view. The elevation is less 

conspicuous in the heavily silicifi.ed valves 
邸 shownin Figs 9， 10. These two photo-
graphs are hypo-and epi・valvesof the same 
frustule taken from different angles. In the 
weakly silicified valve with central depres-
sion， the elevation of the interfascicles is 
more prominent than those of the heavily 
silicified valve. In the latter， the exterior 
surface is almost smooth and the smaller 

exterIor openings of the areolae are visible 
(Figs 10， also 1ι22). 
The spines are often slightly bent upward 

and occur on the end of every interfascicle. 
The fasciculate organization of the areolae 
on the valve mantle is lost below the spine 
insertion and the asteroid pore ring sur-
rounding spines and marginal strutted pro-
cesses is seen in general (Figs 7-8， 14， 17-
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Plate 1. Sゅ!zal1odisclISdel附 tllSGENK. (vVaku-ike). Figs 1-4. Whole valves showin再thecentral strutted 
process (arrow) and marginal strutl巴dprocesses. LM  x 2000 (bar = 10μm). Figs 5， 6. Diagrammatic I・e-
presentation of Lh巴 valveswith central el巴vationand depression， a. marginal spine， b. marginal strutted 
process， c. vertical slit-like marking of the Aange， d. extcrnal opening of the labiate process， e. areolar rows 
on the valve mantle， f. Aange， g. central strlllted process， h. impression of the central strlltt巴dprocess of the 
sibling valve，・in terfascicle，・fascicle. Figs 7， 8. Extcrior valves with central elevation ancl clepression 
showing the central st川 tteclprocess (arrow)， pattern centre (dollble arrow)， impression of the central str凶 ed
process of the sib!ing valvc (arrow head) and exterior opening of the marginal lab凶 teprocess (dollble arrow 
head) SEM x 7500 (bar= 1μ111). Figs 9， 10. Epitheca with a ccntral depression and hypotheca with a 
central elevation of the same frllstllle showing exterior op巴ningof the labiate process (arrow) and impression 
of the central strlltted process of the sibling valve (dollble arrow) SEM  x 8000 (bar= 1μm). 
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Plate 2. StethallodiscllS delicatlls GENIι (Figs 11-14. Waku-ike， Figs 15， 16. Hachiro-gata) Fig. 11. 
Valve view. TEM x 7000 (bar= 1μm). Fig. 12. Enlargement of the valve margin showing the densely 
arranged pores ancl pore occlusions with regular1y scatterecl perforations. TEM x 20000 (bar=O.1μm) 
Fig. 13. Interior view of whole valve showing the central struttecl process with two arc type buttresses ancl 
a labium placed parallel to the raclia! axis of the valve. Fig. 14. Enlargement of the interior valve margin 
showing出emarginal struttecl process with unequal arc type buttresses. SEM x 30000 (bar=O.1μm). 
Fig. 15. ¥'Vhole uncleanecl frustule showing chitan threads eX(Tucling from marginal struttecl processes. 
SEMx4000 (bar=IOμm). Fig. 16. Chilan threacl extruding from the central strutted process. SEMx 
40000 (bar=O.1μm). 
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Plate 3. SIψha叩 diSCllSdelicallls GENIく (VVaku-ikc). Figs 17-22. Extcrior opcnings of thc marginal 
labiate processes varying in shape. Fig.17. Somewhat raised lllbular opening. Fig.18. Small rOllnd 
opening. Figs 19， 20， 22. Occluded spine-like opening. Fig. 21. Spine-like projeclion with lInclersidc 
opem暗ー SEMx 30000 (bar=O.1μm). 
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22)邸 seenin st，φ加nodi前町 minutullus(Ko・
BAYASI et al. 1985b， Figs 5， 6). 

In the interior views (Figs 13， 14)，訂eo・
lae on the valve face have domed cribra 
but those of the valve mantle have flat 
cribra like a windowpane. In the exterior 
views， the central strutted process is appar.. 
ent as a slightly raised opening (Figs 7， 8， 
arrow). The impression of the central 
strutted process of the sibling valve occurs 
opposite the opening of the central strutted 
process邸 aprominent depression (Fig. 7， 
arrow head). Both central strutted process 
and central impression are more prominent 
on the heavily si1icified valves (Fig. 10 dou-
ble arrow). The areolae forming fascicles 
are arranged densely in the marginal zone 
of the valve， the number being about 50 
in 10 f.lm at the margin. This arrangement 
is clearly seen in TEM photographs (Figs 
11， 12). 
The central strutted process has two 

即時 interiorly(RoUND 1981) (Fig. 13) 
and the marginal one has three struts， two 
of which are more developed than the one 
facing the valve face (Fig. 14). The chitan 

threads (McLACHAN et al. 1965) extruding 
from the central and marginal strutted pro-
cess can be noticed on the uncleaned frus-
tules (Figs 15， 16). 

A single labiate process oCCUI百 atthe 
junction of the valve facefmantle and at 
almost the same level as the spine insertion 
(Figs 17-22， arrowed). However， some are 
slightly higher (Figs 17， 19， 20) and some 
are slightly lower than the spine level (Figs 

18， 22). The outer shape of the labiate 
process is variable， being a somewhat raised 
tube (Fig. 17)， or a sunken hole smaller 
than theは terioropening of the areolae 

(Fig. 18)， like a spine with an underside 
opening (Fig. 21) and fully occluded (Figs 
19，20， 22). Though the occluded external 
labiate process has rarely been pointed out 
by HA貼附ONet al. ( 1986)， this is also 
quite new to us. The labium is parallel 
to the radial axis (Fig. 13) and occurs on 
the end of a interfascicle on the side nearly 
opposite the cen廿alstrutted process (Figs 

8， 10， 13). 

DiscussioD 

Comparative studies of the five small 
Stψhanodiscωspecies in ]apan using SEM 
and TEM show both similarities and dif. 
ferences in specific characters between the 
taxa， even though their gross appearances 
山 lderthe light microscope are similar to 

each other. 
Those characters which are useful in 

identifying the taxa are 1isted in Table 1. 
All taxa listed are small and with their valve 
diameter in a range of 5-16μm. 
S. invisitatus HOHN & HELL. (KOBAYASI 

& INOUE 1985) and S. costatilimbus H. KOB. 
(KOBAYASI & KOBAYASHI 1986) are quite 
similar in both LM  and SEM views but can 
be clearly distinguished only by the shape 
of costae on the valve mantle and the posi-
tion of the exterior opening of the marginal 
labiate process. The former has costae 
branched in V -shape or fork-shape and the 
latter has linear ones as an elongation of the 

interfascicles. There are many features 
that can be detected by LM  when once 
they have been recognized by SEM (REト

CHARDT 1986). However， clear distinction 
between S. invisitatus and S. costatilimbus 
with LM is very di伍.cultexcept the very 
rare case presented in our previo国 paper
(KOBAY ASI & KOBAY ASHI 1986， Figs 1， 2). 
The interfascicles often elongate to the 

strutted processes on the mantle as seen in 
many St，ψhanodiscus species such部 S.al-
p初ωHUST(HA貼附ONand STOERMER 1984 
b)， S. aegypticus EHR. (HA臥 NSSON and 
LOCKER 1981)， S. niagarae EHR. (RoUND 
1981， 1982b， THERIOT and STOERMER 1981). 
It is very rare that the interfascicle elonga-
tion reaches to the valve edge beyond the 
marginal strutted process， as seen in S. 
incognitus KUZMIN et GENKEL (GENKEL and 
KUZUMIN 1978). This is an important ge-
neric and specific character of the genus 
Cyclostephanos ROUND (1982a). The mantle 
costae of S. invisitatus and S. costatilimbωare 
slightly elevated interiorly but not so visual-
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Characteristics of five St，φlhanodisc山 speci国

Central Fascicles 
Elevation of Strutted processes Valve mant1e Labiate process Interfascicles (IF) 

elevation I Number Dnuemptbh er (Pokre • Number & 

or linlOμm I Marginal 
Exterior I Interior Central I Marginal tawned en svpainlvee s Costae 

pof lacelambeiunEt n Shape and place ofexternal 

depression at EnarEI.n pr orE rowB to radial I opening 
edge) axlS 

s. inuisitatus without on every slight1y raised small round 

to with one with 4-7th pore， on a branch of V or 
HOHN & 1王ELL. 5-14 without 14-20 2 with 

(thin IF with 
与4 parallel fork marginal costa， lower 

two arc than marginal strutted pro・
valv田) 2 arc cess level 

S. costatilimbus on everγ small pore on linear mar-
one with 3-8th ginal costa， between spine 

H.KoB 7-11 without 14 2-3 with with 5-6 Iinear parallel 
two arc IF with and marginal strutted pro・

2a陀 cess levels 

S. hantzschii without on every tubular， replaced with spine 
GRUN. f. tenuis to with 3-4th crossW1Se 

7-16 without 8-16 2-4 without without 5-7 without 
(HUST.) HAK. & (thin IF with oroblique 
STOERM. valves) 3 arc 

S. delicat凶 wi也out o3-n 6出every variable in shape， some are 
to with one with IF with occluded， replaced with 

GENKEL 6-14 with 14-18 2-3 
(也in

without 3 arc 
2-3 without parallel 

spine， upper 出an spine two arc (incl. 1 valves) 
small) level 

S. minutullus on every tubular but variable in 
(K町 'z.)CL. & without one with 3-6th 
MOLL. (incl. S. 6-10 10-13 2-3 with without 

JF with 
2-3 without oblique sh且pe，replaced with spine 

ta叩 山 STOERM. to with two arc 

& HAK.) 3a詑

Table 1 
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ly prominent， even though they reached to 
the valve edge， and this is a reason why we 

placed these two species under Stψhanodiscus . 
S. hantμchii GRUN. f. tenuis (HUST.) HAK. 

& STOERM. (KOBAYASI et al. 1985a) has a 

flat valve face similar to the above two spe-

cies. This species is distingished by the 

absence of a central strutted process and by 

the absence of a costal structure on the 
valve mantle. Valve face strutted proces-

ses are considered to be an important di-

agnostic structure in the genus &ψhanodiscus. 
Their absence or presence was used to sep-
arate S. tarvus and S. hantzschii by STOERMER 
and HAKANSSON (1984) and HAKANSSON and 
STOERMER (1984a). 

S. delicatωGENKEL is characterized by 

having the centra1 e1evation or depression， 
the de1icately areo1ate structure and a cen-
tra1 strutted process of the va1ve・ Although
it resemb1es S. minutullus (KUTZ.) CL. & 

MOLL. in some features detectab1e with 

SEM， it can be distinguished with ease 

by its u町四01vab1yfine punctation of the 

fascicles with LM. As 1isted in Tab1e 1， 
the striae number as measured a10ng the 

va1ve margin of S. delicatus observed is 

clearly greater than that of S. minutullus. 
Each margina1 strutted process is surround-
ed by three arc-shaped buttresses (RoUND 

1981， 1982b) in both species， but the one 
facing the va1ve face is smaller than the 

other two in S. delicatus. 
As clearly shown in our previous paper 

(KOBAYASI et al. 1985b) with P1ate 3 show-

ing a series of gradations in the degree of 
centra1 va1ve elevation of S. minutullus， spe-
cimens collected from Hime・numa，a small 
fresh-water 1ake in Hokkaido， are charac-
terized by having both flat and undu1ate 

va1ves. Consequently it is sometimes very 

difficult to make a distinction between this 

species and S. hantzschii f. tenuis where these 

species co・occurred. Careful focussing of 

the va1ve at different focus 1evels in the way 

suggested by REICHARDT (1986) may reso1ve 
this prob1em in finding a centra1 strutted 

process changing from white to b1ack dot 

under LM  (KOBAYASI et al. 1985b， Figs 2， 
3). 

Small centric diatoms are abundant and 

eco1ogically important in many fresh-water 

ecosystems (HAKANSSON et al. 1986)， but 
the difficulty of identification of these small 

taxa， especially that of Stethanodiscωhaving 
the po1ymorphic nature of the va1ves 

(HAKANSSON and STOERMER 1984a， THERIOT 
and STOERMER 1981， KOBA Y ASI and INOUE 

1985， KOBAYASI et al. 1985a， 1985b)， has 
been one of the serious prob1ems to the 
workers in the field. The occurrence in 

]apanese waters of the five species whose 

identities were ascertained by SE1在 are

shown in Table 11. All species occurred 

both in fresh and brackish waters except 
S. costatilimbus which was quite scarce in 
the original material. In a brackish la-

goon， Hachiro-gata， all taxa were found in 
a small bottle of plankton samp1e. There-

fore the exsistence of slightly different， but 

Table II Occurrence of five Stφ，hanodiscus species 

Jで官一 i叫
Hachiro ! 00・numa Hinuma Naka 

numa i Pond L得 oon I Lake River River 

l fresh Lafrkee sh fresh brackish brackish brackish brackish 

S. invisitatus r r 十十 r 

S. costatilimbuJ r r 

S. hantzschii + ート十 1- r + ιtenuls 
S. del，化atus 十 ++ r r 十

S. minutullus ++ +++ r r ++ + 

十++ =abundant， 十十 =frequcnt，十=common，r=rarc， rr=vcry rarc. 
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overlapping ecological f国turesof these taxa 

are significant. Mter correct1y distinguish-

ing each of them， further work will be 

necessary to define their ecological ranges. 

Aclmowledgernent 

We  would like to thank Dr. O. MAEDA 

and Mr. M. IDEI of the Tsukuba Univer-

sity and Mr. T. NAGUMO of the Nippon 

Dental University and Mr. N. KATANO for 

providing the samples and TEM photo-

graphs. We also thank Mr. B. HARTLEY 
of England for correcting the English draft 

of the manuscript. 

References 

GENKEL， S.1. 1985. Species nova e genere Stψha・

nodiscus EHR. (Bacillariophyta). Nov. Syst. P1ant. 

non Vasc. 22: 30-32. +2p1s. 
GENKEL， S.1. and KUZMIN， G.V. 1978. New taxa 

of the genus st，φ，hanodiscus EHR・(Bacillariophyta).

Bot. Zhr. 63(9): 1309-1317. +4p1s. 
HAKANssON， H. and LOCKER， S. 198¥. 81，ψ，hanodiscus 

EHRENBERG 1846， a revision of也especies descri-

bed by EHRENBERG. Nova Hedwigia 35: 117-150. 

HAKANSSON， H. and STOERMER， E.F. 1984a. Obser-

vations on the type material of 81，ψ，hanodiscωhan-

tzschii GRUNOW in CLEVE & GRUNOW. Nova 

Hedwigia 39: 477-495. 
HAKAN濁ON，H. and STOERMER， E.F. 1984b. An 

investigation of the morphology of St，ψ，hanod，旬ω

a争inusHUST. Bacillaria 7: 159-172. 

HAKAN!SON， H.， THERIOT， E.C. and STOERMER， E.F. 

1986. Morphology and taxonomy of St，ψ，hano-

dis仰 vestibulis串 nov.(Bacillariophyta) Nord. J. 

Bot. -Sect. Phycol. 6: 501-505. 

KOBAYASI， H. and INouE， H. 1985. Fine structure 
and taxonomy of the small and tiny 81，ψ，hanod，伽ω

(Bacillariophyceae) species in Japan. ¥. Stethano-

discω invisitatωHOHN &臨LL.(in Japanese) 

Jap. J. Phycol. 33: 149-154. 
KOBAYASI， H.， INouE， H. and KOBAYASHI， H. 1985a. 

Fine structure and taxonomy of the small and 
tiny st，ψhanodiscω(Bacillariophyceae) species in 
Japan. 2. S，坤，hanodiscω hantzschiiGRUN. form. 

te，脚む (HUST.)HAK. & STOERM. (in.Japanese) Jap. 
J. Phycol. 33: 233-238. 

KOBAYASI， H.， KOBAYASHI， H. and IDEI， M. 1985b. 

Fine structure and taxonomy of the small and tiny 

Stethanodiscω(Bacillariophyceae) speci回 inJapan.

3. Stethanodiscus minutullus (KtiTZ.) ROUND and S. 

tarvus STOERM. & HAK. Jap. J. Phycol. 33: 293-
300. 

KOBAYASI， H. and KOBAYASHI， H. 1986. Fine struc-

ture and taxonomy of the small and tiny St，ψ，hano-

discus (Bacillariophyceae) species in Japan. 4. 

St，ψ，hanodiscus costatilimhωsp. nov. Jap. J. Phycol. 

34: 8-12. 

McLACHLAN， J.， McINNES， A.G. and FALK， M. 1965. 
Studies on the chitan (chitin: poly-N・acetylglu-

cosamine) fibers of the diatom Thalassiosira flu-

viatilis HUSTEDT. ¥. Production and iso1ation of 

chitan fibers. Can. J. Bot. 43: 707-713. 
REICHARDT， E. 1986. Ultrastructural elements of 

some forms of StethanodiscωEHR. (Bacillariophy-
ceae) observed in the light microscope. Nova 

Hedwigia位:283-294. 
ROUND， F.E. 198¥. The diatom genus S，坤，hanodiお加:

An electron-microscopic view of the classical spe-

cies. Arch. Protistenk. 124: 455-470. 
ROUND， F.E. 1982a. C.yclost，ψ，hanos-a new genus 

within the Sceletonemaceae. Arch. Protistenk. 125: 

323-329. 
ROUND， F.E. 1982b. Some forms of Si坤hanodisc.ω

species. Arch. Protistenk. 125: 357-37¥. 

STOERMER， F.E. and HAKANssON， H. 1984. S.坤，ha-

nodiscus tarvus: Validation of an enigmatic and 

widely misconstrued taxon. Nova Hedwigia 39: 

497-51 ¥. 
THERIOT， E. and STOERMER， E.F. 198¥. Some舗・

pects of morpho1ogical variation in Stゆ，hanodiscω
niagarae (Bacillariophyceae)..J. Phycol. 17: 64-72. 

小林 弘*，小林秀明紳:日本産小型ステファノデスクス属(ケイソウ類)の微細構造と分類 5. 

Stephanodiscus delicatus GENKELと小型種5種類の同定に有用な形質

本邦の淡水および汽水の湖沼や河1111ζ出現する 4種類の小型 Stψhanodiscus属珪藻， S. invisitatus， S. hantzschii 

f. tenuis， S. minutullus， S. costatilimbus については，すでに本誌上IC報告を行った。今回は S.delicatus につい

て，おもに SEMによって諸形質を明らかにした。乙の種類は S.minu tull us I乙似ているが，構造がより微細で

ある点を特徴としている。

なお，今までのと ζ ろ上述の 5種類が本邦に見られた本属のすべてであるが， ζれらを識別するのに役立つ形

質の比較を行い，併せて，本邦での出現状態を SEMによって般認しながら調べた。♂184 小金井市貫井北町
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