Diatom 25:91-105. December 2009

91

Diatoms of Yamakado Moor in Shiga Prefecture, Japan

Yasuo Kihara, Yasushi Sahashi, Shigehiko Arita and Taisuke Ohtsuka

Tansaibou-no-kai, “Hashikake” system in Lake Biwa Museum, Oroshimo 1091,
Kusatsu, Shiga 525-0001, Japan

Abstract

A taxonomic survey was carried out on the diatom flora of Yamakado Moor, a mixed
Sphagnum moor located about 5 km north of Lake Biwa in west-central Honshu, Japan.
In total, 123 diatom species belonging to 36 genera were identified and are illustrated
here with seven unidentified species. The predominant genera were Eunotia and Pinnu-
laria, each represented by 19 taxa, but their proportions are lower than in the high-
moors of Honshu. Forty-one out of 51 taxa reported earlier from Yakumogahara Moor, an-
other Sphagnum moor located in the watershed of Lake Biwa, were also observed in
Yamakado Moor, although the taxa richness is much higher at the latter site. Similarly to
the vascular plant flora and insect fauna, the diatom flora contained boreal or alpine com-
ponents despite the moor’s location in the warm-temperate zone.

Key index words : diatom flora, Eunotia, mixed Sphagnum moor, Pinnularia, Yamakado

Moor.

Introduction

Yamakado Moor is a mixed Sphagnum moor
located about 5 km north of Lake Biwa in Shiga
Prefecture in west-central Honshu, Japan (35°
33N, 136° 07E), at an altitude of about 290 m
with an area of 2X10' m®> (Fig. 1). The moor is
mainly covered by Sphagnum palustre L., and
Sphagnum cuspidatum Hoffm. is also abundant in
/around the pools. The vascular plant community
in the moor is characterized by Menyanthes trifo-
liata L., Ilex nipponica Makino, and Moliniopsis
japonica (Hack.) Hayata. Such vegetation is un-
usual in low-mountain areas of Western Japan,
situated in the warm-temperate zone, because it

usually develops in colder regions (Murase 1992).

Many insects those are usually distributed in
colder regions are also found here (Minami
1992). The Japanese Ministry of Environment
has, therefore, designated this moor as one of
500 important wetlands in Japan (http://www.
sizenken.biodic.go.jp/pc/wet_en/254/254. html).
Geographical studies have suggested the antiq-
uity of the moor. Takahara (1993) estimated that
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the oldest moor sediments were deposited
>30,000 yr BP based on pollen analysis. The
moor appears to have been stably established
since 10,000 yr BP (Fujimoto 1992).

Despite the floristic and biogeographic impor-
tance of this moor, its microbial biota is still
very little known. As far as we know, Okano
(1988) alone has reported on plankton in the
pools. Here we attempt to document the diatom
diversity of the moor, by means of showing a
checklist and illustrations of the diatoms encoun-

tered in the present study.
Materials and Methods

We collected ten samples from four points in
the moor on 6 May 2006 for a preliminary sur-
vey. On 23 November 2006 we again collected
36 samples from five points (Fig. 1). Samples
were collected from the surface of algae, Sphag-
num, living/dead spermatophytes, and mud in/
around pools and streams. At each point, electric
conductivity (EC) and pH were checked with a
B-173 conductivity meter (Horiba, Kyoto, Japan)
and a PRN-41 pH meter (Fujiwara Seisakusho,
Tokyo, Japan), respectively.

In the laboratory, major anions and cations
were analyzed by ion column chromatography
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(DX-AQ: Nippon Dionex, Osaka, Japan). SRS,
SRP, NH.-N, NO-N, and NOs>N were colorimetri-
cally determined using an autoanalyzer (AACSII:
Bran + Luebbe, Tokyo, Japan).

Diatom frustules were cleaned as follows. First,
host plants and algae were shredded with scis-
sors. A part of each sample was suspended in 1

Table 1. Water quality of the sampling sites. The
values are arranged in order of minimum-median-
maximum.

pH 4.5-5.6-6.6
EC (mS m™) 3.2-3.6-4.1
NO;-N (pmol L) 0.18-0.65-15.80
NO,-N (pmol L™) 0.04-0.07-0.28
NH4-N (pmol L) 0.05-0.95-6.56
SRP (umol L) 0.03-0.10-0.31
SRSi (umol L™) 2.0-45.1-269.8
Na" (mg L") 2.32-3.79-5.04
K" (mgL™) 0.30-0.64-1.67
Mg (mg L) 0.05-0.08-0.15
Ca* (mgL™) 0.03-0.07-0.59
Cl' (mgL™") 5.12-6.59-7.78
SO (mg L™ 1.45-2.58-3.81

moor N

outlet river

Fig. 1. A. Location map of Yamakado Moor. B. Sam-
pling points on 6 May 2006 and 23 November 2006
are respectively shown as a-d and 1-5.

N HCL at 60C and then repeatedly rinsed with
distilled water to remove calcareous material.
Next, it was cleaned to remove organic matter
using heated H.SO, and KNOs. After repeated
rinses, it was boiled in 10% H.O. to oxidize all
organic matter and again repeatedly rinsed. The
cleaned frustules were mounted onto slides using
Pleurax for light microscopy. For taking light mi-
crographs, we used a compound microscope
(Eclipse 80i: Nikon, Tokyo, Japan) with a digital
micrographic camera (Digital Sight: Nikon, To-
kyo, Japan). The photographs were adjusted to a
uniform magnification and resolution of X 1,500
at 500 dpi using Photoshop Element 3 (Adobe,
California, USA), and then identified.

Results and Discussion

Water quality parameters at the sampling sites
are summarized in Table 1.

We identified 123 diatom taxa in total, belong-
ing 36 genera. These are listed below, together
with seven unidentified taxa, in alphabetical or-
der with illustrations (Figs 2-131).

Achnanthidium lineare W.Sm.; cf. Kram-
mer & Lange-Bertalot 1991b. p. 68. pl. 37. f.
19-23. Fig. 2

A. macrocephalum (Hust.) Round et Buk-
htiy.; cf. Simonsen 1987. p. 211. pl. 325. f



Diatoms of Yamakado Moor 93

TN

B

i

a1,
HHOH

W

D s,

uyf\!‘i‘&‘"rvpy;y,,‘;|ct|i|1‘-e\~

il

29 30 31 32 33

Fig. 2. Achnanthidium lineare. Fig. 3. A. macrocephalum. Fig. 4. A. minutissimum. Fig. 5. A. pusillum. Fig.
6. A. saprophilum. ¥Fig. 7. Amphora oligotraphenta. Fig. 8. Brachysira brebissonii. Fig. 9. B. microcephara. Fig.
10. B. procera. Fig. 11. B. wygaschii. Fig. 12. Chamaepinnularia mediocris. Fig. 13. C. vyvermanii. Fig. 14.
C. weikertii. Fig. 15. Craticula riparia var. mollenhaueri. Fig. 16. Cymbopleura naviculiformis. Fig. 17. C. per-
anglica. Fig. 18. Diatomella balfouliana. Fig. 19. Diadesmis brekkaensis. Fig. 20. Diploneis smithii. Fig. 21.
Encyonema jemtlandicum. Fig. 22. E. neogracile. Fig. 23. E. paucistriatum. Fig. 24. E. pergracile. Fig. 25. E.
perpusillum. Fig. 26. E. subnorvegicum. Fig. 27. Encyonema sp. Fig. 28. Encyonopsis neoamphioxys. Fig. 29.
E. spicula. Fig. 30. Encyonopsis sp. Fig. 31. Eunotia bilunaris var. mucophila. Fig. 32. E. circumborealis. Fig.
33. E. curvata. Fig. 34. E. exigua. Fig. 35. E. fallax. Fig. 36. E. friedel-hintzae. Scale bar = 10 um.

13-22 (as Achnanthes minutissima var. macro- cf. Krammer & Lange-Bertalot 1991b. p. 56. pl.
cephala). Fig. 3 32. f. 19 (as Achnanthes minutissima). Fig. 4

A. minutissimum (Kiitz.) Round et Bukhtiy. ; A. pusillum (Grunow) Czarn.; cf. Kobayasi et
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al. 2006. p. 126. pl. 158. Fig. 5
A. saprophilum (H.Kobayasi et Mayama)
Round et Bukhtiy.; cf. Kobayasi et al. 2006.
p. 128. pl. 161. Fig. 6
Amphora oligotraphenta Lange-Bert.; cf.
Lange-Bertalot & Metzeltin 1996. p. 28. pl. 96.
£ 21-22. Fig. 7
Brachysira brebissonii R.Ross in B.Hartley ;
cf. Lange-Bertalot & Moser 1994. p. 20. pl. 41.
f I-18. Fig. 8
B. microcephala (Grunow) Compére; cf.
Wolfe & Kling 2001. p. 250. £ 14-22. Fig. 9
B. procera Lange-Bert. et G.Moser, Biblioth.
Diatomol. 29: 55. pl. 7. £ 818. 1994. Fig. 10
B. wygaschii Lange-Bert. in Lange-Bert. et
G.Moser, Biblioth. Diatomol. 29: 72. pl. 13. f
1-11. 1994. Fig. 11
Chamaepinnularia mediocris ( Krasske)
Lange-Bert. ; cf. Lange-Bertalot et al. 1996. p.
127. pl. 22. f 43-45. (as Navicula mediocris)

Fig. 12
C. vyvermanii Lange-Bert.; cf. Krammer &
Lange-Bertalot 1985. pl. 26. f 1-6. Fig. 13

C. weikertii (Manguin) Metzeltin et Lange-
Bert., Iconogr. Diatomol. 18: 64. pl. 140. f
12-14. 2007. Fig. 14

Craticula riparia var. mollenhaueri Lange-
Bert.; cf. Lange-Bertalot 2001. p. 117. pl. 92.
1 912. Fig. 15

Cymbopleura naviculiformis (Auersw.)
Krammer, Diatoms Europe 4: 56. pl. 76. f 1
-11. 2003. Fig. 16

C. peranglica Krammer, Diatoms Europe 4 :
158. pl. 84. f 1-4. 2003. Fig. 17

Diadesmis brekkaensis (J.B.Petersen) D.G.
Mann in Round et al. ; cf. Lange-Bertalot &
Werum 2001. p. 6. £ 30-32, 91, 98, 99. Fig. 19

Diatomella balfouliana Grev.; cf. Krammer
& Lange-Bertalot 1986. p. 436. pl. 205. f. 4-8.

Fig. 18

Diploneis smithii (Bréb. ex W.Sm.) Cleve;
cf. Kobayasi et al. 2006. p. 143. pl. 178.

Fig. 20

Encyonema jemtlandicum Krammer, Bib-
lioth. Diatomol. 36: 166. pl. 35. £ 1-9. 1997.

Fig. 21

E. neogracile Krammer, Biblioth. Diatomol.
36: 177. pl. 82. f 1-7, 12, 13. 1997. Fig. 22

E. paucistriatum (A.Cleve) D.G.Mann in
Round et al. ; cf. Krammer 1997b. p. 68. pl

22. f. 1-15. Fig. 23
E. pergracile Krammer, Biblioth. Diatomol.

36: 178. pl. 88. f 1-8. 1997. Fig. 24
E. perpusillum (A.Cleve) D.G.Mann in

Round et al. ; cf. Krammer 1997b. p. 29. pl.

110. f. 1-16, pl. 111. f 1-8. Fig. 25
E. subnorvegicum Krammer, Biblioth. Diato-

mol. 37: 186. pl. 112. £ 1-6. 1997. Fig. 26
Encyonema sp.

This taxon is similar to E. paucistriatum (see
above) but it differs in its capitate valve ends. It
is also similar to Cymbellopsis persantosana Met-
zeltin et Krammer (cf. Krammer 2003. p. 142. pl.
158. £ 8, 9), but it has a more convex ventral
Fig. 27
Encyonopsis neoamphioxys Krammer, Bib-

lioth. Diatomol. 37 : 141. pl. 168. f 1-9, 11-13.

1997. Fig. 28
E. spicula (Hust.) Krammer, Biblioth. Diato-

mol. 37: 145. pl. 170. f 1-3. 1997. Fig. 29
Encyonopsis sp.

This specimen is similar to the type specimen
of Encyonopsis difficilis (Krasske) Krammer (cf.
Krammer 1997b. p.121. pl. 121. f. 9-19.), but it
has narrower valves with more acute ends.

Fig. 30
Eunotia bilunaris var. mucophila Lange-

Bert. et Norpel, Nova Hedwigia 53: 195. pl.

5. f 12-21. 1991. Fig. 31
E. circumborealis Lange-Bert. et Norpel; cf.

Krammer & Lange-Bertalot 1991a. p. 197. pl.

143. f 16-23. Fig. 32
E. curvata (Kiitz.) Lagerst.; cf. Kawashima &

Kobayasi 1996. p. 15. £ 1D, E. Fig. 33
E. exigua (Bréb. ex Kiitz.) Rabenh.; cf.

Krammer & Lange-Bertalot 1991a. p. 199. pl

153. f 5-43. Fig. 34
E. fallax A.Cleve; cf. Krammer & Lange-

Bertalot 1991a. p. 203. pl. 150. f 10-24.

Fig. 35

E. flexosa (Bréb.) Kiitz.; cf. Krammer &
Lange-Bertalot 1991a. p. 182. pl. 140. f. 8-18.

Fig. 37

E. friedel-hintzae Metzeltin et Lange-Bert.,

Iconogr. Diatomol. 18: 97. pl. 103. f 45-51.

2007. Fig. 36
E. incisa W.Greg., Quart. J. Microscop. Sci. 2:

96. pl. 4. f. 4. 1854. Fig. 38
E. minor (Kiitz.) Grunow in Van Heurck,

Types Syn. Diatom. Belg. pl. 33. f 20, 21.

side.
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Fig. 37. Eunotia flexosa. Fig. 38. E. incisa. Fig. 39. E. minor. Fig. 40. E. muscicola. Fig. 41. E. naegelii.
Fig. 42. E. nipponica. Fig. 43. E. nymanniana. Fig. 44. E. paludosa. Fig. 45. E. rhomboidea. Fig. 46. E.
praerupta. Fig. 47. E. serra. Fig. 48. E. siolii. Fig. 49. E. subarcuatoides. Fig. 50. Fallacia vitrea. Fig. 51.
Fragilaria gracilis. Fig. 52. F rumpens var. scotica. Fig. 53. Frustulia crassinervia. Fig. 54. F saxonica. Fig.
55. Frustulia sp. Scale bar = 10 um except for Figs 37 and 55 (= 15 wm).

1881. Fig. 39  E. nipponica Skvortsov; cf. Kobayasi et al.
E. muscicola Krasske; cf. Lange-Bertalot et al. 1981. p. 94. pl. 1. f 3-7. Fig. 42

1996. p. 72. pl. 68. f. 1-38. Fig. 40 E. nymanniana Grunow; cf. Mayana 1997. p.
E. naegelii Migula in Thomé; cf. Krammer 31. £ &11.

& Lange-Bertalot 1991a. p. 182. pl. 140. f 1-6. Formerly we have reported this species as an

Fig. 41 unidentified Eunotia (Kihara et al. 2007. p. 86. f
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22-24) because the curve of the valve is weaker
than the type of Eumnotia steinecki ].B.Petersen.
In the present study, however, we identified it as
above following the synonymization by Mayama
(1997), who found that the strength of curve
Fig. 43
E. paludosa Grunow; cf. Krammer & Lange-
Bertalot 1991a. p. 203. pl. 155. £ 1-20. Fig. 44
E. praerupta Ehrenb.; cf. Krammer & Lange
-Bertalot 1991a. p. 526. pl. 148. f 1-3. Fig. 46
E. rhomboidea Hust.; cf. Krammer & Lange-
Bertalot 1991a. p. 223. pl. 164. f. 11-20.
Fig. 45
E. serra Ehrenb.; cf. Krammer & Lange-
Bertalot 1991a. p. 219. pl. 146. f 1, 2. Fig. 47
E. siolii Hust.; cf. Simonsen 1987. p. 379. pl
571. f 11-15. Fig. 48
E. subarcuatoides Alles, Norpel et Lange-
Bert., Nova Hedwigia 53: 188. pl. 4. f 1-36.
1991. Fig. 49
Fallacia vitrea (Qstrup) D.G.Mann in
Round et al. ; cf. Krammer & Lange-Bertalot
1986. p. 200. pl. 72. f 1-7. (as Navicula fes-
tiva) Fig. 50
Fragilaria gracilis Qstrup; cf. Tuji 2007. p.
11. £ 18. Fig. 51
F. rumpens var. scotica (Grunow) Gemein-
hardt; cf. Patrick & Reimer 1966. p. 144. pl.
6. f. 2. (as Synedra rumpens var. scotica)
Fig. 52
Frustulia crassinervia (Bréb.) Lange-Bert.

varies among specimens.

et Krammer in Lange-Bert. et Metzeltin; cf.

Lange-Bertalot 2001. p. 164. pl. 127. f. 7-15.
Fig. 53
F. saxonica Rabenh.; cf. Lange-Bertalot &

Jahn 2000. p. 172. pl. 126. f 1-7. pl. 127. f 1-

6. Fig. 54
Frustulia sp.

Formerly we have reported this taxon as part
of our materials of F saxonica from Yakumoga-
hara Moor (Kihara et al. 2007. £ 30), but it dif-
fers in size, outline, and areolae density. It is

similar to Frustulia pangaeopsis Lange-Bert. (2001.

p. 171, 220. pl. 130. £ 1-6.), but the valve is
wider (about 25 wm versus 16-18.5 um in F
pangaeopsis). It is also similar to Frustulia
magna Metzeltin et Lange-Bert. (1998. p. 98. pl.
110. f. 14. pl. 113. £ 6), but the valve is nar-
rower with finer striae and areolae (respectively
27 and 22 in 10 um, but 20-22 and 1820 in F

magna). The “porte-crayon” helictogrossae sepa-
rate it from Frustulia bahulsii Edlund et Brant
(1997. p. 209. £ 1-18), which has spatulate ones,
although they have almost the same dimensions.
Fig. 55
Gomphonema acidoclinatum Lange-Bert. et
E.Reichardt, Iconogr. Diatomol. 13: 84. pl.
92. f 1-5. 2004. Fig. 56
G. bohemicum ssp. angustiminus Reich-
ardt, Iconogr. Diatomol. 8: 53. pl. 62. f 1-13.
1999. Fig. 58
G. hebridense W.Greg.; cf. Krammer &
Lange-Bertalot 1991b. pl. 79. £ 13-17. Fig. 57
G. parvulum var. exilissimum Grunow; cf.
Krammer & Lange-Bertalot 1991b. pl. 76. f 14
-20. Fig. 59
G. parvulum var. parvulius Lange-Bert. et
E.Reichardt; cf. Krammer & Lange-Bertalot
1991b. pl. 76. f. 22-29. Fig. 60
Hantzschia amphioxys (Ehrenb.) Grunow ;
cf. Lange-Bertalot 1993. p. 77. pl. 85. f 1-11.
Fig. 61
Kobayasiella madumensis (E.G.Jgrg.) Lange
-Bert.; cf. Jgrgensen 1948. p. 60. pl. 2. f 26.
(as Navicula madumensis) Fig. 62
K. micropuncutata (H.Germ.) Lange-Bert.;
cf. Kobayasi & Nagumo 1988. p. 247. f 38-41.
(as Navicula micropunctata) Fig. 63
K. okadae (Skvortsov) Lange-Bert.; cf.
Skvortzov 1938. p. 52. pl. 1. f 37, 38 (as
Anomoeoneis okadae) Fig. 64
Luticola aequatrialis (Heiden) Lange-Bert.
et Ohtsuka; cf. Simonsen 1992. p. 56. pl. 56.
f 811. (as Navicula aequatorialis) Fig. 65
Meridion constrictum Ralfs; cf. Krammer &
Lange-Bertalot 1991a. p. 102. pl. 101. f 8-14.
(as Meridion circulare var. constrictum) Fig. 66
Microcostatus maceria (Schimanski) Lange-
Bert.; cf. Krammer & Lange-Bertalot 1986. p.
201. pl. 72. f. 17-20. (as Navicula maceria)

Fig. 67
Navicula angusta Grunow ; cf. Lange-
Bertalot 2001. p. 15. pl. 2. f. 1-8. Fig. 68

N. heimansioides Lange-Bert., Biblioth. Diato-

mol. 27 : 113. pl. 62. £ 7-8. 1993. Fig. 69
N. leptostriata E.GJgrg.; cf. Lange-Bertalot
2001. p. 88. pl. 40. f 1-8. Fig. 70

N. longicephala Hust.; cf. Simonsen 1987. p.
316. pl. 474. f 6-10. Fig. 72
N. notha J.H.Wallace ; cf. Lange-Bertalot 2001.
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Fig. 56. Gomphonema acidoclinatum. Fig. 57. G. hebridense. Fig.58. G. bohemicum ssp. angustiminus. Fig.
59. G. parvulum var. exilissimum. Fig. 60. G. parvulum var. parvulius. Fig. 61. Hantzchia amphioxys. Fig. 62.
Kobayasiella madumensis. Fig. 63. K. micropuncutata. Fig. 64. K. okadae. Fig. 65. Luticola aequatrialis. Fig.
66. Meridion constrictum. Fig. 67. Microcostatus maceria. Fig. 68. Navicula angusta. Fig. 69. N. hemiman-
sioides. Fig. 70. N. leptostriata. Fig. 71. N. notha. Fig. 72. N. longicephala. Fig. 73. N. vilaplanii. Fig. 74.
Navicula sp. Fig. 75. Naviculadicta ambiguissima. Fig. 76. Neidium affine var. humerus. Fig. 77. N. affine.
Fig. 78. N. ampliatum. Fig. 79. N. hercynicum. f. subrostratum. Fig. 80. N. javanicum. Fig. 81. N. tenuis-
simum. Fig. 82. Neidium sp. Scale bar = 10 um.

p. 89. pl. 40. f 17-21. Fig. 71 Lange-Bertalot 2001. p. 78. pl. 32. f 48-53.
N. vilaplanii (Lange-Bert. et Sabater) Lange- Fig. 73
Bert. et Sabater in U.Rumrich et al.; cf. Navicula sp.
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Fig. 83. Nitzschia gracilis. Fig. 84. N. palea. Fig. 85. N. palea var. debilis. Fig. 86. N. perminuta. Fig. 87.
N. pseudofonticola. Fig. 88. N. ruttneri. Fig. 89. N. solita. Fig. 90. Peronia fibula. Fig. 91. Pinnularia an-
glica. Fig. 92. P brauniana. Fig. 93. P hemipteriformis. Fig. 94. P hilseana var. japonica. Fig. 95. P
aquilonaris. Fig. 96. P divergens. Fig. 97. P macilenta. Scale bar = 10 um.

This taxon is similar to Navicula phylleptosoma 1-7. 1998 Fig. 75
Lange-Bert. (cf. Lange-Bertalot & Genkal 1999. p. Neidium affine (Ehrenb.) Pfitzer; cf. Patrick
69. pl. 13. f 1-5), but the raphe sternum ap- & Reimer 1966. p. 390. pl. 35. f. 2. Fig. 77
pears not to be strongly thickened as in that  N. affine var. humerus Reimer in R.M.Pat-
species. Fig. 74 rick et Reimer, Monogr. Acad. Nat. Sci.,
Naviculadicta ambiguissima Gerd Moser Philadelphia 13 : 392. pl. 35. £ 5. 1966.

et al., Biblioth. Diatomol. 38: 202. pl. 20. f Fig. 76
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N. ampliatum (Ehrenb.) Krammer in Kram-
mer et Lange-Bert.; cf. Patrick & Reimer
1966. p. 388. pl. 34. f 5. (as Neidium iridis
var. ampliatum) Fig. 78

N. hercynicum f. subrostratum J.H.Wallace
in Reimer, Proc. Acad. Nat. Sci. Philadelphia
111: 24. pl. 2. £ 7. 1959.

Fig. 79
N. javanicum Hust.; cf. Simonsen 1987. p.
233. pl. 340. £ 7-8. Fig. 80

N. tenuissimum Hust.; cf. Simonsen 1987. p.
312. pl. 470. 1 12-14. Fig. 81
Neidium sp.
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This taxon is similar to Neidium septentrionale
A.Cleve (cf. Krammer & Lange-Bertalot 1986. p.
273. pl. 101. f. 8-12), but the valve is not clearly
tri-undulated and the bent portion of the proxi-
mal raphe fissure is longer. It is also similar to
Neidium longiceps W.Greg. (cf. Patrick & Reimer
1966. p. 393. pl. 35. f 4; as N. affine var.
longiceps), but the central area is much wider.

Fig. 82
Nitzschia gracilis Hantzsch; cf. Krammer &
Lange-Bertalot 1988. p. 93. pl. 66. f 1-11.

Fig. 83
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Fig. 98. Pinnularia microstauron. Fig. 99. P petersenii. Fig. 100. P pseudogibba. Fig. 101. P rhombarea. Fig.
102. P lenticuloides. Fig. 103. P sinistra. Fig. 104. P subcapitata var. elongata. Fig. 105. P subcapitata var.
subrostrata. Fig. 106. P subcapitata var. paucistriata. Fig. 107. P subrupestris. Fig. 108. P substomatophora.
Fig. 109. P viridiformis. Fig. 110. Psammothidium bioretii. Fig. 111. P oblongellum. Fig. 112. P pseu-
doswazi. Fig. 113. Pseudostaurosira brevistriata. Scale bar = 10 um except for Fig. 109 (= 15 um).
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Fig. 114. Rhopalodia acuminata. Fig. 115. Sellaphora pupula. Fig. 116. Sellaphora sp. Fig. 117. Stauroneis
legumen. Fig. 118. S. anceps. Fig. 119. S. gracilis. Fig. 120. S. phoenicenteron. Fig. 121. S. staurolineata
var. japonica. Fig. 122. S. tenera. Scale bar = 10 um except for Figs 120 and 121 (= 15 wm).

N. palea (Kiitz.) W.Sm.; cf. Krammer &
Lange-Bertalot 1988. p. 85. pl. 59. f 1. Fig. 84
N. palea var. debilis (Kiitz.) Grunow; cf.
Krammer & Lange-Bertalot 1988. p. 86. pl. 60.
f 1. Fig. 85
N. perminuta (Grunow) Perag.; cf. Krammer

& Lange-Bertalot 1988. p. 99. pl. 72. f 1-23A.

Fig. 86

N. pseudofonticola Hust.; cf. Simonsen 1987.
p. 306. pl. 459. f 16-20. Fig. 87
N. ruttneri Hust.; cf. Simonsen 1987. p. 243.
pl. 355. f &15. Fig. 88
N. solita Hust.; cf. Simonsen 1987. p. 395. pl.

594. f 20-21. Fig. 89
Peronia fibula (Bréb. ex Kiitz.) R.Ross; cf.
Kobayasi et al. 2006. p. 94. pl. 114. f 1-13.

Fig. 90
Pinnularia anglica Krammer, Biblioth. Dia-
tomol. 26: 171. pl. 40. £ 21-23. 1992. Fig. 91
P. aquilonaris M.H.Hohn et Hellerman; cf.
Krammer 2000. p. 146. pl. 126. f 1.
Pinnularia kitterii reported from Yakumoga-
hara moor (Kihara et al. 2007. p. 86. £ 48) is
probably a smaller valve of this species, but the
morphological succession accompanying size re-
duction must be studied for certain identification.
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Fig. 95
P. brauniana (Grunow) Mills; cf. Krammer
2000. p. 112. pl. 86. f. 10-19. Fig. 92

P. divergens W.Sm.; cf. Krammer 2000. p. 61.
pl. 28 f 14. Fig. 96
P. hemipteriformis Krammer et Metzeltin,
Diatoms of Europe 1: 147. pl. 127. f. 6, 7.
2000. Fig. 93
P. hilseana var. japonica H.Kobayasi, Bull.
Tokyo Gakugei Univ. 29: 246. pl. 6. f. 44-46.
1977. Fig. 94
P. macilenta Ehrenb.; cf. Krammer 2000. p.
86. pl. 62. f 1-6. pl. 63. f. 1-5. pl. 66. f 1, 2.
Fig. 97

P. lenticuloides H.Kobayasi in H.Kobayasi
et Kaz.Ando, Bull. Tokyo Gakugei Univ. Ser.
IV 27: 195. f 74-77. 1975. Fig. 102
P. microstauron (Ehrenb.) Cleve; cf. Kram-
mer 2000. p. 74. pl. 50. f 1-12. pl. 52. f 14-
20. pl. 55. f 3-6. Fig. 98
P. petersenii Krammer et Lange-Bert. in
Lange-Bert. et Genkal, Iconogr. Diatomol. 6 :
86. pl. 52b. f. 4-7. 1999. Fig. 99
P. pseudogibba Krammer, Biblioth. Diatomol.
26: 174. pl. 48. f 8-14. 1992. Fig. 100
P. rhombarea Krammer in Metzeltin et
Lange-Bert. ; cf. Krammer 2000. p. 45. pl. 53.
£ 1-10. Fig. 101
P. sinistra Krammer, Biblioth. Diatomol. 26 :
175. pl. 37. f 1-16. 1992. Fig. 103
P. subcapitata var. elongata Krammer, Bib-
lioth. Diatomol. 26: 176. pl. 38. f 1-11. 1992.
Fig. 104

P. subcapitata var. paucistriata (Grunow
in Van Heurck) Cleve; cf. Van Heurck 1880-
1885. pl. 6. £ 23. (as Navicula subcapitata var.
paucistriata) Fig. 106
P. subcapitata var. subrostrata Krammer,
Biblioth. Diatomol. 26: 177. pl. 38. f. 12-18.
1992. Fig. 105
P. subrupestris Krammer, Biblioth. Diatomol.

26: 177. pl. 53. f 8-13. 1992. Fig. 107
P. substomatophorea Hust.; cf. Simonsen
1987. p. 161. pl. 260. f. 1, 2, non 3. Fig. 108

P. viridiformis Krammer, Biblioth. Diatomol.
26: 160. pl. 1. f 4. pl. 4. £ 14. pl. 68. f 1-
4. pl. 69. £ 1-5. 1992. Fig. 109

Psammothidium bioretii (Germain) Bukhtiy.
et Round; cf. Krammer & Lange-Bertalot
1991b. p. 19. pl. 12. £ 1-9 (as Achnanthes

bioretii). Fig. 110
P. oblongellum (@strup) Van de Vijver, Bib-
lioth. Diatomol. 46: 107. pl. 27. f 18-25.
2002. Fig. 111
P. pseudoswazi (J.R.Carter) Bukhtiyy. et
Round; cf. Krammer & Lange-Bertalot 1991b.
p. 41. pl. 24. f 1-7. (as Achnanthes pseu-
doswazi) Fig. 112
Pseudostaurosira brevistriata (Grunow) D.
M.Williams et Round; cf. Krammer &
Lange-Bertalot 1991a. pl. 130. f. 9-10 (as
Fragilaria brevistriata). Fig. 113
Rhopalodia acuminata Krammer; cf. Kram-
mer & Lange-Bertalot 1988. p. 162. pl. 112. f.
16. Fig. 114
Sellaphora pupula (Kiitz.) Mereschk., Ann.

Mag. Nat. Hist. 2nd Ser., 7/9: 187. f 1-5.

1902. Fig. 115
Sellaphora sp.

This taxon is similar to Sellaphora nana

(Hust.) Lange-Bert. et al. (cf. Simonsen 1987. p
440. pl. 658. f. 12-14 ; as Stauroneis nana), but
the valve ends are wider and the central area is

narrower. Fig. 116
Stauroneis anceps Ehrenb.; cf. Reichardt
1995. p. 25. pl. 16. f 1-12. Fig. 118

S. gracilis Ehrenb.; cf. Reichardt 1995. p. 34.
pl. 19. f 1-6. Fig. 119
S. legumen (Ehrenb.) Kiitz.; cf. Kobayasi &
Ando 1978. p. 278. f 13-16. Fig. 117
S. phoenicenteron (Nitzsch) Ehrenb.; cf.
Krammer & Lange-Bertalot 1986. p. 239. pl. 84.
£ 1-3. Fig. 120
S. staurolineata var. japonica H.Kobayasi
et Ando, Jpn. J. Phycol. 26: 15. pl. 2. f 18-

20. 1978.

Some specimens have weak longitudinal ribs
passing through the fascia, suggesting a continu-
ity to the nominate variety. Fig. 121
S. tenera Hust.; cf. Simonsen 1987. p. 215. pl.

329. f 6-10. Fig. 122
Stenopterobia curvula (W.Sm.) Krammer ;

cf. Krammer & Lange-Bertalot 1988. p. 209. pl.

171. f 5-9. Fig. 123
S. delicatissima (F.W.Lewis) Bréb. ex Van

Heurck; cf. Krammer & Lange-Bertalot 1988.

p. 210. pl. 173. £ 5, 6. pl. 174. £ 1-10.

Fig. 125
Stenopterobia sp.

Hirano (1972) reported this species from
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Fig. 123. Stenopterobia curvula. Fig. 124. Stenopterobia sp. Fig. 125. S. delicatissima. Fig. 126. Surirella bo-
hemica. Fig. 127. S. bifons. Fig. 128. S. tenera. Fig. 129. S. linealis. Fig. 130. Synedrella parasitica. Fig.
131. Tabellaria flocculosa. Scale bar = 10 um except for Figs 127 and 128 (= 15 um).

Kurobe-genryu-daira Moor, Toyama Prefecture,
Japan, as Swurirella lapponica A.Cleve (p. 30. pl.
5. f 1, 2), but S. lapponica shown by Krammer
& Lange-Bertalot (1988) has a wider valve (p.
188. pl. 135. f. 15-17), which puts Hirano’s iden-

tification in doubt. The same species has also
been reported from Daisetsuzan National Park
(Hirano & Iwaki 1970, 1972) and Mt. Ydbari
(Hirano & Iwaki 1977), Hokkaido, and Sawano-
ike Pond, Kyoto, Japan (Yoshikawa 2007).
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Fig. 124

Surirella bifrons Ehrenb.; cf. Krammer &

Lange-Bertalot 1991a. p. 196. pl. 145. f 2-4. pi.
146. f 14. pl. 147, f 1-5. pl. 150. f 4-6.

Fig. 127
S. bohemica G.Maly; cf. Krammer & Lange-
Bertalot 1988. p. 204. pl. 155. f. 2-9. Fig. 126

S. linealis W.Sm.; cf. Krammer & Lange-

Bertalot 1988. p. 198. pl. 149. £ 1-9. Fig. 129
S. tenera W. Greg.; cf. Krammer & Lange-
Bertalot 1988. p. 203. pl. 164. f 1-4. Fig. 128

Synedrella parasitica (W.Sm.) Round et

Maidana, Diatom Res. 17: 24. f 11-14. 2001.

Fig. 130

Tabellaria flocculosa (Roth) Kiitz.; cf. Ko-
bayasi et al. 2006. p. 91. pl. 110. £ 1-9.

Fig. 131

The dominant genera in terms of taxa rich-
ness in Yamakado Moor were Eunotia and Pin-
nularia ; each is represented by 19 taxa. The
percentage of these taxa among all diatom taxa
(E+P; Hirano 1981) is, however, 29% and is
lower than in high-moors in Honshu, Japan
(Hirano 1981) and other Sphagnum moor or
pond in the watershed of Lake Biwa (Kihara et
al. 2007, 2008). The diatom flora of the
Yamakado Moor is therefore not like those of
high-moors in its entirety, although it does con-
tain high-moor components.

Forty-one out of 51 taxa reported from Yaku-
mogahara Moor were also found in Yamakado
Moor (Kihara et al. 2007), but the taxa richness
of the former is less than half that of the latter.
Evidently the diverse and heterogeneous environ-
ment of the latter moor contains components
similar to those in the former. In contrast, only
31 out of 105 taxa reported from Kurozo Moor,
a mixed Sphagnum moor situated in the warm-
temperate zone in Shikoku Island, Japan, were
common to Yamakado Moor (Mieno et al. 1997 ;
the taxonomy of that work was partly reassessed

by us based on the published microphotographs).

The diatom flora of Yamakado Moor includes
boreal or alpine elements despite the fact that

the moor is situated in the warm-temperate zone.

A similar pattern has been noted for the moor’s
vascular plant flora (Murase 1992) and insect
fauna (Minami 1992). Among the diatoms, Encyo-
nema mneogracile, E. perglacile, Eunotia circumbo-

realis, Kobayasiella okadae, and Pinnularia sub-
capitata var. subrostrata are boreal components
mainly distributed in northern parts of Europe
(Krammer 1997a, 2000, Krammer & Lange-
Bertalot 1986, 1988). Indeed, E. neogracile and P
subcapitata var. subrostrata are regarded as al-
pine taxa (Krammer 1997a, 2000). Funotia nip-
ponica is also considered an alpine diatom, be-
cause it is very common in alpine moors in
Hokkaido (Hirano & Iwaki 1974) and Eastern
Honshu (Hirano 1977), but rare in other habitats
(Watanabe et al. 2005). These taxa except E.
pergracile were shared with Yakumogahara Moor
(Kihara et al. 2007).

Acknowledgement

We wish to thank Hidehiro Fujimoto for guidance
in the field, members of Tansaibo-no-kai for help in
sampling, Yusuke Nakamura for preparing diatom
slides, Takako Uchikoshi for analysing water chemis-
try, Mark J. Grygier for proofreading a draft of the
manuscript, and Suematsu Nakai and Takeshi Negoro
for donating important diatom literature to the Lake
Biwa Museum. The present study was partly sup-
ported by a JSPS Grant-in-Aid for Scientific Research,
No. 18580198, and partly by Lake Biwa Museum
Comprehensive Research Project S06-02.

References

Edlund, M.B. & Brant, L. 1997. Frustulia bahlsii sp.
nov.,, a freshwater diatom from the Eastern U. S. A.
Diatom Research 12: 207-216.

Fujimoto, H. 1992. Geography, geology and aquatic
environment of the Yamakado moor and the sur-
rounding area. In: Fujimoto, H., Kimura, T., Ko-
bayakawa, T., Kojima, T, Minami, T.,, Murase, T,
Sano, J. & Takeda, H. (eds) Nature of the
Yamakado Moor. The nature to be bequeathed to
the next generation. pp. 1-10. Yamakado Moor Re-
search Group, Otsu. (in Japanese)

Hirano, M. 1972. Diatoms from the Hida Mountain
Range in the Japan Alps. Contributions from the
Biological Laboratory, Kyoto University 24 : 9-30, 4
pls.

Hirano, M. 1977. Studies on the diatoms from the
Alpine Moors in the central and northeastern parts
of Honshu, Japan Diatoms from Mts. Zao, Gas-
san, Azuma, Iwate, Naeba, Myoko, Sanpogamine
and Tateyama. Study Report of Baika Junior Col-
lege 26: 99-108, 4 pls. (in Japanese)

Hirano, M. 1981. Freshwater algae of Mizorogaike
Pond. 139-162. In : Scientific Research Group of
Mizorogaike Pond (ed.) Mizorogaike Pond: nature
and man. Department of Culture and Tourism,
Kyoto City, Kyoto. (in Japanese)

Hirano, M. & Iwaki, S. 1970. Diatoms from the Da-



104 Yasuo Kihara, Yasushi Sahashi, Shigehiko Arita and Taisuke Ohtsuka

isetsuzan National Park, 1. Bulletin of Fuji Women’s
College Series II 8: 59-105. (in Japanese)

Hirano, M. & Iwaki, S. 1972. Diatoms from the Da-
isetsuzan National Park, II. Bulletin of Fuji
Women’s College Series II 10: 119-141. (in Japa-
nese)

Hirano, M. & Iwaki, S. 1974. Diatoms from the
Niseko Mountainous distinct in Hokkaid6. Bulletin
of Fuji Women’s College Series II 12: 93-112. (in
Japanese)

Hirano, M. & Iwaki, S. 1977. Diatoms from the Mt.
Yabari distinct, Hokkaid6. Bulletin of Japanese So-
ciety of Phycology 25, Supplement: 55-60. (in
Japanese)

Jérgensen, E.G. 1948. Diatom communities in some
Danish lakes and ponds. Det Kongelige Danske
Videnskabernes Selskab Biologiske Skrifter 5(2) :
1-140, 3 pls.

Kawashima, A. & Kobayasi, H. 1996. Diatoms from
Akanko (Lake Akan) in Hokkaido, Japan. 4.
Raphid diatoms: Eunotia, Cocconeis, Achnanthes,
Rhoicosphenia. Natural Environmental Science Re-
search 9: 15-32. (in Japanese)

Kihara, Y., Arita, S. & Ohtsuka, T. 2007. Diatoms of
Yakumogahara Moor in the Hira Mountain Range,
west-central Japan. Diatom 23: 83-90.

Kihara, Y., Sahashi, Y. & Ohtsuka, T. 2008. Diatoms
of Kojyorogaike Pond in the Hira Mountain Range,
west-central Japan. Diatom 24: 73-79. (in Japa-
nese)

Kobayasi, H. & Ando, K. 1978. Genus Stauroneis in
Japan. Bulletin of Tokyo Gakugei University Ser. IV
30: 273-292. (in Japanese)

Kobayasi, H., Idei, M., Mayama, S., Nagumo, T. &
Osada, K., 2006. H. Kobayasi’s Atlas of Japanese
diatoms based on electron Microscopy 1. 596 pp.
Uchida Rokakuho, Tokyo. (in Japanese)

Kobayasi, H. & Nagumo, T. 1988. Examination of the
type materials of Navicula subtilissima Cleve (Bacil-
lariophyceae). Botanical Magazine, Tokyo 101
239-253.

Krammer, K. 1997a. Die cymbelloiden Diatomeen.
Ein Monographie der weltweit bekannten Taxa.
Teil 1. Allgemeines und Encyonema part. 382 pp.
Bibliotheca Diatomologica 36. J. Cramer, Berlin-
Stuttgart.

Krammer, K. 1997b. Die cymbelloiden Diatomen. Ein
Monographie der weltweit bekannten Taxa. Teil 2.
Encyonema part., Encyonopsis and Cymbellopsis. 469
pp. Bibliotheca Diatomologica 37. J. Cramer, Ber-
lin- Stuttgart.

Krammer, K. 2000. The genus Pinnularia. 703 pp.
In : Lange-Bertalot, H. (ed.) Diatoms of Europe:
Diatoms of the European inland waters and compa-
rable habitats 1. A.R.G. Gantner, Ruggell.

Krammer, K. 2003. Cymbopleura, Delicata, Navycym-
bula, Gomphocymbellopsis, Afrocymbella. 530 pp. In :
Lange-Bertalot, H. (ed.) Diatoms of Europe: Dia-
toms of the European inland waters and compara-
ble habitats 4. A.R.G. Gantner, Ruggell.

Krammer, K. & Lange-Bertalot, H. 1985. Naviculaceae.

Neue und wenig bekannte Taxa, neue Kombina-
tionen und Synonyme sowie Bemerkungen zu eini-
gen Gattungen. 230 pp. Bibliotheca Diatomologica
9. J. Cramer, Berlin-Stuttgart.

Krammer, K. & Lange-Bertalot, H. 1986. Bacillario-
phyceae 1. Teil: Naviculaceae. 876 pp. In: Ettl,
H., Gerloff, J., Heynig, H. & Mollenhauer, D. (eds)
Siipwasserflora von Mitteleuropa 2/1. Gustav
Fischer, Jena.

Krammer, K. & Lange-Bertalot, H. 1988. Bacillario-
phyceae 2. Teil: Bacillariaceae, Epthemiaceae, Suri-
rellaceae. 596 pp. In : Ettl, H., Gerloff, J., Heynig,
H. & Mollenhauer, D. (eds) Siipwasserflora von
Mitteleuropa 2/2. Gustav Fischer, Jena.

Krammer, K. & Lange-Bertalot, H. 1991a. Bacillario-
phyceae 3. Teil: Centrales, Fragilariaceae, Euno-
tiaceae. 576 pp. In : Ettl, H., Gerloff, J., Heynig, H.
& Mollenhauer, D. (eds) Siifwasserflora von Mit-
teleuropa 2/3. Gustav Fischer, Jena.

Krammer, K. & Lange-Bertalot, H. 1991b. Bacillario-
phyceae 4. Teil: Achnanthaceae, Kritische Ergin-
zungen zu Navicula (Lineolatae) und Gomphonema.
437 pp. In: Ettl, H., Gerloff, J., Heynig, H. &
Mollenhauer, D. (eds) Siifwasserflora von Mit-
teleuropa 2/4. Gustav Fischer, Jena.

Lange-Bertalot, H. 1993. 85 Neue Taxa und iiber 100
weitere neu definierte Taxa erginzend zur Siifwas-
serflora von Mitteleuropa Vol. 2/1-4. 454 pp. Bib-
liotheca Diatomologica 27. J. Cramer, Berlin-
Stuttgart.

Lange-Bertalot, H. 2001. Navicula sensu stricto, 10
genera separated from Navicula sensu lato, Frustu-
lia. 526 pp. In : Lange-Bertalot, H. (ed.) Diatoms
of Europe: Diatoma of Europian Inland Waters
and Comparable Habitats 2. AR.G. Gantner, Rug-
gell.

Lange-Bertalot, H. & Genkal, S.I. 1999. Diatoms
From Siberia I. 303 pp. In: Lange-Bertalot, H.
(ed.) Iconographia Diatomologica 6. Koeltz Scien-
tific Books, Konigstein.

Lange-Bertalot, H. & Jahn, R. 2000. On the identity
of Navicula (Frustulia) rhomboides and Frustulia
saxonica (Bacillariophyceae). Systematics and Geog-
raphy of Plants 70 : 255-261.

Lange-Bertalot, H., Kiilbs, K., Lauser, T., Norpel-
Schempp, M. & Willmann, M. 1996. Dokumenta-
tion und Revision der von Georg Krasske beschrie-
benen Diatomeen-Taxa. 358 pp. In : Lange-Bertalot,
H. (ed.) Iconographia Diatomologica 3. Koeltz Sci-
entific Books, Konigstein.

Lange-Bertalot, H. & Metzeltin, D. 1996. Indicators of
oligotrophy : 800 taxa representative of three
ecologically distinct lake types. In : Lange-Bertalot,
H. (ed.) Iconographia Diatomologica 2. 390 pp.
Koeltz Scientific Books, Konigstein.

Lange-Bertalot, H. & Moser, G. 1994. Brachysira. 212
pp. Bibliotheca Diatomologica 29. J. Cramer, Ber-
lin- Stuttgart.

Lange-Bertalot, H. & Werum, M. 2001. Diadesmis
Sfukushimae sp. nov. and some new or rarely ob-
served taxa of the subgenus Paradiadesmis Lange-
Bertalot & Le Cohu. Diatom 17: 3-19.

Mayama, S. 1997. Eunotia nymanniana Grunow and
related taxa. Diatom 13: 31-37.

Metzeltin, D. & Lange-Bertalot, H. 1998. Tropical
Diatoms of South America I. 695 pp. In: Lange-
Bertalot, H. (ed.) Iconographia Diatomologica 5.
Koeltz Scientific Books, Konigstein.

Metzeltin, D. & Lange-Bertalot, H. 2007. Tropical



Diatoms of Yamakado Moor 105

Diatoms of South America II. In: Lange-Bertalot,
H. (ed.) Iconographia Diatomologica 18. 877 pp.
Koeltz Scientific Books, Konigstein.

Mieno, K., Tuji, A., Ohtsuka, T., Hyodo, K. & Bando,
T. 1997. Diatom flora of Kurozo-moor, Tokushima
Prefecture. Diatom 13: 147-160. (in Japanese)

Minami, T. 1992. The Yamakado Moor is a treasure-
house of boreal insects. Iz : Fujimoto, H., Kimura,
T, Kobayakawa, T., Kojima, T., Minami, T., Murase,
T., Sano J. & Takeda H. (eds) Nature of the
Yamakado Moor. The nature to be bequeathed to
the next generation. pp. 37-50. Yamakado Moor Re-
search Group, Otsu. (in Japanese)

Murase, T. 1992. Plants of the Yamakado Moor. In :
Fujimoto, H., Kimura, T.,, Kobayakawa, T., Kojima,
T, Minami, T.,, Murase, T., Sano J. & Takeda H.
(eds) Nature of the Yamakado Moor. The nature
to be bequeathed to the next generation. pp. 23-36.
Yamakado Moor Research Group, Otsu. (in Japa-
nese)

Okano, T. 1988. Plankton of the pools in the
Yamakado Moor located at the north of Lake Biwa
(Appendix : a plankton species list of Shiozu Bay,
Lake Biwa). Shiga Kagaku 1987 : 41-48. (in Japa-
nese)

Patrick, RM. & Reimer, C.W. 1966. The Diatoms of
the United States, exclusive of Alasuka and Hawaii.
Volume 1. 688 pp. Academy of Natural Sciences of
Philadelphia, Pennsylvania.

Reichardt, E. 1995. Die Diatomeen (Bacillariophyceae)
in Ehrenbergs Material von Cayenne, Guyana Gal-
lica (1843). In: Lange-Bertalot, H. (ed.) Ico-
nographia Diatomologica 1: 1-99. Koeltz Scientific
Books, Konigstein.

Simonsen, R. 1987. Atlas and catalogue of the diatom
types of Friedrich Hustedt. 525 pp. 772 pls. ]J.
Cramer, Berlin- Stuttgart.

Simonsen, R. 1992. The diatom types of Heinrich
Heiden in Heiden & Kolbe 1928. 100 pp. 86 pls.
Bibliotheca Diatomologica 24. J. Cramer, Berlin-
Stuttgart.

Skvortzov, B.V. 1938. Diatoms collected by Mr. Yoshi-
kazu Okada in Nippon. Journal of Japanese Botany
14 : 204-217.

Takahara, H. 1993. Vegetation history since the last
glacial period around the Yamakado Moor, Shiga
Prefecture, western Japan. Japanese Journal of Paly-
nology 39: 1-10. (in Japanese)

Tuji, A. 2007. Type examination of Fragilaria gracilis
Pstrup (Bacillariophyceae). Bulletin of the National
Science Museum, Tokyo, Series B, Botany 33: 9-
12.

Van Heurck, H. 1880-1885. Synopsis des diatomées
de Belgique. 235 pp. Table Alphabétique 120 pp.
pls. 1-132, A-C. Anvers, Belgium.

Watanabe, T., Asai, K., Ohtsuka, T., Tuji, A. & Houki,
A. 2005. Picture book and ecology of the freshwa-
ter diatoms. 784 pp. Uchida Rokakuho, Tokyo. (in
Japanese)

Wolfe, A. P. & Kling, H. J. 2001. A consideration of
some North American soft-water Brachysira taxa
and description of B. arctoborealis sp. nov. In :
Jahn, R., Kociolek, P, Witkowski, A. & Compere, P.
(eds) Lange-Bertalot-Festschrift. pp. 243-264. A.R.G.
Gantner, Ruggell.

Yoshikawa, S. 2007. Sedimentary diatoms in Sawano-
ike Pond, Kyoto City. Diatom 23: 91-104.



