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Abstract In a previous paper, we presented the results of type examination of the Fragilaria 
pectinalis–capitellata species complex, species which have a unilateral central area and fine striae. 
Here, we present the results of type examination of the Fragilaria vaucheriae–intermedia species 
complex, species which have a unilateral central area and coarse striae (＜13 striae per 10 µm). 
Synedra vaucheriae var. doformis Grunow and S. vaucheriae var. distans Grunow are synonyms of 
F. vauchriae (Kütz.) J.B.Petersen. F. intermedia Grunow is also a synonym of F. vaucheriae. How-
ever, some of the figures for F. intermedia that were published by Van Heurck are a new taxon 
sometimes identified as F. intermedia. This new taxon is described here as Fragilaria neointerme-
dia.

Key words : Fragilaria neointermedia sp. nov., Fragilaria vaucheriae, lectotype, Synedra 
vaucheriae var. deformis, Synedra vaucheriae var. distans, typification.

Introduction

The Fragilaria capucina/vaucheriae species 
complex sensu Lange-Bertalot in Krammer and 
Lange-Bertalot (2000) (which is referred to as 
the Fragilaria vaucheriae–intermedia species 
complex in this paper) is understood to be a cos-
mopolitan (and common) species, appearing in 
many freshwater diatom floras (e.g., Patrick and 
Reimer, 1966; Krammer and Lange-Bertalot, 
1991, 2000); it often occurs in such abundance 
that it is the most important taxon for under-
standing the ecology of attached, freshwater  
diatom communities (Tuji, 2000). In spite of its 
frequency of occurrence, the identity of its com-
ponent species remains problematic.

We have been tackling the components of this 
complex by examining type material using LM 

and SEM (Tuji, 2004; Tuji and Williams, 2006a, 
2006b, 2008).

In this contribution, we discuss our results of 
the examination of type material for the Frag-
ilaria vaucheriae–intermedia species complex, 
species that have a unilateral central area and 
coarse striae (＜13 striae per 10 µm).

Materials and Methods

Kützing’s exsiccata “Algarum Aquae Dulcis 
Germanicarum” in Decas III, No. 24, housed in 
the Botanical Museum and Library, University of 
Copenhagen (C)., a slide BM78023, housed in 
the Natural History Museum, London (BM) pre-
pared from BM copy of the exsiccata material, 
and Kützing’s packet material number 185, 
housed in the Natuurhistorisch Museum, Konin-
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klijke Maatschappij voor Dierkunde van Antwer-
pen (AWH), were examined for specimens of 
Fragilaria vaucheriae (Kütz.) J.B. Petersen.

Grunow’s original line drawings, an annotated 
copy of Van Heurck (1881) (GVHS), his slides 
and raw material, all housed in Naturhistoisches 
Museum Wien (W), were used for the identifica-
tion of Grunow’s taxa and a search of his original 
type slides and the raw (unprocessed) accompa-
nying material (Tuji and Williams, 2008). The 
method for observation of type material using 
LM and SEM follows Tuji and Williams (2008).

Results and Discussion

Fragilaria vaucheriae (Kütz.) J.B. Petersen, Bot. 
Not. 122: 167. 1938.

Basionym: Exilaria Vaucheriae Kütz., Alg. 
Aquae Dulcis Germ. Dec. III. No. 24. 1833.
 (Figs. 1–7, 17–20)
Kützing’s published Exilaria vaucheriae Kütz-

ing in his famous exsiccata set Algarum Aquae 
Dulcis Germanicarum in Decas III, No. 24 in 
1833 (Kützing, 1833a), but without description 
or figure. The description and figures were pub-
lished in Kützing (1833b: p. 560. f. 38). Recent 
examination of this material, using LM, was 

Figs. 1–16. 1–7. Fragilaria vaucheriae (Kütz.) J.B. Petersen. LM. Algarum Aquae Dulcis Germanicarum Decas 
III, No. 24. Bar＝10 μm. 8–16. Fragilaria intermedia (Grunow) Grunow. LM. Grunow slide 552, lectotype. 
Bar＝10 μm.
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Figs. 17–20. Fragilaria vaucheriae (Kütz.) J.B. Petersen. SEM. Algarum Aquae Dulcis Germanicarum Decas 
III, No. 24 in C. Bar＝10 μm.

Figs. 21–25. Fragilaria intermedia (Grunow) Grunow. LV-SEM. Grunow material 552, iso-lectotype. 
Bar＝10 μm.
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undertaken by Lange-Bertalot (1980) who used 
the slide BM78023 from Kützing (1833a). Wil-
liams and Round (1987) referred to this species 
as a type of genus Fragilaria. Tuji and Williams 

(2006b) presented the photographs of valve view 
and girdle view of type material of F. vaucheriae 
and compared them with the micrographs of 
Fragilaria rumpens (Kütz.) G.W.F. Carlson and 
Fragilaria capucina Desm.

Morphological variation of specimens found 
in Kützing’s packet 185 in AWH  (Figs. 1–7) and 
the exsiccata copy of Algarum Aquae Dulcis 
Germanicarum (Dec. III. No. 24) located in C 
(Figs. 8–16) agrees with the morphological vari-
ation found in slide BM78023 (＝Kützing Alg. 
Eur. Dec. III no. 24). 

Previously, it was noted that the rimoportulae 
occur near the poles, one per valve and the large 
apical pore fields are rectangular, spines either do 
not exist or are very small, and they do not link 
with sibling cells.

Fragilaria intermedia (Grunow) Grunow in van 
Heurck, Synopsis des diatomées de Belgique 
pl. 45. fig. 11. 1881 (not figs. 9 or 10).

Basionym: Fragilaria mutabilis var. intermedia 
Grunow, Verh. kais.-königl. Zool.-Bot. Ges. 
12: 55 (369); pl. 4/7, fig. 9 a–c. 1862.

 (Figs. 8–16, 21–25, 26)
Lectotype (designated here): slide 552 with blue 

label in Grunow collection in W.
Fig. 26. Fragilaria intermedia (Grunow) Grunow. 

An annotated copy of Van Heurck (1880–1885) 
with hand writing information by Grunow 
(GVHS), plate 45, figures 9–11.

Fig. 27. Fragilaria intermedia (Grunow) Grunow. 
Slides numbered 552 in Grunow collection in 
W. Upper: lectotype.

Fig. 28. Fragilaria neointermedia Tuji et D.M. 
Williams, sp. nov.＝Fragilaria intermedia 
(Grunow) Grunow sensu Grunow (1881) part. 
Slides numbered 31 in Grunow collection in W. 
Lower: holotype slide of Fragilaria neointer-
media sp. nov. Tuji et D.M. Williams.
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Figs. 29–37. Fragilaria neointermedia Tuji et D.M. Williams, sp. nov.  Slides numbered 31 in Grunow collection 
in W. 29–34. LM. Lower: holotype slide.
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Figs. 38–42. Fragilaria neointermedia Tuji et D.M. Williams, sp. nov. Material numbered 31 in Grunow collec-
tion in W. 29–34. SEM. 38–41. inner view of frustule showing one rimoportula per a frustule on valve surface–
girdle junction. 42. girdle view showing linking spines.
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 (Fig. 27 upper)
In Van Heurck’s annotated copy of Synopsis 

des diatomées de Belgique (GVHS: Plate 45 Fig. 
9–11 in Van Heurck, 1881), Grunow gives two 
localities for this taxon (Fig. 26). Fig. 11 in plate 
45 of Synopsis des diatomées de Belgique agrees 
with original illustration in Grunow (1860) and 
the specimens on slide number is ‘552’. Figs. 9 
and 10 were illustrated from specimens on slide 
‘31’.

There are two air-mounted slides numbered 
552 (Fig. 27) and uncovered material on a glass 
slide. We have examined these materials using 
LM (Figs. 8–16) and low-vacuum SEM (Figs. 
21–25).

The individuals observed on the type slides 
agree with the original illustration given in 
Grunow (1860), and should be considered synon-
ymous with F. vaucheriae, as previously dis-
cussed by Petersen (1938).

Taxonomic confusion relative to this taxon 
was caused by the other illustrations in the Syn-
opsis des diatomees de Belgique, figures 9 and 
10 (Van Heurck, 1881), derived from specimens 
on slide number 31. The specimens on slide 
31 have spines and poorly delimited striae, form-
ing long colonies (Figs. 29–42). These specimens 
differ from those on slide 552.

However, in some cases figures 9 and 10 from 
the Synopsis des diatomées de Belgique (Van 
Heurck, 1881) from slide 31, have been referred 
to for identification of F. intermedia (e.g. Patrick 
and Reimer 1966). Below, we describe the speci-
mens from slide 31 as a new taxon: Fragilaria 
neointermedia.

Fragilaria neointermedia Tuji et D.M. Williams, 
sp. nov.

Holotype: slide 31 mounted with styrax in 
Grunow collection in W. (slide illustrated in 
figure 28, last slide of bottom two marked ‘31’; 
figs. 29–42; plate XLV, figure 9 (Van Heurck, 
1881))

Isotype: slide 31 air-mounted (slide illustrated in 
figure 28, first slide of bottom two marked 
‘31’) and raw material 31 in Grunow collection 

in W; TNS-AL-56395 in TNS.
Synonym: Fragilaria intermedia sensu Grunow 

in Van Heurck (1881, Plate 45, Figs. 9, 10, not 
Fig. 11).
Valves lanceolate, narrowing toward rostrate, 

rounded apices. Sternum narrow. Central area 
slightly to one side of valve. Striae parallel or 
slightly radiate, 8–10 in 10 µm (Figs. 29–34). 
Valve length 25–35 µm, breadth, 3.5–4.5 µm. 
Apical pore fields situated at each apex (Figs. 
35–36). Spathulate linking spines present (Figs. 
37, 42). One rimoportula per frustule, situated on 
valve face–mantle junction (Figs. 38–41).

While Fragilaria neointermedia is very simi-
lar to Fragilaria vaucheriae, it can be clearly 
distinguished by its linking spines and the long 
colonies formed from these attachments (Figs. 
32–34, 42).

Synedra vaucheriae var. distans Grunow in van 
Heurck, Synopsis des diatomées de Belgique 
pl. 40. f. 17. 1881.

Type: slide 440 in Grunow collection (not 
located).

Figs. 43, 44. Van Heurck’s annotated book plate 
40 figs 17 and 18 in Van Heurck (1881). 17. 
Synedra vaucheriae var. distans Grunow. 18. 
Synedra vaucheriae var. deformis Grunow.
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 (Fig. 43)
In Van Heurck’s annotated copy of Synopsis 

des diatomées de Belgique (GVHS: Plate 40 Fig. 
17 from Van Heurck, 1881), Grunow registered 
‘440’ for this taxon (Fig. 43). However, no slide 
has been found with that number. The illustration 
Van Heurck (1881, Plate 40, Fig. 17) provided 
agrees with the current concept of F. vaucheriae, 
hence Synedra vaucheriae var. distans should be 
considered a synonym of F. vaucheriae.

Synedra vaucheriae var. deformis Grunow in 
van Heurck, Synopsis des diatomées de Bel-
gique pl. 40. f. 18. 1881.

Lectotype (designated here): slide 907 in 
Grunow collection in W.

 (Figs. 44, 45–57)
In Van Heurck’s annotated copy of Synopsis 

des diatomées de Belgique (GVHS: Plate 40 Fig. 
18 from Van Heurck, 1881), Grunow registered 
‘907’ for this taxon. Specimens from slide 907 in 
the Grunow collection agree with the current 
concept of F. vaucheriae, hence Synedra vauche-
riae var. deformis should be considered a syn-
onym of F. vaucheriae.

Figs. 45–57. Synedra vaucheriae var. deformis Grunow. Slides numbered 907 in Grunow collection in W. Lec-
toype. LM.
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