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SURIRELLA ENGLERI 0. MULLER - A STUDY OF 
ITS ORIGINAL INFRASPECIFIC TYPES, 

VARIABILITY AND DISTRIBUTION 

c. Cocquyt 
National Botanic Garden of Belgium, Domein van Bouchout, B-1860 Meise, Belgium and 

Ghent University, Department of Biology, Krijgslaan 281 - S 8, B-9000 Gent, Belgium 

R. Jahn 

Botanischer Garten und Botanisches Museum Berlin-Dahlem, Freie Universitat Berlin, 
Konigin-Luise-Str. 6-8, D-I 41 95 Berlin, Germany 

Surirella engleri, including its four original infraspecific taxa, was studied and typified using 
historical East African material from which Otto Muller described more than 100 new 
diatom taxa at the beginning of the 20'h century. Considerable outline variation was found, in 
agreement with the results of experimental cultures carried out in the late 1980's on material 
from the northern basin of Lake Tanganyika. This variation supported the abandonment of 
taxonomic recognition of the four infraspecific taxa proposed by Muller. SEM analyses of 
this taxon from the original Lake Malombe material and from the recent Lake Tanganyika 
material showed some minor differences. The past and current distribution of this taxon 
which is endemic to Tropical Africa was summarized. 

INTRODUCTION 

In the first half of the 20th century a number of tropical African Surirella species were 
described from Lakes Malawi, Tanganyika and Malombe by Otto Miiller (Muller 1903, 1904; 
for a compilation see Jahn 2002), West (1907) and Hustedt (e.g. 1904, pl. 245 figs 7, 9, 10, 
15-1 8 and pl. 246 figs 1,2,9,  1 1) in Schmidt 1874-1 959 and in Huber-Pestalozzi 1942). 

The renewed attention to the diatom flora of East Africa (i.e. Cocquyt et al. 1993, 
Cocquyt 1998) and the conviction that species of micro-algae are not as ubiquitous and 
cosmopolitan as earlier assumed, has initiated our reinvestigation of Muller's taxa (Cocquyt & 
Jahn 2005, Cocquyt & Jahn 2007). As the original slides were lost during the Second World 
War, new permanent diatom slides were made from the material used by Otto Miiller in 
describing many new East African diatom taxa (Jahn 1996, 2002). The present publication 
deals with Surirella engleri and its variety and formae. Surirella engleri and its infraspecific 
taxa are lectotypified, their German descriptions are translated, LM- and SEM- photographs of 
the original material are provided, and historical as well as recent biogeographical references 
are included. 

As Surirella engleri is also common in Lake Tanganyika and regularly observed in Lake 
Victoria, material from these two lakes was also studied and its variability is presented in a 
PCA plot. In addition to this publication, the information on the discussed taxa will also be 
made available via the AlgaTerra Information System (Jahn & Kusber 2006). 

' c.cocquyt@telenet.be 
r.jahn@bgbm.org 
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2 C.COCQUYT & R. JAHN 

MATERIAL AND METHODS 

From the original samples - dried material in their original bottles available in the 
Botanical Museum Berlin-Dahlem (B) - new permanent slides were made to be used for 
lectotypification. Since all taxa have one syntype locality where they all should occur 
together, we studied this sample, B 2.0039, intensively and used it for the designation of the 
lectotypes. The following samples were also investigated for the present paper: B 2.0032, 
B 2.0037, B 2.0038, B 2.0040, B 2.0041, and B 2.0053. The complete collection information 
on all the studied samples, translated from German, is given in Table 1 .  Another sample from 
the same expedition to East Africa and studied by Otto Muller (his no. 16) was never found. 

Table 1. List of samples studied in this paper with collection information (translated from 
German) and current names of the localities in square brackets. The sample numbers 
correspond to Muller’s numbers; the modern numbers in the collection at the Botanical 
Museum Berlin-Dahlem (B) are put in parenthesis. The information on the sample labels is in 
accord with the list of collectors and collecting localities and details published by Miiller 
(1 903). 

39 

32 

(B 2.0039): Lake Malombe after discharge of Lake Nyassa [Lake Malawi, Malawi]; 
collected by Fiillebom on 7 February 1900; label has extra word “Diatoms”. 

(B 2.0032): River Baka, Konde-Land [Tanzania]; plankton; collected by Fulleborn in 
December 1898. B 2.0036: River Songwe, about 1 hour from discharge into Lake 
Nyassa [Lake Malawi, Tanzania]. 

(B 2.0037): Lake Malombe after discharge of Lake Nyassa [Lake Malawi, Malawi]; 
collected by Fulleborn on 1 February 1900. 

(B. 2.0038): Lake Malombe after discharge of Lake Nyassa [Lake Malawi, Malawi]; 
collected by Fulleborn on 3 February 1900. 

(B 2.0040): Lake Malombe after discharge of Lake Nyassa [Lake Malawi, Malawi]; 
plankton; collected by Fulleborn on 3 February 1900; label has extra words 
“Polycystis, Aphanothece”. 

(B 2.0041): Lake Malombe after discharge of Lake Nyassa [Lake Malawi, Malawi]; 
plankton; collected by Fullebom on 3 February 1900; label has extra word 
“Plankton”. 

(B 2.0053): In a watercourse near the hot springs of Utengule [Tanzania]; collected by 
Fulleborn on 6 November 1899. 

37 

38 

40 

41 

53 

Additionally, we studied samples from Lake Tanganyika collected at Bujumbura by 
Dr A. Caljon between 1980 and 1990 (Cocquyt 1998) and deposited at the National Botanic 
Garden of Belgium. To analyze the variability of Surirella engleri, data from an experiment 
performed in the 1980s by G. Ntirushize (a student of A. Caljon, the late husband of the first 
author) is also included in this paper. Original material was taken from Lake Tanganyika at 
Bujumbura near the “Cercle Nautique”, the same location as the monthly sampling station in 
1986 and 1987 (Cocquyt 1998). Single cells of Surirella engleri were cultivated in different 
culture media (Watanabe 1, Watanabe 2 and Chu 16 (Stein 1973) added to sterilized Lake 
Tanganyika water) and subjected to several light intensities (1 000, 2000, 2500 and 2800 lux 
during 12 h days; see also Ntirushize 199 1 ). 

Some samples from the Mwanza Bay in Lake Victoria collected by Van den Heuvel in 
1983 and put at our disposal by Van den Heuvel and Dr W. F. Prud’homme van Reine 
(National Herbarium Nederland, University of Leiden, The Netherlands) were also studied. 
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SURIRELLA ENGLERI 3 

Results of LM morphometric studies of material from Lakes Malombe, Tanganyika and 
Victoria were analysed with the program CANOCO (Ter Braak 2002) using a Principal 
Component Analysis with log transformation of the data. 

The samples were oxidized using peroxide, rinsed and then embedded in Naphrax to 
obtain microscopic slides. Investigations were done both at the Botanical Museum Berlin- 
Dahlem (Germany) and at the laboratory of Protistology and Aquatic Ecology, Ghent 
University (Belgium), with a Zeiss Axioplan and a Leitz Diaplan microscope, respectively. 
Most of the micrographs were taken with Nomarski differential interference contrast (DIC) 
with 40x, 6 3 ~  (oil immersion) and lOOx objectives. Light microscopic photographs of the 
culture material were taken with an Olympus BH2 microscope, equipped with a Wild camera, 
at the University of Burundi. Scanning electron microscopy was done at the Botanical 
Museum Berlin-Dahlem (Germany) using a Philips 515 operating at 30 KV. 

RESULTS 

Surirella engleri 0. Miiller in Bot. Jahrb. Syst. 34: 28, pl. 1, fig. 4. 1903. 
Synonyms: 

Surirella engleri f genuzna, f. recta 0. Miiller in Bot. Jahrb. Syst. 34: 28, pl. 1, fig. 4. 

Surirella engleri f. angustior 0. Miiller in Bot. Jahrb. Syst. 34: 28, pl. 1, fig. 5. 1903. 
Surirella engleri f. subconstricta 0. Muller in Bot. Jahrb. Syst. 34: 28-29, pl. 1, fig. 6. 

Surirella engleri var. constricta 0. Muller in Bot. Jahrb. Syst. 34: 29, pl. 1, figs 7, 8. 

Surirella engleri [var. constricta] f. sublaevis 0. Miiller in Bot. Jahrb. Syst. 34: 29 pl. 1, 

Translated from German, Muller’s description reads (from his forma genuina 1903: 28): 
“Valves linear with cuneate (apex subtruncatis) or somewhat protracted (apex subrostratis) 
poles. Costae weakly developed, sometimes stronger, 1.5-1.7 in 10 l m ,  straight in the middle, 
divergent near the poles, reaching the pseudoraphe, building stronger alar canals near the 
margins, with indistinct wing projection. Pseudoraphe a continuous line. Pleura long linear 
with blunt poles and rounded angles, wings straight, fenestrae broader than supports. 
Length: 150-250 pm, width: 27-40 pm. Width-to-length ratio 1:4.5-6.2. - Lives in the 
plankton of Lake Nyassa at 80-90 m depth (1 6), in Lake Malombe (37, 39), in the plankton of 
the river Baka (32), Konde-land, and in the river Songwe (36).” 
Lectotype: (designated here): slide B 400 040 240 (the valve representing the lectotype is here 

Type locality: Lake Malombe after discharge of Lake Nyassa (Lake Malawi), Malawi. 

width-to-length ratio 1 :4.8; 1.6 costae in 10 pm. 
Habitat: plankton. 
Distribution (including all infraspecific taxa listed above as synonyms): Besides Lake Malawi, 

Lake Malombe, River Baka, River Mbasi, River Songwe, near a hot spring of Utengule 
(Tanzania) (0. Muller 1903), this species was also reported from Congo (Zaire) (Zanon 
1938, Woodhead & Tweed 1958a), Ethiopia (Gasse 1986), Ghana (Foged 1966, 
Ross 1983), Kenya (Bachmann 1938, Gasse 1986), Nigeria (Woodhead & Tweed 1958b, 
Ross 1983), Sierra Leone (Bachmann 1938, Woodhead & Tweed 1958b, Molder 1962, 

1903. nom. inval. 

1903. 

1903. 

fig. 9. 1903. 

illustrated, Fig. 1). 

The valve fits very well the description given by 0. Miiller: length: 165 pm, width: 34.5 pm, 
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4 C.COCQUYT & R. JAHN 

Ross 1983), Tanzania (Zanon 1938), Uganda (Hustedt 1949), Lake Albert (Van Meel 
1954, Ross 1983), Lake Edward (Hustedt 1949, Ross 1983, Gasse 1986), Lake Kivu 
(Hustedt 1949, Ross 1983), Lake Malawi (Ross 1983), Lake Tanganyika (Van Meel 1954, 
Ross 1983, Mpawenayo 1996, Caljon & Cocquyt 1992, Cocquyt 1998) and Lake Victoria 
(Woloszynska 1914, Van Meel 1954, Thomasson 1955, Gasse 1986). 

Muller’s infraspecific taxa 
Although Surirella engleri f. angustior, f. subconstricta, var. constricta, and var. 

constricta f. subluevis are here treated as taxonomic synonyms, for nomenclatural reasons they 
are here lectotypified. 

Surirella engleri f. angustior 0. Muller in Bot. Jahrb. Syst. 34: 28, pl. 1, fig. 5. 1903 (also 

Translated from German, Muller’s description reads (1903: 28): “Valves as nominate 
forma but more slender and with more acutely rounded poles. Costae and alar canals weak, 
sometimes stronger, 2 in 10 pm. Length: 173-290 pm, width: 3&36 pm. Width-to-length ratio 
15.8-8.5. - Lives in the plankton of Lake Nyassa near Langenburg at 40-90 m depth (14, 16), in 
the plankton of Lake Malombe (40), in Lake Malombe (37, 39), in a watercourse near the hot 
spring of Utengule (53), in the river Songwe (36).” 
Lectotype (designated here): slide B 400 040 241 (the valve representing the lectotype is here 

Type locality: Lake Malombe after discharge of Lake Nyassa (Lake Malawi), Malawi. 
The lectotype valve, resembling most Muller’s picture (1 903), fits the valve shape given 

by Muller, although the valve is larger and wider, 462 pm and 67 pm, and the number of 
valve undulations (costae) in 100 pm is smaller (1.2 in 10 pm). The fewer undulations are 
probably related to the great length of the valve. The width-to-length ratio 1:6.6 falls within 
the ratio given by Muller. 

Forma ungustior is somewhat more slender than the nominate form. Muller described that 
the valve undulations (costae) and marginal alar canals should be weaker than in the typical 
form, but this is not very pronounced in the designated valve. 0. Muller (1903: 28) remarks 
that “these slender individuals are hard to distinguish from the larger Surirella linearis 
W. Smith f. linearis, which consequently are very closely related to S. engleri”. From the 
same samples, Muller (1903, p. 29, 30) gave the following dimensions for S. linearis: length: 
75-180 pm, width: 14-33 pm, width-to-length ratio: 1:4-5.7 and 2.2-2.5 costae in 10 pm. 

published in A. Schmidt’s Atlas Diatomaceenkunde, pl. 245, fig.14. 1904). 

illustrated, Fig. 2). 

Surirella engleri f. subconstricta 0. Muller in Bot. Jahrb. Syst. 34: 28-29, pl. 1, fig. 6. 1903 
(also published in A. Schmidt’s Atlas Diatomaceenkunde, pl. 245, fig.15. 1904). 

Translated from German, Muller’s description reads (1 903: 28-29): “Valves and girdle as 
the nominate form, the margins only slightly constricted. Costae and alar canals weaker, 
sometimes stronger, 1.5-1.6 in 10 pm. Length: 220-360 pm, width: 3 2 4 5  pm. Width-to- 
length ratio 1:6.4-8.5. - Lives in the plankton of Lake Nyassa at 80-90m depth (16), in Lake 
Malombe (37,39), in a river near the hot spring of Utengule (53).” 
Lectotype (designated here): slide B 400 040 239 (the valve representing the lectotype is here 

Type locality: Lake Malombe after discharge of Lake Nyassa (Lake Malawi), Malawi. 
illustrated, Fig. 3). 
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SURIRELLA ENGLERI 5 

The valve chosen in the lectotype fits the description given by 0. Miiller: length: 228 pm 
and width: 34.5 pm and the width-to-length ratio 1:6.5. Only the number of valve undulations 
(costae) is a little higher with 1.8 in 10 pm. The form of the valve is more slender than other 
valves observed in the same material and the poles are also somewhat more acutely rounded. 
The valve of S. engleri var. constrictu has more cuneate, protracted poles. 

Surirella engleri var. constricta 0. Miiller in Bot. Jahrb. Syst. 34: 29, pl. 1, figs 7, 8. 1903 (also 

Translated from German, Miiller’s description reads (1 903: 29): “Valves linear, margins 
more or less constricted, with cuneate (apex cuneatis) or somewhat protracted (apex 
subrostratis) poles. Costae stronger, sometimes weaker, 1.6 in 10 pm, straight in the middle, 
divergent near the poles, reaching the pseudoraphe. Alar canals with more or less distinct wing 
projection. Pseudoraphe a continuous line. Girdle linear with obtuse poles and rounded angles, 
margins bent to the inner side. Wings half high, fenestrae broader than their supports. 
Length: 180-346 pm, width: 3 3 4 7  pm. Width-to-length ratio 15.3-8. - Lives in the river 
Mbasi near Nyassa, Konde-land ( 3 9 ,  in Lake Malombe (39) and its plankton (40,41).” 
Lectotype (designated here): slide B 400 040 238 (the valve representing the lectotype is here 

illustrated, Fig. 4). 
Type locality: Lake Malombe after discharge of Lake Nyassa (Lake Malawi), Malawi. 

The length of the valve, 295 pm, its width, 44 pm, the width-to-length ratio of 1:6.7, the 
more cuneate valve shape and the somewhat protracted poles, fit the description given by 
0. Miiller. Only the number of valve undulations (costae) in 10 pm is a little higher (1 3). 

published in A. Schmidt’s Atlas Diatomaceenkunde, pl. 245, figs 16, 17. 1904). 

Surirella engleri [var. constricta] f. sublaevis in Bot. Jahrb. Syst. 34: 29, pl. I ,  fig. 9. 1903 (also 
published in A. Schmidt’s Atlas Diatomaceenkunde, pl. 245, fig. 18. 1904). 

Translated from German, Miiller’s description reads (1 903: 29): “As var. constrictu, 
poles cuneate (apex cuneatis). Costae 1.6 in 10 pm, very weak, near the margins alar canals 
without wing projectibn. Length: 128-346 pm, width: 3 0 4 7  pm. Width-to-length ratio 
1 :4.3-8.5. - Lives in Lake Malombe (39) and its plankton (40,41).” 
tectotype (designated here): slide B 400 040 238 (the valve representing the lectotype is here 

Type locality: Lake Malombe after discharge of Lake Nyassa (Lake Malawi), Malawi. 
The valve fits the description given by 0. Miiller, length: 288pm, width: 40 pm, width-to- 

length ratio: 1:7.2. The number of valve undulations (costae) in 10 pm is somewhat higher, 
viz. 1.7 in 10 pm. 

illustrated, Fig. 5). 

, 

SEM features of Su\rrella engleri as found in the original material from Lake Malombe 

The external valve \face is gradually elevated towards the axial area. Axial area 
(pseudoraphe) is without a siliceous ridge (Fig. 17). The valve face is ornamented by small 
scattered siliceous granules in the depressions of the valve undulations (Fig. 17). These 
granules can be rounded qr become more iqegular, especially near the poles. Raphe canals are 
elevated above {he Salve face on well developed wings (alae) with barred fenestrae, 
(6) 7-9 (11) bars per fenestra, about 30-35 bars in 10 pm (Fig. 18). The external raphe 
fissures are bent towards the mantle side (Fig. 24). 
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6 C.COCQUYT & R. JAHN 

Figs 1-5. Surirellu engleri 0. Muller, original material from Lake Malombe, LM. Fig. 1. Lectotype of 
S. engleri [var. engleri] f. engleri, slide B 400 040 240. Fig. 2. Lectotype of S. engleri f. ungustior, slide 
B 400 040 241. Fig. 3. Lectotype of S. engleri f. subconstrictu, slide B 400 040 239. Fig. 4. Lectotype of 
S. engleri var. constrictu, slide B 400 040 238. Fig. 5. Lectotype of S. engleri [var. constrictu] 
f. subluevis, slide B 400 040 238. Scale bars: 50 pm (Figs I ,  3,4,5); 100 pm (Fig. 2). 

The top of the valve undulations, lying in the prolongations of the alar canals, are always 
smaller than the depressions (Fig. 17). These undulations always reach the axial area, forming 
a right angle except near the poles where the top of the undulations becomes somewhat 
radiate. There are 24-26 alar canals in 100 pm, becoming somewhat denser near the poles 
(Fig. 16). The uniseriate striae, about (44) 50-70 in 10 pm, are composed of round poroids, 
50-70 (74) in 10 pm, which are visible on the top and in the depression of the transapical 
undulations (Fig. 17). The valve mantle is smooth (Fig. 18); oval swellings of about 1 pm 
length and 0.5 pm width are present at the outer edge (Fig. 24). 

On the internal valve face, the striation is distinct (Figs 22, 23) and poroids are also 
present on the axial area. The alae have a single row of portulae (Fig. 23). The portulae are 
smaller than the space between the portulae, (1.9) 2.0-2.4 pm and 2.5-3.5 (4.1) pm 
respectively (Fig. 23). The striation continues into the alar canals, 30 (35) in 10 pm and is 
composed of two rows of areolae. At one pole the raphe is continuous (Fig. 20) while at the 
opposite pole the raphe is discontinuous (Fig. 21). 
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SURIRELLA ENGLERI 7 

Figs 6-10, Surirella engleri 0. Miiller, LM. Valves with different outlines and sizes observed in the 
original material collected in 1900 from Lake Malombe, East Africa. Figs 6, 7. Valves from material 
B 2.0038. Fig. 8. Valve from material B 2.0035. Figs 9, 10. Valves from material B 2.0039. Scale bar 
= 50 pm. 

Additional and divergent SEM features of Surirella engleri in material from Lake 
Tanganyika 

External valve face has well developed transapical undulations, reaching the axial area. The 
axial area bears a strong siliceous ridge (Figs 24, 25) in contrast to the Malombe material. This 
ridge is sometimes interrupted (Fig. 27). No spines are present on the valve face or on the ridge. 
Alae with barred fenestrae, 5 to 8 bars per fenestra, and about 30 fenestral bars in 10 pm (Figs 27, 
28). In the material of Lake Malombe the number of fenestral bars is generally higher, 7 to 9 and 
even 11, and only exceptionally were 6 bars observed. The valve mantle is not smooth but has 
siliceous granules while in the material from Lake Malombe it is smooth. 

The external and internal valve face have a distinct striation, 3 U O  uniseriate striae in 10 pm, 
composed of rimmed areolae, 60-70 in 10 pm (Fig. 30). The striation densities are lower than for 
the Malombe material, 50 and 70 in 10 pm, exceptionally 44. 

A broad girdle band is present around almost the entire h s tu l e  (Fig. 28), but opens near the 
middle of the side (not shown). A smaller girdle band, present between the large band and the 
valve mantle (Fig. 28), has an extension ( 6 7  pm broad, 11 pm long) (Fig. 31) that fits into the 
opening of the broad band. 
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8 C.COCQUYT & R. JAHN 

Figs 11-15. Surirellu engleri 0. Muller, LM. Valves of a clone culture of material from the northem- 
most part of Lake Tanganyika, collected in 1989. Scale bar A: 50 pm (Figs 11, 12); scale bar B: 50 pm 
(Figs 13-15). 

Cultured Lake Tanganyika cells 

As summarized by Ntirushize (1991) Surirellu engleri cells could only be cultivated on 
Watanabe 2 and Chu 16 media. The best results were obtained using the Watanabe 2 medium 
under 2500 lux, where the highest number of living cells (mean of 20 cells in 0.1 ml) were 
observed on the 2 1 St day, afterwards the culture started to decline very rapidly (only a mean of 
4 frustules in 0,l ml on the 28‘h day). 

Another important result of this experimental work, but not included in Ntirushize (1 99 1) 
was the variability observed within a clone (personal observations). Valves with straight 
margins (like the “genuina” form) as well as slightly constricted margins (like f. subconstrictu 
and var. constrictu) were present in one culture, starting from a fmstule with straight margins. 
The morphometric results of valves measurements (length, width, number of alar canals and 
length-to-width ratio) (similar to Figs 11-15) in the culture deriving from a single clone 
culture are summarized in Table 2. 
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SURIRELLA ENGLERI 9 

Figs 16-19. Surirella engleri 0. Miiller, SEM. Original material from Lake Malombe (B 2.0039). 
Fig. 16. Internal valve view. Fig. 17. External valve face showing uniseriate striae, and scattered 
siliceous granules (arrow) in the depressions of the valve undulations. Fig. 18. External valve mantle 
view showing barred fenestrae (arrow). Fig. 19. Internal view of the valve at one pole. 
Scale bars: 1 pm (Fig. 17); 4 pm (Figs 18, 19); 60 pm (Fig. 16). 

Results of the PCA analysis 

The results of the morphometric measurements of length, maximal width, width mid- 
valve, length to maximal width ratio, length or mid-valve width ratio and number of alar 
canals in 10 pm of thirty-two valves were used in the PCA. Of these valves, 14 belong to the 
historical material of Lake Malombe, 15 to samples of Lake Tanganyika and 3 to samples of 
Lake Victoria. The first and second axes of the PCA (Fig. 32) (eigenvalue of 0.619 and 0.370 
for the first and second axis respectively, these axes explain 98.9% of the variance in the 
morphometric data) show that there is no clear difference between the valves from Lake 
Malombe, Lake Tanganyika and Lake Victoria. Moreover, all valves are scattered over the 
graph, giving no differentiation between the formae described by Muller or between the lakes. 
There was only one valve that is separated clearly from the other valves along the first and 
second PCA axis. This separation is due to length and length-to-width ratio respectively 
(Fig. 32): this valve belongs to S. Zinearis W. Smith, a closely related taxon, from Lake 
Tangany i ka. 
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10 C. COCQUYT & R. JAHN 

8 

9 

276 52 52 5.3 5.3 1.4 

302 52 48 5.8 6.3 1.3 

Figs 20-23. Surirellu engleri 0. Miiller, SEM. Original material from Lake Malombe (B 2.0039). 
Fig. 20. Internal valve view near one pole showing a continuous raphe slit (arrow). Fig. 21. Internal 
valve view of the opposite pole of the same valve showing a discontinuous raphe slit (arrow). 
Fig. 22. Internal valve view with uniseriate striae, composed of rimmed areolae (arrow). Fig. 23. Internal 
valve view ofthe single portula (arrow). Scale bars: 3 pm (Figs 20,22,23); 6 pm (Fig. 21). 
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Figs 24-31. Surirellu engleri 0. Muller, SEM. Lake Tanganyika material, collected 1987. Figs 24-28. 
External views. Figs 24, 25. Valve face near the poles, showing the siliceous ridge (arrow) on the axial 
area and siliceous granules present in the depressions of the valve undulations. Fig. 27. Valve face 
showing barred fenestrae. Fig. 28. Girdle view showing barred fenestrae on the valve mantle and girdle 
bands near one pole. Figs 29-31. Internal valve views. Fig. 30. Uniseriate striae continuing into the 
portulae. Fig. 31. Lip-like extension (arrow) of a girdle band. Scale bars: 1 pm (Figs 26, 27, 30, 31); 
10 pm (Figs 24,25,28,29). 
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Fig. 32. Biplot (PCA axis 1 and 2 )  of Surirella engleri taxa from Lakes Malombe (large black rhombus), 
Tanganyika (black dots), Victoria (large black trianglar) and Surirella linearis from Lake Tanganyika 
based on some morphological data (e.g. valve length, width, length-to-width ratio (L/W), number of alar 
canals in 10 pm). 

DISCUSSION 

The description of Surirella engleri by Muller (1 903) started with the “forma genuina”, 
which in Muller’s nomenclatural understanding was the form, containing the type of the 
species (a superfluous name of the autonyms “var. respectively f. engler?’). Muller (1903) 
also added “f recta” (1903, p. 28) probably wanting to illustrate that the typical S. engleri had 
straight valve margins in contrast to the four constricted formae and variety that he described 
at the same time from the same material. According to Greuter et al. (2000) these formae 
“genuina, recta” are not validly published; but this does not affect the validity of the specific name. 

However, we believe that in Muller’s taxon concept, his formae are only illustrating 
the extreme ends of the variability within a taxon not necessarily signifying a genetically 
different taxon (Cocquyt & Jahn 2005; on his taxon concept see also Jahn 2002). Since we 
consider the more or less deep constriction of the valve margins and the more acutely rounded 
poles within the morphological variability (Figs 1-15), we treated the infraspecific taxa of 
Surirella engleri, S. engleri f. angustior, f. subconstricta, var. constricta, and var. constricta f. 
sublaevis, as taxonomic synonyms. The forma sierraleonensis Woodhead & Tweed 
(Woodhead & Tweed 1958b) and the forma densecostata Maillard (Maillard 1977) from Mali 
probably also fall in the variability of Surirella engleri, and VanLandingham (1 978) has 
already considered forma sierraleonensis as conspecific. A study of the types, however, is 
needed to be sure that they are conspecific. 

Results of the Tanganyika cultures show that in the same clone S. engleri had straight as 
well as slightly constricted valves. This proves that a constriction of the valve margin is not a 
good characteristic for distinguishing different taxa within Surirella engleri and supports 
Gasse (1986) who already assumed that the variety and formae of S. engleri were to be 
regarded as synonyms of the nominate variety and forma as they are connected to each other 
through a series of transitional forms. Also Hustedt (1949, p. 154) remarked that the larger 
valves observed in material from Lake Edward were always slightly constricted and that 
intermediate valves between f. subconstricta and var. constricta were present. 
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SURIRELLA ENGLERI 13 

Besides the outline, Muller put a lot of emphasis on the wing projection and robustness of 
the alar canals, but he was not very clear in his description of this feature. For the f. sublaevis, 
for instance, he mentioned that there was “no wing projection” whereas in the nominate forma 
“genuina” he wrote that the wing projection was “indistinct”; for all the formae he described, 
the undulations (costae) are weakly developed on the valve face and the alar canals are more 
strongly built near the margins, except for the var. constricta where it is “stronger, and 
sometimes weaker”. But in all the material we studied, no real difference was observed. 
Because neither the outline nor the characteristics of the wing projection nor the strongness of 
the alar canals are good features for distinguishing entities within S. engleri, we therefore 
decided to abandon Muller’s infraspecific taxa. 

This synonymization of Muller’s variety (there is only one variety but several forms) is in 
contrast to our earlier statement (Cocquyt & Jahn 2005) that his varieties are generally 
separate taxonomic entities which we today would define as species. We would restrict this 
statement now to those cases where he described African varieties of European species; i.e. 
where he connected new African taxa to established European taxa. However, in the case of 
S. engleri, where he described a number of African infraspecific variation within an African 
taxon, we think that his variety as well as his formae are only the extreme ends of the 
variability within this species. 

A close relationship with Surirella linearis W. Smith, which has been reported from 
European as well as from African waters, was already mentioned by Muller (1 903) as a note 
after his description of S. engleri f. angustior. Also Cocquyt (1 998) found that the number of 
alar canals in 10 pm (2.7-3.5) was higher but on the upper limit ofS. engleri (1.3-2.8 in 10 pm). 
This may point to a possible relationship between the two species. Table 3 gives an overview of 
LM features of Surirella engleri and S. linearis from Muller’s material from Lake Malombe, 
first author’s material from Lake Tanganyika, and data from the literature. Note the Krammer 
& Lange-Bertalot (1997) data are only from European material. Although there is some 
overlap in the LM features within the African material, the habitat of both taxa is different: 
S. engleri being a planktonic species, while S. linearis is benthic. And the PCA result (Fig. 32) 
shows that the one included valve of S. linearis separated clearly from the S. engleri valves. 
However, more morphometric data on Surirella linearis are needed to state the statistic 
validity of this separation. This is an additional argument that these two species are separate 
taxa, but that they might be closely related and might have derived from a common ancestor, 
but as long as the S. linearis type has not been reinvestigated, no conclusion can be drawn. 

A possible synonymy of Surirella africana-orientalis Cocquyt & R. Jahn (replaced name 
for Surirella constricta var. a$-icana 0. Muller) with S. engleri as suggested by Hustedt 
(191 1; as S. engleri var. constricta f. a@icana (0. Miiller) Hustedt) is incorrect. Surirella 
africana-orientalis has a sole-shaped valve with more broadly rounded cuneate poles which 
are never protracted. An emended description of this taxon with the depicted lectotype and 
epitype is given in Cocquyt & Jahn (2005). 

An infraspecific relationship between S. engleri, S. malombae 0. Miiller and S. nyassae 
0. Miiller was suggested by Muller (in Ostenfeld 1909) because in Lake Victoria, mainly 
intermediate forms between the three species were supposedly found and the typical valves 
were seldom observed, whereas in Lakes Malawi and Malombe, on the other hand, the three 
species S. nyassae, S. malombae and S. engleri were sharply delimited. Results of an 
ordination analysis of some LM morphometric features on material from the three lakes, 
however, showed a distinct separation between all four species: the specimens from Lake 
Malawi were corresponding to S. nyassae, the specimens from Lake Malombe to 
S. malombae, the specimens from Lake Tanganyika to S. chepurnovii Cocquyt & R. Jahn, and 
the valves named S. engleri from Lakes Tanganyika and Malombe grouped together and 
separated clearly from the other three (Cocquyt & Jahn 2007). 
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14 C.COCQUYT & R. JAHN 

Surirella linearis 
W. Sm. 

(Cocquyt 1998) 

Table 3. Comparison of LM features, habitat and distribution of Surirella engleri with 
S. linearis from our own measurements of East African material and from literature. 

Surirella linearis W. Sm. 
(Krammer & Lange 

Bertalot 1997) 

I I I 

Length [pm] 

Width [pm] 

Alar canals 
[in 10 pm] 

Valve shape 

Poles 

Distribution 

African 
distribution 

Habitat 

Surirella engleri Surirella linearis 
0.Miiller W. Sm. 

(Hustedt 1942) 

(103.5) 115-360 20-125 

17.2-60 9-25 

1.3-2.8 (3.2) 2.0-3.0 

linear to elliptical to linear 
lanceolate -elliptical 

cuneiform 
more or less bluntly rounded 

Tropical Africa Cosmopolitan 

Lakes Malawi, Lake Malawi 
Malombe, 

Tanganyika, 
Victoria 

planktonic benthic, 
sometimes planktonic 

45-57 (62.5) I 20-120 I 
12-20 (23.5) I 9-25 I 

2.7-3.5 2.0-3.0 I I 
elliptical to linear linear to linar lanceolate 

-elliptical to lanceolate 

I cuneiform I 
Cosmopolitan I Cosmopolitan I 

Lake Tanganyika 

littoral 

Small differences in SEM features were observed between S. engleri populations 
collected in 1900 in Lake Malombe, the type locality, and collected about 90 years later in 
Lake Tanganyika. The higher number of striae and areolae in 10 pm and the higher number of 
fenestral bars in 10 pm in the population of Lake Malombe can be an indication that this taxon 
is radiating and in the process of speciation in the African Great Rift area as was suggested for 
Surirella nyassae, S. malombae and S. chepurnovii (Cocquyt & Jahn 2007). 

ACKNO WLEUtiEMEN'I'S 

The authors wish to thank Wolf-Henning Kusber for helpful discussions on nomenclatural 
issues. They gratefully acknowledge the financial support by the EU-Project SYNTHESYS 
which enabled them to finish much of their cooperative lectotypification work of Muller's 
taxa at the BGBM. 

REFERENCES 

BACHMANN, H. (1938). Beitrage zur Kenntnis des Phytoplanktons ostafrikanischer Seen. Mission 

CALJON, A. & COCQUYT, C. (1992). Diatoms from surface sediments of the northern part of Lake 

COCQUYT, C. (1998). Diatoms from the Northern Basin of Lake Tanganyika. Bibliotheca 

Scientifique I'OMO. Hydrobiologia, 8, 119-140. 

Tanganyika. Hydrobiologia, 230, 135-156. 

Diatomologica, 39, 1-276. 

D
ow

nl
oa

de
d 

by
 [

FU
 B

er
lin

],
 [

D
r 

R
eg

in
e 

Ja
hn

] 
at

 0
4:

01
 0

3 
N

ov
em

be
r 

20
11

 



SURIRELLA ENGLERI 15 

COCQLJYT, C. & JAHN, R. (2005). Rare Surirella taxa (Bacillariophyta) from East Africa described by 
Otto Muller: typifications, recombinations, new names, annotations and distributions. 
Willdenowia, 35 (2), 359-371. 

COCQWT, C. & JAHN, R. (2007). Surirella nyassae 0. Muller, S. malombae 0. Muller, 
S. chepurnovii Cocquyt & R. Jahn sp. nov. (Bacillariophyta) - typification and variability of three 
closely related East African diatoms. Nova Hedwigia, 84 ( 3 4 ) ,  in press. 

COCQWT, C., WVERMAN, W. & COMPERE, P. (1993). A checklist of the algal flora of the East 
African Great Lakes (Malawi, Tanganyika and Victoria). Scripta Botanica Belgica, 8, 1-56. 

FOGED, N. (1966). Freshwater diatoms from Ghana. Biologiske Skriftes, 15 (l), 1-169 + 25 pl. 
GASSE, F. (1 986). East AErican Diatoms. Taxonomy, ecological distribution. Bibliotheca 

Diatomologica, 11, 1-202 + 44 pl. 
GREUTER, W., MCNEILL, J., BARRIE, F. R., BURDET, H. M., DEMOULIN, V., FILGUEIRAS, 

T. S., NICOLSON, D. H., SILVA, P. C., SKOG, J. E., TREHANE, P., TURLAND, N. J. & 
HAWKSWORTH, D. L. (2000). International code of botanical nomenclature (Saint Louis Code) 
adopted by the Sixteenth International Botanical Congress, St Louis, Missouri, July-August 1999, 
Regnum Vegetabile, 138, 1 4 7 4 .  

HUBER-PESTALOZZI, G. (1942). Das Phytoplankton des Susswassers: Diatomeen. In: Die 
Binnengewusser (A. Thienemann, ed.), 16(2/2), 367-549. E. Schweizerbart'sche Verlagsbuch- 
handlung, Stuttgart. 

HUSTEDT, H. (1911). Breitrage zur Algenflora von Bremen. IV. Bacillariaceen aus der Wumme. 
Abhandlungen Natunvissenschuftlichen Verein zu Bremen 20 (2), 257-3 15. 

HUSTEDT, F. (1949). Susswasser-Diatomeen. In: Exploration du Parc National Albert, 8, 1-199. 
Institut des Parcs Nationals du Congo Belge, Bruxelles. 

JAHN, R. (1996). The historical East African freshwater algae collection at the Botanical Museum 
Berlin-Dahlem (B). Willdenowia, 26,333-340. 

JAHN, R. (2002). Otto Muller's names of diatoms (Bacillariophyceae) and extant original material at the 
Botanical Museum Berlin-Dahlem (B). Willdenowia, 32, 155-1 73. 

JAHN, R. & KUSBER, W. -H. (eds) (2006). AlgaTerra Information System [online]. Botanic Garden 
and Botanical Museum Berlin-Dahlem, FU-Berlin, 03 April 2006. Available from 
<http://www.algaterra.org>. 

KRAMMER, K. & LANGE-BERTALOT, H. (1997). Bacillariophyceae: Bacillariaceae, Epithemiaceae, 
Surirellaceae. In: Siisswasserjlora von Mitteleuropa (H. Ettl, J. Gerloff, H. Heynig & 
D. Mollenhauer, eds), 2(2) 2nd ed., pp 61 1. G. Fischer, Jena. 

MAILLARD, R. (1977). DiatomCes d'eau douce du Mali, Afrique. Bulletin du MusCum National 
&Histoire Naturelle, strie 3, 443, Botanique 30, 1 7 4 5 .  

MOLDER, K. (1962). Diatomeen aus den Gebirgen Sula und Kangari in Sierra Leone, Westafrika. 
Bulletin de la commission geologique de Finlande, 198, 1 4 8 .  

MPAWENAYO, B. (1996). Les eaux de la plaine de la Rusizi (Burundi): Les milieux, la flore et la 
vCgCtation algales. Classe des Sciences naturelles ef  medicinales/MCmoire in-8", 23(2), 1-236. 
AcadCmie royale des sciences d'outre-mer, Bruxelles. 

MULLER, 0. (1 903). Bacillariaceen aus dem Nyassalande und einigen benachbarten Gebieten. 1. 
Botanische Jahrbiicher, 34,9-38. 

MULLER, 0. (1904). Bacillariaceen aus dem Nyassalande und einigen benachbarten Gebieten. 11. 
Botanische Jahrbiicher, 34,256-301. 

NTIRUSHIZE, G. (1 991). Essai de culture de diatomees (Surirella, Cymbella, Synedra, Rhopulodia). 
Thesis, UniversitC du Burundi. 

OSTENFELD, C. H. (1909). Notes on the phytoplankton of Victoria Nyanza, East Africa. Bull. Museum 
of Compar. zoo lo^, Harvard Coll. V. 52 (lo), 171-181. 

ROSS, R. (1983). Endemism and cosmopolitanism in the diatom flora of the East African Great lakes. 
In: Evolution, time andspace (R.W. Sims, J.H. Price & P.E.S.Whalley, eds), 157-177. Systematics 
Association Special, 23. Academic Press. 

SCHMIDT, A. (ed.) ( 1  874-1959). Atlas der Diutomaceenkunde. O.R. Reisland, Leipzig. 
STEIN, R. J. (1 973). Handbook ofphycological methods. Cambridge University Press, Cambridge. 
TER BRAAK, C. J. F. (2002). Program CANOCO version 4.5. Biometrics - quantitative methods in the 

life and earth sciences. Plant Research International, University and Research Centre, Wageningen. 

D
ow

nl
oa

de
d 

by
 [

FU
 B

er
lin

],
 [

D
r 

R
eg

in
e 

Ja
hn

] 
at

 0
4:

01
 0

3 
N

ov
em

be
r 

20
11

 



16 C. COCQUYT & R. JAHN 

THOMASSON, K. (1955). A plankton sample from Lake Victoria. Svensk Botanisk Tidskrifi, 49, 

VANLANDINGHAM, S. L. (1978). Catologue of the,fossil and recent genera and species of diatoms 
and their synonyms. Part I. Lehre & Vaduz. 

VAN MEEL, L. (1954). Le phytoplancton. In: Rbultats scientifiques de 1 ‘exploration hydrobiologique 
du lac Tanguniku (1946-1947). 4(1), A: 681 pp, B: 76 pl. Institut Royal des Sciences naturelles de 
Belgique, Bruxelles. 

WEST, G. S. (1907). Report on the freshwater algae, including phytoplankton, of the Third Tanganyika 
Expedition conducted by Dr. W.A. Cunnington, 1901-1905. Journal of the Linnean Society, 
Botany, 38, 81-197. 

W O t O S Z Y k X A ,  J. (1 9 14). Studien uber das Phytoplankton des Viktoriasees. In: Zellpflunzen 
Ostafrikas V (B. Schroder, ed.). Hedwigia, 55, 184-223 + 8 pl. 

WOODHEAD, N. 2% TWEED, R. D. (1958a). A check-list of tropical West African algae. 
Hydrobiologia, 11,299-395. 

WOODHEAD, N. & TWEED, R. D. ( 1  95813). Freshwater algae of Sierra Leone. 1. New and unusual 
algae from the Sula Hills. Hydrobiologia, 12, 181-225. 

ZANON, V. (1938). Diatomee della regione del Kivu (Congo Belga). Pontificia Academia Scientiarum, 
Commentationes, 2 (14), 535-668. 

259-214. 

Manuscript received August 2006; accepted for publication December 2006 

D
ow

nl
oa

de
d 

by
 [

FU
 B

er
lin

],
 [

D
r 

R
eg

in
e 

Ja
hn

] 
at

 0
4:

01
 0

3 
N

ov
em

be
r 

20
11

 


