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Abstract 

This study represents a detailed examination of species of Gyrosigma Hassall and 
Pleurosigma Wm. Smith. It examines the micromorphology of the valves using light and 

scanning electron microscopy, to reveal the siliceous characters. The characters used to 

designate taxa and their role in the phylogeny of the Pleurosigmaceae are investigated. A 

total of 28 morphological characters are derived from these observations. 
The study examines the monophyly of Gyrosigma and Pleurosigma in relation to other 

members of the Pleurosigmaceae (Toxonidea, Donkinia, Rhoicosigma) using cladistic 

parsimony. A number of new taxa are explored and their phylogenetic status examined. 
The relationships presented are compared with the only other detailed investigation of 

these taxa which was produced over a hundred years ago. Peragallo (189 1). The results 
indicate that Peragallo's classification at the subgeneric rank should be abandoned as it has 

no phylogenetic significance. 
Detailed descriptions and photomicrographs of the taxa investigated are given. 
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Chapter 1: Introduction 

Diatoms (Bacillariophyta) are one of the most distinct groups among the 

heterokont chlorophyll-c containing algae, due to their characteristic siliceous frustule 

(similar to a petri dish, consisting of two halves, the valves) that encloses the protoplast. 

The frustule architecture is the primary basis for the current classification of diatoms, with 

little attention having been paid to their cellular contents or life history characteristics, or 

to factors responsible for the control of diatom valve morphology. 

Diatoms are an important part of virtually all aquatic habitats occupying a wide 

range of niches. As a result they are being increasingly used in environmental monitoring, 

in relation to pH, eutrophication and salinity (Cox, 1994a; Battarbee, 1984). Siliceous 

frustules preserve remarkably well in sub-fossil deposits and have been used extensively in 

palaeolimnological. studies (Battarbee, 1984). For any such study, correct identification of 

species is critical if realistic conclusions are to be drawn from the derived data sets. 

The aim of this project is to clarify the taxonomy of Gyrosigma Hassall and 

Pleurosigma W. Smith. These two genera belong to the group commonly called the 

sigrnoid Naviculaceae, including Toxonidea Donkin, Donkinia Ralfs and Rhoicosigma 

Cirunow. 

Gyrosigma, Pleurosigma and Donkinia are distinctive and readily recognised 

genera because of their large size and sigmoid outline or raphe. Many species are capable 

of forn-fing very large populations on mud flats, salt marshes and soft marine sediments. 

Toxonidea is found as isolated individuals on sandy sediments. They are reported to be 

amongst the fastest moving diatoms (Edgar & Pickett-Heaps, 1984). However, confusion 

remains over the specific limits within Gyrosigma and Pleurosigma and the inter- 

relationships of the sigmoid Naviculaceae. Many taxa have been described for both genera, 

(see Appendix I& 2) but the validity of many of these requires re-investigation. Part of the 

problem in establishing specific limits has arisen from the lack of reference to original 

material described by authors (type material), which was noted and regretted over 150 

years ago by Agardh (1824) but, unfortunately, is still very true today: 
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'Because, indeed, in this respect, no one will wonder whether in the distinction of species 

and reference to synonyms we have, perchance, committed many errors. They have 

occurred and are bound to occur, partly by fact that one is not permitted to see the original 

specimens of all authors; partly, because sometimes even the original specimens of these 

plants are erroneous; partly, because the figures and descriptions of authors are often 

lacking and imperfect. ' 

This captures the basic questions posed by this project: what do we do with newly 

acquired data, and how do we integrate these data with existing information? Different 

methods will be adopted to attempt to create order out of the mass of data, to determine 

which taxa are valid and to ascertain their affinities. 

1.1 Valve structure 

It seems as if every author who encountered some particularly difficult situation 

has tried to solve it by the introduction of a new term. Mayr (1942: 103) 

The terminology I shall use to describe the various parts of the diatom frustule is based on 

the following standard papers, Anonymous (1975), Ross et aL (1979) and Cox & Ross 

(1981). 

The diatom frustule (Fig. 1.1) can be divided into two parts; 

1. The epitheca (Fig. 1.1) consists of an epivalve (the older valve) and an epicingulum. 

The epicingulum consists of one or more girdle bands, one of which abuts the edge of the 

valve. A girdle band is a single element of the girdle - the portion of the frustule between 

the epivalve and the hypovalve The epivalve mantle, the edge of the valve may be 

recognised as a distinct region, the mantle. 

2. The hypotheca (Fig. 1.1) is often fractionally smaller than the epitheca, which can fit 

over the hypotheca like the lid of a petri dish. The smaller size in comparison with the 

epitheca is a consequence of the mode of cell division. Diatoms usually reproduce 

vegetatively, by mitosis, forming two new cells within the existing cell, each containing an 
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older and a younger valve, see Fig. 1.2. One daughter cell is the same size as the parent 

and one smaller (see Fig. 1.2). So overall, the population diameter de clines with time. The 

hypotheca consists of the hypovalve (the lower valve face), which may have a distinct 

ePivalve - epicingulum - epitheca 

epi- ---------- 
cingulum 

hypo- 

e piv atve 

girdle 

hypovalve 

vaive 
t heca 

cingulum 

hypovalve- hypocingulum hypotheca 

epitheca + hyptheca frustule 

Figure 1.1 - The components of the valve taken from Anonymous 1975, fig. 10. 

hypovalve mantle (edge of the hypovalve) and the hypocingulum (one or more girdle 

bands of which are attached to the hypovalve mantle). 

Frustules and their symmetry are described with respect to the orientation in which they 

are viewed (Fig. 1.3). If viewing the valve face - termed valve view, (Fig. 1.3. a) - front 

face in Wrn. Smith (1852,1853), the apical axis is the longitudinal axis along the length of 

the valve (Fig. 1.4. a). The transapical axis in valve view is the breadth of the valve (Fig. 

1 . 4. b). 

Figure 1.2 - Diagrammatic representation of a diatom cell in girdle view, showing size 

decrease with successive generations, resulting from vegetative reproduction. Taken from 

Hendey 1964, Text-Fig. 5. 

............... ... ............ .... ... ... ...................... .... ....... ..... .... 
............ ...... . .......... 

............. . 

..... 
.... 

........ ...... ..... abacdbaefcd 11 b 
Parent cell generadon znd. generation 

Number and 

b. d. b. ) d, h. ) b. ) relative sizes of 
valves in the 
d. generation 
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The pervalvar axis is the axis perpendicular to the valve face (Fig. lAc). The apical 

plane cuts a frustule along the length of the apical axis (Fig. lAd). The transapical 

plane cuts along the transapical axis (Fig. lAe). The valvar plane bisects the frustule 

between the valves (Fig. lAf). Girdle view (Fig. 1.3. b - c) - termed 'side view' by Wm. 

Smith (1852,1853) is the view facing towards the girdle. Frustules may be either 

heteropolar or isopolar (Fig. 1.3 b- c) about any of these axes. Gyrosigma and 

Pleurosigma are considered isopolar about both the apical and the transapical axes. 

Figure 1.3 -a- valve view; b- girdle view isopolar; c- girdle view heteropolar 

abC 
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Figure 1.4 -a- apical axis; b- transapical axis; c- pervalvar axis; d- apical plane; e- 

transapical plane; f- valvar plane. 

a b C 

def 
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The epivalve and hypovalve are perforated by striae - rows of areolae, puncta or alveoli. 

In the sigmoid Naviculaceae the striae contain areolae, which are regular perforations 

through the basal siliceous layer (the basic layer that forms the structure of the frustule 

(Fig. 1.5). The areolae may be: 

poroid - not markedly constricted at one surface of the valve. 

loculate - constricted at one surface of the valve and occluded by a velum (a thin 

perforated layer of silica > 30 ýtrn thick) or a rica (a thin perforated layer > 15 ýtm thick) at 

the other surface. The areolae are loculate in the sigmoid Naviculaceae and occluded by a 

rica (Plate 1.1). The areolae open externally by a slit, the foramen. A pore passage may 

connect one loculate areola with others. 

Figure 1.5 - Diagramatic representation of the basal layer; a in a porid valve (Based on 

Anonymous 1975); b- in a loculate valve. B represents the basal layer; Pa poroid; Ra 

rica. 

a b 

p 

Along the centre of the valve is the raphe, a structure involved in movement. The 

raphe comprises a pair of slits (the raphe slits) through the valve wall (Fig. 1.6), which 

have a siliceous thickening either side - the sternum. The combination of the raphe slit and 

the sternum is known as the raphe sternum (Round et al., 1990). Rather than being a 

simple straight slit, it may be of a 'key and slot type' (Krammer, 198 1; 1982) or 'ball and 

socket' (Edgar & Pickett-Heaps, 1984; Schoeman & Archibald, 1986) see Figure 1.7. 

There is a deep U-shaped groove running along the apical axis (the slot or socket) with a 

corresponding silica projection from the other side (the key or ball), see Figure 1.7. The 

slits are interrupted by the central area - the central nodule (see Fig. 1.6). The central 

nodule is surrounded by a hyaline area (an area of the valve face which is not penetrated 
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by areolae), this is either oval or transapically expanded (Plate 1.2). It has been suggested 

that this prevents the valve from splitting longitudinally under stress (Pickett-Heaps et al., 

1979). When the central nodule is fractured it is seen to be a solid silica thickening. In the 

sigmoid Naviculaceae the internal central nodule is flanked by central bars of siliceous 

thickenings (see Plate 1.2). The central raphe fissures are continuations of the external 

raphe slit opening, extending onto or across the central nodule, but not penetrating the 

valve. Terminal raphe fissures are a continuation of the external raphe slit opening at the 

apical end, again not penetrating through the valve. On the inside of the valve, at the 

apices, the raphe slits terminate in the helictoglossae, which are lipped structures (Plate 

1.2). 

Plate 1.1 - Showing loculate areolae occluded by a rica in Pleurosigma angulatum. Taken 

from HeImcke &Krieger (1953 - 1977). 

ii0,0,1 ý 
Tal'el 62 Pleurosignm anguhaum (Queckrit) !, U. Smith. 
K all, "Wrll 'Ili( 11meluspal(en mid Sichplaiten 54000: 1 
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In Gyrosigma the raphe opens along an internal raphe ridge, a simple rib-like thickening 

of the valve (Fig. 1.7). In Donkinia and Rhoicosigma the raphe is raised on a keel, and any 
internal thickening can only be seen in fractured valves. 

Figure 1.6 - Diagrammatic representation of the raphe structure in a pennate diatom. 

Taken from Schrader (1973) text figures I&2. 
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Figure 1.7 - Diagramatic representation of a cross section of a key and slot raphe. 

Plate 1.2 - Fig. a- internal central area showing transversely expanded hyaline area 

beyond the central bars; Fig. b- internal central area showing oval hyaline area; Fig. e- 

internal apex showing raphe terminating in helictoglossa; Fig. d- external apex showing 

terminal raphe fissure; Fig. e- external central area showing central raphe fissures. 
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1.2 Systematics 

Taxonomy versus systematics 

I shall use the words taxonomy and systematics interchangeably; I understand them to 

mean the same thing. Traditionalists might say that taxonomy is concerned with the naming 

of taxa (i. e. cataloguing for drawers) and systematics is concerned with their hierarchical 

groupings. To name something one assumes that it belongs somewhere, but one has to 

determine where it belongs by knowing its special characters. Naming and grouping go 

hand in hand and are concerned with the same science, i. e. they both pose the same 

question: what are the interrelationships between taxa? 

The significance of any classification is to discover the relationships between organisms 

whatever their status, be it families, genera or species. Nelson and Platnick (198 1) 

recognised a number of different ways of establishing relationships, a phenogram (Fig. 

1.8. a), derived from overall raw similarity; a cladogram (Fig. 1.8. b), derived from shared 

apornorphic states; and a gradogram (Fig. 1.8. c), which includes details of both 

apomorphy and overall raw similarity. These results can be depicted in a tree or a written 

form - classification (Fig. 1.8. d). There are three main schools of thought in systematics 

on how to establish relationships - numerical taxonomy (phenetics), cladistics and 

gradistics. % 

Nelson and Platnick (198 1) showed that all classifications share the same common 

elements, i. e. they all have the same components, it is only the interpretation of these 

elements that changes. The resultant interrelationships may be fully resolved, as in Figures 

1.8. a-c, or partially resolved, or no result is given i. e. totally unresolved -a bush (Fig. 

1.8. e). All generate questions about the interrelationships, most significantly whether they 

can be disproved. 
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Figure 1.8 -a-a phenogram; b-a cladogram; c-a gradogram; d-a written 

classification; e- an unresolved bush 

100%1 abcde 

similarity 

0% 

ab cd e 

similarity 

time 

a 

b 

c 

d e 

A B C D E 
Family a-e 

Genus ab 
species a 
species b 

Genus cd 
species c 
species d 

Genus e 
species e 

30 



1.2. i Numerical taxonomy (phenetics) 

This procedure was popularised by Sokal and Sneath (1963) and Sneath and Sokal (1973) 

and focused on the problem of natural affinities. The basis of this method is to estimate the 

overall similarity of a large suite of characters. Once characters have been coded into 

numerical form they can then be analysed using one of the many phenetic methods; 

distance measures, cluster analysis, neighbour joining (- nearest and farthest), unweighted 

pair-group method using arithmetic averages (UPGMA), weighted pair-group method 

using arithmetic averages (WPGMA), centroid clustering and principle component analysis 

(see Sneath & Sokal, 1973 for details of the methods). All methods work on the 

assumption t at the more characters species have in common, the more closely related they 

are. 'Two characters are operationally homologous implies that they are very much alike 

in general and in particular' sic (Sneath & Sokal, 1973). 

1.2. ii Cladistics 

Cladistics was popularised by Hennig (1966) and is based on synapomorphies, shared 

apomorphic characters (derived characters), and as a consequence of this builds trees 

based on monophyly. As a science, it has progressed remarkably since its introduction. 

Hennig's (1950; 1966) method was an evolutionary model where speciation was 

dichotomous with species becoming extinct at nodes. However, some workers argued that 

this is not the case and have become 'transformed' (Platnick, 1979) due to the realisation 

that cladograms were distinct from evolutionary trees, although evolution may be inferred 

from the cladograrn (Nelson, 1979; Nelson & Platnick, 198 1; Rosen, 1982; Patterson, 

198 1). Cladograms represent the distribution of characters in relation to taxa, not as a 

single phylogeny, but as a set of phylogenetic trees (Patterson, 198 1) with nodes neither 

representing ancestors nor clades speciation events. 

1.2. iii Consequences of the principles 

Grouping using phenetic principles means the groupings may be either; 

a. ) monophyletic, i. e. all the descendents of a common ancestor are included in the group, 

see Figure 1.9. A groups (AB), (C, D) and (AB, C, D), 
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b. ) paraphyletic, the taxa do not share the same most recent ancestor, see Figure 1.9. B 

group (AB, C) or, 

c. ) polyphyletic, a group with its common ancestor in another group, not the group itself, 

see Figure 1.9. C group (B, C). 

A B 

DI 

C 

Figure 1.9 -A- showing monophyletic groups; B- showing a paraphyletic group; C- 

showing a polyphyletic group. 

For example, three species (AB, C) can be identified using 3 characters (1,2,3) (see Table 

1.1). 1 indicates the presence of a character whereas 0 indicates an absence of that 

character. 

Table 1.1 - The distribution of three characters (1,2,3) amongst three species (A, B, 

Character: 123 

000 

10 

C 111 

On overall similarity, AB group together based on characters I and 3, since species A and 

B share two 0 state characters, and as such they would be given a similarity of 2. On the 

same basis A and C do not share any common states so, AC =0 and BC have character 2 

in common so, BC = 1. This would give us the relationship of (AB)C shown in Figure 
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1.10. a. However, grouping only on characters possessed (as in cladistic analysis) suggests 
that only character 2 is informative, giving the relationship A(BC) shown in Figure 1.1 O. b. 

ABCABC 

a b 
Figure 1.10 -a- tree derived by phenetic analysis; b- tree derived by cladistic analysis. 

With phenetics the type of character state, i. e. plesiomorphic (ancestral characters) or 

apomorphic (descendant / advanced characters) is unimportant. Only the fact that the 

species have two characters in common is important, i. e. absence of a character is treated 

the same way as possession of a character. 
Analysis of the data in Table 1.1 using cladistic analysis yields a different set of 

relationships than those produced using phenetic methods (see Fig. 1.10 above). The 

relationship A(BQ produced by cladistic analysis is a monophyletic group (see Fig. 

1.1 I. B), whereas this relationship would be paraphyletic if phenetic methods were 

employed to produce the tree (see Fig. 1.1 LA). 

I 

A B 

Figure 1.11 -A-A tree derived by phenetic analysis with group BC being paraphyletic. B 

- tree derived by cladistic analysis, with group BC being monophyletic. 
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1.3A Diatom classification 

Diatom classification has undergone a number of changes since diatoms were first 

recognised as a distinct order of algae. C. A. Agardh (1824) divided diatoms into three 

groups; Cymbelleae, Styllarieae and Fragilarieae, based on the shape of the frustules. 

Kiltzing (1833; 1844) developed this further, still using shape as his major cntena, but, 

also incorporating the siliceous features of the valve and habitat. He described a number of 

species of the sigmoid Naviculaceae, under the genus Frustulia Agardh. Rabenhorst 

(1853) and Ralfs (in Pritchard, 1861) continued to consider siliceous features and valve 

shape. 
Wm. Smith (1853) took account of the growth of the cells and their cellular content. He 

divided the diatoms into two tribes based on the presence or absence of mucilage; 'Tribe 1. 

Frustules naked; not imbedded in gelatine nor enclosed in membranaceous tubes' (Smith, 

1853: 6). 'Tribe 11 Frustules invested with a gelatinous or membranaceous envelope' 
(Smith, 1853: 7). 

Grunow (1860) based his classification on the structure of the valve, creating the Centricae 

for those diatoms with their structure arranged around a central point, radiating from it or 

concentric around it, and the Pennatae for those with their structure arranged on either 

side of the median line, which was where the sigmoid Naviculaceae were placed. 

Pfitzer (187 1) based his classification on the plastid structure; Coccochromaticae - for cells 

with disc shaped chloroPlasts and Placochromaticae for cells with plate-like chloroplasts. 

The sigmoid Naviculaceae were included in the Placochromaticae. 

H. L. Smith (1872) proposed a system, which is the basis of current classification, whereby 

he divided the diatoms into three groups; Raphidieae - those with a raphe 'a true cleft, 

generally on the valve' (p. 2), Pseudoraphidieae - those which a possess a pseudo-raphe, 'a 

simple line, or blank space, without nodules' (p. 3), Cryptoraphidieae for those without a 

raphe or pseudo-raphe. The sigmoid Naviculaceae were placed within the Raphidieae. 

Mereschkowsky (1902) divided the diatoms into Mobiles: those possessing a raphe and 

capable of movement, and Immobiles. those without a raphe and incapable of movement. 

He also used plastid type (disc or plate) and arrangement, the siliceous features of the 

valve and auxospore formation. He further divided the Mobiles into Raphideae (which 

34 



contained the sigmoid Naviculaceae), Carinatae and Archaideae, and the Immobiles into 

Anaraphideae and Bacilloideae. 

Hustedt (1930) divided the diatoms into two orders, the Centrales; those with radial 

symmetry, and the Pennales; those with bilateral synu-netry. He subdivided the Centrales 

into Discineae, Solenionae and Biddulphineae, and the Pennales into the Raphidineae 

(where the sigmoid Naviculaceae were placed), Monoraphideae, Biraphideae and 
Araphidineae. 

The classification of diatoms is now more or less based on valve symmetry and the 

presence or absence of a raphe, with three major classes within the division Bacillariophyta 

(Round et aL, 1990): Coscinodiscophyceae - those with radial symmetry (centric), 

Fragilariophyceae - those with bilateral symmetry (pennate) without a raphe (araphid); 

and Bacillariophyceae (Round et aL, 1990) - those with bilateral symmetry, i. e. pennate 

and possessing a raphe (raphid). This is where the sigmoid Naviculaceae are currently 

placed. With the development of molecular techniques, workers are beginning to 

incorporate these methods into diatom sytematics (Medlin et aL, 1991; Medlin et al., 31 
1993). 

1.3. ii Species delimitation 

The biological species concept has been recommended for use by diatonýiists by Ross & 

Mann (1986) and Cox (1993). The biological species concept was introduced by Mayr 

(1942) defined as: 'A species is a group of interbreeding natural populations that is 

reproductively isolated from other such groups. ' He advocated species as populations 

rather than diagnosable entities. The acceptance of this was based on advances in 

population biology and genetics. Species are seen as the units of evolution because they 

cannot be further subdivided into smaller populations that are diagnosable units. Mayr 

(1969) extended his concept depicting morphological differences as representing 

reproductive isolation and morphological similarities as representing interbreeding. A 

number of 'accessory' theories are contained under the umbrella of the biological species 

concept: 

1. ) The ecological species concept, in which external physical factors, as well as properties 

of the organism, are taken into account. 
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2. ) The polytypic species concept in which instead of naming a new species every time a 

population was found with a minor variation that had only replaced its counterpart spatially 
i. e., was found in a different geographical region, the species were combined into one large 

polytypic species. 

The main effects of these two concepts was to give rise to large numbers of species that 

were subdivided into races on the basis of ecology or geography, but united by the fact 

that they could potentially interbreed. As the basis of the biological species concept is the 

potential to interbreed, this can cause serious problems when faced with organisms that do 

not show any obvious signs of sexual reproduction. Since reproductive isolation cannot be 

applied in a uniform manner the status of species identified by the biological species 

concept must also be questionable. 

Cracraft (1983) introduced the phylogenetic species concept. He believed that 

genealogical relationships between species were determined by the relative positions 

occupied in nature relative to recent common ancestors. He believed that all descendants 

of a common ancestor were monophyletic and any group that did not consist only of the 

descendants of the common ancestor was polyphyletic. The phylogenetic species concept 

sees species as the smallest diagnosable units - species are always monophyletic. 

The monophyletic species concept (Nixon & Wheeler, 1990) assumes groups are 

determined by shared derived characters which existed only in the common ancestor of the 

group. The problem here is that the analysis is based on unique characters which can then 

be broken down on the individual level. Again, if taken in this context it fails, because by 

the very nature of evolution this smallest unit will be in the process of evolution and thus 

about to become paraphyletic. 

What workers should be concerning themselves with is taxa, be it genera, classes, phyla or 

species, because in terms of evolution they all do the same thing, only the characters show 

different magnitudes of variation. I agree with Nelson's summary of the situation 'that 

ancestral taxa, regardless of whether they are species or higher taxa, are paraphyletic and, 

therefore, artifactural both in theory and in practice. If so, taxa give rise to other taxa only 

in the sense that ancestral taxa differentiate: taxa give rise to subtaxa, and all taxa evolve. 

Evolution of taxa is not a phenomenon confined to species level except in neodarwinian 

theory, which in this respect is simply false' (Nelson 1989) i. e., a species does not 
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necessarily need to be the smallest monophyletic unit, hierarchy can exist below the species 
level as well as above it. 

1.4 Overview of the treatment of the sigmoid Naviculaceae 

The treatment of the genera in the sigmoid Naviculaceae has been very varied but the 

major changes are summarised in the flow diagram below: 

Gyrosigma 1845 

+ (Hassall) 

Pleurosigma 1852 

40 (Wm. Smith) 

Toxonidea Pleurosigmýa 1858 

40 44 
(Donkin) 

Toxonidea Pleurosigma Donkinia 1861 

40 (Ralfs) 
44 

Pleurosigma Rhoicosijima] Donkinia 1867 
44 ++ 44 

(Grunow) 

Toxonidea osigma Rhoicosigma Donkini 1891 

(H. Peragallo) 

Toxonidea Pleurosigma Gyrosigma 1894 

+ \, (Cleve) 

Toxonidea Pleurosigma Rhoicosiiga Donkinia 1896 
++++ (Van Heurck) 

Toxonidea Gyrosigma Rhoicosigma Donkiniý 1907 

++++ (A. Mann) 

Toxonidea Pleu osigma Rhoicosigm Donkinia 1925 

le 40 (A. Mann) 

Toxonidea urosigiýaj Gyrosigma I oicosigma Donkinia 937 

(Hendey) 

r--ý Z/\-" (H. Peragallo) 
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The following is a historical account of the treatment of the sigmoid Naviculaceae and 
does not deal with the nomenclatural problems, as they will be dealt with in Chapter 4 The 
accounts are placed in chronological order. 

1.4. i Hassall 1845 

Hassall raised the sigmoid members of Navicula to generic rank using the name 
Gyrosigma. He described only one species, G. hippocampa Hassall, but indicated that this 

was identical to, and a synonym, of Navicula hippocampus Ehrenberg and Frustulia 
hippocampus Jenner. He also suggested that Naviculd sigma Ehrenberg, N. scalprum 
Ehrenberg and N. curvuld Ehrenberg should be included in Gyrosigma. Further, he 

suggested that Sigmatella Mitzing was identical, but the 'term is somewhat objectionable' 
(Hassall, 1845: 435). Sigmatella is now reallocated into Nitzschia Hassall (Wm. Smith, 

1853: 38) and Gyrosigma (Hassall, 1845: 435). 

Hassall gave his description as: 

Frustules straight in front view; curved in theform of the letter S in lateral 

aspect; longitudinally striated, with a central depression. 

Derivation. From yupoq, a curve, and avvpa, the letter S; in an allusion to 

the form of the frustules. 

He differentiated it from what he understood to be the most similar genus, Nitzschia, 

giving the distinguishing characters as by 'the difference in the curvature of the fi-ustule, 

the arrangement of the striae, and the absence of the longitudinal furrow and central 
depression. ' (Hassall, 1845.436). 

Hassall saw the diatoms related into a number of groups, the group including Gyrosigma 

encompasses diatoms with 'Form of fi-ustules various' and 'frustules striated" with 

transverse striae. His view of the relationship of Gyrosigma to other genera in this group 

can be shown diagrammatically as: 
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Navicula 

Exilaria 

Gyrosigma 

Nitzschia 

Sphinctocystis 

Aulacocystis 

Frustulia 

Surirella 

Enc onema y 

1.4. ii Wm. Smith 1852,1853 

William Smith was the first to apply the name Pleurosigma to the sigmoid naviculoid 
diatoms in his 1852 monograph on the genus. The original description was: 

Valves convex, sigmoid, striated; striae resolvable into dots. 

He expanded this description to: 

Frustules free, elongated; valves convex, sigmoid, with a central 
longitudinal line, and nodules at centre and extremities, striated; striae 

resolvable into dots, which are frequently hexagonal. (Smith, 1853: 61) 

His reason for rejecting the earlier (but synonymous in his view) name Gyrosigma was 
that the name was an 'alliterative blunder' (Smith, 1856: 97). His letters to Dr C. Johnson 

(kept at the Natural History Museum, London) show that he had examined Hassall's 

original material. He retained the name Gyrosigma until publication of the monograph, 'I 

am now busy with the sigmoid Navicula for my next paper I am inclined to adopt Hassall's 

name Gyrosigma ' (June 15,185 1). Just before he sent the monograph to the publishers he 

decided to change the name to Pleurosigma: 'I do not like Gyrosigma the word is 

alliterative and superfluous, but I cannot derive another that satisfies me, would 
Tleurosigma'be betterT (3 Sept., 185 1). 

Smith was less than happy with his own treatment of the genus as revealed by further 

letters to Dr C. Johnson, which divulge his true feelings of dissatisfaction with his 
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monograph; 'I could find greater faults in it than you (C. Johnson) have mentioned. ' (June 

5thý 1852)'.. the drawings which after all I was obliged to execute myself are not so good 

as I could have wished' (June 5th, 1852). 

Smith kept the species in one large genus. However, he divided the sigmoid species into 
two groups (within Pleurosigma) depending upon the arrangement of their puncta, either 
transverse and longitudinal, or transverse and oblique rows. 
'Section 1. Beads alternate, striae oblique: all marine' (Wm. Smith, 1852- 5) (what is now 

considered to be Pleurosigma). 'Section 11. Beads opposite, striae transverse and 
longitudinal' (Wrn. Srrýith, 1852: 8) (what is now considered to be Gyrosigma). He further 

sub-divided this later section on the basis of marine and freshwater habitat. 

1.4. iii Griffith and Henfrey 1856 

Griffith and Henfrey in their Micrographic Dictionary (1856) included an entry on 
Gyrosigma. Here they used the name Gyrosigma rather than Pleurosigma due to priority 

of use and listed twenty six taxa with descriptions. They maintained Gyrosigma as one 

large genus dividing it into two sections, as Smith had (1852), on the arrangement of the 

striae. They questioned the validity of the species described 'we must, however, express 

our belief that they cannot truly be regarded as distinct species, unless of microscopic 

objects, if the term may be permitted' (Griffith & Henfrey, 1856: 302). Their contribution 

was nomenclatural in changing the species described by Smith (1852) from Pleurosigma to 

Gyrosigma. 

1.4. iv Donkin 1858 

Donkin wrote profusely on the British diatom flora, predominantly working on marine 

littoral diatoms (1857,1858,1861,1870,1871,1872). In 1858 he recognised a number of 

new species, two of which he considered to constitute a new genus, Toxonidea, separated 

on the basis of their arcuate median line, the two sides of the valve being asymmetrical and 

the terminal nodules curving towards the same side. The original description: 

Frustules free; valves elongated, convex, with two sides not symmetrical; 

striated, striae oblique. Median or longitudinal line arcuate, with central 

and týrtninal nodules, the latter curving towards the same side of the valve. 
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The other new species Donkin (18 5 8) described (P. carinata, P. minulum and P. 

angustum), which were later moved to Donkinia by Ralfs (in Pritchard, 186 1), were 
retained in Pleurosigma because Donkin included flexure of the median line as a character 
for the Pleurosigmataceae: 'It appears to me, that curvature of the median line, and not 
of the valve itsetf, must be looked upon as a characteristic feature of this genus'(Donk-in, 
1858: 12). 

Donkin (1859; 1861) was required to defend his new genus against the criticisms of 
Walker Arnott (1858) that the two species of Toxonidea are simply twisted or distorted 

examples of Pleurosigma, resulting from artefacts of the cleaning process and would not 

occur in the natural state. Donkin's view was substantiated by his own and Greville's 

frequent observations of living cells that were the same as their cleaned counterparts. 
There appears to have been an element of personal animosity here; Walker Arnott 

disagreed with most taxonomic points raised by Donkin, culminating in the suggestion that 
Donkin was guilty of a grave social offence (Walker Arnott, 1858). This came to a head 

when, in defence of his work, Donkin pointed out that Walker Arnott was guilty of not 
'having in the first instance satisfied himself, by actual observation, that such statements 

are erroneous. '(Donkin, 1861). Donkin defended his new species well, pointing out the 

strong differences between the new species and similar species. 

1.4. v Ralfs 1861 

Ralfs recognised that some of the taxa (Pleurosigma carinata Donkin, P. compactum 
Greville and P. minutum Donkin) placed in Pleurosigma possessed 'characters 

intermediate between Pleurosigma and Amphiprora'Ralfs (in Pritchard, 1861: 920), 

pointing out that they differed from Pleurosigma in their centrally constricted girdle view 

and deep girdle. He thought Donkinia was more closely related to Amphiprora Ehrenberg 

due to its convex, keeled valve, 'We were induced to regard them as more nearly allied to 

Amphiprora. ' This conclusion is slightly contradictory because Ralfs previously stated that 

he considered Donkinia intermediate between Pleurosigma and Amphiprora. His 

description was as follows: 
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Frustules simple, free; front view panduriform, as broad as the lateral view; 

valves convex, keeled, with nodules and decussating striae as in 

Pleurosigma. Marine. 

He recognised Toxonidea as a genus, saying that 'Toxonidea is closely related to 
Pleurosigma. ' He considered Pleurosigma to be one large genus containing both 

Pleurosigma and Gyrosigma. His relationships of the genera can be represented by the 
following diagrammatic summary: 

Pleurosig7na (Pleurosigma & Gyrosig7na) 

Toxonidea 

Donkinia 

Amphiprora 

1AM Grunow 1867 

Grunow classified species of Pleurosigma (as one large genus) on the relative numbers of 

transverse and longitudinal or oblique striae (in 10 ýtm). He recognised Donkinia as a 

genus, but did not mention Toxonidea. Grunow (1867) recognised the difference between 

Pleurosigma and Rhoicosigma, in that the latter had an achnanthifoid valve (i. e. dissimilar 

valves) and raised Rhoicosigma to generic rank. 

'Rhoicosigma Grunow Genus novutm Frustules achnanthiformia, utraque 

valva nodulo centrali instructa, linea media sigmoidea. Erhält sich zu 

Rhoiconeis wie Pleurosigma zu Navicula und ist ein interessanter 

Eunachs zur Familie der Achnantheen. 

He discussed the relative merits of his new genus, suggesting that it was very similar to 

Pleurosigma but because of its achnanthoid form he maintained it as a separate entity- 

'This genus is perhaps not sufficiently distinct ftom Pleurosigma, but the species belonging 

to it are of a very peculiar habit, in front view resembling Achnanthes. ' (1877.18 1). 

In 1860 (p. 567), Grunow introduced the new generic name Staurosigma Grunow for 

Stauroneis sigma Ehrenberg because it possessed features of Stauroneis (presence of a 

stauros) and Pleurosigma (sigmoid). 
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1.4-vii Reinhard 1882 

Reinhard (18 82) discovered a species which shared its features with Pleurosigma (a 

sigmoid valve with transverse and longitudinal striae) and Achnanthes (valves were 
dissimilar). He created a new genus, Achanthosigma Reinhard, for it. 

Description: 

Sie ist von lanzettlicher Form, mit abgerundeten Enden, und besitzt eine 

excentrische Längslinie mit einem länglichen Mittel-und kleinen 

rundlichen Endknoten. Die Gürtelbänder sind gleichmässig breit und wie 
bei Achnanthes gebogen. 

1.4. viii H. Peragallo 1891 

Peragallo (18 9 1) reached a milestone in the treatment of Pleurosigma with his monograph 

of the genus, of which Grunow (1896) later said: 'This monograph is indispensable to 

anyone who wishes to make an exhaustive study of this difficult group, or to determine 

exotic species'. In it Peragallo recognised four genera. Pleurosigma, Donkinia, Toxonidea, 

Rhoicosigma. He divided Pleurosigma into three groups on the basis of the orientation of 

the striae, and further subdivided the groups on the basis of the angle of intersection of the 

striae (the following is a literal translation of the French 1891 text): 

Group A: those valves with striae in three directions (modern day Pleurosigma) which is 

sub-divided into five groups 

Formosi - oblique striae cut themselves at an angle of about 900 and are more 
isolated and a lot more visible than the transverse striae. 
Speciosi - oblique striae cut themselves at a more acute angle than 900 but 

more obtuse than 600 and are more visible than the transverse kind. 

Affines - oblique striae at a variable gradient, come together at/from the 

direction of the raphe towards the ends and are consequently more fine at the 

ends than the centre. 

Angulati - oblique striae cut themselves at an angle of about 600 and are neither 

more nor less visible than the transverse kind. 

Rigidi - oblique striae cut themselves at a more acute angle of about 60 0 and 

are less isolated and thus consequently less visible than the transverse kind. 
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Group B- those valves with striae in two directions (modern day Gyrosigma) which is 

sub-divided into five groups; 

Attenuati - longitudinal striae are more spaced out and as a consequence, more 

visible than the transverse ones. 

Acuminati - longitudinal and transverse striae equally spaced apart. 
Strigiles - longitudinal striae, less spaced out and consequently less visible than the 

transverse ones; tip not extended. 

Colletonema - similar striae, living frustules contained in a gelatinous tube 

Fasciolati - striae which are generally speaking similar; tips of valve are more 

or less extended. 
Group C: Staurosigma - Striae broken off in the middle. 

The first significant analysis of relationship is by Peragallo (189 1). Here a complex set of 

relationships were put forward based on the valvar features (the diagram below is 

expanded in Chapter 3 Figure 3.1). The relationship can be represented diagramatically as: 

Rhoicosig7na 

Toxonidea 

Donkinia 

Pleurosig7na 

Formosi 

Speciosi 

Affines 

Angulati 

Rigidi 

Attenuati 

Acuminati 
Cy, -. Strigilies 
Colletonema 

Fasciolati 

Staurosigma 
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1.4. ix Cleve 1894 

Cleve (1894) subdivided Pleurosigma into two genera: Pleurosigma for those species 

with transverse and oblique rows of puncta, Gyrosigma for those with transverse and 
longitudinal rows of puncta 
His reason for this separation is that there are no intermediates between those diatoms with 
transverse and oblique rows and those with transverse and longitudinal rows of puncta. 
Cleve did not recognise Rhoicosigma or Donkinia. He divided Rhoicosigma between 

Gyrosigma and Pleurosigma, and subsumed Donkinia into Pleurosigma. He accepted 
Toxonidea as a genus on 'dubious grounds' (Cleve, 1894) and did not agree with the 

separation on the number of striae. He adopted a classification based on 'the outline of the 

valve and the flexure of the median line, ' (Cleve, 1894) although he still tended to use the 

number of striae to separate species. 
Staurosigma was subsumed into Caloneis Cleve on the basis that the striae were not 

punctate as in Pleurosigma and showed more affinity to species of Caloneis. This is a 

surprisingly odd separation by Cleve, given that he based his classification on the outline of 

the valve and the flexure of the raphe, because Staurosigma possesses the features of 
Pleurosigma as defined by Cleve. 

1.4. x Van Heurck 1896 

Van Heurck (1896) united Pleurosigma and Gyrosigma together in Pleurosigma for no 

apparent reason. He separated Donkinia, Toxonidea and Rhoicosigma into separate genera 

and actually mentioned the 'forgotten genus' Achanthosigma subsuming it into 

Rhoicosigma, but again gave no reasons for these decisions. Van Heurck's classification 

can be represented as: 

Toxonidea 

- Donkinia 

- Pleurosig7na 

- Rhoicosigma 
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1.4. xi A. Mann 1907,1925 

In short, Pleurosigma in its species represents one of the most difficult 

subjects in diatom taxonomy. Mann 1925. 

A. Mann (1907) maintained the use of Gyrosigma even though he admitted that the name 
Pleurosigma had gained common acceptance. He correctly argued that Gyrosigma was the 

earlier name and should be used if the species were to be maintained as one large genus, 

saying that the reasons of previous workers for adopting Smith's Pleurosigma were 
(wholly inadequate'. 

Later, A. Mann (1925) maintained the larger combined genus, stating that Tleurosigma 

for species with decussating rows of three directions and Gyrosigma for species with two 

directions lines, transverse and longitudinal - has nothing to comment (sic) it'. Mann used 
Pleurosigma as the generic name without explaining why he had changed from Gyrosigma. 

He retained Donkinia, Toxonidea and Rhoicosigma saying that they were 'nothing more 

than subgeneric divisions of Pleurosigma but are accorded generic rank to facilitate 

identification. ' In the end he came to the conclusion that 'One has) so to speak, to sense 

the species as one recognises individuals among our fellow men. ' 

1.4. xii Hendey 1937,1964 

Hendey (193 7) did not agree with the separation of Gyrosigma and Pleurosigma on the 

basis of stria direction and would have preferred to retain them in one genus- 'personally I 

do not think that the differences involved warrant generic distinction' (Hendey, 1937: 

384). In his 1964 account of the British marine diatoms he gave clear definitions with 

discussions on what past workers had done at the species level. He recognised 

Pleurosigma, Gyrosigma, Rhoicosigma, Donkinia and Toxonidea as separate genera but 

made no historical references to explain this. He maintained the use of stria density, angle 

of intersection of the striae, raphe flexure and occasional reference to the central nodules 

to separate the species. He gave details of the chloroplast structure for some species as 

well as distributions. He made a note that in some species of Pleurosigma there was a 

change in the orientation of the striae at the apices. 
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1.4. xiii Simonsen 1974 

Simonsen (1974) was concerned with changing 'diatom classification from an artificial 

state to a more natural one. ' He did not discuss the sigmoid Naviculaceae in any great 
detail but considered that his newly erected genus Haslea Simonsen formed a link between 

Gyrosigma, Pleurosigma and Naviculd because the central areas were very similar. 

Navicula 

- Haslea 

yrosigma 

leurosigma 

1.4. xiv E. J. Cox 1977,1979 

Cox (1977) briefly discussed the different raphe systems in Pleurosigma and Gyrosigma, 

grouping them with Navicula crucigera Wm. Smith because of similarities in the internal 

raphe system. She produced an elaborate scheme (Fig. 1.12) to summarise the differences 

in raphe structure within the naviculoid diatoms. She wrote, 'phylogeny is not necessarily 

implied' (p. 263) by the scheme and advocated that 'any classification should reflect overall 

similarity of species' (p. 267). She built on this work comparing both pore structure and 

raphe features of different naviculoid diatoms (Cox, 1979). Further, Cox discussed the 

similarities and differences among the genera, advocating overall similarity (p. 202) to 

establish relationships, although not stating what she considered were the relationships of 

the genera under investigation. 

Additionally, Cox (1983 a, b) made a detailed study of Donkinia, including chloroplast and 

pore structure. She compared Donkinia, Pleurosigma, Gyrosigma and Tropidoneis and 

concluded that there are similarities between the groups but sufficient differences to allow 

the genera to be maintained. 
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Tropidoneis 

Donkinia 

gma 
Pleurosigma 

Figure 1.12 - Cox's diagrammatic representation of the relationships of some Naviculoid 

diatoms (Cox 1977, text figure 1). 
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1.4. xv Paddock 1988 

In his study of Plagiotropis Pfitzer and Tropidoneis Cleve, Paddock suggested that the 

Pleurosigmoid diatoms were their closest relatives. He believed Gyrosigma and Toxonidea 

were more closely related to each other than to any of the other members of the group. 

Unfortunately this conclusion is ill-founded. Examination of Paddock's Toxonidea 

specimens shows that it is a Gyrosigma, hence the closeness in similarity (cf Plate 1.3, 

stria structure of a Gyrosigma, valve and raphe are sigmoid not arcuate). 

Toxonidea (= Gyrosig7na) 

Gyrosigma 

Pleurosig7na 

Donkinia 

Plagiotropis 

Tropidoneis 

Given that he based his conclusion on a misidentifiction, the following relationship 

surnmarises Paddock's data: 

Gyrosig7na 

Pleurosig7no 

Donkinia 

Plagiotropis 

Tropidoneis 
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Plate 1.3 - Paddock's (1988) Plate 3 8, figs 8- 13 of 'Toxonidea'. 

A0 W., 
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1.4. xvi Cardinal et aL 1989 

It is only through the accumulation and the grouping of all the pertinent details 

that a better understanding of this particularly stubborn group of diatoms will 

result. Cardinal et al. (1989). 

Cardinal et aL (1989) gathered new data for their taxonomic studies of Gyrosigma, 

Pleurosigma and Donkinia. Using SEM they investigated the 'central bars, the external 

proximal ends and the internal central area adjacent to the central bars, and the type and 

organisation of the central areolation in that area. ' These characters will be discussed more 
fully in Chapter 2. Using these criteria they raised P. clevei var. siberica Grunow to 

species level (as P. siberica Poulin & Cardinal) and transferred P. clevei var. 

manitounukensis Poulin & Cardinal to P. siberica var. manitoukensis Poulin & Cardinal. 

1.4. xvii Round, Crawford and Mann 1990 

Round et aL (1990) have published the most recent descriptions of the genera. They 

believed that a classification would be useful for a variety of purposes, including the 

provision of phylogenetic reconstruction (p. 119). They have employed a phenetic approach 

based on overall similarity, as they believe 'the outcome of this phenetic approach is a 

natural classification' (p. 119). However, they admit that, also based on their experience, 

'taxonomy is never likely to be free from bias and distortion' (p. 120). 

They consider Pleurosigma, Toxonidea and Rhoicosigma as most closely related to each 

other, in turn related to Gyrosigma and Donkinia. Gyrosýgma, Pleurosigma, Toxonidea, 

Donkinia and Rhoicosigma are considered as a monophyletic group the 

Pleurosigmataceae. Outside the Pleurosigmataceae they see Plagiotropis and Haslea the 

most closely related genera. This gives us the following pictorial relationship- 
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Haslea 

Pleurosigma 

Toxonidea 

Rhoicosigma 

Gyrosigma 

Donkinia 

Plagiotropis 

1.4. xviii Sterrenburg 1991 

Sterrenburg has written numerous papers, typifying species and circumscribing new taxa 

within Gyrosigma and Pleurosigma (1990,199 1 a, 1992,1993,1994,1995 a& b). Using 

the same methodology and groups as Peragallo, he described his main objective as the 

' search for reliable LM criteria' (1991: 3 67). I-Es work (199 1 b) has tried to standardise the 

criteria used by other workers e. g. colour, curvature of the raphe and also advocated the 

use of features described by Cardinal et aL (1989) using SEM techniques as LM criteria. 

As his classification framework does not deviate from that of Peragallo, the relationships 

are as follows: 
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Rhoicosig7na 

Toxonidea 

Donkinia 

Pleurosig7na 

Formosi 

Speciosi 

Affines 

Angulati 

Rigidi 

Attenuati 

Acuminati 

Strigilies 

Colletonema 

Fasciolati 

Staurosig7na 

1.5 The way forward 

In these earlier studies very few attempts have been made to draw conclusions about the 

relationships of Gyrosigma and Pleurosigma. The relationships can be represented as a 

'bush' i. e. all taxa are related to each other, but none are related any more closley than the 

others or, if Peragallo's (189 1) more detailed relationships are considered, an expansion on 

the bush, where Gyrosigma and Pleurosigma are more closely related to each other due to 

them being considered the same genus. Pleurosigma (which contained Gyrosigma, because 

this had not been raised to generic rank at that time) was split into a number of entities. 

This raises the question of the relationship between Pleurosigma and Gyrosigma. There 

are three possible explanations- 

A: Gyrosigma is part of Pleurosigma, which would render Pleurosigma paraphyletic. 

B: Pleurosigma is part of Gyrosigma, which would render Gyrosigma paraphyletic. 
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C: Gyrosig7na and Pleurosigma are two separate entities, which means that both 
Gyrosigma and Pleurosigina are monophyletic. 
These options can be represented diagramatically as follows: 

Pleurosig7na 

r"MI Gyrosigma 

A 

Pleurosigma Gyrosigma 

B 

To discover the relationship between two entities they must be compared with a third. 

Ideally they should be compared with their sister group, i. e. their closest relative. The 

study taxa are referred to as the ingroup, the sister group as the outgroup. For the 

purposes of this project I shall compare Gyrosigma and Pleurosigma with Toxonidea, as 
Toxonidea has been retained as a genus throughout its history since it was first described. 

Gyrosig7na 

roAm, 
Pleurosigma 
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Chapter 2 Materials & Methods 

2.1 Material 

A list of relevant taxonomic names was compiled using Van Landingham's catalogue 
(1971 & 1978) and the Natural flistory Museum, London (BM) taxonomic data base 
(Appendix I& 2). Type material was located in various institutions using the Index 
Herbariorum (Holmgren et al., 1990) and Fryxell (1975). Early diatomists exchanged 
specimens freely and thus duplicates can be found in a number of collections, not 
necessarily with the author's main collection. Standard abbreviations taken from Holmgren 

et aL (1990) are used throughout for herbaria and are listed below: 

BM The Natural History Museum, London, England. 

ANSP Academy of Natural Sciences, Philadelphia, USA. 

BRM Friedrich-Hustedt-Arbeitsplatz ffir Diatomeekunde, Institut ffir 

Meeresforschung, Bremerhaven, Germany. 

CAS California Academy of Sciences, San Francisco, USA. 

FH-Bail Farlow Herbarium of Cryptogarnic Plants, Harvard University, USA. 

BP Hungarian Natural History Museum, Budapest, PF22, Hungary. 

PlFW Institute of Freshwater Research CSK Pretoria, South Africa. 

us Smithsonian Institution, National Museum of Natural 11istory, 

Washington DC, USA. 

QFA Lavel University, Quebec, Canada. 

CANA Canadian Museum of Nature, Botany Division, Ottawa, Canada. 

AMOY University of Xiamen (Amoy), Amoy, China. 

WEIN Natural History Museum, Burgring 7. Wein, Austria. 

2.1.1 Collection of material 

Additional field collections were made to complement those housed in various institutions. 

The habitats of the sigmoid Naviculaceae vary with taxa and so different habitat types were 

sampled - freshwater, marine, brackish; benthic and planktonic. Locations are given in 

Appendix 3. The sampling was conducted as part of the British Marine Diatom Flora. 
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2.1.1. i Planktonic samples 

A plankton net (25 ýtm monofilament) was lowered off the side of a boat, through the 

water body to a depth, depending on the local bathymetry at the site, to 50 m and drawn 

up at a rate of 0.1 m/ sec.. The resulting material was examined immediately on return to 
land or fixed in Lugol's solution (see Table 2.1 ). The locations are given in Appendix 3. 

Table 2.1 - Lugol's Iodine 

Quantity 

Iodine Ig 

Potassium iodide 2g 

Distilled water 100 ml. 

2.1.1. ii Benthic sampling 

The surface layer of sediment was skimmed off using a spoon and placed in a collection 

tube. If the site was under water e. g. below low tide mark or in a salt pan, samples were 

collected by drawing a long plastic tube, of narrow bore, across the surface of the 

sediment, so that sediment would enter by hydrostatic pressure. This was halted by placing 

a finger over the top of the tube, thus enabling the sample to be lifted from the water, then 

released into a container by removing the finger. 

2.1.2 Cultured material 

Growing diatoms under culture has become established as a way of determining ecological 

tolerances of individual taxa (Cox, 1994a). Also, cultures can also be used to evaluate the 

effects of different environmental conditions on valve morphology (Cox, 1994a; Syvertsen, 

1979). For example, Syvertsen (1979) showed that Thalassiosira gravida Cleve and T 

rotula Meunier were temperature- specific expressions of the same species, i. e. ecomorphs 

of the same species. Because it is possible to work with clonal populations, culture work 

permits variation in shape among different-sized valves of the same species to be 

determined (Cox, 1983a), giving the limits for the taxon. 

Cultured material allows one to study the effects of environmental variables on an 

organism, knowing that any variation is a function of the environmental regime, i. e. the 
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stability of the taxonomic features such as stria structure and the path of the raphe can be 

evaluated. One can assess which features may be used confidently in the taxonomic 
differentiation between species. It is also possible to follow ontological change over the life 

cycle of a species. 

2.1.2. i Media 

Benthic marine diatoms have often been grown in liquid media in petri dishes (Cox, 198 1, 
1983a) with little problem. However, some of the larger naviculoid diatoms, especially 

members of Pleurosigma and Gyrosigma, have proved more difficult to isolate and 

maintain in clonal culture. Although many such species would remain alive and sometimes 
divide in rough cultures (cultures established from a small amount of surface sediment 

containing a mixed assemblage of diatoms) in standard media (62, McLachlan, 1973), they 
failed to divide when isolated into fresh medium on their own. Some cells died within a 

very short time (<1 week), while others would survive for several weeks in an apparently 
healthy condition but without dividing. However, it was observed that some Pleurosigma 

and Gyrosigma species grew well around clumps of sediment in the rough cultures. To 

attempt to establish growth two options were investigated. 

1. ) the diatoms required a more uneven substratum than that provided by the petri dish 

surface; 

2. ) the diatoms were obtaining additional, essential nutrients from the sediment. 

A series of experiments were set up to try to establish the cause of growth so that clonal 

cultures could be maintained. 

The diatoms were established in rough cultures in McLachlan's 62 medium (McLachlan, 

1973), then isolated into one of the following treatments (5 replicates of each treatment) in 

60mm petri dishes and grown under a range of light intensities (9 - 30'Q under a light- 

dark regime of 14 hours light, 10 hours dark, with a gradient of light intensities (8 - 45 

ýtMol M-2 sec-' ). 

Treatments: Control - 62 

f/2 with the addition of sterilised glass beads (2mm. diameter, BDH) 

f/2 with added sterilised intertidal sediment 

Enfiched f/2 (GezS) made up as below. 
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A further series of experiments were carried out under the same treatments but with a 
range of salinities (7ppt, 14ppt, 21ppt, 28ppt, 43ppt) in case the species was not salinity 
tolerant. 

GezS - enriched V2 

Macronutrients 

NaN03 75.0 mg/1 
NaH2P04. H20 5.0 mg/1 
Na2Si03.9H20 15.3mg/1 

Trace elements 

FeC13.6H20 3.15 mg/1 
Na2EDTA 4.3 6 mg/1 
XlnC12.4H20 0.18 mg/1 
CUS04.5H20 0.0 1 mg/1 

ZnS04.5H20 0.022 mg/1 
C0C12.6H20 0.0 1 mg/1 

Na2MOO4.2H20 0.006 mg/l 
H3BO3 1.0 mg/l 

Sediment extract* 10.0 MI/I 

Vitamins 

Stock A Thiamin HCI 0.1 mg/1 
Biotin 0.5 gg/l 

Stock B B12 0.5 ýtg/l 

Ingredients were mixed in a volumetric flask and made it up to I litre with filtered 

seawater. Flasks were autoclaved for 20 minutes. 

* Sediment extract 

I volume intertidal sediment: 3 volumes distilled water, 

autoclaved for 25 minutes in a flask. Then left for 24 hours before the supernatant was 

decanted. The supernatant was autoclaved for 25 minutes. 

The diatoms grew under only two treatments: in the petri dishes with sterilised intertidal 

sediment and in the petri dishes with enriched f/2. 
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2.1.2. ii Isolation techniques 

Cell were isolated from rough cultures using a drawn out capillary pipette and single cells 
placed into GezS in 2.5cm petri dishes. 

2.1-2-iii Conditions 

Cells were grown under a range of salinities (0 - 50 ppt), temperatures (5 - 380C) and light 

irradiances (8 - 45 ýIrnol M-2 sec-') under a multifactoral design (see Reid, 1995). The 

samples were allowed to increase to dense populations. 

2.2 Sample preparation 

2.2.1 Cleaning 

In order to examine the wall structure of specimens that were not already mounted on 

slides samples had to be cleaned to remove any organic matter or substratum with which 
they were associated. This was carried out by a number of standard methods- 

2.2.1. i Nitric acid cleaning 

1. ) The sample was placed in a beaker then washed with distilled water to remove any 

salts. The beaker was left standing overnight to allow for the sediment to settle. 
2. ) As much liquid as possible was decanted carefully, leaving the sediment and a small 

portion of water. An equal volume of concentrated nitric acid was added to the remaining 

sediment and boiled for 5 minutes. 

3. ) On cooling the mixture was topped up with distilled water and left overnight. The 

supernatant was then carefully decanted and the beaker filled with distilled water; this 

washing was repeated 3 times to remove all traces of acid. 

Diatoms from limestone areas were first boiled with concentrated hydrochloric acid and 

then rinsed with distilled water before nitric acid treatment. 

2.2.1. ii Fossil material 

If the sample was a fossil deposit the material was cleaned by a different method. The 

sample was placed in a beaker and boiled in 30 % hydrogen peroxide, to break up the clay 

matrix. The solution was allowed to cool and washed with distilled water. 
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2.2.1. iii Potassium permanganate 

This method did not require any heating, but used a succession of oxidising agents 

overnight, decanting off and discarding the supernatant each time. 

Day 1: Distilled water 
Day 2: Concentrated hydrochloric acid 
Day 3: Concentrated nitric acid 
Day 4: Concentrated sulfuric acid 
Day 5: Potassium permanganate 
Day 6: Concentrated oxalic acid 

Following oxalic acid treatment the samples were washed three times with distilled water,, 
again being left overnight each time. 

2.2.1. iv Cleaning of cultures 

Samples were initially washed with distilled water to remove any salts. Cells were cleaned 

using a variety of standard methods: 

1) Cells were boiled in concentrated nitric acid to remove any organic content. 
2) Potassium permanganate oxidation 
3) Cells were boiled with Hydrogen peroxide 

Unfortunately none of the above methods resulted in well cleaned valves, therefore other 

methods had to be employed. A variety of washes were undertaken because the rinsing 

stage left a residue that obscured the specimens for examination. The initial distilled water 

rinse was replaced with: 

a) detergent wash 
b) alcohol wash 
Cells were then rinsed with distilled water and cleaned using methods 1-3, described 

above. 
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2.2.2 Slide preparation 

2.2.2A Strewn slides 

Strewn slides were made by placing a drop of suspended cleaned material on to a 
coverslip. This was allowed to dry naturally, because heating caused the diatom valves to 
migrate to the edge of the cover slip. A drop of naphrax was placed onto a glass 
microscope slide and the dry cover slip inverted onto it. This was then gently heated on a 
hotplate in a fume cupboard, allowing the naphrax to bubble to evaporate all the solvent 
(toluene). The slide was allowed to cool and the naphrax was checked to see whether it 

was hard; if not, the slide was reheated. 

2.2.2. ii Selected slides 

This was only undertaken for fossil specimens, where specimens were sparse within the 

sample. Cleaned material was strewn on to a piece of mica and allowed to dry. The 

specimen to be mounted was located under the microscope and transferred, using a pig's 

eyelash, to a clean piece of mica. It was then washed in a drop of water to remove any 

small particles before being transferred to a coverslip carrying a drop of diatom glue 
(available from K. Kemp) and positioned in the orientation required. The coverslip was 
inverted onto a drop of naphrax on a glass slide and heated very gently in order not to 

dislodge the specimen from its position. 

2.2.3 Electron microscopy specimens 

Stubs were prepared by placing a drop of suspended cleaned material directly onto an EM 

stub and allowing it to dry naturally. If the material was stored as a strew on mica a small 

portion of the mica was cut off and glued to the stub. For fossils the specimen could be 

selected in the manner outlined for making selected slides, placed directly onto the stub or 

onto a piece of mica which was then glued to the stub. 

The stubs were then sputter-coated with platinum or gold-palladium. 

2.3 Examination of material 

2.3.1 Light microscope 

Slides were examined on a Reichart Zetopan Research Microscope and photographed on a 

Zeiss Microscope using differential interference contrast and Ilford FP4 film. 
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2.3.1. i Image analysis 

Image Analysis was undertaken using a Zeiss Microscope linked to a Apple Macintosh 

computer. The software was adapted from Image (free-ware) by Dr Jeremy Young, (The 

Natural FEstory Museum, London). A number of morphometric measurements were taken 
for each specimen: 

1. ) Length - specimen measured along its apical axis. 
2. ) Breadth - specimen measured along its transapical axis. 
3. ) Number of striae per 10ýtm - transverse and oblique or longitudinal - the 

number of striae in 10 ýtm, measured just to the side of the central area (Figure 2.1. a) 
because the density of striae varies over the valve surface from centre to the apices. 
4. ) Angle of intersection of striae - this character was introduced by Peragallo 

(189 1). In the same area where the number of striae was measured, the angle of 
intersection of the oblique striae was measured (Figure 2. l. b). 

5. ) Do striae change orientation at the apex ?- in some species of Pleurosigma stria 

orientation changes from transverse and oblique to transverse and longitudinal (this was 
first noted by Anthony (1870)) (Plate 2.3 Fig. g). 

6. ) Path of raphe - the raphe, although sigmoid, may show a single or double 

curvature (Plate 2.3 Figs c& 0). 

7. ) Angle of raphe - introduced by Sterrenburg (1991b) as a standardisation of the 

path of the raphe measured by drawing a line (see Figure 2.1. c& d) at a tangent to the 

middle of the raphe sternum and another line through the terminal raphe endings. The 

angle between these two lines was measured. According to Sterrenburg (1991b) a positive 

angle is where the line between the terminal raphe endings is to the concavity of the raphe 

sternum and a negative angle when it is to the convexity. A negative angle indicates a 

double curvature. 

8. ) Central raphe fissures - the path of the central raphe fissures was shown to vary 

by Cardinal et al. (1989) (SEM observations). Sterrenburg (1991b) adopted this as 

criterion as a light microscopical character (Plate 2.4 ). The different morphologies are: 

Central fissures curved in the same direction 

Central raphe fissures straight 

Central raphe fissures curved in opposite direction 
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One central raphe -fissure centred, the other deflected 

Central raphe fissures overlapping 
Central raphe fissures T-shaped 

Figure 2.1 -a- showing portion of valve where striae should be measured; b- showing 

angle of intersection of striae; c-a positive raphe angle; d-a negative raphe angle. 

Oll 
b 

01 
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10. ) Vaulting - presence or absence (Plate 2.6 Figs a& b). 

11. ) Central area - the central area was measured and recorded as a proportion of the 

width. 

12. ) Central bars - Cardinal et aL (1989) used this as an SEM character, while 
Sterrenburg (1991b) advocated its use at the LM level (Plate 2.5 Figs a- h). 

14. ) Presence of beak - the presence of a beak linked species in the fasciola group of 
Peragallo (189 1); presence or absence (Plate 2.6 Figs a& b). 

15. ) Chloroplast morphology - the type of chloroplast in living cells i. e. ribbon-like or 

plate-like (including smooth and lobed plate margins) Plate 2.1 Figs c&d. 

16. ) Raphe shape - sigmoid or arcuate (Plate 2.2 Fig. a& b). 

17. ) Valves achnanthoid - the presence or absence (Plate 2.2 Fig. c& d). 

18. ) Raphe keeled - raphe keeled or not keeled (Plate 2.3 Fig. c&0. 

2.3.2 Electron microscopy 

Scanning electron microscopy (SEM) was undertaken using a Hitachi S800 field electron 

microscope. All negatives and SEM stubs holding the specimens are housed in the BM. 

The measurements and observations listed above were repeated and a number of others 

added: 

19. ) Pore structure - the type of pore, i. e. single, double or rimmed (Plate 2.3 Fig. a, b 

& d), and the distribution of pores over the surface of the valve. 

20. ) Central bar attached to primary side of raphe - central bars attached or 

unattached to the primary side of the raphe; structure of the primary side, i. e. continuous 

or broken thickening (Plate 2.6 Fig. c- e). 

21. ) Girdle band - girdle bands were plain or ornate (Plate 2.6 Fig. f). 

22. ) Apical pore structure - the pore structure at the apices can differ to that over the 

rest of the valve (Plate 2.7 Fig. d). 
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23. ) Hyaline area - transversely expanded, following the central bars or absent (Plate 
2.6 Fig. c- e). 
24. ) Raphe sternum thickening - equal or unequal on either side of the raphe (Plate 
2.2 Fig. e- f). 

25) Raphe sternum on a ridge - presence or absence of ridge (Plate 2.3 Fig. a- b). 
26. ) Silica ribs - presence or absence (see Plate 2.3 Fig. e) - these ribs are longitudinal 

thickenings of silica along the apical axis of the valve. 
27. ) Central area saddled - the presence or absence (see Plate 2.3 Fig. a- b). 

28. ) Central bars - (see Plate 2.5 Figs a- h) type of central bar - (Sterrenburg (1991b) 

suggested that this character could be determined with LM but it is not possible to 
determine all central bar types with LM alone). The types of bars are: 

central bars slender, 

smooth and almost equal in length, 

central bars divided, 

central bars with siliceous lateral extension into the interstriae, 

central bars wide and thick, 

central bars bulky and crenated, 

no central bars, 

central bars reduced to thin margin of hyaline area, 

central bars with undulating outer edge. 
29. ) Central nodule plain - plain or with a raised silica portion (see Plate 2.7 Fig. a& 
b). 

30. ) Central area orientation - offset or not (see Plate 2.5 Fig. g& h). 

31. ) Apical region - silica thickenings and presence of pores arranged in the formation 

of a crescent (see Plate 2.5 Fig. g& h). 
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2.4 Systematic Analysis 

'Thus a problematical choice operates in defining exactly which, out of the 

mass of data discovered, will be treated (recorded, scored, coded, etc. ) and 
finally, perhaps, included in the analysis. A filter operates between the 
discovery of variation and the recording of that variation in the data matrix. ' 
Thiele 1993, p. 275. 

2.4.1 Characters and coding 

Characters can be understood as observable features, which are themselves hypotheses 

(Platnick, 1979; Neff, 1986; Williams, 1992), and may be passed on from ancestors in the 

same form, in which case they are termed plesiomorphic, or they are passed on to 

descendants in a changed form, and are then termed apomorphic. 

Different types of characters exist - qualitative and quantitative. 
2.4.1. i Qualitative data 

Qualitative data tends to be in the form of non-overlapping data, i. e. discrete and able to 
be represented by a subset of values, e. g. presence / absence represented by 0/1. These 

values are non-overlapping (disjunct). Conventionally for cladistic analysis plesiomorphic 

characters are usually coded by a zero. For binary characters apomorphic characters are 

coded as one. For example, if presence of a raphe were determined to be the plesiomorphic 

state and absence of a raphe the apomorphic state, taxa with a raphe would be coded as 0 

and those without as 1. 

2.4.1. ii Quantitative data 

Quantitative data tend to be overlapping, e. g. morphometric measurements. 

There are a number of options available to deal with morphometric and similar kinds of 

data: 

1- Ignore them totally 

2- Establish whether there are any discrete character data 'embedded9 in these 

observations. Numerous methods have been proposed but basically all work on the same 

principle. Characters are ranked along a scaled axis and then divided into discrete states. 
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All gaps are treated as having equal value, even where the adjacent states may be highly 

variable in magnitude (Nfickevich & Johnson, 1976; Thorpe, 1984; Archie, 1985). 

Some methods have been introduced where larger gaps are given more weight, i. e. 
differential gap weighting (Theile, 1993). Gap coding exerts differential weighting as a 

prior assessment of informativeness. This method fails because it is difficult to determine 

before the analysis which characters add homoplasy. This can only be done after initial 

cladistic analysis, otherwise greater weight may be added to characters that show 
homoplasy. Coding of characters that lack statistically significant gaps creates states that 

are arbitrarily divided and unscientific. 
All these methods are based on means and, as Cranston and Humphries elegantly stated, 

'means have no cladistic content' (1988: 81). Through rigorous analysis of continuous 

quantitative data, they showed that a large amount of noise was added, which increased 

the number of steps on the tree and reduced the consistency index. They concluded that 

c continuous data are best excluded from analysis' (Cranston & Humphries, 1988: 8 1). 

Chappill (1989) discussed the use of continuous characters in cladistic analysis, concluding 

that they, 'should be avoided since they may introduce an unacceptable level of distortion 

into the analysis in relation to the amount of increased resolution they provide'. Thiele and 

Ladiges (1988) concluded that characters which show overlap are not cladistically useful 

and should only be used if no other data are available. 

It seems odd that many workers resort to the use of phenetic techniques (e. g. Thiele & 

Ladiges, 1988; Thiele, 1993). Although there may sometimes be no other available data, it 

still remains true that gap coding, in whatever form, offers more than an arbitrary phenetic 

clustering of things that look the same, e. g. they are all big, so they must be related. How 

are we to judge the magnitude of variation in a character state? Placing all the means 

together does not provide the answer, because it seems simply to add the problem of 

random noise to the data set. In conclusion, I have ignored morphometric data for the 

purposes of analysis. However, they are useful for species descriptions, i. e. for 

identification purposes. 
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2.4.1. iii Missing data 

One problem that can occur when coding data is that some characters do not occur in all 

taxa. For example, the primary side of the raphe in Gyrosigma is continuous with the 

central bars and may be either a continuous or a broken siliceous thickening. This feature is 

not found in Pleurosigma, so the question arises of how to code for this condition in 

Pleurosigma. By convention many people code it as missing data, but as with missing data 

in general, there is an inherent risk of over estimating the possible number of equally 

parsimonious trees. As no specific algorithms have been written for dealing with this 

problem in the current parsimony programs, Platnick ef aL (1991 a) have looked at the 

problems of missing data in general. They identified three types of missing data: unknown 

data, e. g. in fossils, polymorphism and inapplicable data. The standard method is to code 

these as a question mark. Parsimony programs treat question marks as an unknown 

character state, handling them in an either/or manner, designating the character state to 

that state which will give the best fit with respect to the other characters for that particular 

taxon. 

With a simple data set in which only two taxa had missing values, Platnick et aL (1991 a) 

showed that two of the six equally parsimonious trees generated were not possible. As 

missing data are obviously fraught with problems, I have deliberately included in the 

analysis taxa which have the minimum number of missing values. To overcome the 

problem of inapplicable characters, because it is not logical to code them as question marks 

when we know what they are, I have chosen to code them as zeros, i. e. in the case of a 

binary transformation series I have treated them as multistate characters, i. e. inapplicable 

0. continuous = I, broken = 2. 

2.4.1. iv Character polarity 

To use computer programs the character states must be determined before the analysis. 

Characters can be polarised by direct or indirect methods (Nelson, 1973). Direct methods 

are those which use only information available from the taxa under investigation; Nelson 

considered that only ontogenetic characters are suitable. Ontogenetic sequences were not 

available for the sigmoid Naviculaceae and so an indirect method was implemented, i. e. 

one that used information from a source outside the study taxa. The outgroup method for 

coding characters was employed; 'for a given character with two or more states within a 
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group, the state occurring in related groups is assumed to be the plesiomorphic state' 
(Watrous &Wheeler, 198 1). 

Many workers use fossil evidence to code characters prior to analysis, i. e. the characters 
that occur in the older fossils are considered plesiomorphic and characters in younger 
material (i. e. more recent) are considered to be apomorphic. The principles behind this are 
sound, but they are fraught with problems. How do we know that the character we see in 

the fossil is really the plesiomorphic state, since the character under investigation may have 

undergone a reversal, i. e. an unknown ancestor may have had condition A, the fossil we 

are looking at is really showing the apomorphic state a, and our more recent specimen has 

undergone a reversal and is exhibiting the plesiomorphic condition A: 

=> => 

Even with a well studied record the problem is the reliance on its completeness. One can 

never know what is an ancestor and whether one taxon evolved into another. The fossil 

data for the sigmoid Naviculaceae are very incomplete and so this will not even be 

considered as an accessory method (i. e. to help choose between results) in this study. 

2.4.1. v Character assessment and coding 

'the greatest deficit in phylogenetic analysis today is the widespreadfailure to 

treat characters themselves as hypothesis subject to test andpossible 

refutation prior to their use at higher levels, such as cladistic analysis' (Neff, 

1986: 115) 

Characters used by previous workers were assessed to establish which could be used for 

cladistic analysis. Characters that were constant within species but varied between species 

were the object. For this reason cultured material appeared to be the ideal solution, in that 

it provides large numbers of the same species under different environmental conditions. 

Unfortunately, the inability to produce cleaned valves for character analysis created a 

problem. Even though the cells were cleaned using all three standard methods (see 2.2.1) 

valves remained uncleaned. The valves were obscured by a layer on top of and in the valve 
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matrix that could not be removed, however many times they were cleaned and washed. 
This may have been due to the concentration of salts in the culture medium but, because 

the cells could not be viewed properly, culturing is a redundant method of taxonomic 
investigation for this group of species. In standard media, cells become deformed with time 
(Benndorf & Egerer, 198 1; Estes & Dute, 1994; Sime pers. comm. ) although in GezS the 

cells maintained the integrity of their shape each time they reproduced. However, if the 

fine structure of the valves cannot be examined this medium cannot be used. 
Owing to the problem of the fine structure of the cultured diatoms being obscured, natural 

populations in which a bloom of a particular species had occurred were used to obtain 
large numbers (100 specimens) of the same species to assess intraspecific character 

variability. 

2.4.1. iv Coding 

Characters were coded for cladistic analysis using Toxonidea as an all zero outgroup 

(Nixon & Carpenter, 1993). Character codes were recorded in two data matrices (Tables 

2.2 & 2.3) The first, Table 2.2 represents those taxa that Peragallo (189 1) used in his 

monograph and is referred to as Peragallo's data set, the second (Table 2.3) is a replicate 

of Peragallo's data set, with the addition of those species described since the monograph. 

Detailed species descriptions and supporting micrographs are given in Chapter 4. The data 

used for this analysis were derived from these observations. Twenty eight characters were 

used, numbered 0- 27, in accordance with Farris (1988), twenty four of which are binary, 

and four are multistate. Characters that appeared to be constant within species were 

investigated in the cladistic analysis. 

Length & breadth - both continuous characters with large standard deviations around 

their means. They were therefore of no use for cladistic analysis because it would be 

necessary to resort to gap coding which would be unsatisfactory (see above). It would 

increase the level of noise in the data set. 

Theoretically any such data could be converted into a qualitative form, e. g. rhombic, 

lanceolate, but because of the nature of cell division in the diatoms, i. e. size reduction) the 

shape of the valve is continually changing (Cox, 1988). Character 0 was based on the 

difference between Toxonidea and the rest of the sigmoid Naviculaceae 
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Character 0 (see Plate 2.1 Fig. a& b) Valves biarcuate 0 

Valves sigmoid I 

Number of striae - stria density is a highly variable character, with a lot of operational 
error and was not used except for species descriptions. 

The actual orientation of the striae remains constant within a species. 
Character 1 (see Plate 2.1 Fig. e&0 Striae in three directions 0 

Striae in two directions I 

Chloroplast morphology - appeared to be a constant character, but to determine this 

specimens had to be observed in a fresh (uncleaned) state. This is problematic for type 

material. Field investigations indicated that this is a constant generic character. 
Character 2 (see Plate 2.1 Fig. c& d) Chloroplast ribbon-like 0 

Chloroplast plate-like I 

Raphe sigmoid or arcuate - appeared to be a constant character. 

Character 3 (see Plate 2.2 Fig. a& b) Raphe arcuate 

Raphe sigmoid I 

Valves dissimilar (achnanthoid) - appeared to be a constant character for which only 

Rhoicosigma exhibits achnanthoid valves. 

Character 4 (see Plate 2.2 Fig. c& d) Both valves the same 0 

Valves dissimilar I 

Raphe sternum thickening - appeared to be a constant character so far. 

Character 5 (see Plate 2.2 Fig. e&0; 

Raphe sternum thickening not equal on both sides of raphe 0 

Raphe sternum thickening equal on both sides of raphe I 

Raphe sternum on a ridge - appeared to be a constant character in the taxa investigated 

so far. 
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Character 6 (see Plate 2.3 Fig. a- b) Raphe sternum not on a ridge 0 

Raphe sternum on a ridge I 

Central bar attached to the primary side of the raphe - this was a constant character in 

the taxa investigated so far, with that in Gyrosigma being attached and that in Pleurosigma 

not attached. 
Character 7 (see Plate 2.3 Fig. a& b) 

Primary side of raphe discontinuous with central bars 

Primary side of raphe continuous with central bars 

0 
I 

Raphe keeled - presence or absence of a keel appeared to be a constant character at the 

species level in the taxa investigated so far. 

Character 8 (see Plate 2.3 Fig. c& f) Raphe system not keeled 0 

Raphe system keeled I 

Silica ribs -a new character introduced to establish the affinities of a new taxon. 

Character 9 (see Plate 2.3 Fig. d& e) Silica ribs absent 

Silica ribs present 

Pores rimmed - constant within a species but varies throughout the genera. 

Character 10 (see Plate 2.3 Fig. a& b) Pores rimmed 0 

Pores not rimmed I 

Pores divided by a silica bar -a constant character at the species level. 

Character II (see Plate 2.3 Fig. a& d) Pores not divided 0 

Pores divided I 

Change in stria orientation at the apex - only occurring in some species of Pleurosigma. 

Character 12 (see Plate 2.3 Fig. g) 

Striae retaining same orientation at the apex 0 

Striae showing different orientation at the apex I 
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Path of raphe -a discrete character, i. e. a single or a double curve, and constant for a 
given species. 
Character 13 (see Plate 2.3 Fig. c& f) 

Path of raphe single curvature 
Path of raphe double curvature 

Central raphe fissures - in the taxa studied so far there appeared to be a lin-ked number 
of options. 

Character 14 (see Plate 2.4 Fig. Figs a- 
Central fissures curved in the same direction 0 
Central raphe fissures straight I 
Central raphe fissures curved in opposite directions 2 
One central raphe fissure centred the other deflected 3 
Central raphe fissures overlapping 4 

Central raphe fissures T-shaped 5 

Vaulting -a discrete character present in a few taxa. 

Character 15 (see Plate 2.6 Fig. a& b) No vaulting 0 

Vaulting I 

Central area saddled -a constant character at the species level. 

Character 16 (see Plate 2.6 Fig. c& d) No saddle 0 

Saddle I 

Central bars - only a limited number of types, and the character is constant within a 

species. 

Character 17 (see Plate 2.5 Fig. a- h) 

Central bars slender, smooth and almost equal in length 0 

Central bars divided I 

Central bars with siliceous lateral extension onto the virgae 

Central bars wide and thick 

Central bars heavily silicified, raising them above main valve surface 
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No central bars 5 
Central bars reduced to thin margin of hyaline area 6 
Central bars with undulating outer edge 7 

Primary side thickening -a constant generic and specific character. 
Character 18 (see Plate 2.6 Fig. c- e) 

Primary thickening not evident 0 

Primary thickening continuous I 

Primary thickening broken 2 

Presence of beak - limited to a small number of species and remains constant within those 

species. 
Character 19 (see Plate 2.6 Fig. a& b) No beak 

Beak 

0 
I 

Girdle bands - little variability in the girdle bands. All are plain except in G. prolongatum. 

Character 20 (see Plate 2.6 Fig. f) Girdle plain 0 

Girdle patterned I 

Hyaline area -a constant character at the species level, with only three possibilities. 

Character 21 (see Plate 2.7 Fig. a- c) 

Hyaline area transversely expanded 0 

Hyaline area follows central bars I 

Hyaline area absent 

Central nodule plain - appears to be a constant character for those taxa investigated at 

the species level, and has not been used previously. 

Character 22 (see Plate 2.7 Fig. a& b) Central nodule raised portion 0 

Central nodule plain I 

Pores beside raphe - these may be the same as, or different from those over the rest of the 

valve cover. This appears to be a constant specific character. 
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Character 23 (see Plate 2.7 Fig. c& d) 

Pores the same next to the raphe 0 

Pore modified next to the raphe I 

External slits cover one or more internal pore - appears to be a constant character at the 

specific level. 

Character 24 (see Plate 2.7 Fig. e& f) Slits cover one pore 0 

Slits cover more than one pore I 

Central area transapically even or offset - appears to be a constant character at the 

specific level. 

Character 25 (see Plate 2.5 Fig. g& h) Central area even 0 

Central area offset I 

The presence or absence of extra siliceous thickening at the apex - appears to be 

constant character at the specific level. 

Character 26 (see Plate 2.8 Fig. a- b) No extra siliceous thickening at apex 0 

Extra siliceous thickening at apex I 

Crescent at apex -a constant character at the specific level. 

Character 27 (see Plate 2.8 Fig. a- b) No crescent at apex 0 

Pores arranged in a crescent at apex I 

Angle of raphe - this provides quantitative continuous characters and so was not used in 

the analysis. 

Central area - constant for a species but was a continuous variable, and so was not 
investigated in the analysis. 

Sterrenburg (1991b) proposed the use of colour in dark field as a character for assessing 

the specific limits of Gyrosigma and Pleurosigma. This character was not used here 

because 
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1. ) It is very subjective with no clear, fixed guidelines. 
2. ) Sterrenburg himself (personal communication) admitted that colour could be variable 
within a single specimen, depending on the way that the microscope had been set up. 

2.5 Analysis 

A variety of systematic methods were employed in order to understand which method gave 
the most parsimonious relationships among taxa, i. e. the tree that best explains the data 

(Farris, 1982). 

The matrices (Tables 2.2 & 2.3) were analysed with the computer programs Hennig86 

(Farris, 1988), Pee-Wee and NONA (Goloboff, 1993b) and characters set as non-additive. 
The matrices were originally analysed using the ie (implicit enumeration) option of 

Hennig86 (Farris, 1988) because the results are 'certain to be of minimal length'. 

Unfortunately after running the program for 48 hours no results were obtained. The Mh 
followed by bb * command was implemented, as this is meant to be as efficient on many 

data sets as the ie* option (Farris, 1988). The efficiency of the trees is given by the 

ensemble consistency index (ci), which is based on the character consistency index (c), 

which measures individual characters fit on various trees. The ensemble consistency index 

shows how the entire data set performs, showing the amount of homoplasy present. 

C=m/S 

s= the minimum number of steps a character can exhibit on a particular tree 

m= minimum number of steps a character can have on any tree (Kluge & Farris, 1969) 

ci=M/S 

M= the total number of all m values for the data matrix 

S= the total number of all s values for the data matrix 

A number of problems are inherent with the ci. Uninformative characters will artificially 

inflate the ci, i. e. characters that appear only in one taxon will always fit the tree with ac of 

I and, as such, will increase the ci in the summation. The ci will also decrease as the 
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number of taxa in the analysis increases, due to its fractional nature. Because of these 
problems Farris (1989) introduced the retention index (r), and the ensemble retention 
index (ri) which is the summation of all the individual g, s and m values, to measure the 
amount of synapomorphy. 

r= (g-s) 

(g-m) 

g= greatest number of steps a character can have on any tree i. e. a bush 

ri= (G-S) 

(G - M) 

G= the total number of g values 

The equally parsimonious trees are reported as a strict consensus tree (Sokal & Rohlf, 

198 1). This is a summary tree of all the different equally parsimonious trees and shows the 

monophyletic groups that are supported in all the competing trees. It results in a loss of 

resolution because it collapses those nodes that are not supported by all the original trees. 

Where the number of most parsimonious trees discovered were too large to read into 

Hennig86 tread, COMPONENT (Page, 1992) was used to produce a strict consensus tree. 

2.5. i Weighting 

'Weighting is, infact, an unavoidable part of systematics in one or more of its 

guises. 'Wheeler, 1986.102 

Weighting is the weight applied to characters in analysis. When different characters are 

assumed to contribute to the same degree to the tree topology they are all given the same 

weight (uniform weighting) as applied initially as the default in most current parsimony 

programs (e. g. Hennig86: Farris 1988; PAUP: Swofford, 1990). If the characters are 

assumed to contribute to different extents in the analysis they are given different weights 

(differential weighting). In the past weighting has tended to be a highly subjective 

process with intuition being the only basis for giving some characters more weight than 
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others in an analysis (e. g. Mayr, 1969). Weighting may take place prior to tree 

construction in which case it is termed a priori weighting (Neff, 1986) which takes into 

account what is known about the characters; or after initial tree construction in which case 
it takes into account the contribution the characters make to the resulting tree topology, a 
posteriori weighting (Neff, 1986). 1 shall reject a priori weighting because it is impossible 

to know before an analysis which characters are useful (Wilkinson, 1991). 

The first serious attempt to address the problem of how to weight characters was brought 

about by Farris (1969), but little use was made of it until he incorporated it into his 

computer program (Farris, 1988), this method is a differential a posteriori method. The 

method is based on the assumption that 'characters which have failed repeatedly to adjust 
to the expectation of hierarchic correlation are more likely to fail again in the future, and 

so they are less likely to predict accurately the distribution of as yet unobserved characters' 
(Goloboff, 1993 a). In practice this is the same as excluding some characters and 
introducing the non-random replication of other characters. 
Some workers only advocate the use of weighting in the analysis if the initial unweighted 
data has failed to produce an adequate tree, due to character conflict, or to choose 
between multiple trees (e. g. Turner & Zandee, 1995; Rodrigo, 1992). This approach is 

rejected as weighting selects characters not cladograms. Many workers do not accept the 

concept of differential character weighting arguing that every character should be 

attributed equal weight to create natural taxa as all characters are 'equally desirable' 

(Sneath and Sokal, 1973; Mann, 1982; Round et aL, 1990). 

1 shall use differential a posteriori weighting as it results in trees which are self- 

consistent with the data collected (Farris 1969,1988; Goloboff, 1993a, 1995; Platnick et 

aL, 199 1 b), in that not all characters contribute equal amounts of information to the 

analysis. They are given the weight they deserve after initial analysis and thus weighting is 

required in all analysis. I shall compare the two methods available using Hennig86 (Farris, 

1988) and Pee-Wee (Goloboff, 1993b). 

Using Farris' method the equally parsimonious trees, resulting from the initial uniformly 

weighted analysis, are subjected to a successive approximation weighting (SAW) (Farris, 

1969; 1988) using the xs w option of Hennig86. The command xs w 'sets the character 

weights according to the trees in the input file. Weights are calculated from the best fit as 

displayed by the m option, as the product of the character consistency and the character 
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retention indices, then scaled to lie in the range 0- 10' (Farris, 1988). The command is 

repeated until the weights assigned to the characters no longer change. This is based on a 
concave fitting function in that characters which show the least amount of homoplasy are 
given higher weights i. e., this allows more weight to be given to more reliable characters, 
without making these decisions a priori. 
Farris' method of weighting is iterative in that the weights are applied to the most 
parsimonious trees for a given set of weights, and these are then used in the reanalyses. 
This makes use of the unit re-scaled consistency index (rc) 

rc= rxe 

which essentially works on the basis that because c measures homoplasy, but can never 
reach zero (as outlined above), by rescaling it using r characters with no synapomorphy i. e. 
r=0 can be disregarded in future analysis. 

However, Goloboff (1991 a) shows that this scheme of weighting still has problems as 

weights do not always increase with less homoplasy. Goloboff (1993 b) introduced a non- 
iterative method in which the weighting is based on a concave function of homoplasy, 

given as fit (f) 

(k 1) 

(s + k+1 - 

k=a constant of concavity 

This is implemented using Pee-Wee to analyse the data matrix. It selects trees of highest 

weight as being the most parsimonious, as opposed to the shortest total length, as under 

Hennig86 (Farris, 1988). The option mult*50 was used to search for trees of highest fit, 

performing random addition sequences of 50 replications each. Replication was followed 

by tree bisection and branch- swapping. 
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2.5. ii Ambiguous optimisation 

The effect of ambiguous optimisation was considered by using the amb= option, this is 

where it is not possible to assign a definite state to a node (i. e. it is not possible to say the 

node is exhibiting a plesiomorphic or an apomorphic state it may be either, see Wilkinson, 
1995) e. g. consider four taxa A, B, C, D which are identified using one binary character, 
distributed as shown below: 

Taxa Character 

A0 

B0 

CI 

DI 

This would give the following relationship, with the apomorphic or plesiomorphic state of 

the nodes shown: 

0A 

0B 

oll 

Ic 

I 
ID 

The amb- option was used to eliminate ambiguous support. This works so that branches 

that are not supported, under all possible optimisation are collapsed. This is defined in 

Goloboff as 'if any possible states are shared between ancestor and descendent node, the 

branch is considered unsupported' (1993b). 

The command apo was used to find the apornorphic support for each branch. The rescaled 

fit was reported as this is considered analogous to the retention index (Goloboff, 1993 b). 

Which can be defined as: 

(max. fit - fit) 

(max. fit - min. fit) 
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Plate 2.1 - Fig. a- Toxonidea insignis, showing arcuate valve (Character 1; character 

state 0). Fig. b- Gyrosigma litorale, valve sigmoid (Character 1; character state 1). Fig. c 

- Pleurosigma angulatum, chloroplasts ribbon-like (Character 3; character state 0). Fig. d 

- Gyrosigma litorale, chloroplast plate-like (Character 3; character state 1). Fig. e- striae 

in 3 directions (Character 2; character state 0). Fig. f- striae in 2 directions (Character 2; 

character state 1). 
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Plate 2.2 - Fig. a- Toxonidea gregoriana raphe arcuate (Character 4; character state 0). 
Fig. b- Pleurosigma thaitense raphe sigmoid (Character 4; character state 1). Fig. c&d- 
Rhoicosigma samonese showing dissimilar valves (Character 5; character state 1). Fig. e- 
raphe sternum thickening not equal (Character 6; character state 0). Fig. f- raphe sternum 
thickening equal (Character 6; character state 1) 
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Plate 2.3 - Fig. a- Central area saddled (Character 16; character state 1), central bars 
discontinuous with primary side (Character 7; character state 0) & raphe not keeled 
(Character 8; character state 0). Fig. b- central area not saddled (Character 16; character 
state 0), central bars continuous with primary side of raphe sternum (Character 7; 

character state 0), raphe not keeled (Character 8; character state 0). Fig. c- Donkinia 

raphe keeled (Character 8; character state 1), Silica ribs abscent (Character 9; character 

state 0). Fig. d- Pores divided by a silica bar (Character 11; character state 1). Fig. e- 
Coastasigma valve showing 'ribs' (Character 10; character state 1). Fig. f- raphe with 
double curvature (Character 14; character state 1). Fig. g- Pleurosigma quadratum striae 

change orientation at apex (Character 13; character state 1). 
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Plate 2.4 - Character 14 central fissures - Fig. a- central fissures curved in the same 
direction (character state 0). Fig. b- central fissures straight (character state 1). Fig. c- 
central fissures curved in opposite directions (character state 2). Fig. d- central fissures 

one centred the other deflected (character state 3). Fig. e- central fissures overlapping 
(character state 4). Fig. f- central fissures T-shaped (character state 5) 
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Plate 2.5 - Character 18 Central bar type - Fig. a- character state 0, central bars 

slender, smooth and almost equal in length. Fig. b- character state 1, central bars divided. 

Fig. c- character state 2, central bars with siliceous lateral extension into the inter striae. 
Fig. d- character state 3, central bars wide and thick. Fig. e- character state 4, central 
bars bulky. Fig. f- character state 5- No central bars. Fig. g- character state 6- central 
bars reduced to margin of hyaline area. Fig. h- character state 7- central bars with 

undulating outer edge. 
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Plate 2.6 - Fig. a- Coastasigma showing no beak (Character 19; character state 0) and 
vaulting (Character 15; character state 1). Fig. b-G. fasciola showing presence of a beak 

Character 19; character state 1) and no vaulting (Character 15; character state 0). Fig. c- 
Central area saddled (Character 16; character state 1), hyaline area transversely expanded 
(Character 21; character state 0), Primary thickening not evident (Character 18; character 

state 0). Fig. d -. Central area not saddled (Character 16; character state 0), hyaline area 
following central bars (Character 21; character state 1), primary thickening broken 

(Character 18; character state 2). Fig. e- Central area not saddled (Character 16; character 

state 0), hyaline area abscent (Character 2 1; character state 2), Primary thickening 

continuous (Character 18; character state 1). Fig. f- girdle band patterned (Character 20; 

character state 1). 
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Plate 2.7 - Fig. a- Pleurosigma thaitens central nodule plain (Character 22; character 
state 1). Fig. b- Pleurosigma amara central nodule with raised portion (Character 22; 

character state 0). Fig. c- Gyrosigma balticum var. y pores next to the raphe the same as 
valve covering (Character 23; character state 0). Fig. d- Pleurosigma elongatum Pores 

next to the raphe modified (Character 23; character state 1). Fig. e- Pleurosigma 

transilvanicum external slits cover one pore (Character 24; character state 0). Fig. f- 
Gyrosigma litorale external slits cover more than one pore (Character 24; character state 
1). 
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Plate 2.8 - Fig. a- extra siliceous thickening at apex (Character 2, character state 1), no 

crescent at apex (Character 27, character state 0). Fig. b- no extra siliceous thickening at 

apex (Character 26, character state 0), crescent at apex (character 27, character state 1). 
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Table 2.2 - Character coding for taxa in Peragallo's data set (toxogp) 
Character 

111111111122222222 

Species 0123456789012345678901234567 

T. insiginis 0000000000000000000000000000 
P. fOrmosum 10010100000000? 1100000000000 
P. obscurum 1111001100100011051002100000 
P. elongatum 10010100001000? 0000001110000 
Pjaponi . cum 10010100000000? 1100000100000 
P. arafurense 10010100000000? 1100000100000 
P. tahitense 1001010000000000100000100000 
P. hamuliferum 10? 1010000100010100000100000 
P. angulatum 1001010000101030000002100000 
P. aestu ari i 10010100001100? 0000102100000 
P. delicatulum 10010100001100? 0000002100010 
P. quadratum 1001010000101030000001100000 
P. strigosum 10010100001100? 1000001000010 
P. nubecula 1001010000110000000001100010 
P. rigidum 1001010000000000100000100010 
P. rigidum v. incurvata 10? 1010000100000100000000000 
G. litorale 1111001100100010001001101000 
G. euhippus 1111001100100020072002100001 
G. attenuatum 1111001100100020061002100001 
G. lacustre 1111001100100020071002100001 
G. bebissonii 1111001100100020002002100000 
G. acuminatum 1111001100100020001002100000 
G. balticum v. 1111001100100020022002100001 
G. wansbeckii 1111001100100020001002100001 
G. reversum 1111001100100121001100100000 
G. strigilis 1111001100100021002002100001 
G. scalproides 1111001100100050071002100000 
G. curvulum 11110011001000? 0002002100001 
G. eximium 1111001100100020001002100000 
G. Jasciola 1111001100100000001102100000 
G. prolongatum 1111001100100040011112100000 
G. marcum 11110011001000? 0051101100001 
G. distortum iiiiooiiooioooiool? lo? 100001 
D. carinata 10? 10? 0? 10 11000 100000 1100000 
D. recta 1111001110100011041002100000 
R. compactum 11111011101000? 1031001100010 
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Table 2.3 - Character coding for extended data set (including modern taxa (Toxog)) 

Species 

Character 
111111111122222222 

0123456789012345678901234567 

T. insigin is 0000000000000000000000000000 
P. formosum 10010100000000? 1100000000000 
P. obscurum 1111001100100011051002100000 
Ramara 1001010000110001020001000000 
P. elongatum 10010100001000? 0000001110000 
Pjaponicum 10010100000000? 1100000100000 
P. arafurense 10010100000000? 1100000100000 
P. tahitense 1001010000000000100000100000 
P. speciosum v. cast 10010100001100? 0000001000000 
P. naviculaceum v. cast 10010100000000? 1100000100000 
P. hamuliferum 10? 1010000100010100000100000 
Rangulatum 1001010000101030000002100000 
Raestuarii 10010100001100? 0000102100000 
P. delicatulum 10010100001100? 0000002100010 
P. quadratum 1001010000101030000001100000 
P. strigosum 10010100001100? 1000001000010 
P. nubecula 1001010000110000000001100010 
P. rigidum 1001010000000000100000100010 
P. williamsii 1001010000110000000000000010 
P. rigidum v. incurvata 10? 1010000100000100000000000 
G. litorale 1111001100100010001001101000 
G. euhippus 1111001100100020072002100001 
G. attenuatum 1111001100100020061002100001 
G. kochii 1111001100100010061002100101 
G. lacustre 1111001100100020071002100001 
G. brebissonii 1111001100100020002002100000 
G. acuminatum 1111001100100020001002100000 
G. balticum v. 6 1111001100100020022002100001 
G. subtillis 1111001100100120061001100111 
G. wansbeckii 1111001100100020001002100001 
G. reversum 1111001100100121001100100000 
G. transilvanicum 1111001100100020061001100101 
G. balticum v. turgidum 1111001100100120061001100111 
G. sterrenburgii 1111001100100120001001100111 
G. cali IM001100100020061002100111 
G. strigilis 1111001100100021002002100001 
G. scalproides 1111001100100050071002100000 
G. curvulum 11110011001000? 0002002100001 
G. parvulum 11110011001000? 0051000100001 
G. eximium 1111001100100020001002100000 
G. Jasciola 1111001100100000001102100000 
G. prolongatum 1111001100100040011112100000 
G. marcum 11110011001000? 0051101100001 
G. distortum 111100110010001001? 10? 100001 
G. fogedii 1111001100100010001100100000 
D. carinata 10? 10? 0? 10110001000001100000 
D. recta 1111001110100011041002100000 
P. chiliense 1001010000110000000000000000 
P. simonsenii 1001010000100010000001000000 
P. indicum 1001010000110010000001000000 
P. vairaense 1001010000110041000001100000 
P. rostratum 1001010000101120000101000000 
p. distinguendum 1001010000100110000002000000 
R. compactum 11111011101000? 1031001100010 
Costasigma IM001011100011001000100000 
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Chapter 3- Results and Discussion of systematic analysis 

'Science is a way of viewing things as problematical; and that the evidence for 

classification is problematical and deserves to be viewed as such. ' Nelson & 
Platnick, 1981: 34 

3.1 Past attempts of evolutionary relationships in the sigmoid genera 
Although one can never be sure of the evolutionary history of a group, attempts should be 

made to gain a greater understanding of overall relationships. In the past evolution was 
deduced from evidence derived from the fossil record. With this as a guide line diatoms are 

theoretically in good stead, due to their siliceous frustules which preserve well. According 

to Nelson and Platnick (1981: 40) palaeontologists fall into three groups; those workers 

that 

1. ) believe only the fossil record provides us with direct evidence of the path of evolution, 
2. ) believe the fossil record only provides data on organismic diversity, 

3. ) believe the fossil record provides data on organismic diversity and also provides an 
indirect technique for predicting phylogenies i. e., the features that appear earlier in the 

fossil record are ancestral to those that appear later on. 
Many workers still use 1. ) to construct phylogenies (e. g. Tanimura, 1996; Sims, 1989). If 

this stance was taken with the sigmoid Naviculaceae the results would be very tentative as 

previous palaeontological studies have neglected to identify them to species level (e. g. 

Reinhold, 1937; Gombos & Ciesielski, 1983), and they have a very scanty record. The first 

reported appearance for Pleurosigma is the late Oligocene / early Miocene boundary 

(Gombos & Ciesielski, 1983, identified as Pleurosigma sp. ) and for Gyrosigma the early 

Miocene (Andrews & Abbott 1985, identified as Gyrosigma sp. ). 

In this chapter I will use the following abbreviations. NONA(-) for analysis using NONA 

with no ambiguous support considered, NONA(+) for NONA with ambiguous support 

considered as support. Pee-Wee(-) for Pee-Wee with ambiguous support not considered 

and Pee-Wee(+) for Pee-Wee with ambiguous support considered. For the two data sets 

that I examined (Tables 2.2 & 2.3), 'Peragallo's data set' refers to those taxa that were 
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included in Peragallo's monograph (189 1) (Table 2.2) and the 'Extended data set' 
includes Peragallo's data set plus taxa described after 1891 (Table 2.3). 

For ease of reference tables and figures are located at the end of the chapter. 

3.2 Relationships among the genera of the sigmoid Naviculaceae 

3.2.1 Peragallo's data set 

The results of the analysis of Peragallo's data set are given in Figs 3.2-3.3 and Tables 3.1, 

3.7 and 3.13. The most parsimonious result of the uniformily weighted data is found by 

Hennig86 and NONA(-) with a minimal length of 65, however, Hennig86 finds 1715 trees 

before overflowing and NONA(-) finds 4000 (Table 3.1). Suboptimal trees are resolved by 

NONA(+), due to the number of ambiguous optimisations available. This results in 

NONA(+) being unable to jump to the next island of shorter trees, which results in longer 

trees with a length of 78, before overflowing (Table 3.1). The most resolved consensus 

tree with sixteen nodes, is given by NONA(-) (see Fig. 3.2). As this is the most resolved, 

all other trees have nodes labelled with reference to this tree. 

Of the weighted options Hennig86 finds 1715 trees before overflowing and Pee-Wee(+) 

2999 before overflowing. Pee-Wee (-) finds only 367 trees. As these trees show no 

ambiguous support for their branches, because Pee-Wee uses a much stricter algorithm 

than Hennig86, I shall select them as the optimal suite of trees. Apomorphic character 

support for the nodes is listed in Table 3.13. 

3.2.1. i Results of Standard analysis - uniform weighting 

The resulting trees share a number of common components. Of the sixteen nodes that 

occur in NONA(-), 12 are replicated in the Hennig86 tree and 13 in NONA(+). Of the 

nodes resolved, all belong to the same components as those resolved by NONA(-), that is 

the basal groups are the same, only the interrelationships of the terminals change. All 

analyses separate species of Gyrosigma and species of Pleurosigma into two separate 

clades, with the exception of P. obscurum which is placed with species of Gyrosigma. All 

trees show Donkinia to be polyphyletic. 

In the Gyrosigma clade, G. reversum is basal to the main grouping at node 6 (supported by 

character 2 1, hyaline area). The species of Gyrosigma form an unresolved bush, apart from 
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node 8, where the clade ((G. marcum, G. distortum G. prolongatum) is supported by 

character 19 (the presence of a beak) and with the group (G. marcum, G. distortum) 

resolved at node II by character 17 (central bar type). Node 9 giving ((D. recta, R. 

compactum)P. obscurum) is supported by character 15 (the presence of vaulting), with (D. 
recta, R. compactum) being resolved at node 12 by character 8 (raphe keeled). 
The extra node in NONA(-) and (+), node 1, is an extra basal step which separates the 
ingroup from the outgroup and is an artefact of the program and as such is irrelevant. 
The Pleurosigma clade at node 2 (which is supported by character 5, raphe sternum 
thickening) is resolved into a number of clades. Node 5 is supported by character II (pores 
divided by silica bar). Node 4 (supported by characters 16, central area saddled and 2 15 
hyaline area) is resolved further by nodes 10 (supported by character 10, pores rimmed), 7 
(supported by character 22, central nodule plain), 13 (supported by character 15, vaulting) 
14 and 15 (supported by character 14, central fissures) to give (P. hamuliferum (P. 

rigidum var. incurvata ((P. tahitense, P. rigidum) (P. japonicum (P. arafurense, P. 
formosum)))). 

3.2.1. ii Differential Weighting 

Hennig86 and Pee-Wee apply different weighting protocols to the characters (Table 3.13), 

effectively creating two new data sets and as such are not logically comparable. If the most 

parsimonious trees derived from weighting are re-run back into the original unweighted 
data set they produce comparable statistics; length 66, ci 57, ri 82. The large number of 

most parsimonious trees which result in each case (see Table 3.1) are an artefact of the 

programs, causing over-resolution of trees (Platnick et al., 1991 a). As Pee-Wee allows no 

ambiguous support to be considered as an option using a much stricter algorithm than 

Hennig86 (which can be checked using the 'best' option of Pee-Wee), this produces trees 

which have all their branches supported and so fewer trees of optimal length are found (see 

Table 3.1). 1 have therefore selected the Pee-Wee(-) as the optimal result. These trees are 

of longer length with lower ci and ri than the unweighted trees, but can be considered more 

consistent as the characters contributing to the topology are more consistent than under 

equal weight. 

100 



The strict consensus tree of the weighted trees (Fig. 3.3) retains nodes 8 and 9, which are 

now united as sister groups by node 17 (supported by character 17, central bars). The 

interrelationships of node 8 (supported by character 19, the presence of a beak) have 

changed from (G. prolongalum (G. distortum, G. marcum)) in the unweighted data to (G. 

marcum (G. prolongatum, G. distortum)) in the weighted data supported by character 16 

(central bar type). G. reversum is now contained within the main Gyrosigma clade. 
The Pleurosigina clade includes a number of common components. All resolve node 16 (P. 

angulatum, P. quadratum), supported by characters 12 (change in stria orientation) and 14 

(central fissures), and node 5 (P. aestuarii, P. delicatulum, P. strigosum, P. nubeculd, D. 

carianta), supported by character II (pores divided by a silica bar). However, Pee-Wee 

resolves the interrelationships within node 5, with nodes 21 (character 11, pores divided by 

a silica bar), 22 (character 26, silica thickening at apex) and 23 (character 2 1, hyaline area) 

giving ((D. carinata, P. aestuarii) (P. delicatulum (P. strigosum, P. nubecula))), whereas 

Hennig86 maintains it as a bush. All trees resolve node 4, but the relationships are more 

fully resolved in Pee-Wee(-) giving ((P. rigidum v. incurvata, P. hamuliferum)((P. 

rigidum, P. tahitense) (P. japonicum (P. formosum, P. arafurense)))). 

Comparison of the most parsimonious consensus of the unweighted data (NONA(-) Fig. 

3.2 and Pee-Wee(-) Fig. 3.3) show that both include separate Gyrosigma and Pleurosigma 

clades (with the exception of P. ohscurum) and Donkinia as a polyphyletic group. In the 

Pleurosigma clade both resolve the (P. arafurense ........ 
P. hamuliferum) clade at node 4. 

There is one extra node in the weighted data uniting Rhamuliferum and P. rigidum var. 

incurvata together, at node 24 (supported by character 2, chloroplast morphology as these 

are both scored with a question mark as they are fossil species). This is an artefact of the 

program and therefore is irrelevant. Both trees maintain the clade (D. carinata, P. 

nubecula, P. strigosum, P. delicatulum, P. aestuarii) at node 55 which is unresolved in the 

unweighted data whereas resolution is achieved by weighting ((D. carinata, P. 

aestuarii)(P. delicatulum (P. strigosum, P. nuhecula))). Weighting resolves (P. 

angulatum, P. quadratum) at node 16, whereas they are maintained as a bush without 

weighting. 
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In the Gyrosigma clade weighting loses some of the resolution, a number of nodes collapse 

and the interrelationships of the others change. The clade (P. obscurum (D. recta, R. 

compactum)) is maintained at node 9, but it is now more closely related to (G. marcum(G. 

prolongatum, G. distortum) at node 17 in preference to all other species of Gyrosigma as 
in the unweighted data. This has changed its interrelationships in comparison with the 

unweighted data which resolved it as (G. prolongatum (G. marcum, G. distortum 

I consider the best tree for Peragallo's data to be the Pee-Wee(-), as weighting is a pre 

requisite of the method (see chapter 2) and, of the weighted options, it is the most 

parsimonious. 

3.2.1. iii Comparison with Peragallo's Classification 

Peragallo's tree (Fig. 3.1) was entered into Hennig86 and run through the unweighted data 

set, to establish how his classification responds to modern day characters. Table 3.1 shows 

that his classification does not respond as well as my trees, giving a length of 118 which is 

considerably longer than my trees (see Table 3.1, both weighted 66 and unweighted 65). It 

has a ci of 32 which is lower than mine (unweighted 58, weighted 57), and a ri of 50 which 

is considerably lower (see Table 3.1). 

There is no compatibility between Peragallo's relationships and mine. All his groups are 

randomly dispersed throughout my trees (see Figs. 3.1 - 3.3 for comparison). 

3.2.2 The extended data set 

3.2.2. i Standard unweighted analysis - (uniform weighting) 

Of the unweighted options, all programs resolve trees to a length of 88 (Table 3.2). 

Apomorphic character support for the nodes is listed in Table 3.14. Of the consensus trees 

produced (Figs 3.5 - 3.6), NONA (-) and (+) give the most resolved with 18 nodes. Both 

programs show Pleurosigma to be being paraphyletic, with one part of Pleurosigma being 

more closely related to species of Gyrosigma than it is to other species of Pleurosigma 

(see Figs 3.5 - 3.6 node 3, supported by character 11, pores divided by a silica bar). 

At node 2, supported by character 16 (presence of a saddle) and character 21 (transversely 

expanded hyaline area), the clade (P. rigidum v. incurvata(P. hamuliferum((P. thaitense, 

P. rigidum) (P. formosum, P. japonicum, P. arafurense, P. naviculaceum)))) is resolved in 
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NONA by node 4, supported by character 22 (central nodule plain), node 6 supported by 

character 10 (pores rimmed), node 9 supported by character 15 (vaulting). 

Node 13 is resolved by all three sets of analysis; (P. angulatum, P. quadratum) supported 
by character 12 (striae change orientation at the apex) and character 14 (central raphe 
fissures). Node 12 (supported by characters 1,2,5,6,7,18) separates Pleurosigma and 
Gyrosigma although, as mentioned above,, in Hennig86 it is not a basal node i. e., it is part 
of the Pleurosigma clade (at node 3, supported by characters II (pores divided by a silica 
bar) and 21 (hyaline area)). Within the species of Gyrosigma the only nodes resolved are 

node 14 (G. subtillis, G. balticum var. turgidum, G. sterrenburgii) supported by 

characters 13 (path of raphe), 14 (central fissures), 25 (central area transapically offset) 

and 26 (siliceous thickening at apex) and node 15 (character 15, vaulting) which is further 

resolved by nodes 16 and 17 to give (P. obscurum (D. recta (R. compactum, Costasigma 

))). The rest of the taxa are included in a bush at node 12. 

3.2.2. ii Differential Weighting 

It must be remembered that differential weighting is effectively excluding some characters 

and non-randomly replicating others. This means that the resulting tree will be longer but 

more consistent than under equal weight. Hennig86 is significantly more efficient in 

resolving the most parsimonious trees. In Hennig86-weighted the initial bb * gave a length 

of 3 02 before overflowing at 1147 trees. On re-entering the trees into the unweighted data 

they gave a length of 9 1, ci 43 and ri 83 under Hennig, whereas Pee-Wee (-) and (+) gave 

a length of 93 (see Table 3.2, Figs 3.7 & 3.8) i. e. 2 steps longer. Both programs split 

Gyrosigma and Pleurosigma into two separate clades with node 41 supported by character 

5 (raphe sternum thickening) and node 18 supported by characters I (striae direction), 6 

(raphe sternum on a ridge) and 18 (primary side thickening). Node 37 may be collapsed as 

it is an artefact of Pee-Wee, separating the ingroup from the outgroup. 

Coslasigma is most closely related to species of Gyrosigma at node 18 but separated from 

them by node 20 (character 7, central bar attached to primary side of raphe). Donkinia is 

shown to be polyphyletic, being contained in both the Gyrosigma and the Pleurosigma 

clades. Interestingly, Hennig86 showed more resolution in the Gyrosigma clade (see Fig. 

3.7) than did Pee-Wee, where most of the nodes were collapsed (see Fig. 3.8). Hennig86 

splits Gyrosigma into two main clades, with node 22 supported by character 17 (central 
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bars). This is resolved further by nodes 26 supported by character 27 (crescent at apex) 
and 27 supported by character 21 (hyaline area), which is further resolved by node 35 
(character 8, raphe keeled) to give ((G. marcum, G. parvulum)((G. distortum, G. 

prolongatum)(P. obscurum(D. recta, R. compactum))). 
The second sister group at node 23 is supported by character 14 (central raphe fissures), 

G. reversum is separated from the rest of this clade with node 28, supported by character 
21 (hyaline area). This is further resolved by node 33, supported by characters 18 (primary 

side thickening) and 27 (crescent at apex) to give (G. euhippus, G. brebissonii, G. 

balticum v. fl, G. strigilis, G. curvulum). This is resolved further by node 34 (this was the 

only resolution in the Gyrosigma clade in Pee-Wee) supported by characters 17 (central 

bars), 25 (central area transapically offset) and 27 (crescent at apex) which is the same in 

Hennig86, but the interrelationships within the clade are slightly different, (G. kochii, G. 

cali (G. transilvanicum (G. subtilis, G. balticum var. turgidum, G. sterrenburgii))) as 

opposed to (G. kochii, G. transilvanicum (G. cali (G. subtilis, G. balticum var. lurgidum, 

G. sterrenburgii))) in Pee-Wee. 

The Pleurosigma clade is split into two sister groups resolving node 2 using character 16 

(central area saddled) which is further resolved by node 4 (character 22, central nodule 

plain), node 6 (character 10, pores rimmed), node 9 (character 17, vaulting) and an extra 

node in Pee-Wee node 10 giving (P. rigidum v. incurvata(P. hamuliferum((P. thaitense, P. 

rigidum) (P. formosum, P. japonicum, P. arafurense, P. naviculaceum)))). 

The sister group of node 2 is at node 19, supported by character 21 (hyaline area). This is 

further resolved by node 13, supported by characters 12 (striae change orientation at the 

apex) and 14 (central raphe fissures), and node 21 supported by character 22 (central 

nodule plain). Node 21 is further resolved by node 24, using character 13 (path of raphe), 

and node 25, supported by characters II (pores divided by a silica bar) and 14 (central 

raphe fissures). 

3.2.2. iii Comparison with extended data set and Peragallo's Classification 

The tree in Figure 3A was entered into Hennig86 to note its performance using modern 

characters. The tree length nearly doubles (length 188) compared with my trees, 
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unweighted (length 88) and weighted (length 91). The ci and ri are both considerably 
lower at 21 and 50 respectively (see Table 3.2). 
Peragallo's groups of taxa are not replicated in my results (see Figs 3.4 - 3.8), with his 

groups dispersed throughout my trees. 

3.3 Equivalent components of Peragallo's and the extended data set 
Comparison of the chosen most parsimonious consensus trees (Pee-Wee(-) Fig. 3.3 & 

Hennig68 Fig. 3.7) shows that they share 10 equivalent components (i. e. the components 

of the clade are the same, except that the extended data set has extra taxa in the clade that 

are not included in Peragallo's data set): 

Peragallo's data set 

node 0 

node 2 

node 3 

node 4 

node 9 

node 10 

node 12 

node 16 

node 17 

node 19 

extended data set 

node 0 

node 41 

node 20 

node 2 

node 32 

node 6 

node 35 

node 13 

node 22 

node 19 

The two data sets show a high degree of continuity, sharing all the basal nodes. The 

Pleurosigma clade especially showed a high degree of compatibility. 

In an attempt to resolve the collapsed Gyrosigma clade (whose interrelationships resemble 

a bush), I re-analysed the data using only species of Gyrosigma on the assumption that the 

noise was due to the large size of the data sets and that this may be obscuring resolution in 

the Gyrosigma clade. Similar analysis has been attempted by previous workers (e. g. 

Wilkinson & Benton, 1996) to resolve the 'crown' in their analysis, although admittedly 

they did not advocate wholesale removal of taxa. 
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As this is posing a new question (i. e., what are the interrelationships among the Gyrosigma 

clade? ), I reanalysed both Peragallo's and the extended data set using species of 
Gyrosigma and also including Donkinia, P. obscurum, Rhoicosigma and Costasigma as 
these latter are all influenced by Gyrosigma in the full analysis. 
This lead to some interesting results (Figs 3.9 - 3.13, tree statistics are given in Tables 3.4 

and 3.5, apornorphic character support for the nodes is listed in Table 3.15 and 3.16 and 

character weights in Tables 3.9 and 3.10). The unweighted data in both data sets loses 

resolution, due to the high number of trees (see Figs 3.9 & 3.12), resulting in a bush with 

only one node resolved - node 7 in the extended species of Gyrosigma supported by 

characters 13 (path of raphe) and 21 (hyaline area). 
Weighting in Peragallo's data set produces fewer most parsimonious trees (see Table 3.3). 

Weighting under Hennig86 resolves node 3 using characters 14 (central fissures) and 17 

(central bars), which is further resolved by node 4 (Character 19, presence of a beak), node 

6 (character 17, central bars), node 5 (character 15, vaulting) and node 7 (character 8, 

raphe keeled) to give ((G. marcum (G. prolongatum, G. distortum))(P. obscurum (D. 

recta, R. compactum))). Pee-Wee(-) is chosen as the optimal arrangement, as the tree is 

resolved from the least number of trees all with fully supported branches (Fig. 3.11). It 

resolves node 6 supported by character 15 (vaulting) and node 8 supported by character 8 

(raphe keeled). 

Weighting the extended data set results in a suite of trees which are the same length as the 

unweighted trees under Pee-Wee and 2 steps longer under Hennig, with lower ci and ri 

(see Table 3.4). Weighting in the extended data set results in the resolution of node 5 (see 

Fig 3.13) with nodes 8, supported by character 18 (primary side thickening), 9 supported 

by character 19 (presence of a beak) and 27 (crescent at apex) and 10 supported by 

character 25 (central area transapically offset). Node 9 is further resolved by nodes 11, 

supported by character 21 (hyaline area), node 12 supported by character 17 (central bars) 

and node 14 supported by character 21 (hyaline area). Node 10 is resolved further by 

nodes 13 (character 26, silica thickening at apex), node 6 (character 17, central bars) and 

node 15, supported by character 13 (path of raphe). 

The extended data set results are informative at the higher level (see Figs 3.12 & 3.13), 

resolving Donkinia carniata as a separate basal branch from Toxonidea. The most 

interesting aspect is that it resolves Donkinia recta and Rhoicosigma compactum at node 
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7, as very closely related to the main Gyrosigma clade, but separate from it (this happens 
in both the weighted and unweighted data), whereas in the full analysis they were always 
placed in the Gyrosigma clade. Costasigma is separated from the main Gyrosigma clade by 
2 nodes (node 3 and node 4). This happens in both the weighted and the unweighted 
analysis. 

The results of these two cladograms are not combinable apart from the basal nodes, -0,1 

and 2 and two terminal nodes: 

Peragallo's species of Gyrosigma 

node 0 

node I 

node 2 

node 6 

node 8 

Extended Species of Gyrosigma 

node 0 

node I 

node 2 

node 14 

node 8 

Nodes 0 and I are basal nodes, with node I only being an artefact of NONA and Pee-Wee 

and so are uninformative. The other nodes are the only 2 nodes in Peragallo's data set with 

all other species being contained in a bush. 

I shall accept the separation of D. recta, D. carinata, R. compactum and Costasigma as 

separate taxa from species of Gyrosigma, as they are separated from species of Gyrosigma 

and these results are replicated in both trees. 

3Ai Results of character analysis 

The results of the character analysis are given in Tables 3.7 - 3.12, for all the various data 

analysis. For Peragallo's data set 9 characters (characters 1,2,5,6,7,11,12,16,18) 

receive the maximum weight of 10 for both programs i. e., the characters are performing 

well and are correlated hierarchically (see Table 3.7). For the extended data set, 9 

characters (characters 1,2,5,6,7,11,16,18,25) receive the maximum possible weight of 

10 for both programs, (see Table 3.8). The re-analysis of only the Gyrosigma species and 

only the Pleurosigma species data helps us to understand where these characters are 

influencing the data. For Peragallo s species of Pleurosigma (see Table 3.11) 9 characters 

receive the maximum weight. These are the same characters that receive the maximum 
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weight when the data set is analysed including all taxa. In contrast, with species of 
Gyrosigma only (see Table 3.9), only 4 characters received the maximum weight of 101 

characters I and 6 that both received a weight of 10 in the original analysis and 
Pleurosigma only data, character 14, which originally in the full analysis received a weight 
of 7-7.5 and character 17, which originally received a weight of 6 with Hennig and 7.5 

under Pee-Wee. 

In the breakdown of the extended data set for the species of Pleurosigma only (see Table 
3.12) 8 characters received the maximum weight of 10 (characters 1,2,6,7,11,13,16, 

18). These were all included in the full analysis of the extended data set's highest values, 

except for character 13 which received I under Hennig and 5 under Pee-Wee in the full 

analysis. For the Gyrosigma only data (see Table 3.10), 6 characters received the 

maximum weight of 10, characters 1,6,7,18 and 25 were among the original highest 

scoresl but character 19 originally scored only I in Hennig86 and 5 in Pee-Wee. 

3. n Full character weight breakdown 

Character 0- (valves biarcuate or sigmoid) - under Hennig86 this appears as a useful 

character and is given the maximum weight of 10 for all the various data sets. However 

under Pee-Wee it receives the lowest possible weight of 0 as it only separates the ingroup 

from the outgroup. The plesiomorphic state of this character (valves biarcuate) has been 

used for the separation of Toxonidea from other species of Pleurosigma since the erection 

of Toxonidea as a genus (Donkin, 1858), with only a few workers disputing its reliability 

since its introduction. Walker Arnott (18 5 8) claimed that the arcuate valve is just a twisted 

or distorted Pleurosigma. Cleve (1894) thought that they were simply asymmetrical forms 

of Pleurosigma and he 'felt at first inclined to include these forms in the genus 

Pleurosigma, but as such a change would be of little importance and the name Toxonidea 

is so generally in use, ' he decided to retain the genus. The apomorphic state of this 

character according to Smith (1852) and backed up by Donkin (1858) was that 'the 

sigmoid flexure of the valve, more or less present in all our native species, at once 

distinguishes this genus from its allies' and has continued to be one of the major features in 

determining Gyrosigma and Pleurosigma in modern treatments of the genera (e. g. Round 

et al., 1990; Germain, 198 1). 
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Character I- (Stria in 2 or 3 directions) - as suspected this is a very useful character at 
the generic level. It receives a maximum weight of 10 using all programs and all data sets. 
This character is the basis of all modern classifications on Gyrosigma and Pleurosigma 
(e. g. Krarnmer and Lange - Bertalot, 1986; Round et al. 1 1990; Germain, 198 1). It was 
first used by Hassall (1845) for the separation of Gyrosigma from the rest of the diatoms in 

the striated diatom group and then used by Cleve (1894) for the separation of Pleurosigma 
into two genera (Gyrosigma and Pleurosigma) as 'there are no intermediate forms 
between these two forms' (Cleve, 1894). Its usefulness has been doubted in the past, e. g. 
Mann (1925), Hendey (1937), but I maintain due to its high weights under all programs, 
that it is a very useful character for generic separation supporting the basal branches of the 

tree (see Tables 3.13 - 3.18). 

Character 2- (chloroplast morphology) - as suspected this is a very useful character at the 

generic level. It receives the maximum weight of 10 for all data sets and programs, except 

under Pee-Wee in the Gyrosigma only data where it receives an uninformative score, as 
here it serves only to separate the ingroup from the outgroup. This character was first used 
by Pfitzer (187 1) for the basis of diatom classification, but is very rarely used in modern 

taxonomy due to contemporary habits of examining cleaned material only. This is a very 

useful character at the generic level. 

Character 3- (raphe arcuate) - under Hennig86 for all data sets it receives the maximum 

value of 10, but under Pee-Wee it is uninformative for all data sets as it only supports the 

node separating the ingroup from the outgroup. This character was first introduced by 

Donkin (18 5 8) for his separation of Toxonidea from Pleurosigma and its use has been 

maintained throughout the history of Toxonidea, this being retained as a separate genus, 

with only a few workers disagreeing, e. g. Walker Arnott, who concluded that Toxonidea is 

just a twisted or distorted Pleurosigma and as such 'they cannot present a flat surface to 

the eye, the median line appears to approach nearer to the one margin than the other' 

because they are twisted valves (1858: 199). The apomorphic condition of this character 

(raphe sigmoid) is considered by Donkin (1858) to be the 'characteristic feature of this 

genus' when referring to Pleurosigma (which at the time included species of Pleurosigma, 

Gyrosigma and Donkinia). I recommend the continued use of this character in all future 

analysis. 
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Character 4- (Valves achnanthoid) - under Hennig86 it receives the maximum weight of 
10 whilst under Pee-Wee it is uninformative, as it supports only the node separating 
Rhoicosigma as a genus. It is a disputed character and few people have recognised 
Rhoicosig, ma as a genus, e. g. Van Landingham (1971), Cleve (1894) who felt that 'the 

Grunowian genus Rhoicosigma, as have the same deposition of striae as the true 

Pleurosigma' should be included within Pleurosigma. In his subsumed descriptions of 

species of Rhoicosigma he failed to use achnanthoid valves as a character in the 

descriptions (1894: 43). Mann (1925) recognises Rhoicosigma as a genus but only to aid 
identification as he feels it is 'nothing more than a subgeneric division(s) of Pleurosig7nd 

(Mann, 1925: 3 1) with the difference between the two genera being 'Rhoicosigma is bent 

at the middle, like Achnanthes, and generally somewhat twisted on its long axis, so that in 

girdle view the frustule has an angular or bowed outline; and second, the two valves being 

consequently dissimilar, their relative convexity is different and the trend of the two raphes 
is also different, one becoming more sigmoid than normal and the other less so' (Mann, 

1925: 143). These differences, according to Mann (1925), do not warrant separation of the 

genus. This character should be retained for future analysis when more species of 

Rhoicosigma are included in the analysis, as it is a synapomorphy shared uniquely within 

the sigmoid Naviculaceae by the species of the genus Rhoicosigma only. 

Character 5- (raphe sternum thickening) - under Hennig86 it receives a maximum weight 

of 10, except in the Pleurosigma only extended data set where it receives a weight of 3. 

Under Pee-Wee it receives a weight of 10 in all cases apart from the Gyrosigma only data 

sets where it receives an uninformative score as it only serves to separate the ingroup from 

the outgroup. This, as suspected, is a good character and responds well to hierarchical 

structure. It was first noted in Round et aL (1990), but has not been used since as a 

character. I would recommend further exploration. 

Character 6- (raphe sternum on a ridge) - in all data sets and all programs it receives a 

maximum weight of 10. This is a very useful character at the basal level, separating species 

of Gyrosigma from species of Pleurosigma. Its presence was first noted by Round et al. 

(1990), but has not been used since. I would recommend further exploration of this 

character. 

Character 7- (Central bar attached to the primary side of the raphe) - in all cases and 

programs it receives a weight of 10, except in the Peragallo's Gyrosigma data set where it 
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receives an uninformative score under Pee-Wee. This is a very useful character in 

separating species of Gyrosigma and Pleurosigma. It has been noted only by Round et al. 
(1990). It should be used in further classifications of these genera, as it has proved to be 

very useful at the generic level. 

Character 8- (raphe keeled) - under Hennig86 for all data sets it receives a relatively low 

weight I-3, but under Pee-Wee it receives a higher weight 6-7.5. This is the basis of the 

separation of Donkinia as a genus (Ralfs, 1861; Cox, 1983 a& b), although Donkin 
(18 5 8) in his initial descriptions of the species did not see it as a character worthy for the 

separation of the species to make a genus separate from Pleurosig'Ma. He initially thought 
'The keeled appearance of the F. V. at first lead me to suspect that the present form ought 
to be referred to the genus Amphiprora. But the strong sigmoid flexure of the median line, 

and the distinctly oblique striation, together with the absence of marginal plates . ...... has 

convinced me that it is a genuine Pleurosigma'(Donkin, 1858: 13). The character should 
be retained and investigated further when more species of Donkinia are included in the 

analysis. 
I would have suspected the keel to have a high weight contributing significantly to the 

analysis. The keel, according to modern concepts of diatom systematics, is supposed to be 

the evolutionary link through the class Bacillariophyceae (Simonsen, 1979; Paddock & 

Sims, 198 1; 1990; Mann, 1982; Round et al., 1990), forming an evolutionary sequence 

using the complexity of the raphe system. This theory is not supported by my results. A 

serious investigation of what constitutes a keel needs to be undertaken as a revised 
definition of the keel may be warranted. It may turn out that the keel is a homoplastic 

character and does not contribute to the phylogenies of the Bacillariophyceae. This could 
lead to the necessity for a complete reanalysis of the current classifications. It must be 

remembered that most systematic studies to date concerning the Bacillariophyceae have 

been based on phenetic techniques and intuition. Recommendations for sytematics in the 

diatom community has stressed the importance of phenetic methods as the only viable 

method of analysis (e. g. Mann, 1982; Round et al., 1990; Cox, 1977; 1979) with cladistic 

analysis having been performed only by a handful of workers (e. g. Williams,, 1985; 1990 

Kociolek, 1986; Kociolek & Stoermer, 1988; 1993). 

Character 9- (silica ribs) - under Hennig86 in all cases it receives a weight of 10, whereas 

under Pee-Wee it is uninformative in all cases. This is a new character, brought in for 
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Costasig, ma as it is the only taxon exhibiting the apomorphic state. I recommend that it be 

retained for future analysis as its condition may be found to be more widespread. 
Character 10 - (pores rimmed) - it receives a weight of 4 under Hennig86 and 7.5 under 
Pee-Wee in all analysis apart from the Gyrosigma only data, where it receives a 10 under 
Hennig86 and an uninformative score under Pee-wee as it does not serve in the analysis as 

a character for species of Gyrosigma. This character has never been considered for 

taxonomic purposes, other than the note in Round ef al. (1990) that some species of 
Pleurosigma have rimmed pores. It serves to resolve the interrelationships amongst 

species of Pleurosigma. I would recommend further investigation of this character in all 
future analysis. 

Character II- (Pores divided by a silica bar) - receives the maximum weight of 10 for all 

programs and for all data sets except for the Gyrosigma only data set as here it does not 

enter into the analysis as all species of Gyrosigma are coded as zero. The results show that 

this character behaves well and should be maintained for all future analysis and included in 

taxonomic descriptions. It was first noted by Oliveira & Muth (1960) and has been noted 
by Stidolph (1988) and Round et al. (1990). It is a relatively new character that can only 
be determined under the SEM and needs further exploration in all future investigations. 

Character 12 - (Change in stria orientation at the apex) - this receives the maximum 

weight of 10 under all programs and data sets, apart from the Gyrosigma only data sets 

where it receives 10 under Hennig and an uninformative score with Pee-Wee, as all species 

of Gyrosigma have character state zero so it is not involved in the analysis, and the 

Pleurosigma extended data set where it receives a weight of 10 under Hennig8 6 and 7.5 

under Pee-Wee. In the extended data set it receives a2 under Hennig86 and a 10 under 

Pee-Wee. This appears to be a stable character that occurs in only some species of 

Pleurosigma. It receives a high weight indicating that it is a useful character. It was first 

noted by Anthony (1870) and has gone largely unnoted by other workers, e. g. Wm- Smith 

(1852; 1853), Hustedt (1930), Rabenhorst (1853), even though it is visible in the light 

microscope. I would recommend its use in all future analysis and in species descriptions as 

it is particularly useful in floristic accounts where the main users are ecologists who may 

not have the time to perform SEM investigations to determine taxa. 

Character 13 - (Path of raphe) - this receives very different weights for both programs 

and data sets (see Tables 3.7 - 3.12). It receives a 10 in the extended Pleurosigma data set 
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under both programs. In the Extended data set it receives a2 with Hennig86 and 5 with 
Pee-Wee. In the extended Gyrosigma only data set it receives a3 under Hennig86 and a 
7.5 under Pee-Wee. In Peragallo's data set and Peragallo's species of Gyrosigma and 
Peragallo's species of Pleurosigma it receives a 10 under Hennig86 and an uninformative 

score under Pee-Wee. This is because the apomorphic state only occurs in G. reversum in 

Peragallo's taxa whichever data set is considered. In the extended data set the apomorphic 

condition is possessed by both species of Gyrosigma and Pleurosigma. 

Character 14 - (Central fissures) -this character receives varying weights in all the 
different data sets and programs (see Tables 3.7 - 3.12). It appears from the results to be 

useful in all cases in contributing to the topology of the resulting trees, resolving the 

terminal interrelationships. It needs further investigation in all future analysis. It was 
introduced by Cardinal et al. (1989) to aid the identification of species of Gyrosigma and 
Pleurosigma. It has been noted in subsequent species descriptions e. g. Sterrenburg (1992). 

Character 15 - (Vaulting) - this receives varying weights for the different data sets and 

programs ranging from 2-6, receiving higher weights in Pleurosigma only data and a0-5 
in the Gyrosigma only data. This character has been used throughout the history of 
Gyrosigma and Pleurosigma (e. g. Wm. Smith, 1852). It contributes to the 

interrelationships of all groups at the specific level. 

Character 16 - (Central area saddled) - this receives the maximum weight of 10 in all data 

sets and programs except the Gyrosigma only data where it receives a 10 under Hennig86 

and an uninformative score under Pee-Wee. This character is very useful for determining 

the interrelationships amongst species of Pleurosigma and at the generic level for 

separating Pleurosigma from Gyrosigma. This character has not been used in this sense 

before, only having been noted in the past as part of the hyaline area (e. g. Castracane, 

1886; Cardinal et al., 1989). 1 feel it warrants use as a separate character as the saddled 

raised central portion is different from the transapically expanded hyaline area and would 

recommend further investigation of it in all future studies. It appears from the analysis to 

be a useful character in the resolution of the Pleurosigma clade and it is visible under the 

light microscope, which makes it particularly useful feature for the purposes of species 

descriptions in floristic accounts where the users rely on features seen in the light 

microscope. 
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Character 17 - (Central bars) - this receives varying weights under the different programs 
and data sets. It appears from the results to be most useful in resolving the Gyrosigina 

clade (see Tables 3.7 - 3.12) as under the Pleurosigma only data it receives a 10 with 
Hennig86 and an uninformative with Pee-Wee. I would recommend continued 
investigation of this character and its use in all future species descriptions. 

Character 18 - (Primary side thickening) - this receives the maximum weight of 10 under 
all data sets and programs. I would recommend further use of this character as it appears 
to be contributing to the overall topology of the tree in all cases. This character has 

previously been noted by e. g. Schoeman & Archibald, 1986; Round et al., 1990. 

Character 19 - (Presence of a beak) - it receives varying weights for all data sets (see 

Tables 3.7 - 3.12). It receives a maximum weight of 10 for both programs in the extended 
Gyrosigma only data set, whereas it receives aI under Hennig and a6 under Pee-Wee for 

Peragallo's species of Gyrosigma. This character contributes to the interrelationships of 

species of Gyrosigma although I was surprised that thefasciola group did not remain as a 

separate group as it is an apomorphy shared by some species of Gyrosigma only. The lack 

of resolution may be due to character conflict within the available character evidence in 

this investigation for species of Gyrosigma. I would recommend further investigation of 

the character before its use is abandoned to that of species descriptions only. 
Character 20 - (Girdle bands) - this receives a maximum weight of 10 under Hennig86 

and is uninformative under Pee-Wee in all cases. This is due to the apomorphic state only 

occurring in one species, and since cladistic grouping is based on synapomorphies it is not 

useful for diagnostic correlation. The character was introduced for the first time in this 

analysis and requires further investigation by examining the taxa which have not yet had 

SEM investigation to see if this apomorphic state is more widespread than this study has 

shown. Previously girdle bands have only been reported to be 'open plain girdle bands' 

Round et al. 1990. 

Character 21 - (Hyaline area) - this receives varying weights for the data sets and 

programs, receiving weights of 0-4.2 (see Tables 3.7 -3.12). This was introduced as a 

character by Cardinal et al. (1989) and I would recommend the continued investigation of 

this characters in all future works. 

Character 22 - (Central nodule plain) - this receives varying weights for all data sets and 

programs (0 - 5) (see Tables 3.7 - 3.12). For example, Peragallo's Pleurosigma only data 
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receives a0 under Hennig86 and a5 under Pee-Wee (-)(+). This is due to it being a very 
widespread apomorphic condition; within Pleurosigma only three taxa do not possess the 

apomorphic state. The plesiomorphic state is confined to Toxonidea and some species of 
Pleurosigma. In Gyrosigma the apomorphic state is always exhibited. This character was 
introduced for the first time in this investigation and has proved to be useful in resolving 
terminal parts of the tree involving species of Pleurosigma. I would recommend further 
investigation of this character in future analysis. 
Character 23 - (Pores besides raphe) - this receives a 10 under Hennig86 and an 

uninformative score under Pee-Wee in all cases. This character was introduced for the first 

time in this investigation. It requires further investigation to discover the full extent of the 

occurrence of the apomorphic state. In the present analysis it does not serve as a useful 

character as only one species of Pleurosigma exhibits the apomorphic state. However, my 
investigations have shown that this state does occur in at least one other species which has 

not been included in this analysis, and so further investigation is necessary to determine the 

full scope of this state. 

Character 24 - (External slits cover more than one slit) - this receives a 10 under 

Hennig86 and is uninformative under Pee-Wee in all cases. The apomorphic condition 

occurs in only two species, but the combination of their other character states causes 

character conflict so this is not a useful character. I would recommend that it be used only 

in species descriptions. 

Character 25 - (Central area transapically even or offset) - this character receives a 10 

under both programs in the extended data set and the Gyrosigma extended data set. In all 

other cases it receives a 10 under Hennig86 and an uninformative score under Pee-Wee. 

This appears to be most useful in influencing the grouping of the species of modern 

Gyrosigma supporting node II (see Figs 3.11 & 3.12) for the extended species of 

Gyrosigma and node 26 (see Figs 3.5 - 3.8) in the extended data set, which are equivalent 

clades. This is the first time that this state has been used as a separate character. Cardinal 

et al. (1989) used it as part of their central bar types. I would recommend further use of 

this character in all future investigations as it appears from the results of the character 

analysis to be a useful character. It can be determined in both the light and electron 

microscope so it is particularly useful in taxonomic descriptions where it can be used easily 

by other workers. 
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Character 26 - (Presence or absence of siliceous thickening at the apex) - this receives 
varying weights with the programs, receiving 0 under Hennig86 for the extended data set 
and for the Pleurosigma only data set, whereas Pee-Wee gives a range of 5-6 (see Tables 
3.7 - 3.12). For the Peragallo's Gyrosigma only data it receives 10 under Henru'g86 and is 

uninformative under Pee-Wee. The extended Gyrosigma only data receives a3 under 
Hennig and 7.5 for Pee-Wee. For Peragallo's data set it receives aI under Hennig and a6 
under Pee-Wee. 

This character was introduced for the first time in this investigation. It appears to be useful 
in resolving the position of terminal groups involving species of Pleurosigma. I would 

recommend further investigation of this character. It can be resolved under the light and 
the electron tyýcroscope so is particularly useful in species descriptions and taxonomic 
keys. 

Character 27 - (Crescent at the apex) - this is not useful for the interrelationships of 

species of Pleurosigma as it receives a 10 under Hennig86 and is uninformative using Pee- 

Wee for the Pleurosigma only data sets. It resolves the interrelationships of species of 
Gyrosigma where it receives a weight of I under Hennig86 and under Pee-Wee a6 for the 

extended data set and 5 for Peragallo's species of Gyrosigina. This character was 
introduced for the first time in this investigation and requires further investigation. 

3.5 Analysis of the genera 

Using the characters that were constant throughout the genera i. e., those that supported 

basal branches, a new data matrix was built. This produced 2 trees (tree 0 and tree 1; 

length 9, ri 100, ci 100) (Pee-Wee produces one tree; tree 0). The strict consensus of these 

trees produces tree 0. Inclusion of the presence of a keel as a character (on the assumption 

that its present definition is incorrect and it is only truly limited to species of Donkinia) 

produces one tree length 11, ri 88, ci 90; tree 1. Weighting resolves the same tree (tree 1). 
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tree 

ff=Toxonidea 
ý--OJL-Pleurosigma ir- 

ILr--D. carinata 
rr=costasigma 

IL-2j I-Gyrosigma L-3 
ED. 

recta 11-R. 
compactum LL-- 

tree I 

rr===Toxonidea 
ý=OIJLr--Pleurosigma 

I 
11 rr==D. carinata 
LL==lJ 11 F==Costasigma 

LL= 2 J, I Fr==Gyrosigma 
LL==3JL--D. recta ir- 

LL=R. compactum 

Whichever tree is accepted, the position of Donkinia is always resolved as a polyphyletic 

genus, with one half of the genus being more closely related to Gyrosigma and 
Rhoicosigma. 

3.6 Discussion 

Peragallo (189 1) recognised four genera - Pleurosigma, Toxonidea, Donkinia and 

Rhoicosigma. He also recognised Colletonema as being a separate genus, but did not keep 

it at generic rank in his monograph. He did not recognise Staurosigma as a genus but kept 

it as a subdivision of Pleurosigma. 

Pleurosigma as Peragallo perceived it included both Gyrosigma and Pleurosigma (see Fig. 

3.1). The results of the analysis agree with Cleve's (1894) separation of Pleurosigma into 

two separate genera; Gyrosigma and Pleurosigma. The results, as discussed above, do not 

show any similarity with Peragallo's sub-grouping, so I shall reject his classification. This 

was also doubted by Cleve (1894: 3 3) who said 'I think cannot well be maintained as a 

natural arrangement'. Colletonema comprised only of G. eximium, using the presence of 

mucilage tubes to define the group. G. eximium does not form a separate clade but is 

maintained within the Gyrosigma clade, so I shall maintain G. eximium at the specific level, 

and not as a separate genus. 
Staurosigma was not included in the analysis as no material could be found for SEM 

examination. Examination of type slides, however, revealed that its structure was different 

from that of Gyrosigma and Pleurosigma, sharing only a few synapomorphies. As a result 

I shall maintain it as separate genus until material can be found for SEM analysis to 

determine its true status. At present the genus is not recognised because it was abolished 

by Cleve (1894: 3 3). However, I think that the genus should be maintained, although it 
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requires renaming because it is based on a homonym. S. sigma Ehrenberg, which is what 
the genus was created to accommodate, has been shown by Peragallo (189 1) to be P. 

affine var. fossilis. 

Donkinia is polyphyletic in all analysis (see Figs 3.2 - 3.3 & 3.5 - 3.14). The genus 
therefore requires a revised definition, splitting it into two separate entities. The full 

analysis of the data sets does not allow us to resolve the position of these two entities with 
the available character data, but on analysis of species of Gyrosigma only and species of 
Pleurosigma only, the data indicates that these two taxa are separate from the main 
Gyrosig, ma and Pleurosigma groupings. D. recta is most closely related to Gyrosigma, 

whereas D. carinata is most closely related to Pleurosigma. As D. carinata is the 

generotype, I propose to keep the genus Donkinia for this taxa and create a new genus 
Carinasigma, to accommodate D. recta and other related species of Donkinia (see 

Chapter 4). To establish the true generic status of these taxa further analysis is necessary, 

with more species of Donkinia included. 

Rhoicosigma is maintained as a separate genus, but more detailed work needs to be 

undertaken on this genus to reveal its phylogeny. 
Costasigma will be erected as a new genus as it comes off as a separate clade most closely 

related to Gyrosigma. It is separated from the rest of Gyrosigma by the following 

characters 7 (central bar attached to primary side of raphe), 8 (raphe keeled), 9 (silica ribs), 

15 (vaulting). 

At the higher taxonomic levels, Peragallo's grouping was well maintained, but his 

subdivisions did not stand up to systematic analysis, so as such are rejected for the basis of 

classification. 

The generic status of P. obscurum is shown to be incorrect. In all cases it resolves as being 

most closely related to species of Gyrosigina (see Figures 3.2 - 3.3,3.5 - 3.14). This is due 

to it possessing all the apomorphic characters of Gyrosigma not Pleurosigma, as such I 

propose to place it into Gyrosigma. Recent work by Sterrenburg (1993) had reversed the 

earlier, and in my view correct, placement of obscurum into Gyrosigma (Krammer & 

Lange-Bertalot, 1986). 

At the specific level the independent specific status of P. angulatum has been ratified. 

Sterrenburg (199 1 a) and Ross & Sterrenburg (1996) recommended subsuming P. 

angulatum, P. quadratum and P. aestuari, under the specific epitaph angulatum. On 
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examination of all the results P. aestuarii is not contained within the same clade as P. 
angulatum and P. quadralum at any point within the results (see Figs 3.2 - 3.3,3.5 - 3.8, 
3.13 - 3.19). 1 therefore maintain that P. aestuarii is not part of P. angulatum because, as 
with the discovery of genera, species too must be resolved by cladistic analysis. 
P. angulatum and P. quadratum are shown to be very closely related in all analyses (see 
Figs 3.2 - 3.3,3.5 - 3.8,3.13 - 3.19), but I shall maintain them as separate species because 
they are separated from each other by the apomorphic state of their hyaline area. 
P. kochii was subsumed under the epitaph attenuatum by Cleve (1894). In all cases the 
analysis shows that it is not the same taxon as G. attenuatum. It is contained within a 
different clade from G. attenuatum throughout the different analyses (see Figs 3.5 -3.8, 
3.12). As it has never been transferred to Gyrosigma since it was abandoned as a species at 
the same time as the introduction of Gyrosigma as a separate genus from Pleurosigma 
(Cleve, 1894), 1 propose to transfer it to Gyrosigma. 

P. transvalicum was subsumed by Cleve (1894) under the epitaph acuminatum. The 

results show clearly that this cannot be substantiated. P. transvalicum resolves under a 
different clade every time from G. acuminalum in all cases (see Figs 3.5 - 3.81,3.12). As P. 

transvalicum has never been formerly transferred to Gyrosigma since the erection of 
Gyrosigma coincided with its abolition as a species (Cleve, 1894). 1 propose to transfer it 

to Gyrosigma. 

3.7 Effects of ambiguous optimisation 

As discussed above, NONA and Pee-Wee allow the exclusion of ambiguous optimisation 

by using a much stricter algorithm than Hennig86, in that it collapses nodes whenever 

ancestor and descendent share states. They also allow ambiguous resolutions to be 

considered as support using the amb= option. This collapses nodes only if ancestor and 

descendent have identical character state sets. In all cases the effect of considering 

ambiguous optimisations as support was to increase the number of trees (see Tables 3.1 - 
3-6). In Peragallo's data set this resulted in suboptimal trees (Table 3.1) and due to the 

high number of trees it was resolving it was unable to jump to the next island of shorter 

trees before overflowing. In all other cases the trees produced were of the same length, cl 

and ri as those in which ambiguous branch support was not considered (see Tables 3.1 - 

3.6). 
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In all cases Pee-Wee treated the characters in the same way in the weighting protocol, 
giving them the same weights under ambiguous and unambiguous optimisations (see 
Tables 3.7 - 3.10). 

The resulting consensus tree lost some resolution in some cases e. g. Fig. 3.3 due to the 
increased number of most parsimonious trees that it was combining. 

3.8 Programs 

Of the unweighted options (Hennig86 and NONA), both are equally efficient at producing 
the most parsimonious trees i. e., the shortest length (see Tables 3.1 - 3.6). 

Under differential weighting (Hennig86 and Pee-Wee) the results vary, as can be seen in 

Text Table a, below. 

The results from this study show that statistically there is no difference between the 

performance of the two programs, each being more efficient in two of the six data sets, but 

performing equally well in the remaining two cases. Hennig86 appears to be slightly more 

efficient in handling large data sets as it is in these cases where it is better than Pee-Wee 

(Extended data set 55 taxa, Extended species of Pleurosigma 30 taxa). However, due to 

the fact that most of the ambiguous branch support can be eliminated using Pee-Wee, this 
is empirically a better option. 

Text Table a: Showing the relative efficiencies of programs at resolving the most 

parsimonious trees (indicated by a v) for the various data sets. 

Hennig86 Pee-Wee No difference 

Peragallo data set 

Extended data set V/ 

Peragallo's Gyrosigma 

Extended Gyrosigma 

Peragallo's Pleurosigma 

Extended Pleurosigma 
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Figure 3.1: Peragallo's arrangement of the taxa as described in 1891 
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Figure 3.2: Strict consensus tree of Peragallo's data set under NONA(-), with node I 
collapsed. Differences under Hennig86 and NONA(+) are given in box a. 
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Figure 3.3: Strict consensus tree of Peragallo's data set under Pee-Wee(-) with node I collapsed. Differences under Hennig86 (weighted) are given in boxes a&b; differences under Pee-Wee(+) are 
given in box c. 
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Figure 3.4: Extended data set as Peragallo would have depicted it 
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Figure 3.5: Strict consensus tree of extended data set unweighted under Hennig86. 
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Figure 3.6: Strict consensus tree of extended data set under NONA( -) & (+). 
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Figure 3.7: Strict consensus of extended data set weighted under Hennig86. 
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Figure 3.8: Strict consensus tree of extended data set under PEE-WEE( -) & (+) 
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Figure 3.9: Strict consensus tree of Peragallo's Gyrosigma data unweighted under Hennig86 and NONA 
(-) & (+) with node I collapsed 
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Figure 3.10: Strict consensus tree of Peragallo's Gyrosigma data weighted under Hennig86 
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Figure 3.11: Strict consensus tree of Peragallo's Gyrosigma data weighted under Pee-Wee 
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Figure 3.12: Strict consensus tree of Gyrosigma data from the extended data set, unweighted under 
Hennig86 and NONA(-) & NONA(+) with node I collapsed 
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Figure 3.13: Strict consensus tree of Gyrosigma data from the extended data set under Pee-Wee (-) and 
with node I collapsed. Differences under Hennig86 are shown in box a 
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Figure 3.14: Strict consensus tree of Peragallo's Pleurosigma data unweighted under 
Hennig86 and NONA(-) & (+) with node I collapsed. 
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Figure 3.15: Strict consensus tree of Peragallo's Pleurosigma data set weighted under 
Pee-Wee (-) & (+), differences under Hennig86 are given in box a. 
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Figure 3.16: Strict consensus tree of extended Pleurosigma data no weighting under 
Hennig86 With node I of NONA(-) and (+) collapsed. 
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Figure 3.17: Strict consensus tree of extended Pleurosigma data set weighted under 
Hennig86. 
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Figure 3.18: Strict consensus tree of extended Pleurosigma data set under Pee-Wee(-). 
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Figure 3.19: Strict consensus tree of extended Pleurosigma data set under Pee-Wee(+) 
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Table 3.1: Table showing tree statistics for Peragallo's data set (toxogp) 

Peragallo Hennig 86 NONA(-) NONA(+) Hennig 86 PEE - 
WEE(-) 

unweighted 

length 118 

ci 32 

ri 50 

trees 

65 

58 

83 

1715 

65 

58 

83 

4000 

weignteci 

78 299(66) 

43 86(57) 

81 96(82) 

24499 1715 

(overflow) (overflow) 

Table 3.2: Table showing tree statistics for extended data set (toxog) 

PEE - 
WEE(+) 

66 fit 149.9 66 fit 149.9 

57 57 

82 82 

367 2999 

(overflow) 

Peragallo Hennig 86 

unweighted 

NONA(-) NONA(+) Hennig 86 

weighted 

Pee - Wee 

0 

Pee - Wee 

(+) 

length 188 88 88 88 302(91) 93 fit 93 fit 150.1 

150.1 

ci 21 45 45 45 77(43) 43 43 

ri 50 84 84 84 96(83) 82 82 

trees 1146 18215 19718 1147 17999 22645 

(overflow) (overflow) (overflow) (overflow) (overflow) (overflow) 
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Table 3.3: Table showing tree statistics for Peragallo's Gyrosigma data set 

Hennig86 
unweighted 

NONA(+) NONA Hennig86 
weighted 

Pee-Wee Pee-Wee 
H 

Length 47 47 47 296(48) 47 47 
fit 35 35 74.5 74.5 
ci 70 70 70 92(68) 70 70 
ri 64 64 64 88(61) 64 64 
trees 2720 14496 9494 945 729 45 

(overflow) (overflow) 

Table 3.4: Table showing tree statistics for extended Gyrosigma data 

Hennig86 NONA NONA Hennig86 Pee-Wee Pee-Wee 
unweighted (+) weighted H 

Length 58 58 58 254(60) 58 58 
ri t 48 48 105.2 105.2 
ci 60 60 60 86(58) 60 60 
ri 70 70 70 88(67) 70 70 
trees 1974 20999 1031 1974 106 10499 

(overflow) (overflow) (overflow) (overflow) 
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Table 3.5: Table showing tree statistics for Peragallo's Pleurosigma data (TPY) 

Hennig86 NONA NONA(-) Hennig86 Pee-Wee(-) Pee-wee(+) 

Unweighted (+) weighted 

Length 41 41 41 210(41) 41 fit 132.7 41 fit 132.7 

ci 63 63 63 90(63) 63 63 

ri 73 73 73 93(73) 73 73 

trees 2522 2168 488 2 7 27 

Table 3.6. - Table showing tree statistics for extended Pleurosigma data set (TPP) 

Hennig86 

unweighted 

NONA(-) NONA(+) Hennig86 

weighted 

Pee-wee (+) Pee-wee 

0 

Length 54 54 54 242(54) 56 56 

(fit 141.8) (fit 141.8) 

ci 57 57 57 84(57) 55 55 

ri 76 76 76 90(76) 74 74 

trees 527 252 534 18 1499 119 

(overflow) 
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Table 3.7: Table showing character weights for Peragallo's data set under Hennig86 and 
Pee-Wee. 

Character 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 
14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

. 
27 

Hennig86 

10 

10 

10 

10 

10 

10 

10 

10 

2 

10 

4 

10 

10 

10 

7 
1 

10 

6 

10 

I 

10 

I 

0 

10 

10 

10 

Pee-Wee(+) 

10 

10 

10 

10 

10 

7.5 

7.5 

10 

10 

7.5 
3.7 

10 

7.5 

10 

5 

3 

3.7 

6 

4.2 

Pee-Wee(-) 

10 

10 

10 

10 

10 

7.5 

7.5 

10 

10 

7.5 

3.7 

10 
7.5 

10 
5 

3 

3.7 

6 

4.2 
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Table 3.8: Table showing charcter weights for extended data set under Hennig86 and Pee- 
Wee. 

Character Hennig86 Pee-Wee(+) Pee-Wee(-) 

0 10 - - 
1 10 10 10 

2 10 10 10 

3 10 - - 
4 10 - - 
5 10 10 10 

6 10 10 10 

7 10 10 10 

8 1 6 6 

9 10 - - 
10 4 7.5 7.5 

11 10 10 10 

12 2 10 10 

13 2 5 5 

14 3 2.7 2.7 

15 1 3 3 

16 10 10 10 

17 5 3.3 3.3 

18 10 10 10 

19 0 5 5 

20 10 - - 
21 1 1.8 2 

22 1 3.3 3.3 

23 10 - - 
24 10 - - 
25 10 10 10 

26 0 5 5 

27 1 7.5 7.5 
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Table 3.9: Table showing character weights for Peragallo's Gyrosigma data set 



Table 3.10: Table showing character weights for Gyrosigma extended data set (tgyro) 
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Table 3.12: Table showing character weights for extended Pleurosigma data set 
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Table 3.13: Table showing character support for nodes of Peragallo's data set 

Node Hennig86 NONA(-) NONA(+) Hennig- 
Weighted 

Pee-Wee 
(-) 

Pee-Wee 
M 

Character 

+ + + + 0,3,10,21,22 
2 + + + + + + 5 
3 + + + + + + 1,2,6,7,18,21 
4 + + + + + + 16,21 
5 + + + + + + 11 
6 + + + 21 
7 + 22 
8 + + + + + + 19 
9 + + + + + + 15 
10 + + + + + + 10 
11 + + + 17 
12 + + + + + + 8 
13 + + + + + + 15 
14 + + 14 
15 + + 14 
16 + + + 12,14 
17 + + + 17 
18 + + + 17 
19 + 21 
20 + 14 
21 + 11 
22 + 26 
23 + + 21 
24 + 2 
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Table 3.14: Table showing character support for nodes of Extended data set 

node Hennig8 
6 

NONA(-) NONA(+) Hennig- 
W 

Pee-Wee 
0 

Pee-Wee 
M 

Character 

I + + + + 
2 + + + + + + 16 
3 + + + 11,21 
4 + + + + + + 14,22 
5 + + + 11 
6 + + + + + + 10 
7 + + + 13 
8 + + + 22 
9 + + + + + + 15 
10 + + + + 
11 + + 22 
12 + + + 1,2,5,6,7,18 
13 + + + 12,14 
14 + + + + + + 13,14,25,26 
15 + + + 15 
16 + + + 8 
17 + + 
18 + + + 1,6,18 
19 + + + 21 
20 + + + 7 
21 + 22 
22 + 17 
23 + 14 
25 + 11,14 
26 + 27 
27 + 21 
28 + 21 
29 + 22 
30 + 15,22 
31 + 17,19 
32 + 15 
33 + 18,27 
34 + + + 17,25,27 
35 + 8 
36 + + + 21 
37 + + 0,3,10,21,22 
38 + + 12 
39 + + 11 
34 + + 25 
40 
41 

+ 
1 

+ 
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Table 3.15: Table showing character suivort for nodes of Peraizallo's Gvrosima data set 

node hennig86 nona- nona hennig- 
W 

Pee-Wee Pee-Wee 
+ 

Character 

I ++ + + 0,3,8,10,15,21,22 
2 ++++ + + 1,6,14,18 
3 + 22,27 
4 + 14,17 
5 + 19 
6 + + + 15 
7 + 17 
8 + + 8 

rr-t. 1- 'I '1 4. rr-Il- 
^. --4- 4r- -A- ý4rlCT-ý-AýA 

node hennig86 nona- nona hennig- 
W 

Pee-Wee Pee-Wee 
+ 

Character 

I + + + + 0,2,3,8,10,15,22 
2 + + + + + + 1,6,14,18 
3 + + + + + + 2,7,21 
4 + + + + + + 8 
5 + + + + + 15 
6 + + + + + + 13,21 
7 + + + 21 
8 + + + 18 
9 + + + 19,27 
10 + + + 17,25 
11 + + 21 
12 + + 17 
13 + + + 26 
14 + + 27 
15 + 
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Table 3.17: Table showing character support for nodes of Peragallo's Pleurosigmas 

node hennig86 nona- nona hennig- 
W 

Pee-Wee Pee-Wee 
+ 

Character 

I ++ + + 0,3,10,22 
2 ++++ + + 1,2,6,7,14,15,18,21 
3 + + + 5 
4 + + + 8 
5 + + + 12,14 
6 + + + 11 
7 + + + 16 
8 + + + 10 
9 + + 26 
10 + + + 15 
11 + + 22 
12 + 11 
13 + 21 
14 + 15 

Table 3.18: Table showing character support for nodes of extended Pleurosigma data set 

Node Hennig8 
6 

NONA(-) NONA 
(+) 

hennig- 
W 

Pee-Wee 
0 

Pee-Wee 
(+) 

Character 

+ + + + 0,3,5,10,14,22 
2 + + + + + + 10 
3 + + + + + + 1,5,6,8,15,18 
4 + + + + + + 13 
5 + + + + + + 12,14 
6 + + + + + + 15 
7 + + + + + + 7 
8 + + + 16 
9 + 11 
10 + 22 
11 + 21 
12 + 21 
13 + 15 
14 + 11 
15 + 22 
16 + 21 
17 + + 5 
18 + + 21 
19 + + 15 
20 + + 14 
21 + + 10 
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Chapter 4- Generic & Species Descriptions 

Initially, species of the sigmoid Naviculaceae were erected largely on the basis of their 

shape (Mitzing, 1833; Ehrenberg, 1838; Rabenhorst, 1853). Smith (1852) introduced 

other criteria by separating them into 'sections' on the basis of the arrangement of the 

striae, and provided details of the fineness of the striae for each species, using this as the 

basis for separation of species. Smith (1852) also noted the difference in the colour of the 

valves. Peragallo (189 1) took this one step further and looked at the angle of intersection 

of the striae. He combined angle of intersection and fineness of the striae to separate 

species. Cleve (1894) assessed his species on shape and path of the raphe. The path of the 

raphe was maintained by Hendey (1964), who also looked at the change in orientation of 

the striae at the apices. Cardinal et aL (1989) introduced the aspects of central bars, hyaline 

areas and raphe endings as taxonomic criteria. These characters need incorporating into 

species descriptions. 

I shall describe the species in nine genera I recognise from this study: 

1. Pleurosigma 

2. Toxonidea 

3. Donkinia 

4. Gyrosigma 

5. Brunsigma 

6. Carinasigma 

7. Rhoicosig7na 

8. Costasigma 

9. Arcualasigma 

Species have been described on the material available for this study and include current and 

revised nomenclature. Where material was not available, details were taken from published 

sources. The plates will be labelled with the chapter number and then the genus number 

followed by the individual plate numbers. I shall use type material wherever possible to 

illustrate the taxa because of the number of misidentifications over the years. 
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Where natural groups arise from the analysis, I have indicated them informally by a- 

The relationships of taxa at the generic level are not yet fully resolved but the following 2 

subgroups can be recognised within the Pleurosigmaceae: 

Pleurosigma 

Toxonidea 

Donkinia 

Gyrosig7na 

Carinasigma 

Rhoicosigma 

Costasigma 

Arcuatasigma 

Latin descriptions of new recent taxa, have not been given in the thesis because the new 

taxa will be published at a later date to conform with the Botanical Code (Greuter et aL, 

1994). 

Plates are located at the end of each genus for ease of reference. 
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4.1 Pleurosigma 

Pleurosigma 

Pleurosigma Wm. Smith 1852, p. I (nom. cons. ) 

Basionym: Gyrosig7na Hassall 1845, p. 435 

Synonym: Navicula Bory 1822, p. 128 

Frustulia Agardh 1824, p. 13 

Scalprum Corda 1835, p193 

Type: Pleurosigma angulatum (Quekett) Wm. Smith 

Basionym: Navicula angulatum Quekett 1848, p. 438,8/4-7 

Description: 

Cells solitary, sigmoid in valve view, isopolar in girdle view. Two or four ribbon like 

chloroplasts which undulate throughout the valve (Plate 4.1.1 Fig. a). Occasionally small 

discoid plastids. 

Areolae loculate, arranged in decussate rows. Areolae opening to the outside by apically 

elongate slits and to the inside by a poroid, which is closed by a hymene. The poroid is 

either rimmed (see Plate 4.1.1 Fig. d) or smooth (Plate 4.1.1 Fig. c). The poroid may be 

divided by a silica bar (Plate 4.1.1 Fig. c). The areolae form a lattice communicating with 

each other laterally by pores which as a consequence form a continuous space within the 

valve matrix. 

Raphe sigmoid, sometimes only very slightly at the apices. Valve face flat, slightly curved 

at the raphe. Central internal raphe endings lying in a central nodule which is flanked either 

side by central bars. Raphe sternum internally thickened (see Plate 4.1.1 Fig. c- d) the 

thickening is equal either side of the raphe, but is not continuous with the central bars. 

Terminal raphe endings deflected in opposite directions. External raphe endings hooked 

(Plate 4.1.1 Fig. 0. Mantle small with girdle bands plain and non porous. 
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Pleurosigmaformosum (Plate 4.1.2) 

Pleurosigmaformosum Wm. Smith 1852, p. 5,1/1. 

Synonyms: 

Gyrosigmaformosum (Wm. Smith) Griffith et Henfrey 1856, p. 302, pl. 11. fig. 231 

Scalprumformosum (Wm. Smith) Kuntze 1891 p. 919 

Type locality: Shoreham Harbour, 1850. UK. 

Type slide (isotype) : BM 23640 

Description: 

Valve linear-lanceolate, slightly sigmoid, length 140 - 530 ýtm, breadth 20 -50 ýtm. Raphe 

eccentric running along edge of the valve for approximately last quarter. Valve vaulted. 
Central area small, saddled (Plate 4.1.2 Fig. b). Pores of single type, with the angle of 
intersection of striae 95'. Oblique striae 10 -12 per 10 ýtm, transverse striae 14 - 17 per 10 

ýtm. Apical pore simple. Habitat; marine. 

Pleurosigma arafurense (Plate 4.1.3) 

Pleurosig7na arafurense Castracane 1886, p. 38, pl. 28 fig. 5 

Scalprum arafurense (Castracane) Kuntze 1891 p. 918 

Type locality: Arafura Sea 

Description. 

Valves sigmoid, lanceolate, length 80 - 85 ýtm, breadth 13 - 14 ýim. Raphe sigmoid, 

slightly eccentric. Central area saddled with transversely expanded hyaline area (Plate 4.1.3 

Fig. c). Pores rimmed (Plate 4.1.3 Fig. c), transverse striae 20 per 10 ýtm, oblique 18 per 
10 ýtm, intersecting at 70'. 

Peragallo thinks this may be a small form of P. fallwc Grun. Unfortunately I have not 

received the type material of P. fallax, so I am unable to give an opinion on the status of P. 

arafurense as a synonym. 

Pleurosigmajaponiculn (Plate 4.1.4) 

Pleurosig7najaponicum Castracane 1886, p. 38 pl. 29 fig. 4 
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Scalprumjaponicum (Castracane) Kuntze 1891, p. 919 

Pleurosigma aequatoriale Cleve in Cleve and M61ler 1877, no. 145 

Type locality: Sea of Japan 

Description: 

Valves lanceolate, slightly sigmoid (Plate 4.1.4 Fig. a& b), length 30- 60 ýtm, breadth 10 - 
15 ýtm. Raphe sigmoid, eccentric. Central area saddled (Plate 4.1.4 Fig. d). Pores rimmed 

(Plate 4.1.4 Fig. d) transverse and oblique striae 19 per 10 ýtm intersecting at 750. 

This is a very small robust species which has been subsumed into P. naviculaceum by other 

workers (e. g. Cleve, 1894: 36; VanLandingham, 1978: 3383). The results of the systematic 

analysis separates them as species, placing them in the same basal clade but separating 

them terminally (see Figs. 3.2 - 3.3,3.5 - 3.7). 

Pleurosigma naviculaceum (Plate 4.1.5) 

Pleurosigma naviculaceum Br6bisson 1854, p. 17 fig 7 

Type locality: Cherbourg, France, Marine 

Type slide (isotype): BRM 401 / 58 

Description: 

Valves lanceolate, raphe strongly sigmoid, eccentric running close to valve margin at the 

apices. The raphe sternum highly silicified (Plate 4.1.5 Fig. b) giving a very 'definite' area 

(i. e. broad ). Central area saddled with a very unusual transapically expanded central area 

(Plate 4.1.5 Fig. b). Pores rimmed, transverse striae 18 - 20 per 10 ýtm, oblique striae 13 - 

14 per 10 ýtm, in the middle of the valve and 17 - 18 per 10 [tm at the apices. Length 80 - 

120 ýim, breadth 20 pm. 

Cleve (1894) combined P. naviculaceum, P. normanii and P. australe into one very 

variable species,, but no specific reasons are given other than 'P. australe is very nearly 

connected with P. naviculaceum and with P. normanii. ' I see no reason to do this as they 

are all quite different. 
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Pleurosigma rigidum (Plate 4.1.6) 

Pleurosig7na rigidum Wm. Smith 1853, p. 64, pl. 20 fig. 198 

Synonyms: 

Gyrosig7na rigidum (Wm. Sn-ýith) Griffith et Henfrey 1856, p. 302, pl. II fig. 302. 

Scalprum rigidum (Wm. Smith) Kuntze 1891, p. 919 

Type locality: Ipswich, England. Brackish water 

Type slide (isotype): BM 23649 

Description: 

Valves lanceolate, barely sigmoid, with valve margins gently curving to obtusely rounded 

ends (truncate). Raphe central sigmoid becoming slightly eccentric towards the ends (Plate 

4.1.6 Fig. a- b). Length 250 - 360 ýtm, breadth 25 - 50 ýtm. Transverse striae 18 - 20 per 

10 ýtrn, oblique striae 21 per 10 ýtrn, intersecting at an angle of 55 - 650. Central area 

saddled (Plate 4.5.2 Fig. c). External central fissures curved in the same direction. 

Pleurosigma thaitiense (4.1.7) 

Pleurosigma thaitiense (thatiense) Castracane 1886, p. 38 pl. 24 fig. 4 

Rhoichosigma ? thaitiense (Castracane)Peragallo 1891 p. 33 

Type locality: Port of Tahiti 

Description: 

Valves sigmoid, lanceolate, tapering to obtuse apices. Length 140 - 160 [tm, breadth 12 - 

15 [tm. Raphe central, sigmoid, becoming eccentric towards the apices. Central area 

saddled with transapically expanded hyaline area (Plate 4.1.7 Fig. c). Pores rimmed (Plate 

4.1.7 Fig. c). Stria 20 - 24 per 10 [tm. 

Pleurosigma rigidum var. incurvata (Appendix 4 Plate 6 Fig. 7) 

Pleurosigma rigidum var. incurvata Brun in H. Peragallo 189 1, p. 15, pl. 6 fig. 7 

Type locality: Sendai, Japan, Fossil marine 

Description: 
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Valves sigmoid with obtuse apices. Raphe sigmoid and central. Length I 10 ýtrn, breadth 20 

ýtm. Transverse striae 17 per 10 ýtm, oblique 18 per 10 ýtm. External central fissures 

curved in the same direction. Central area saddled, central bars smooth and slender of 

approximately equal length. 

Pleurosigma hamuliferum (4.1.8) 

Pleurosig7na hamuliferum Brun in Brun and Temp6re 1889, p. 45 pl. 9 fig. 15 

Synonyms: Pleurosigma nicobaricum var. hamuliferum (Brun) Cleve 1894, p. 36 

Scalprum hamuliferum (Brun) Kuntze 1891, p. 919 

Type locality: Yedo, fossil 

Description: 

Valves sigmoid, lanceolate, tapering to obtuse apices. Length 90 - 120 ýtm, breadth 25 - 30 

ýtm. Raphe central sigmoid. Striae 21 - 24 per 10 [tm, intersecting at an angle of 650. 

Pleurosigma subrigidum (Plate 4.1.9) 

Pleurosigma subrigidum Grunow in Cleve et Mbller 1878, no. 154 - 155 

Synonyms: 

Pleurosig7na longum var. subrigida (Grunow) H. Peragallo 1891, p. 7 pl. 2 fig. 22 

Type locality: Balearic Isles 

Type slides (isotypes): Cleve & Mbller 154 - 155 

Description: 

Valves linear lanceolate, apices obtuse. Length 190 ýtm, breadth 28 ýtm. Raphe central 

becoming eccentric at the apices. Central area saddled (Plate 4.1.9 Fig. a- b). Transverse 

striae 16 - 17 per 10 ýtm, oblique 13 -14 per 10 ýtm, striae intersect at an angle 80 -I 100. 

Pleurosigma decorum (Plate 4.1.10) 

Pleurosigma decorum Wm. Sn-ýth 1853: 63, pl. 21, fig. 196 

Synonyms: 

Gyrosigma decorum (Wm. Smith) Griffith et Henftey 1856,302, pl. II fig. 26 
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Scalprum decorum (Wm. Smith) Kuntze 1891, p. 919 

Type locality: Brackish water - Ipswich, Felixstowe, Essex. 

Type slide (isotype): BM 23642 

Description: 

Valves strongly sigmoid lanceolate, acute / angular form (Plate 4.1.10 Fig. a). Length 90 - 

100 ýtrn, breadth 13 ýtm. Central area saddled with transversely expanded hyaline area 

(Plate 4.1.10 Fig. b). Raphe eccentric running parallel with edge two thirds of the valve 

edge (Plate 4.1.10 Fig. a& c). Valve edge twisted. Transverse striae 18 per 10 ýLrn, 

oblique striae 13 - 14 per 10 [tm, intersecting at 80 0. 

This is a very distinctive species, due to its angular shape, but for some reason is usually 

misidentified. Cleve (1894: 45) subsumed P. decorum into P. formosum as there is 

'absolutely no specific difference' this was maintained by Mann (1907) and Cleve-Euler 

(1952). 1 disagree with this. P. formosum is a much larger species 140 - 530 ýtm whereas 

P. decorum is smaller at 90 - 100 ýtm. The striae densities are different and intersect at a 

different orientation. P. decorum has a very sigrnoid lanceolate angular acute outline 

whereas P. formosum is linear lanceolate with obtuse ends. 

Pleurosigma decorum var. dalmatica (Plate 4.1.11) 

Pleurosigma decorum var. dalmatica Cleve & M61ler 1978 

Type locality: Balearic Isles 

Type slides (isotypes): Cleve & Moller No. 154 - 155 

Description: 

Valves lanceolate, with obtuse apices which are slightly twisted (Plate 4.1.11 Fig. a& b). 

Raphe sigmoid, eccentric. 250 - 320 ýtm long, 30 ýtm wide. Transverse striae 15 - 19 per 

10 ýtrn, oblique striae 12 - 14 per 10 ýtm. 

The original description of this species has a typing error 'lange 0,025 - 0,32 mm., Breite 

0,03 mm' i. e. it is longer in some cases than it is wide! Unfortunately this has been copied 

by Peragallo (189 1). 
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Pleurosigma peragallii non Brun 1891 (Plate 4.1.12) 

Pleurosigmaperagalhi Brun in Peragallo 1891, p. 9, pl. 3 fig. 20 

Synonym: Scalprum peragallii (Brun) Kuntze 1891 p. 919 

Type location: Sendai, Japan, fossil 

Type slide (lectotype): BM Adams TS 288 (coll. Brun) 

Description: 

Valves lanceolate, tapering to obtuse apices, only deflecting slightly at the ends to give 

sigmoid shape. Raphe central, deflecting only slightly at the apices. Central area saddled 

(Plate 4.1.12 Fig. c). External central fissures deflected in the same direction (Plate 4.1.12 

Fig. d). Length 300 - 600 ýtm, breadth 40 - 50 ýtm. Transverse striae 7-8 per 10 ýtm, 

oblique striae 10 per 10 ýtm. 

These specimens do not fit the type description of Pleurosigma peragallii Brun in 

Peragallo (189 1), the size, shape, path of raphe, sample collection are all correct, but the 

striae counts are different; Brun reported 15 oblique striae per 10 ýtm and 19 transverse 

striae per 10 ýtrn. 

-Pleurosigma giganteum (Appendix 4 Plate 6 Fig. 2) 

Pleurosigma giganteum Grunow in Cleve et Grunow 1880, p. 53 

Synonym: Pleurosigma rigidum var. gigantea (Grunow in Cleve et Grunow 1880) Cleve 

1894, p. 39 

Type locality: Campeachy Bay 

Description: 

Valves lanceolate slightly sigmoid with obtuse ends. Length 440 ýtrn, breadth 68 [tm. 

Raphe central, undulating slightly. Transverse striae 17 - 18 per 10 ýtm, oblique striae 18 - 

20 per 10 ýtm. This differs from P. rigidum in being a much larger form with coarser striae 

and with an undulating raphe. 

Pleurosigma gruendleri (Appendix 4 Plate 6 Fig. 1) 

Pleurosigma gruendleri Grunow in Cleve et Grunow 1880, p. 54 
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Synonym: Scalprum gruendleri (Grunow in Cleve et Grunow 1880) 

Type location. - Campeachy Bay 

Description: 

Valves sigmoid, lanceolate with sub-acute apices. Raphe central, sigmoid, slightly eccentric 

at the apices. Central area large and saddled. Length 360 - 460 ýtm' breadth 62 - 72 Pm. 
Transverse striae 17 per 10 ýtm, oblique striae 18 per 10 pm. 

Pleurosigma struxbergii 

Pleurosigma struxbergii Cleve et Grunow 1880, p. 54, pl. 4 fig. 74 

Synonym: Rhoicosigma struxbergii (Cleve et Grunow 1880) M. Peragallo 1903, p. 800 

Type location: Franz Joseph Land 

Description: 

Valves sigmoid lanceolate, gently tapering to acute apices. Raphe sigmoid eccentric. 

Central area small, rhombic. Length 190 - 380 ýtm, breadth 28 - 32 ýtm. Transverse striae 

23 - 25 per 10 ýtrn, oblique striae 27 - 31 per 10 [tm. 

Pleurosigma latiusculum (Appendix 4 Plate 6 rig. 12) 

Pleurosigma latiusculum H. Peragallo 1891, p. 15, pl. 6 fig. 12 

Type locality: Mer Nord 

Type slide: Thum 

Description: 

Valves lanceolate, slightly sigmoid with margins tapering to acute apices. Raphe central 

sigmoid. Length 160 [tm, breadth 26 ýtm. Transverse striae 20 per 10 ýtrn, oblique 22 per 
10 4m. 

Similar to Pleurosigma struxbergii but has much coarser striae, is much smaller with a 

central raphe is central; whereas the raphe in Pleurosigma struxbergii is eccentric. 

Pleurosigma acutum 

Pleurosigma acutum Norman ex Ralfs in Pritchard 1861 p. 920 
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Scalprum acutum (Norman) Kuntze 1891, p. 918 

Type locality: Marine, stomachs of ascidians, Europe 

Type slide (isotype): BM 1376 

Description: 

Valves sigmoid, lanceolate tapering into acute apices. Raphe sigmoid, eccentric towards 

the ends. Length 160 - 180 ýtm, breadth 20 - 28 ýim. Transverse striae 22 - 23 per 10 ýtm, 

oblique striae 19 - 21 per 10 ýtrn. 

Pleurosigma acutum var. australicum (Plate 4.1.13) 

Pleurosigma acutum var. australicum Grunow in Cleve et M61ler, 1882, no. 286 

Pleurosigmapelagicum H. Peragallo, 1891, p. 7 

Type location: Australia 

Type slide (isotype): Cleve et Mbller no. 286 

Description: 

Valve sigmoid, lanceolate tapering to acute apices (Plate 4.1.13 Fig. a- b) with raphe 

strongly sigmoid and eccentric throughout valve. Length 140 - 160 ýtrn, breadth 20 ýtm. 

Transverse striae 22 per 10 ýtrn, oblique striae 20 per 10 [tm. Central area saddled (Plate 

4.1.13 Fig. d). 

This variety was subsumed into P. acutum by Cleve (1894: 42) but I shall maintain them as 

separate taxa due to the differences in striae density. 

Pleurosigma marinum (Plate 4.1.14) 

Pleurosigma marinum Donkin 1858, p. 22 pl. 3 fig. 3 

Scalprum marinum (Donkin) Kuntze 189 1, p. 919 

Type locality- Newbiggin North Sands. Marine 

Type slide (isOtYPe): BM 12222 

Description: 

Valve lanceolate, slightly sigmoid towards the apices, ends obtuse, square, (Plate 4.1.14 

Fig. a&b, d). Raphe undulating, eccentric towards apices. Central area saddled very 

159 



bulbous (see Plate 4.1.14 Fig. c). Pores rimmed, (see Plate 4.1.14 Fig. c) striae. - transverse 

23 - 25 per 10 ýtm, oblique 22 - 23 per 10ýtm, crossing at 550. External central raphe 

fissures deflected in the same direction. 

Pleurosigma rhombeum (Plate 4.1.15) 

Pleurosigma rhombeum (Grunow) H. Peragallo 1891, p. 8 pl. 3 fig. 13 

Pleurosigma (quadratum var? ) rhombeum Grunow in Cleve et Grunow 1880, p. 50 

Scalprum rhombeum (Grunow) Kuntze 1891 p. 919 

Type locality: Samoa 

Type slide (lectotype): BM 55261 

Description: 

Valves rhomboidal, sigmoid, tapering sharply to obtuse apices. Central area large, saddled 
(Plate 4.1.15 Fig. a- c). Length 120 - 260 ýtm, breadth 30 - 70 ýtm. Transverse striae 17 - 
19 per 10 [tm, oblique 15 - 17 per 10 ýtm intersecting at 650. 

Pleurosigma affine (Plate 4.1.16) 

Pleurosigma affine Grunow in Cleve & M61ler 1879, No. 172,208 -2 10 

Synonym: Scalprum affine Kuntze 189 1, p. 918 

Type locality: Davis Strait; Adriatic Sea 

Type slides (isotypes): BM Cleve & M611er 172,208-2 10 

Description: 

Valves lanceolate, slightly sigmoid, with obtuse apices (Plate 4.1.16 Figs a- b). Raphe 

central sigmoid, becoming eccentric towards the apices. A very delicate lightly silicified 

valve. Length 105 - 220 ýtm, breadth 26 -33 ýtm. Striae 18 - 20 in 10 ýtm. Large central 

area (Plate 4.1.16 Fig. d), external central raphe fissures deflected in opposite directions. 

Peragallo shows (Appendix 4 Plate 4) four specimens figure 3 from Guadeloupe, figure 5 

and 8 from Belgium and figure 4 from Brazil, figures 3 and 8 being the typical forms. On 

comparison with the type material (see Plate 4.1.16) figures 3,5 and 8 conform to this 

description. The specimen in Peragallo fig. 4 is not P. affine and fits in with specimen on 
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Temp6re & Peragallo slide 794 -7 under P. affine var. moronensis, see Plate 4.3.5, the 

striation and the curvature of the raphe are the same and more acute ends. 

Pleurosigma affine var. interrupta (Appendix 4 Plate 4 Fig. 1,2) 

Pleurosig7na affine var. interrupta H. P eragallo, 18 9 1, p. 10, P 1. IV fig. 1,2 

Type locality: Villefranche, Adriatic 

I have not as yet been able to locate any material matching this description. From the 

illustrations though Peragallo is clearly talking about two separate species, see Appendix 4 

Plate 4. figure I has a single curvature of the raphe whereas the specimen in figure 2 has a 

double curvature. The striations are also different, but no decisions can be made until 

material matching the description is found. 

Pleurosigma affine var. marylandica 

Pleurosigma affine var. marylandica Grun. in Cleve & Grunow 1880, p. 5 1. 

Synonym: Pleurosigma normanii var. marylandica (Grun. ) Cleve 1894, p. 40. 

Peragallo Pl. IV fig 15 

Type locality: Nottingham, Maryland fossil 

Type slides (isotypes): BM Tempere & Peragallo 53 -54 

Description: 

Valves lanceolate, sigmoid. Length 240 - 290 ýtrn, breadth 50 - 60 [tm. Raphe central, 

becoming sigmoid at the apices. Striae transverse 14 per 10 ýtm, oblique 13 per 10 ýtm at 

the centre and 15 per 10 ýtm at the apices. 

Pleurosigma affine var. fossilis 

Pleurosigma affine var. fossilis Grun in Cleve & Grunow 1880, p. 51 

Type locality: Richmond, Virginia fossil 

Type slide (isotype): BM Cleve & M61ler 24 

Description: 
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Valves lanceolate, sigmoid. Length 150 - 220 ýtrn, breadth 30 - 35 ýtm. Raphe central, 

sigmoid. Transverse striae 17 in 10 4m, oblique striae 13 in 10 4m at the centre and 16 - 

17 in 10 ýtrn at the apices. 

Pleurosigma affine var. moronensis (Plate 4.1.17) 

Pleurosigma affine var. moronensis Tempere & Peragallo 1913, p. 385 

Type locality: Moron, Spain, fossil 

Type slide: BM Tempere & Peragallo 794 - 797 

Description: 

Valves lanceolate, sigmoid, with acute apices. Raphe strongly sigmoid, eccentric 

coinciding with valve mantle towards apex. Central area saddled. A highly silicified valve. 

Length 400 [tm, breadth 20 - 25 ýtm. Transverse straie 16 - 18 per 10 ýtm, oblique striae 

13 - 14 per 10 ýLrn. 

Pleurosigma normanni 

Pleurosigma normanni Ralfs in Pritchard 1861 p 919 

Synonyms: Pleurosigma affine var. normanni (Ralfs) Peragallo 1891 p. 10, Pl. IV fig 6,7 

Scalprum normanni (Ralfs) Kuntze 1891 p. 918 

Gyrosigma normanni (Ralfs) A. Mann 1907, p. 364 

Type locality: Marine Europe, stomachs of Ascidians, Noctilucae, Pectans. 

Type slide (isotype): BM 1376 

Description: 

Valves lanceolate, sigmoid, with sub-obtuse apices. Raphe central, broad, only flexing 

towards the apices. Oblique striae 17 - 18 per 10 ýtm, transverse striae 19 - 20 per 10 ýtm. 

Length 130 - 220 ýtm, breadth 20 - 21 ýtm. Central fissures deflected to the same side, 

saddled. Pores rimmed, striae same direction at the apex. 

This is similar to P. affine and many workers have combined the two taxa. In my opinion 

they are separate species as P. normanii has a much more lanceolate outline with more 

acute apices and finer striae. 
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Pleurosigma sagatti (Plate 4.1.18) 

Pleurosigma sagatti Ternpere & Brun in Brun & Ternpere, 1889, p. 49, PI. 9 fig. 19 

Synonyms: 

Pleurosigma nicobaricum var. sagatti (Temp&e & Brun) Peragallo 1891, Pl. 4 fig. 13 

Gyrosigma sagatti (Tempere & Brun) Mann, 1907, p. 365 

Type locality: Sendai, Y6do, Japan. Marine fossil. 

Description: 

Valves lanceolate, sigmoid, length 150 - 175 ýtm, breadth 30 - 36 ýtm. Raphe central, 

almost straight. Central area saddled. Oblique striae 12 - 14 in 10 [tm at the centre of the 

valve, 17 - 20 per 10 ýtrn at the apices, angle of intersection 600 at the centre. Striae 

change orientation at the apices. 

I cannot comment fully on the status of this species as I am still awaiting (after 3 years) to 

examine the Grunow material of P. nicobaricum. From examining other slides in BM 

collections which are identified as P. nicobaricum I have decided to keep P. sagatti as a 

separate species, until the type of P. sagatti can be examined and an opinion given. 

Pleurosigma elongatum (Plate 4.1.19) 

Pleurosig7na elongatum Wm. Smith 1852, p. 6, pl. I fig. 4 

Synonyms: 

Pleurosigma angulatum var. elongatum (Wm. Smith) Van Heurck 1885 p. 115. 

Gyrosig7na elongatum (Wm. Snlith) Griffith et Henfrey 1886, p. 302, pl. II fig. 31 

Type location: Poole Bay; Lewes; Hull 

Type slide (isotype): BM 23651 

Description: 

Valves linear lanceolate, slightly sigmoid tapering to acute apices. Raphe central, slightly 

sigmoid. Transverse striae 18 - 20 per 10 ýtm, oblique striae 16 - 19 per 10 ýtm, crossing at 

68'. Length 130 - 380 ýtm, breadth 20 - 30 [tm. Central area small (Plate 4.1.19 Fig. b). 

Pores of the single type (Plate 4.1.19 Fig. b), but adjoining the raphe they change and have 
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bar across them (Plate 4.1.19 Fig. c). The apices show an unusual pore structure, they 

exhibit a 'flowered' structure (Plate 4.1.19 Fig. c) which becomes distorted as you move 

away from the apices, before reverting back to the normal single type. 

The specimen from which Wm. Smith first described P. elongatum was sent to him by 

Mr. R. Harrison under the name of Navicula lineata. Wm. Smith (185 1) chose not to use 

this name when describing the taxa as it was too similar to the epitaph lineolata 

Eherenberg. 

Pleurosigma elongatum var. grossepunctatum 

Pleurosigma elongatum var. grossepunctatum John 1983, p. 13 1, Pl. LV Fig. 5,6 

Type locality: Swan River, Western Australia 

Type slide (isotype)-. ANSP: AGC No. 40060 

Description: 

Valves linear-lanceolate, attenuated to acute apices. Raphe central sigmoid. Length 150 - 

390 ýtm, breadth 18 - 28 ýtm. Oblique striae 14 - 18 per 10 ýtm, transverse striae 13 - 15 

per 10 [tm, crossing at an angle of 650. 

Type slide has been out on loan to J. John so I have still not been able to examine it. 

Pleurosigma amara (Plate 4.1.20) 

Pleurosig7na amara Stidolph, 1992, p. 349, figs 44 - 51,64 - 76 

Type locality: Western Napier, North Island, New Zealand. Salt marsh. 

Type slide (isotype): Stidolph collection BW 201 / 11 

Description. 

Valves sigmold, lanceolate tapering to acute apices. Length 253 - 360 ýIm, breadth 28 - 32 

ýtm. Raphe sigmoid slightly eccentric, internal central raphe fissures deflected in the same 

direction (Plate 4.1.20 Fig. c). Internal central area small with raised central nodule (Plate 

4.1.20 Fig. b). Pores with bar across (Plate 4.1.20 Fig. b), at the apex the pores are 

modified each having and have two bars (Plate 4.1.20 Fig. e ). 
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Pleurosigma aestuarii (Plate 4.1.21) 

Basionym: Naviculd aestuarii Brebisson in Kiltzing 1849 

Synonyms: 

Pleurosigma aestuarii (Brebisson) Wm. Smith 1853, p. 65, pl. 31 fig. 275 

Gyrosigma aestuarii (Br6bisson) Griffith et Henfrey 1856, p. 302, pl. II fig. 35 

Type locality: Cherbourg, France 

Type slide: De Br6bisson 588 

Description: 

Valves lanceolate, slightly sigmoid, apices rostrate. Raphe central, sigmoid. Central bars 

smooth and of equal length (Plate 4.1.21 Fig. c). Pores divided by a silica bar (Plate 4.1.21 

Fig. c- d), in contrast to P. angulatum and P. quadratum. Striae do not change 

orientation at the apex (Plate 4.1.21 Fig. d) as in P. angulatum and P. quadralum. Length 

60 - 80 ýtm, breadth 12 - 15 ýtm. Transverse and oblique striae 20 per 10 ýtrn intersecting 

at 600. 

Honynoms: Pleurosigina angulatum var. aestuarii (Brebisson) Van Heurck 18 8 5, p. 115. 

As the striae change orientation at the apex, this is not P. aestuarii. 

P. aestuarii sensu Cardianl et al. 1986, this specimen has single pores which change 

orientation at the apex. 

Pleurosigma strigosum (Plate 4.1.22) 

Pleurosigma strigosum Wrn. Smith 1852 p. 8 pl. 2 fig. 4 

Synonym: Pleurosigma angulatum var. strigosa (Wrn. Smith 1852) Van Heurck 1885, 

115 

Type locations: Rye, Sussex; Hull 

Type slide (isotype): BM 23660 

Valves lanceolate, gently sigmoid tapering to obtuse apices. Raphe central curving only 

towards the apices where it becomes eccentric. Pores have a bar across them, except first 

row around the central area (Plate 4.1.22 Fig. b& d). Striae transverse and oblique 18 - 22 
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per 10 ýtm, intersecting at an angle of 65 - 750. Central bars smooth and equal in size, with 

central nodule having a central portion raised (Plate 4.1.22 Fig. c). Striae do not change 

orientation at the apex (Plate 4.1.22 Fig. d). Length 150 - 280 ýtm, breadth 30 ýtm. 

This study shows the importance of examination of type material. Cardinal el al. (1989) in 

their paper on the introduction of central bar types show a species which is not P. 

strigosum, they show a specimen with single pore type, a different central area and also 

lacking the extra raised portion on the central nodule. 

Pleurosigma delicatulum (Plate 4.1.23) 

Pleurosigma delicatulum Wm. Smith 1852, p. 6, pl. I fig. 5 

Synonyms: 

Pleurosigma angulatum var. delicatulum (Wm. Smith) Van Heurck 1885 p. 115 

Gyrosigma delicalulum (Wm. Smith) Griffith et Henfrey 1856, p. 302 pl. II fig. 32 

Type locality: Lewes, brackish water 

Type slide (isotype): BM 23658 

Description: 

Valves lanceolate, sigmoid gradually tapering to acute apices (Plate 4.1.23 Fig. a- b). 

Raphe sigmoid, eccentric. Length 150 - 200 ýtm, breadth 16 - 18 [tm. Transverse and 

oblique striae 20 - 23 per 10 ýtm, intersecting at an angle of 55 - 600. Pores with bar across 

them (Plate 4.1.23 Fig. e), slightly modified at the apices with two bars across (Plate 

4.1.23 Fig. d). Striae do not change orientation at the apex. Central area small with central 

bars of approximately equal length (Plate 4.1.23 Fig. c). 

Pleurosigma deficatulum var. africana (Plate 4.1.24) 

Pleurosigma delicatulum var. afticana Grunow in Cleve and M61ler 1879 no. 197 

Type locality. Baakens River, South Affica 

Type slide (isotype): Cleve and M61ler no. 197 

Description: 
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Valve lanceolate, sigmoid, tapering to acute apices (Plate 4.1.24 Fig. a), length 170 - 190 

ýtrn, breadth 14 - 18 ýtrn. Raphe sigmoid, eccentric. Transverse striae 23 per 10 ýtm, 

oblique striae 24 per 10 [tm, intersecting at 600. Striae do not change orientation at the 

apex (Plate 4.1.24 Fig. d). 

Pleurosigmafinmarchicum (Plate 4.1.25) 

Pleurosig7nafinmarchicum Cleve in Cleve and Mbller 1879 no 312 - 313 

Synonym: Pleurosigma angulatum v. finmarchicum (Cleve) H. Peragallo 189 1, pl. 5 fig. 9 

Type locality: Finland 

Type slide (isotype): Cleve and Mbller no 312 - 313 

Description: 

Valves lanceolate, tapering to slightly sigmoid obtuse apices (Plate 4.1.25 Fig. a- b). 

Raphe sigmoid, central, becoming eccentric towards the apices. Length 170 - 200 ptm, 

breadth 20 - 35 ýtm. Transverse striae 15 - 18 per 10 ýtrn, oblique striae 14 - 17 per 10 ýtm, 

intersecting at an angle of 65 - 750. Striae do not change orientation at the apex (Plate 

4.1.25 Fig. e). 

Pleurosigma nubecula (Plate 4.1.26) 

Pleurosig7na nubecula Wm. Smith 18 5 3, p. 64 pl. 21 fig. 201 

Type locality: Seaford, Sussex, marine England 

Type slide (isotype): BM 23656 

Description: 

Valves linear-lanceolate, slightly sigmoid tapering to obtuse apices (Plate 4.1.26 Fig. a- b). 

Raphe central nearly straight, only slightly sigmoid at the apices. Pores with bar across 

them. Central bars smooth equal, external central raphe fissures curved in the same 

direction. Length 95 - 160 ýtm, breadth 16 - 20 ýtm. Transverse and oblique striae 20 - 24 

per 10 ýtm, intersecting at an angle of 60 - 640. Striae do not change orientation at the 

apices (Plate 4.1.26 Fig. d). 
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Pleurosigma mamoranqi (Plate 4.1.27) 

Pleurosigma mamoranqi spec. nov. 

Type locality: Mamoranqi Bay, New Zealand 

Type slide: BM Stidolph Collection 155 

Description: 

Valves rhomboidal, sigmoid, length 100 - 120 ýtm, breadth 15 - 19 ýIm. Raphe strongly 

sigmoid. Pores with a bar across them (Plate 4.1.27 Fig. b), transverse striae 26 per 10 ýLm, 

oblique striae 16 per 10 ýtm, intersecting at an angle of 560, striae do not change 

orientation at the apex. Pores at the apex modified to small flower patterns (Plate 4.1.27 

Fig. e). External central raphe fissures overlapping (Plate 4.1.27 Fig. d). Internal central 
bars smooth, approximately equal length (Plate 4.1.27 Fig. c). Hyaline area oval (Plate 

4.1.27 Fig. c). 

Differs from P. angulatum in having pores which have a bar across and striae do not 

change orientation at the apex. 

Pleurosigma chilensis (Plate 4.1.28) 

Pleurosigma chilensis Hustedt & Krasske, 194 1, p. 274, pl. 5 fig 7a -b 

Type locality: Calbuco, planktonic 

Type slide (holotype): BRM 297/56 

Description-. 

Valve lanceolate, only deflecting slightly at the acute apices to make it sigmoid. Raphe 

straight, central only deviating slightly in opposite directions at the apices. Length I 10 - 

140 ýtm, breadth 15 - 19 [tm. Striae 28 per 10 ýtm intersecting at an angle of 60 
. 
Pores 

with bars across them (Plate 4.1.28 Fig. d). External central fissures deflected in the same 

direction (Plate 4.1.28 Fig. e). Central area small, no hyaline area (Plate 4.1.28 Fig. d). 

Central bars smooth and of approximately equal length. 

Pleurosigma vairaense (Plate 4.1.29) 

Pleurosigma vairaense Ricard 1975,201 - 229 
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Type locality: Thaiti 

Type slide: Ricard 212 

Description: 

Valves lanceolate, sigmoid, tapering to obtuse apices. Length 150 ýtrn, breadth 21 ýtrn. 

Raphe sigmoid, becon-ýing eccentric towards the apices. Oblique and transverse striae 18 - 
20 per 10 ýtm, crossing at an angle of 600. Pores have a bar across them. Central bars 

smooth and approximately equal length. Hyaline area oval. External central raphe fissures 

overlapping. Valve vaulted. Striae do not change orientation at the apex. 

Pleurosigma williamsii sp. nov. (Plate 4.1.30) 

Type locality: Ramleh, Egypt, marine 

Type slide: BM 77560 

Description: 

Valves lanceolate, sigmoid, gently curving to obtusely rounded ends. Raphe central 

sigmoid becoming eccentric towards the apices (Plate 4.1.30 Fig. a). Length 140 - 180 ýtm, 

breadth 20 - 25 ýtrn. Transverse striae 19 - 25 per 10 ýtrn, oblique striae 20 - 25 per 10 ýtm. 

intersecting at an angle of 50 0. Pores divided by a silica bar. Central fissures curved in the 

same direction. Central bars smooth of approximately equal length, central area 

transversely expanded. Extra siliceous thickening at the apices. 

This taxon differs from P. rigidum as the central area is not saddled and the pores are 

divided by a silica bar. 

Pleurosigma angulatum (Plate 4.1.31) 

Pleurosig7na angulatum (Quekett) Wm. Smith 1852, p. 7 pl. I fig. 8 

Synonym: Navicula angulata Quekett 1848 p. 438, pl. 8 fig. 4-7 

Pleurosigma angulatum f minor Rabenhorst 1864, p. 234 

Type locality: Humber Estuary, Hull 

Type slide (lectotype): BM 23361 (lectotype locality. Belfast) 
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The history of P. angulatum has been of a varied treatment, with the name encompassing a 
large number of varietal forms. The epitaph angulatum is conserved as the type of the 

genus by Ross. However, recent work by Sterrenburg (1991) and Ross and Sterrenburg 

(1996) has suggested that the epitaph angulatum be extended to encompass angulatum, 

quadratum and aestuarii, on the assumption they are all the same species just exhibitions 

of different stages in the 'vegetative cycle of a single organism; quadratum as early stage, 

angulatum representing mid-range and aestuarii as late stage' Sterrenburg (1991: 564). 

My own observations lead me to disagree with this assumption as the results of my 

systematic analysis show these taxa to be separate species. P. angulatum and P. 

quadratum are very closely related as sister species only separated by the differences in 

their hyaline area. P. aestuarii is more distantly related to these two taxa being placed in a 
different section of the cladogram (see Chapter 3 Figs 3.2 - 3.3,3.5 - 3.8), due to its 

double pore type and because its striae maintain the same orientation at the apex. 

Description: 

Searches for Quekett's original material have failed to locate any specimens which has 

resulted in the proposal to conserve the name P. angulatum (Quekett) Sn-fith with a 

conserved type slide from the Wm. Smith collection (BM 23671 locality, Belfast) (Ross & 

Sterrenburg, 1996). 

Valve rhomboidal sigmoid, length 120 - 170 ýtm, breadth 30 - 35 ýtm. Raphe sigmoid, 

central. External central raphe fissures with one centred and the other deviating to one side 

(Plate 4.1.31 Fig. c). Hyaline area absent (Plate 4.1.31 Fig. b). Striae 20 per 10 ýtm, 

crossing at an angle of 54 - 60'. Striae change orientation at the apex (Plate 4.1.31 Fig. d- 

e). 

Pleurosigma quadratum (Plate 4.1.32 & 4.1.33) 

Pleurosigma quadratum Wm. Smith 1853, p. 65 pl. 20 fig. 204 

Synonym: Pleurosigma angulatum var. quadralum (Wm. Smith 1853) Van Heurck 1885, 

p. 115, 

Type locality: Poole Bay; Coast of Sussex; Devonshire; Menai Straits; Folkestone 
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Type slide (isotype): BM 23669 

Description: 

Valves very rhombic, sigmoid, length 130 - 190 ptm, breadth 40 - 48 ýtm. Raphe sigmoid 

eccentric towards the apices. Pores single type (Plate 4.1.33 Fig. d& f), transverse striae 

19 per 10 [tm, oblique striae 18 per 10 ýim, intersecting at an angle of 50 - 600, changing 

orientation at the apex (Plate 4.1.33 Fig. f&g; Plate 4.1.32 Fig. d). External central raphe 

fissures one deviating to one side the other centred (Plate 4.1.33 Fig. e). Hyaline area 

follows central bars (see Plate 4.1.33 Fig. d) in contrast to P. angulatum. 

Pleurosigma latum (Plate 4.1.34) 

Pleurosigma latum Cleve in Cleve and Grunow 1880, p. 14,5 1. Pl. 3 fig. 68 

Synonym: Scalprum latum (Cleve) Kuntze 1891, p. 919 

Type locality: Finland 

Description: 

Valves rhomboidal-lanceolate, sigmoid, tapering to obtuse apices (Plate 4.1.34 Fig. a- c). 

Raphe sigmoid, eccentric towards the apices. Length 74 - 85 ýtm, breadth 20 [tm. 

Transverse striae 24 per 10 [tm, oblique 22 per 10 ýtm, intersecting at 550; striae change 

orientation at the apex (Plate 4.1.34 Fig. c). 

Pleurosigma quebecensis 

Pleurosigma quebecensis (Cardinal et aL)Reid comb. nov. 

Pleurosigma decorum var. quebecensis Cardinal et aL 1986 p. 182 

Type locality: Chaleurs, Quebec 

Type slide (isotype): CANA 22081 

Description- 

The material of this species has still not been received on loan for examination so my 

observations are from the published photomicrographs. 

Valves lanceolate, sigmoid, tapering to acute apices. Raphe sigmoid, eccentric. Length 202 

4m, breadth 18 ýtm. Transverse striae 19 per 10 4m, oblique striae 16 per 10 ýtm 
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intersecting at an angle of 90'. Striae at the apex change orientation, in contrast to the type 

species P. decorum var. decorum. Due to the change in orientation at the apex this is not a 

varity of P. decorum as the analysis has shown, that this is a character that defines a group. 

Pleurosigma manitounukensis 

Pleurosigma manitounukensis (Poulin & Cardinal) Reid comb. nov. 

Basionym: Pleurosigma clevei var. manitounukensis Poulin and Cardinal 1982, p. 1266 

Synonym: Pleurosigma siberica var. manitounukensis (Poulin & Cardinal) Poulin and 

Cardinal 1986. 

Type locality: Ice of Manitounuk Sound, South-eastern Hudson bay 

Type slide: Collection Poulin slide 195.3 

Description: 

Valves sigmold, linear-lanceolate, tapering to acute apices. Raphe sigmoid, central 

becoming eccentric at the apices. Striae change orientation at the apices. Length 142 - 159 

[tm, breadth 12 - 13 [tm. Transverse striae 25 - 26 per 10 ýtrn, oblique striae 27 - 28 per 10 

ýtm. 

The results indicate that P. siberica var. manitounukensis is not a variety of P. siberica. 

The systematic analysis pulls species with the synapomorphy; striae change orientation at 

the apex, into a separate clade ( see Chapter 3), as such this taxa is separated from P. 

siberica and P. clevei, therefore it is not a variety of either. 

Request for type material remains unanswered. 

Pleurosigma rostratum (Plate 4.1.35) 

Pleurosigma rostratum Hustedt 1955, p. 35 

Type locality: Beaufort USA 

Type slide (holotype): BRM Am 791 

Description: 

It appears on examination of the type material that Hustedt made a typing error in his 

description and discussion of P. rostratum and P. lanceolatum. At first he identified the 
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specimen he had as P. lanceolatum but, on examination of Donkin's material he realised it 

was not, as his specimen was more rostrate at the apices and that the striae in the rostrate 

portion of P. lanceolatum changed orientation whereas in his specimen they do not. On 

examination of both sets of type material (Hustedts specimen is actually ringed) this is not 

the case. The first part of the assumption is correct with P. rostratum having more rostrate 

apices, but the striae in P. rostratum change orientation at the apex whereas the striae in P. 

lanceolatum do not. 

Therefore the amended description is; Valves linear-lanceolate with rostrate apices, length 

90 ýtm, breadth 20 ýtm. Striae 24 per 10 ýtm crossing at an angle of 600. Striae change 

orientation at the apex. 

Pleurosigma speciosum 

Pleurosigma speciosum Wm. Smith 1852, p. 6, pl. I fig. 3 

Synonyms: 

Gyrosigmaspeciosum (Wm. Sn-ýith) Griffith etHenfrey 1856, p. 302 pl. 11fig. 28 

Scalprum speciosum (Wm. S mith) Kuntze 18 91 p. 919 

Type location: Unknown Lectotype location Walton, Essex - England, (Smith 1853) 

Type slide: Messrs Smith & Beck 

Description: 

Valves linear, slightly attenuated at the apices which are obtuse. Raphe eccentric, strongly 

eccentric towards the apices. Length 180 - 270 ýtm, breadth 23 - 25 [tm. Transverse striae 

18 - 20 per 10 ýtm, oblique striae 16 - 19 per 10 [tm intersecting at an angle of 60'. Central 

fissures both curved in the same direction. 

Pleurosigma lysekilii nOM nov. (Plate 4.1.36) 

Pleurosigma lysekilii (Cleve)Reid nom. nov. 

Basionym: Pleurosigma angulatum f minor Cleve in Cleve and MbIler 1882, no. 142 

Type locality: Lysekil, Sweden 

Type slide (isotype): BM Cleve & M61ler no. 142 
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Description: 

Valves lanceolate only slightly sigmoid at the apices, subacute. Raphe central sigmoid at 
the apices. Length 110 - 140 ýtm, breadth 16 - 18 ýtm. Transverse striae 20 per 10 4m, 

oblique striae 18 per 10 4m, crossing at 600. Striae same orientation at the apex (Plate 

4.1.36 Fig. d) in contrast to P. angulatum. 

The name Pleurosigma angulatum f minor Cleve and M61ler cannot be applied to this 

taxa as it has prior use, Pleurosigma angulalum f minor Rabenhorst 1864. The taxa is not 

a form of angulatum in that it does not possess striae that change orientation at the apex. 

Pleurosigma angulatum var. minutum (Plate 4.1.37) 

Pleurosigma angulatum var. minutum Grunow in Cleve and M61ler 1882, no 136 

Type locality: MaIm6, Sweden 

Type slide (isotype): BM Cleve & M61ler no. 136 

Description: 

Valves sigmoid, lanceolate, length 50 - 75 ýtrn, breadth 12 - 15 ptm. Raphe central, 

sigmoid. Transverse striae 26 - 27 per 10 ptm, oblique striae 28 - 29 per 10 ptm, crossing at 

an angle of 60 
. 

0 

Pleurosigma elegantissimum (Plate 4.1.38) 

Pleurosigma elegantissimum Castracane 1886, p. 37,28/1 

Type locality: Yedo, Sea of Japan 

Description: 

Valves lanceolate, sigmoid, tapering to acute apices. Length 120 ýtm, breadth 15 ýtm. The 

raphe is sigmoid but it is not central and divides the valve apically into two uneven 

portions (Plate 4.1.3 8 Fig. a). Central raphe fissures both deflected in the same direction 

(Plate 4.1.38 Fig. b). Striae do not change orientation at the apex, striae 26 per 10 ýtrn, 
0 crossing at an angle of 55 - 60 

Pleurosigma simonsenii (Plate 4.1.39) 
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Pleurosigma simonsenii (Simonsen) Hasle 1996, p. 282,339 

Basionym: Pleurosig7naplanktonicum Simonsen 1974, p. 46 

Type locality: Indian ocean, African coast, Persian Gulf, planktonic 

Type slide (holotype): BRM SM 870 

Description: 

Valve lanceolate only deflecting slightly near the apices which are acute. Raphe central 

straight becoming sigmoid towards the ends were it becomes eccentric. Central area 

absent. Length 300 - 600 [tm, breadth 40 - 75 ýtm- Oblique striae 30 per 10 ýtm, transverse 

striae 27 - 30 per 10 [tm intersecting at 60 0. Very delicate valve structure, lightly silicified, 

you need interference contrast to see the valves. 

To differentiate between P. simonsenii and P. chilense; P. simonsenii is much larger, the 

raphe more eccentric and has more acute apices. P. simonsenii has single pores whilst P. 

chilense has bar across pores. 

Pleurosigma clevei 

Pleurosigma clevei Grunow in Cleve and Grunow 1880, p. 52 pl. 3 fig. 70 

Synonym: Pleurosigma delacutulum var. clevei (Grunow) Peragallo 1891, p. 13 pl. 5 fig. 

17- 18 

Type locality: Sea of Kara 

Description: 

Valves sigmoid, lanceolate with apices attenuated, acute. Raphe central, sigmoid. Length 

140 -2 10 ýtrn, breadth 9.5 - 10 ýtrn. Transverse striae 24 per 10 ýtrn, oblique striae 23 per 

0 10 ýtrn, intersecting at 63 
. 

Pleurosigma clevei var. siberica (Plate 4.1.40) 

Pleurosigma siberica (Grunow) Poulin & Cardinal 1986 

Pleurosigma clevei var. siberica Grunow in Cleve and Moller 1882 no. 315 - 318 

Type locality: Cape Wankarema, marine 

Type slides (isotype): Cleve and Moller no. 315 - 318 
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Description - 

Valves sigmoid tapering to acute apices. Raphe central, sigmoid becoming eccentric at the 

apices. Length 150 - 200 ýtrn, breadth 11 - 15 4m. Transverse and oblique striae 28 per 10 

ýtm, intersecting at 650. 

Pleurosigma lanceolatum (Plate 4.1.41) 

Pleurosig7na lanceolatum Donkin 1858, p. 22 pl. 3 fig. 4 

Type locality: Newbiggin Sands, England 

Type slide (isotype): BM 396 

Description: 

Valves linear-lanceolate, sigmoid, with very rostrate, acute apices (Plate 4.1.41 Figs a- b). 

Length 60 - 80 ptm, breadth 14 - 20 ýtrn. Raphe central, strongly sigmoid. Striae 24 per 10 

ýtrn, crossing at an angle of 600. 

Pleurosigma distinguendum (Plate 4.1.42) 

Type locality: Beaufort 

Type slide (holotype): BRM ZTI/93 

Description: 

Valves lanceolate, tapering to obtuse apices. Valves slightly sigmoid. Length 50 - 90 ýtm, 

breadth II- 14 ýtm. Raphe slightly sigmoid with double curvature, becorning eccentric 

towards the apices (Plate 4.1.42 Fig. a -b). Central bars smooth of approximately equal 

length, hyaline area absent. External central fissures straight. Transverse and oblique striae 

24 per 10 ýtrn, crossing at an angle of 600. Striae do not change orientation at the apex. 

Pleurosigma validum (Plate 4.1.43 & Appendix Plate 4.5.1 Fig. 5) 

Pleurosigma validum Shadbolt 1854, p. 16, pl. I fig. 8 

Type locality: Port Natal, S. Africa 

Type slide (isotype): BM 22084 

Description: 
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Valves linear-lanceolate, barley sigmoid, margins curving gently to obtuse ends. Raphe 

central undulating slightly towards the apices (Plate 4.1.43 Fig. a- c). Length 110 - 13 0 

ýtm, breadth 20 - 25 ýtm. Transverse striae 18 - 19 per 10 ýtm, oblique striae 18 - 20 per 10 

ýtm coming together at an angle of 550. Differs from P. rigidum in being a much smaller 

and chubbier form with coarser striae and not having a saddled central area. 

Pleurosigma indicum (Plate 4.1.44) 

Pleurosigma indicum Simonsen 1974, p. 46, pl. 29 fig. 3a 

Type locality: Indian Ocean, planktonic 

Type slide. BRM SM 870 

Description: 

Valves lanceolate with sub-acute apices which are slightly deflected in opposite directions. 

deflected. Length 70 - 90 ýtm, breadth 8- 10 ýtm. Raphe straight, central for about two 

thirds of the valve becoming slightly eccentric at the apices. Oblique striae 24 per 10 ýtm, 

transverse 26 - 28 per 10 ýtm intersecting at 450. This species has a very lightly silicified 

delicate structure and it is difficult to see under bright field, interference contrast needs to 

be used. 

This species does not fit into any of Peragallo's groups, the closest would be group 5, but 

for this it should have its striae densities the opposite way round i. e. oblique > transverse. 
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Plate 4.1.1- Pleurosigma 

Figure a- showin chloroplast structure; Figure b- external central raphe fissures; 9 11 
Figure c- internal central area; Figure d- internal saddled central area; Figure e- internal 

apex; Figure f- external apex. 
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Plate 4.1.2 Pleurosigmaformosum 

Figures a-c; light micrographs of Rformosum slide BM 23640. Figure a- Valve view of 

P., formosum; Figure b- internal central area; Figure e- internal apex. 

Scale bars: Figures a, b&c= 20 ýtrn. 
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Plate 4.1.3 Pleurosigma arafurense 

Figure a-d SEM's of P. arafurense material Castracane Challenger material. Figure a- 

internal view of P. arafurense; Figure b- internal view of P. arafurense; Figure c- 

internal central area; Figure d- internal apex. 

Scale bars: Figs a&b =I 0 ýtm, Fig. c=5 ýtm, Fig. d=2 Vtm. 
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Plate 4.1.4 Pleurosigmajaponicum 

Figure a, c-d SEM of P. japonicum. Figure b light micrograph of P. japonicum slide 

Cleve & M61ler 146; Figure a- internal view of P. japonicum; Figure c- internal central 

area; Figure d- internal end. 

Scale bars: Figure a =I 0 ýtrn, Figure b= 20 ýLrn, Figures c&d=I ýtm. 
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Plate 4.1.5 Pleurosigma naviculaceum 

Figures a-c SEM's of P. naviculaceum. Figure a- internal view; Figure b- internal 

central area; Figure c- internal end. 

Scale bars: Figure a= 60 ýtrn, Figure b=6 ýtrn, Figure c=1.5 ýtrn. 
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Plate 4.1.6 Pleurosigma rigidum 

Figure a-c -light micrographs of Pleurosigma rigiduni 
Scale bars: Figures a-c= 20 ýtm 
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Plate 4.1.7 Pleurosigma thaitiense 

Figures a-d, f- SEW s of P. thailiense Castracane 'Challenger' material. Figure a- 

internal view; Figure b- external view; Figure c- internal central area; Figure d- 

external central area; Figure e- light micrograph of P. thaitiense slide Cleve & Mbller 

146; Figure f- internal end. 

Scale bars: Figs a&b= 10 [tm, Figs c&d=5 ýtm, Fig. e= 20 ýtm, Fig. f=2 ýtm. 

186 



A 

- 

e __________ 



S 
I 

* 

4. b 

r 

0 

Ntý 

-d 

. 
"k 4 

mma 

Plate 4.1.8 - Pleurosigma hamuliferum 

Figures a-d light micrographs of P. hamuliferum slide BM Adams collection TS 260 

Brun 10 13, Moron. 

Scale bars: Figure a-d= 20 ýtm. 
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Plate 4.1.9 Pleurosigma subrigidum 

Figure a-b light n-krographs of P. subrigidum slide Cleve & M61ler 154. Figure a- valve 

view; Figure b- valve view. 

Scale bars: Figures a&b= 20 ýt 

189 





........... 

. .......... 

IX 

Plate 4.1.10 Pleurosigma decorum 

Figure a- c- light micrographs of P. decorum slide BM 58743; Figure a- valve view; 

Figure b- central area; Figure c- end of valve. 

Scale bars: Figures a-c= 20 4m. 
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Plate 4.1.1 Li Pleurosigmaformosum var. dalmaticum 

Figures a -b, light micrographs of P. formosum var. dalmaticum slide Cleve & M61ler 

154. Figure a- valve view; Figure b- valve view. 

Scale bars. - Figures a&b= 20 4m. 
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Plate 4.1.11. ii Pleurosigma decorum var. dalmaticum 

Figures a-d- light micrographs of P. decorum var. dalmaticum slide Cleve & M61ler 153. 

Figures a&c- valve views; Figure b- end of valve; Figure d- central area. 

Scale bars: Figures a-d= 20 ýtm. 
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Plate 4.1.12 Pleurosigmaperagallii 

Figure a, c, e, light micrographs of P. peragallii slide TS 260 Moron, collector Brun. 

Figure b, d, light micrographs of P. peragallii slide TS 288 Sendai, collector Brun. 

Figures a&b valve view; Figures c&b- central areas; Figure e- end of valve. 

Scale bars: Figures a&b= 50 ýtm, Figures c-e= 20 ýtm. 
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Plate 4.1.13 Pleurosigma acutum var. australicum 

Figure a-d- light micrographs of P. acutum var. australicum 

Scale bars: Figures a-d= 20 ýtm. 
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Plate 4.1.14 Pleurosigma marinum 

Figure a- light micrograph of P. marinum slide BM Adams collection TS 4. Figures b-d 

- SEM's of P. marinum material G. Reid collection; Figure b- internal view; Figure c- 

internal central area; Figure d- internal end. 

Scale bars: Figures a&b= 20 ýtrn, Figures c&d=2 ýLm. 
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Plate 4.1.15 Pleurosigma rhombeum 

Figures a-b- light micrographs of P. rhombeum BM 35870. 

Scale bars: Figures a&b= 20 ýtrn. 
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Plate 4.1.16 Pleurosigma affine 

Figures a-d- light n&rographs of P. affine slide BM Cleve & Moller 172 

- Figures a-d= 20 ýtrn. Scale bars, 
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Plate 4.1.17 Pleurosigma affine var. moronensis 

Figures a-c- light micrographs of Pleurosigma affine var. moronensis 
Scale bars: Figure a= 50 ýtm, Figure b-c= 20 ýtm. 
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Plate 4.1.18 Pleurosigma sagatti 

Figures a-c- light micrographs of P. sagatti slide BM Adams collection TS 260 - Brun 

10 13, Moron. 

Scale bars: Figures a-c= 20 ýtrn. 
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Plate 4.1.19 Pleurosigma elongatum 

Figures a&c- SEM's of P. elongatum. Figures b, d-e- light micrographs of BM2365 1. 

Figure a- internal valve view; Figure b- valve apice; Figure c- Internal valve apice; 

Figure d- central area; Figure e- valve view. 

Scale bars: Figure a= 100 [tm, Figure b, d, e= 20 ýtrn, Figure c=2 ýtrn. 

205 





Plate 4.1.20 Pleurosigma amara 

Figures a-f- SEM's of P. amara material from Stidolph collection. Figure a- Valve 

views; Figure b- internal central area; Figure c- external central area; Figure d- internal 

end; Figure e- external central area. 

Scale bars: Figure a= 10 ýtrn, Figures b&c=5 ýtrn, Figures d&e=3 ýtrn 
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Plate 4.1.21 - Pleurosigma aestuarii 

Figure a&b- SEM of internal valve; Figure c- internal central area; Figure d- internal 

apice. 

Scale bars: Figures a-b= 25 ýtm, Figures c-d=2 ýtrn. 
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Plate 4.1.22 - Pleurosigma strigosum 

Figure a -d - SEM of P. strigosum. Figure a- internal view; Figure b- internal central 

area; Figure c- internal view; Figure d- internal end. 

Scale bars: Figure a= 75 ýtm, Figure b=2 ýtm, Figure c= 100 ýtm, Figure d=3 ýLm- 
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Plate 4.1.23 - Plettrosigma delicatulum 

Figure a-e; SEM's of Pleurosignia delicatulum. Figure a- internal view; Figure b- 

internal view; Figure c- internal central area; Figure d- internal end; Figure e- pore 

structure. 

Scale bars: Figure a&b= 60 ýt, Figure c=2 ýL, Figure d&e=1.5 ýL. 
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Plate 4.1.24 - Pleurosigma delicatulum var. africanum 

Figures a-d- Light micrographs of P. delicatuluni var. africanum from Cleve & M61le, 

197 Baakens River, Port Elizabeth, South Africa. 

Scale bars: Figure a-c= 20 ýLrn. 
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Plate 4.1.25 - Pleurosigmafinmarchicum 

Figures a-e- light micrographs of P. finmarchicum from Cleve & M61ler 312 

Scale bars: Figure a-e= 20 ýtrn 
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Plate 4.1.26 - Pleurosigma nubecula 

Figures a-d- light micrographs of P. nubecula BM 23656 

Scale bars: Figure a-d= 20 ýtm. 
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Plate 4.1.27 - Pleurosigma mamoranqi sp. nov. 

Figures a- f-, SEM's of Pleurosigma mamoranqi. Figure a- internal view; Figure b- 

external central area-5 Figure e- external view- Figure c- internal central area- Figure d 

internal end; Figure f- external end. 

Scale bars: Figure a&b= 20 ýtm, Figure c-f=2 ýtm. 
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Plate 4.1.28 - Pleurosigma chilensis 

Figure a- SEM showing whole valve; Figure b- light micrograph of whole valve)- Figure 

c- light micrograph of central area; Figure d- SEM of internal central area; Figure e- 

SEM of external central area. Figure f. SEM showing internal and external view of apex, 

Figure g- light micrograph of apex. 

Scale bars: Figure a -c, g= 20 ýtrn, Figure d-f=2 ýtrn- 
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Plate 4.1.29 - Pleitrosigma vairaense 

Figure a- internal view; Figure b- internal central area; Figure c- internal apex; Figure 

external central area. 

Scale bars: Figure a= 20 ýtm, Figure b-d=2 ýtm. 
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Plate 4.1.30 Pleurosigma williamsii spec. nov. 

Figure a-d SEM's of P. williamsii. Figure a- internal view; Figure b- internal apex; 

Figure c- external central area; Figure d- internal central area. 

Scale bars: Figure a= 20 ýtm, Figure b-d=2 ýtm- 
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Plate 4.1.31 - Pleurosigma angulatum 

Figures a-e SEM's of Pleurosigma angulatum. Figure a- internal valve,, Figure b- 

internal central area; Figure b- external central area; Figure d- external apex; Figure e- 

internal apex. 

Scale bars: Figure a= 20 ýtrn, Figure b-e=2 ptm. 
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Plate 4.1.32 - Pleurosigma quadratum 

Figures a-d- Light micrographs of - P. quadratuni from BM 23669 

Scale bars: Figure a-d= 20 ýtm. 
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Plate 4.1.33 - Pleurosigma quadratum 

Figures a-g; SEM's of P. quadratum. Figure a- internal view; Figure b- internal view, 

Figure c- external view; Figure d- internal central area; Figure e- external central area, 

Figure f- internal central area; Figure g- external central area. 

Scale bars: Figure a-c= 10 ýtm, Figure d-g=2 ýtm. 
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Plate 4.1.34 Pleurosigma latum 

Figures a-e- light micrographs of P. latum slide BM Adams collection 378 C 

Scale bars: Figures a-e= 20 ýtm. 
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Plate 4.1.35 - Pleurosigma rostratum 

Figure a- SEM of internal valve; Figure b, c&d- light micrograph; Figure d SEM 

internal apex 

Scale bars: Figure a-c, d= 20 ýtrn, Figure d=2 ýtrn. 
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Plate 4.1.36 - Pleurosigma lysekilii nom. nov. 

Figures a-d- light micrographs of P. lysekilii from Cleve & M61ler 142 

Scale bars: Figure a-d= 20 4m. 
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Plate 4.1.37 - Plettrosigma angulatum var. minutum 

Figures a-d- light micrographs of P. angulatum var. minutum 

Scale bars: Figure a-d= 20 4m. 
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Plate 4.1.38 - Pleurosigma elegantissimum 

Figures a-b; SEM's of P. elegantissimum. Figure a- external view; Figure b- external 

central area. 

Scale bars: Figure a: = 43 VLm, Figure b=3 ýLm. 
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Plate 4.1.39 - Pleurosigma simonsenii 

Figure a- light nlicroscope of P. simonsenii. Figure b- SEM of P. simonsenii; Figure c 

- internal apex of P. simonsenii; Figure d- Light micrograph of apex of P. simonsenli. 

Figure e- Light micrograph of central area; Figure f- external apex. 

Scale bars: Figure a, b, d, e= 20 ýtm, Figure b, c, f=2 ýtm. 
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Plate 4.1.40 - Pleurosigma devei var. siberica 

Figure a-c -light micrographs of P. clevei var. siberica from Cleve & M61ter 315 

Scale bars: a-c= 20 ýtm. 
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Plate 4.1.41 - Pleurosigma lanceolatuni 

Figures a-c -light micrographs of Pleurosigma lanceolatum 

Scale bars: Figure a-b == 20 ýtrn. 

237 



Plate 4.1.42 - Pleurosigma distinguendum 

Figures a- light micrograph of P. distinguenduni; Figure b- SEM external vIew, Figure 

e- external central area; Figure d- external apex. 

Scale bars: Figure a-b= 20 ýLm, Figures c-d=2 ýLrn- 
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Plate 4.1-43 Pleurosigma validium 
Figure a-c -light micrographs of Pleurosigma validium 
Scale bars: Figures a-c- 20 ktm. 
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Plate 4.1.44 Pleurosigma indicum 

Figure a-c -SEM's of Pleurosigma indicum. Figure a- external view; Figure b- 

external central area; Figure c- external apex; Figure d-e- light micrographs of 

Pleurosigma indicum. 

Scale bars: Figures a, d, e= 20 [tm, Figure b, c=2 ýtm. 

240 



4.2 Toxonidea Donkin 

Toxonidea 

Toxonidea Donkin 18 5 8, p. 19 

Type: Toxonidea gregoriana Donkin 1858, p. 19, pl. 3 fig. I 

Description: 

Cells solitary, lanceolate arcuate in valve view, with arcuate raphe lying near to the dorsal 

margin of the valve. Two or four ribbon like undulating chloroplasts. Areolae loculate 

arranged in decussate rows as in Pleurosigma. Areolae open to the outside via an apically 

elongate slit and to the inside by a rimmed poroid occluded by a hymene. The areolae form 

a lattice communicating with each other laterally by pores, which, as a consequence, form 

a continous space in the valve matrix. 
Raphe arcuate. Terminal raphe fissures deflected in the same direction towards the ventral 

margin of the valve. Central internal raphe endings straight terminating on a raised central 

nodule which is flanked either side by central bars. External central raphe fissures both 

deflected in the same direction towards the ventral margin of the valve. 

Toxonidea gregoriana (Plate 4.2.1) 

Toxonidea gregoriana Donkin 18 5 8, p. 19, pl. 3 fig. I 

Type locality: Creswell; Linemouth, England 

Type slide (isotype): BM 12071 

Description 

Valves sen-ii-lanceolate with rostrate apices curved in the same direction, dorsal margin 

almost straight, ventral margin slightly convex (Plate 4.2.1 Fig. a- f). Raphe arcuate 

coinciding with margin for about one tenth of the valve length at the apices. Length 130 - 

260 ýtm, breadth 22 -30 [tm. Transverse striae 20 - 21 per 10 ýtm, oblique striae 19 - 21 

per 10 ýtrn. 

Toxonidea insignis (Plate 4.2.2) 

Toxonidea insignis Donkin 1858, p. 19, pl. 3 fig. 2 

Type locality: Creswell; Newbiggin, England 

Type slide (isotype): BM 12222 

Description: 
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Valves asymmetrical arcuate, raphe arcuate (Plate 4.2.2 Fig. a- b). Dorsal margin of valve 

nearly straight, ventral margin very convex, drawn out at the ends to form sub-rostrate 

apices. Central area with smooth slender central bars, with a raised centre on the central 

nodule (Plate 4.2.3 Fig. c). Raphe lying alongside ventral margin, for approximately one 

quarter length at each pole, then curving inwards so that the central raphe endings lie 

approximately one quarter of valve width (Plate 4.2.2 Fig. a- b). Length 120 - 130 pm, 
breadth 25 - 30 ýtm. Pores rimmed (Plate 4.2.2 Fig. c). Transverse striae 23 - 24 per 10 

ýtm, oblique striae 21 - 23 per 10 ýtm. 

Differs from T gregoriania with its very convex ventral valve margin and path of raphe 
(see Plate 4.2.2 & 4.2.3). 

Toxonidea madagascarensis (Plate 4.2.3) 

Toxonidea madagascarensis Grunow 1891 

Synonym: Toxonidea insignis var. madagascarensis (Grun) Cleve 1894 

Type locality: Madagascar 

Description: 

Valves arcuate, dorsal margin concave, ventral margin convex (Plate 4.2.3). Raphe arcuate 

runs close to the dorsal edge of the valve for approximately one eighth of the length at 

each apical end. Length 170 ýtm, breadth 19 - 30 ýtm. Oblique striae 19 per 10 ýtm, 

transverse striae 20 per 10 ýtm. 

Differs from T insignis in having a concave dorsal margin. 

Toxonidea balearica (Plate 4.2.4) 

Toxonidea balearica Cleve in Cleve et M61ler 1878, no. 154 

Synonym: Toxonidea gregoriana var. balearica (Cleve) Cleve 1894, p 46 

Type locality: Naples, Baleares 

Type slide (isotype): Cleve et M61ler 154 

Description: 

Valves arcuate, dorsal margin slightly concave, ventral margin convex. Raphe arcuate. 

Length 170 - 230 ýt, breadth 20 -26 ýtrn. Transverse striae 20 - 21 per 10 ýtm, oblique 

striae 19 - 21 per 10 ýtrn- 

Differs from T gregoriana in having a concave dorsal margin. 
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Toxonidea undulata (Appendix 4 Plate 9 Fig. 12) 

Toxonidea undulata Norman in Pritchard 186 1, p. 120, pl. 8 fig. 46 

Synonym: Toxonidea insignis var. undulata (Norman) Cleve 1894, p. 46 

Description: 

Valves arcuate, dorsal margin gibbous, ventral triundulate. Raphe arcuate runs parallel 

with the dorsal margin. Length 150 [tm, breadth 32 ýtm. Transverse striae 20 per 10 [tm, 

oblique striae 19 per 10 ýtm. 

Differs from other species of Toxonidea in having gibbous concave and convex margins. 
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Plate 4.2.1 - Toxonidea gregoriana 

Figures a-d- light micrographs from BM 64416. Figure e-f- light micrographs from 

BM 22430 Creswell 

Scale bars: Figure a-f= 20 4m. 
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Plate 4.2.2 - Toxonidea insignis 

Figures a, c-d; SEM's of T insignis. Figure b- light micrograph of T insignis. Figure a 

- internal view; Figure b- valve view, Figure c- internal central area; Figure d- internal 

apex. 

Scale bars: Figure a&b= 20 ýtm, Figure c&d=2 ýtm. 
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Plate 4.2.3 - Toxonidea madagascanesis 

Figures a-c- light micrographs of T madagascanesis slide BM 64417. 

Scale bars: Figure a-c= 20 ýtm. 
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Plate 4.2.4 - Toxonidea balearica 

Figures a-b- light micrographs of T balearica 

Scale bars: Figure a-b= 20 ýtrn. 
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4.3 Donkinia 

Donkinia 
Donkinia J. Ralfs in Pritchard 1861, p. 920 

Synonyms: Pleurosigma Wm. Smith 1852 

Type: Donkinia carinata (Donkin) Ralfs 1861, p. 920 pl. 8 fig. 49 

Basionym: Pleurosigma carinata Donkin 1858 p. 23 pl. 3 fig. 5 

Description: 

Cells solitary, linear to linear lanceolate, slightly sigmoid in valve view. Central constriction 
in girdle view, with deep girdle usually at least as deep as valve width. Chloroplasts lobed, 

2 or 4 per valve. Areolae loculate, arranged in decussate rows. Areolae open to the outside 

by an apically elongate slit and to the inside by a poroid, which is closed by a hymene. The 

poroid has a silica bar dividing it. The areolae form a lattice conununicating with each 

other laterally by pores, in the areolae walls thus forming a continuous space in valve 

matrix. 

Raphe strongly sigmoid, running on a keel, coincident with valve margin, entering into the 

valve at the centre were it runs diagonally across the central nodule. Central internal raphe 

endings lying in a central nodule which is flanked either side by central bars. Raphe 

sternum internally thickened, the thickening is equal on either side of the raphe, this 

thickening is not continuous with the central bars. Terminal raphe endings deflected in 

opposite directions. 

Donkinia carinata Plate (4.3.1) 

Donkinia carinata (Donkin) Ralfs in Pritchard 186 1, p. 920 pl. 8 fig. 49 

Basionym: Pleurosigma carinata Donkin 1858 p. 23 pl. 3 fig. 5 

Type locality: Newbiggin, North Sands, England 

Type slide (lectotype; Cox 1983). BM 12222 

Description: 

Valves linear-lanceolate, curving only at the apices, each apical end having one side nearly 

straight and the opposite side strongly curved ends, giving acute ends. Raphe sigmoid, 

running along edge of the valve on a keel except at the centre, where the keel dips and the 

raphe runs diagonally through the central nodule to the opposite valve margin. Valves 

unevenly keeled i. e. one keel 'is more prominent on one side of the central nodule than on 
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the other'. This gives the achnanthoid shape in girdle view (Plate 4.3.1 Fig. c). Length 75 - 
140 ýtm, breadth 11 - 14 ýtm. Transverse and oblique striae 16 - 18 per 10 ýtm. Pores have 

bars across them. Central bars smooth and of equal length. 
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Plate 4.3.1 - Donkinia carinata 

Figures a, b, d- valve view of Donkinia carinata from BM 12222; Figure c- girdle view 

of D. carinala from BM 12222. 

Scale bars: Figures a-d= 20 ýtrn. 
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4.4 Gyrosigma 

Gyrosigma (Plate 4.4.1) 

Gyrosigma Hassall 1845, p. 43 5 

Synonyms: Pleurosigma Wrn. Smith 15 2, p. I (in part) 
Frustulia Agardh 1824, p. 13 

Naviculd Bory 1824, p. 562 

Scalprum Corda 183 5, p. 193 

Type: Gyrosigma hippocampus (Eherenberg) Hassall 1845, p. 435,102/11 

Basionym: Navicula hippocampus Eherenberg 1838, p. 180 

Description: 

Cells solitary, sigmoid in valve view. Valves sometimes contained within mucilage tubes. 2 

or 4 plate like chloroplasts, which lie along the valve margin (Plate 4.2.1 Fig. a). Areolae 

arranged in longitudinal and transverse rows (Plate 4.2.1 Fig. c- f). Areolae open to the 

outside by apically elongate slits (Plate 4.2.1 Fig. e) and to the inside by a poroid which is 

closed by a hymene. Areolae form a lattice communicating with each other laterally by 

pores, which, as a consequence, form a continous space in the valve matrix. 

Raphe sigmoid. Central internal raphe endings lying in a central nodule which is flanked 

either side by central bars (Plate 4.2.1 Fig. d). Raphe sternum internally thickened, the 

thickening is stronger on the primary side of the raphe sternum, where it is continuous with 

the central bar. Terminal raphe endings deflected in opposite directions. 
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Gyrosigma attenuatum (Plate 4.4.2) 

Gyrosigma attenuatum (Mitzing) Cleve 1894, p. 115 

Basionym: Frustulia attenuata Mitzing 1833 p. 555, PI 14, fig 35 

Synonyms: 

Navicula attenuata (Mitzing) KiAzing 1834 p. 102, P1.4 fig. 28 

Pleurosigma attenuata (Kiltzing) Wm. Smith 1852, p. 11, Pl. 2 fig. II 

Type location: Weissenfels 

Type slide (isotype): BM 78495, BM 78496 

Description: 

Valves sigmoid, linear-lanceolate, gradually tapering to obtuse ends. Length 180 - 240 ýtm, 

breadth 25 - 30 ýtm. Raphe central, sigmoid, slight undulation as it enters the central 

nodule (Plate 4.4.2 Fig. d). Raphe sternum internally thickened the thickening is stronger 

on the primary side of the raphe sternum where it is continuous with the central bar. 

Central bars are smooth, flat siliceous thickenings. Hyaline area absent (Plate 4.4.2 Fig. d). 

Pores at apex in a horseshoe above the raphe ending (Plate 4.4.2 Fig. f). Transverse striae 

14 - 16 per 10 ýtm, longitudinal striae 10 - 12 per 10 ýtm. External central fissures 

deflected in opposite directions (Plate 4.4.2 Fig. d) with broad hyaline area. 

Gyrosigma hippocampus (Plate 4.4.2) 

Gyrosigma hippocampus (Ehrenberg) Hassall 1845, p. 435,102/11 

Basionym: Naviculd hippocampus Ehrenberg 183 8, p. 180 

Type locality: Baltic; Arten; Carlsbad. In saltwater. 

In the original description of G. hippocampus, Ehrenberg (183 8) gave Navicula attenuata 

Mitzing (183 3) as a synonym. Sterrenburg (1992) on this basis says that hippocampus is 

C an illegitimate superfluous name that has the same type as Frustulia attenuata. 'I do not 

believe they are the same species, Sterrenburg is correct that it is an 'illegitimate 

superfluous name' it is however a homonym not a synonym. Unfortunately as Ehrenberg's 

collections are not readily accessible and initial searches have failed to locate the type 

material, no true conclusions can, as yet, be drawn. 
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Examination of Ehrenberg's illustrations (183 8) see Plate 4.4.3 Figure a, which in 

accordance with the ICBN constitute the type of the species, they clearly indicate a taxon 

which is not the same as Frustulia attenuata (see Plate 4.4.3 Fig. b). The valves illustrated 

by Mitzing show a very slender linear lanceolate specimen whereas the diagrams of 

Ehrenberg (183 8) show a very sigmoid lanceolate specimen. 

To further provide evidence for his rejection of hippocampus as a species Sterrenburg 

(1992) comments 'The habitats mentioned by Ehrenberg 18 38 differ widely in 

ecology ........ 
They include non-marine locations and because these form the habitats of 

Gyrosigma attenuata this further supports the synonymy. ' This is not so, the Baltic is 

marine and Carlsbad and Arten, although inland are inland saline areas. The other location, 

Mitzing's type locality, Weissenfels, has a question mark beside it implying that Ehrenberg 

did not actually examine any specimens from this material. So again this evidence does not 

make hippocampus an invalid species. Both diagrams indicate cell contents so both authors 

are dealing with recent material as apposed to fossil material. 

When Hassall (1845) erected Gyrosigma as a genus he included in it N. hippocampus 

Ehrenberg, believing it to be synonym with N. attenuata (Ktitzing) Kýitzing, Sterrenburg 

(1992) rejects this as a combination as 'This too is an illegitimate superfluous name with 

the type of Frustulia attenuata Kiltzing as its type' Hassall was infact referring to G. 

attenuata Mitzing, as the locality he refers to is fresh water and the species description is 

that of G. attenuata Mitzing. 

I shall keep G. hippocampus as a valid species believing it to be a separate taxon, using 

Plate 4.4.3 Fig. a as the type, until such time as the Ehrenberg collection becomes readily 

accessible and its specific status can be verified. 

Gyrosigma euhippus (Plate 4.4.4) 

Gyrosigma euhippus Sterrenburg & Ross 1992 

Synonym: Pleurosigma hippocampus Wm. Smith 1852 

Type locality: Lewes 

Type slide (isotype): BM 23713,23715) 23716 
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Description: 

Valves sigmoid, slender, lanceolate with acutely rounded poles. Length 120 - 150 ýtm, 
breadth 22 - 27 [tm. External central fissures deflected in the opposite directions extending 
into the central area (Plate 4.4.4 Fig. e). Central bars with undulating outer edge (Plate 

4.4.4 Fig. c), continuous with primary side of the internal raphe sternum thickening which 
is a broken siliceous thickening, not continuous. Apex has pores which arranged in a 

horseshoe above the raphe ending (Plate 4.4.4 Fig. f). 

Gyrosigma scalprum (Plate 4.4.5) 

Gyrosigma scalprum (Gaillon) Sterrenburg 1992, p. 143, fig. 12 - 15,34 - 37 

Basionym: Navicula scalprum Gaillon in Turpin 1827 

Synonym: Pleurosigma scalprum (Gaillon) Grunow 1880 

Type locality: Shoerharn Harbour 

Type slide (isotype): BM 23699 

Description: 

Valves sigmoid, lanceolate tapering to acute ends. 90 - 150 ýtm long, 18 - 22 ýtm wide. 

Raphe sigmoid, central, single curvature. Raphe fissures only just extending into central 

area, deflected in opposite directions. Longitudinal striae 16 - 18 per 10 ýtm, transverse 

striae 18 - 20 per 10 ýtrn. 

Gyrosigma litorale (Plate 4.4.6) 

Gyrosig7na liforale (Smith) Griffith et Henfrey 1856 p. 303 

Basionym: Pleurosigma litorale Wm. Smith 18 52p. 10 pl. 2 fig. 8 

Type location: Coast of Sussex 

Type slide (lectotype): BM 48478 

Description: 

Valves sigmoid, lanceolate, ends slightly rostrate. Length 110 - 190 [tm, breadth 22 - 45 

ýtm. Longitudinal striae 8- 10 in 10 ýtm, transverse striae 15 - 17 in 10 ýtm. Raphe central, 

sigmoid. Central bars smooth, slender of almost equal length (Plate 4.4.6 Fig. d), with the 
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central bar, on the primary side, continuous with the raphe sternum thickening (Plate 4.4.6 

Fig. d). Hyaline area follows the central bars. External raphe fissures straight (Plate 4.4.6 

Fig. e). There is no horseshoe of pores present at the apex (Plate 4.4.6 Fig. g). 
This is one of the most distinct taxa in the sigmoid Naviculaceae. It has very coarse striae 

which, on SEM examination, are found to fundamentally differ from the striae of other 

taxa. The pores open onto the outside by a large slit, this infact covers more than one pore, 

whereas in other taxa the slits cover one pore (see Plate 4.4.6 Figs d- g). 

Gyrosigma kochii (Plate 4.4.7) 

Gyrosigma kochii (Pantocsek) Reid comb. nov. 

Basionym: Pleurosigma kochii Pantocsek 1892, p. 88 Plate 3.9 fig. 153 

Type slide (lectotype): BM 99743 

Type locality: K6pecz, Transilvania. Fossil. 

Description: 

Valves sigmoid, lanceolate, length 210 - 290 ýtm, breadth 25 - 32 ýtm. Raphe central 

sigmoid, external raphe endings deflected in opposite directions, strongly hooked (Plate 

4.4.7 Fig. b). Internal raphe endings t-shaped (Plate 4.4.7 Fig. c). Raphe sternum 

thickening on the primary side of the raphe sternum is a continuous thickening. Hyaline 

area absent (Plate 4.4.7 Fig. c). Longitudinal striae 14 - 15 per 10 ýtm, transverse striae 12 

- 14 per 10 ýtm. Pores at the apex form a horseshoe above the raphe ending (Plate 4.4.7 

Fig. e). 

I propose this new combination as the specimen has all the criteria of a Gyrosigma not a 

Pleurosigma i. e. longitudinal and transverse striae as apposed to oblique and transverse, 

the primary side of the raphe sternum is contInuous with the central bar. The reason one 

can only assume this has not been done earlier, is that it has been listed in VanLandingham 

as a synonym of G. attenualum. This is not the case: SEM examination reveals differences 

in the ultrastructure. G. kochii has strongly curved oppositely deflected external central 

raphe fissures whereas G. attenuatum has a central fissure ending which would better be 

described as deflected in opposite directions (see Plates 4.4.2 Fig. d and Plate 4.4.7 Fig. b). 
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The pores at the apex are elongate in G-kochii whereas they are rounded in Gattenualum 

(see Plate 4.4.7 Fig. e and Plate 4.4.2 Fig. 0. 

Gyrosigma acuminatum (Plate 4.4.8) 

Gyrosigma acuminalum (Ktitzing) Rabenhorst 1853, p. 47, pl. 5, fig. 5a. 

Basionym: Frusulia acuminata Kiltzing 1833, p. 555, pl. 14, fig 36. 

Synonyms: 

Navicula acuminata Kiltzing 1844, p. 102, pl. 4 fig. 26, pl. 30 fig. 15. 

Pleurosigma acuminata (Kiitzing) Grunow 1860, p. 561, pl. 6 fig. 6-7. 

Type locality: Germany 

Type slide (isotype): BM 78084 

Description: 

Valves sigmoid, lanceolate tapering to obtusely rounded apices (Plate 4.4.8 Fig. c- d). 

Length 170 - 250 [tm, breadth 13 - 25 ýim. Raphe sigmoid, central. External raphe endings 

deflected in opposite directions. Central bars smooth (Plate 4.4.8 Fig. b). Primary side of 

raphe sternum thickening is a continuous thickening. Transverse straie 16 - 17 per 10 ýtm, 

longitudinal striae 17 - 20 per 10 ýtm. 

Gyrosigma lacustre (Plate 4.4.9) 

Gyrosigma lacustre (Wm. Smith) Griffith et Henfrey 1856, pl. 11 fig. 18 

Basionym: Pleurosig7na lacustre Wm. Smith, 1852, p. 12, pl. 2 fig. 14 

Type locality: Lewes, England. Fresh water 

Type slide (isotype): BM 23722 

Description: 

Valves lanceolate, sigmoid, tapering gently to obtuse apices (Plate 4.4.9 Figs a- c). Raphe 

central, sigmoid. Primary side of raphe sternum thickening is a continuous thickening 

(Plate 4.4.9 Fig. d) External central raphe fissures deflected in the opposite directions 

(Plate 4.4.9 Fig. e). Central bars with undulating outer edge (Plate 4.4.9 Fig. d). Length 
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100 - 150 ýtrn, breadth 10 - 20 ýtrn. Longitudinal and transverse striae 17 - 18 per 10 ýtm. 
Cresent shaped depression at apex (Plate 4.4.9 Fig. f). 

Gyrosigma balticum var. 8 (Plate 4.4.10 - 11) 

Gyrosigma balticum var. 8 Wm. Smith, 18 5 2, p. 8, pl. 2 fig. 2 

Synonym: Gyrosigma balticum var. y Wm. Smith 1852, p. 8, pl. 2 fig. 3 

Type locality: Coast of Sussex 

Type slide: BM 23696 

Description: 

These are the same taxon, they share all the same valvar features and as such cannot be 

separated from each other. Valves linear gently tapering at the apices to become obtuse. 

Length 80 - 90 ýtrn, breadth 10 - 12 ptm. Longitudinal striae per 24 - 28 10 ýtm, transverse 

striae 24 - 28 per 10 ýtm. Raphe central slightly sigmoid. Central bars with lateral 

extensions into the interstriae. Primary side of raphe sternum thickening broken. External 

central raphe fissures curved in opposite directions (Plate 4.4.10 Fig. d). Crescent of pores 

at the apex (Plate 4.4.10 Fig. e). 

Gyrosigma balticum (Plate 4.4.12) 

Gyrosigma balticum (Ehrenberg) Rabenhorst 1853, p. 47, pl. 5 fig. 6 

Basionym: Navicula baltica Ehrenberg 1830, p. 114 

Synonym: Pleurosigma balticum (Ehrenberg) Wm. Smith 1852, p. 8 pl. 2 fig. I 

Type locality: Baltic Sea 

Type slide (neotype): BM 81615 

Description: 

No specimens have been located from initial searches of the Ehrenberg collection. 

However, Sterrenburg (1995) conducted a detailed study of 'balticum' taken from the 

Baltic and this is where these results refer to. 

Valve outline weakly sigmoid, with valve margins in central half parallel. Valve margins 

tapering to obtuse apices, valve vaulted. Length 210 - 430 ýtm, breadth 25 - 35 ýtm. Raphe 
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central, undulating, external central raphe fissures deflected in opposite directions. Central 

area transapically offset, with thick chunky central bars (Plate 4.4.12 Fig. b). Longitudinal 

and transverse striae 10 - 15 per 10 [tm. Crescent at the apex (Plate 4.4.12 Fig. c). 

Gyrosigma murphii (Plate 4.4.13) 

Gyrosigma murphii spec. nov. 

Synonym: Gyrosigma balticum sensu non balficum Sterrenburg 1995,405, fig. 5-7,16 

Type locality: Mersea Island, England. 

Type slide: BM 81617 

Description: 

Valve outline weakly sigmoid, with valve margins in the central half parallel. Valve 

margins tapering to obtuse apices, valve vaulted. Length 200 - 400 ýtm, breadth 25 - 35 

ýtm. Raphe central, undulating, external raphe fissures deflected in opposite directions. 

Central bars thick and chunchy, surrounded by large hyaline area (Plate 4.4.13 Fig. b). At 

valve apex above raphe ending there is a row of pores arranged in an apex (Plate 4.4.13 

Fig. c). Longitudinal and transverse striae II- 15 per 10 ýtm. 

The central bars are the same in this taxon and G. balticum. The apical areas differ greatly 

though with this taxa having a row of pores arranged running right around the apex, 

whereas in G. balticum they run in a small arch. 

Gyrosigma subtilis comb. nov. (Plate 4.4.14) 

Gyrosigma subtilis (Brebisson) Reid comb. nov. 

Basionym: Navicula subtilis Brebisson in Mitzing 1849, p. 87 

Synonyms: Scalprum subtile (Brebisson) Kuntze 1891, p. 919 

Pleurosigma subtile (Brebisson) Ralfs in Pritchard 1891, p. 917 

Type locality: Calvados amongst oysters 

Type slide (isotype): BM 8874 

Description: 
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Valve outline weakly sigmoid with valve margins in central half parallel. Valve margins 

tapering to obtuse apices, valve vaulted. Length 250 - 320 ýtm, breadth 25 - 30 ýtm. Raphe 

central, with double curvature. Central area transapically offset, with flattened central bars 

(Plate 4.4.14 Fig. b). Hyaline area large. The apices of this valve are very unusual (see 

Plate 4.4.14 Fig. c), they contain a large hyaline area in the shape of an arrow head. The 

pores which run at the valve margin continue up past the hyaline area, with the row 

finishing at the raphe ending. There is a row of pores arranged in a horseshoe above the 

raphe ending (Plate 4.4.14 Fig. c), this is the same as that found in G. balticum. Transverse 

striae 16 - 17 per 10 ýtm, longitudinal striae 17 - 19 per 10 ýtm. 

This taxon differs from G. balticum in its central area, it possess a different type of central 

bar, smooth flattened (Plate 4.4.14 Fig. b) as aposed to thick and chuncky (Plate 4.4.13 

Fig. b). 

Gyrosigma gibbii spec. nov. (Plate 4.4.15) 

Type locality: Raglan Harbour, New Zealand 

Type slide: BM 82209 

Description: 

Valves linear, gently tapering to obtuse apices, which make the valve outline slightly 

sigmoid. Raphe central, sigmoid. Length 75 - 110 ýtm, breadth 9- 12 [tm. Central bars 

smooth and of equal length (Plate 4.4.15 Fig. b). Hyaline area absent. At the apices there is 

a row of pores arranged in a horseshoe, this is continous with the pores beside the raphe 

ending, there is a hyaline area adjacent to the terminal raphe fissure (Plate 4.4.15 Fig. c). 

Longitudinal striae 21 per 10 ýtm, transverse striae 28 - 30 per 10 [tm. 

Gyrosigma balticum var. california (Plate 4.4-16) 

Gyrosigma balticum var. california Grunow in Cleve et M61ler, 1879, no. 246 

Type locality: Brooklyn, California 

Type slide (isotype): Cleve et Mbller, 1879, no. 246 

Description: 
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Valves linear with parallel margins, tapering gradually at opposite margins at poles so that 

the valve appears sigmoid. Raphe central sigmoid with double curvature (Plate 4.4.16 Figs 

a- b). Central area transapically offset (Plate 4.4.16 Fig. c). Length 250 - 280 ýtm, breadth 

28 [tm. Longitudinal and transverse striae 14 - 15 per 10 ýtm. 

This taxa differs from G. exoticum and G. balticum var. lurgidum in not having an 

undulating valve margin. It differs from G. balticum in not having a hyaline area at the 

apex. 

Gyrosigma sterrenburgii (Plate 4.4.17) 

Gyrosigma sterrenburgii Stidolph 1992, p. 347, Figs I-8 

Type locality: Saltmarsh Westshore Napier, North Island, New Zealand 

Type sample (isotype): BM Stidolph collection BW-201/10 

Description: 

Valves with linear parallel sides for approximately three quarters of the length, gradually 

tapering to obtuse apices, with one margin more strongly curved than the other so that the 

valve becomes sigmoid. Length 238 - 368 ýtm, breadth 25 - 35 ýtm. Raphe central sigmoid 

with double curvature (Plate 4.4.17 Fig. a- b). Longitudinal striae II per 10 ýtm, 

transverse striae 12 per 10 ýtm. Crescent at apex (Plate 4.4.17 Fig. e). Primary side of 

raphe sternum thickening continuous, central bars smooth. Central raphe fissures curved in 

opposite directions (Plate 4.4.17 Fig. d). Central hyaline area transapically offset (Plate 

4.4.17 Fig. 

Gyrosigma e-xoticum (Plate 4.4.18) 

Gyrosigina exoticum Cholnoky, 1960, p. 47 pl. 4 fig. 145 - 146 

Type locality: St. Lucia, Natal 

Type slide (isotype): BM 68034 

Description: 

Valves linear with parallel sides, apart from central margin has a bulbous inflation and the 

margin at the apices is inflated (Plate 4.4.18), slightly sigmoid. Length 140 - 210 ýtm, 
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breadth 18 - 24 ýtm. Raphe central sigmoid undulating (Plate 4.4.18 Fig. a). Transverse 

striae 15 - 16 per 10 ýtm, longitudinal 20 - 23 per 10 ýtm- Central area transapically offset 

(Plate 4.4.18 Fig. c). 

Differs from G. balticum in having an undulating valve margin and not having a hyaline 

area at its apices. The striae in G. balficum are approximately of equal densities, whereas 
in G. exoticum the longitudinal striae are denser than the transverse striae. 

Gyrosigmaperthense (Plate 4.4.19) 

Gyrosigmaperthense John, 1983, p. 115, pl. XLVIII, fig. I-3 

Type locality: Swan River, Western Australia 

Type slide (holotype): ANSP AGC 40069 

Description: 

Valves linear with parallel margin, tapering to obtuse apices. Length 180 - 416 ýtm, 

breadth 10 - 18 [tm. Central valve margin slightly inflated (Plate 4.4.19 Fig. c). Raphe 

central sigmoid, undulating, central raphe fissures curved in opposite directions. Central 

area transapically offset (Plate 4.4.19 Fig. b). Transverse striae 14 - 16 per 10 ýtrn, 

longitudinal 18 - 20 per 10 ýtrn. 

Differs from G. exoticum and G. sinense by being only very slightly inflated at the centre. 

Differs from G. balticum by having an inflated central portion of the valve and an even 

central area. 

Gyrosigma wansbeckii (Plate 4.4.20) 

Gyrosig7na wansbeckii (Donkin) Cleve, 1894, p. 119 

Basionym: Pleurosigma wansbeckii Donkin 1858, p. 24, pl. 3 fig. 7 

Synonym: Pleurosigma balticum var. wansbeckii (Donkin) Van Heurck 1896, p. 256 

Type locality: mouth of River Wansbeck, England 

Type slide (isotype): BM 12253 

Description: 
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Valves sigmoid, length 120 - 160 ýtm, breadth 10 - 15 ýtm. Raphe central, sigmoid. 

External central raphe fissures curved in opposite directions. Central bars smooth) hyaline 

area absent (Plate 4.4.20 Fig. b), primary side raphe sternum thickening continuous. 

Central area even not transappically offset (Plate 4.4.20 Fig. b). Crescent of pores at apex 

(Plate 4.4.20 Fig. c). Longitudinal and transverse striae 21 - 24 per 10 ýtm. 

Gyrosigma cali spec. nov. (Plate 4.4.21) 

Type locality: Cali, Columbia. Plankton, mangrove swamp. 

Type slide: BM 78467 stub 108 

Description: 

Valves linear lanceolate, curving gently only at the ends with the opposite side of the valve 

straight (Plate 4.4.2 1). Raphe central, undulating. Present at the apices is a horse-shoe 

shaped row of oblong pores (Plate 4.4.21 Fig. d), broken at the apex by small a hyaline 

area. The pore structure of the valve is round and the apical pores are oblong. The apical 

pores are not continuous with the pores of the main valve surface (Plate 4.4.21 Fig. d). 

The areolae are loculate with internal openings circular (Plate 4.4.21 Fig. b) and external 

openings slit like lying apically (Plate 4.4.21 Fig. c). The primary side of the raphe sternum 

is continuous with the central bars, which are large and flattened forming a large hyaline 

area which is offset (Plate 4.4.21 Fig. b). External central raphe fissures deflected in 

opposite directions entering into the striae (Plate 54.4.21 Fig. c). Length 400 - 600 ýtm, 

breadth 20 - 30 ýtm. Transverse and longitudinal striae equal; 11 - 13 per 10 ýtm- 

This species differs from G. balticum in that the central raphe fissures do not enter into the 

interstriae. It has a different central area type, in G. balticum the bars are bulky even bars 

whereas in G. cali they form a flattened surface which is continuous with the hyaline area. 

The horseshoe at the crescent is different in structure to any I have previously examined in 

any other species. 

Gyrosigma balticum var. turgidum (Plate 4.4.22) 

Gyrosig7na balticum var. turgidum Stidolph, 1980 p. 385,1981 p. 405 
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Type locality: Levin, Pofirua Harbour, New Zealand. Coastal marine. 

Type slide (isotype): BM Stidolph collection RM 51 /4 

Description: 

Valves linear sigmoid oblong, swollen slightly at the centre, becoming bulbous at the 

extremities, almost straight on the opposite margin (Plate 4.4.22 Fig. a- c). Raphe 

undulating eccentric. Central area transapically offset (Plate 4.4.22 Fig. d). External central 

raphe fissures deflected in opposite directions (Plate 4.4.22 Fig. e). Transverse striae 14 

per 10 ýtrn, longitudinal 18 per 10 ýtm. Length 342 - 462.5 ýtrn, breadth 17.5 ýtrn. 

Differs from G. exoticum in having less dense striae and being a much larger taxon. Differs 

from G. balticum in having an undulating valve margin, flattened central bars and no 

hyaline area at its apices. 

Gyrosigma reversum (Plate 4.4.23) 

Gyrosigma reversum (Gregory) Hendey ex Hartley, 1986, p. 608 

Basionym: Pleurosigma reversum Gregory, 1857, p. 58 Fig. 105 a&b. 

Pleurosigma (sinense var? ) reversum (Gregory) Peragallo 1891, p. 20,7 / 10 

Scalprum reversum (Gregory) Kuntze 1891,919 

Type locality: Loch Fine 

Type slide: BM 1342 

Description: 

Valves linear-lanceolate, sigmoid. The valve is contracted so that it is drawn out into 

spathulate apices. Length 120 ýtm, breadth 10 ýtm. Transverse striae 32-35 per 10 ýtm, 

longitudinal straie 25 per 10 ýtm. Raphe central, sigmoid, undulating. 

Gyrosigma ricardii nom nov. 

Gyrosig7na ricardii (Ricard) Reid nom. nov. 

Basionym: Gyrosigma reversum Ricard 1975,208, pl. I fig. 9 

Type location: Lagon de Vairao, Tahiti. Marine 

Type slide: Ricard 428 
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The epitaph reversum is already in use, as such this taxon requires re-naming. 

Description: 

Valves sigmoid, tapering to acute apices. 65 - 70 ýtm long, 20 ýtm wide. Raphe nearly 

straight. Axial area small. Central area transapically expanded. Transverse striae 20 per 10 

[tm, longitudinal 22 per 10 ýtm. 

I have not received a reply for the request for the type material, as such these results are 

taken from the published description (Ricard, 1975). 

Gyrosigma brebissonii comb. nov. (Plate 4.4.24) 

Gyrosigma brebissonii (Grunow) Reid comb. nov. 

Basionym Pleurosigma brebissonii Grunow in Cleve and Grunow 1880, p. 56 

Synonym: Gyrosigma acuminatum var. brebissonii (Grunow) Cleve 1894 p. 114 

Type locality: Hourdel 

Type slide: Cleve and Mbller 1881 slide no. 255 

Description: 

Valves lanceolate, sigmoid. Length 80 -I 10 ýtrn, breadth 10 - 15 [tm. Longitudinal and 

transverse striae 22 - 23 per 10 ýtrn. Raphe central, sigmoid. External central raphe fissures 

curved in opposite directions. Internal central bars smooth of approximately equal length. 

At the apex there is a horseshoe arrangement of pores. 

Gyrosigma transilvanicum comb. nov. (Plate 4.4.25) 

Gyrosigma transilvanicum (Pantocsek) Reid comb. nov. 

Basionym: Pleurosigma transilvanicum Pantocsek 1892,6/94 

Type locality: Kopecz, Tranilvania, fossil 

Type slide: BM 99743 

Description: 
Valves sigmoid, lanceolate. Length 130 - 236 [tm, breadth 14 - 23 [tm. Raphe central, 

sigmoid. External central raphe fissures curved in opposite directions. Central bars 

flattened, hyaline area transapically offset. Crescent of pores at the apex. 
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Gyrosigma shigilis (Plate 4.4.26) 

Gyrosigma strigilis (Wm. Sn-ýith) Griffith et Henfrey 18 5 6, p. 3 02 -3 03, pl. II fig. 12 

Basionym: Pleurosigma strigilis Wm- Sn-ýth 1852, p. 8, pl. 2 fig. 4 

Type locality: Hull 

Type slide (isotype): BM 23697 

Description: 

Valves lanceolate, sigmoid, attenuated to acute apices. Length 250 - 360 ýtm, breadth 27 - 
34 ýtm. Raphe central, sigmoid. Central bars smooth, continuous with the primary side of 

the raphe sternum thickening (Plate 4.4.26 Fig. c). Transverse striae 12 - 14 per 10 ýtm, 

longitudinal striae 15 - 16 [tm. 

Gyrosigmaparvulum (Plate 4.4.27) 

Gyrosigmaparvulum Hustedt, 1955, p. 34 pl. 10 fig. 6 

Type locality: Beaufort, USA 

Type slide (holotype): BRM W3/69 

Description: 

Valves linear-lanceolate, sigmoid, tapering to subacute apices. 45 - 50 ýtm long, 4 ýtm 

wide. Raphe central, sigmoid. Thickening on the primary side of the raphe sternum 

continuous with the central bar (see Plate 4.4.27 Fig. c). Transverse 28 -35 per 10 ýtm, 

longitudinal striae 28 - 35 per 10 [tm. 

Gyrosigma spencerii 
According to VanLandingham the epithet spencerii was first used by Wm- Smith (1852), 

when describing Pleurosigma spencerij, (BM 23725,23726). This mistake has been 

replicated in Cleve 1894. However, in this citation Smith refers to the original description, 

by Bailey in Quekett 1848, of Navicula spencerii this stands as a valid publication as it is 

fitted with a drawing and description (Plate 4.4.28 Fig. a) (Code of Botanical 
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nomenclature). A slide is also available in the Jacob Whitman collection, which holds 

Baileys original material and contains a slide marked by Bailey the slide has specimens of 
G. spencerii circled with the labelling 'Naviculd spenceri .i first specimen I saw' indicating 

this was the specimen Bailey was referring to (slide 14446 Jacob Whitman Collection). 

Gyrosigma spencerii (Plate 4.4.28) 

Gyrosigma spencerii (Bailey) Griffith & Henfrey 1856, p. 303, pl. II fig. 17 

Basionym: Naviculd spencerii Bailey in Queckett 1848 

Type locality: Croton Water, New York. 

Type slide: FH-Bail 14446 Jacob Whitman Collection. 

Gyrosigma spencerii Bailey is a freshwater form, not brackish as previously stated in 

Smith 1852. The Jacob Whitman collection contains Baileys original collection and the 

slide shows a flora which is indicative of a freshwater habitat, Aulacoseira granulata 

(Ehrenberg) Simonson being the dominant diatom. 

Description: 

Cells slender, sigrnoid-lanceolate with strongly attenuated sub-acute ends, with an 

inflection at the edge of the attenuation (see Plate 4.2.28). Length 80 - 125 ýtm, width 15 - 
20 ýtm. Transverse striae 19 - 23 per 10 ýtm, longitudinal striae 20 - 24 per 10 [tm. Raphe 

central, sigmoid. 

Fresh water. 

Sterrenburg (1995; 1997) subsumes G. spencerii under the epitaph G. acuminatum. This is 

not the case they are two distinct taxa (see Plate 4.4.28 and 4.4.8). G. acuminalum is a 

larger taxa which gradually tapers to obtuse apices, whereas G. spencerii is strongly 

attenuated to sub-acute apices, with an inflection at the edge of the attenuation. The striae 

ratios are completely different. Therefore I see no basis for the combination. 

Gyrosigma williamsii (Plate 4.4.29) 

Gyrosigma williamsii spec. nov. 

Basionym: Pleurosigma spencerii sensu Wm. Smith 1852.1-12 
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Type locality: Lewes 

Type slide (isotype): BM 23725,23726 

Description: 

Valves sigmoid, lanceolate, tapering to obtuse apices. Length 80 - 140 ýtm, breadth 10 - 12 

ýtm. Transverse straie 19 - 20 per 10 [tm, longitudinal striae 20 - 22 per 10 ýtm. Central 
bars smooth and continuous with primary side of raphe sternum thickening, which is a 
continuous thickening. Raphe central, central raphe fissures deflected in opposite 
directions. 

This is not the same as the Bailey in Quekett (1848) species, even though William Smith 

claimed in his 1852 description that this was the same species . 
It is a more robust cell, 

which is broadly lanceolate with obtuse ends. 

Gyrosigma kutzingii (Plate 4.4.30) 

Gyrosigma kutzingii (Grun. ) Cleve 1894: 115. 

Basionym: Pleurosigma kutzingii Grunow 1860: 561, pl. 6, fig 3. 

Synonym: Pleurosigma spencerii var. kulzingii (Grun. ) Grunow in Cleve and Grunow 

1880 
, p. 59 

Type locality: Jauling bei St. Veith 

Type slide: Tempere & Peragallo Ed. 2 no. 762 Andreugeolet, Haut-Loire, France 

Description: 

Valves sigmoid, lanceolate, tapering to obtuse apices. Length 95 - 150 ýtm, breadth 12 - 15 

ýtm. Transverse striae 21 - 24 per 10 ýtm, longitudinal striae 24 - 26 per 10 Ptm. Central 

bars smooth continuous with primary side of the raphe sternum thickening, which is a 

continuous siliceous thickening. Hyaline area absent. Central fissures deflected in opposite 
directions and extend into the interstriae. Horseshoe arrangement of pores at the valve 

apex. 

Sterrenburg (1997) typifies G. kutzingii, using Tempere & Peragallo Ed. 2 no. 762 

Andreugeolet, Haut-Loire, France, rather than the Van Heurck synopsis no. 187, Brussels. 

His reason for not using Grunow's material is that this slide contains G. acuminalum as 
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well. This study had utilised the Synopsis slide, as Gunow designated this slide in his 

protolouge of the species (1885). The two slides contain the same taxon, since Sterrenburg 

(1997) has just published at the time of completion of the thesis, I have changed the type 

slide to match his publication. 

Gyrosigma nodiferum (Plate 4.4.30) 

Gyrosigma nodiferum (Grun. ) Reimer in Patrick and Reimer 1966, p. 320 pl. 24 fig. 2 

Basionym: Pleurosigma nodiferum Grunow in Cleve et Grunow 1880: 60. 

Synonym: Gyrosigma spencerii var. nodiferum (Grun) Cleve 1894, p. 117 

Pleurosigma spencerii var. nodiferum (Grun) Grun in Van Heurck 18 8 5, p. 118 

Type locality: Brussels 

Type slide: BM 26495 (VH Synopsis slide 184) 

Description: 

Valves linear, slightly sigmoid tapering to obtuse ends. Raphe central, sigmoid. 

Longitudinal striae 22 - 23 per 10 ýtm, transverse striae 17 - 20 per 10 ýtm. Central nodule 

transapically offset. 

Differs from G. kutzingii and Gyrosigma spenceri var. acutiuscula in having a 

transapically offset central area. 

Gyrosigma spenceri var. acutiuscula (Plate 4.4.30) 

Gyrosigma spenceri var. acutiuscula Grunow in Van Heurck 18 8 5, p. 118 

Type locality: Brussels 

Type slide (isotype): BM 26494 

Description: 

Valves sigmoid, lanceolate, attenuated to acute apices. Length 120 - 125 [tm, breadth 8- 

10 ýtm. Longitudinal striae 22 per 10 ýtrn, transverse striae 20 per 10 ýtm. Raphe central, 

sigmoid. 

Gyrosigma spenceri var. smithii (Plate 4.4.30) 

Gyrosigma spenceri var. smithii Grunow in Van Heurck 18 8 5, p- 118 

Type locality: England, fresh and brackish water 
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Type slide (isotype): BM 26497 

Description: 

Valves sigmoid, lanceolate, attenuated to acute apices. Length 120 ýtrn, breadth 10 ýtm. 
Transverse striae 20 per 10 ýtrn, longitudinal striae 21 per 10 ýtrn. Raphe sigmoid, central. 

Grunow believes G. spencerii sensu Smith to be synonymous signalling that he realises G. 

specerii Bailey is different from G. spencerii W. Sm. (compare Plate 4.4.28 and 4.4.29). 

However Grunow's taxon differs from Wm. Smiths,, G. spencerii var. smithi is an elongate 
lanceolate form whereas G. spencerii sensu Smith is a broadly sigmoid form, with different 

striae densities and a different central area. 

Gyrosigma scalproides (Plate 4.4.31) 

Gyrosigma scalproides (Rabenhorst) Cleve 1894. p. 118 

Basionym: Pleurosigma scalproides Rabenhorst 18 6 1, No. I 10 1 

Synonym: Pleurosigma spencerii var. scalproides (Rabenhorst) Peragallo 1891, p. 23,8/31 

Type locality. - Dresden 

Type slide: BM Rabenhorst No. I 10 1 

Valves linear-lanceolate, sigmoid, tapering to obtuse apices. Length 58 - 68 ýtm, breadth 

10 ýtm. Raphe central, sigmoid. Central fissures T-shaped (Plate 4.4.31 Fig. c). On the 

primary side of the raphe sternum there is a very thick continuous siliceous thickening, 

which is continuous with the central bars. Central bar extending onto secondary side of the 

raphe sternum (Plate 4.4.31 Fig. b). Horseshoe of pores at apex (Plate 4.4.31 Fig. d). 

Central area has very thick interstriae silica deposits (Plate 4.4.31 Fig. b). Hyaline area 

absent. Longitudinal striae 24 - 26 per 10 ýtm, transverse striae 34 - 40 per 10 ýtm. In 

central area transverse striae so dense that space between interstriae (even at SEM 

magnification) and punctation is lost so central striae not punctate. 

The Gyrosigma curvulalcurvulum complex 

The epitaph curvula was first used under Navicula curvula Ehrenberg (18 3 8) the type of 

which belongs to Nitzschia (see Plate 4.4.32 Fig. a). MitzIng (1844) described a Navicula 

curvula, while he attributed to Ehrenberg but this is a Gyrosigma (see Plate 4.4.32 Fig. b). 

There are sin-fflarities in shape, but KUtzing species has a sigmoid central raphe. Rabenhorst 
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(1853) described Gyrosigma curvula (see Plate 4.4.32. Fig. c), which is synonymous with 
KUtzing's (1844) description of Navicula curvula Ehrenb.. 

Grunow (Cleve and Grunow, 1880) described Pleurosigma spencerii var. curvuld saying 
that he was unsure whether it was synonymous with 'Navicula curvula KG. BACELLT 

(Grunow 1880), but gave a slide for reference; Rabehorst Algen Europas No. 1862 under 
the name Pleurosigma balticum from Weston- Super-Mare. This specimen is not the same 

as that described by Rabenhorst, 1853, Ktitzing 1844 or Ehrenberg 1838, all of which are 

much more elongate attenuated specimens. It is the same as Grunow in Van Heurck 

(18 8 5) see Plate 4.4.3 3. As all these specimens are based on a Nitzcshia but are infact 

Gyrosigmas'they all have an illegitimate name and thus require new names. 

Gyrosigma curvula (Plate 4.4.33) 

Gyrosigma curvula (Grunow) Reid comb. nov. 

Pleurosigma spencerii var. curvula Grunow in Cleve et Grunow 1880, p. 60. 

Pleurosigma spencerii var. curvuld Grunow in Van Heurck 1880 - 1885. p. 118 

Type locality: Western- Super-Mare 

Type slide- Rabenhorst Algen Europas 1862; BM 26496 (V. H. 185) 

Description: 

Valves lanceolate, ends slightly rostrate. Raphe slightly sigmoid, central. Central area 

small, central bars smooth and of equal length, they are continuous with the primary side of 

the raphe sternum thickening. Primary raphe sternum thickening is a broken siliceous 

thickening. Central raphe fissures deflected to the concavity of the raphe. Longitudinal 

striae 24 - 25 in 10 ýtm, transverse striae 25 - 28 in 10 [tm. Length 74 - 117 pm, breadth 9 

-II pm. Horseshoe of pores at apex (Plate 4.4.33 Fig. c). 

Honynom: Gyrosig7na spenceri var. curvula (Grun. )Reimer 1966, p. 316, this is not the 

same taxon. They describe a taxa. with different striae ratios; transverse 20 - 22 per 10 Pm, 

longitudinal 24 - 25 per 10 pm, i. e., longitudinal denser than transverse whereas in G. 

curvuld (Grun)Reid transverse is denser than longitudinal. 
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Gyrosigma curvula Rabenhorst (Plate 4.4.32 Fig. c) 

Navicula curvuld Kutzing 1844 non Ehrenb. 

Pleurosigma curvulum Ralfs in Pritchard 1861, p. 917 

Gyrosigma curvuld Rabenhorst 1853, p. 47 fig. 8 

Type locality: Europe, America 

Description: 

Valves linear lanceolate tapering to obtuse ends. Raphe central, sigmoid. 
Type specimen not located. 

Gyrosigmafebigeiii (Plate 4.4.34) 

Gyrosigmafebigerii (Grunow) Cleve 1894, p. 115 

Pleurosigmafebigerii Grunow in Cleve et M61ler 1879, No. 223 

Pleurosigma spencerii var. febigerii (Grunow) Peragallo 189 1, p. 23,8/28 

Type slide: BM Cleve et M61ler, No. 223 

Type location: California 

Description: 

Valves lanceolate, sigmoid, attenuated to acute apices. Raphe central, sigmoid. Length I 10 

- 150 ýtm, breadth 14 - 15 ýtrn. Transverse striae 25 per 10 [tm, longitudinal striae 29 -30 

per 10 ýtrn. 

Gyrosigma ewimium Thwaites (Plate 4.4.35) 

Gyrosigma eximium (Thwaites) Boyer 1927, p. 462 

Basionym: Schizonema eximium Thwaites 1848, p. 169, pl. 12 F fig. I-4 

Synonyms: 

Colletonema eximium (Thwaites) Mitzing 1849, p. 891 

Gyrosigma scalproides var. eximium (Thwaites) Cleve 1894, p. 118 

Pleurosigma eximium (Thwaites) Cleve et Grunow 1880, p. 61 

Endosigma eximium (Thwaites) Brebisson herb. et in Lit. 

Type locality: Crew's Hole, nr. Bristol, England. 

Type slide: BM 81502 

Description: 
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Valves linear with parallel sides, tapering gradually to obtuse apices making the valve 

weakly sigmoid. Length 55 - 90 [tm, breadth 7- 12 ýtm. Raphe slightly sigmoid, almost 

straight tapering at the ends. Central bars smooth. Central fissures deflected in opposite 
directions. Transverse striae 22 - 25 per 10 ýtm, longitudinal striae 27 - 32 per 10 ýtm. Live 

specimens frequently found in mucilage tubes (see Plate 4.4.35). 

Gyrosigma eximium was first described by Mr. G. H. K. Thwaites in 1843 under the specific 

epitaph Schizonema eximium. The type locality is Crew's Hole, near Bristol and the type 

gathering was made in December. He describes the site as fresh water, an assumption he 

probably made due to its distance inland. On re-examination of the site (Jan 1995) the 

salinity was 3ppt.; this was after considerable rain. The presence of Vaucheria was 

included in the original description and indicates that this is a brackish water site. The 

Vaucheria was still present in January 1995. 

Gyrosigmafasciola (Plate 4.4.36) 

Gyrosig7nafasciola (Ehrenberg) Giffith & Henfrey 1856 p. 303 

Basionym: Ceratoneisfasciola Ehrenberg 1839: 157; 1839(1849). 144 pl. 4 fig. 6a-c 
31 

Synonym: Pleurosigmafasciola (Ehrenberg) Wm. Smith 1852 p. 9, pl. 2 fig. 6 

Type locality: Cuxhaven Germany; Tjoern Sweden; North Sea; Wismar Baltic. 

The species described is Gyrosigmafasciola sensu Wm. Smith (1852) as it is not possible 

to examine the Ehrenberg collection to compare Gyrosigmafasciold sensu Wm. Smith 

with the type, Ceratoneisfasciola Ehrenberg (183 9). Initial searches of the Eherenberg 

collection have failed to locate any material. 

Gyrosigmafasciola sensu Wm. Smith, 1852: 9, pl. 2 fig. 6 

Type locality: Belfast Bay; Poole Bay; Coast of Sussex; Hull; (England) Marine 

Type slide (isotype): BM 23705 

Description: 
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Valves lanceolate, with the apices abruptly drawn out into long beaks which are curved in 

opposite directions (Plate 4.4.36 Fig. a- d). Raphe central, straight in the main body of the 

valve, only curving to fit into the beak (Plate 4.4.36 Fig. a- d). Central area small, central 

bars smooth, continuous with the primary side of the raphe (Plate 4.4-36 Fig. e). Central 

fissures curved in the same direction (Plate 4.4.36 Fig. f). Length 60 - 150 ýtm, breadth 12 

- 24 ýtm, beak width 1.5 -2 ýtm. Pore at the end just above the raphe ending modified into 

a horseshoe shape (Plate 4.4.36 Fig. g). 

Gyrosigma suleatum (Plate 4.4.37) 

Gyrosig7na sulcalum (Grun. ) Frenguelli 193 8,294, pl. 3 fig. 10. 

Basionym: Pleurosigma (fasciola var? ) sulcatum Grun. in Cleve & Grun. 1880, p. 55, pl. 

45 fig. 75 

Synonym: Gyrosigmafasciola var. sulcata (Grun. ) Cleve 1894, p. 116 

Type locality: Sea of Kara, Marine 

Description: 

Valves lanceolate with the apices drawn out into long beaks which are curved in opposite 

directions (Plate 4.4.37 Fig. a- d). Length 117 - 123 ýtrn, breadth 14 ýtm, beak length 20 

ýtm. Longitudinal striae 15 - 17 per 10 ýtm, transverse striae 19 - 23 per 10 ýtrn. Raphe 

central for main body of the valve, only becoming sigmoid at apices (Plate 4.4.37 Fig. a-d). 

Pores open to the outside by a large slit which covers more than one pore (Plate 4.4.37 

Fig. e) in contrast to the other beaked species. Peragallo's illustration is not correct in that 

it shows a valve with gradually tapering ends (see Appendix 4 Plate 8 Fig. 43). 

Gyrosigmafasciola var. tenuirostyis 

Gyrosigmafasciola var. tenuirostris (Grun) Cleve 1894, p. 116 

Basionym: Pleurosigma (fasciola var? ) tenuirostris Cimnow in Cleve & Grunow 1880, p. 

55, pl. 4 fig. 76. 

Synonym: Gyrosigma sulcatum var. tenuirostris (Grunow) Mills 1934, p-833 

Type locality: Sea of Kara, Marine 
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Description: 

Valves lanceolate with extremities drawn out into a short curved beak, the beaks curving in 

opposite directions. Length 140 - 160 ýtm, breadth 11 - 12 4m, beak length 2.5 - 3.5 4m. 
Raphe central, becoming sigmoid at the extremities to lie central to each beak fit. 

Longitudinal striae 19 - 20 per 10 ýtm, transverse striae 22 - 23 per 10 ýtm. 

This is a slender and more attenuated form than G. fasciola. Its apices gradually taper into 

a beak which contrasts to those of G. macrum. 

Gyrosigma arcuatum (Plate 4.4.38) 

Gyrosigma arcuatum (Donkin) Reid comb. nov. 

Basionym: Pleurosigma arcuatum Donkin 18 5 8, p. 2 5, pl. 3 fig. 10 

Synonym: Gyrosigmafasciola var. arcuatum (Donkin) Cleve 1894, p. 116 

Pleurosigmafasciola var. arcuata (Donkin) Van Heurck 1896, p. 259 

Type locality: Druridge Bay; Creswell, England 

Type slide: BM 12071 

Description: 

Valves lanceolate with extremities very suddenly drawn out into beaks, which are strongly 

sigmoid (see Plate 4.4.38 Fig. a- b). Raphe central, straight in the main body of the valve 

only curving to lie central in the beaks. Length 100 - 115 ýtm, breadth 12 ýtm. Longitudinal 

stnae 30 per 10 ýtm, transverse striae 24 - 25 per 10 ýtm. 

Gyrosigmaprolongatum (Plate 4.4.39) 

Gyrosig7naprolongatum (Wm. Smith) Griffith et Henfrey 1856, p. 303, pl. II fig. 23 

Basionym: Pleurosigmaprolongatum Wm. Smith 1852, p. 9 fig. 7 

Synonyms: Pleurosig7nafasciola var. prolongatum (Wm. Smith) Van Heurck 1896, p. 259 

Gyrosigmafasciola var. prolongata (Wm. Smith) Proschkina-Lavrenko 1950, p. 249 pl. 82 

fig. 

Type locality: Poole Bay, Dorset. 

Type slide (isotype): BM 23709 
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Description: 

Valves lanceolate, gradually drawn out into long beaks curved in opposite directions (Plate 

4A. 39 Fig. a- b). Length 110 - 125 ýtrn, breadth 5- 15 ýtrn. Transverse and longitudinal 

striae 21 - 22 per 10 ýtm. Central bars divided (Plate 4.4.39 Fig. d). Central fissures 

overlapping (Plate 4.4.39 Fig. e). Girdle bands patterned (Plate 4.14.39 Fig. f- g) in 

contrast to the girdle bands of all other species of Gyrosigma. The valves of G. 

prolongatum differ from that of G. fasciola by being very gradually attenuated into a beak. 

Gyrosigma macrum (Plate 4.4.40) 

Gyrosigma macrum (Wm. Smith) Griffith et Henfrey 1856, p. 303, pl. II fig 22 

Basionym: Pleurosigma macrum Smith 1853 p. 67 pl. 32 fig. 276 

Type locality: Iford, Sussex, England 

Type slide (isotype): BM 23707 

Description: 

Valves lanceolate, apices abruptly drawn-out into long beaks which are curved in the 

opposite directions (Plate 4.4.40 Fig. a-b, d). Raphe central, become sigmoid at the 

apices. Length 200 - 270 ýtm, breadth 10 ýtm, beak length 40 - 50 ptm. Longitudinal striae 

30 per 10 ýtm, transverse striae 27 - 28 per 10 [tm. No central bars (Plate 4.4.40 Fig. c) 

just silica ridges, extending the length of the valve at either side apically along of raphe. 

This very elegant species can be differentiated by its large size and long delicate beak. 

Gyrosigma distortum (Plate 4.4.41) 

Gyrosigma distortum (Wm. Smith) Griffith et Henfrey 1856 p. 303, pl. II fig. 20. 

Basionym: Pleurosigma distortum Wm. Smith 1852, p. 7, pl. I fig. 10. 

Type locality: Sussex, marine. 

Type slide (isotype): BM 23703 

Description: 
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Valves lanceolate, sigmoid, apices drawn out gradually short obtuse beaks, turned in 

opposite directions (Plate 4.4.41 Fig. a). Raphe central, sigmoid. Length 70 - 120 ptm, 
breadth 15 - 17 ýtrn. Longitudinal striae 27 - 28 per 10 ýtrn, transverse 23 - 25 per 10 ptm. 
External central raphe fissures straight (Plate 4.4.41 Fig. b). Differentiated by its short 

stubby beak. 

Gyrosigma parkerii (Plate 4.4.42) 

Gyrosigmaparkerii (Harrison) Elmore 1921, p. 105, pl. 13, fig. 517 

Basionym: Pleurosigmaparkerii Harrison 1860, p. 104 

Synonym: Gyrosigma distortum var. parkerii (Harrison) Cleve 1894, p. 116 

Type locality: Thornton-le-Moor, Lincolnshire, England. 

Type slide (isotype): BM 1899 

Description: 

Valves sigrnoid, lanceolate attenuated into acute apices (Plate 4.4.42 Fig. a- d). Raphe 

central, sigmoid towards the apices. Length 80 - 150 ýtm, Breadth 15 - 25 ýtm. Transverse 

striae 19 -13 per 10 ýtm, longitudinal striae 22 - 27 per 10 ýtm. 

Gyrosigmafogedii (Plate 4.4.43) 

Gyrosig7nafogedii Stidolph 1994 p. 213 -244, figs I-4,10 - 21. 

Type locality: Raglan Harbour, North Island, New Zealand, marine. 

Type slide (holotype): Stidolph RM - 211/ 12, isotype BM 82209 

Description: 

Valves broadly lanceolate with ends drawn out into short capitate beaks, which are curved 

in the opposite directions (Plate 4.4.43 Fig. a- c). Raphe central with a minimum double 

curvature at the poles where it becomes slightly eccentric. External central raphe fissures 

straight. Internal central bars smooth of approximately equal length. Length 53 - 70 pm, 

breadth 14 - 16 ptm. Longitudinal striae 28 - 30 per 10 ptm, transverse striae 23 - 25 per 10 

Pm. 
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Gyrosigma obscurum (Plate 4.4.44) 

Basionym: Pleurosigma obscurum Wm. Smith 1852, p. 8,1/11. 

Synonyms: 

Gyrosigma obscurum (Wm. Smith) Griffith et Henfrey 1856, p. 302, pl. III fig. 27 

Gyrosigma algoris Carter 1981 p. 569, figs 6-8. 

Pleurosigma obscurum (Wm. Sn-iith) Sterrenburg 1993 

Type locality: Poole Bay, England, Lewes, England 

Type slide (isotype): BM 23689 

Description: 

Valves linear slightly attenuated towards the apices which are obtuse. Length 90 - 180 ýtm, 

breadth 12 - 16 ýtm. Raphe sigmoid, eccentric running parallel with edge of valve towards 

the apices (Plate 4.4.44 Fig. a, c-d, f- h). Pores not rinuned (Plate 4.4.44 Fig. b), 

transverse striae 28 - 30 per 10 ýtm, longitudinal > 40 per 10 ýtm. Central bars highly 

silicified (Plate 4.4.44 Fig. b) and can be seen clearly in the light microscope (Plate 4.4.44 

Fig. c-d, f-h). 

The status of G. obscurum has been in question over recent years due to the fineness of the 

longitudinal striae which are at the limits of definition under the light microscope; also the 

central area striae appearing slightly oblique. 

G. obscurum was originally placed in the 'Pleurosig7na'section (i. e. transverse and 

oblique striae) by Smith (1852; 1853), even though he was unsure of the striae 

arrangement. Griffith and Henfi-ey ( 18 5 6), although the first to apply the epitaph 

Gyrosigma, placed the specimen in the Pleurosigma section of Gyrosigma (they 

maintained Pleurosigma and Gyrosigma as one large genus). This was maintained by other 

workers, Peragallo (189 1), Germain (198 1). 

Krammer (1986: 299), however correctly placed it under Gyrosigma, but his opinion was 

rejected by Sterrenburg (1993) who re-instated the name Pleurosigma, because the central 

striae lie at a slightly oblique angle, wHst the rest of the valve is covered with longitudinal 

and transverse striae i. e., the arrangement present in Gyrosigma. From examination of 

material I maintain that obscurum is a Gyrosigma. Results of the systematic analysis of my 
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data always pulls obscurum out of the Pleurosigma clade placing it as more closely allied 

to Gyrosigma (Figs 3.2 - 3.3,3.5 - 3.8). Other characters that confirm this position are 

that the central bars are continuous with the primary side of the raphe (Plate 4.1.4 Fig. b) 

and the raphe is situated on a ridge, both characteristics of Gyrosigma not Pleurosigma. 

The striae in fact are transverse and longitudinal if you examine the angle of intersection at 

the raphe they subtend it at 900 (Plate 4.4.44 Fig. b). All this evidence confirms its position 

in Gyrosigma not Pleurosigma. 

Plate 4.4.1 - Plate showing features of Gyrosigma. Fig. a- showing cell contents of G. 

fascilba; Fig. b- SEM showing sigmoid outline and raphe in G. euhippus; Fig. C- external 

central area, with central raphe fissures deflected in opposite directions; Fig. d- internal 

central area; Fig. e- external apex; Fig. f- internal apex. 
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Plate 4.6.2 - Gyrosigma attenuatum 

Figures a, d, f-g, SEM's of G. attenualum. Figures b-c, e light micrographs of G. 

attenuatum slide BM 78495 

Figure a- valve showing internal and external views; Figure b- valve view; Figure c- 

valve view; Figure d- internal & external central area; Figure e- apex; Figure f- internal 

pole; Figure g- external pole. 

Scale bars: Figure a-c, e= 20 [tm, Figure d= 10 ýtrn. Figure f&g=2 ýtrn. 
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Plate 4.4.2 - Gyrosigma hippocampus 

Figure a Ehrenberg's (183 8) illustration of Navicula hippocampus 

Figure b Kiltzing's (1833) Frustulia attenuata 
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Plate 4.4.3 - Gyrosigma euhippus 

Figure a-b- SEM showing internal of valve; Figure c- light micrograph; Figure d- 

internal central area; Figure e- external central area, Figure f- internal apex) Figure g- 

external apex. 

Scale bars: Figure a-c= 20 ýtrn, Figure d-g=2 ýLrn 
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Plate 4.4.5 - Gyrosigma scalprum 

Figure a-d- light micrographs of BM 23699. 

Scale bars: a-d= 20 ýtm. 
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Plate 4.4.6 - Gyrosigma litorale 

Figures a -g; SEM's of G. fitorale. Figure a- internal view; Figure b- external view, 

Figure c- external view; Figure d- internal central area; Figure e- external central area; 

Figure f- external end, Figure g- internal end. 

Scale bars: Figure a-g =10 ýtm. 
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Plate 4.4.7 - Gyrosigma kockii 

Figures a-e SEM's of G. kockii Pantoseek material. Figure a- internal view; Figure b- 

external central area; Figure c internal central area; Figure d- external end; Figure e- 

internal end. 

Scale bars: Figure a= 10 ýtrn, Figure b-e=5 Vtm. 
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of BM 78084 

Scale bars: Figures a, c-d= 20 ptm, Figure b=I ptm. 
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Plate 4.4.8 - Gyrosigma acuminatum 

Figure a- internal valve; Figure b- internal central area; Figure c-d- light micrographs 



Plate 4.4.9 - Gyrosigma lacustre 

Figures a-g SEM's of G. lacustre. Figure a- internal view; Figure b- internal view, 

Figure c- external view; Figure d- internal central area; Figure e- external central area, 

Figure f- internal end; Figure g- external end. 

Scale bars: Figure a-c, f= 10 ýtm, Figure d&g=5 ýtm, Figure e4 ýtm. 
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Plate 4.4.10 - Gyrosigma balficum var. 8/r 

Figures a-f, SEM's of G. balticum var. 8/r Figure a- internal view; Figure b- internal 

view; Figure c- internal central area; Figure d- external central area; Figure e- internal 

end; Figure g- external end. 

Scale bars: Figure a&b= 10 ýtrn, Figure c, d, f=5 ýtm, Figure e= 
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Plate 4.4.11 - Gyrosigma balticum var. fl/, v 

Figure a- light micrograph of G. balticum var. fily. Figures b-e- SEM's of G. ballicum 

var. 81r. Figure b- internal view, Figure c- internal central area; Figure d- external end, 

Figure e- internal end. 

Scale bars: Figure a= 20 [tm, Figure b =I 0 ýtm, Figure c-e=5 ýtm. 
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Plate 4.4.12 - Gyrosigma balticum 

Figures a-c- Light n&rographs of G. balticum BM 81615 

Scale bars. a-d =20 ýtm 
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Plate 4.4.13 - Gyrosigma murphii sp. nov. 

Figures a-c SEM's of ; Figure a- internal view, Figure b- internal central area; Figure c 

- internal end. 

Scale bars: Figure a= 100 ýtm, Figures b-c= 10 ýtm. 
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Plate 4.4.14 - Gyrosigma subtilis 

Figs a- c; SEM's of G subtilis Figure a- internal view; Figure b- internal central area; 

Figure c- internal end. 

Scale bars: Figure a-c= 10 ýtm. 
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Plate 4.4.15 - Gyrosigma gibbii sp. nov. 

Figures a-c; SEM's of G. gibbii. Figure a- internal view- Figure b- internal central 

area; Figure c- internal end. 

Scale bars: Figure a =10 ýtrn, Figure b=5 ýtrn, Figure c=3 ýtrn. 
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Plate 4.4.16 - Gyrosigma balficum var. california 

Figures a-d- light n-krographs of Cleve and M61ler 246 

Scale bars: Figures a-d= 20 ýtrn. 
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Plate 4.4.17 - Gyrosigma sterrenburgii 

Figures a-f, SEM's of G sterrenburgii. Figure a- internal view, Figure b- external 

view, Figure c- in internal central area; Figure d- external central area, Figure e- 

internal end, Figure f- external end. 

Scale bars: Figure a-b= 100 ýtrn, Figure c-f= 10 ýtrn. 
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Plate 4.4.18 - Gyrosigma exoticum 

Figures a-d- light micrographs of BM 68034. 

Scale bars: Figures a-d= 20 ýLrn. 

-1) 

1 () 



Plate 4.4.19 - Gyrosigma perthense 

Figures a-c= light micrographs of ACG 40069 

Scale bars: Figures a-c= 20 ýLrn. 
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Plate 4.4.20 - Gyrosigma wansbeckii 

Figures a-c SEM's G. wansbeckii. Figure a- internal view; Figure b- internal central 

area; Figure c- internal apex; Figure d- light micrograph. 

Scale bars: Figures a&d= 20 ýtm, Figures b&c=2 ýtrn- 
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Plate 4.4.21 - Gyrosigma cali sp. nov. 

Figures a -f SEM's of G. cah. Figure a- internal view; Figure b- internal view; Figure c 

- internal central area; Figure d- external central area; Figure e- internal end; Figure f- 

external end. 

Scale bars: Figure a-b= 100 ýtrn, Figure c -d, f= 10 ýtrn, Figure e=5 ýtrn. 
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Plate 4.4.22 - Gyrosigma balticum var. turgidum 

Figures a-b, d-g; SEM's of G. balticum var. turgidum. var. turgidum. Figure a- 

internal view; Figure b- external view; Figure c- light micrograph of G. balticum, 

Figure d- internal central area; Figure e- external central area; Figure f- internal end; 

Figure g- external central area. 

Scale bars: Figure a&b= 100 ýtrn, Figure c- 20 ýtm, Figure d-g=2 ýtm. 
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Plate 4.4.23 - Gyrosigma reversum 

Figure a-c light micrographs 

Scale bars: a-c= 20 ýLrn. 
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Plate 4.4.24 - Gyrosigma brebissond 

Figures a-d- SEM's of G. brebissonii. Figure a- valve view; Figure c- internal apex; 

Figure c- internal central area; Figure d- external central area. 

Scale bars: Figure a= 20 ýtm, Figure b-d=2 4m. 
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Plate 4.4.25 - Gyrosigma transilvanicum 

Figures a-d- SEM's of G. transilvanicum. Figure a- internal view; Figure b- external 

central area; Figure c- internal apex; Figure d- external apex. 

Scale bars: Figure a= 20 ýtm, Figures b-d=2 ýtm. 
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Plate 4.4.26 - Gyrosigma strigilis 

Figure a-d SEM's of G. strigilis. Figure a- internal view-, Figure b- internal view; 

Figure c- internal central area; Figure d- internal end. 

Scale bars: Figure a-d= 10 ýtrn. 
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Plate 4.4.27 - Gyrosigma parvulum 
Figures a, c- d; SEM's of G. parvulum. Figure a- internal view; Figure b- light 

micrograph of G. parvulum; Figure c- internal central area; Figure d- internal end. 
Scale bars: Figure a= 100 ýtrn, Figure b= 20 ýtm, Figure c=1.5 ýtm, Figure d=5 ýLm. 
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Plate 4.4.28 - Gyrosigma spencerii Bailey 

Figure a: Bailey's (1848) original drawing from Queekett 

Figure b: Light micrograph of Gyrosigma spencerii Bailey FH-Ball 14446 

Scale bar: Figure b= 20 ýtm. 
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Plate 4.4.29- Gyrosigma williamsii spec. nov. 

Figure a: light micrograph of BM 23727; Figure b -c : light micrograph of BM 23726 

Scale bars: Figure a-c= 10 ýLm. 
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Plate 4.4.30 - Figure a: Gyrosig7na spenceri var. acutiuscula, Figure b- Gyrosig7na 

spenceri var. smithi, Figure c: Gyrosigma kutingii, Figure d-. Gyrosigma nodiferum 

Scale bars: Figure a-d= 10 ýtrn. 
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Plate 4.4.31 - Gyrosignia scalproides 

Figure a- e SEM's of G. scalproides. Figure a- internal view; Figure b- internal central 

area; Figure c- external central area; Figure d- internal end; Figure e- external end. 

Scale bars: Figure a= 10 ýtrn, Figure b-e=5 ýtrn- 
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Plate 4.432 - Gyrosigma curvula 
Figure a- Ehrenberg 1838; Figure b- Kfitzing 1844; Figure c- Rabenhorst 1853. 
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Plate 4.4.33 - Gyrosigma curvula 

Figure a- c, SEM's of G. curvula. Figure a- internal view; Figure b- internal central 

area; Figure c- internal end. 

Scale bars: Figure a-b= 10 ýtrn, Figure c=3 ýtrn. 
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Plate 4.4.34 - Gyrosigmafebigerii 

Figure a- Light micrograph of Cleve & M61ler 223. 

Scale bars: Figure a= 20 ýLm. 
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Plate 4.4.35 - Gyrosigma eximium 

Figure a-c SEM's of G. eximium. Figure a- showing colony formation; Figure b- 

internal view; Figure c- internal central area; Figure d- light micrograph of G. exiniftan. 

Scale bars: Figure a= 100 ýtrn, figure b&d= 20 ptm, figure c=2.5 ptm. 
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Plate 4.14.36 Gyrosigmafasciola 

- SEM's of G. fasciola. Figures b -c light Figures a-b, e- h) micrographs of G. fasciola 

Figure a- internal view; Figure b- internal view; Figure c- valve view; Figure d- valve 

view; Figure e- internal central area; Figure f- external central area; Figure g- internal 

end; Figure h- external end. 

Scale bars: Figure a&b= 10 [tm, Figure b&c= 20 ýtm, Figure e-h=3 ýtm. 
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Plate 4.4.37 Gyrosigma suicatum 

Figures a-b- light micrographs; Figure c- external SEM; Figure d- light micrograph; 

Figure e- external pore structure; Figure g- external apex. 

Scale bars: Figures a-d= 20 ýtm, Figure e-f=2 ptm. 
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Plate 4.4.38 Gyrosigma arcuatum 

Figures a-b- light micrographs G. arcuatum from BM 12071 

Scale bars: 20 Vtm. 
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Plate 4.4.39 Gyrosigma prolongatum 

Figure a-g- SEM's of G. prolongalum. Figure a- internal view; Figure b- internal 

view; Figure c- internal end; Figure d- internal central area; Figure e- external central 

area; Figure f- girdle band; Figure g- girdle band. 

Scale bars: Figure a, b, f-- 10 ýtrn, Figure c&e=2 ýtrn, Figure d, g=3 ýtm. 
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Plate 4.4.40 Gyrosigma macrum 

Figures a, d, f- g light micrographs of G. macrum from BM 23707. Figures b-c, e; SEM's 

of G. macrum. Figure a- valve view; Figure b- internal view; Figure c- internal central 

area; Figure d- valve view; Figure e- internal end; Figure f- central area; Figure g- 

apex. 

Scale bars: Figure a, d, f, g= 20 ýtrn, Figure b= 10 ýtrn, Figure c, e=5 ýtrn. 
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Plate 4.4.41 Gyrosigma distortum 

Figure a- light micrograph of G. distortum; Figure b- SEM of G. distornim, external 

central area; Figure c- SEM of G. distortum, external end, 

Scale bars: Figure a= 20 ýtrn, Figure b =2 ýtm. Figure c=3 ýLm- 
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Plate 4.4.42 Gyrosigma parkeiii 

Figures a-d- light micrographs of G. parkerii from BM 1899 

Scale bars: Figures a-d= 20 ýtrn. 
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Plate 4.4.43 Gyrosigmafogedii 

Figures a-b, c-g; SEM's of G. fogedii. Figure c light micrograph of G. fogedii from BM 

82209. Figure a- internal view; Figure b- external view, Figure C- valve view; Figure d 

- internal central area; Figure e- external central areaý- Figure f- internal end; Figure g- 

external end. 

Scale bars: Figure a- b= 10 ýtrn, Figure c= 20 ýtrn, Figure d-g=3 ýtrn. 
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Plate 4.4.44 Pleurosigma obscurum 

Figure a-b, e, SEM's of P. obscurum material Carter collection. Figure a- Valve view, 

Figure b- internal central area; Figure e- internal apex; Figures c-d- light micrographs 

of P. obscurum BM 23 689; Figure g- light micrograph P. obscurum H. L. Smith 407 

Newark; Figure h- light micrograph G. algoris Carter slide BM 

Scale bars: Figure a= 10 ýtrn, Figure b=5 ýtm, Figure c-d= 20 ýtrn, Figure e=3 pm, 

Figures f-h= 20 [tm. 
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4.5 Brunsigma gen. nov. 

After examination of Ehrenberg's type material of Stauroneis sigma Ehrenberg, the 

gencrotype of Staurosigma Grunow, Peragallo (1891) showed the taxon belonged to 

Pleurosigma affine var. fossilis. The genus Staurosigma was subsumed by Peragallo 

(18 9 1) into the genus Pleurosigma (which at the time contained Gyrosigma as well). 

Cleve (1894) removed the species of Staurosigma (S. staurophora, S. asiaticum) from 

Pleurosigma and placed them into Calonies as 'first, the presence of longitudinal lines and 

secondly, the striae are not distinctly punctate, the striae of all species of Pleurosigma 

being very punctate' (Cleve, 1894: 47). 

My studies show that S. staurophora and S. asiaticum do not belong to Calonies, 

Pleurosigma or Gyrosigma but, form a separate genus based on the striae arrangement in 

transverse rows only, and stauros which extends to both valve margins, composed of 

undulating surfaces of silica. The valves also have a strong siliceous thickening, running 

either side of the raphe sternum for the whole length of the valve. The valve surface has 

the appearance of apical lines running throughout. As the generotype of Staurosigma is a 

homonym based on Pleurosigma affine var. fossilis a new generic name is required for 

those species of Staurosigma transferred to Calonies by Cleve. 

Brunsigma gen. nov. (Plate 4.5) 

Basionym: Staurosigma Grunow 1860, p. 567 

Synonyms: Stauronies Eherenberg 184 1, p. 422 

Caloneis Cleve in Cleve et Grunow 1891, p. 66, Cleve 1894, p-46 

Description: 

Cells solitary, sigmoid. Raphe central, sigmoid, with strong siliceous thickening running 

either side of the raphe. Central bars flanking central area which appear from the light 

microscope to be continuous with the siliceous thickening. Central area containing a broad 

stauros which reaches valve margins. Valve has longitudinal lines of silica flanking either 

side of raphe, these appear (from light microscope examination) to be caused by the valves 

surface undulating, giving a rippled effect. Valve has transverse rows of striae. 
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Brunsigma staurophora comb. nov. (Appendix 4 Plate 8 rig. 45) 

Basionym: Pleurosigma staurophora Grunow in Cleve and Grunow 1880, p. 61 

Synonym: Staurosigma staurophora (Grun. ) M. Peragallo 1903, p. 845 

Caloneis staurophora (Grun. ) Cleve 1894 p. 56 

Type locality: Davis strait, Australia 

Description: 

Valves sigmoid, lanceolate, gradually tapering to sub-acute ends. Raphe, central, sigmoid. 
Central area has a broad stauros reaching valve margins. Parallel horizontal transverse 

rows of striae 14 per 10 ptm. Two longitudinal lines flanking either side of the raphe. These 

lines are close to the raphe with the striae enclosed within them and the raphe appearing 

very faint, in contrast to Brunsigma asiaticum were the longitudinal lines lie close to the 

valve margins. 

Brunsigma asiaticum comb. nov. (Plate 4.11.2) 

Basionym: Staurosigma asiaticum Tempere et Brun in Brun et Tempere 1889, p. 56, pl. 9, 

fig. I 

Synonym: Caloneis staurophora var. asiaticum (Temp. & Brun) Cleve 1894 p. 56 

Type locality: Sendai, Japan. (fossil, Nfiocene) 

Type slide: BM Adams collection 

Description: 

Valves sigmoid, lanceolate, gradually tapering to acute ends. Raphe central, sigmoid. 

Central area with broad stauros reaching valve margins. Stauros appears to be stepped (see 

Plate 4.5.2) containing differing layers of silica thickening between the central bars and the 

valve margin, with the outer edge of the thickening being crescent shaped (Plate 4.5.2). 

Length 190 - 220 ýtm, breadth 25 - 28 ýtm. Transverse rows of striae 16 - 18 per 10 ptm. 

Longitudinal lines lie close to valve margin in contrast to B. staurophora were they lie 

close to raphe. 
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Plate 4.5.2 - Brunsigina asiaticum 

Figure a- light micrograph of. B. asiaticum from BM Adarns collection TS 288, Sendai collection Brun. Figure b- c-, 

Light micrographs of B. asiaticum Moran, Sendai, Japan collector Brun. Scale bars: Figure a-c= 20 ;. tra. 
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4.6 Carinasignia gen. nov. 

Basiyonym: Donkinia Ralfs in Pritchard 186 1, p. 920 

Synonyms: Gyrosigma Hassall 1848 

Pleurosigma W. Smith 1852 

The results of the systematic analysis has, in all cases, shown Donkinia to be polypthyletic 
(see Figs 3.2 - 3.3ý 3.5 -3. ) and as such warrants splitting into two genera. Donkinia has 

been retained for D. carinata as this is the generotype of Donkinia (Cox, 1983). A new 

genus has been erected for the remaining taxa which are more closely related to 

Gyrosigma (see Figs 3.2 - 3.3,3.5 - 3). 

Description: 

Cells solitary, linear to linear-lanceolate, slightly sigmoid in valve view. Central 

constriction in girdle view, with deep girdle, usually at least as deep as valve width. 2 or 4 

lobed chloroplasts, which lie along the valve margin. Areolae arranged in longitudinal and 

transverse rows. Areolae open to the outside by apically elongate slits and to the inside by 

a poroid which is closed by a hymene. Raphe strongly sigmoid running on a keel, 

coincident with the valve margin, entering the valve only at the centre were it crosses the 

central nodule diagonally. Central internal raphe endings lying in a central nodule which is 

flanked on either side by a central bar. Raphe sternum internally thickened, the thickening 

is greatest on the primary side of the raphe sternum and this is continuous with the central 

bar. Terminal raphe endings deflected in opposite directions. 

Carinasigma minuta comb. nov. (Plate 4.6.1) 

Basionym: Pleurosigma minutum Donkin 1858 p. 14, pl. 3 fig. 8 

Synonym: Donkinia minuta (Donkin) Ralfs in Pritchard 1861 p. 920 

Type locality: Cresswell, England 

Type slide (lectotype; Cox 1983): BM 12002 

Description: 

Valves linear, tapering to acute apices deflected in opposite directions. At apices one side 

of the valve strongly curved whilst opposite side almost straight. 60 - 84 ýtm long, 10 _ 12 

w wide. Raphe sigmoid running on a keel at the edge, running diagonally across centre of 

the valve. Valve unevenly keeled, wl-iich results in the raphe running closer to one margin 
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of the valve than to the other. 30 ýtm girdle depth. Transverse striae 20 -24 per 10 

longitudinal striae 25 - 28 ýtm. 

Carinasigma rectum comb. nov. (Plate 4.6.2) 

Basionym: Pleurosigma rectum Donkin 1858 p. 13 pl. 3 fig. 6 

Synonyms: 

Donkinia rectum (Donkin) Ralfs in Pritchard 186 1, p. 920. 

Gyrosigma rectum (Donkin) Cleve 1894 p. 119 

Type locality-. Creswell 

Type slide (lectotpye; Cox 1983)- BM 12002 

Description: 

Valves linear with one tapering margin and its opposite margin gradually tapering to 

obtuse apices; the other margin is straight. Length 110 - 230 ýtm, breadth 13 - 20 ýtm. 

Raphe strongly sigmoid, eccentric running on keel along valve edge, crossing central 

nodule diagonally, where keel dips. Transverse and longitudinal striae 19 - 20 per 10 pm. 

Carinasigma lata comb. nov. 
Basionym: Donkinia lata Cox 1983, p. 576 

Type locality: Sylt 

Type slide: BM 78947 

Description: 

Valves linear with one tapering margin and its opposite margin gradually tapering to sub- 

acute ends. 80 - 140 ýtm long, 14 - 20 ýtm wide. Transverse striae 18 - 22 per 10 ýtm, 

longitudinal striae 25 per 10 ýtm. Raphe strongly sigmoid, eccentric running on a keel, 

along valve edge. Keel dips at the centre of the valve where the raphe crosses the centre 

diagonally. 

Carinasigma angusta comb. nov. (see Appendix 4 Plate 9 Fig. 3) 

Basionym: Pleurosigma anguslum Donkin 1958, P. 14 P1.3 fig. 9 

Synonym: Donkinia angusta (Donkin) Ralfs in Pritchard 186 1, p- 920. 

Type locality- Chibburn Mouth, Druridge Bay 

Type slide (lectotype; Cox 1983)- BM 11985 
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Description. 

Valves linear, margin tapering at opposite poles to acute apices, length 126 - 140 Pm, 

breadth 15 ýtm- Raphe strongly eccentric and sigmoid, on a keel only entering valve face to 

cross central nodule. Transverse striae 28 per 10 ýtm, longitudinal striae 22 per 10 ýtm. 

Carinasigma subangustum comb. nov. (Plate 4.6.3) 

Basionym: Gyrosigma subangustum Hustedt, 19 55p. 3 5, pl. 10 fig. 10 

Type locality: Beaufort, Carolina, USA 

Type slide: BRM ZT 1/98 

Description: 

Valve linear with parallel sides. Margin curving at opposite poles to form acute apices. 

Length 90 [tm, breadth 9 ýtm. Transverse striae 28 per 10 ýtm, longitudinal striae 30 per 10 

ýtm. Raphe strongly eccentric running on a keel, along valve margin only entering at the 

centre, were it crosses the central nodule diagonally to reach the opposite margin. 

Differs from C. angustum in that C. angustum has transverse striae which are of higher 

density than the longitudinal striae, whereas in C subangustum the longitudinal striae are 

of greater density than the transverse. I have moved this taxon out of Gyrosigma because 

it has a highly keeled valve, with raphe running coincident with the valve margin except at 

the centre. The valve is constricted at the centre in girdle view. 
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Plate 4.6.1 Carinasigma minuta 

Figures a- 

Scale bars: 

Carinasigma minuta from BM 
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Plate 4.6.2 Carinasigma rectum 

Figures a-c-C rectum from BM 12002 

Scale bars: Figures a-c= 20ýtm. 
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Plate 4.6.3 Carinasigma subangustum 
Figures a-d-C subangustum from BRM ZTI/98 

Scale bars: Figures a-d= 20ýtm 
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4.7 Rhoicosigma 

Rhoichosigma (Plate 4.7.1 - 4.7.2) 

Rhoichosigma Grunow 1867, p. 19 

Description: 

Frustule hetrovalvate, achnanthoid, i. e. the valves are bent on the transapical axis, with 

each valve vaulted and twisted to give a spatulate appearance. The valve is loculate with 

striae arranged in transverse and longitudinal rows. Areolae open to the outside by an 

apically elongate slit and to the inside by a poroid occluded by a hymene. The areolae form 

a lattice communicating with each other laterally by pores, in the locular walls forming a 

continuous space in the valve matrix. 

Raphe sigmoid, situated on a keel. Valves dissimilar, upper valve concave with a weakly 

sigmoid raphe, lower valve concave with a strongly sigmoid raphe. The central internal 

raphe endings lie within the central nodule which is flanked either side by central bars. 

Raphe sternum internally thickened, the thickening is stronger on the primary side, where it 

is continuous with the central bar. Terminal raphe endings deflected in opposite directions. 

As the work on Rhoicosigma is very incomplete. I have only included R. compaclum in the 

species descriptions. 

Rhoicosigma compactum (Plate 4.7.1 - 2) 

Rhoicosigma compactum (Greville) Grunow p. 112 

Basionym: Pleurosigma compactum Greville 1857 p. 12, pl. 3 fig. 9 

Synonym: Donkinia compacta (Greville) Ralfs in Pritchard p. 921 

Type locality: West Indies 

Description: 

Valves achanthoid. Linear lanceolate tapering to obtuse ends. On one valve raphe strongly 

eccentric and sigmoid, running along the valve edge from midway between the centre and 

the apices. On the other valve, raphe nearly straight running diagonally through the centre 

to the apices. Length 77 - 180 ýtm, breadth 25 - 40 ýtm. Transverse striae 20 - 24 per 10 

ýtm, longitudinal 25 - 28 per 10 ýtm. 
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Plate 4.7.1 Rhoicosignia compactum 

Scale bars: Figures a-d= 20 ýLm. zn 
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Plate 4.7.2 Rhoicosigma compactum 

Figure a- SEM internal view; Figure b- SEM external view; Figure c- internal central 

area; Figure d- external central area; Figure e- internal apex, Figure f- external apex. 

Scale bars: Figures a-b= 20 ýtm, Figures c-f=2 [tm. 
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4.8 Costasigma gen. nov. (Plate 8) 

Type locality: Java 7, Mocene deposit 

Type slide: BM 99750 

This is a monotypic genus with the only representative described below as the generic and 

specific description combined. 

Description: 

Costasigma simsii sp. nov. 

Valves strongly sigmoid, vaulted, 250 - 270 ýtm long, 25 ýtm wide. Areolae loculate 

arranged in transverse and longitudinal rows. Areolae open to the outside by a transversely 

expanded oval and to the inside by a poroid occluded by a hymene. The areoale form a 
lattice communicating with each other laterally by pores, which as a consequence, form a 

continuous space in the valve matrix. Transverse striae 12 - 14 per 10 ýtm, longitudinal 12 

- 14 per 10 [tm. 
Raphe strongly sigmoid, eccentric on a keel (Plate 4.8 Fig. a& b). External central fissures 

straight, slightly curved in central area (Plate 4.8 Fig. e). Internal central area very unusual. 
It lies in the keel and consists of a hyaline depressed area which is transversely expanded 
(Plate 4.8 Fig. d). As it lies in the keel the central nodule is then raised back up to the main 

valve height (Plate 4.8 Fig. d) with smooth, thick, central bars of approximately equal 
length (Plate 4.8 Fig. d). 

External valve structure has longitudinal almost costate thickenings of varying widths, 

running between the striae forming 'ribs' (Plate 4.8 Fig. e). These are less apparent at the 

valve margins. On either side of the raphe, on the valve extremities, there is a hyaline area, 

extending the length of the valve, each area is perforated by a single row of areolae (Plate 

4.8 Fig. e). 

Plate 4.8 Costasigma simsh 

SEM's of Costasigma simsii. Figure a- internal view; Figure b- external view; Figure c 

- internal apex; Figure d- internal central area; Figure e- external central area; Figure f- 

internal apex; Figure g- external apex. 

Scale bar- Figure a&b= 100 ýtm, Figure c=1.5 ýtm, Figure d=4.3 pm, Figure e=6 

Figure f =: 2.5 ýtm, Figure g =: 3 ýtm. 
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Arcuatasigma gen. nov. (Plate 4.9) 

Description: 

Cells solitary, valves lanceolate with apices attenuated into spathulate apices, which are 

deflected in the same direction. Areolae loculate arranged in longitudinal and transverse 

rows. Areolae open to the outside by an apically elongate slit and to the inside by a poroid 

occluded by a hymene. The areolae form a lattice communicating with each other laterally 

by pores, which, as a consequence, form a continuous space in the valve matrix. 

Raphe arcuate. Central internal raphe endings lie within the central nodule, which is 

flanked by central bars. Raphe sternum internally thickened, the thickening is stronger on 

the primary side of the raphe sternum, where it is continuous with the central bar. Terminal 

raphe endings deflected in the same direction, which contrasts to Gyrosigma where they 

are deflected in opposite directions. 

The following two taxa have been removed from Gyrosigma because they do not conform 

with the generic description, i. e. their apices are deflected in the same direction making the 

valves arcuate, whereas in Gyrosigma they are deflected in opposite directions to make a 

sigmoid frustule. The raphe, as a consequence, is arcuate with the terminal raphe endings 

defected in the same direction. The only other genus with which these species could be 

associated is Toxonidea but this genus has a decussate striae arrangement not a transverse 

and longitudinal. 

Unfortunately type material of both taxa was not available for this study, so these taxa 

were not included in the cladistic analysis. However a separate cladistic analysis was 

performed and the taxa were resolved as being most closely related to Gyrosigma but 

separate from it. 

Arcuatasigma closteroides (Plate 4.9 Figure 58) 

Arcuatasigma closteroides (Grunow) Reid comb. nov. 

Gyrosigma prolongatum var. closteroides (Grunow) Cleve 1894 p. 117 

Pleurosigmaprolongalum var. closteroides Grunow 1884, p. 105 fig. 58 

Type locality: Dawlish, England, marine 

Description: 
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Valves lanceolate with apices abruptly drawn out into spathulate apices turned in the same 

direction. Transverse striae 22 per 10 ýtm. 

I have still not received the type material of this taxon. As the original description and 

illustration show the extremities are curved in the same direction i. e. an arcuate valve with 

an arcuate raphe this taxon is more allied to Toxonidea than Gyrosigma, but can not be 

placed in Toxonidea as its striation is transverse and longitudinal as opposed to transverse 

and oblique. 

Arcuatasigma challengeriensts. (Plate 4.9 Figures 14 - 15,42 - 46) 

Arcuatasigma challengeriensis (Castracane) Reid comb. nov. 

Basionym: Toxonidea challengeriensis Castracane 1886, p. 39, pl. 26,15 

Synonyms: Toxonidea challengeriensis var. Castracane 1886, p. 39, pl. 26,14 

Gyrosigma spathulatum Ricard 1975, p. 209, pl. 4,42 - 46 

Type locality: Tahiti 

Description: 

Valve lanceolate with apices attenuated into spathulate apices which are deflected in the 

same direction. Length 350 - 400 ýtm, breadth 10 [tm. Longitudinal and transverse striae 

25 per 10 ýtm. Raphe central, only curving at the apices were it runs along the edge of the 

valve. Raphe apices deflected in the same direction. Central bars smooth, thick and 

continuous with the primary side of the raphe sternum thickening. Hyaline area absent. 

I have no response to my request for the type material of G. spathulatum Ricard. However 

from Ricards' photomicrographs, his specimens, appears to be the same taxon as T 

challengeriensis Castracane, both sharing the same locality; Tahiti (Ricard No. 377: Lagon 

de Vairao, Tahiti). Gyrosigma spathulatum thus becomes a synonym of Arcuatasigma 

challengeriensis. 
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Plate 4.9 Arcuatasigma 

58 Gyrosigma closteroides Grunow 1884, fig. 58 
14 Toxonidea challengeriensis var Castracane 1886, p. 39, pl. 26,14 
15 Toxonidea challengeriensis Castracane 1886, p. 39, pl. 26,15 
42 - 46 Gyrosigma spathulatum Ricard 1975, p-209, pl. 4, 

. 58. 
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Chapter 5- Summary & Future Work 

This study represents a detailed investigation into the morphology of sigmoid naviculoid 

species, especially the genera Gyrosigma and Pleurosigma. This is the first detailed 

systematic analysis of these genera for over 100 years, since they were last monographed 

as one large genus by Peragallo (189 1). Descriptions of 120 taxa are given. This includes 4 

new genera, 2 new species of Pleurosigma, 4 new species of Gyrosigma, I new species of 
Costasigma, 2 new combinations in Pleurosigma, 3 new combinations in Gyrosigma, 2 

new combinations in Brunsigma, 5 new combinations in Carinosigma, 2 new combinations 
in Arcutosigma, I new name in Gyrosigma and I new name in Pleurosigma. It introduces 

many new characters, which have only become available due to advances in microscopy, in 

particular scanning electron microscopy. 

This study has begun to resolve the intergeneric relationships, but further research is 

necessary to fully resolve them and their relationships with the non-sigmoid Naviculaceae. 

This study supports the monophyly of Gyrosigma. However, the results show that 

Donkinia is not monophyletic and is in need of revision. Therefore, the new genus 

Carinasigma has been proposed to accommodate the split. There is evidence that 

Pleurosigma in the future may need splitting, as it may prove to be a paraphyletic group. 

With the available character data, Pleurosigina always resolves into two distinct clades. 

Occasionally, albeit in the unweighted data, one of these clades is more closely related to 

the Gyrosigma clade than to the rest of the Pleurosigma clade. Full resolution of this 

phenomena requires further investigation with the inclusion of more species of 

Pleurosigma. Toxonidea and Rhoicosigma are shown to be separate genera, but their 

monophyly cannot be commented on until more species are included in the analysis, as only 

one representative of each taxa is included. However, recent work by the author has 

shown Toxonidea to be parapyletic with the proposal of the erection of Arcuatasigina to 

accommodate the taxon (see chapter 4). 
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The generic status of G. obscurum is ratified. Current research has placed it into the genus 
Pleurosigma (Sterrenburg, 1993). This is a species who's generic status has long been in 
question since its erection as a species, due to the fineness of its striae (Smith, 1852). It 

was initially placed in the Pleurosigma section of Pleurosigma (Pleurosigma and 
Gyrosigma were combined as one genus at this time)(Smith, 1852), this was continued in 
future works (Smith, 1853; Griffith & Henfrey, 1856; Peragallo, 1891; Cleve, 1894, 
VanLandingham, 197 1; 1978; Germain, 198 1; Sterrenburg, 1993) but was disputed by 

Krammer (1986). As all results show it to be most closely related to Gyrosigma, sharing all 
of its synapornorphies with species of Gyrosigma not Pleurosigma, the study places it into 
Gyrosigma. 

A new monotypic fossil genus has been resolved, Costasigma, which is closely related to 
Gyrosigma. Monotypic genera pose some problems, as with only one member they are not 

able to be recovered by synapornorpies, as they have no one to share them with. Some 

workers may argue for them to be pushed in with other appropriate species, to make it 

easier for the end user of the classification to identify the taxa (Krammer & Lange- 

Bertalot, 1986). If this approach was taken it could lead to a circular event, with the 

continuing expansion of generic descriptions for the convenience of non-taxonomists. 

Arguably this could lead to a simpler classification (e. g. its a diatom), which would tell us 

very little about the overall make-up of the group, and is a large step backwards. I do not 

think it is justified to place Costasigma into a more inclusive Gyrosigma. This would 

require the revised definition of the genera, to include a taxon that does not belong there 

for the sake of convenience. The point of any classification is to try to make it as 'natural' 

as possible, so to purposely lose some information for convenience sake is not justified. 

Also, as explained earlier, the fossil sigmoid Naviculaceae have not been looked at in any 

great detail, so more members of this genus may be available on examination of more 

material. 

Resolution of interspecific relationships needs further work, but it is clear that Peragallo's 

(1891) groups are not valid sub-groupings, showing no interrelationships and as such 

should be rejected. Interrelationships among the species of Pleurosigma are well defined 

(see Chapter 3), but the resolution of the Gyrosigma clade was very poor, producing just a 
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crown grouping without resolution. This may be due to lack of available character 
information or to the high degree of character conflict. Further investigation into the 

characters of Gyrosigma is needed to resolve any interspecific relationships that may exist. 

The specific status of P. angulatum has been clarified as all results show P. angulatum, P. 

quadratum and P. aestuarii to be separate taxa (see Chapter 3& 4). Current research 
(Sterrenburg, 199 1 a; Ross & Sterrenburg, 1996) has subsumed the three taxa under the 

epitaph angulatum on the basis that they are frequently found together and so may be 

assumed to be different stages in the life cycle of one species. The results of this study 

clearly show this is not the case. P. angulatum and P. quadratum are very closely related, 
being contained within the same clade and sharing most synapomorphies. But P. aestuarli 
is always contained within a different clade, showing it to be more distantly related to the 

P. angulatum and P. quadratum, and sharing only a few synapomorphies (those which 
define the genus Pleurosigma). 

The study used cladistic methods to determine the interrelationships of the taxa. Although 

cladistics as a systematic treatment has gained wide approval for other groups of 

organisms, it has not been accepted for use in the systematic analysis of diatoms. This may 

appear an odd notion for workers of other groups, as cladistics has been empirically 

proven to be the better option and considerably advanced the understanding in the 

relationships of many taxa. However, the major diatom systernatists all prefer phenetics 

and recommend its use in all textbooks on the subject (e. g. Round et al., 1990). 

Unfortunately, in reality diatom workers use intuition to delimit taxa with no numerical 

methods employed. Therefore, this study represents one of the few systematic works on 

diatoms using cladistic methodology. Cladistic studies on diatoms have concentrated on 

generic relationships e. g. Williams (1990), where he concentrated on the intergeneric 

relationships of some araphid diatoms. The study had an advantage compared with this 

study in that it only had a small data set (I I taxa) so the implicit enumeration option was 

performed, i. e. this guarantees trees of minimal length (Farris, 1988). However the analysis 

was only a standard analysis with no weighting of the data set, which as explained earlier is 

unsatisfactory in that until the analysis is performed there is no way of knowing which 

characters contribute to what extent to the relationships (see Chapter 2). The study was 
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also addressing a different question as it was only interested in intergeneric relationships 
whereas this study was investigating both the intergeneric and specific relationships, with 
this study investigating far more taxa (55 in the extended data set). Phenetic analyses were 
not used as cladistics was believed to be the better option (see Chapter I for justification). 

This study utilised weighted data, using a posteriori differential weighting. Weighting as a 
subject is a contentious one where many workers totally disagree with its use and others 
only accept it as a method to choose amongst multiple trees. I do not believe this is the 

case (see Chapter 2), and recommend that aposteriori differential weighting be used in all 
cases, even when only one most parsimonious tree is produced by standard uniform 

weighting approaches. 

The study has explored the use of the computer program Pee-Wee and NONA for 

phylogenetic analysis. They appear to be as efficient as Hennig86 in searching for the most 

parsimonious trees (see Chapter 3). However, the option to remove ambiguous branch 

support from the results, renders them the preferred option (see Chapter 2 for 

justification). Other workers may argue for the use of PAUP (Swofford, 1990) as this is 

more user friendly programme which offers additional analysis to the resultant trees, e. g. 

decay indices which could test the robustness of the data. However, PAUP is unable to 

remove ambiguous optimisations to the extent NONA and Pee-Wee can so they are still 

the preferred option. 

The study has shown culture work to be an unsuitable tool for this type of work (see 

Chapter 2). The taxa are unable to grow with standard media and in the enriched media 

(GezS) the valves are unable to be cleaned, with a deposit obscuring the fine details of the 

cell which are required for taxonomic purposes. If the cells had been able to grow in 

standard media, the results would be questionable, as it has been observed that valves 

eventually become strongly mutated (Benndorf & Egerer, 198 1; Estes & Dutes, 1994), 

rendering them unsuitable for detailed taxonomic work. 
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Future work 

Future work should include a search for material representing the remaining described 

species of Pleurosigma and Gyrosigma for SEM investigation. Inclusion of more material 

representing species of Donkinia will establish its status. Further work, involving more 

representatives, is required into the genera Staurosigma, Toxonidea and Rhoicosig7na. 

There is a need for future studies to investigate the robustness of the phylogenetic 

conclusions using, for example, decay indices. 

The study has concentrated on the taxonomy of the group and as the specific status of taxa 

is determined, this provides the essential basis for ecological investigation. At present due 

to the number of incorrect identifications in the literature (e. g. Cardinal et. aL, 1989) an 

accurate ecological data set cannot be drawn up. As the taxonomy of Pleurosigma and 

Gyrosigma has been resolved correct observations can be drawn up. This should aid 

workers to harmonise their data sets so that correct comparisons of ecological data can be 

made and act as a model for future work. 

It will be interesting to see if after further investigation whether the Gyrosigma clade splits 

into two distinct groups as its members are present in both fresh water and marine 

environments. Pleurosigma is a marine - brackish genus. There appears to be no special 

adaptations for planktonic species with the available data. The keeled nature of Donkinia 

and Rhoicosigma may be an environmental adaptation as they live in coarser sediments e. g. 

sand compared to Pleurosigma and Gyrosigma which are found on soft silty sediments. In 

the Pleurosigma clade the group defined by the saddled central area and rimmed pores has 

most of its members from sub-littoral habitats, further investigation on the adaptive 

function of these characters would be interesting. 

An investigation into inter-relationships within the order Bacillariophyceae needs to be 

undertaken. The results of this study have gone against the conventional systematic 

understanding of the Bacillariophyceae, where the keel plays an important role in the 

phylogeny of the Bacillariophyceae. The complexity of the raphe / keel system has been 

portrayed in the past as an evolutionary sequence (e. g. Paddock & Sims, 1990; Round el 

al., 1990). This study shows the keel to be a homoplastic character, and is of little 

importance to the interrelationships of the group. This homoplastic nature could be due to 
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a current nusunderstanding of what constitutes a keel. Whatever the reason, further work 

is required into this aspect of the study as its implications on diatom systematics, are far 

reaching. If they turn out to be correct, a major revision of diatom systematics would be 

required. 
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Appendix 1- Species of Pleurosigma. 

Genus Species variety Authority 
Pleurosigma acus Mann 1925 
Pleurosigma Acutum Norman 1861 
Pleurosigma acutum australicum Grunow 18821 
Pleurosigma acutum pelagicum Peragallo 1891 
Pleurosigma acutum ?_ japonicum Castrane 1891 
Pleurosigma acutum latum Chin & Jun-Lin 1979 
Pleurosigma aequatoriale Cleve 18781 
Pleurosigma aestuarii intermedia Grunow 18671 
Pleurosigma aestuarii delicata Meister 19321 
Pleurosigma aestuarii Cleve Cleve 18731 
Pleurosigma affi ne nicobaricum Grunow 1885ý 
Pleurosigma affi ne Grunow 18791 
Pleurosigma affi ne Peragallo Peragallo 1891 
Pleurosigma affi ne ssilis Grunow 1880 
Pleurosigma affi ne marylandica Grunow 1880 
Pleurosigma affi ne maj . or Tempdre & Peragallo 1911 
Pleurosigma affi ne moronensi .S Tempdre & Peragallo 1913 
Pleurosigma affi ne interruptum H. Peragallo 1891 
Pleurosigma affi ne normani .I Peragallo 18911 
Pleurosigma akbecula Hollerbakh & Krasavina 1971 
Pleurosigma ameri . canum H. Peragallo 1891 
Navicula angulatum Quekett 1848 
Gyrosigma angulatum Griffith & Henfrey 1856, 
Pleurosigma angulatum B Win Smith 1852 
Pleurosigma angulatum chemuriana Gonzalves & Gandhi 1953 
Pleurosigma angulatum finmarchicum Meyer 1938 
Pleurosigma angulatum m aj . or Grunow 1880 
Pleurosigma angulatum ml . nor Rabenhorst 1894 
Pleurosigma angulatum minor Cleve & M61ler 1878 
Pleurosigma angulatum minutum Grunow 1878 
Pleurosigma angulatum salinarum Grunow 1878 
Pleurosigma angulatum u ndulatum Grunow 1880 
Pleurosigma angulatum , aestuarii Br6bisson 1849 
Pleurosigma angulatum non 1 *8 Wm Smith 1852 
Pleurosigma angulatum quadratum Meunier 1910 
Pleurosigma angulatum robustum McCall 1933 
Pleurosigma angulatum I. nermedium Grunow 1867 
Pleurosigma _ angulatum strigosa Win Smith 18521 
Pleurosigma angulatum falcatum Shi-cheng & Jun-Lin 1980 

Pleurosigma angulatum j. avani . cum De Toni 1891 

Pleurosigma angusticonvexum Hagelstein 1939 

Pleurosigma antarcticum anýZusta Heiden & Kolbe 19281 

Pleurosigma antarticum Grunow 1878 

Pleurosigma antillarum H. Peragallo 1891 

Pleurosigma apula Rabenhorst 1853 

Pleurosigma arafurense Castracane 1886, 

Pleurosigma atlanticum Heiden & Kolbe 19281 

Pleurosigma australe Grunow 1867 

Pleurosigma australicum Witt 1873 

Pleurosigma biharense Pantocsek 1892 
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Pleurosi gma bistriatum Schumann 1867 Pleurosi gma boyeri Keelev 1926 Pleurosi gma brasiliana Muller-Melchers 1957 Pleurosi gma brasiliense Zimmermann 1918 
. . Pleurosi gma bruni I Cleve 1891 

Pleurosi gma candidum Schumann 1867 
Pleurosi gma capense Karsten 1967 
Pleurosi gma chilensis Hustedt & Krasske 1941 
Pleurosi gma clevei Grunow 1880 
Pleurosi gma clevei fossilis Brun 1891 
Pleurosi gma clevei cornuta Grunow 1894 
Pleurosi gma clevei sibirica Grunow 1882 
Pleurosi gma clevei manutounukensis Poulin & Cardinal 1982 
Pleurosi gma crassum Meister 1932 
Pleurosi gma crookii Inglis 1881 
Pleurosi gma cuspidatum rostratum Proschkina-Lavrenko 1963 
Pleurosi gma decorum Win Smith 1852 
Pleurosi gma decorum in flatum Peragallo 1891 
Pleurosi gma decorum longissima Grunow 1880 
Pleurosi gma decorum orientalis Skvortzow 193-2 
Pleurosi gma decorum adriaticum Tempdre & Peragallo 1910 
Pleurosi gma decorum americanum Peragallo , 1891 
Pleurosi gma decorum adriaticum sesu Peragallo 1891 
Pleurosi gma decorum quebecensis Cardinal, Poulin & Berard-Therriault 1986 
Pleurosi gma deicatulum_ africana Grunow 1879 
Pleurosi gma delicatulum hyalina Grunow 1878 
Pleurosi gma delicatulum Win Smith 1852 
Pleurosi gma delicatulum americana Grunow 1879 
Pleurosi ma delicatulum gracile McCall 1933 
Pleurosi gma delicatulum hyalina Grunow 1878 
Pleurosi gma delicatulum macilentum H. Peragallo 1891 
Pleurosi gma delicatulum obtuiuscula Grunow 1894 
Pleurosi gma delicatulum salinarum Grunow 1878 
Pleurosi gma depauperana Manguin 1952 
Pleurosi gma directum Grunow 1880 
Pleurosi gma directum membranacea Subrahmanyan 1946 
Pleurosi gma directumsecundum Karsten 1905 
Pleurosi gma distinguendum Hustedt 1955 
Pleurosi gma diversestriatum Meister 1934 
Pleurosi gma dolosum Mann 1925 
Pleurosig ma eleZantissimum Castracane 1886 
Pleurosig ma ellipticum M. Peragallo 1913 
Pleurosig ma elongatum Wm Smith 1852 
Pleurosig ma elongatum gracile Grunow 1878 
Pleurosig ma elongatum kariana Grunow 1880 
Pleurosig ma elongatum fa lax Grunow 1880 
Pleurosig ma elongatum baleari . cum H. Peragallo 1891 
Pleurosig ma elongatum Qrossepunctatum J. John 1983 
Pleurosig ma elongatum balearicum - Peragallo 1891 
Pleurosig ina eudon Pantocsek 1886 
PleuroSig ma eudon kergu lensis Heiden & Kolbe 1928 
Pleurosig ma eudon stricta Peragallo 1924 

Pleurosig nia excelsum Meister 1937 

Pleurosig ma l exenitum Mann 19251 
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Pleurosigma exsul Cleve 1894 
Pleurosigma falax Grunow 1880 
Pleurosigma falx Mann 1925 
Pleurosigma finmarchicum Cleve 1878 
Pleurosigma fissa Juriij 1957 
Pleurosigma fluviatile Bening 1928 
Pleurosigma fluviiggnorum J. John 1983 
Gyrosigma formosum Wrn Smith 1852 
Pleurosigma formosum adriaticum Thum 1885 
Pleurosigma formosum arcus Cleve 1894 
Pleurosigma formosum balearica Cleve & Grunow 1878 
Pleurosigma formosum dalmatica Grunow 1878 
Pleurosigma frigidum Mann 1937 
Pleurosigma galapagense Cleve 1894 
Pleurosigma galapagense kumariensis Venkataraman 1957 
Pleurosigma gi . ganteum Grunow 1862, 
Pleurosigma giganteum baccatum O'Meara 1869 
Pleurosigma giganteum Grunow 1880 
Pleurosigma gracile Hustedt 1955 
Pleurosigma gracilescens Grunow 1880 
Pleurosigma gracilis Grunow 18781 
Pleurosigma gracillimum Meister 1932 
Pleurosigma gr ndleri Grunow 1880 
Pleurosigma hamuliferum Brun 1889 
Pleurosigma hamuliferum sagitta Temp6re&Brun 1889 
Pleurosigma heros Cleve 18941 
Pleurosigma hibericum De Toni 1891 
Pleurosigma hungaricum Cleve 1889 
Pleurosigma hungaricum I. aponicum Peragallo 1891 

Pleurosigma hungari . Cum Cleve & Brun 1889 

Pleurosigma hyalinum Grunow 1880 

Pleurosigma ibericum H. Peragallo 1891 

Pleurosigma incertum Forti 1914 

Pleurosigma indicum R. Simonsen 1974 

Pleurosigma inflatum Shadbolt 1854 

Pleurosigma intermedium subrectum H. Peragallo 1891 

Pleurosigma intermedium mauritiana Grunow 1894 

Pleurosigma intermedium Wm Smith 1835 

Pleurosigma intermedium amphipleuroides Grunow 1867 

Pleurosigma intermedium dongshanense Chin & Jun-min 1979 

Pleurosigma italicum H. Peragallo 1891 

Pleurosigma itium M. Ricard 1975 

Pleurosigma itium angulosum M. Ricard 1975 

Pleurosigma I. aponicum Castracane 1886 

Pleurosigma javanicum Grunow 1880 

Pleurosigma karianum Grunow 1880 

Pleurosigma karstenii F. J. R. Taylor 1967 

Pleurosigma kerguelense Grunow 1880 

Pleurosigma kerguelense robusta 
1921 

Pleurosigma kowiense Giffen 1970 

Pleurosigma lampro ampum Ehrenburg 1840 

Pleurosigma lanceolatum cuspidatum Cleve 1881 

Pleurosigma lanceolatum Donkin 1858 

Pleurosigma 
, Ilanceolatum undulata 

lFrenguelli 19381 
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Pleurosigma lanceolatum cuspidatum Cleve 1881 
Pleurosigma lanceolatum tahitensis Grunow 1880 
Pleurosigma latestriata Peragallo 1929 
Pleurosigma latiusculum H. Peragallo 1891 
Pleurosigma latiusculum grossipunctum Chin & Jun-min 1979 
Pleurosigma latum Cleve 1880 
Pleurosigma logina Wrn Smith 1859 
Pleurosigma longitudinale Mann , 

1937 
Pleurosigma longum Cleve 1873 
Pleurosigma longum iqflataf japonica Skvortzow 1931 
Pleurosigma longum inflataf minor Maguin 1960 
Pleurosigma macilentum Peragallo 1891 
Pleurosigma maeoticum Pantocsek 1902 
Pleurosigma 

, 
ma . yor Shi-cheng & Chin 19801 

Pleurosigma manni Hanna & Grant 1926 
Pleurosigma mari . num Donkin 1958 
Pleurosigma marinum barbadense Grunow 1878 
Pleurosigma maroccanum Cleve 1891 
Pleurosigma minutum Grunow 1878 
Pleurosigma musciola Krasske 1948 
Pleurosigma naja Meister 1934 
Pleurosigma naviculaceum Brdbisson 1854 
Scalprum naviculaceum minuta Cleve 1894 
Pleurosigma naviculaceum Cleve&M61ler Cleve & M61ler 1879 
Pleurosigma naviculaceum hungaricum H. Peragallo 1891 
Pleurosigma neglectum Karsten 1899 
Pleurosigma neogradense Pantocsek 1886 
Pleurosigma nicobari . cum Grunow 1879 
Pleurosigma nicobaricum indica H. Peragallo 1891 
Pleurosigma normani mahe Karsten 1907, 
Pleurosigma normani .I. Ralfs 1861 
Pleurosigma normanii sensu Cleve 1880 
Pleurosigma normanii j. avani . cum Grunow 1878 
Pleurosigma nubecula mauritiana Grunow 1894 
Pleurosigma nubecula Wrn Smith 1853 
Pleurosigma nubecula parvula Grunow 1880 
Pleurosigma omearii Grunow 1880 
Pleurosigma obscurum Win Smith 1852 
Pleurosigma obscurum barbadensis Cleve 1894 
Pleurosigma obscurum diminuta Peragallo 1891 
Pleurosigma obscurum B Wm Smith 1852 
Pleurosigma obscurum macilentum Peragallo 1898 
Pleurosigma obscurum mediterranea Grunow 1880 
Pleurosigma obtusum Mann 1925 
Pleurosigma olympianum Terry 19091 
Pleurosigma paradoxum H. Peragallo 1891 
Pleurosigma pelagicum medium Chin & Jun-min 1979 
Pleurosigma peragalli Brun 1891 

Pleurosigma peragalli ýZracilior Cleve 1894 

Pleurosigma peragalli perangusta Cleve 1894 

Pleurosigma permagnunt Meister 1932 

Pleurosigma p rthense J. John 1983 

Pleurosigma _ planctonicum Cleve-Euler 1971 

[Pleurosigma planctonicum Simonsen 19741 
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Pleurosigma planktonica Schrader 1976 Pleurosigma Thum 1885 Pleurosigma portoricense Hagelstein 1939 Pleurosigma praelongum Cleve 18941 
Pleurosigma prisma Mann 1925 
Pleurosigma pulchrum Grunow 1860 
Pleurosigma pumilum Schumann 1867 
Pleurosigma pusillum Grunow 1880 
Pleurosigma quadratum Wrn Smith 1853 
Pleurosigma reticulatum norman 1861 
Pleurosigma rhomboides var Cleve & MbIler 1882 
Pleurosigma rhomboides angustior Cleve & M61ler . 

1882 
Pleurosigma rhombeum Grunow 1880 
Pleurosigma rigidulum Ivanov & Eremenko 1948 
Pleurosigma rigidum Wm Smith 1853 
Pleurosigma riaidum gl . gantea Grunow 1880 
Pleurosigma rigidum incurvata Brun 1891 
Pleurosigma robustum Grunow 1878 
Pleurosigma robustum flexum in H. Peragallo 1891 
Pleurosigma rostratum Hustedt 1955 
Pleurosigma ryderii M. Peragallo 1909 
Pleurosigma sabangi Meister 1932 
Pleurosigma sagitta Tempdre&Brun 1889 
Pleurosigma sagitta diversa M. Peragallo 1909, 
Pleurosigma salinarum boyeri C. W. Reimer 19661 
Pleurosigma sardoum Zanon 1948 
Pleurosigma scalpellum Kutzing 1849 
Pleurosigma secundum Karsten 1906 
Pleurosigma siberica Cardinal, Poulin & Berard-Therriault 1989 
Pleurosigma siberica manitounukensis Cardinal, Poulin & Berard-Therriault 19891 
Pleurosigma signatum voigt 1969 
Pleurosigma simplex Ricard 1975 
Pleurosigma si . mum Eherenburg 1847 
Pleurosigma Sl . nica Skvortzow 1932. 
Pleurosigma Sl . nuosum Eherenburg 1840 
Pleurosigma smithianum Castracane 1886 
Pleurosigma speciosum WM Smith 1852 
Pleurosigma speciosum abrupta Peragallo 1891 
Pleurosigma speci . osum gracilis Peragallo 1891 
Pleurosigma speciosum sumatricum Peragallo 1891 
Pleurosigma sped . osum lanceolata Peragallo 1908 
Pleurosigma sped . 0SUM m aj . us Gninow 1880 
Pleurosigma speciosum mediterranea Grunow 1880 
Pleurosigma speciosum tortuosa Cleve 1894 
Pleurosigma staurolineatum Karsten 1899 
Pleurosigma striatum Schumann 1867 
Pleurosigma strigilis Wm Smith 1852 
Pleurosigma strigosum Wm Smith 1852, 
Pleurosigma strigosum convexum Grunow 1880 
Pleurosigma strigosum fossile Grunow 1878 

Pleurosiýgnta strigosuin incerta Grunow 1879 

Pleurosigina strigosum incisum Hagelstein 1939 

Pleurosignia strigosum minor Cleve & M61ler 1879 

Pleurosigma stuxbergii rhomboides Peragallo 189 

406 



Pleurosigma, stuxbergii Cleve & Grunow 1880 
Pleurosigma stuxbergii diminuta H. Peragallo 1891 
Pleurosigma stuxbergii hyperborea Grunow 1882 
Pleurosigma stuxbergii ml . nor _ Grunow 1884 
Pleurosigma subhyalinum Hustedt & Aleem 1951 
Pleurosigma subrectum Cleve 1880 
Pleurosigma subrectum densestriata Andrade & Teixeira 1957, 
Pleurosigma subrectum fallax Grunow 1880 
Pleurosigma subrigidum Grunow 1878 
Pleurosigma subsalsum Wislouch & Kolbe 1916 
Pleurosigma subtile Brdbisson 18491 1849 4 9 1 8 
Pleurosigma subtilissimum Marsson 1990 90 9 1 
Pleurosigma suluense Mann 1925 2 9 5 1 
Pleurosigma tahitenisis Witt 1873 7 3 1 8 
Pleurosigma tahitianum Ricard 197 97 

J 

Pleurosigma tenerum E. Jorgensen 19051 
Pleurosigma thaitiense Castracane 1886 
Pleurosigma thumii Castracane 1891 
Navicula thuringica Kutzing 18 44, 
Pleurosigma tortuosum Cleve IQQ JQQJ I 1881 
Pleurosigma tortuosum Cleve 1881 
Gyrosigma transversale Smith 1856, 
Pleurosigma transversale B Roper 1858 
Pleurosigma tropicum Grunow 1860 
Pleurosigma umbilicatum Cleve 1894 
Pleurosigma vairaense Ricard 1975 
Pleurosigma validum nicobaricum Grunow 1867 
Pleurosigma validum Shadbolt 1854 
Pleurosigma virginiacum H. L. Smith 1877 
Pleurosigma vitrem sensu Meuneir 1910 
Pleurosigma wi . gginsianum Hendey 1972 
Pleurosigma weissflogii Grunow 1880, 
Pleurosigma lavanicum Cleve 1891 

Pleurosigma grundleri incurvata Brun 1891 

Pleurosigma rhomboides Cleve 1880 

Pleurosigma latum rhombeum Peragallo 1891 

Pleurosigma stuxbergii C&M Cleve & M61ler 1882 

Pleurosigma struxibergii angustior Cleve & M61ler 1882 

Pleurosigma salanarum Gran 

Pleurosigma strigosum Wm. Smith 1852, 

Pleurosigma rhomboides Cleve 1880 

Pleurosigma obesum Mann 1925 

Pleurosigma rigens Mann 1925 

Pleurosigma amara Stidolph 19921 

Pleurosigma stidolphii Steffenburg 1990 

IPleurosi*gma loceani . cum Mann 1925 
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Appendix 2- Species of Gyrosigma 

Genus 
Gyrosigma 

Species 
acuminatum 

variety 
Br6bissonii 

Authority year 
Grunow 1880 

Gyrosigma acuminatum subflexusa Grunow 1894 
Gyrosigma acuminatum angustatum Hagelstein 1939 
Gyrosigma acuminatum Kutzing 1833 
Gyrosigma acuminatum neglectum McCall 1933 
Gyrosigma acumi . natum baikalensis Skvortzow 1937 
Gyrosigma angustatum sumatrica Cleve 1894 
Navicula agellus Eherenburg 1840 
Gyrosigma algoris J. R. Carter 1981 
Gyrosigma angustum Donkin 1958 
Rhoicosphenia arctiaim Cleve 18731 
Gyrosigma arcuatum Donkin 1858 
Gyrosigma attenuatum subbalticum Carlson 1913 
Gyrosigma attenuatum typicum Cleve Euler 1952 
Gyrosigma attenuatum antarcticum Frenguelli & Orlando 19581 
Gyrosigma attenuatum scalprum Gaillon 18271 
Pleurosigma attenuatum caspica Grunow 18781 
Navicula attenuatum Kutzing 1833 
Pleurosigma attenuatum marina Peragallo & Peragallo 1898 
Gyrosigma attenuatum asiatica Skvortzow 1938 
Gyrosigma attenuatum nipponica Skvortzow 19361 
Gyrosigma attenuatum aicalensis Skvortzow & Meyer 1928 
Gyrosigma atttenuatum gigas McCall 1933 
Gyrosigma baicalense baicalensislminus L. E. Kornarenko 1975 
Gyrosigma baikalensis Skvortzow 1937 
Gyrosigma baileyi Grunow 1880 
Gyrosigma balticum brevi . us Chin & Jun-min 1979 
Gyrosigma balticum sinicum Chin & Jun-nun 1979, 

Gyrosigma balticum Eherenburg 1830 

Gyrosigma balticum S1 . nensi .S Eherenburg 1847 

Gyrosigma balticum B Griffith & Henfrey 1860 

Gyrosigma balticum californica Grunow 1879 

Gyrosigma balticum lorenzi .I. Grunow 1860 

Gyrosigma balticum Similis Grunow 1880 

Gyrosigma balticum diminutum Grunow 1880 

Gyrosigma balticum constrictum Grunow 1880, 

Gyrosigma balticum curta Grunow 1880 

Gyrosigma balticum incurva Meister 1932 

Gyrosigma balticum maeoticum Pantocsek 1902 

Gyrosigma balticum turgidum Stidolph 1980 

Gyrosigma balticum atlanticum W. West 1912 

Gyrosigma balticum B Win Smith 1853 

Gyrosigma balticum Win Smith 1853 

Gyrosigma beaufortianum Husdedt 1955 

Gyrosigma bennettii H. 'Peragallo 1909 
I 

Gyrosigma bigibbum Zanon 19491 

Gyrosigina caffra Giffen 1963 

IGyrosigina I calaritanum Zanon 1948 
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Gyrosigma capense Petit 1876 
Gyrosigma crassum Meister 100 
Navicula curvula Kutzing 1844 
Gyrosigma distortoides Maguin 1952 
Gyrosigma distortum brevirostris Brockmann 1950 
Gyrosigma distortum marinum Cleve-Euler 1952 
Gyrosigma distortum stauroneoides Grunow 1880 
Gyrosigma distortum parkeri Harrison 1860 
Gyrosigma distortum undulatum McCall 1933 
Gyrosigma distortum dubium Meister 1934 
Gyrosigma distortum dub a Rabenhorst 1853, 
Gyrosigma distortum Wm Smith 1852 
Gyrosigma diversitatum M. H. Giffen 1970 
Gyrosigma elegans Ricard 1975 
Gyrosigma elegans recurvum Ricard 1975 
Gyrosigma euhippus Sterrenburg & Ross 1992 
Gyrosigma evansecens Cardinal, Poulin & Berard-Therriault 1986 
Gyrosigma excentricum Prowse 1962 
Gyrosigma exilis Reimer 
Gyrosigma eximi . um Thwaites 1843 
Gyrosigma exoticum Cholnoky 1960 
Gyrosigma exoticumoides Negoro & Gotoh 1983 
Gyrosigma fascilola globifera Meister 1932 
Gyrosigma fasciola genuinum Cleve-Euler 1852, 
Gyrosigma fasciola Eherenburg 1839 
GyroSigma fasciola sulcata Grunow 1880 
Gyrosigma fasciola tenuirostris Grunow 1880 
Gyrosigma febigeri Grunow 18791 
GyroSigma fenestriata Meister 1932 
Gyrosigma fogedii Stidolph 1994 
Gyrosigma fonticolum Hustedt 1938 

GyroSigma foxtonia Stidolph 1988 

Gyrosigma gibbosum Ricard 1975 

Gyrosigma glaciale Cleve 1883 

Gyrosigma grovei . H. Peragallo 1891 

Gyrosigma hankensis Skvortzow 1929, 

Gyrosigma hassallii Rabenhorst 18531 

Navicula hi . ppocampus Eherenburg 1838 

Gyrosigma hudsonii Poulin & Cardinal 1982 

Gyrosigma hummii Hustedt 1955 

Gyrosigma I. ncompta Hohn & Hellerman 19661 

Gyrosigma inflatum Ricard 19751 

Gyrosigma kolbei Skvortzov 1969 

Gyrosigma kolbei obtusa Skvortzov 1969 

Gyrosigina kolei I. eni . ssei . ensi .S Skvortzov 1969 

Gyrosigma kolei jeniseyensis Skvortzov 1971, 

Gyrosigma kutzingii ni . pponi . ca Skvortzow & Noda 19711 

Gyrosigina lacustre Wrn Smith 1852 

Gyrosigma lamprocampum Eherenburg 1840 
5 

Gyrosigma lanceolatum Ricard 197 
852 

Pleurosigma litorale Wm. SnUth 1 
8 

Gyrosigina 
_Iucianum 

Cholnoky 196 
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Gyrosigma makron Johnston 1860 
Gyrosigma macrum minor Peterfi & Robert 247 
Gyrosigma macrum Wm smith 1853 
Gyrosigma marginatum Voigt 1969 
Gyrosigma moresbyana Reichardt 1988 
Gyrosigma neglectum Frenguelli 1938 
Gyrosigma nipkowii Meister 19321 
Gyrosigma nodiferum latum Chin & Jun-min 1979 
Gyrosigma nubecula Griffith & Henfrey 1860 
Gyrosigma obliquum Grunow 1880 
Gyrosigma pallidum Riznyk 1973 
Gyrosigma parkeri stauroneiodes Grunow 18801 
Gyrosigma parvuloides Cholnoky 1961 
Gyrosigma parvulum Hustedt 1955 
Gyrosigma peisonis Grunow 1860 
Gyrosigma perthense John 19831 
Gyrosigma plagiostomum Grunow 18801 
Gyrosigma plagiostomum indica Meister 1932 
Gyrosigma procerum Hustedt 1956 
Gyrosigma prolongatum closteriodes Grunow 1880 
Gyrosigma prolongatum Wm Smith 1852 
Gyrosigma pseudokuetzingii Kobayasi 1977, 
Gyrosigma rapsonii Cholnoky 1959 
Gyrosigma rautenbachiae Cholnoky 1957 
Gyrosigma rectum Donkin 1858 
Gyrosigma scalprum gallica Grunow 1880- 

5 
Gyrosigma sl . nense calcuttensi .s Grunow 1880 
Gyrosigma sinensis Desikachary & Prema 1988 
Gyrosigma smithii Grunow 1860 
Gyrosigma spathulatum Ricard 1975 
Gyrosigma spencerii Bailey 18481 

Gyrosigma spencerii arnottii Cleve & Grunow 1880, 

Gyrosigma spenceri .I. crassum Cleve-Euler 1922 

Gyrosigma spencerii borealis Grunow 1880 

Gyrosigma spenceri .I. antillarum Grunow 18801 

Gyrosigma spenceri .I. curvula Grunow 1880 

Gyrosigma spencerii smithii Grunow 1880 

Gyrosigma spencerii acutiuscula Grunow 1885 

Gyrosigina enceri .I. Kutzingii Grunow 18601 

Gyrosigma spencerii exilis Grunow 18801 

Gyrosigma spencerii minutula Grunow 18801 

Gyrosigma spenceri .I. no i ra Grunow 1880 

Gyrosigma spencerii subsalina H. Peragallo 1891 

Gyrosigma 
Gyrosigma 

spencerii 
spenceri .I. 

scalproides 
biwensis 

Rabenhorst 
Skvortzow & Noda 

1861 
19711 

Gyrosigma spencerii okamure Skvortzow 1937 

Gyrosigma spencerii sinica Skvortzow 1929 

Qyrosigma stompsii Cholnoky 1963 

Gyrosigma strigilis excentriraphe Chin & Jun-min 1979 

Gyrosigma strigilis Wm Smith 1852 
852 

Gyrosigma igosum Istr 
Wm Smith 1 
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Gyrosigma subangustum Hustedt 1955 
Donkinia subflexuosa Grunow 
Gyrosigma Temp6rei Cleve 1939ý 
Gyrosigma tenui . ssi . Mum genui . na Cleve-Euler 19521 
Gyrosigma tenui . ssi . mum- hyperborea Grunow 1880 
Gyrosigma tenuissimum subtilissima Grunow 1880 
Gyrosigma tenuissi . mum angustissima Simonsen 1959 
Gyrosigma tenuissimum Wm Smith 1853 
Gyrosigma terryanum fontanum Reimer 1966 
Gyrosigma transylvanicum Pantocsek 1892 
Gyrosigma tropicum Grunow 1860 
Gyrosigma turgida Sticlolph 1988 
Gyrosigma und . natum Ricard 19751 
Gyrosigma variipunctatum Hagelstein 1939 
Gyrosigma variistriatum Hagelstein 1939 
Gyrosigma wansbeckii minuta Cardinal, Poulin & Berard-Therriault 1986 
Gyrosigma wansbeckii Donkin 18581 
Gyrosigma wormleyi Sullivant 1859 
Gyrosigma reversum Gregory 1857 
Gyrosigma spectabile Grun 1868 
GyroSigma longi . ssi . mum Cleve 1881 
Gyrosigma balticum maxi . ma Grun 1890 
Gyrosigma terryanum H. Peragallo 1891 
Gyrosigma thumii Cleve ex Peragallo 1891 
Gyrosigma Ionginum Smith 
Gyrosigma kjelmani Cleve 18801 
Gyrosigma vitreum Cleve 1879 
Gyrosigma O'mearii Grun 
Gyrosigma nodiferum major Cleve-Euler 1952 
Gyrosigma acuminatum curta Grunow 1880 
Gyrosigma Brýbissonh Grunow 1880, 
Gyrosigma strigilis grovesii Cleve 1891 
Gyrosigma subsalinum antarctica Frenguelli & Orlando 1958 
Gyrosigma minutum Donkin 1958 
Gyrosigma obtusatum Sullivant & Wormley 1859 
Gyrosigma sciotoense SulliVant & Wormley 1859, 
Gyrosigma concili . ans Cleve 
Gyrosigma carinatum Donkin 1958 
Gyrosigma parkerii Harrison 1860 

Gyrosigma stidolphii ??? Sterrenburg 
Gyrosigma pensacolae Sterrenburg 1995 

Gyrosigma remen .I. Steffenburg 1994 

Gyrosigma sterrenburgii Stidolph 1992 

Gyrosigma kochii Pantocsek 1892 

Gyrosigma balticum maximaf stricta Temp6re & Peragallo 1909 

Gyrosigma balticum I ml . or Temp6re & Peragallo 1913 

Gyrosigma quininpiaceii I I M. Peragallo 1 1908, 
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Appendix 3 

Collection sites and notes. Samples are prefixed with NHH followed by sample number and year. 

Date : 10.11.1992 
O/S sheet 198 
Location: Peacehaven TQ408008 

NHMI. 92 Plankton tow 
NHI\42.92 Sand from plankton tow 

Location : Newhaven TQ4 5 1001 
NIM. 92 Scraping off horizontal surface, river wall 
NHM4.92 Plankton Tow from bottom of steps 
NHM5.92 Scraping off steps 
NHM6.92 Scraping off steps 
NHM7.92 Scraping off steps 

Location: Newhaven TQ451002 
NHM8.92 Scraping from rock pool 
NHM9.92 Stones from rock pool 
NHM 10.92 Scraping from rock pool 

Location: Seaford TQ479989 
NHMII. 92 Scraping off metal jetty 

DATE: 17.11.1992 
O. S sheet 179 
Location: Margate TR3 54714 

NHM12.92 Scraping off side of chak near high water mark 
NIIM 13.92 Tube/bloom algal scrapings off chak slightly further down shore 

Location: Margate TR354713 
NHM14.92 Surface of sand in "harbour" 
NHM15.92 Scraping off harbour wall 
NfM16.92 Scraping off harbour wall 
NHM 17.92 Silty surface - harbour 

Location: Minnis Bay TR281694 
NHM18.92 Scraping off edge "swhuming pool" 

Location: Nlinnis Bay TR281695 
NHM 19.92 Scraping fi7om rock pool- low water 

Location: Herne Bay TR 177685 
NHM20.92 Scraping of brown "bloom" off large boulders-among Enteromorpha 
NBM21.92 Scraping off large boulders (as NHM20.92) 
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Date: 21.11.1992 
O. S sheet 178 
Location: Isle of Grain TQ895775 

NHM22.92 Seaweeds 

Date: 23.11.1992 
O. S sheet 177 
Location: Greenwich TQ7793 79 

NBM23.92 Seaweeds - fiver wafl 

Date : 17.12.1992 
O. S sheet 177 
Location: Greenwich - Wood Wharf TQ3 81779 

NUM24.92 Scraping off boat launch -- 15m fi7om buildings. Golden brown surface 
film. 
NHM25.92 Scraping off side/top wooden pier - golden brown 
NEM26.92 Scraping off wood - reddish brown rather than golden sheen 
NEM27.92 Filamentous - in small pools on jetty 

Location -. Thames Barrier TQ381779 
NHM28.92 Mud/stony area - 2m below high water 
NHM29.92 Mud from low water mark 

Location -. Erith Police Station TQ506782 
NIM30.92 Scraping golden brown at bottom of steps 
NHM31.92 Tube like growth, bottom of steps 
NHM3 2.92 Vertical wooden piling, very dark brown 
NHM33.92 Vertical metal piling on top of Nva 
NFM34.92 Surface of mud - golden tinge 

Location: Thamesmead TQ475 815 
NHM35.92 Pale orange-golden coating near wall-East 
NHM36.92 Dark chocolate brown, sinular area - growing around Cladophora 
(Both NHM3 5&36 on boulders / large stones ) 
NEW 7.92 Golden brown - upper shore Enteromorpha zone 

-2: 1993 Date : 9. 
OS sheet 133 

Location: North Norfok Sheringham. TG145437 
NHM3 8.92 Epiphytic diatoms on Polysiphonia nigrescens. Intertidal. 

Date : 15.2.1993 
OS sheet178 

Location. Putney - Willow Bank TQ245758 
NHM39.92 Scraping from side of wall at bottom of steps, (2ft. below Iýigh water level) 

dark brown. 
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Location: Putney - Bishops Park TQ241759 
NHM40.92 Scraping bottom of steps - horizontal, golden brown. 
NHM41.92 Scraping bottom of steps - vertical surface (better growth), golden brown. 

Location -Putney Bridge TQ241755 
NHM42.92 vertical wooden post on boat slipway - dark brown 
NHM43.92 Horizontal wooden block on slipway (half way to low water) - golden 
brown. 
NHM44.92 Horizontal wooden block on slipway (half way to low water) -m dark 
brown 
NHM45.92 Bricks upper shore by river wall - golden brown. 
NHM46.92 Iffigh water level, scraping off wall, dark brown growing on Cladophora. 

Location: Battersea - Battersea Church Rd. TQ268769 
NHM47.92 Low water, golden brown on stones. 
NHM48.92 Md shore, dark brown on large stones. 
NHM49.92 I-Egh water, on causeway from wood & stones, dark chocolate brown. 

Location: Battersea (Battersea -> Albert Bbidge) TQ272771 
NHM50.92 NEd shore, golden brown on river wall. 
NHM51.92 IFEgh water, dark chocolate brown on river wall. 
NHM52.92 Nlid -> high water dark chocolate brown on wooden post. 
NHM53.92 Low water, dark brown on large chalk stones. 

Date : 16.2.1993 
OS sheet 177 
Location: Wapping -Old Stairs E. TQ348800 

NHM54.92 Pale orange golden brown on steps 2ft. below high water level. 
NHM55.92 Dark chocolate brown on Cladophora on wafl, 3 ft. below high water 
level. 

Location: Rotherithe TQ354799 
NHM56.92 Very dark brown on river waH, Ift. below high water. 
NHM57.92 Brown on river wall I ft. below high water. 
NHM58.92 Golden brown on wooden post, 2ft. below high water level. 

Location - Island Gardens TQ382783 
NHM59.92 Golden brown, 5ft. below high water. 
NHM60.92 Dark brown on stones at low water. 
NHM61.92 Dark brown on wooden pole & wall, high water. 

Location: Greenwich TQ383769 
NHM62.92 Cocholate brown on wall, 5ft. below high water level. 

NHM63.92 Pale brown'tube'like on wall 5ft. below high water. 
NME64.92 Dark brown / black on steps 5ft below high water. 
NHM65.92 Golden brown'tubelike Ift. below high water on the steps. 
NHM66.92 Dark chocolate brown on wooden post at low water. 
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Date : 12.2.1993 
OS sheet 179 
Location -. St. Margarets Bay - Dover, Kent. TR309701 

NHM67.92 Chalk covered in diatoms. 

Date: 28.2.1993 
OS sheet 177 
Location: North Woolwich (Woolwich Pier) TQ43 8794 

NHM68.92 Golden brown on rocks, 5ft. below high water. 
NHM69.92 Dark chocolate brown on rocks, 5ft. below high water. 

Date: 8.3.1993 
OS sheet 198 
Location: Newhaven TQ440998 
NHM70.92 Surface of mud. 

Date : 12.3.1993 
OS sheet 108 
Location: Blundelsands 

_ 
Crosby. Merseyside. SD298003 

NHM71.92 Surface layer of mud/silt mean low water. 
NHM72.92 Golden brown'tube'like. Permanent tide pool, high water. 
NHM73.92 Dark chocolate brown on steps, high water. 

Date : 20.3.1993 
OS Sheet 177 
Location: Putney - Willow Bank TQ245758 

NHM74.92 Low water. Scraping from wall & steps, dark brown. 

Location: Putney Bridge TQ244754 
NHM75.92 Begining of sub-fittoral zone. Scrapings off stones. Dark brown. 
NHM76.92 Mud at low water, dark brown. 
NHM77.92 Low water. Dark brown on rocks and pebbles. 
NHM78.92 Golden brown, low water, on rocks and pebbles. 
NfIM79.92 Mid shore. Golden brown on stones & pebbles. 
NHM80.92 High water. Tube like. 
NHM81.92 fligh water. Dark brown on stones & pebbles. 

Date: 4.4.1993 
OS sheet 177 
Location: Rotherithe TQ3 54799 

NHM82.92 Dark Chocolate brown, I ft. below high water. On wooden post & river 
wafl. 
NHM83.92 Mid shore. Mud - sflt. 
NlIM84 Pale golden brown, on wood. Low water. 

Location: Wapping TQ348800 
NHM85.92 Mid shore. Tube like,, Golden coppery brown. 
NHM86.92 Mid shore. Dark chocolate brown on Entromorpha. 
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Date : 10: 4: 1993 
OS Sheet 179 
Location: Reculver - Kent 

NHM87.92 

Date : 11.5.1993 
OS Sheet 178 
Location: Allallows - Isle of Grain 848788 

-Headland beyond caravan park 
NHM88.93 Upper edge of mud below Fucus vesiculosus. (on mud) 
NHM89.93 On mud. Ochrous red colour. 

NHN491.93 Channel behind sea wall. aprox. 3%. salinity. Surface sediments usmg tube. 

Location: Harty Ferry Inn - Isle of Sheppy 
NHM92.93 Edge of Ferry wharf (east side). Lowish tide, ochrous growth on mud. 

30%.. salinity 
NHM93.93 Edge of wharf (east side) 10m. back from low water, rather yellower in 

colour & some floating in the water. 
NHM94.93 Edge of wharf (west side) yellow brown on mud - mixed with green. 
NRM95.93 Just below start of marsh - yeflow-green on mud. 
NHM96.93 Shaded side of salt marsh channel at base of marsh - dark brown. 
NHM97.93 Sunny side of channel- opposite NHM96. 
NHM98.93 On top of exposed mud below channel mouth. 
NHN499.93 In water at base of channel. 
NHM 100.93 Pan aprox. 2m. diameter. Rather yellowish flocculent surface sediment. 
NHMIOI. 93 Scraping of algae from damp surface within salt marsh vegetation. 
NHM102.93 Sediment at base of shallow channel further up marsh (not going up in 
sea level. 30%.. salinity. 
NHM103.93 Base of deep channel 2/3 up marsh. 
NHM 104.93 Pool at very top of salt marsh. 

Date: 19.4.1993 
OS sheet: 95 
Location: Port Soderic, Isle of Man, SC348727 

NHM105.93 Mid Shore, brown tube like covering on a rock. 

Date: 25.5.1993 
OS sheet177 
Location: Putney Bridge, R. Thames, TQ244754 

NHM106.93 Low water, dark chocolate brown on rocks. 
NHM 107.93 Sub littoral, rock dark brown. 
NHM108.93 Mid shore golden brown on rocks & mud. 
NHM 109.93 Mid shore mud, dark brown. 
NHMI 10.93 Upper shore mud. 
NHM 112.93 River wall, high water, dark brown scraping. 
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Date: 2.6.1993 
OS sheet: 177 
Location: Greenwich, R. Thames, TQ383769 

NHM 113.93 Low water, tan growth on river wall. 
NHM 114.93 Sub littoral brick, growing on Polysiponia. 
NHM 115.93 Low water, dark brown on wooden post amongst Enteromorpha. 
NHM 116.93 NEd shore, golden brown on river wall. 
NHM 117.93 Mid shore, dark chocolate brown on wooden post. 
NHM 118.93 Upper shore golden brown on steps. 
NfIM120.93 Plankton tow off landing stage. 

Date: 14.6.1993 
OS Sheet: 117 
Location: Little NestonWirral, SJ285763 

NHM 121.93 Large channel entering estuary- below water surface. salinity 10%.. 
NHM 122.93 Pool near NHM 121.93 
NHM123.93 Darker chestnut colour, underwater near NHM121.93 
NHM124.93 Rather yellowish on mud above water level. 
NHM125.93 On sand surface aprox. Im. below grass turf. 
NHM126.93 Bottom of small inlet- aprox. 5m. back from main channel. 
NHM127.93 Same area asNHM126.93. 
NHM128.93 Upper area of salt marsh. Pool and green algae. 

Location: Parkgate, Wirral, SJ272789 
NHM129.93 Mud besides large stream leading to estuary. 
NHM130.93 Mud beside large stream leading to estuary. 
NHM131.93 Small stream feeding into large one sampled in NHN4129.93. 
NIIN4132.93 Same as NHN4133.93. 

Location: ThurstastonWirral, SJ235835. 
NHM133.93 Upper edge of mud. 
NHM134.93 Upper edge of mud. 
NHM135.93 Surface of mud, low shore near main channel. 
NHM 13 6.93 Surface mud low shore. 

Date: 21.6.1993 
Location: Sherkin Island, Co. Corklrealand. 
OS Sheet: 24 
Kinish Harbour, W025250 

NHM137.93 Upper shore silt(coarse grained), pale golden brown. 

NRN4138.93 Upper shore mud, coppery brown. 
NHN4139.93 Upper-mýd shore'tube'like olive brown on mud. 
NHM 140.93 Low water mud, orange brown. 

Silver Strand, W030250 
NHM 141.93 Low water sand. 

Sherkin Island Marine Station - Bay Trip. 
NHM 142.93 Station 1, Plankton tow 50m. 
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NHM143.93 Station 2,, Plankton tow 30m. 
NHM144.93 
NHM145.93 
NHM146.93 
NHM147.93 
NHM148.93 

Station 3, Plankton tow 
Station 4, Plankton tow 
Station 5, Plankton tow 
Station 6, Plankton tow 
Station 7, Plankton tow 

NHM148.93 Station 8, Plankton tow 
NHM 149.93 Station 9, Plankton tow 

Sherkin Island Marine Station - South Trip 
NHM150.93 Station 1,50m. tow. 
NHM151.93 Station 2,50m. tow 
NHM152.93 Station 3,50m. tow. 
NHM153.93 Station 4,50m. tow. 

Date:. 7.1993 
Location: Putney Bridge, R. Thames, TQ244754 
OS Sheet: 177 

NHM154.93 fEgh water golden brown on rocks. 

Location: GreenwichR. Tharnes, TQ3 83 769 
NHM155.93 Golden brown on steps. I-figh to ýnid water. 
NHM156-93 Dark chocolate brown on steps. NEd shore. 
NHM157.93 Low water, golden brown on river wafl. 

Date: 2.7.1993 
OS sheet: 168 
Location : Southend-on-Sea, TQ898844 
Salinity-29%. 

NHN4158.93 Golden brown, mid shore on silty-mud. 
NHM 15 9.93 Dark golden brown, mid shore on mud. 
NHM 160.93 Surface sediments, mid shore on sand flats. 
NHM161.93 TQ898835. Golden brown surface film at low water over sand. 

Date: 3.7.1993 
OS Sheet: 178 
Location: Bedlams BottomKent, TQ885683 

NHM162.93 Surface mud top of salt marsh. Salinity 30%.. 
NHN, 4163.93 Surface mud mid salt marsh 

Date: 16.8.1993 
OS Sheet189 
Location: Rye, East SussexTQ928208 
(Rye Harbour) 

NHM 164.93 Golden brown, low water-ýnid shore. 

Location: Hastings, Sussex, TQ808089 
NfIN4165.93 Golden brown on boulders & rocks, mid shore. 
Salinity: 32%.. 
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NHM166-93 Dark brown on boulders, rnid Enteromorpha and Fucus versiculosis. 

Date: 17.8.1993 
OS sheet: 199 
Location: Eastboume, Sussex, TV608975 

NHM 167.93 Plankton tow. 
NHM168-93 Surface water sample. 

shore. Growing amongst Uva and 

Location: Beachy Head, Sussex, TV605 969. 
NHM169.93 Light brown mud, low tide to tnid shore. 

Date: 18.8.1993 
OS Sheet: 177 
Location: ErithR. Thames, TQ5 06782 
Salinity: 14%.. 

NHM 170.93 fEgh water, dark brown mud amongst Enteromorpha. 
NHM 171.93 Plankton tow. 

Location. - Wapping, R. Thames, TQ3 48 8 00 
NHM 172.93 Brown mud from wall, mid shore to high tide. 
NHMI 73.93 Brown mud on steps, high water. 

Date: 5.9.1993 
OS sheet .- 113 
Location : Grimsby, East Fish Docks (2 & 3). 

NHM 174.93 Plankton tow. Salinity 30 

Location : Cleethorp 
NHM175.93 Golden brown on rocks mid shore. 
NHMI 76.93 Brown mud, low tide. 
NHM177.93 Chocolate brown by seawall. 

Date: 9.1993 
Location: Greenwich, R. Thames. TQ382783 

NHN4178.93 Golden brown, high to mid water on steps. 
NHM 179.93 Dark chocolate brown, tube &e growth, mid shore. 
NHN4180.93 Golden brown low water on wall. 
NHN4181.93 Dark chocolate brown on wooden post mid shore to low water. 
NHM 182.93 Md shore mud. 

Date: 9.10.1993 
OS sheet : 75 
Location: Berwick - upon - Tweed, Northumberland. NUO01520 

NHM183.93 Mud along river bank (Tweed). 

Date - 10.10.1993 
OS sheet: 75 
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Location: Beal NU082426 
NHM184.93 Top of marsh, golden brown mud in channel. Salinity 10%*. 
NHM185.93 Dark chocolate brown mud in channel. 
NHM 186.93 Mud from within top marsh vegetation. 
NHM187.93 Dark brown from shallow channel,, middle of marsh. Salinity 24 %* 
NFIM188.93 Golden brown among marsh grasses. 
NIM189.93 Bottom of marsh, chocolate brown silty mud. 
NHM190.93 Brown mud - Sandy/ sfity. 

Location: Holy Island NU 124426 
NHM191.93 Bottom of marsh, golden brown silty mud. 
NHM192.93 Golden brown mud bottom of bmarsh. 
NRM193.93 Brown mud, bottom of marsh. 
NHM194.93 Top of marsh, dark brown within marsh grasses. 

Location: Warren mill NU 146345 
NRM195.93 Mid shore dark chocolate brown on Entromorpha. 
NHM196.93 Water sample. 
NHM 197.93 High tide, dark chocolate brown. 

Location: Bamburgh NU179356 
NHN4198.93 Water sample at high tide. 
NHN4198B. 93 Plankton tow. 

Location - Beadnell NU232299 
NHM199.93 Md-brown on sand at rnid shore. 

0. S. sheet 81 
Location: Amble NU255054 

NIHM200.93 Chocolate brown at mouth of River Coquet. 

Location. Hauxley NU288032 
NHM201.93 

Date: 11.10.1993 
OS sheet 88 
Location: Whitley BC, 

NBM202.93 
NHM203.93 
NIHM205.93 

Sand on rocks, mid shore. 

ty NZ365730 
Plankton tow 
Dark brown on rocks (high tide, filamentous). 
Dark chocolate brown on rocks, high tide. 

Location: TynernOuth NZ3 82691 
NBM204.93 Plankton tow 

Location: South Sheilds NZ388665 
NBM206.93 Plankton tow. 

Location. Sunderland NZ415589 
NBM207.93 Plankton tow. 
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Date: 12.10.1993 
O. S. sheet 93 

Location: Hartlepool NZ5193329 
NHM208.93 Docks, plankton tow. 

0. S. sheet94 
Location: Redcar NZ618246 

NEM209.93 Light brown on causeway. 

Date: 6.5.1994 
0. S. sheet 179 
Location: Pegwell 

NEM210.94 pool 

Location: Herne Bay 
NHM211.94 Harbour 
NHM212.94 harbour sand. 

Location - Whinstable 
NIHM213 
NBM214 
NBM215 

Location: Tanketen 
NHM216.94 
NBM218.94 

Location: Nagden 
NBM217.94 salt marsh 
NBM219.94 Saltmarsh 
NBM220.94 Saltmarsh 
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Appendix 4- Peragallo's 1891 plates 

Plate I- Peragallo's (1891) Plate I 

Group I 

I Puerto Cabello, 2 Samoa, P. formosum var. longissima Grun. 

3 Adriatique, P. formosum var. adriatica Thum 

4 Cannes, 5 Angleterre, P. formosum Sm. 

6 Baleares, 7 Ajaccio, P. formosum var. balearicum Grun. (? ) 

8 D'apres 1 dessin de Grunow. P. pulchrum Grun. 

9 Dike Creek (Terry) P. (decorum var? ) americanum H. P. 

10 Ajaccio, P. decorum var. inflatum H. P. 

11 - 13 Villefranche, P. decorum Sm. 

14 d'apres Smith. P. obscurum Sm. 

15 d'apres Smith, 16, Poole Bay, P. obscurum var. diminuta H. P. 
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Plate 2 Peragallo's (1891) Plate 2 

Group I 

I Kerguelen (dessin de Cleve), P. (longum var? ) Kerguelenses Grun. 

2 Mers arctiques: P. Iongum Ci. 

3 Baleares. P. (Iongum var? ) subrigidum Grun. 

4 Mer de Kara. P. (Iongum orfallax var? ) Karianum Grun. 

5 Mediterranee, P. obscurum var. mediterranea Grun. 

6,8 Naples, 7,9 Baleares, P. decorum var. dalmaticum Grun. 

Group 2 

10 Tahiti. P. (speciosum var? ) Tahitense Castr. 

II Sumatra (Deby) P. (speciosum var? ) abruptum H. P. 

12 Baleares, P. tortosum C1. 

13 Sumatra, 14 Villefranche. 15 la Spezia (Kinker). 16 Harwich P. speciosum Sm. 

171,18 Sumatra, (Deby) P. (speciosum var? ) javanicum H. P. 

19 Sumatra (Deby) P. speciosum var. gracile H. P. 

20ý 21 Caspiene, P. elongatum var. gracilis Grun. 

22 Baleares, P. elongatum var. balearicum. 

23 Finmark P. (elongatum var? ) fallax Grun. 

24 Mer d'Arafura P. arafurense Castr. 
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Plate 3 Peragallo's (1891) Plate 3 

Group 2 

I Ascidies d'Europe, 2 le croisic, 4 idem. P. acutum Norm. 

3 Bengale P. acutum var. australicum Grun. 

5 Essex, 6, Villefranche, 7, Yedo, 8 Medoe, P. elongatum Sm. 

9 Seychelles P. (elongalum var? ) Italicum H. P. 

II Northumberland P. marinum Donk. 

12 Baleares P. (marinum var? ) ibericum H. P. 

13ý 14 Samoa, P. rhombeum Grun. 

15 Japon P. (acutum ou naviculaceum var? ) japonicum Castr. 

16 Sumatra, 17 Ajaccio, 18 Guadeloupe; P. (rhombeum var? ) latum Grun. 

19 Guadelope P. (marinum var? ) antillarum H. P. 

20 Sendai P. peragalli Brun 

21 Szent Peter P. Eudon Pant. 
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Plate 4 Peragallo's (1891) Plate 4 

Group 3 

I Villefranche, 2 Adriatique, P. affine var. interrupta. H. P. 

3 Guadeloupe, 4 Bresil. 5,8 Belgique. P. affine 

6 Naples, 7 Villefranche, P. affine var. Normanni 

9 Naukoorii, 10 Bal6ares, II Naples; P. Nicobaricum Grun. 

12 Sumatra (Deby) P. nicobaricum var. indica H. P. 

13 Sendai (Brun) P. (nicobaricum var? ) sagitta Brun 

14 Sendai (Brun) P. (naviculaceum var? ) Hungaricum Cl. et Brun 

15 Nottingham; P. affine var. marylandicum Grun. 

161,17,18 Virginie; P. affine var. fossilis Grun. 

19 Belgique, 20 Samoa, 21 Baleares, 22 Cherbourg. 23 Java; P. naviculaceum Br6b. 

24ý 26 Sumatra; 25,27 Baleares, P. australe Grun. 
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Plate 5- Peragallo's (1891) Plate V 

Group 4 

I Cherbourg, 2 Schlesswig P. strigosum Sm. 

3 Cherbourg, 4 Allemagne, 5 Husuin P. angulatum Sm. 

6 Belfast; P. angulatum var. undulatua 

7 Schleswig, 8 Angleterre, P. quadratum Sm. 

9 Finmark, P. (angulatum var ?) Finmarchicum Grun 

10 Java; P. (angulatum var ?) javanicum Grun. 

IIP. (aestuarii var ?) candidum Shum. 

12 Curnbrae, 13 Holstein; P. (angulaturn var ?) aestuarii Sm. 

14 Sendai, P. lanceolatum Donk. 

15 Baleares P. aestuarii var. minuta Grun. 

16 Port Jackson P. lanceolatum var. cuspidatum Cleve. 

17 Mer de Kara; P. (delicataulum var ?) Clevei Grun. 

18 Siberie P. clevei var. siberica Grun 

19 Sendai P. clevei var. fossilis Brun. 

20,21 Medoc, 22 Sumatra P. delicatulum Sm. 

23 P. (delicatulum var? ) elagantissima Castr. 

24 Baleares; P. (delicatulum var? ) macilentum H. P. 

25 Naples; P. (nubecula var? ) Thumii Castr. 

26 Sussex. P. (intermedium var? ) nubecula Sm. 

27 Angleterre, 23 puget Sound, P. intermedium Sm. 

29 Ocean antarctique P. (intermedium var? ) directum Grun. 

30 P. (intermedium var? ) subrectum Cl. 

31 Sendai P. hamuliferum Temp. et Brun. 
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Plate 6- Peragallo's (1891) Plate 6 

Group 5 

1 Campeche; P. (rigidum var? ) Grundierii Grun. 

2) 3 Adriatque, 4 Bresil, 5,6 Villefranche; P. rigidum Sm. var 3,4,6 typiques; 5 P. 

validium shadbolt; 2 P. giganteum Grun. 

7 Sendai; P. rigidum Sm. var. incurvata Brun. 31 
8 Bengale; P. brunii Cleve 

10,11 Franz Joseph Land, P. struxbergii Grun. 93 
31 

12 Mer du Nord P. (struxbergii? ) latiusculum U. P. 

13 Morris Creek P. (pusillum Grun. var? ) paradoxum H. P. 

14 P. (struxbergii var? ) rhomboides Cl. 

15 P. pusillum Grun. Bengale. 

16 P. (pusillum var? ) salinarum Grun. 
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Plate 7- Peragallo's (1891) Plate 7 
Group 6 

1 Sussex; P. litorale Sm. 

2 P. (scalprum var? ) gallicum H. P. 

3 Angleterre; P. (attenuatum var? ) scalprum Gailon 
4-6 Woolwich, 5 Schlewig, 6 Mer du Nord; P. (attenuatum var? ) hippocampus Sm. 
8 Caspienne; P. attenuatum var. Caspium Grun. 31 
9 Bruxelles; P. attenuatum Sm. 

Group 7 

10 Clyde; P. (sinense var? ) reversum Greg. 

II Chine; P. sinense (Ehr. ) Ralfs. 

12 Bengale; P. sinense var. calcuttensis Grun. 

13 Adriatique; P. (sinense var? ) constrictum Grun. 

14 Br6sil; P. spectabile Grun. 

15 Cap Wankarema; P. glaciale Cleve 

16 Naples; P. (balticurn var? ) longissimum Cl. 

17 Adriatique; P (balticum var? ) Lorenzii Grun. 

18 Bresil; P. balticum var. maxima Grun. 

19 Blankenberghe, 20, Courseules; P. balticum Sm. 

21 Marsh South End; P. (balticum var? ) terryanum H. P. 

22 Californie P. balticum var. californicum Grun. 

23 Harwich, 24 Normandie; P. wansbeckii var. 

25 Ajaccio, 26 Californie; P. (balticum var? ) wansbeekii Donk. 

27 Java; P. (balticum var? ) simile Grun. 

28 Sumatra; P. (balticum var? ) thumii Cl. 
51 

29 Ostende, 30 Criqueboeuf, P. (balticum var? ) brebissonii Grun. 

31 Ajaccio, 32 Adriatique; P. (balticum var? ) diminutum Grun. 

34 Sierra Leone; P. (balticum var? ) obliqum Grun. 

36 Bourges, 37 Angleterre; P. acuminatum (K. ) Grun. 

38 Weddel, 39 Leipsig; P. accuminatum var. curtum Grun. 
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Plate 8- Peragallo's (1891) Plate 8 
Group 8 
1 Singapore; P. (strigilis var? ) Grovesii Cl. 
2 Campeche; P. 1onginum var? 
3 Mers arctiques; P. (strigilis var? ) longinum 
4) 5 Holstein; P. strigilis Sm. 
6 Cap de Bonne-Esperance; P. (strigilis var? ) capense Petit. 
7 P. (strigilis var? ) tropicum Grun. 
8 Mers arctiques; P. (vitreum var? ) kjelmani Cl. 
9 Mers arctiques; P. vitreum Cl. 
10 Sandwich; P. (navicula) O'Mearii Grun. 
II Bengale; P. baileyi Grun. 
12 P. (tenuissimum var? ) lamprocampum Rab. 
13 P. tenuissimum Sm. 
14 P. tenuissimum var. hyperborea Grun. 
15 P. spencerii var. borealis Grun. 
16) 17 P. spencerii var? subsalinum H. P. 
18,19 P. spencerii var. arnotii Grun. 
20 P. spencerii var. curvula Grun. 
21 P. spencerii var. smithii Grun. 
22 P. P. spencerii var. kutzingii 
23 P. spencerii var. smithii. 
24 P. spencerii var. curvula Grun. 
25 P. spencerii var. exilis Grun. 
26 P. spencerii var? nodiferum Grun. 
27 P. spencerii var? peisonis Grun. 
28 P. spencerii var? febigerii Grun. 
29,3 0 P. spencerii var. acutiuscula Grun. 
31 P. spencerii var? scalproides 
Group 10 
32 Trouville P. distortum Sm. 
33 Thivers; P (distortum var? ) parkerii Harrisson 
34) 35 Caermarthen; P. (fasciola var? ) arcuatum Donk. 
36 11fort, 37 Holstein 38 Belfast; Masciola Sm. 
39 Sussex, 39 b. 11fort; P. (fasciola var? ) prolongatum Sm. 
40 Dawlish P. prolongatum var. closteroides Grun. 
41 Ilford; P. (fasciola var? ) macrum Sm. 

42 Mers arctiques; P. (fasciola var? ) tenuirostris Grun. 
43 Mers arctiques; P. (fasciola var? ) Grun. 
Group 11 
44 Sendai; P. (staurosigma, staurophorum var? ) asiaticum Temp. et Brun. 

45 Davis Strait P. staurophorum Grun. 
46 Stauronies sigma d'apres Ehrenberg 
Group 9 
47 P. (Colletonema) eximium (th. )V. H. 
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Plate 9- Peragallo's (1891) Plate IX 

Donkinia 

I Arnphiprora alata e. 
2 Australie; Donk. reticulata Norm. 
3 Donk. angusta Ralfs. 

4 Cherbourg; Donk. recta (Donk. )Ralfs 

5 Donk. cristata (E. ) Ralfs 

6 Donk. carinata 
71 8 Cherbourg; Donk. recta var. intermedia H. P. 

9 Donk. minuta (Donk) Ralfs 

10 Donk. thumii (Cleve) H. P. 

II Rhoicosigma? lineare Grun. 

Toxonidea 

12 T. undulata Norman 

13 Madagascar; T. madagascrensis Grun. 

14 Naplea, 15 Baleares; T. balearica Grun. 

16 T. gregoriana Donk. 

17 T. challengerensis Castr. 

18ý 19 T. insignis Donk. 

20 (tox? ) Pleurosigma apulum Rab. 

Rhoicosigma 

21 Long island sound. R. incertum H. P. 

22 Maroc; R. maroccanum C1. 

23ý 24 Seychelles R. weissflogii Grun. 

2- 27 Creswell R. falcatum (Donk. ) Grun. 

28 Sendai; R. mediterraneum C1. var. calcarea Brun. 

29 Baleares, 30 - 32 Sumatra; R. mediterraneum C1. 
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