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ABSTRACT

 

Molecular systematic methods have been applied to all levels of problem in the diatoms. A
possible sister group to the diatoms has been identified, the primary evolutionary radiation has
been shown to be among centric diatom lineages, and the systematic positions of some prob-
lematic genera have been established. Certain structural characteristics previously used to diag-
nose higher taxa have been shown to exhibit homoplasy, and examination of selected complexes
of diatoms has shown that cryptic and semicryptic species are probably widespread. Population
genetics

 

 

 

show that some species are panmictic over large geographical areas, while others are
strongly differentiated at the population level, either geographically or temporally. Ongoing
research addresses the major biogeographical question of whether diatom species are ubiquitous.
On the negative side, most gene trees are disappointing because of the low statistical support for
basal nodes in group-wide analyses; independent data sources (cytology, fossils) also mostly fail
to discriminate between competing hypotheses of relationships. Constraints on progress include
the relative poverty of culture collections and lack of multi-gene sequence data. The worst
problem is the poor state of “diatomics” (holistic information about diatom species): for most
diatoms, low-grade information about cell wall morphology is all that is available. Improved
phylogenies are therefore often unedifying.
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Unravelling the algae: the past, present and future

 

INTRODUCTION

 

Diatoms are one of the least difficult groups of plants to recognize: (1) They are unicellular or
colonial protists with a special type of cell wall (Figure 13.1 [1]), consisting of two overlapping
halves (thecae). (2) The thecae consist of two larger elements at opposite ends of the cell (valves)
and strips (girdle bands) or scales covering the region in between (Figure 13.1 [2] and Figure
13.2 [14]). (3) The cell wall is almost always silicified. (4) During the cell cycle, cells expand
along one axis only (unidirectional growth, as in the fission yeast 

 

Schizosaccharomyces

 

) (Figure 13.1
[3] and Figure 13.2 [9]). (5) Cell expansion is accommodated by addition of material to the edge
of the inner of the two thecae, in the central, overlapping region of the wall. (6) Cells achieve
cytokinesis by simple cleavage (Figure 13.1 [3]). (7) New valves are produced within the daughter
cells after cytokinesis while they are still confined within the parent cell wall (Figure 13.1 [3]). (8)
Therefore, in most (but not all) diatoms, the method of cell division leads to reduction in the mean
cross-sectional area and mean overall size (and often the shape) of the cells during vegetative
growth. (9) Size restitution takes place via a special cell, the auxospore (Figure 13.1 [6] and Figure
13.1 [8]), which is usually zygotic. (10) Sexual reproduction (Figure 13.1 [4] through Figure 13.1
[7]) is always associated with auxosporulation. (11) Vegetative cells are diploid and the life cycle
is diplontic. All of these features are unusual in plants and most are unique. A detailed account of
diatom characteristics is given by Round et al. (1990). 

Structurally, there are two main types of diatoms. In centric diatoms, systems of ribs and pores
radiate out from a central (occasionally eccentric) ring, the “annulus” (Figure 13.1 [10], Figure
13.1 [13], and Figure 13.3 [15]), though this is sometimes difficult to discern because of extra,
superposed layers of silica (Figure 13.2 [14]). In pennate diatoms, on the other hand, the valve
pattern is organized bilaterally, with systems of ribs and pores arranged about a longitudinal bar,
called the “sternum” (Figure 13.3 [17] and Figure 13.3 [18]), which, like the annulus, is usually
but not always central. Most pennate diatoms are elongate (Figure 13.1 [1], Figure 13.3 [17], and
Figure 13.3 [18]). Centric diatoms are sometimes elongate (Figure 13.2 [11] and Figure 13.2 [12]),
but generally less so than pennate diatoms, and most have valves that are circular or shortly elliptical,
triangular, or polygonal. Although sexual reproduction is still undocumented in several major groups
of diatoms, it appears that centric diatoms are primitively and usually oogamous, with uniflagellate
sperm (Figure 13.1 [5] and Figure 13.1 [6]). Pennate diatoms, on the other hand, are usually
isogamous (Figure 13.1 [7]), although the gametes may be differentiated biochemically and behav-
iourally (e.g. Chepurnov et al., 2004). Centric and pennate diatoms were recognized as separate
orders or classes for most of the 20th century (e.g. Hustedt, 1927–1966; Fritsch, 1935).

Although diatoms were discovered at the beginning of the 18th century (Anonymous, 1703),
they were not studied in detail until over a century later. Throughout the subsequent history of
diatom systematics, technology has been an important driver. First there was the slow perfection
of optical microscopes, essentially complete by 1900 and allowing some remarkable studies of
living diatoms (Lauterborn, 1896) and their shells (e.g. Hustedt, 1928). Then there was a period
of some stability from 1900 until World War II, when transmission electron microscopy (TEM)
became generally available (e.g. Kolbe and Gölz, 1943; Desikachary, 1952). Scanning electron
microscopy (SEM) started to make an important contribution in the late 1960s (Hasle, 1968; Round,
1970), and the more widespread availability of computers in the 1980s allowed implementation of
hitherto impractical methods of classification and analysis (Stoermer and Ladewski, 1982; Williams,
1985; du Buf and Bayer, 2002). The pace of change quickened recently, with the establishment of
novel means of communication via the Internet (e.g. see Mann et al., 2006) and the introduction
(Medlin et al., 1988, 1991) and semi-automation of molecular genetic analysis.

Almost every previous technological advance has led to improvements in our ability to discern,
interpret, and describe physical structures: we now see more than we did. By contrast, molecular genetic
techniques, although they characterize parts of real molecules, have an almost metaphysical outworking:
the data they produce are generally not valued by taxonomists for what they are in themselves, only
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FIGURE 13.1

 

(1) Whole frustule of 

 

Eunotia

 

, showing the two valves (hv and ev 

 

=

 

 hypovalve and epivalve)
separated by sets of girdle bands (arrow). Note also the two short raphe slits on each valve (cf. 8). (2) Slightly
disrupted frustule of 

 

Parlibellus

 

, showing the overlap between the epitheca (left) and hypotheca, each of which
consists of a valve and a set of girdle bands attached to it. (3) 

 

Melosira

 

: a cell undergoing cytokinesis (after
cell elongation and mitosis); the other cells in the chain are in interphase and are much shorter along the
pervalvar axis. Note that pairs of cells from recent cell divisions are still contained within the parental cell
wall, demonstrating the internalized cell wall formation present throughout the diatoms. (4) Uniflagellate
sperm of 

 

Actinocyclus

 

. (5) Differentiated auxospore mother-cell (arrow) of 

 

Melosira

 

 (such cells are usually
oogonia in centric diatoms, but some develop into auxospores without fertilization), with an apochlorotic
residual cell (at right). (6) Expanded auxospore of 

 

Melosira

 

, still attached to small vegetative cells. (7)
Plasmogamy in the morphologically isogamous pennate diatom 

 

Placoneis

 

. (8) Development of auxospores in

 

Craticula

 

. At left, two spherical zygotes lie between the empty frustules of the gametangia. The zygotes
differentiate into auxospores, which are constrained to expand along a single axis (right two photographs)
through progressive formation of a perizonium of transverse silicified bands. The cells and frustules shown
here and in the other plates are of moderate size for diatoms, i.e. 20–200 µm in maximum dimension.
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