Morphological abnormalities of diatom silica walls in relation
to heavy metal contamination and artificial growth conditions
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Abstract
Teratological forms of diatoms are non-adaptive phenotypic abnormalities caused by various environmental stresses. Heavy
metal contamination and artificial growth conditions are the best known causes. In fact, the recording of abnormal cells
in a diatom population or community can give both a temporal and quantitative indication of heavy metal contamination
of water bodies. Moreover, long-term cultures generally present a high percentage of abnormal cells due to the scarcity of
nutrients, presence of waste products and osmotic pressure. The aim of this paper is to classify and provide photographic
documentation and descriptions of all known teratologies occurring in the most widespread freshwater diatom genera.
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Introduction
Morphological variation in diatoms can be both adaptive
and non-adaptive in response to environmental conditions.
Teratological forms are non-adaptive phenotypic abnormalities usually involving the outline of valves or their striation
pattern. Some alterations, such as those involving valve
outlines, are mechanically conveyed during reproduction,
giving rise to a population with a different morphology from
that of the parental line (Hustedt, 1956). Others, such as
structure and distribution of striations, seem to be limited
to a few generations. For this reason, an abnormal valve
outline is more frequent than other teratologies (Granetti,
1968a). Other kinds of aberrancy have been noted, but they
are rarer. Many environmental stresses seem to be responsible for teratological cell development and the recording
of abnormal cells in a diatom population or community
can give both a temporal and quantitative indication of the
stress. Indeed, several papers report a significant positive
correlation between the abundance of teratological cells and
environmental stresses such as low current velocity and flow,
drought conditions, light intensity, increase in temperature
(Antoine and Benson-Evans, 1986), decrease in water quality (Gómez and Licursi, 2003) or herbicide contamination
(Debenest et al., 2008).
Heavy metal contamination and artificial growth conditions are the best known causes of teratological forms. In
particular, Cu, Cd and Zn seem to be the most effective trace
metals in the production of abnormal cells. Copper led to
deformed valve outlines in Fragilaria rumpens, F. tenera,
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Eunotia exigua and Eunotia sp. (Barber and Carter, 1981;
Ruggiu et al., 1998), twinned valves in Nitzschia delicatissima (Thomas et al., 1980), 90° rotation in Asterionella formosa frustules (Cattaneo et al., 2004) and large deformities
in A. japonica (Fisher and Frood, 1980; Fisher et al., 1981).
In general, no atypical ornamentation pattern was recorded.
Cadmium (100 μg Cd∙ℓ-1) led to the development of abnormal
valve outlines in Achnanthidium spp., Amphora pediculus,
Eolimna minima, Gomphonema parvulum, Mayamaea spp.
(including M. agrestis) and Nitzschia palea (Morin et al.,
2008b). Interruption of the raphe was noticed in Encyonema
minutum, Eolimna minima and Sellaphora seminulum, and
abnormal pore shape and pattern in E. minima and G. parvulum. Cadmium contamination also caused unusual colony
formation of Tabellaria flocculosa (Adshead-Simonsen et
al., 1981). Although no studies have been carried out on Zn
as a single pollutant, great importance has been given to
combined Cd and Zn contamination; these two heavy metals have been responsible for an abnormal valve profile and
striation pattern, doubled central area and distorted raphe
canal in several species (McFarland et al., 1997; Nunes et
al., 2003; Morin et al., 2008a). In particular, these two heavy
metals together induced abnormal valve outlines (wiggly
or asymmetric frustules) in Fragilaria gracilis, Cocconeis
pediculus and C. placentula. An abnormal striation pattern and displaced longitudinal area were characteristic of
Ulnaria ulna, while, in the same conditions, Planothidium
frequentissimum showed a doubled central area and
Nitzschia fonticola presented an atypical raphe canal.
‘Teratological growths’ in cultures were observed in
the 19 th century by Miquel (1890-1892), who proved that
changes in the chemical composition of the culture medium
induced the development of abnormal cells. Later, Locker
(1950) recorded teratological cells of Fragilaria capucina
(abnormal valve outline), while Cholnoky-Pfannkuche
(1971) described abnormal cells of Nitzschia palea. Indeed,
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