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A B S T R A C T

Contaminant-related stress on aquatic biota is difficult to assess when lethal impacts are not observed. Diatoms, by
displaying deformities (teratologies) in their valves, have the potential to reflect sub-lethal responses to environ-
mental stressors such as metals and organic compounds. For this reason, there is great interest in using diatom
morphological aberrations in biomonitoring. However, the detection and mostly the quantification of teratologies is
still a challenge; not all studies have succeeded in showing a relationship between the proportion of abnormal
valves and contamination level along a gradient of exposure. This limitation in part reflects the loss of ecological
information from diatom teratologies during analyses when all deformities are considered. The type of deformity,
the severity of aberration, species proneness to deformity formation, and propagation of deformities throughout the
population are key components and constraints in quantifying teratologies. Before a metric based on diatom de-
formities can be used as an indicator of contamination, it is important to better understand the “ecological signal”
provided by this biomarker. Using the overall abundance of teratologies has proved to be an excellent tool for
identifying contaminated and non-contaminated environments (presence/absence), but refining this biomonitoring
approach may bring additional insights allowing for a better assessment of contamination level along a gradient.
The dilemma: are all teratologies significant, equal and/or meaningful in assessing changing levels of contamina-
tion? This viewpoint article examines numerous interrogatives relative to the use of diatom teratologies in water
quality monitoring, provides selected examples of differential responses to contamination, and proposes solutions
that may refine our understanding and quantification of the stress. This paper highlights the logistical problems
associated with accurately evaluating and interpreting teratologies and stimulates more discussion and research on
the subject to enhance the sensitivity of this metric in bioassessments.

1. Introduction

Diatoms are useful tools in the bioassessment of freshwater eco-
system integrity and are presently included in numerous water quality

monitoring programs worldwide. A variety of diatom-based indices
have been developed using different approaches (e.g., Lavoie et al.,
2006, 2014 and references therein; Smol and Stoermer, 2010 and re-
ferences therein). Most indices were created to assess ecosystem health
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reflecting general water quality and regional climate. There are also
countless studies reporting the response of diatom assemblages to metal
contamination (see review in Morin et al., 2012) and to organic con-
taminants (Debenest et al., 2010). However, diatom-based indices have
not been developed to directly assess toxic contaminants (e.g., metals,
pesticides, hydrocarbons). Contaminant-related stress on biota is diffi-
cult to assess when lethal impacts are not observed. Diatoms, by dis-
playing aberrations in their valves (deviation from normal shape or
ornamentation), have the potential to reflect sub-lethal responses to
environmental stressors including contaminants. Observed deformities
can affect the general shape of the valve, the sternum/raphe, the
striation pattern, and other structures, or can be a combination of
various alterations (Falasco et al., 2009a). Other stressors such as excess
light, nutrient depletion, and low pH also have the potential to induce
frustule deformities (Fig. 1; see review in Falasco et al., 2009a). How-
ever, the presence of abnormal frustules (also called teratologies or
deformities) in highly contaminated environments is generally a re-
sponse to toxic chemicals. For this reason, there is great interest in using
morphological aberrations in biomonitoring. Teratologies may be a
valuable tool to assess ecosystem health and it can be assumed that
their frequency and severity are related to magnitude of the stress. We
focussed our main discussion on teratologies as biomarkers although
other descriptors such as valve densities, species diversity and assem-
blage structure are also commonly used to evaluate the response of
diatom assemblages to contaminants.

Based on the current literature, the presence of deformities in con-
taminated environments is considered an indication of stress; however,
detection and quantification of teratologies is still a challenge. In other
words, not all studies have succeeded in showing a relationship be-
tween the proportion of abnormal valves and contamination level along
a gradient of exposure (see Sections 3.2 and 5.1 for examples). Before a
metric based on diatom teratologies can be used as an indicator of
contamination, we believe it is imperative to better understand the
“ecological information” provided by the different types of deformities
and their severity. Furthermore, how are teratologies passed through
generations of cell division? These aspects may influence our assess-
ment and interpretation of water quality.

This paper will not provide a detailed review of the abundant lit-
erature on the subject of diatom valve morphogenesis or the different
types of teratologies and their causes, but will examine numerous in-
terrogatives relative to the use of diatom teratologies for the assessment
of various types of contamination. This work is an extension of the
discussion issued from the collaborative poster entitled “Diatom ter-
atologies in bioassessment and the need for understanding their significance:
are all deformities equal?” presented at the 24th International Diatom
Symposium held in Quebec City (August 2016). The participants were
invited to take part in the project by adding comments, questions and
information directly on the poster board, and by collaborating on the
writing of the present paper. Numerous questions were presented
(Table 1) related to the indicator potential of different types of defor-
mities and their severity, the transmission of teratologies as cells divide,

and species proneness to deformities. These questions, we believe, are
of interest when using diatom teratologies as biomarkers of stress. This
topic is especially of concern because diatom teratologies are increas-
ingly used in biomonitoring as shown by the rising number of pub-
lications on diatom malformations (Fig. 2). With this paper, we aim to
initiate a discussion on the subject. Hopefully, this discussion will
create new avenues for using teratologies as biomarkers of stress and
contamination. The ultimate goal would be the creation of an index
including additional biological descriptors to complement the ter-
atology-based metric.

2. Teratology formation and transmission

2.1. Valve formation

Current routine identifications of diatom species are based on
morphological characters such as symmetry, shape, stria density, and
ornamentation. The characteristic shape of each diatom species results
from a combination of genetic and cellular based processes that are
regulated by environmental factors. There is a wealth of literature on
valve morphogenesis, based both on ultrastructure observations and
cellular (molecular and biochemical) processes. Descriptions of the
processes involved in valve formation are provided, among others, by
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Fig. 1. Conceptual model representing the response of a diatom as-
semblage to environmental and anthropogenic perturbations.

Table 1
List of questions that initiated this communication as well as questions raised by parti-
cipants during the 24th International Diatom Symposium (IDS 2016, Quebec City).

Teratology formation and transmission
• How are deformities transmitted to the subsequent generations?
• The newly-formed valve is an exact copy (or smaller) of the mother cell; in this case,

how does the first deformity of the valve outline appear?
• Are abnormal ornamentation patterns observed on both valves?
• Are deformed cells able to survive and reproduce?
Ecological meaning
• Are deformities equal between different species? Are all types of deformities equal

within the same species?
• Are all toxicants likely to induce similar deformities? (or are deformities toxicant-

specific?)
• Should a deformity observed on a “tolerant” species (versus a “sensitive” species)

have more weight as an indicator of stress?
Issues with teratology assessment
• Certain types of deformities are difficult or impossible to see under a light

microscope, particularly for small species. Should problematic taxa be included
in bioassessments based on teratologies?

• How to assess deformities on specimen that are in girdle view?
• How should the “severity” of a teratology be assessed?
Implications for biomonitoring
• The sternum is the initial structure to be formed; should an abnormal sternum

(including the raphe) be considered more important/significant than other types
of aberrations?

• Proneness to produce abnormal valves and sensitivity to specific contaminants are
key factors for the inclusion of teratological forms in diatom indices. How to
quantify them?

• What is the significance of deformities in a single species versus multiple species in
an assemblage?
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