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Selection of sentinel taxa and biomarkers
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Summary — Nematode community indices would become more feasible for use
in environmental monitoring programmes by reducing the number of genera
that need to be enumerated and identified. This could be achieved by narrowing
indices to include only sensitive or tolerant genera or species while eliminating
ambiguous ones. Identification of sentinel taxa can be achieved by employing
a combination of tools. For example, multivariate statistics can help identify
taxa that demonstrate relative tolerance or sensitivity to physical and/or chem-
ical/nutrient types of disturbance. Life history characteristics of taxa meeting
these criteria can be verified in empirical studies to evaluate and recommend
refinement in coloniser-persister weights employed in maturity indices. Verifi-
cation of coloniser-persister values can be achieved using independent molec-
ular biomarkers. Once sentinel taxa are identified, molecular diagnostic tools
are possible. Availability of commercial kits then becomes approachable to
non-specialists and cost-effective (time and labour) for implementing nematode
bioindicators within large-scale environmental monitoring programmes.

It would be more feasible to use nematode communities in regional
and national monitoring programmes if we could focus on a set
of indicator or sentinel taxa. With fewer genera or species, indices
become more sensitive, interpretable and cost effective. The goal is to
identify genera that are relatively sensitive or insensitive to particular
types of disturbance while eliminating ambiguous ones. Sensitivity and
insensitivity are defined respectively as a decrease and increase in
abundance when exposed to a disturbance.

Identification of sentinel taxa can be achieved by employing a
combination of tools. First, ordination analysis can be used to identify
patterns in complex data from regional-scale field studies. This approach
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identifies genera with distinctive response to direct effects of cultivation
or chemical pollutants by canonical correspondence analysis (CCA).
Indirect or secondary effects are determined by partial CCA. Two
types of environmental disturbance alter nematode communities in
qualitatively different ways. Physical disturbances such as cultivation
interrupt ecological succession. Chemical or enrichment disturbances
result in nutrient enrichment or chemical pollution. Unfortunately, both
types are often confounded in field studies, adding complexity to the
selection process.

We propose three criteria for selecting sentinel genera: i) consistency
in sensitivity to both direct and indirect forms of a disturbance type;
ii) consistency in sensitivity to both physical and chemical/nutrient types
of disturbance; and iii) opposite types of responses to physical than
chemical/nutrient disturbance. We recommend Discolaimus, Mylonchu-
lus and Plectus as candidate sentinel taxa of general disturbance because
they meet multiple criteria (Fiscus & Neher, 2002). Sensitivity of Dis-
colaimus and tolerance of Plectus are consistent with their coloniser-
persister (c-p) values of 5 and 2, respectively. In contrast, Mylonchulus
was abundant under cultivation and enrichment conditions, opposite its
c-p value of 4.

After identification of candidate genera, controlled experiments are
necessary to validate their response to defined types and magnitude of
disturbances. Ordination differs from that of maturity index approaches
by making no assumptions regarding morphology or life history strate-
gies. Likewise, this approach provides different information than the c-p
scales of Bongers (1990). Several taxa demonstrate opposite responses
to disturbance than their c-p value might suggest (Table 1). Further-
more, disagreement among studies occurs. For example, Fiscus and Ne-
her (2002) note that Plectus is tolerant, as its c-p value would suggest,
the opposite of Korthals et al. (1996). Ultimately, empirical tests of the
impact of defined disturbance types and magnitudes of nematode life
history will help to both reconcile differences in these approaches and
empirically test c-p values of maturity indices. Currently, Neher and Li
are conducting controlled experiments, exposing nematodes to a con-
centration gradient of heavy metal or polycyclic aromatic hydrocarbons
(PAH) and measuring response to life history characteristics including
survival, development, and reproduction. Examples of measurements for
survival include concentration of 50% of individuals (LCsy) and no ob-
servable effect concentrations (NOEC). Development can be expressed
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Table 1. Discrepancies between c-p values and response to disturbance.

Genus c-p value Trophic group Sensitive Tolerant Reference”
Eumonhystera 1 bacterivore v 2
Acrobeles 2 bacterivore v 1
Plectus 2 bacterivore v 1
Clarkus 4 predator v 2
Enchodelus 4 omnivore v 2
Tylenchulaimus 4 fungivore v 2
Aporcelaimus 5 predator v 2

*1: Korthals ef al., 1998; 2: Fiscus & Neher, 2002.

as body size and its rate of increase through time, relative to an unex-
posed control. Reproductive fitness is measured as egg number, size and
hatch rate.

Life history characteristics reflect phenotype responses to stress or dis-
turbance. However, biological responses may also occur at the genome
level. Independent biomarkers are a supplementary or alternative means
to verify the response of candidate sentinel genera to type and magnitude
of disturbance. Biomarkers differ from indicators because they focus on
mechanistic response and their target is typically molecular and/or cel-
lular. Two types of biomarkers are being evaluated currently, heat stress
proteins (HSP) and DNA damage. Heat stress proteins assist in main-
taining natural configuration of proteins, and are induced by many types
of stress. A problem with their use as biomarkers is their ‘acquired tol-
erance’, therefore limiting their utility to acute exposures (Kammenga
et al., 1998; Bierkens, 2000). Detection of chronic exposure is typically
desired in environmental monitoring programmes. DNA damage caused
by genotoxicants occurs in different forms: i) adduct formation; ii) gen-
eral strand breakage; and iii) mutation (Shugart, 1998). DNA adducts
are covalent bonds between a toxicant such as PAH and DNA. Without
repair, DNA replication is affected and/or mutations may develop.

Once sentinel taxa are identified, molecular diagnostic tools for whole
community assessments are possible. Then, availability of commercial
kits becomes approachable to non-specialists and cost-effective for
implementing nematode bioindicators within large-scale environmental
monitoring programmes.
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