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Community indices, such as maturity or diversity, condense information regarding
the structure and composition of communities into a single metric. Soil health and
quality can be inferred from such indices by assuming that communities with differ-
ent structure and composition function differently. Thus, these indices can be instru-
mental in monitoring soil and sediment quality as well as assessing ecosystem
sustainability and biodiversity.

Historical Perspective

In the 1980s, interest increased for using nematode communities as indicators for
environmental monitoring of terrestrial communities (Freckman, 1988; Bongers,
1990). Initially, simple indices of abundance, proportions or ratios of nematodes by
trophic group were proposed. Subsequently, diversity indices were employed and
a maturity index (MI) was developed for terrestrial nematodes (Yeates, 1970, 1984;
Bongers, 1990). Later, the application of the MI was extended successfully to marine
and brackish sediments (Bongers ¢t al., 1991). Since then, others have applied the
concept to freshwater systems (Beier and Traunspurger, 2003; Hoss et al., 2004).

Maturity Indices

Maturity indices are used as a measure of the ecological successional status of a soil
community. They are based on the principle that different taxa have contrasting
sensitivities to stress or disruption of the successional sequence because of their life-
history characteristics. Bongers’ original MI proposal had separate indices for free-
living (MI) and plant-parasitic (PPI) nematodes.%lindex is represented by a
colonizer—persister (¢—p) value that ranges from a izer (c—p = 1) to a persister
(¢—p = 5) with the index values representing life-history characteristics associated

©CAB International 2005. Freshwater Nematodes: Ecology and Taxonomy (eds Eyualem-Abebe et al.) 211

—

[Q1]Au: Is MI
abbreviation for
indices of free-liv-
ing? Please check.

S


abs
Note
OK.

abs
Highlight

abs
Note
would read better as

Bongers originally proposed separate indices for....


Chll.qxd 8/18/05

212

1:11 PM Page 212 $

D.A. Neher and B.J. Darby

Au: Edit OK? @

with 7~ and A-selection, respectively. Those with a ¢—p = 1 are r-selected or coloniz-
ers, with short generation times, large population fluctuations and high fecundity.
Those with a ¢—p = 5 are A-selected or persisters, produce few offsprings and gener-
ally appear later in succession (Bongers and Bongers, 1998; Bongers and Ferris,
1999). Small and large ¢—p weights correspond with taxa relatively tolerant and sen-
sitive to ecological disturbance, respectively (Table 11.1).

Maturity Indices are computed as a weighted mean frequency,

viX f
MI=2 =5
where v, = ¢—p value assigned to family, /' = frequency of family 7 in sample, n = total
number of individuals in a sample. MI may be viewed as a measure of disturbance,
with smaller values being indicative of a more disturbed environment and larger val-
ues characteristic of a less disturbed environment. The MI decreases with increasing
microbial activity and pollution-induced stress when opportunistic nematodes rap-
idly become dominant. Bongers (1990) proposed separate index calculations for
free-living (MI) and plant-parasitic (PPI) nematodes. PI may (Neher and
Campbell, 1994) or may not (Bongers et al., 1997) correl;ﬁ%i]iitively with MI.

Both stress and enrichment result in MI decrease; stress decreases numbers of
sensitive species and enrichment increases abundance of opportunists. To differenti-
ate decreases of MI caused by enrichment and pollution from environmental stress,
it 1s better to omit ¢—p = 1 (Bongers and Korthals, 1993; Bongers et al., 1995;
Korthals et al., 1996). Opportunistic taxa (¢-p = 1) are re-evaluated because they are
considered enrichment opportunists and their population densities increase rapidly
in response to additives of nutrients to soil and may not necessarily reflect long-term
changes in soil ecological condition. Those with ¢—p values between 2 and 5 are
more stable temporally and may provide relatively long-term information about
environmental conditions. Therefore, it is recommended that marine Oncholaimi-
dae be omitted because they accumulate to generate mono-populations under
anoxic enriched conditions known to result in fish-dying. Furthermore, dauer larvae
of Rhabditidae, Diplogasteridae, Panagrolaimidae are not included because they
are non-feeding or inactive stages at the time of sampling.

Yeates (1994) and Wasilewska (1994) proposed a modification of the index
based on merging free-living and plant-parasitic nematodes in a soil community
(ZMI). Neher and Campbell (1996) suggested a ZMI25, which represents a combi-
nation of the concepts proposed by Bongers ¢t al. (1995) and Yeates (1994). In each

Table 11.1 Colonizer—persister (c—p) value assignments for select nematode families
(Bongers and Bongers, 1998).

c—pvalue Family

abrwWN =

Rhabditidae, Diplogasteridae (s.l.), Panagrolaimidae, Bunonematidae
Cephalobidae, Plectidae, Monhysteridae, Aphelenchoididae
Teratocephalidae, Chromadoridae, Diphtherophoridae, Prismatolaimidae
Alaimidae, Mononchidae, Leptonchidae, Qudsianematidae, Dorylaimidae
Aporcelaimidae, Actinolaimidae, Thornenematidae, Belondiridae
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case, the same basic calculation is performed except different combinations of feed-
ing groups (Yeates et al., 1993) and ¢—p groups are included. The difference in these
two more comprehensive indices is that they include and exclude ¢—p = 1 nema-
todes, respectively. As no distinction between free-living and plant-parasitic nema-
todes is necessary these indices solve a disagreement on whether to include (Bongers,
1990) or exclude (Neher and Campbell, 1996) Tylenchidae in the PPI. The contro-
versy is based on whether Tylenchidae are considered fungal- or root-feeders.

Diversity

Diversity has been equated solely with numbers of taxa, and the popular press has
perpetuated this misconception. Rather, a more appropriate indication of diversity
integrates numbers of taxa (‘species richness’) and equitability among taxa (‘species
evenness’) (Hurlbert, 1971). Two assumptions of most diversity indices include: (1) an
index limited to one taxonomic group and (i) all species are equal (Cousins, 1991).
Good (1953) outlined a generalized diversity index that incorporates richness and
evenness into a single value that generally increases with both richness and evenness;

Hp) = 24 [ i)

where p, is the relative abundance of taxon 4, §'is the total number of species present
and o and f define structural attributes of the algorithm. Good’s generalized diver-
sity index demonstrates the mathematical relation of several commonly used
diversity, dominance and evenness indices (Table 11.2). Namely, Shannon’s diversity
index can be interpreted as a variant of Good’s diversity index using values of 1 and
1 for orand f3, respectively (or H(1,1)). Simpson’s dominance index can be interpreted
as H(2,0). Rényi (1961) defined a notation of this generalized equation, which allows
a user to put in different coeflicients for species richness and dominance concentra-
tion (followed by Hill, 1973), and Baczkowski ez al. (1997) discuss optimal bounds of o
and f3 for ecological applications. Most other indices constitute logarithmic, exponen-
tial, reciprocal, complementary or relative transformations of the Shannon or
Simpson indices. In addition to the main indices listed in Table 11.2, numerous
alterations have been reported as evenness indices, including (1-D)/(1-1/.), (1-D)/ S,
and (—In D)/(In $) by Smith and Wilson (1996), and (1/D-1)/(e!'~1) by Alatalo (1981)
(‘D is Simpson’s dominance index as in Table 11.2).

These variations on a theme demonstrate unique sensitivities to changes in var-
ious structural attributes of an abundance distribution within a community. For
example, first, the Camargo diversity index may be more sensitive for assessing
structural alterations in aquatic communities than the Shannon’s (H’) and
MacArthur indices, which are sensitive to the number of taxa present and the whole
spectrum of taxon proportions (Camargo, 1992). Second, the Camargo index typi-
cally increases with the addition of subordinate species (those defined as having a
relative abundance less than 1/.5) more than most indices, valuing rare species.
Beisel et al. (1996) argues that such sensitivity to rare species is an undesirable prop-
erty of a diversity index and favours the Simpson and MclIntosh indices that are
more sensitive to changes in dominant taxa. CGamargo (1997) rebuts with the
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argument that the ‘conviction that rare taxa should not contribute to the response of
a dominance index is absurd’. In fact, the Camargo index is one of few diversity
indices developed from an a priori ecological definition of dominance that domi-
nance is the appropriation of potential niche space of certain subordinate species by
other dominant species (McNaughton and Wolf, 1970).

The debate defining ‘dominance’ and ‘diversity’ raises a second question, that
of which taxa to include in an index. Ideally a summary statistic such as a diversity
index could relate the abundance structure of an entire community. For a freshwa-
ter nematode community, this would include all the bacterivores, algivores, herbi-
vores, predators and omnivores. However, if the McNaughton and Wolf (1970)
definition of dominance is accepted as a complement to diversity, then logically only
one trophic group should be included in any diversity or dominance index. This
creates a practical problem because the specific feeding habits of most nematode
species are diverse, changing or unknown. In fact, first, the effect of each species on
ecosystem processes has not been determined (Chapin et al., 1992). Second, the
reduction of diversity indices to specific functional groups entirely contradicts the
intended use of indices, i.e,to summarize complex and varied community data into
a single useful datum (Beisel, 1997).

Not all indices are contested so vigorously. Although the sensitivities of respec-
tive indices are still unclear, some generalization can be made from the literature.
Typically, Shannon’s (H’) index is sensitive to rare taxa and Simpson’s (4) index
weights common taxa (Boyle et al., 1990). Hill’s family of diversity numbers are easy
to interpret ecologically because the indices define units as taxa (Peet, 1974) but they
are not necessarily superior from a statistical perspective (Heip et al., 1988; Ludwig
and Reynolds, 1988). Hill’s diversity numbers NO, N1 and N2 are defined as num-
bers of all taxa, abundant taxa and very abundant taxa, respectively (Ludwig and
Reynolds, 1988). N1 equates with an antilog of a Shannon index (eff’) and N2
equals the reciprocal of a Simpson index (1/4).

Diversity is linked artificially to the taxonomic resolution an investigator
employs. Even though diversity is most often equated with species, it can be applied
at various taxonomic levels of resolution, such as genotype, genus, family and
trophic group. For free-living nematodes, it is more common to apply diversity
indices to taxonomic levels above species because species identifications based on
morphology are difficult. Appropriate caution must be taken when applying indices
at the family or trophic group levels. Unfortunately, ambiguity in trophic classifica-
tion of nematodes usually occurs because it is inferred by morphology rather than
actual experiments on feeding preferences (Yeates et al., 1993). Furthermore, feed-
ing-habit groupings may be ambiguous and (or) not mutually exclusive in some
cases. For example, abundant populations of Aphelenchoides, Tylenchus, Tylencholaimus
and Ditylenchus can be classified as ‘plant-/fungal-feeding’ nematodes (Sohlenius
et al., 1977), or some ‘predaceous’ Mesodorylaimus sp. can grow and reproduce by
feeding on bacteria (Russell, 1986). Tylenchus spp. are often considered fungivores in
ecological studies, but the basis of the judgement is dubious because several species
feed and reproduce on roots. In other cases, some species may always be placed in
one category and may have developmental stages or generations that fit in another
category.
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As diversity indices are based on relative abundances of community species they
are Insensitive to taxonomic differences between species. Alternatively, biodiversity
indices are based on taxonomic relations among species and ignore species abun-
dances. However, in many environmental planning and protection programmes,
there is interest in both species composition and relative distribution. Therefore,
new combined indices have been proposed such as the quadratic entropy index (Q),
which incorporates relative abundances of both species and a measure for the pair-
wise taxonomic differences between species (Izsak and Papp, 2000; Ricotta, 2002).
Unfortunately, these new combined indices violate part of the mathematical proper-
ties of an ecological diversity index, so they are dubbed ‘weak diversity indices’.

Critical to valid interpretation of diversity indices are appropriate sampling and
statistical techniques. Generally, stratified- or simple-stage cluster sampling are
touted as generating less bias in diversity estimates than simple random sampling
(Gimaret-Carpentier ¢t al., 1998; Mayoral, 1998; di Battista, 2002). Commonly,
diversity indices are analysed statistically with traditional ANOVA procedures.
However, care must be taken to ensure that assumptions of normality and equal
variances are met, especially for small sample sizes. Sometimes, distributions can be
transformed to resemble a Gaussian distribution by application of log and log-nor-
mal scales (Hill et al., 2003). Rogers and Hsu (2001) propose an asymptotically cor-
rect method for diversity indices with unequal variances, when sample sizes are
equal, and transformations cannot remedy the situation.

Trophic Group Ratios

Ratios of trophic groups have been proposed to describe relative balance of positive
to negative impacts of nematodes on primary productivity or stage of decomposi-
tion. Wasilewska (1989) proposed a ratio that computes the sum of fungivores and
bacterivores divided by plant-parasites. A ratio greater than 1 suggests that the pos-
itive impacts of nematodes outweigh the negative impacts on plant productivity.
Two forms of decomposition pathway indices have been proposed, differing in the
denominator. Statistically, the form fungivores divided by the sum of fungivores and
bacterivores [F/(F+ B)] is considered mathematically more stable than simply divid-
ing fungivores by bacterivores (£/B). Because each variation gives a contrasting
result, it 1s critical that the user defines the ratio employed in the results of a report.
Typically, individual or ratios of trophic groups have not withstood the level of sta-
tistical rigour that maturity and trophic diversity indices do in their ability to differ-
entiate the ecological condition of soils on a large geographic scale (Neher et al.,
1995; Neher and Campbell, 1996).

Multivariate Approaches

Canonical Correspondence Analysis (CCA) is useful to compare suites of taxon data
with suites of environmental variables. Environmental variables can include treat-
ment classes as nominal 0 or 1 variable or chemical properties or pollutants as con-
tinuous variables. Canoco (ter Braak and Smilauer, 2002) and Primer-E
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(http://www.pml.ac.uk/primer/index.htm) software are simple tools to perform
these procedures. In Canoco, abundances are transformed as log (x + 1) before
analysis. Transformations are unnecessary in Primer because the scaling is non-met-
ric multi-dimensional scaling. CCA results are displayed graphically with biplots. In
CCA biplots, each vector for an environmental variable defines an axis, and site or
genera scores can be projected on to that axis (Jongman et al., 1995). An indication
of relative importance of a vector 1s its length; the angle indicates correlation with
other vectors and CCA axes. Eigenvalues for CCA axes indicate the importance of
the axes in explaining relationships in the genera—environment data matrices.
Unfortunately, CCA analyses are restricted to illustrating one instance at a time.

Principal response curves (PRC) is a multivariate method for the analysis of
repeated measurement design. PRC is based on redundancy analysis (RDA); each
experimental unit and sampling times and unit by time interactions are treated as
dummy explanatory variables. The result is a diagram showing the sampling periods
on the x-axis and the first principal component of the variance explained by treat-
ment on the y-axis. For illustrative purposes, undisturbed condition was treated as a
‘control’, representing a zero baseline, and ‘disturbed’ of the same experimental unit
as the ‘treatment’ to focus on the ‘differences’ between the two states of condition
through time. Monte Carlo permutation tests permuting whole time series are
applied to compute statistical significance. van den Brink et al. (2003) provide a
review of the analytical procedure and detailed instruction is provided in the man-
ual of Canoco Version 4.5 software (ter Braak and Smilauer, 2002).
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