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Abstract

Taxonomic sufficiency (TS) involves the identification of taxa only to a level of taxonomic resolution sufficient to permit the
detection of changes in stressed assemblages. Recently, however, TS has been proposed also for conservation issues as a tool to
estimate biodiversity over large areas and in poorly known environments. This paper briefly reviews the use of TS in environmental
impact studies and the effects of TS on sampling procedures and data analyses. The risk of possible loss of information depending on
TS and the studied environment are discussed. Concluding remarks deal with the dangers of loss of taxonomic expertise in marine
biological studies and assess critically the proposal of TS as a tool to describe biodiversity at a taxonomic level higher than species.
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1. Taxonomic sufficiency: a comfortable shortcut

Taxonomic sufficiency (TS) (Ellis, 1985) is the iden-
tification of taxa to taxonomic levels higher than species
without significant loss of information in detecting
changes in assemblages exposed to environmental stress.
TS, thus, is an expedient to estimate the effects of per-
turbation on community structure, reducing costs as-
sociated with precise taxonomic analyses while allowing
more resources for spatial and temporal replication of
experiments (Williams and Gaston, 1994; Balmford et al.,
1996a).

The need of TS, furthermore, stems from the wide-
spread demise of taxonomy (Boero, 2001): even groups
that are widely used in environmental impact studies
(e.g. nematodes, Bongers and Ferris, 1999) are far from
being taxonomically well known. Moreover, the
knowledge of the species diversity of many habitats (e.g.
deep sea) is inadequate. TS, thus, should allow impact
studies also in poorly known environments by consid-
ering taxonomically difficult groups (Beattie and Oliver,
1994).
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Some evidence is available that species diversity can
be appreciated by the richness of taxa higher than spe-
cies (Gaston and Williams, 1993; Roy et al., 1996).
Accordingly, low taxonomic resolution has been pro-
posed not only to detect community stress but also to
estimate biodiversity in conservation biology, when de-
tailed routine surveys are unfeasible (Vane-Wright et al.,
1991; Harper and Hawksworth, 1994; Cabeza and
Moilanen, 2001).

In environmental impact assessment, a low taxo-
nomic resolution could reflect more clearly environ-
mental pollution gradients because species are more
affected than higher taxa by both natural variability and
seasonal cycles (Warwick, 1988a,b). Further, TS (e.g.
the use of morphological groups) is often unavoidable
when sampling procedures involve non-destructive
sampling techniques (Roberts et al., 1994). Finally, TS
offers the possibility of comparing data from different
habitats or geographical regions. Communities, in fact,
are much more comparable at high taxonomical levels
(e.g. phylum and class) by aggregating information
through meta-analyses (Warwick and Clarke, 1993).

2. TS in environmental studies

In the last two decades many studies tested TS in the
assessment of environmental impact (Heip et al., 1988;
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Herman and Heip, 1988; Warwick, 1988c; Ferraro and
Cole, 1992). Fewer attempts have been made to explore
the use of TS in biodiversity and conservation issues
(Andersen, 1995; Balmford et al., 1996b).

Most studies have been done in cold-temperate ma-
rine environments (e.g. North Sea), focusing on soft
bottom macro- and meiobenthic communities (Bayne
et al., 1988; Heip et al., 1988; Herman and Heip, 1988;
Gray et al., 1990; Olsgard et al., 1998) in relation to oil
pollution gradients (Warwick, 1988a,b). Fewer studies
(mainly focusing on the effects of sewage, heavy metals
or organic enrichment) were made in warm temperate
(Warwick et al., 1990; Wright et al., 1995; Vanderklift
et al., 1996; Mistri and Rossi, 2001; Roach et al., 2001)
or tropical areas (Guzman and Garcia, 1996). The use of
TS in quantifying the effects of impact on both hard
marine bottoms (Mistri and Rossi, 2000; Pagola-Carte
et al., 2002) and freshwater benthic assemblages (Bow-
man and Bailey, 1997; MacFarlane and Booth, 2001) is
still poorly explored.

TS is not widely applied in terrestrial habitats, but it
recently received increasing interest also in this type of
environment (Pik et al., 1999; Balmford et al., 2000).

3. Effects of TS on sampling procedures and data analyses

Coarser mesh sizes and low taxonomic resolution
allow the processing of more samples per unit time.
James et al. (1995) found that the use of different mesh
size (0.5 vs. 1 mm) and taxonomic resolution (species vs.
family) made little difference to the soft-bottom mac-
rofauna spatial patterns detected by multivariate ana-
lyses. Ferraro and Cole (1992) found that, when
organisms were collected by sample units with 1-mm-
mesh size, the sufficient taxonomic level to detect impact
was family whilst, for 0.5-mm-mesh size, the level was
that of species. The use of larger mesh samples is likely
to avoid the “noise” of small sized organisms and might
reduce the taxonomic resolution needed to detect im-
pacts. Nevertheless, the loss of information might not be
negligible if impact affected just small species.

Somerfield and Clarke (1995) considered the response
of TS to multivariate analyses, comparing data with
different transformations (row data, /, v/+/, presence/
absence) and aggregation levels (from species to phylum
and functional groups). They found, in both inter-
tidal and subtidal environments, that data ordination
(nMDS, non-metric multidimensional scaling ordina-
tions) of nematode communities was consistent by ag-
gregating data at genus level. The aggregation at family
level had little effects on ordinations of macrofaunal
data but at the phylum level the perception of impact
was severely altered. Thus, ordination plots suffer the
aggregation of data to higher levels showing, at low
taxonomic resolution, a decreasing capacity to represent

correctly distances between samples (Vanderklift et al.,
1996).

Olsgard and Somerfield (2000) argued that the family
level might represent the most suitable compromise be-
tween the need of time-costs saving and the necessity of
statistical vigour of information. The level of family also
provides a better agreement when multivariate data
have been related to environmental variables (through
BIO-ENYV procedure; Clarke and Ainsworth, 1993).

However, at least for strong pollution gradients,
nMDS can depict changes in assemblages also at phy-
lum level (Ferraro and Cole, 1990; Gray et al., 1990;
Warwick et al., 1990). The phylum level leads to clear
results also in the meta-analysis of Warwick and Clarke
(1993).

Mathematical transformations of data and low tax-
onomic accuracy can interact in decreasing the potential
of multivariate tools to perceive changes in assemblages.
Effects of transformations become more severe as tax-
onomic resolution decreases and, therefore, both factors
affect the outcome of analyses (Olsgard et al., 1997).
Also in terrestrial habitats, ordinations of aggregated
data (e.g. functional groups rather than species) dis-
criminated sampling sites but, when data were trans-
formed to balance the contribution of rare and common
taxa, differences among sites were less clear (Pik et al.,
1999).

Ordination models are not the only multivariate sta-
tistical procedures that suffer of taxonomic aggregation.
Non-parametric multivariate tests like the Analysis of
Similarities (ANOSIM) might lead to contrasting out-
comes at different taxonomic levels. Aggregation of data
at levels higher than genus, in fact, decreases the ability
of ANOSIM to separate sampling sites and smoothes
out possible differences between the putatively impacted
areas and controls (Somerfield and Clarke, 1995; Lard-
icci and Rossi, 1998; Pagola-Carte et al., 2002). The
different responses of data to taxonomic aggregation
depend on the circumstances of each study because the
relationships between abundance, biomass or cover
might vary depending upon habitats and/or the degree
of taxonomic redundancy. This requires care in gener-
alizing outcomes and emphasizes the need of pilot
studies to distinguish, case by case, the most suitable
procedure (Chapman, 1998; Pagola-Carte and Saiz-
Salinas, 2000).

4. TS and marine hard substrates

Some degree of taxonomic inaccuracy is not a novelty
in impact studies on hard substrates. In some cases,
taxonomic resolution must stop at low levels due to
specific constraints. When the study site is inside marine
protected areas, for example, the use of non-destructive
sampling methods (e.g. photographic methods or visual
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censuses) is mandatory. In such contexts, at least for
some groups (e.g. encrusting calcified red algae, sponges,
hydroids, bryozoans, etc.), identifying all organisms at
species level is simply impractical, representing an in-
trinsic limit of sampling procedures. This does not
mean, however, that the application of TS allows a
sufficient appreciation of the diversity of hard bottom
communities per se.

One of the first attempts to explore TS on marine
hard substrates has been carried out in Mediterranean
Sea (Mistri and Rossi, 2000) where changes in commu-
nity structure due to sewage pollution were clearly de-
tectable already at the family level.

In the same basin, Terlizzi et al. (2002), in an attempt
to quantify the effects of sewage pollution on subtidal
hard substrate sessile assemblages, based their analysis
on a multivariate data set of 57 taxa. For some organ-
isms, identification stopped at taxonomic levels higher
than species, due to the sampling technique (photo-
graphic samples). Nevertheless, over 57 taxa, 41 were
identified at species level. ANOSIM and nMDS clearly
separated sites from the impacted location from those of
controls (Fig. 1a). Here we analysed the same data set at
different taxonomic levels of aggregation: separation of
impacted sites from controls’ sites is still evident at
family level and less clear at both class and phylum level
(Fig. 1b—d). Obviously, this is not enough to prove the
efficiency of TS on hard substrates. It could be argued,
for instance, that the original data set was not entirely at
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Fig. 1. Non-metric multidimensional scaling ordinations based on
Bray—Curtis dissimilarities on square root transformed data. There are
four locations, one impacted by a sewage outfall and three controls.
Three sites are sampled at each location by 10 photographic records.
Each point represents the centroid (average) of assemblage from the 10
replicates. € = sites from the impacted location; A, V, [J = sites from
the first, second and third control, respectively. Percentage cover of
macroalgae and sessile animals have been aggregated at different tax-
onomic levels to represent differences among and within locations: (a)
original data set based on 57 taxa; 41 identified as species, 6 as genus, 2
as family and 8 as morphological groups (e.g. filamentous green algae,
encrusting calcified red algae) (Terlizzi et al., 2002); (b)—(d) aggregation
to family, class, and phylum level, respectively. At class and phylum
levels of aggregation goodness-of-fit of samples in the plot are reduced,
as indicated by the increasing value of stress.

species level and, therefore, comparisons are not strin-
gent. Further research on effects of TS on hard substrate
is needed before extending the higher taxon concept to
these habitats.

5. TS and loss of information

The time spent to identify organisms at the family
level, as compared to identification to species, will de-
pend on the number of species within the various fam-
ilies, whether the numerically dominant species belong
to several taxonomically complicated families or to a
few taxonomically trouble-free families, and on the
availability of taxonomic expertise (Ferraro and Cole,
1990). The choice of taxonomic level, to optimise cost/
efficiency rate in environmental studies, might be related
to the groups of organisms involved and to their dis-
tribution in the studied area.

In subtidal soft bottom macrobenthic assemblages,
there is evidence that little information is lost when
specimens are identified at phylum level, whilst, for
meiofauna, heavy losses of information occurred over
family level (Gray et al., 1990; Warwick et al., 1990).
Vanderklift et al. (1998), working with fish, algal and
invertebrate assemblages, found that genus richness
highly reflected species richness, but families described
well species richness only for fishes assemblages, whilst
class richness always gave scant results. Also in terres-
trial habitats, a correlation between species and genus
data has been found (Pik et al., 1999, 2002).

The response of different taxonomic levels might
change according to biogeographical features and in-
ternal diversity of taxa (Roy et al.,, 1996). In other
words, if the family richness is a good surrogate of
species diversity in the North Sea, it might not be the
same for the Mediterranean Sea (Bianchi and Morri,
2000). Moreover, in the same basin (or region), the ef-
ficiency of a taxonomic surrogate of species richness
might not be constant for different biological groups.
Family diversity might not properly reflect species
richness. The use of low taxonomic resolution must be
cautious in megadiverse groups of organisms (Balmford
et al., 2000). The risk, using higher taxon richness as
surrogate of biodiversity, in fact, is to consider in the
same way both taxonomic groups poor in species and
very speciose ones (May, 1990). Thus, low taxonomic
resolution in estimating species richness might hide di-
versity centres (Prance, 1994). Each source of variability
might lead to dangerous loss of information when tax-
onomic accuracy decreases, especially if evidences that
justify TS in precise circumstances are superficially ex-
tended to other contexts.

In polluted environments the average degree to which
individuals in assemblages are phylogenetically related
to each other (i.e. taxonomic distinctness, Clarke and
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Warwick, 2001) might decrease. In such situations, it
might be less expensive to investigate the presence and
abundance of some families or orders “indicators” of
disturbance rather than identify the species that belong
to them. Nevertheless, before the use of indicators is
effective, accurate taxonomic analyses must be available
(Grant et al., 1995). Species, in fact, might be not so
structurally and functionally redundant as they are im-
plied to be by the application of TS. Moreover, taxa
including many abundant species might hide also rare
species with key roles in communities’ structure that
only fine taxonomic analyses and manipulative experi-
ments might reveal (Mistri et al., 2001).

It is widely recognized that the addiction or the loss
of non-keystone species has only little effects on com-
munities and ecosystems (Frost et al., 1995). When
species are similar in their ecological features, the loss
(or addiction) of one of them has relevance for com-
munity structure, but lower effects on community
function, due to the compensative response of other
species (Piraino et al., 2002). In such a case, the use of
species or higher taxonomic levels makes little difference
to understand patterns of assemblages but, if a species
has a relevant functional role, TS might blur its im-
portance. This might occur in endemism-rich faunas
(Samways et al., 1996), as sensitive endemic species
might be affected without a noticeable effect at higher
taxon levels (Cagnolo et al., 2002).

6. Final remarks

The knowledge of species, and their biology and
ecology, is an indispensable prerogative also to define
the possible sufficient taxonomical level in routine
monitoring studies. The use of TS is likely to be most
advantageous if species level baseline studies have al-
ready been completed (Olsgard and Somerfield, 2000).
In poorly known environments, the use of rough taxo-
nomic resolution is still premature (Gage, 2001), and
there is an urgent need to acquire detailed information
before applying TS. Approximation must not be made
a priori: the profound knowledge of systems and their
species is the first, crucial, step.

The advantages of TS and related investigation
methods are the lighted face of the medal. The dark side
is that biological surveys are in increasing demand while
taxonomic resources continue to decline (Maurer, 2000)
and the crisis of taxonomy just in the “age of biodi-
versity”” is more and more evident (Feldmann and
Manning, 1992; Pimm and Lawton, 1998). Application
of methods that involve low taxonomic resolution, even
supported by rigorous statistics, might lead, on the long
term, to great losses in knowledge heritage as a conse-
quence of the scant replacement of taxonomists (Schel-
tema, 1996; Boero, 2001).

Finding a compromise between the profound
knowledge of the single components of a system and the
need of costs-effective methods is not an easy task. TS
could have an acceptable role only when environmental
features allow implementing taxonomic analyses less
expensive than species identification. In some cases, TS
represent a valid tool in routine monitoring but poorly
known systems or baseline biodiversity study and TS are
simply incompatible.

Current evidence suggests that family is a sufficient
taxonomic level, but this statement stems from too a
limited number of case studies. Relations among TS and
sampling procedures, data analyses, spatial scale, habi-
tat features and assemblages structure are still far to be
generalized.

TS may be tolerated only when difficulties in sam-
pling, data analysis and identification of some particular
organisms make this procedure strictly necessary, not
merely to save costs whatever the aim of the study is. TS,
thus, is only a compromise, not a universally recognized
practice. Such compromise, furthermore, is only ac-
ceptable to detect impacts, but it conflicts with the very
definition of biodiversity. If species loss is the main
concern of conservation biology (together with habitat
loss), it is simply absurd to pretend to perform conser-
vation studies without considering species. This radical
(but nevertheless logical) view is incompatible with the
current availability of taxonomic expertise for most
groups. The lists of endangered marine animals com-
prise mainly charismatic and commercial species be-
cause, for the inconspicuous ones, very little is known
(Piraino et al., 2002). It is evident that a current policy of
marine conservation not only considering whales, dol-
phins, seals, turtles and (some) molluscs and corals must
focus on biodiversity at community level, forcedly dis-
regarding species diversity. This is not an alibi to con-
tinue with a policy of indifference for taxonomic
expertise. In this case, taxonomic sufficiency might be
used as a proof of the uselessness of taxonomists in both
ecological and conservation studies, conflicting with the
aims of conservation biology.
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