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Taxonomic surrogacy in biodiversity
assessments, and the meaning of
Linnaean ranks

Abstract The majority of biodiversity assessments use species as the base unit.
Recently, a series of studies have suggested replacing numbers of species with
higher ranked taxa (genera, families, etc.); a method known as taxonomic surrog-
acy that has an important potential to save time and resources in assesments of
biological diversity. We examine the relationships between taxa and ranks, and sug-
gest that species/higher taxon exchanges are founded on misconceptions about
the properties of Linnaean classification. Rank allocations in current classifications
constitute a heterogeneous mixture of various historical and contemporary views.
Even if all taxa were monophyletic, those referred to the same rank would simply
denote separate clades without further equivalence. We conclude that they are no
more comparable than any other, non-nested taxa, such as, for example, the genus
Rattus and the phylum Arthropoda, and that taxonomic surrogacy lacks justification.
These problems are also illustrated with data of polychaetous annelid worms from
a broad-scale study of benthic biodiversity and species distributions in the Irish
Sea. A recent consensus phylogeny for polychaetes is used to provide three different
family-level classificationsof polychaetes.Weuse families as a surrogate for species,
and present Shannon–Wiener diversity indices for the different sites and the three
different classifications, showing how the diversity measures rely on subjective rank
allocations.
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During the last decade the measurement of biological diversity
(biodiversity) has emerged as a major discipline in biology,
with an immense practical importance in directing our ef-
forts to minimise human-induced impoverishment of life on
earth (e.g., Purvis & Hector, 2000). In an overwhelming ma-
jority of studies aiming to measure biodiversity, the species
rank holds a central position (Gaston, 2000). However, ac-
curate identification of species often requires considerable
expertise and is, for many taxa, both a difficult and time-
consuming procedure. The lack of taxonomic expertise, par-
ticularly in areas of high diversity, and the expense involved
in detailed surveys, has resulted in several different attempts
to find reliable surrogates for species diversity. A number of
authors (e.g. Raup, 1979; Andersen, 1995; Balmford et al.,
1996a, 1996b, 2000; Gaston & Williams, 1993; Lee, 1997;
Warwick, 1988; Williams & Gaston, 1994) have suggested
that species numbers need not be assessed directly, but can
be estimated indirectly by counting higher ranked taxa, such
as genera, families or orders – an idea that also has been
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developed within palaeontology (e.g. Raup, 1979; Raup &
Sepkoski, 1984). The method is usually referred to as ‘taxo-
nomic surrogacy’. Needless to say, the gains in time and re-
sources of using higher taxa instead of species would be con-
siderable.

We here examine the method of taxonomic surrogacy and
its relationships to the Linnaean ranks, and conclude that the
method suffers from severe shortcomings, and appears to be
founded on misunderstandings of the relationship between the
phylogenetic components of diversity, and how these compon-
ents are represented in classifications.

Exchanging species for higher taxa
The ‘taxonomic surrogacy’ approach is based on the premise
that there are predictable relationships between species and
higher taxonomic ranks such as genera and families. Further-
more, to be of practical value, the higher taxon counts must
be able to predict species richness with a reasonable amount
of precision. Suppose that we know the species richness for
a number of sites. Based on existing classifications of the
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Figure 1 An example of species/family richness relationships (log
transformed) in plants from Gentry (1988). The
species/higher taxon exchange are assessed from the
regression line. The figure is reproduced from Williams
et al. (1991).

included taxa we can, for each site, compare species rich-
ness with, say, family richness. These relationships can be
illustrated in a diagram with number of species as one axis
and number of families as the other (Fig. 1). Subsequently this
regression can be extrapolated for other sites and other taxa,
where the species richness then is estimated from the family
richness.

In palaeontology
Within palaeontology the taxonomic surrogacy approach was
introduced because of the lack of species-level information in
the fossil record. Based on a generally low probability of fos-
silisation, it is more likely that higher taxa will be represented
in the samples than species. Raup (1979), in one example, es-
timated that 96% of marine invertebrate species went extinct in
the Late Permian. The calculations were based on an observed
disappearance of 52% of the marine invertebrate family-ranked
taxa at the transition between the Permian and Triassic peri-
ods. Using a rarefaction plot of species-family relationships
in a classification of Recent Echinoidea (sea urchins), Raup
calculated at first that 52% of the extant echinoid families con-
tain 96% of the species. Assuming comparable relationships
between the classifications of Recent and Fossil taxa, as well
as between echinoids and all marine invertebrates, he then
estimated that 96% of the marine species may have gone ex-
tinct during that period. Applying similar arguments, Raup &
Sepkoski (1984) used fossil marine vertebrates, as well as in-
vertebrates, in an attempt to demonstrate that extinctions since
the Mid-Permian show a periodicity of about 26 million years.
Thus, it is argued, the global variation of life on earth is trace-
able by following the changes in the number of families or
genera during time (Roy et al. 1996). This, however, implies
that families or genera contain a constant number of species
across all major groups and that old data can be assimilated
with new, even though they may be collected with different
taxonomic standards (Jackson & Johnson, 2001). At present
the most complete databases for fossils are Sepkoski’s (1992)
compilation of marine invertebrate families and genera, the

new database of Alroy et al. (2002) which completes and
modifies the one by Sepkoski, and Benton’s (1993) compila-
tion of plant and animal families. These data at higher ranks
level have been used to investigate issues such as correlations
between extinction and origination rates, searches for fractal
patterns in diversity caused by the internal dynamics of the
biosphere, or even for evidence for external causes of extinc-
tions, such as meteorite impacts (Solé et al., 1997; Hewzulla
et al., 1999; Newman & Eble, 1999; Kirchner & Weil,
2000).

For recent biodiversity studies, the most obvious and im-
portant application is within conservation biology and in stud-
ies of human-induced perturbations.

In community perturbation studies
One early empirical study by Warwick (1988), suggested that
higher taxa rather than species can be used to detect pollu-
tion effects in marine environments. From analyses of five
different data sets on meio- and macrofauna from different
localities in northern Europe, he concluded that species taxa
could be exchanged for family taxa without loss of important
information. Olsgard et al. (1998a; 1998b) applied an essen-
tially similar methodology in studies of pollution effects on
macrobenthic communities in the North Sea. This approach,
also known as ‘Taxonomic sufficiency’ (identifying organisms
only to a level of taxonomic resolution sufficient to satisfy the
objectives of a study; see e.g., Pik et al. 1999), has been ap-
plied for detecting pollution effects on faunal communities’
changes in east Antarctica (Thompson et al. 2003), where the
family level reflected the changes in the species composition.
However, class and phylum level did not retain assemblages’
differences, which contrasts with the findings of Olsgard et al.
(1998a, 1998b). Many more studies have tested taxonomic
sufficiency in the assessment of environmental impacts, but
demonstrate a low levels of agreements in the choice of ap-
propriate taxonomic ranks. Indeed Terlizzi et al. (2003) called
attention to the difficulty to generalise the conclusions from
each study to other assemblages and environments. In addi-
tion, the relationships between different ecological measures
and the taxonomic levels are not uniform, as illustrated by
Pagola-Clarte et al. (2002) in a monitoring study of mac-
rozoobenthic organisms in the Northern Iberian Peninsula.
While analyses based on abundance data lost more inform-
ation when the taxonomic level increased (from species up to
phylum), this trend was not perceptible for data on cover estim-
ates or biomass measures. This result on abundance patterns
was not corroborated by Olsgard & Somerfield (2000) in their
study of pollution effects on benthic communities in North
Sea. They showed that family richness was useful for monitor-
ing the changes in abundance, but only when the community
structure resulted from a strong spatial gradient like the one
induced by heavy pollution. Hence they recommended restrict-
ing the taxonomic sufficiency method to routine pollution mon-
itoring when the species baseline studies have already been
completed.

In another study, Warwick & Clarke (1995) introduced
a biodiversity measure called ‘taxonomic distinctness (�)’,
based on components of species abundance and taxonomic
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diversity linked to the Linnaean ranks. The latter component
was calculated such that congeneric species were given weight
1, species of different genera but in the same family weight
2, etc., up to species of different classes but same phylum,
which were given weight 6. This constitutes an example where
ranks are treated as equivalent units in an explicit, quantitat-
ive fashion. The indices of taxonomic diversity (Warwick &
Clarke 1995), average taxonomic distinctness (Clarke &
Warwick, 1998), and variation in taxonomic distinctness
(Clarke & Warwick, 2001) have been developed from the
concept of taxonomic distinctness. These indices all rely on
the assumption that in the absence of phylogenetic studies, the
taxonomic relations in the Linnaean classification provide a
good surrogate for the evolutionary relationships (Clarke &
Warwick, 2001). Taxonomic distinctness has been used for
investigating historical evolution of ecological communities
as well as the disturbance level of ecosystems (Piepenburg
et al., 1997). Furthermore, it has been proposed to apply the
taxonomic distinctness for determining the extent to which
ecological assemblages are able to resist change, and thereby
providing a natural resources management tool (Rogers et al.,
1999), as well as a mean for monitoring natural perturbations
(Brown et al., 2002) and pollution effects.

In conservation studies
Gaston & Williams (1993) suggested that the higher taxon
approach can be applied within conservation in order to pre-
dict species richness. The predictive power of the method was
assessed by Williams & Gaston (1994) in a study on several
different taxa and regions. They favoured this approach, but
raised the issues of bias due to sampling efforts, rank choices,
atypical regions, and uneven taxonomic treatments. Andersen
(1995) also questioned the surrogacy method based on studies
of species versus genus richness in Australian ants. He found
that the potential biases outlined by Williams & Gaston (1994)
modified the ratio between species and higher taxa, and thus
were highly influential on the final species estimates.

Balmford et al. (1996a) used species, genera and fam-
ilies across several major taxonomic groups. Although they
in many cases found close relationships between species and
higher taxa, the actual precision for the estimates of species
richness was often surprisingly low for those sites where the
gain would be largest. They concluded that taxonomic sur-
rogacy represents a promising approach, but that the higher
rank to be surveyed needs to be carefully selected. These res-
ults were corroborated by Eduardo & Grelle’s (2002) study of
correlations between higher-taxon surveys and specific rich-
ness of Neotropic mammals. From the four examined orders
(Didelphimorpha, Chiroptera, Rodentia and Primates), only
one, Primates, exhibited a significant correlation between spe-
cies and family richness that could allow for surrogacy. In con-
trast, Eduardo and Grelle observed higher correlations when
considering genus data for all the four groups altogether, al-
though within each group the strength of the relations varied
substantially.

The existence of significant correlations between species
richness and higher taxon richness has been demonstrated by
Doerries & Van Dover (2003) for deep-sea mussel beds at the

generic, family and order levels. Class richness was a poor sur-
rogate in these communities. However, the high correlations
reported in this study are probably due to unusual taxonomic
assemblages demonstrating global low species/higher taxa ra-
tios : species/genera varies between 1.1 and 1.3, while species/
families were between 1.3 and 1.7. These values should be
considered in regard to our Irish Sea case study where we
observed a species/genus of 1.9 and a species/families of 6.5.
Moreover, the authors attributed the strong correspondences
between taxonomic levels to homogeneous distributions of
species inside genera and families. As a consequence these
findings should be used with caution when extrapolated to
other taxa.

Balmford et al. (1996b) and Balmford et al. (2000)
avoided the accuracy problem. They suggested classifying the
sites according to the higher taxa present; thus species taxa
need not be estimated. They assumed that local patterns of spe-
cies richness were mirrored at genus, family and order levels,
and suggested that the method could be applied to design re-
serve networks. Another study performed by Fjeldså (2000)
used occurrences of Andean species and genera of birds in an
extended set of variable ecoregions. Genus level data identified
some species-rich hotspots in localities characterised by com-
plex tropical habitats with numerous genera, but overlooked
other important sites in more uniform habitats and where many
species were distributed in fewer genera. The author concluded
that genus data as a surrogate had poor efficiency for the design
of conservation areas networks. Similar results were reported
by La Ferla et al. (2002) when assessing the use of higher
taxa for predicting patterns of angiosperm species richness in
Sub-Saharan Africa. Although genera performed better than
families, order and subclasses, they failed to report the import-
ant species hotspot constituted by the Cape Region. Therefore
La Ferla et al. advised caution when selecting areas of highest
conservation priority on the ground of taxa above the genus
level.

Another approach to biodiversity conservation is the fo-
cus on reserve networks. Balmford et al. (1996a) and Balmford
et al. (2000) identified such networks based on the comple-
mentarity in higher taxa between different areas. The comple-
mentarity principle ensures that the selected areas represent
all the higher taxa at least once. However this approach was
also challenged on empirical grounds by van Jaarsveld et al.
(1998). The authors have used data from a wide range of South
African plants and animals (mammals, birds, plants, butter-
flies, termites, antlions, scarab beetles and buprestid beetles)
to compare the complementary sets resulting from the use of
genera and families with the networks representing the spe-
cies. With the removal of termites and antlions which were
either poorly surveyed or represented by few species, the aver-
age overlap was 27.7% for genera and species-based sets and
4.5% for families and species. Thus this study provided support
against the congruence in complementarity across taxonomic
levels.

There have been ambiguous results in most of the fields
where taxonomic surrogacy is applied, and in order to better
understand the fundaments of the method, we first address
issues relating to taxonomic practice in rank assignments.



152 Y. Bertrand, F. Pleijel & G. W. Rouse

Classification and the meanings
of ranks
The Linnaean system is regulated by different nomenclatural
codes for plants, animals, bacteria and viruses. There are a
number of differences between the codes, but they all have taxa
referred to ranks (genus, family, etc.). However, the concept of
taxonomic ranks has varied through history and continues to
mean different things among contemporary systematists (e.g.
Minelli, 2000; Stevens, 1994). For some they represent a no-
tion that has an actual correspondence in nature, implying that
ranks can be empirically examined and have a separate exist-
ence from taxonomists’ minds. For others they are subjective
devices, which only serve as a device to memorise classific-
ations. In addition, ranks are sometimes linked to characters,
where, for example, one set of characters is considered ap-
propriate for generic delineations, and another set for family
delineations. Conceptually, this view contrasts with that of
ranks being linked to cladogram topologies and relationships
among taxa, where, for example, kingdoms and phyla refer to
basal lineages of the tree of life.

Among early systematists, Linnaeus believed in the num-
ber five as fundamental, and subdivided each kingdom into
the five ranks: variety, species, genus, order and class (e.g.
Ereshefsky, 2001). Of these, the genus held a special position
in nature; genera were the direct results of divine creation and
the taxonomists’ task was to discover them. For the other ranks
he was less clear and shifted views during his life, but tended
to regard them as less natural than the genera, and seemed
to apply them more for practical purposes (e.g. Mayr, 1982).
Lamarck, at least in his earlier publications (e.g. Lamarck,
1778), viewed any taxonomic groupings (and therefore also
ranks) as artificial subdivisions of a continuous scala naturae
(e.g. Stevens, 1994). The species constituted no exception,
and the only non-arbitrary unit which he recognised was indi-
vidual specimens (Lamarck, 1802). In making these arbitrary
subdivisions, Lamarck also, for practical reasons, suggested
that size be taken into consideration, such that genera, for ex-
ample, should not include too many species (Stevens, 1994).
The mid-19th century botanists Bentham and Hooker went
further on this path and delineated angiosperms such that most
groups did not have more than 12 directly subordinated taxa,
but also included ‘similar amounts’ of morphological variation
(Stevens, 1997). Stevens (1994) and Minelli (2000) provide
further entries into the literature on the various meanings of
ranks through history.

Also today there is a variety of views on the meanings
of ranks. For Dubois (1988), for example, the genus refers
to groups of potentially hybridising species, and for Bock &
Farrand (1980) it refers to ecological and morphological entit-
ies. The zoological rank phylum is often (e.g. Brusca & Brusca,
1990) identified as units of animals with similar ‘bauplans’
(body plans). These views emphasise a connection between
sets of characters and particular ranks. Hennig (1966), in con-
trast, suggested coupling the ranks of taxa, not to characters,
but to their absolute age, an idea which more recently has
been taken up by Sibley & Ahlquist (1990) and Avise & Johns
(1999).

However, the dominant view among phylogeneticists of
today, we believe, is that supraspecific ranks have hierarchical
rather than character- or age-based connotations, and that they
are employed to communicate information about inclusiveness
and/or exclusiveness. Under that view, of course, concepts such
as ‘generic characters’ or ‘family characters’ become mean-
ingless. Ranks, on a cladogram with the terminals at the top,
attempts to communicate two different kinds of information:
vertical and horizontal. The vertical relationships refer to the
system of groups within groups (genera within families, famil-
ies within orders, etc.). The horizontal relationships, however,
are much more elusive, and all that actually can be stated
within a phylogenetic system is that taxa referred to the same
rank are non-overlapping.

Apart from this, the inclusivity of taxa and their rank
associations are decided by the individual systematists on a
case-by-case basis. This decision is actually quite complex
and includes a number of considerations apart from mono-
phyly. One is mnemonic – the groups are often kept small
enough to be memorised but large enough to permit general-
isations, another is to minimise name changes. In a revision
the taxonomist today strives to keep traditional taxon names
and their associations as intact as possible, but still referring to
monophyletic groups. The rank allocation of any given taxon
is thus dictated, not only by phylogenetic concerns to com-
municate relationships, but also by previous rank allocations
of the neighbouring taxa. For example, a new taxon may be
referred to a new subfamily because it is nested within a taxon
currently referred to a family, and because it is separate from
the currently employed subfamilies within the family. In this
way, taxonomists decisions on rank placements of taxa are
influenced by the practices of the foregoing generation of
taxonomists working on their particular group; an influence
which successively reaches all the way back to the origins of
the taxonomy of the group.

In contrast to ranks such as the genus and the family,
there seems to be a consensus among a majority of systemat-
ists that species hold a special role in nature. Most currently
employed species concepts are based, either on reproduction,
such as the ‘biological species concept’ (e.g. Mayr, 1940),
or on characters, such as the ‘morphological species concept’
(e.g. Cronquist, 1978) and the ‘diagnosable species concept’
(e.g. Nixon & Wheeler, 1990), and de Queiroz in two recent
studies (1998; 1999) has argued that many of these concepts
constitute criteria rather than concepts, and that they actually
converge toward a largely similar notion, ‘the general lineage
species concept’. Following these views, species taxa may,
by and large, constitute comparable units (but see Mishler,
1999; Pleijel, 1999; Pleijel & Rouse, 2000a; 2000b for differ-
ing views).

The practical effects of this heterogeneity in views on
supraspecific ranks can be visualised from diagrams illustrat-
ing taxa of one rank and how many directly subordinated
taxa they contain (e.g. the number of genera per family in
a given classification). For example, in the late 18th century
the number of genera per family in angiosperms had a max-
imum of between 1 and 25 genera, with a single monotypic
family (Jussieu, 1789) (Fig. 2a). Today’s distribution instead
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Figure 2 The relationship between number of families and number
of genera of plants from A. Jussieu’s (1789) classification,
and B a current classification (‘hollow curve’ shaped) as
obtained from the PLANTS database (USDA, NRCS. 2001.
The PLANTS Database, Version 3.1
(http://plants.usda.gov). National Plant Data Center, Baton
Rouge, LA 70874-4490 USA). The two curves reflect
different practices in the size delineation of taxa.

corresponds to what is known as the ‘the hollow curve’
(Willis, 1922) (Fig. 2b), and is found for most organisms at any
level within the hierarchy of classification (Dial & Marzluff,
1989). This kind of distribution appears to have emerged in the
20th century as a result of a trend to split taxa into smaller ones
(Walters, 1961). So contemporary classifications are charac-
terised by a preponderance of monotypic taxa and a long tail of
relatively few large ones (Fig. 2b). Because of the increasing
number of small taxa, families become more similar in content
to genera, and genera more similar to species. Some authors,
such as (Clayton, 1971), have argued that the hollow curve
stems from evolutionary patterns rather than from taxonomic
practice. It has been ascribed to combinations of speciation
and extinction events, where the small taxa are seen as recent
and not very diverse groups or relicts, and the larger ones as
older and more diverse (see also Chamberlin, 1924; Dial &
Marzluff, 1989; Hilbig, 1995; Holman, 1996).

The important conclusion from this non-exhaustive list
of the various interpretations of ranks is that our current classi-
fications are based on mixtures of many different concepts and
practices. Furthermore, this would be the case even if all taxa
referred to monophyletic groups. Taxa referred to the same
ranks do not constitute single classes of objects: a taxon may

be referred to a genus or family rank because of phylogenetic
relationships, but also because the neighbouring taxa tradi-
tionally are referred to some ranks, or because it has a certain
set of characters, or because it includes a certain number of
subordinated taxa, or because it displays morphological (or
other) gaps which separates it from other taxa. This begets the
question: how can one genus or one family be the equivalent
to another genus or family?

Polychaetes from the Irish Sea:
an example
In order to provide an illustration of the problems involved in
relationships between species and higher rank taxa, we present
a case study on marine polychaetes. This group was selected
for two reasons: we had access to the necessary information for
creating different, plausible classifications based on a single
phylogeny, and there is a recent and appropriate case study
on benthic invertebrates (including polychaetes) from the Irish
Sea (Mackie et al., 1995). This publication includes quant-
itative data from duplicate samples of benthic macrofauna
from 51 different stations. The great majority of the poly-
chaete specimens were determined to species level, and both
identifications and family allocations are up-to-date and fol-
low the family delineations as presented by, e.g., Rouse &
Fauchald (1997).

We created two new classifications based on the poly-
chaete tree topology in Rouse & Pleijel (2001), a study which
includes a ‘metatree’ derived from all available phylogenetic
analyses carried out on polychaetes. We chose to compare the
number of species with the number of families in the samples.
Comparing species to genera would have yielded little gain
since the majority of the genera are represented in the study
by single species only, and ranks above the family level are
simply too few to retain any information. The 49 families
as employed by Mackie et al. (1995) constitute the ‘stand-
ard’ delineation. From the polychaete tree we then created
two new family classifications, one ‘lumper’ with 15 more
inclusive families, and one ‘splitter’ with 90 less inclusive
families. Both the classifications and the tree contain several
hundred taxa and are too extensive to be reproduced here,
though they are available as supplementary data available on
Cambridge Journals Online at: http://www.journals.cup.org/
abstract_S1477200005001908 together with full descriptions
of species and family allocations in the three different clas-
sifications (see Table 1 for an example of the method). Inter-
estingly, the lumper classification in many respects resembles
some of the early 19th century classifications (e.g. Fauchald &
Rouse, 1997). The splitter classification has no precedence in
the literature. Of more importance, however, is that both classi-
fications are entirely plausible, depending on slightly different
views on the inclusiveness of family group taxa in the tradition
of polychaete taxonomy.

At first, family richness for each station was plotted
against species richness based on the lumper, standard and
splitter classifications, respectively (Fig. 3a). The amount of
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Families

Species Splitter Standard Lumper

Aphrodita aculeata Aphroditidae Aphroditidae Aphroditidae
Acholoe squamosa Acholoidae Polynoidae ib.
Gattyana cirrosa Harmothoidae ib. ib.
Harmothoe fragilis ib. ib. ib.
Harmothoe fraserthomsoni ib. ib. ib.
Harmothoe glabra ib. ib. ib.
Harmothoe impar ib. ib. ib.
Harmothoe zetlandica ib. ib. ib.
Malmgrenia andreapolis ib. ib. ib.
Malmgrenia mcintoshi ib. ib. ib.
Polynoe scolopendrina Polynoidae ib. ib.
Lepidonotus squamatus Lepidonotidae ib. ib.
Subadyte pellucida Arctonoidae ib. ib.
Pholoe tuberculata Pholoidae Pholoidae ib.
Pisione remota Pisionidae Sigalionidae ib.
Sthenelais boa ib. ib. ib.
Sthenelais limicola ib. ib. ib.
Sthenelais zetlandica ib. ib. ib.

Table 1 Part of the three different family delineations for the case study on polychaetes from the Irish Sea. The
actual number of terminals amounts to 321, and only a small portion is provided here (the scale-worms),
serving as an explanation of the procedure. A complete list is available as supplementary data on
Cambridge Journals Online at: http://www.journals.cup.org/abstract S1477200005001908 (see Table 1
therein). Note that none of the newly introduced family names are intended to be valid according to the
rules of zoological nomenclature.

difference between the two extreme regressions, represented
by the lumper and the splitter lines, gives an illustration of
how the number of estimated species can vary depending on
the underlying classification. It should be noted that none of
our polychaete classifications can be stated to be more ‘correct’
than the other in terms of how they reflect the polychaete tree,
and that most currently employed classifications generally are
the composite results of different taxonomist’s habits.

We also examined the effect of the classification when
specimen numbers are used for diversity measure. There is a
large number of indices available; we selected the Shannon-
Wiener index (Shannon & Weaver, 1949) which generally is
used to measure the likelihood to correctly predict the identity
of the species of the next individual collected, thus providing an
estimate of the species richness and evenness in the samples. In
our case, this measure was applied at the family level instead of
the species level. (See Tables 2–4 of our supplementary data,
referred to above.) The Shannon–Wiener index was chosen
simply because it is among the most widely used ones.

The three different delineations yield significantly differ-
ent results when comparing their diversity indices for the same
stations (Fig. 3b). The splitter classification overestimates, and
the lumper classification underestimates the local diversity as
compared to the standard classification. Accordingly, a site
which is judged highly diverse today may come out as much
less so following taxonomic revisions and reclassifications.
This clearly illustrates the impact of the classifications on the
assessment of diversity.

Discussion
The amount of work needed to map the biodiversity of the
earth is indeed enormous, no matter what approaches are
chosen. Any measure which might reduce this effort without
significant loss of information is therefore of obvious interest.
Taxonomic diversity is generally approached by species counts
and a species/higher taxon exchange would represent an im-
portant decrease in effort.

The surrogacy method has been proposed within three
different research fields: (1) palaeontology (e.g. Lee, 1997;
Raup, 1979; Raup & Sepkoski, 1984), (2) conservation
biology (e.g. Balmford et al., 2000; Gaston & Williams,
1993) and (3) marine pollution studies (e.g. Warwick, 1988;
Warwick & Clarke, 1995). All three approaches aim to quantify
diversity, but in slightly different fashions. In palaeontology
the species-higher taxon relationship in Fossil taxa are as-
sumed to be similar to Recent taxa. Within conservation bio-
logy extrapolations are based on species-higher taxon ratios
from previous studies. Pollution studies include the same
approach as conservation biology, but apply direct counts
of higher taxa without reference back to species; in those
cases the species estimates are not the actual focus of the
study.

A series of authors have noted that the system with
ranks may encourage spurious comparisons (e.g. de Queiroz &
Donoghue, 1988), such that taxa referred to the same rank are
treated as equivalent units, and we believe this to be a serious
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Figure 3 Species/family relationships for a quantitative study of Irish Sea polychaetes (data from Mackie et al., 1995). The three series
represent three different families delineations: ‘lumper’ (squares), ‘standard’ (triangles) and ‘splitter’ (circles). A.Relationships
between the number of species and families for each of the 51 surveyed stations. The least-squares regression curves associated
with each data set are figured. B. Relationships between families delimitations and the Shannon–Wiener index calculated for each
station from the families richness to a log2 base. Stations are arranged by increasing Shannon–Wiener index following the median,
standard classification. The three family delineations yielded highly significant differences in diversity indices (Kruskal–Wallis rank
sum test, χ2 = 72.5831, d.f.= 2, P< 2.2–16), as did the relative over- and underestimates of the ‘lumper’ and ‘splitter’ indices
(Wilcoxon rank sum test with correction for multiple comparisons, P= 7.9–5 and P= 1.9–11, respectively). (For further details, please
see our supplementary data, referred to on page 154.)

problem with all three approaches above. As we have seen,
rank allocations of taxa are the products of a heterogeneous
mixture of ideas through the last 250 years. Furthermore, these
rank comparison problems would actually remain even if we
were to rename the Tree of Life from scratch, and also if all taxa

were monophyletic. One genus in one part of the tree would
not even then, in any sense, be equivalent to another genus in
another part of the tree, no more (and no less) than the genus
Rattus is equivalent to the phylum Arthropoda; these names
merely make reference to different historical events. The only
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information present in two taxon names of the same rank is
(at best) that they are non-nested.

Still, even without a theoretical foundation, a species-
higher taxon exchange could arguably be defended if the
relationships between different ranked taxa proved to have
precise, predictive values. However, in this context it should
be noted that any plot between different ranked taxa, by
necessity, will have some predictive value. This is so simply
because, by definition, genera are equal to or more inclus-
ive than species, families are equal to or more inclusive than
genera, etc. The key instead lies in the degree of precision
of the predictions. High correlations have indeed been repor-
ted for species-higher-taxon relationships in several earlier
studies (Balmford et al., 1996b; Warwick & Clarke, 1995),
but many studies also report low correlations for various taxa
and at various scales (Andersen, 1995; Eduardo & Grelle,
2002; Fjeldså, 2000). Given the previously explained back-
ground on how ranks are applied to taxa in classifications,
such heterogeneity is certainly to be expected. And the useful-
ness of the surrogacy method fails unless we, a priori, know
something about the degree of precision in the estimates. This
conclusion holds also for the taxonomic sufficiency method,
which has a very low level of generalisation, therefore its use
must be evaluated on a case by case basis (Pagola-Carte et al.
2002). The method should be restricted to routine monitor-
ing studies when the response of the data to taxonomic gen-
eralisation has already been assessed and baseline species
studies performed (Terlizzi et al. 2003). On the other hand,
the taxonomic distinctness indices have proven to be very
effective in their assigned objectives, i.e. detecting community
perturbations. However, it should be used with caution for
groups where activities of lumper and splitter taxonomists
have biased the taxonomic homogeneity (Clarke & Warwick,
1999), even though this homogeneity is empirically difficult
to evaluate.

Within the various surrogacy methods, indicator taxa are
particularly popular. Based on the assumption that the richness
of a particular taxon, or set of taxa, can mirror global species
richness, numerous indicator taxa have been proposed: mam-
mals (Mittermeier, 1988), birds (Bibby et al., 1992), butterflies
(Kremen, 1992), plants (Cronk, 1988), etc. However, this sur-
rogacy approach has been severely criticised based on studies
which, for a wide range of biotas, exhibits little correspondence
in taxon richness (Prendergast et al., 1993; Flather et al., 1996;
Dobson et al., 1997; Reid, 1998; Tardiff & DesGranges, 1998).
Despite these negative results, other studies show that indicator
taxa may be efficient in the designation of conservation area
networks selected by complementary strategies (Ryti, 1992;
Csuti et al., 1997; Howard et al., 1998; Andelman & Fagan,
2000; Reyers et al., 2000; Gladstone, 2002).

Biological diversity is a wide concept which ranges from
genes to landscapes and includes compositional, structural and
functional aspects (Noss, 1990). One of its components is
obviously phylogenetic diversity. Besides being sensitive to
numerous biases (Gotelli & Colwell, 2001; Maddock & Du
Plessis, 1999), simply representing species counts constitutes
a poor alternative for assessing biological diversity (Crozier,
1997), even if species group taxa have the advantage of mak-

ing up, in general, the smallest taxonomic recognised units.
Species counts consider all species as equivalent units and fail
to accommodate the historical, phylogenetic components of
diversity (May, 1990). Instead, we would suggest that phylo-
genetic diversity has to be measured from the only actual as-
sessments we have, namely phylogenetic trees, allowing es-
timates to overcome the problem of rank allocation (Mace et
al., 2003). Indeed a phylogenetic frame considers only the his-
torical content of species. Therefore by focusing on the vertical
relationships in the tree, the horizontal grouping of taxa into
ranks is no longer a problem.

Despite the incorporation of the tree model, rough clade
count does not provide a direct answer to an objective biod-
iversity measure. We have seen that any two clades in the tree
of life correspond to two independent historical events and
cannot be directly compared unless they are sister taxa. How-
ever, the amount of history they contain can be compared in a
phylogenetic approach to biodiversity. Two different concepts
have been proposed to assess this diversity: the first relying
on branch lengths (Faith, 1992, 1994; Walker & Faith, 1995;
Polasky et al., 2001), and the second on information from
tree topologies (Vane-Wright et al., 1991; Williams et al.,
1991; Vàsquez & Gittleman, 1998; Posadas et al., 2001). Each
method apprehends a single aspect of the phylogenetic tree,
hence their comparisons could yield interesting results. Some
authors have advocated the use of branch lengths methods
(Crozier 1997), which do not rely on any evolutionary clock
assumption. Thus these methods could be more appropriate to
unravel the information content of phylogenetic trees, allow-
ing users to assess the value of each taxa in terms of historical
traits. We should call attention to the fact that Warwick &
Clarke’s (1995) taxonomic distinctness indices aim ultimately
at assessing a phylogenetic diversity from a phylogenetic tree
when available. Taxonomic distinctness calculates distances
based on disrcete hierarchical groups and so is conceptually
close to a node counting method. Clarke & Warwick (2001)
have compared their indices with a branch lengths biodiversity
measure. They demonstrated that unlike the average phylo-
genetic diversity (the total branch length in the tree divided
by the species number), the average taxonomic distinctness is
not dependent on the species number and therefore lacks de-
pendence on the sampling effort. Nevertheless this result could
be an artefact from the taxonomic distinctness method, which
uses very few discrete categories (in their example Clarke &
Warwick used only four levels: species, genera, family and
suborder) and needs further investigation. What this means, of
course, is that urgent intensive efforts into the development of
phylogenetic trees is required since these are sadly lacking for
most groups of organisms. Of course the reliability of some
phylogenies is still controversial and in our own polychaetes
case study we had to use ‘the phylogenetic surrogate’ that rep-
resents ‘the metatree’. But things should improve in the near
future when more taxa (e.g. Pollock et al. 2002; Zwickl &
Hillis, 2002) and more detailed and complete data (e.g.
Kearney, 2002) will be included in analysis. The species-
higher taxon exchange represents one example of how the
Linnaean rank system can lead users to unjustified com-
parisons. The phylogenetic components of diversity need
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to be assessed in terms of tree-thinking, not by means of
Linnaean ranks. Nevertheless, how this should be achieved
and incorporated with other aspects of diversity remains to be
worked out.
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M., FÜRSICH, F.T., HANSEN, T.A., HOLLAND, S.M., IVANY, L.C.,
JABLONSKI, D., JACOBS, D.K., JONES, D.C., KOSNIK, M.A.,
LIDGARD, S., LOW, S., MILLER, A.I., NOVACK-GOTTSHALL, P.M.,
OLSZEWSKI, T.D., PATZKOWSKY, M., RAUP, D.M., ROY, K.,
SEPKOSKI, J.J.J., SOMMERS, M.G., WAGNER, P.J. & WEBBER, A.
2002. Effects of sampling standardization on estimates of Phan-
erozoic marine diversification. Proceedings of the National
Academy of Sciences of the United States of America 98, 6261–
6266.

ANDELMAN, S.J. & FAGAN, W.F. 2000. Umbrellas and flagships: Ef-
ficient conservation surrogates or expensive mistakes? Proceed-
ings of the National Academy of Sciences of the United States of
America 97, 5954–5959.

ANDERSEN, A.N. 1995. Measuring more of biodiversity: genus rich-
ness as a surrogate for species richness in Australian ant faunas.
Biological Conservation 73, 39–43.

AVISE, J.C. & JOHNS, G.C. 1999. Proposal for a standardized temporal
scheme of biological classification for extant species. Proceed-
ings of the National Academy of Sciences of the United States of
America 96, 7358–7363.

BALMFORD, A., GREEN, M.J.B. & MURRAY, M.G. 1996a. Using
higher-taxon richness as a surrogate for species richness: I. Re-
gional tests. Proceedings of the Royal Society of London. Series
B: Biological Sciences 263, 1267–1274.

BALMFORD, A., JAYASURIYA, A.H.M. & GREEN, M.J.B. 1996b. Using
higher-taxon richness as a surrogate for species richness: II. Local
applications. Proceedings of the Royal Society of London. Series
B: Biological Sciences 263, 1571–1575.

BALMFORD, A., LYON, A.J.E. & LANG, R.M. 2000. Testing the higher-
taxon approach to conservation planning in a megadiverse group:
the macrofungi. Biological Conservation 93, 209–217.

BENTON, M.J. 1993. The Fossil Record 2. Chapman and Hall, London.
BIBBY, C.J., COLLAR, N.J., CROSBY, M.J., HEATH, M.F., IMBODEN, C.,

JOHNSON, T.H., LONG, A.J., STATTERSFIELD, A.J. & THIRGOOD,
S.J. 1992. Putting Biodiversity on the Map: Priority areas for
Global Conservation. International Council for Bird Preservation,
Cambridge.

BOCK, W.J. & FARRAND JR., J. 1980. The number of species and
genera of Recent birds: a contribution to comparative systematics.
American Museum Novitates 2703, 1–29.

BROWN, B.E., CLARKE, K.R. & WARWICK, R.M. 2002. Serial patterns
of biodiversity change in corals across shallow reef flats in Ko
Phuket, Thailand, due to the effects of local (sedimentation) and
regional (climatic) perturbations. Marine Biology 141, 21–29.

BRUSCA, R.C. & BRUSCA, G.J. 1990. Invertebrates. Sinauer Associ-
ates, Inc., Sunderland.

CHAMBERLIN, J.C. 1924. Concerning the hollow curve distribution.
American Naturalist 58, 350–374.

CLARKE, K.R. & WARWICK, R.M. 1998. A taxonomic distinctness
index and its statistical properties. Journal of Applied Ecology 35,
523–531.

CLARKE, K.R. & WARWICK, R.M. 1999. The taxonomic distinctness
measure of biodiversity: weighting of step lengths between hier-
archical levels. Marine Ecology Progress Series 184, 21–29.

CLARKE, K.R. & WARWICK, R.M. 2001. A further biodiversity index
applicable to species lists: variation in taxonomic distinctness.
Marine Ecology Progress Series 216, 265–278.

CLAYTON, W.D. 1971. Some aspects of the genus concept. Kew
Bulletin 27, 281–287.

CRONK, Q. 1988. Biodiversity. The key role of plants. IUCN/WWF,
Gland.

CRONQUIST, A. 1978. One again, what is a species? In L. V. Knutson
(ed.), Biosystematics in Agriculture pp. 3–20. Allenheld Osmun,
New Jersey.

CROZIER, R.H. 1997. Preserving the information content of species:
genetic diversity, phylogeny, and conservation worth. Annual Re-
view of Ecology and Systematics 28, 243–268.

CSUTI, B., POLASKY, S., WILLIAMS, P.H., PRESSEY, R.L., CAMM,
J.D., KERSHAW, M., KIESTER, A.R., DOWNS, B., HAMILTON, R.,
HUSO, M. & SAHR, K. 1997. A comparison of reserve selection al-
gorithms using data on terrestrial vertebrates in Oregon. Biological
Conservation 80, 83–97.

DE QUEIROZ, K. 1998. The general lineage concept of species, spe-
cies criteria, and the process of speciation. A conceptual unifica-
tion and terminological recommendations. In: HOWARD, D. J. &
BERLOCHER S. H. Eds, Endless Forms: Species and Speciation
pp. 57–75. Oxford University Press, Oxford.

DE QUEIROZ, K. 1999. The general lineage concept of species and the
defining properties of the species category. In WILSON, R. A. Ed.,
Species: New interdisciplinary essays. The MIT Press, Cambridge,
Massachusetts. pp. 49–89.

DE QUEIROZ, K. & DONOGHUE, M.J. 1988. Phylogenetic system-
atics and the species problem. Cladistics 4, 317–338.

DIAL, K.P. & MARZLUFF, J.M. 1989. Nonrandom diversifica-
tion within taxonomic assemblages. Systematic Zoology 38,
26–37.

DOBSON, A.P., RODRIGUEZ, J.P., ROBERTS, W.M. & WILCOVE, D.S.
1997. Geographic distribution of endangered species in the United
States. Science 275, 550–553.

DOERRIES, M.B. & VAN DOVER, V.L. 2003. Higher-taxon richness as
a surrogate for species richness in chemosynthetic communities.
Deep-Sea Research 50, 749–755.

DUBOIS, A. 1988. Le genre en zoologie: essai de systématique
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