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ABSTRACT

1. This paper highlights the poor esteem in which taxonomy, as autonomous science, is held and
the relative implications of this for conservation biology.
2. In recent times, taxonomy at the species level has tended to be neglected not just within

ecological researches, but also in the identification and justification for the selection of the marine
protected areas (MPA). A traditional criterion for choosing an MPA is the conservation of
biodiversity, but most of the Italian MPA were chosen without initial detailed studies on their
biodiversity, so that lists of species of the main invertebrate groups are not available.
3. The identification of organisms within communities to species level is one of the greatest

constraints in terms of time and costs in ecological studies. Some studies have suggested that working
at a taxonomic level higher than species does not result in an important loss of information
(Taxonomic sufficiency). It does, however, lead to an inaccuracy of biodiversity evaluation which is,
especially important when comparing different areas, and can lead to an ‘a priori’ exclusion of some
entities before understanding their role in ecology.
4. Taxonomy has always been considered a marginal science even during the pioneer descriptive

period of ecology, and traditionally has received little financial support. The result was the
production of many misidentifications and erroneous records. During recent years, the developing
experimental ecological approach has led to an improvement in scientific methods, but concurrently
to a reduction in the number of expert taxonomists for many invertebrate groups. Descriptive works,
historically so common in the Mediterranean area, are now considered obsolete, despite having an
intrinsic value.
5. Biodiversity, particularly ‘species richness’ has long been thought to influence temporal

variability and it seems that efforts to clarify the biodiversity/temporal variability relationship or to
demonstrate the lack of such a relationship should continue. Such information is essential in order to
maintain the ecological function despite the loss of component species, an important topic not only
to ecologists but also to policy makers. Many species appear to have overlapping niches, and as such
it could be argued that it is not essential for all species to be present. In contrast the crucial role of
keystone species has been embraced in conservation biology as a tool to help highlight species
requiring priority for protection.
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6. Present knowledge of marine systems has led to the conclusion that, before developing theories
and experimental design, we need an appropriate description of the system under investigation. A
basic knowledge of the general biodiversity in term of species richness of a proposed MPA for
example is essential, with a detailed survey providing the taxonomic lists necessary for biotope
characterization and a reference data set for future comparisons.
Copyright # 2003 John Wiley & Sons, Ltd.
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INTRODUCTION

The aim of biological conservation is to understand and control human impact on the natural world,
preventing habitat destruction with consequent species extinctions. The World Conservation Strategy in
1980 proposed that the main goal of protection was to maintain essential ecological processes and life
support systems on which human survival depends, preserving genetic diversity, and finally, ensuring
sustainable utilization of species and ecosystems (New, 1995).

Marine protected areas (MPA) are increasingly being used to protect marine resources and biodiversity,
to optimize management, and to allow recovery of degraded areas. The basic information needed in
designing, implementing and maintaining MPA are: (a) where and how to establish them; (b) how to
regulate and manage them; (c) how to monitor the efficiency of the protection provided.

A traditional criterion for choosing an MPA may be the high biodiversity of an area, with the overall aim
of its long-term conservation. Biodiversity ‘hotspots’ might be important source areas, for example, for the
surrounding populations, a principle well documented for fish populations, and applied also in benthic
ecology (Gaines and Roughgarden, 1985). Paradoxically, however, most of the Italian MPA were
designated without a prior comprehensive survey of their biodiversity, with the consequent lack of any
definitive lists of invertebrate species present in these areas. In part at least, this is due to the low scientific
esteem in which such descriptive works are held.

At present, more and more research is stressing the need to document natural assemblages as a basis for
the conservation and sustainability of natural systems (New, 1995). In this context, taxonomy should
represent the core reference system and knowledge base for any discussion of biodiversity: the framework
within which biodiversity is recognized and species diversity characterization occurs (Bisby, 1995).

There is a profound role for Systematics as the basis for functional ecology; this is not only through the
conventional task of naming species, but also focusing on the importance of the taxonomic structure, which
creates ecosystem function (Cousins, 1994). Differences between organisms are at the core of ecosystem
interactions, and the task of Systematics is to describe and relate these differences between organisms. The
general impression is, however, that nowadays taxonomy at the species level tends to be neglected within
ecological works, especially in monitoring programmes, but also in conservation biology.

TAXONOMY AND BIODIVERSITY

Nowadays, there is a broad consensus of the need to protect biodiversity, even though it is less clear what
this means in policy and practical terms. Biodiversity can be considered at the ecosystem, species, and/or
genetic levels. A discussion on these different approaches is found in Heywood (1994), who also underlined
the difficulty of measuring taxonomic diversity and its application to conservation.

Systematic conservation evaluation depends on the basic information about the number of taxa present
in a given area, their distribution and their taxonomic relationships. The existence of reliable taxonomic
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and systematic survey data is of fundamental importance (Vane-Wright et al., 1994), together with well-
maintained collections and catalogues (Nielsen and West, 1994; Stork, 1994).

The traditional focus of developing local, regional and global inventories for most groups has been at the
level of species. Compiling lists of species is the common thread that links the formal catalogue of life’s
diversity to all studies of natural assemblages. However, the existing species record is deficient in several
respects (Hammond, 1992), since the majority of species are still undescribed, or inaccurately described,
although it is more complete for some groups and for some biomes than others. On the basis of
extrapolations, it has been suggested that there may be 10million or more marine macrofaunal species
(Grassle and Maciolek, 1992), but despite the growing importance given to biodiversity in the last few
years, we remain far from being able to produce biodiversity maps (Gaston and Spicer, 1998).

One of the most important questions in conservation is the choice of the target organisms and their
relative taxonomic rank. Our knowledge of the taxonomy of most of the indicative invertebrate groups is so
scanty that they cannot be used for detailed systematic evaluation. For this reason, well-known groups both
taxonomically and geographically, are chosen as surrogates for the whole biodiversity (Vane-Wright et al.,
1994).

According to Boero (1996), the main problem with biodiversity is with reference to particular poorly
known groups. Some phyla are more or less completely neglected as they are of no economic importance or
applied research value. Taxonomic expertise is restricted to a few, often, elderly workers, with no younger
taxonomists being trained to take their place.

As a consequence, taxonomic specialists are lacking and many invertebrate organisms remain
undescribed and do not even have scientific names. This situation is unlikely to be overcome without a
massive renaissance in descriptive taxonomy and increase in the taxonomic workforce.

The progressive decrease in the number of taxonomists for a large number of invertebrate groups is a
widespread phenomenon, particularly evident throughout Europe, despite the past tradition in this research
field. By contrast, in the USA, this problem led The National Science Foundation (NSF) to enhance and
stimulate taxonomic research to train and inspire future generations of morphological taxonomists.
Competitively reviewed research projects that targeted poorly known groups, were supported by the
Partnerships for Enhancing Expertise in Taxonomy (PEET). Unfortunately, despite these efforts, the
benefits have been limited to only a few groups included in the project, in particular those for which
American experts were lacking. Without a reversal in the current European trend, it is probable that in
20 years students of taxonomy will have to study in the USA (Boero, 2001).

During the last 20 years, the trend towards an experimental ecological approach in marine science has led
to the decline in marine invertebrate taxonomists. The Mediterranean marine flora and fauna, for instance,
are among the best described in the world, thanks to the tradition of descriptive studies dating back to the
renaissance time (Bianchi and Morri, 2000). Descriptive ecological studies so common in the past also are
now declining.

Taxonomy has always been considered as a marginal science, however, sitting within other more applied
disciplines and without financial support directly devoted to it, so that most of the past taxonomists
were not full Systematists. The bulk of scientists identifying polychaetes, for instance, were benthic
ecologists doing identification work strictly for need! They could be considered ‘parataxonomists’, many
carrying out high-level identifications, resulting in either inadequate or mis-identifications with all the
related problems.

Distribution of taxonomic expertise is also highly uneven, both among taxa, where many large groups of
invertebrates have very few specialists, and geographically, with the greatest concentrations of taxonomic
expertise in temperate regions of the world (New, 1995). Most countries have rather poor inventories of
their flora and fauna, and the pattern of growth in our knowledge often does not reflect the real distribution
of biodiversity. While it is well known that most of the species occurs in the tropics, most insect species per
unit area are described from temperate regions rather than from tropical ones (Gaston, 1994).
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Therefore, although the most commonly used unit of biological diversity is the species, the number of
people able to identify to this taxonomic level is becoming smaller, and the richness of several groups
remain considerably underestimated. This difficulty in identifying organisms gave rise to a parataxonomy
movement called ‘Taxonomic sufficiency,’ firstly proposed for practical use in monitoring studies (Ellis,
1985), and later became a philosophy also in conservation biology, with the use of the high taxon-richness
as a surrogate for species richness (Faith, 1994; Balmford et al., 1996a, b; Vanderklift et al., 1998). There is
evidence, however, for an incorrect estimation of biodiversity following this approach, especially when
comparing different areas on account of the loss of information due to the intertaxa variability. The same
rank (e.g. genus or family) may be more-or-less appropriate as a descriptor in different groups, according to
its intrinsic richness (Balmford et al., 2000), moreover, some surrogates could be descriptive for some
geographical areas, but not for others. The main criticism in utilizing taxonomic richness as a surrogate for
biodiversity lies, however, in the different value that the same rank may have between groups. As an
example, a recent analysis of mollusc and polychaete diversity, in the South Adriatic Sea, revealed a higher
diversity of molluscs than polychaetes, at the family level, whilst when examined at the species level,
polychaetes were more diverse than molluscs! (Terlizzi et al., 2003; Giangrande et al., submitted.) Only the
use of the finest level of classification, e.g. the ‘species’ (LITU sensu Pleijel and Rouse, 2000) ensures a
consistently comparable estimate of diversity.

BIODIVERSITY, MONITORING AND ECOLOGY

In the assessment of coastal environmental quality, the abundance, biomass and species richness of
zoobenthos are widely utilized parameters (Eaton, 2001), especially in monitoring studies within marine
soft-bottom environments (Clarke, 1993). As already mentioned, in these monitoring and environmental
impact studies the identification of organisms at species level within communities appeared to be the
greatest constraint in terms of both time and costs, and the use of a reliable reduced taxonomic resolution
was an important improvement in the practical assessment of environmental changes. Some studies have
shown that little information is lost by working at a taxonomic level higher than species (e.g. family or even
phylum), and there are theoretical reasons and empirical evidence for supposing that community responses
to human perturbations may be easily detected working at such high taxonomic levels (Warwick, 1988;
Warwick and Clarke, 1995; Olsgard and Somerfield, 1998; Olsgard et al., 1998; Mistri and Rossi, 2000;
Olsgard and Somerfield, 2000; Mistri and Rossi, 2001).

The increase, during the last 20 years, in the number and complexity of field experiments towards the
optimization of experimental design, analysis and interpretation of complex data, has contributed to the
better determination of environmental impacts on habitats varying naturally in space and time
(Underwood, 1993, 1996; Chapman et al., 1995). Recently it was suggested to utilize these procedures to
assess the scale of variation in ecological diversity studies, and, in the field of conservation biology for the
implementation and management of marine reserves (Underwood, 2000), as well as a tool to test their
effectiveness (Fraschetti et al., 2002).

Developing a correct experimental design involves a great number of replicates in space and time. The
application of such experimental designs, considering taxa at the species level, becomes difficult especially
within sublittoral rocky bottom environments. Monitoring is often carried out considering only
macroscopic encrusting organisms, and involving non-destructive sampling of permanently marked
quadrats or transects resurveyed visually or photographically (Fraschetti et al., 2001). This implies that
biodiversity can be measured by the examination of only macroscopic organisms ignoring small and/or
inconspicuous species.

Many rocky shores, however, are characterized by an extremely diverse assemblage of small cryptic
invertebrates (Kelaher et al., 2001), whose response to changes in environmental conditions are largely
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unknown (Moore, 1972). The difficulties of reliable quantitative sampling and comparison between
different substrates makes these vagile invertebrates unsuitable as indicator species in any monitoring
programme. By contrast, vagile invertebrates have been shown to be good descriptors of cascade effects in
rocky areas subjected to resource exploitation or protection (Chemello et al., 1999; Pinnegar et al., 2000;
Licciano et al., 2002).

Ignoring small, vagile invertebrates in benthic ecological studies means that we exclude some
species without even understanding their role. Within 400 cm2 of rocky substrate, more than 2000
individuals belonging to more than 100 species of polychaetes may be found! (Giangrande, 1988).
What is the significance of the high diversity observed in such a group of invertebrates on rocky shores?
To what extent are many of the species found ‘redundant’? This is not a new question (Hutchinson,
1959). Boero (1996) hypothesized that species richness could represent a sort of intrinsic capacity for
the community to respond to temporal changes, but it is far from certain that this is the only or
definitive answer.

The idea that similar species may overlap in their functional properties to a sufficient degree so that the
loss of certain species may have a negligible effect on ecosystem function has been expressed in the
redundancy hypothesis (Walker, 1992), functional compensation sensuMenge et al. (1986, 1994). This effect
may be larger when many species are present in the same functional group. So species diversity is
functionally important, providing insurance against changes in ecosystem processes. It is possible, therefore
that the degree of ecological redundancy may be indicative of the sensitivity of the community to changes
(Mistri et al., 2002). However, Underwood (1996) critically discussed the existence of a taxonomic
redundancy in marine habitats. The apparent functional redundancy is not in accordance with the
experimental evidence suggesting the existence of important specific roles for most of the components of the
assemblage. The crucial role of keystone species has often lead to them receiving greater weighting within
an assemblage in conservation biology when highlighting species for priority protection (Mills et al., 1993;
Underwood, 2000; Piraino et al., 2002).

Schoener (1993) has pointed out the importance of indirect effects between species, different from the
classic keystone concept. Lawton and Jones (1995) have identified organisms that modulate the resource
availability to other species (i.e. ecosystem engineers or interaction modifiers; Wootton, 1993). Studies
focused on the influence of nutrient cycling on the dynamic properties within food chains have begun to
show the relationship between biodiversity and ecosystem functioning (De Angelis, 1992; Grover, 1994;
Loreau, 1995). Ecosystem productivity seems to be positively correlated to biodiversity: Tilman et al. (1996)
and Hooper and Vitousek (1998) found that within plant communities limiting resources were more
completely exploited when the biodiversity was higher. This was also evident as a result of indirect
mutualism among species in a multispecific context (Wootton, 1993).

Lastly, species richness has long been thought to influence temporal variability patterns in communities.
The idea that communities with many interacting species fluctuate less than communities with fewer species
has led to a large amount of literature (Goodman, 1975; Pimm, 1984; Haydon, 1994). Empirical studies
tended to support the complexity–stability hypothesis, whereas theoretical ones indicated that a model
with more interacting species was less stable than a model with fewer interacting species (May, 1974).
Interest in complexity–stability relationships declined during the 1980s, in part due to difficulties in
defining the concepts of complexity and stability (Hollings, 1973; Connell and Sousa, 1983). Recently,
however, ecologists have renewed their interest in the effect of biodiversity on ecosystem processes including
stability and a wide range of other ecosystem functions (Chapin et al., 1995; Johnson et al., 1996;
Chapin et al., 2000; McCann, 2000). However, it seems that the effort to clarify the nature of the
relationship between biodiversity and ecosystem functioning, should continue (Cottingham et al., 2001).
This information is essential in increasing our ability to maintain the continuity of ecological function
despite the loss of component species, a topic that is important not only for ecologists but also for
policy makers.
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CONCLUSIONS

Biodiversity is the product of a long history of evolution, speciation and extinction in a complex and
changing geographical/ecological theatre. Patterns of biodiversity are the product of evolutionary
diversification interacting with local ecological processes, which are influenced by intrinsic characteristics of
organisms, and by landscape and seascape structure (Wilson, 1993). The maintenance of diversity in natural
and managed ecosystems depends on our understanding of these processes and the mechanisms producing
diversity, and allowing its accumulation over evolutionary time.

Conservation management depends on knowledge of the biology and dynamics of the species and
systems involved. Systematics and evolutionary studies could provide valuable knowledge about the origins
and patterns of life, essential when planning conservation and the sustainable exploitation of natural
resources.

At present, however, it seems that the major problems are in understanding what biodiversity is and in
defining the best descriptor for it. The dichotomy between Ecology and Systematics is reflected in the
different interpretations of diversity suggesting different conservation strategies (Cousins, 1994). Ecologists
regard species diversity as an index of the richness of a particular area, and explain the functioning of the
ecosystem on the basis of the complexity of the interactions of the different component species. Systematists
take a genealogical view, and concentrate their efforts in trying to explain how the species within a
particular taxon are related. Obviously the two topics are inter-related, but often ecologists and systematists
work independently (Brooks and McLennan, 1991).

Different approaches to taxonomic diversity can therefore be taken for management and monitoring
purposes, from the simple measure of species richness, to taxonomic and phylogenetic diversity through to
the functional diversity. Emphasis has been given to the use of taxonomic and phylogenetic diversity in
conservation options (Bisby, 1995). Increased biodiversity due to species linked by co-evolutionary
processes could be the component that probably more than others may represent the backbone of the
community. In this case species richness and species rarity could be less important in ecosystem functioning.
However, Boero (1996) suggested that some of today’s rare species, which often are considered as
ecologically insignificant or irrelevant noise, could become key species of the future.

A serious limitation on all measures of species diversity is our inability to survey and identify all
organisms at any site due to the lack of good taxonomists: only a few taxonomic groups are sufficiently
known for complete field surveys. This ‘taxonomic impediment’ as coined by Taylor (1983) represents the
main problem in the survey of the biodiversity of an area. The current situation is unlikely to be overcome
without a massive renaissance in descriptive taxonomy and increase in the taxonomic workforce. By
contrast, applied ecology is considered to not require taxonomy; zoology and botany are disappearing from
university curricula and conservation biologists are drawn from other professions such as engineers or
architects! (Boero, 2001).

Despite the importance of good experimental design in marine conservation (Castilla, 2000), a basic
inventory of the biodiversity of an area proposed for protection is essential, with the production of
taxonomic lists for the characterization of the different biotopes inside the area and also for the production
of a data set for future comparison. Before developing theories and experimental designs, we need an
adequate description of the system that is to be investigated. Underwood (1996) advocated the intrinsic
value of descriptive work, and was critical of many journals’ reluctance to publish purely descriptive
studies.

At present, most of the investment is towards the development of analytical methods to create
sophisticated computational methods to identify ‘sets of nature reserves’ that represent regional diversity.
The successful application of these methods, however, is compromised by the poor data quality available
on species distributions, and by the choice of using surrogates as a measure for biodiversity (Cabeza and
Moilanen, 2001).
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In conclusion, even though taxonomic sufficiency can simplify methods in monitoring approaches, its
employment in understanding biodiversity patterns can lead to the wrong conclusions being reached, so
that it is not applicable to understanding ecosystem function, and the effectiveness of conservation
measures.

ACKNOWLEDGEMENTS

Financial support by M.U.R.S.T (PRIN). I wish to thank Dr Greg Rouse (South Australian Museum) for our useful
discussion on the topic.

REFERENCES

Balmford A, Jayasuriya AHM, Murray MG. 1996a. Using higher taxon richness as a surrogates for species richness: I
Regional tests. Proceedings of the Royal Society of London, Series B 263: 1267–1274.

Balmford A, Jayasuriya AHM, Green MJB. 1996b. Using higher taxon richness as a surrogates for species richness: II
Local application. Proceedings of the Royal Society of London, Series B 263: 1571–1575.

Balmford A, Lyon AJE, Lang RM. 2000. Testing the higher-taxon approach to conservation planning in a megadiverse
group: the macrofungi. Biological Conservation 93: 209–217.

Bianchi CN, Morri C. 2000. Marine biodiversity of the Mediterranean Sea: situation, problems and prospects for future
research. Marine Pollution Bulletin 40(5): 367–376.

Bisby FA. 1995. Characterization of biodiversity. In Global Biodiversity Assessment, Heywood VH (ed.). Cambridge
University Press: Cambridge, MA; 25–35.

Boero F. 1996. Specie, biodiversit"aa e comunit"aa. Biologia Marina Mediterranea 3 (17): 13–20.
Boero F. 2001. Light after dark: the partnership for enhancing expertise in taxonomy. Trends in Ecology and Evolution
16(5): 266.

Brooks DR, McLennan DA. 1991. Phylogeny, Ecology and Behavior. University of Chicago Press: Chicago, London.
Cabeza M, Moilanen A. 2001. Design of reserve networks and the persistence of biodiversity. Trends in Ecology and
Evolution 16(5): 242–248.

Castilla JC. 2000. Role of experimental marine ecology in coastal management and conservation. Experimental Journal
of Marine Biology and Ecology 250: 3–21.

Chapin FS, Lubchenko J, Reynolds L. 1995. Biodiversity effects on patterns and processes of communities and
ecosystems. In Global Biodiversity Assessment, Heywood VH (ed.). Cambridge University Press: Cambridge, MA;
289–301.

Chapin FS, Zavaleta ES, Eviner VT, Naylor LR, Vitousek PM, Reynolds HL, Hooper DU, Lavorel S, Sala OE,
Hobbie SE, Mack MC, Diaz S. 2000. Consequence of changing diversity. Nature 405: 234–242.

Chapman MG, Underwood AJ, Skilleter GA. 1995. Variability at different spatial scales between a subtidal assemblage
exposed to the discharge of sewage, and two control assemblages. Experimental Journal of Marine Biology and
Ecology 189: 103–122.

Chemello R, Milazzo M, Nasta E, Riggio S. 1999. Studio della malacofauna associata alle alghe fotofile nella riserva
marina dell’Isola di Ustica. Biologia Marina Mediterranea 6: 247–249.

Clarke KR. 1993. Non parametric multivariate analyses of changes in community structure. Australian Journal of
Ecology 18: 117–143.

Connell JH, Sousa WP. 1983. On the evidence needed to judge ecological stability or persistence. American Naturalist
121: 789–824.

Cottingham KL, Brown BL, Lennon JT. 2001. Biodiversity may regulate the temporal variability of ecological systems.
Ecology Letters 4: 72–85.

Cousins SH. 1994. Taxonomy and functional biotic measurement, or, will the Ark work? In Systematics and
Conservation Evaluation, Forey PL, Humphries CJ, Vane-Wright RI. (eds). Claderon Press: Oxford; 397–419.

De Angelis DLS. 1992. Dynamics of Nutrient Cycling and Food Webs. Chapman & Hall: London.
Eaton L. 2001. Development and validation of biocriteria using benthic macroinvertebrates for North Carolina
estuarine waters. Marine Pollution Bulletin 42: 23–30.

Ellis D. 1985. Taxonomic sufficiency in pollution assessment. Marine Pollution Bulletin 16: 459.
Faith DP. 1994. Phylogenetic pattern and the quantification of organismal biodiversity. Phylosophical Transactions of
the Royal Society of London, Series B 345(1311): 45–58.

BIODIVERSITY, CONSERVATION AND THE TAXONOMIC IMPEDIMENT 457

Copyright # 2003 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 13: 451–459 (2003)



Fraschetti S, Bianchi CN,Terlizzi A, Fanelli G, Morri CL, Boero F. 2001. Spatial variability and human disturbance in
shallow subtidal hard substrate assemblages: a regional approach. Marine Ecology 212: 1–12.

Fraschetti S, Terlizzi A, Micheli F, Benedetti-Cecchi L, Boero F. 2002. Marine protected areas in the Mediterranean
Sea: objectives, effectiveness, and monitoring. P.S.Z.N. I. Marine Ecology 23: 190–200.

Gaines SD, Roughgarden J. 1985. Larval settlement rate: a leading determinant of structure in an ecological community
of the marine intertidal zone. Proceeding of Natural Academy of Sciences USA 82: 3707–3711.

Gaston KJ. 1994. Spatial pattern of species description: how is our knowledge of the global insect fauna growing?
Biological Conservation 67: 37–40.

Gaston KJ, Spicer JI. 1998. Biodiversity. An Introduction. Blackwell Science Ltd: Oxford, UK.
Giangrande A. 1988. Polychaete zonation and its relation to algal distribution down a vertical cliff in the western
Mediterranean (Italy): a structural analysis. Experimental Journal of Marine Biology and Ecology 120: 263–276.

Giangrande A, Delos AL, Fraschetti S, Musco L, Licciano M, Terlizzi A. Polychaete assemblages of rocky shore along
the South Adriatic coast (Mediterranean Sea): pattern of spatial distribution. Marine Biology, submitted.

Goodman D. 1975. The theory of diversity–stability relationship in ecology. Quarterly Rewiev in Biology 50:
237–266.

Grassle JF, Maciolek NJ. 1992. Deep sea species richness; regional and local diversity estimates from quantitative
bottom samples. American Naturalist 139: 313–341.

Grover JP. 1994. Assembly rules for communities of nutrient-limited plants and specialist herbivores. American
Naturalist 143: 258–282.

Hammond PM. 1992. Species inventory. In Global Diversity, Status of the Earth’s Living Resources, Groombridge B
(ed.). Chapman & Hall: London; 17–39.

Haydon D. 1994. Pivotal assumptions determining the relationship between stability and complexity: an analytical
synthesis of the stability-complexity debate. American Naturalist 144: 14–29.

Heywood VH. 1994. The measurement of biodiversity and the politics of implementation. In Systematics and
Conservation Evaluation, Forey PL, Humphries CJ, Vane-Wright RI (eds). Claderon Press: Oxford; 15–21.

Hollings CS. 1973. Resilience and stability of ecological systems. Annual Review in Ecology and Systematics 4: 1–23.
Hooper DU, Vitousek PM. 1998. Effects of plant composition and diversity on nutrient cycling. Ecological Monographs
68: 121–149.

Hutchinson GE. 1959. Homage to Santa Rosalia or why there are so many kind of animals? American Naturalist 18:
342–361.

Kelaher BP, Chapman MG, Underwood AJ. 2001. Spatial patterns of diverse macrofaunal assemblages in coralline turf
and their associations with environmental variables. Journal of the Marine Biological Association of the United
Kingdom 81: 917–930.

Johnson KH, Vogt KA, Clark HJ, Schmitz OJ, Vogt DJ. 1996. Biodiversity and the productivity and stability of
ecosystems. Trends in Ecology and Evolution 11: 372–377.

Lawton JH, Jones CG. 1995. Linking species and ecosystems: organisms as ecosystem engineers. In Linking Species and
Ecosystems, Jones CG, Lawton JH (eds). Chapman & Hall: New York; 367–374.

Licciano M, Caforio S, Giangrande A. 2002. Annellidi Policheti come indicatori di qualit"aa dell’ambiente. In
Programma di Iniziativa Comunitaria Interreg Italia Grecia II. Le Raccolte Scientifiche; 31–51.

Loreau M. 1995. Consumers as maximizers of matter and energy flow in ecosystems. American Naturalis 154: 22–42.
McCann KS. 2000. The diversity–stability debate. Nature 405: 228–233.
May RM. 1974. Stability and Complexity in Model Ecosystems. Princeton University Press: Princeton, USA.
Menge BA, Lubchznco J, Ashkenas LR, Ramsey F. 1986. Experimental separation of effects of consumers on sessile
prey in the low zone of rocky shore in the Bay of Panama: direct and indirect consequences of food web complexity.
Experimental Journal of Marine Biology and Ecology 100: 225–270.

Menge BA, Berlow EL, Blanchette CA, Navarrete SS, Yamada SB. 1994. The keystone species concept: variation in
interaction strength in a rocky intertidal habitat. Ecological Monographs 64: 249–286.

Mills LS, Soul!ee ME, Doak DF. 1993. The keystone species concept in ecology and conservation. Bioscence 43: 219–224.
Mistri M, Rossi R. 2000. Levels of taxonomic resolution and choice of transformation sufficient to detect community
gradients: an approach to hard-substrata benthic studies. Italian Journal of Zoology 67(2): 163–169.

Mistri M, Rossi R. 2001. Taxonomic sufficiency in lagoonal ecosystems. Journal of the Marine Biological Association of
the United Kingdom 81: 339–340.

Mistri M, Rossi R, Fano A. 2002. Complementareit"aa strutturale e funzionale della macrofauna bentonica in una laguna
alto Adriatica. Biologia Marina Mediterranea 9: 508–516.

Moore PG. 1972. The kelp fauna of Northeast Britain. II. Multivariate classification. Experimental Journal of Marine
Biology and Ecology 13: 127–163.

New TR. 1995. An Introduction to Invertebrate Conservation Biology. Oxford University Press, Inc.: New York.

A. GIANGRANDE458

Copyright # 2003 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 13: 451–459 (2003)



Nielsen ES, West JG. 1994 Biodiversity research and biological collections: transfer of information. In Systematics and
Conservation Evaluation, Forey PL, Humphries CJ, Vane-Wright RI (eds). Claderon Press: Oxford; 102–120.

Olsgard F, Somerfield PJ, Carr MR. 1998. Relationships between taxonomic resolution, macrobenthic community
patterns and disturbance. Marine Ecology Progress Series 172: 25–36.

Olsgard F, Somerfield PJ. 2000. Surrogates in benthic investigations. Which taxonomic units? Journal of Aquatic
Ecosystems Stress and Recovery 7: 25–42.

Pimm SL. 1984. The complexity and stability of ecosystems. Nature 402: 321–326.
Pinnegar JK, Polunin NVC, Francour P, Badalamenti F, Chemello R, Harmelin-Vivien ML, Hereu B, Milazzo M,
Zabala M, D’anna G, Pipitone C. 2000. Trophic cascades in benthic ecosystems: lesson for fisheries and protected-
area management. Environmental Conservation 27(2): 179–200.

Piraino S, Fanelli G, Boero F. 2002. Variability of species role in marine communities: change of paradigms for
conservation priorities. Marine Biology 140: 1067–1074.

Pleijel F, Rouse GW. 2000. Least-inclusive taxonomic unit: a new taxonomic concept for biology. Proceedings of the
Royal Society of London, Series B 267: 627–630.

Schoener TW. 1993. On the relative importance of direct versus indirect in ecological communities. In Mutualism and
Community organization, Kawabe H, Cohen JE, Iwasaki K (eds). Oxford University Press: Oxford; 365–411.

Stork NE. 1994. Inventories of biodiversity: more than a question of numbers. In Systematics and Conservation
Evaluation, Forey PL, Humphries CJ, Vane-Wright RI (eds). Claderon Press: Oxford; 82–100.

Taylor RW. 1983. Descriptive taxonomy: past, present , and future. In Australian Systematic entomology: a bicentenary
perspective, Highley E, Taylor RW (eds). CSIRO: Melbourne; 93–134.

Terlizzi A, Scuderi D, Fraschetti S, Guidetti P, Boero F. 2003. Molluscs on subtidal cliffs: patterns of spatial
distribution. Journal of the Marine Biological Association of the United Kingdom 83: 165–172.

Tilman D, Wedin D, Knops J. 1996. Productivity and sustainability influenced by biodiversity in grassland ecosystems.
Nature 379: 718–720.

Underwood AJ. 1993. The mechanics of spatially replicated sampling programmes to detect environmental impacts in a
variable world. Australian Journal of Ecology 18: 99–116.

Underwood AJ. 1996. Detection, interpretation, prediction and management of environmental disturbances: some roles
for experimental marine ecology. Experimental Journal of Marine Biology and Ecology 200: 1–27.

Underwood AJ. 2000. Experimental ecology of rocky intertidal habitats: what are we learning? Experimental Journal of
Marine Biology and Ecology 250: 51–76.

Vanderklift MA, Ward TJ, Phillips JC. 1998. Use of assemblages derived from different taxonomic levels to select areas
for conserving marine biodiversity. Biological Conservation 86: 307–315.

Vane-Wright RI, Smith CR, Kitching IJ. 1994. Systematic assessment of taxic diversity by summation. In Systematics
and Conservation Evaluation, Forey PL, Humphries CJ, Vane-Wright RI (eds). Claderon Press: Oxford; 310–326.

Walker BH. 1992. Biodiversity and ecological redundancy. Conservation Biology 6: 18–23.
Warwick RM. 1988. The level of taxonomic discrimination required to detect pollution effects on marine benthic
communities. Marine Pollution Bulletin 19: 259–268.

Warwick RM, Clarke KR. 1995. New ‘biodiversity’ measures reveal a decrease in taxonomic distinctness with
increasing stress. Marine Ecology Progress Series 129: 301–305.

Wilson OW. 1993. The Diversity of Life. Allen Lane the Penguin Press: London.
Wootton JT. 1993. Indirect effects and habitat use in an intertidal community: interaction chain and interaction
modifications. American Naturalist 141: 71–89.

BIODIVERSITY, CONSERVATION AND THE TAXONOMIC IMPEDIMENT 459

Copyright # 2003 John Wiley & Sons, Ltd. Aquatic Conserv: Mar. Freshw. Ecosyst. 13: 451–459 (2003)


