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Rare species are important in bioassessment (Reply to the comment by Marchant)

Marchant (1999) has raised some points with respect to
our conclusions (Cao et al. 1998) about the importance of
rare species in community analysis and bioassessment that
are worthy of further discussion. Whereas we indicated that
rare species could be important for distinguishing among
sites along an impairment gradient, Marchant argues that the
weight of evidence suggests otherwise—that ample redun-
dancy in species composition and abundance allows the
elimination of rare species from many multivariate analyses
without affecting conclusions significantly. Our study
warned that environmental practitioners should be alert to
situations in which rare species could make a significant dif-
ference in bioassessment interpretation. Marchant also ques-
tions some of our conclusions. Our detailed responses fol-
low.

First, Marchant disagrees with Cao et al.’s criticism re-
garding the circular relationship between underweighting
rare species in similarity measures and the effect of rare
species on multivariate techniques. It is true that log or other
forms of data transformations can increase the weight of less
abundant and rare species. Cao et al. (1997) demonstrated
how the transformation reduced the bias of overweighting
abundant species inherent in most similarity measures (in-
cluding Euclidean Distance, Bray–Curtis Index, and Per-
centage Similarity), but they also showed that the bias could

not be eliminated by a log transformation, which compli-
cated some others (e.g., Canberra Metric). Marchant sug-
gests that the agreement between the solutions from binary
(presence/absence) and quantitative data supports his argu-
ment. However, other explanations exist. For example,
whether and how the solutions from the two types of data
sources are different will depend on how strong the pattern
is. If a pattern is obvious, both types of data are sufficient
to detect it, and even the presence of just a few dominant/
common species may be enough. We agree with Marchant
that the agreement indicates that most of the information is
contained in species composition rather than in relative/ab-
solute species abundance. However, less abundant and rare
species typically dominate the taxonomic makeup of natural
systems, and the effectiveness of binary data supports the
importance of rare species.

Marchant further suggests that emphasizing rare species
is equivalent to denying the redundancy in community data.
This argument is not logical. Whereas data sets do contain
redundant information, Marchant does not demonstrate that
it is the rare species information that is necessarily the re-
dundant part for bioassessment. Defining community types
or a major environmental gradient is different from detecting
impacts (see below). Indeed, it can be strongly argued that,
in contrast, it is those abundant species that respond to the
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same environmental factor in a similar way, or that covary
along the same gradient, that represent most of the redundant
information. Hence, variations in the most common species
(particularly ubiquitous species) are most likely to generate
noise in the data set; this is why data transformation is need-
ed (also, see Cao et al. 1997).

We agree with Marchant that it would have been helpful
if we had been able to compare the results of rapid bioas-
sessment protocols (RBP) from different-sized samples.
However, any such comparison could not be generalized ex-
cept across many studies, such as in a meta-analysis. The
sample size required is related to the true difference to be
detected, but human impacts range over a wide spectrum,
from slight to severe. It is highly risky, therefore, to extrap-
olate the sample size effective in a case study to world sys-
tems in general.

Marchant questions our assertions about the effectiveness
of multivariate models based on 200–300 individuals. Mul-
tivariate analysis can be used for direct assessment, i.e., de-
termining an impact by examining temporal–spatial patterns.
The question that Cao et al. (1998) raised is directly related
to this application. Vegetation ecologists have a long history
of defining community types based on just one or two dom-
inant species (although their studies on communities go far
beyond this). If multivariate analyses are used for a similar
purpose, rare species will likely be ignored. However, the
question in bioassessment is different: Is an ecosystem af-
fected and to what extent? Can we define impact only as
negative change in a small number of abundant species? Is
not species loss itself an important part of an impact—or a
signal of environmental degradation? If removing a large
proportion of species does not influence our pattern analysis,
are we to conclude that the pattern remains even if all the
rare species become extinct? Although such pattern analysis
may be useful for some purposes, we must be cautious when
interpreting its results in terms of biological monitoring.

Multivariate approaches also are used to develop multi-
variate models for predicting the occurrence of species,
which is only indirectly related to our study. The case that
Marchant mentions appears to fall within this category. A
model based on small quantitative samples, which almost
certainly will exclude the majority of less abundant and rare
species, would be able only to predict the occurrence of
abundant species and would be subject to concerns similar
to those outlined above.

When Marchant places his trust in small samples (200–
300 individuals), he must implicitly assume that an impact
always influences abundant/common species first and to the
greatest degree. However, there is no support for this as-
sumption, either from toxicological studies or field surveys.
Indeed, some general observations suggest the opposite. Rar-
ity usually means either widespread distribution in low num-
bers or restricted distributions. In both cases, rare species are

more sensitive to disturbance than abundant species. Fur-
thermore, in a variety of organism groups, local species
abundance is typically correlated positively with their dis-
tribution (Brown 1984; Gaston and Lawton 1990; Hanski et
al. 1993; Hanski and Gyllenberg 1997). This means that
abundant species tend to be distributed widely or are tolerant
of a variety of environmental conditions, whereas low spe-
cies abundance is frequently coupled with restricted distri-
bution—which makes rare species doubly vulnerable to dis-
turbances (Lawton 1993; Gaston 1998). This phenomenon is
a central tenet of conservation ecology. Rare species should
be appropriately weighted for sensitive and robust bioas-
sessment or, more broadly, in ecological monitoring.
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