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Species richness estimation of bird communities:
how to control for sampling effort?
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Since estimates of total species richness increase with sampling effort, methods to control
for this sampling effect need to be tested and used. We present seven non-parametric and
12 accumulation curve methods that have been used recently in the ecological literature.
To test their performance, we used data from bird communities in the Queen Charlotte
Islands, Canada. The performance of each method was evaluated by calculating the bias
and precision of its estimates against the known total species richness. For our data set, the
two Chao estimators were the overall least biased and most precise estimation methods,
followed by the two jackknife estimators, thus supporting results of previous studies. Non-
parametric estimators tended to perform better than accumulation curve models. Most
estimation methods had the problem that they tended to underestimate species richness
for early samples, but slightly overestimated it for late samples. We briefly discuss the
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questions and to guide conservation decisions, especially for species-rich tropical bird

communities.

T +oct acal al 43 mal faremmad
10 test G\.\JnglCcu \iuﬁ'SLLOﬂS or to make informed con-

servation decisions, it is often necessary to determine
the total species richness of a bird community (Colwell
& Coddington 1994, Gaston 1996). For example, one
may want to rank sites according to their total species
richness to decide which sites should be protected
(Elphick 1997). However, species richness estimates
increase with sampling effort (Woolhouse 1983,
Walther et al. 1995, Neave et al. 1997) thereby con-
founding comparisons. One solution may be to
standardize sampling effort across all sites (Elphick
1997).

Although sites could thus be reliably ranked, total
species richness would still not be known (unless sam-
pling was exhaustive). More important, however, is
that equal sampling effort remains an elusive goal in
most real situations. Even worse, sampling effort is
often not even used to correct species richness esti-
mates. For example, bird species richness and sampling
effort were reported for 18 South American sites
(Remsen 1997). However, none of these studies tried
to correct for the influence of sampling effort, thus
making comparisons of species richness between sites
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difficult if not impossible (Remsen 1994, Rahbek
1995). Therefore, it has become paramount to devel-
op, test and use methods to correct for the influence of
sampling effort on estimates of total species richness.

To alleviate the sampling effort problem, Harrison
and Martinez (1995) suggested the use of a modified
Shanon diversity index, whereas Elphick (1997) pro-
posed a regression model. We believe the proposed
approaches are problematic for the following reasons.
The use of diversity indices remains controversial for
methodological reasons (Hurlbert 1971, Magurran
1988, Simberloff & Moore 1997). Some diversity
indices (e.g. the Shanon index) emphasize species rich-
ness over evenness, whereas others assign low weights
to rare species. Therefore, rare species may contribute
little to the magnitude of a diversity measure, even
though they may be the most important ones to con-
serve (Elphick 1997). Most importantly, however, the
Shanon index used by Harrison and Martinez (1995) is
unstable as it decreases with sampling effort (their
Fig. 4).

To avoid mathematically weighting species, Elphick
(1997) proposed a curve model (which was never
defined) to fit a relationship between sampling effort
and species richness. This relationship can be used to
calculate deviations from the expected species rich-



species richness long before the SR curve reaches the asymptote. To evaluate the performance of different estimation methods, we
arbitrarily divided the sampling effort axis into five segments: quarters 1—4 evenly divide sampling effort prior to the SR curve reaching
within 5% of the asymptote while the segment 4+ and includes all subsequent samples (see Walther & Morand 1998). Thus we can
evaluate the performance of estimation methods for early and late samples (see Table 1).
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