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Abstract
A wide variety of indices exist for the measurement of ecological diversity. Common choices include the
Shannon index and the Simpson index. Unfortunately, the arbitrary selection of diversity index can lead
to conflicting results. However, both Shannon’s and Simpson’s measures are special cases of Renyi entropy.
Others have developed “diversity profiles”, which use Renyi entropy to graphically compare the diversity
index collected from different locations or from the same location over time. We extend this work by using
both the bootstrap and Bayesian methods to estimate Renyi entropy and hence construct a graphic that we
refer to as “credible diversity profiles”. Several examples using our method will be shown.

1. Introduction
Biodiversity has been defined to be “an average property of a community”(Patil and Taillie (1982)), where
the property in question is species rareness. In a diverse community, the typical species is rare; that is, the
relative abundance of that species make up a small proportion of the population). A wide variety of statistics
exist that purport to quantify the ecological diversity of a particular community. We will only mention a
few of these indexes here; details on the computation of several indexes not mentioned here can be found in
Ludwig and Reynolds (1988); Magurran (1988).

The most commonly used measure of diversity is the Shannon index: (Shannon and Weaver (1949))

H ′ = −
∑

p̂i ln(p̂i) (1)

where p̂i is the observed proportional abundance of species i.
Another common species diversity measure is the Simpson index as: (Simpson (1949))

S′ = 1−
∑

p̂2
i (2)

There is no reason to always prefer the use of either the Shannon or Simpson index (or one of their many
competitors) for measuring diversity. Typically, the sample with the highest diversity as estimated by the
Shannon index will also have the highest diversity when the Simpson index is used. However, situations
exist where the arbitrary choice of diversity index will determine which of two samples appears to have the
greater diversity.

For instance, the following artificial data set, originally used by Hurlbert (1971) is an instance where the
two measures disagree.

Sample 1: C1 = {33, 29, 28, 5, 5, 0}
Sample 2: C2 = {42, 30, 10, 8, 5, 5}
Here
H ′

1 = 1.381 < 1.457 = H ′
2

but
S′

1 = 0.724 > 0.712 = S′
2
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2. Entropy
Patil and Taillie (1979, 1982); Gove et al. (1994); Tóthmérész (1995) studied a variety of parametric diversity
index families to graphically display differences in diversity between samples. Tóthmérész suggested use of
Renyi’s entropy

Hα =
log

∑
pα

i

1− α
, α ≥ 0, α 6= 1 (3)

Shannon’s index is a limiting function of Hα as α → 1.
Tóthmérész suggested plotting diversity profiles using the Renyi’s index family. If the curve for a sample

lies above the curve of the other sample over the entire range, then the first sample can be said to have
higher diversity. However, when the curves intersect, particularly if the intersection occurs when 1 ≤ α ≤ 2,
then the samples are said to be non-comparable. The profiles obtained through this construction are very
similar to the ∆β profiles of Patel and Taillie. The artificial data set shown earlier is an example of two
communitites that are non-comparable.

3. Parameter Estimation
An ecologist would often wish to compare indices of diversity over multiple samples representing either
different sampling sites or different intervals of time. It is typical that a species not observed in one sample
would be observed in a subsequent sample.

Mecklin (2002, 2003) has considered use of the Bayesian paradigm for the estimation of biodiversity. In
particular, he utilized Markov chain Monte Carlo methods by running iterations of a Gibbs sampler with
the WinBUGS program.

Suppose we have a sample with S distinct taxa. The abundance parameter pi, i = 1, · · · , S is estimated
for each species by running iterations of a Gibbs sampler (using WinBUGS). For each iteration, the Renyi
entropy is computed. The 95% Bayesian credible intervals for the diversity profiles consist of the 2.5%
percentile, median, and 97.5% percentile of the simulated posterior distribution of Renyi entropy. We will
call the graph obtained from plotting these intervals the Bayesian credible diversity profile.

We also considered the use of bootstrapping techiques (Efron and Tibshirani (1993)) for the estimation
of biodiversity. In our examples in this paper, we limited ourselves to a simple and possibly simplistic
application of the percentile bootstrap. It would certainly be advisable to consider a more sophisticated
form of the bootstrap such as bootstrap-t or the bias-corrected accelerated (BCa) bootstrap.

The bootstrap diversity profile consists of the 2.5% percentile, median, and 97.5% percentile of the
bootstrapped values for Renyi entropy plotted along with the diversity profiles of the samples. When the
profiles of the original data lie outside the bootstrap profiles, this indicates a “significant” difference in
diversity; when they lie inside, there is no “significant” difference.

The credible diversity plot, whether based on Bayesian or bootstrapped estimates, can be used as an
informal graphical assessment of the “comparability” or “significance” of the diversity between samples.

4. Examples
We will consider three examples to illustrate the use of credible diversity profiles.

1. Hurlburt’s (1971) “artificial” example (also used by Tóthmérész (1995)), where the diversity profiles
appear to be non-comparable.

2. The “dinosaur” data, used by Sheehan et al. (1991) and Fritsch and Hsu (1999), where the diversity
profiles are comparable but there appears to be “no significant” difference in diversity.

3. The “freshwater mussels” data, used by Mecklin (2002, 2003), where the diversity profiles are compa-
rable and there appears to be a “significant” difference in diversity.

4.1 Artificial Example
The diversity was non-comparable for the artificial example. This is clearly shown in Figure 1, where the
profiles intersect at α ≈ 1.6. This intersection of the profiles with 1 ≤ α ≤ 2 is expected, since the Shannon
and Simpson indexes differed for these two artificial samples.
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Figure 1: Diversity profile of the artificial data

Since there were 7 species present in the full version of the artificial example (although only 6 of those
species are found in the two samples used here)), we estimated the number of species in the population
as Ŝ=7. We then estimated (using the Gibbs sampler) the posterior distributions of the 7 parameters
p1, p2, · · · , p7 for each sample.

The 95% Bayesian credible diversity profiles heavily overlap each other in this example, as seen in Figure
2. In the 95% bootstrap credible diversity profile, notice that the original profiles lie within the bootstrap
profiles. All of these figures indicate no significant difference in diversity between the two artificial samples.
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Figure 2: Bayesian credible diversity profile of the artificial data
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Table 1: Number of individuals per family of dinosaur observed
Time Interval

Dinosaur Family Upper Middle
Ceratopsidae 50 53
Hadrosauridae 29 51
Hypsilophodontidae 3 2
Tyrannosauridae 3 3
Ornithomimidae 4 8
Saurornithoididae 1 6
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Figure 3: Bootstrap diversity profile of the artificial data

4.2 Dinosaur Example
Fossil data was collected in North Dakota and Montana concerning the diversity of families of dinosaurs
for three time intervals in the Cretaceous period. It was concluded that the biodiversity of dinosaurs had
remained relatively constant and had not been declining before mass extinction was caused by a cataclysmic
event.

For this example, I will only consider the data for the upper and middle Cretaceous time periods and
will not use the lower Cretaceous. The frequency data is in Table 1.

Notice that the dinosaur diversity is slightly higher (but not to a “significant” degree) for the Middle
Cretaceous period using either the Shannon or Simpson index.

H ′
U = 1.107 < 1.210 = H ′

M

S′
U = 0.583 < 0.635 = S′

M

Notice that while the original Renyi diversity profiles do not overlap (Figure 4), the 95% Bayesian credible
diversity profiles do overlap (Figure 5), and the original profiles are contained within 95% bootstrap credible
diversity profiles (Figure 6).
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Figure 4: Diversity profile of the dinosaur data
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Figure 5: Credible diversity profile of the dinosaur data
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Figure 6: Bootstrap diversity profile of the dinosaur data

4.3 Freshwater Mussel Example
This data set consists of the count and diversity of 20 different species of freshwater mussels observed at
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Table 2: Number of individuals per species of mussel observed
Year

Mussel Species 1999 2000
Amblema plicata 36 15
Ellipsaria lineolata 14 4
Fusconaia ebena 49 49
Lampsilis cardium 3 0
Lampsilis ovata 2 0
Ligumia recta 0 2
Megalonaias nervosa 3 2
Obliquaria reflexa 10 0
Obovaria olivaria 1 1
Plethobasus cyphyus 3 1
Quadrula apiculata 1 0
Quadrula metanevra 14 5
Quadrula nodulata 10 2
Quadrula pustulosa 18 2
Quadrula quadrula 5 0
Tritogonia verrucosa 3 1

the same site in the Ohio River in western Kentucky over 7 different years between 1990 to 2000. All 7
samples were collected in autumn. The descriptive statistics indicate an apparent drop in unionid mussel
diversity between 1999 and 2000. I will focus on the samples collected in 1999 and 2000 in this example.
The frequency data for each species for those years is found in Table 2. We used Ŝ = 20 since that was the
total number of distinct freshwater mussel taxa that were observed at least once over the ten year period of
sampling, although only 16 of these species were seen in 1999 and/or 2000.

Notice that the freshwater mussel diversity has noticeably decreased between 1999 and 2000 when using
either the Shannon or Simpson index.

H ′
1999 = 2.157 > 1.449 = H ′

2000

S′
1999 = 0.842 > 0.619 = S′

2000

Notice that neither the original Renyi diversity profiles (Figure 7) nor the 95% credible diversity profiles
(Figure 8) overlap. In the bootstrap diversity profile (Figure 9), the 1999 profile stays almost entirely above
the 97.5% bootstrap percentile and the 2000 profile stays below the 2.5% bootstrap percentile.
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Figure 7: Original diversity profile of the mussel data
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Figure 8: Credible diversity profile of the mussel data
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Figure 9: Bootstrap diversity profile of the dinosaur data

5. Conclusion
This paper has presented a graphical method for comparing measures of biodiversity that combines the
use of diversity profiles with either Bayesian or bootstrap methods of parameter estimation. As many have
pointed out before, the attempt to quantify a multidimensional concept such as biodiversity with a single
number is an endeavor that is doomed to failure. It is inevitable that certain situations where the arbitrary
choice of diversity index will make a difference in which of two samples is found to have higher diversity.

Diversity profiles are often used to alleviate this concern. We feel that it is beneficial to utilize Bayesian
methods in estimating diversity when constructing diversity profiles. Advantages of using Bayesian method-
ology include being able to incorporate both prior knowledge about the biodiversity of the community and
the sampling model in the data analysis. The bootstrap approach is an alternative that one might choose
to use in this situation if there is a lack of information to formulate reasonable priors.
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