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Abstract. The factors that determine which cicadellid
species are easy or
difficult
to find in a heterogeneous habitat are discussed. The probability
of
finding a cicadellid and the estimated true species richness were computed by
the randomized species accumulation curve. The mean observed richness and
estimated true species richness were 15.1 and 27.0 species, respectively.
Incidence, temporal abundance, annual abundance, and host plant type were
used for the analyses. The most influential
factor was the incidence.
Temporal abundance also strongly influenced the probability.
High incidence
and high abundance species were easily detected.
A protocol for estimating
the gap species is suggested.
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Introduction
Species richness is one of the most important traits of species diversity, because the
number of species occurring at a site is a quantitative
measure of biodiversity
and allows
comparison with other sites (Harper and Hawksworth, 1996).
However, a noncorrected value for observed data is usually used to indicate species richness. True
species richness is very difficult
to assess in the field.
Therefore,
Colwell
and
Coddington (1996) proposed a statistical
method to estimate true species richness based
on the species-by-sample incidence matrix. In their study, the term "sample" refers to a
list of species and their abundance at a given site on a given date, and the term
"investigation"
refers to a matrix of all samples at a site on a given date. Therefore, an
investigation
consits of some samples.
To estimate the true species richness, species richness was computed by the
randomized species accumulation curve to estimate observed species richness, which is
the total number of species observed in all samples pooled.
In this method, the
probability
that a species will occur in a given accumulation level depends on the
incidence of the species. Therefore, the difficulty
or ease of detecting a species in an
investigation
is closely related to its incidence, and the higher the incidence of the species,
the easier it is to detect. However, very few low-incidence species could be found using
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this estimation.
Thus, we discuss here the factors related to species that are generally
difficult to find in a heterogeneous habitat.
To clarify the factors that affect the probability
of encountering a species, we estimate a
newcomponent, "gap species", defined as the true species richness minus the observed
species richness.
The gap species are particularly
difficult
to find in a survey. To
discuss the Alfa-biodiversity,
we must know the complete species list collected
at a site,
as well as the species number. Therefore, it is necessary to obtain a concrete estimate of
the gap species. Although a necessary component, no method to determine real species
has been proposed, as yet. To obtain this value, it is important to clarify which species
are difficult
and which species are easy to find. Yamamoto (1998)
suggested
that
butterflies
with the following features are difficult
to find using a route census method:
those that occur during a short seasonal period, are active during a short temporal period
in the day, are not of large body size, and have no conspicuous wings. Ishii (1997)
pointed out that butterflies
that are difficult
to find have the following features: they fly
very high, usually live near the crown of a tree, occur within a very small area, and
remain still.
Kamitani
and Urano (2000)
suggested
that rare or transient
auchenorrhynchan species are difficult
to find in a homogeneous habitat.
In this study,
wepropose a method to estimate the gap species.
Weused Cicadellidae
to survey Alfa- and beta-biodiversity
in this study. This
leafhopper family is a very large sap-sucking taxon in Insecta and includes more than
20,000 species in various habitats of the world (Dolling,
1991), thus it should be useful
for understanding biodiversity.
Materials

and Methods

Field study
The local species diversity of Cicadellidae
was surveyed at three sites, Motooka, Ino,
and Konomi, which are located near Fukuoka City, Japan (Fig. 1). These areas are
about 10 km distant from each other, and are largely covered by secondary evergreen
forests. Quercus glauca Thunb. ex. Murray was the dominant tree species in the forests.
Samplings were performed along a trail and census length was 1.0 km in Motooka, 0.6
kmin Ino, and 1.2 km in Konomi. Investigations
were performed 18 times in total, once
a month from April to December (2000:
8 May, 15 June, 6 July, 10 August, 8
November, and 27 December in Motooka; 1 June, 7 July, 4 August, 20 September, and
18 October in Ino; 2 April, 3 May, 4 June, 2 July, 1 August, 10 September, and 13
October in Konomi. The cicadellid
leafhoppers
were collected by a sweeping method
with a constant sampling effort, 5 - 10 sweeps per weed colony or tree.
Estimation of species richness
In order to make use of and analyze the data of sufficiently
surveyed investigations,
we computed the randomized species accumulation
curve for each investigation
by
Estimates 6 (Colwell, 2000). With the 300 fold randomized sample order, the following
2 mean values were computed: standard deviation of Sobs and accumulative number of
species for each value of the sample number pooled. When the standard deviation of
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Konomi

Fig.

1.

Study

site.

penultimate Sobs reached 0, the species richness was regarded as sufficiently
surveyed
and the curves were considered to have reached equalization.
The estimated true species richness was calculated with ICE (Colwell and Coddington,
1994). ICE is a coverage estimator based on incidence, and it is a modification
of Chao's
estimator.
Relationships
The investigation
rate, which is the proportion of a given Sobs to the final Sobs, was
compared for the following 4 factors: incidence, temporal abundance, annual abundance,
and host plant type. These factors may influence the difficulty
of finding some species in
investigations.
The incidence, which is the total number of samplings and varies from 1
to the entire sample number, was divided into 5 categories: unique, duplicate, 3 - 5, 6 10, and >10 samples in an investigation.
Uniques are species with only one sample in an
investigation,
and duplicates are those with two samples. The temporal abundance was
divided into 4 categories
based on the relative proportion to the total number of
individuals;
<1%, <5%, <10%, and^lO% of the total. The annual abundance is the
total number of investigations
in which some adults were collected, and was divided into
4 categories:
1, 2, 3 - 5, and^6 investigations
in a year. The host plant type was
divided into 3 categories: tree, weed, and tree/weed type.
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Table 1. A summary of sample number, final Sobs, final ICE, the percentage ofthe final Sobs against the final ICE, the number of gap species calculated
as the final ICE
minus the final Sobs, the average of species incidence per sample, the average of total incidence per species, the average of temporal abundance per sample, the average of
total temporal abundance per species, the number of plant species sampled, and the standard deviation of penultimate
Sobs.
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Results
Field study
Table 1 shows a summary of sample number, final Sobs, final ICE, the percentage of
final Sobs over final ICE, the number of gap species calculated as the final ICE minus the
final Sobs, average species incidence per sample, average total incidence per species,
average temporal abundance per sample, average total temporal abundance per species,
the number of plant species sampled and the standard deviation of penultimate
Sobs.
Thirty-nine cicadellid
species were collected.
The mean observed species richness and
estimated
true species richness
were 15.1 and 27.0 species per investigation,
respectively,
and the estimated
investigation
rate was 56%. Throughout
the
investigations,
the average species incidence per sample was 0.6 species, average total
incidence per species was 4.6 samples, average temporal abundance per sample was 2.2
individuals,
and average total temporal abundance per species was 16.2 individuals.
Estimation of species richness
All the accumulation curves that are based on Sobs and ICE are shown in Fig. 2. Only
5 of 18 curves reached equalization:
July, November, and December in Motooka,
September in Ino, and July in Konomi. The average percentage of final Sobs against
final ICE was 64%. The mean number of gap species was ll.9 species per
investigation.
Components of the cicadellid
community
Uniques and duplicates occupied a high percentage in most investigations
and the total
data (Fig. 3A). The relative frequencies
of the temporal abundance varied among
investigations
(Fig. 3B). Species for which temporal abundance was less than 5%
constantly occupied a high percentage, but species for which temporal abundance was
less than 1% ranged between 13% (Motooka,
December) and 58% (Motooka,
September).
The frequencies
of species which appeared in more than 6 or more
investigations
were very high in all investigations,
ranging between 58% (Motooka,
September) and 91% (Konomi, July) (Fig. 3C). The frequencies of species collected in
only 1 or 2 investigations
were very low. The frequency of species which utilize trees as
host plant was high except for one investigation
(Motooka, November) (Fig. 3D).
Species that were difficult tofind
The 4 graphs (Fig. 4) indicate
the relationships
between each of 4 factors and the
investigation
level. An investigation
level was calculated as a given Sob/the final Sob at a
sample accumulation level. The following
5 investigation
levels were shown: 50%,
60%, 70%, 80%, and 90%. In the relationship
between the investigation
level and
incidence, the frequency of uniques was higher than that of other incidences at most of
the investigation
levels (Fig. 4A). The frequency of uniques and duplicates
increased
from 60% to 90% investigation
level. In the relationships
between investigation
level and
temporal abundance, the frequency
of < 1% abundance was the highest
at all
investigation
levels (Fig. 4B). Only < 1% abundance constantly increased with the level
of investigation.
In the relationship
between investigation
level and annual abundance,
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the frequency of > 6 investigations
was always the highest (Fig. 4C). The other 3
categories
constantly
increased with the level of investigation.
In the relationship
between investigation
level and host plant type, tree type frequency was the highest (Fig.
4D). Only tree type frequency constantly increased with the level of investigation.
Incidence based on total data correlated
closely to the completely
finding level
(p<0.0001,
Fig. 5A). A completely finding level was a sample accumulation level at
which the probability
to find a given species is 100% in the accumulation curve simulated
with the incidence of the species. The correlation coefficient values between sampling
number and incidence were all over 0.8 and were strongly significant
(p<0.0001,
Table
2). The temporal abundance based on the total data also correlated
closely to the
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sampling number (p<0.01, Fig. 5B). Some correlation coefficient
values were below
0.8, but the r-values were strongly significant
except for one investigation
(Motooka,
November). This discrepancy was caused by the high abundance and low incidence of
Limassolla multipunctata (Matsumura). The annual abundance based on the total data
showed a strong correlation to the sampling number (p<0.0001,
Fig. 5C), however, with
the exception of one investigation
(Ino, September), the correlation
coefficient
values
were not significant.
Discussion
Species that are difficult to find
The uniques and duplicates were more abundant than others at all investigation
levels,
and species with higher incidence were more esay to find. In contrast, species with
lower incidences were more difficult to find. This tendency is reasonable, because, as
mentioned above, the probability
of finding a species depends on the incidence in the
randomized estimation.
Although the probability
does not directly depend on temporal
abundance, the low abundance species constantly
increased
with the level of
investigation.
The annual abundance is not appropriate
for discussing
probability,
because the r-values were not significant.
For host plant type, the frequencies
at each
investigation
level did not differ notably. Therefore, incidence and temporal abundance
can be hypothesized
as the main factors affecting the probability
of detecting a species.
How can weestimate gap species?
Incidence was more significantly
correlated with the total number of samples found
than abundance (Table 2). If we hypothesize that incidence is the main factor affecting
the probability
of detection, most gap species will be estimated as high incidence species.
Some low incidence species may also be estimated as gap species. In such cases, which
low incidence species become gap species? Some of the low incidence species were very
abundant, such as L. multipunctata
on November, Motooka. Therefore, the high
abundance in effect renders the species with low incidence gap species. Abundance is
strongly
regression

correlated
line is:
Y=-2.081

with

incidence

(r=0.452,

p<0.0001,

Table

2, Fig.

5),

and the

+3.357X

where X represents incidence, and Y represents abundance. For low incidences of
less than 6 samples in an investigation,
the correlation was strongly significant
(r=0.442,
p<0.01).
Most gap species should be estimated as high incidence species.
Low
incidence and high temporal abundance species should also be estimated as gap species.
To estimate or infer the gap species precisely, we suggest the following protocol: 1)
create a model species list, which is a record of all species collected throughout the study
site; 2) transform the temporal abundance into incidence by the regression lines between
them; 3) arrange the species list in order of incidence or temporal abundance using the
higher value of them; 4) exclude species observed in the investigation
from the arranged
list; 5) select as many higher rank species as the estimated number of gap species. The
chosen species should be the gap species.
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The present study was based on these 4 factors:
annual abundance and host plant type. Detailed
studies
further understanding
of Alfa- and beta-biodiversity.

incidence,
temporal abundance,
with other factors are required for
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