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Abstract:

 

Estimates of the global number of arthropod species range from 2 million to more than 30 million
species. One of the most critical assumptions affecting the higher of these estimates is the assumed magnitude
of host specificity of phytophagous insects, which varies considerably. Difficulties in estimating this value are
caused by both lack of satisfactory data sets and lack of methods for its objective calculation. We provide a
new method for predicting host specificity for phytophagous insects at a local scale based on the concept of ef-
fective specialization. When the insect-plant host associations of a restricted number of plant species are
known, we can predict the magnitude of host specificity when more plant species are included. Based on
2561 host observations of 697 beetle species on 50 plant species in the canopies of a tropical dry forest in
Panama, we predict that host specificity for adult phytophagous beetles in this forest range from 7% to 10%.
These values suggest that the higher estimates of global species richness are not tenable.

 

Magnitud de la Especificidad de la Relación Insecto Fitófago-Planta Hospedero y sus Implicaciones para la
Estimación de la Riqueza Específica Global

 

Resumen:

 

Las estimaciones del número global de artrópodos varían entre 2 y más de 30 millones de espe-
cies. Uno de los supuestos críticos que afectan las estimaciones más altas es la presunta alta especificidad en
la interacción insecto fitófago-planta hospedero. Estas estimaciones son sumamente variables debido a las di-
ficultades para estimar correctamente el grado de especificidad, tanto por la escasez de datos empíricos satis-
factorios, como por la falta de una metodología que permita una estimación objetiva de la interacción. En el
presente trabajo proponemos un método nuevo para predecir la especificidad de la interacción fitófago-
planta hospedero a una escala local, basado en el concepto de la “especialización efectiva.” Cuando se cono-
cen las asociaciones insecto-planta hospedero para un número restringido de plantas, se puede predecir el
grado de especificidad de la interacción para un número mayor de especies vegetales. En base a 2561 obser-
vaciones de 697 especies de coleopteros en 50 especies vegetales del dosel de un bosque tropical seco de Pan-
amá, predecimos que la especificidad de los coleópteros fitófagos adultos con sus plantas hospedero es de un
7-10%. Estos valores no corroboran los valores más altos de las estimaciones actuales de la riqueza específica

 

a nivel global.
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Introduction

 

Phytophagous insect species show a sliding degree of
host specificity from strictly monophagous to broadly
polyphagous. Calculation of the magnitude of host spec-
ificity, therefore, must give every insect species an in-
verse weight in accordance with the number of hosts on
which the insect species is found (May 1990; Mawdsley
& Stork 1997). Consequently, the monophagous species
are the most important component of the parameter,
and the importance of the other insect species decreases
with their increasing degree of polyphagy. This concept,
termed effective specialization, was introduced by May
(1990) for the calculation of the host specificity of phy-
tophagous insects in a local community.

Effective specialization 

 

F

 

T

 

—equivalent to the parame-
ter 

 

f

 

 in May (1990) and 

 

x

 

 in Thomas (1990)—of insect
species associated with a set of plant species in a com-
munity may be expressed as

(1)

where 

 

T

 

 is the number of plant species, 

 

S

 

T

 

 is the total
number of different insect species associated with 

 

T

 

plant species, and 

 

T

 

 is the average number of insect
species associated with each plant species (May 1990;
Mawdsley & Stork 1997). Therefore, 

 

T

 

 

 

3

 

 

 

T

 

 is the num-
ber of host observations. Accordingly, effective special-
ization is simply the pooled number of plant-associated
insect species divided by the number of host observa-
tions of those insects.

In a community defined by 

 

T

 

 plant species, 

 

F

 

T

 

 is given
by equation 1 if all host associations of all plant species
are known. The magnitude of 

 

F

 

T

 

 depends on 

 

T

 

, how-
ever. A data set obtained from only one plant species
gives an 

 

F

 

T

 

 of 1 (100% host specificity) because 

 

S

 

T
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 In a data set obtained from two plant species, 

 

F

 

T

 

will decrease if some of the insects share the two host
plants. Finally, an inverse relation between 

 

F

 

T

 

 and 

 

T

 

 will
appear when more plant species are included.

Effective specialization is directly relevant to studies
of local species richness, community structure, and vari-
ous aspects of insect-plant interactions (Mawdsley &
Stork 1997). It is also utilized in estimates of global in-
sect species richness either directly (Erwin 1982) or in-
directly through the use of a between-community cor-
rection factor (Thomas 1990) that is required because of
the considerable variation of the phenomenon across
spatial scales (Fox & Morrow 1981; May 1990; Radtkey
& Singer 1995). In global estimates of insect species
richness, the magnitude of effective specialization of in-
sects associated with tropical trees is estimated variously
from 3% up to 20% (Erwin 1982; Stork 1988; May 1990;
Basset 1992). The magnitude of local host specificity is
known only for particular ecological situations at re-
stricted taxonomic scales and undefined spatial scales
(Futuyma & Gould 1979; Thomas 1990). Therefore,

FT ST ST T×( )⁄ ,=

S

S

S

 

there is great need for comparable data sets to produce
objective measurements of local host specificity. An ex-
amination of the relationship between 

 

F

 

T

 

 and 

 

T

 

 eluci-
dates fundamental aspects of this phenomenon. Our
study aims to outline two of these, (1) the magnitude of
local host specificity for insects in a plant community
and (2) possible differences in local host specificity
among different growth forms of plants.

 

Methods

 

We elucidate these relationships using an empirical data
set based on a study of adult phytophagous beetles
(Buprestidae, Chrysomeloidea, and Curculionoidea) as-
sociated with 24 tree species (2 replicates of 13 species)
and 26 liana species (2 replicates of 14 species). From a
tower crane, beetles were collected by hand from the can-
opy of a tropical dry forest (0.8 ha) in Parque Natural Met-
ropolitano, Panama Province, Panama (Ødegaard 2000).
Host associations were revealed by feeding behavior and
probability-based host observations, according to Flow-
ers and Janzen (1997). This sampling procedure ensured
that insect species accidentally occurring on a plant
would be omitted. The plants were not completely sam-
pled. If the proportion of monophagous species is main-
tained after additional host observations, however, then
additional sampling would not significantly affect the
magnitude of effective specialization (Diserud & Øde-
gaard 2000).

From our data set, 

 

F

 

T

 

 can be calculated as a function of

 

T.

 

 We let 

 

T

 

 range from 1 to the total number of plant
species in our sample (50), and we let 

 

F

 

T

 

 be the average
over all possible combinations of 

 

T

 

 plant species from
our sample (Krylov 1971). This nonparametric subsam-
pling technique gives the magnitude of effective special-
ization for subsamples of 1, 2 . . . 50 plant species in our
data set. To extrapolate, we needed a parametric model
that would allow us to predict effective specialization
when we expanded the community to include more
plant species. Theoretically, each insect species was as-
signed a probability (

 

p

 

) corresponding to the proportion
of the host species in the community this insect species
was expected to be utilizing. Following Engen and Lande
(1996

 

a

 

, 1996

 

b

 

), whose results were generated based on
a stochastic evolutionary process, we assumed that the
insect species’ probabilities, 

 

p

 

, were realizations of an
inhomogeneous Poisson process. The model is there-
fore, at a given point of time and space, completely de-
fined by the rate 

 

l

 

(

 

p

 

) of this process. This rate was as-
sumed to be proportional to the beta distribution,

(2)

where 

 

k

 

 

 

.

 

 

 

2

 

1, 

 

b

 

 

 

.

 

 0, and 

 

c

 

 is a proportionality con-
stant. We then propose a binomial sampling procedure,

λ p( ) c p
k 1–

1 p–( )β 1–=
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so that when the number of different host species 

 

T

 

 in
the sample is known, the number of host observations
for an insect species will be binomially distributed (

 

T,p

 

;
Diserud & Ødegaard 2000).

For a given data set, we can now estimate the parame-
ters in our model by maximum likelihood estimation
theory. The extrapolation of 

 

F

 

T

 

 beyond the number of
host species in the data set demands that we substitute

 

S

 

T

 

 and 

 

T

 

 in equation 1 with their expectations, 

 

E

 

(

 

S

 

T

 

 )
and 

 

E

 

(

 

T

 

), respectively,

(3)

 

Results and Discussion

 

One year of study produced 35,479 individuals belong-
ing to 1,167 species of phytophagous beetles, of which
697 species gave a total of 2,561 host associations (Øde-
gaard 2000).

A comparison of our parametric model with the curve
obtained from the nonparametric subsampling tech-
nique shows almost identical values of 

 

F

 

T

 

 (Fig. 1), indi-
cating a good fit of the model. In our particular situation,
however, there were limits to the extent to which the
curve could be extrapolated because the sampling was

S
S

FT E ST( ) E ST( ) T.×⁄=

 

performed on plant species at a small spatial scale. The
parametric model assumes a sample obtained by random
selection of plants from the species list of an area. The
sampled area therefore needs to be representative of the
extrapolated area. If, for instance, habitat barriers or
other vegetation types are encountered, our parameters
are expected to change (Diserud & Ødegaard 2000). An
extrapolation up to 300–550 plant species (trees 

 

.

 

10
cm diameter at breast height and lianas) in this type of
forest probably would not be problematic if species
numbers of plants in this area were assumed to be simi-
lar to those of Costa Rican dry forests ( Janzen & Liesner
1980). Furthermore, abundant plant species are proba-
bly overrepresented in the sample because of their
higher encounter frequency at smaller spatial scales.
This fact can bias the data if the host specificity of in-
sects associated with rare and common trees is different.
Data given by Southwood (1960), however, suggest that
this effect is not significant.

When excluding epiphytes, which are insignificant in
tropical dry forests (Gentry & Dodson 1987), we predict
that host specificity will approach 10% in the canopies
of a forest consisting of 300 plant species and 7% in a
forest holding 550 plant species (Fig. 2a). If we include
other life forms of plants (e.g., herbs and shrubs), the de-
velopment of 

 

F

 

T

 

 depends on the extent of the fauna

Figure 1. Estimated effective specialization as a function of the number of plant species ( T ). The nonparametric 
curve (solid line) and the beta binomial model (dotted line) are compared and are nearly indistinguishable. The 
parameters of the model ( k,b) were estimated as 20.29 and 3.0, respectively.



 

Conservation Biology
Volume 14, No. 4, August 2000

 

Ødegaard et al. Magnitude of Local Host Specificity

 

1185

 

shared between life forms. If only trees are considered,
host specificity would range from 10% to 6% when 

 

T

 

ranges from 150–300 species, respectively (Fig. 2b).
This result corresponds well with indirect analysis of ef-
fective specialization of the beetle fauna associated with
four species (10 individuals) of Bornean trees (Mawdsley
& Stork 1997), which indicates an average effective spe-
cialization of 

 

,

 

5% (Stork 1997). Similarly, a study of
host specificity based on feeding trials of insects associ-
ated with 10 tree species in Papua New Guinea indi-
cated that 4.3% of the unpooled insect species were
likely to be monophagous in that system (Basset et al.
1996

 

a

 

). The host specificity of liana-associated beetles
has never been elucidated. We predict that host specific-
ity would range from 12% to 9% for beetles associated

with 150–250 liana species, respectively (Fig. 2c), indi-
cating that liana associates are more specialized than
those on trees. Generally, parametric bootstrapping, at a
95% confidence level, enabled us to predict the host
specificity with an uncertainty of 1.3% for plant species
pooled (

 

T

 

 

 

5

 

 550) and for trees separately (

 

T

 

 

 

5

 

 300). For
lianas, the uncertainty of the estimated host specificity
was 1.8% (

 

T

 

 

 

5

 

 250).

 

Conclusion

 

The higher estimates of 30 million or more arthropod
species on Earth are extrapolated from samples and are
based on Erwin’s assessment of 20% host specificity

Figure 2. Estimated effective specialization as a function of the number of plant species according to the beta binomial 
model and with approximate 95% confidence belts indicated by the dotted lines: (a) if the number of plant species 
in Neotropical dry forests ranges from 300 to 550 species of trees (.10 cm diameter at breast height) and lianas, 
depending on area, then host specificity is predicted to range from 10% to 7%; (b) if tree species are treated sepa-
rately, host specificity for phytophagous beetles in a tropical dry forest of 150–300 tree species ranges from 10% to 
6%; and (c) similarly, host specificity for phytophagous beetles in a tropical dry forest of 150–250 liana species 
would range from 12% to 9%. Parametric bootstrapping yields an uncertainty of 1.3% for the estimated value of ef-
fective specialization when the growth forms of plants are pooled ( T 5 550). For trees ( T 5 300) and lianas ( T 5 
250) separately, the uncertainty for the estimated value of effective specialization is 1.3% and 1.8%, respectively.
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(Erwin 1982; May 1988; Stork 1988; Gaston 1991; Hod-
kinson & Casson 1991; Gaston 1992; Stork 1993). Assum-
ing that beetles make up 20% rather than 40% of tropical
arthropod species (Thomas 1990) and setting aside other
controversies in these estimates (Stork 1988; May 1990;
Thomas 1990; Gaston 1991; Hodkinson & Casson 1991;
Hammond 1992; Basset et al. 1996b; Mawdsley & Stork
1997), one can recalculate these estimates based on our
predicted magnitude of host specificity. The results
from these recalculations fit well within the interval of
5–15 million species, a number indicated from most
other independent estimation methods for global spe-
cies richness (Stork 1993).
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