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ABSTRACT

The spatial distribution of Bactrocera dorsalis
complex in the mango orchard that was
analyzed using various mathematical indices
dispersion and regression models showed an
aggregated distribution. Taylor's power law and
Iwao’s regression model fitted well to all data
sets. However, lwao’s regression model fitted
the data better, yielding higher values of R? than
Taylor's power law. As the regression of the
reciprocal of k of negative binomial (1/k) on X [k
= (X ?=s%n)/ (s’ — X)] was not significant, the
calculation of a common k was justified to be
1.30. This implies that the grade of aggregation
of the fruit flies population was relatively
constant throughout the time despite the
variation in sample means. Since the clump size
(N) value was more than 2, the aggregated
distribution might be due to the behavior and
environmental factors working together.
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INTRODUCTION

One of the main aims of ecology is to
understand the distribution and abundance of
organisms (Andrewartha and Birch, 1954). One
aspect of distribution and abundance is the
dispersion pattern. Knowledge of the dispersion
pattern in terms of an insect is very important
because its organism is a result of the
interaction between individuals of the species
and their habitat (Sevacherian and Stern, 1972).
Knowledge of this pattern allows a better
understanding of the relationship between an
insect and its environment and provides basic
information for interpreting spatial dynamics,
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designing efficient sampling programs for
population estimation and pest management
(Sevacherian and Stern, 1972; Taylor, 1984;
Binns, 1986; Kuno, 1991), and the development
of population models (Croft and Hoyt, 1983).

Most insect populations are spatially
aggregated (Southwood, 1978; Taylor et al.,
1978, 1980; Turchin and Kareiva, 1989; Faeth,
1990; Morris et al.,, 1992), but the degree of
aggregation often varies among populations and
among species (Root and Cappuccino, 1992).
There is a variety of approaches to characterize
the spatial distribution of insects (Kuno, 1991;
Binns and Nyrop, 1992), which is generally
based on the sample mean (X ) and variance
(s) (Feng and Nowierski, 1992).

To date, no information is known about
the dispersion of the fruit fly, B. dorsalis
complex, a key pest of mango and many other
fruits in Indonesia. As such, the objective of this
study was to ascertain the spatial distribution
pattern of B. dorsalis complex in the mango
ecosystem through captures of adult flies using
pheromone traps. Several indices of dispersion
and linear regression models were used to
analyze spatial pattern as recommended by
Mollet et al. (1984), which more than one index
should be used before drawing conclusions
about dispersion.

MATERIALS AND METHODS

For the purposes of studying the
distribution of the fruit fly, twenty pheromone-
traps were randomly set up in the orchard of
commercial mango in Situbondo - East Java,
Indonesia. The mango variety grown was
Arumanis-143 16 years of age.

To obtain a continuous release of the
pheromone (methyl-eugenol) into the environ-
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ment, the traps were set under shade of plant
canopy and not exposed to direct sunlight. All
traps were hung at a height of 1.5 m above the
ground on trunks of trees within the orchard.
These traps were serviced twice a month and
during servicing, a count of the flies captured in
the trap was recorded. Then, the cotton dropped
with pheromone was replaced with a new one. A
record of the number of flies captured in the 20
pheromone-traps was maintained for the period
of April 2006 through December 2006. This
number of caught flies in the trap was used to
calculate dispersion indices. In the current study,
the analysis of spatial distribution was performed
on the basis of the monthly captures.

Initially, the data were analyzed to find out
the distribution trend based on the variance-
means ratio (s*/ X ), which is the simplest index
of dispersion and the most fundamental (Myers,
1978; Taylor, 1984). This ratio indicates a
random dispersion when it is = 1, a uniform
dispersion when it is <1, and an aggregated
dispersion when it is >1. A chi-square test was
performed for the variance/mean ratio to
determine its significant departure from 1.0 by
the formula:

d=+272 —J2(N-1)-1

25 =(s*IX)(N =1
where d is test statistic and N is the total
number of Sampling Unit. If |d < 1.96,
agreement with a random dispersion is
accepted. If d < -1.96, a regular dispersion is
suspected, and if d > 1.96, a clumped dispersion
is likely (Elliott, 1977). Lloyd’s index patchiness,
an index that does not depend on either sample
size or mean density (Hurlburt, 1990), was
calculated as ratio of mean crowding (x*) to
mean density (X ). The mean crowding, x* was

computed with the formula as described by
Southwood (1978):
x*=i+(sz/i—1)

where X is mean density and s® variance. When
Lloyd’'s index equals to unity, it indicates a
random dispersion, but when it is greater or
smaller than unity, then it indicates an
aggregated or regular dispersion, respectively.
Furthermore, on the basis of variance and mean
values, the other dispersion indices were
determined and the statistical tests were applied
to confirm the distribution pattern of the insects.

The degree of aggregation was also
measured by commonly used dispersion indices,
including the Green coefficient GI (Green, 1966),
Taylor's power law (Taylor et al., 1978), lwao’s
patchiness regression (lwao, 1968), and
parameter k for the Negative Binomial. Such
indices were chosen in an attempt to get a
consensus on dispersion because the use of a
single index can be misleading (Myers, 1978).
Mollet et al. (1984) and Davis (1994)
recommended that in evaluating dispersion of an
arthropod, one should use several different
techniques before drawing conclusions about
dispersion.

Gl was determined using the formula
(Green, 1966):

o1 88 /%)-1
D> x-1

where s’ = variance of mean, X = mean
number of B. dorsalis complex per trap, and > x
= total number of B. dorsalis complex caught in
the trap. The Green coefficient indicates a
random dispersion when Gl = 0, and an
aggregated dispersion when GI =>0 - 1.

Taylor's power law states that the
variance (s?) of a population is proportional to a
fractional power of the arithmetic mean: s? =
aX". The coefficient a and b was estimated
from the regression model:

logs® =loga+blogX
where the slope b is an index of aggregation
which indicates a regular, random and
aggregated dispersion when b <1, b =1 and b
>1, respectively.

Iwao’s patchiness regression is the
regression of mean crowding index (x*) on mean
density (X ) in the linear model:

X*=a+ X
where the value of x* is derived from the above
formula. The intercept a is the index of basic
contagion and 8 is the density contagiousness
coefficient, a measure of aggregation as b of
Taylor’'s regression above. A student t—test was
used to determine significance of departure from
randomness for both regression methods.

The dispersion parameter k for the
Negative Binomial was estimated as ( X > — s°/n)
/ (s> = X) for < 50 samples (Elliott, 1977) and
then fitted to a negative binomial distribution. For
a series of samples like in this study, the values
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of k were also used to test whether a common k
(k.) for a negative binomial exists or not by
linearly regressing their reciprocal on X . The
calculation of a common k (k) is justified and
estimated only when there is no relationship
between X and 1/k by regressing y'= (s°= X)
on xX= (X? — §’N), and k. was defined by
1/slope (Bliss and Owen, 1958 in Elliott, 1977).

RESULTS AND DISCUSSION

As the fruit flies trapped were adults, the
spatial distribution pattern observed herein was
that of the fruit fly adults in the mango orchard.

The spatial distribution pattern of the fruit
fly in the mango orchard was found to be highly
aggregated in accordance with various indices
of dispersion (Table 1). In all cases, the
variance-to-mean ratio (s*/ X ) was of significant
departure from 1 (ranging from 1.84 to 24.39),
and Lloyd’'s index of patchiness was greater
than unity, and the Green coefficient C, values
were more than zero, indicating that the spatial
distribution of fruit flies was aggregative in
nature. K values of the negative binomial, index
of clumping (aggregation) in the population for
all occasions, were less than 8 except in the
October sample. The reciprocal of k values was
fractional and >0 in most cases, indicating that
the population of fruit flies in the mango orchard
followed negative binomial distribution or
aggregative type of distribution. These findings
concur with the statement of Poole (1974) and
Southwood (1978) that the value of k, up to 8,
indicated aggregative nature of distribution, and
the smaller the value of k the greater the
aggregation. Hence, this further confirmed the
aggregated pattern of the fruit flies distribution.

Both Taylor's power law and Iwao's
patchiness regression appeared to describe the
distribution of B. dorsalis complex well. The
slope value of Taylor's power law for the fruit fly
on mango (b = 2.63) was significantly greater
than 1 (t = 3.62; df = 7; P<0.01), indicating
clumped or aggregated distributions in mango
orchard. Similarly, the slope (B8) of lwao’'s model
on mango (1.94) was also significantly greater
than 1 (t = 5.21; df = 7; P<0.01), suggesting that
the distribution pattern of the fruit flies is to be
aggregated in mango orchard. Hence, these
regression models supported the conclusion that
the population of B. dorsalis complex was
aggregated.

From Figures 1 and 2, it appears that the
Iwao’s model fitted the data better than Taylor’'s
power law. This is based on the higher value of
R? for Iwao’s model. In addition, lwao’s model
provided a slightly more even distribution of
points along the line when compared with the
plot of Taylor’'s power law regression (Figure 1).
Iwao’s patchiness regression, nonetheless, also
allows the ecological implications of the
parameter to be interpreted since this equation
was originally derived with close reference to
theoretical distribution models (Kuno, 1991). The
index of basic contagion (o) of Iwao’s
patchiness regression was not significantly
different from zero (t = -2.04; df = 7; P=0.08).
This implies that for the adults the basic
component of the population is a single
individual. The negative value of o implies a
negative interaction /association between
individuals of the male fruit fly in the mango
orchard, thus indicating that the behavior of
male fruit flies in the mango orchard was
independent and solitary.

Table 1. Parameters for spatial distribution of B. dorsalis complex in the mango orchard

Trapping Mean Variance ID Lloyd's Green's Aggregation

Month X s? Index Patch. Index, Gl Index, k
April 2006 20.20 450.04 22.28 2.05 0.0186 0.923
May 2006 8.74 58.25 6.67 1.65 0.0123 1.513
June 2006 12.02 65.64 5.46 1.37 0.0072 2.664
July 2006 10.34 33.33 3.22 1.22 0.0045 4.615
Aug 2006 10.28 62.06 6.04 1.49 0.0091 2.011
Sept 2006 11.79 47.28 4.01 1.26 0.0052 3.884
Oct 2006 8.97 16.52 1.84 1.09 0.0020 10.598
Nov 2006 13.21 36.92 2.80 1.14 0.0029 7.320
Dec 2006 33.98 828.69 24.39 1.69 0.0172 1.427
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Figure 1. Regression analysis of Taylor's power law, log (s°) = log (a) + b log (X ) for B. dorsalis
complex population in mango orchard
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Figure 2. Regression analysis of lwao’s patchiness, mean crowding index (x*) on mean number
of flies per trap (X ) for B. dorsalis complex population in mango orchard.

The regression of the reciprocal of k on this population was justified and estimated. By
mean density ( X ) was not significant; 1/k = 0.14 method of Bliss and Owen (Elliott, 1977,
- 0.02 X (R* = 0.28; P>0.05) (Figure 3); Southwood, 1978), the slope of the regression

therefore, a common k of negative binomial for line, b was found to be 0.77 (Figure 4). Since the
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slope b is equal to 1/k., the value of k. is 1.30.
This k. is the common value of k for the entire
area (Poole, 1974). Figure 4 shows that most of
the points lie close to the regression line, so the
latter appeared to be a good fit to the data.
According to Elliott (1977), the stability of k
implies that the degree of contagiousness in the
population was relatively constant over several
months despite the variation in sample means.
Therefore, in this current study, k was an
adequate model for the aggregation of the fruit
fly. Similar test to confirm the stability of k had
been carried out by Faleiro et al. (2002) for the
red palm weevil (scientific name) distribution in
coconut plantation and Gonzalez-Andujar et al.
(2006) for the green leaf hopper (scientific
name) distribution in vineyard.

Identifying the cause of aggregation can
be determined by using the Arbous and Kerrich
formula (Southwood, 1978):

lzliy,
2k
where A is the mean clumping size and vy is the
responding value of x* to 0.5 probability level
with 2 k degree of freedom for X’ distribution.
With the overall mean of 14.39 per trap during
the study and a common k of 1.30, A was equal
to 8.94. Since the value of A was greater than 2,

the causes of aggregation as declared by Poole
(1974), Southwood (1978), and Wratten and Fry
(1980) were due to active aggregation of the fruit
fly such as behavior whereby the presence of
each individual male attracting to female, and
reproductive biology were influenced by the
heterogeneity of the environment such as
microclimate especially relative humidity and
preferred part of plant. Preferential oviposition of
eggs on west—facing fruits resulting in
significantly clustering larvae among fruits
(Stonehouse et al., 2002b) confirmed the
presence of preferred part of plant. Pertaining to
the behavior, it could be explained by the fact
that the fruit flies caught in traps baited with
methyl-eugenol, a highly potent attractant for the
male fruit flies of several species, are mostly
males (Chuah et al., 1997; Stonehouse et al.,
2002a and b).

Hence, the main reason they tend to
aggregate in the same situation or habitat is the
sexual attraction. Such findings can potentially
provide valuable information on further eco-
logical studies in term of the number of traps
that should be set in different favored spots in
the fields for controlling fruit flies using mass
trapping with pheromones.

1.2

1.0

0.8 1

1/k
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0.4 A
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0.0

i/k =0.14 + 0.02 x (R?=0.28)
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X

Figure 3. Regression analysis of 1/k on X for detection of a common k of B. dorsalis complex

population in mango orchard.
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Figure 4. Regression line of y’ on x’ showing the degree of contagiousness in the population of B.

dorsalis complex in mango orchard.

CONCLUSIONS AND SUGGESTIONS

Based on the analysis of various
mathematical indices of dispersion and
regression models, the spatial distribution of the
fruit fly, B. dorsalis complex in mango orchard
was determined as an aggregated distribution.
With mean clumping size (A) equal to 8.94, it
could be inferred that this aggregated
distribution is due to the behavior of fruit fly and
some heterogeneity of the environment. To
complement the information on behavior aspect
of this insect, the similar study is required
especially at the larval stage due to their direct
attack on mango fruits.
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