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SPATIAL DISTRIBUTION OF COSMOCLOPIUS NIGROANNULATUS STAL (HEMIPTERA ;
REDUVIIDAE) IN A CULTURE OF NICOTIANA TABACUM.
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RESUMEN

La presencia de depredadores en agroecosistemas puede garantizar la estabilidad de la poblacién de insectos
fit6fagos minimizando sus dafios en las plantas. La distribucion espacial influye en la dindmica de las pobla-
ciones y su conocimiento es esencial para determinar la funcién de fit6fagos y enemigos naturales en un
programa de control biolégico. Se estudi6 la distribucion espacial vertical (interplanta) y horizontal (intraplanta)
de una poblacién de Cosmoclopius nigroannulatus Stal (Hemiptera: Reduviidae) en un cultivo de tabaco. Se
observaron 270 plantas en un drea experimental del Departamento de Fitossanidade de la Faculdade de
Agronomia de la Universidade Federal do Rio Grande do Sul — UFRGS, desde agosto de 1999 hasta abril del
2000. Las plantas se identificaron por coordenadas alfanuméricas, las hileras por letras y las plantas en cada
linea por nimeros. La distribucién vertical en las plantas se evalué considerando los tercios inferior, mediano
y apical. Se anotaron la coordenada y localizacién en la planta de los adultos de C. nigroannulatus capturados
en cada muestreo y la estructura (tallo, cara adaxial o abaxial de las hojas) en la que los insectos eran encon-
trados. De un total de 62 muestreos, el 52% de los resultados de distribucion espacial entre plantas de los
adultos se ajustaron a los modelos matematicos Poisson y el 42% a la Binomial Negativa. Los indices de
Dispersi6n se calcularon por la Ley de Potencia de Taylor y por el Indice de Iwao. El valor de B (B = 1,1624)
obtenido por la regresién de Iwao no fue significativamente mayor que 1, indicando que no hay agregacién.
El valor estimado de b = 1,18 de la regresion de Taylor, aunque distinto, se acerca al 1, indicando un agregado
débil en la mayorfa de las densidades. La ocurrencia del estdndar agregado en algunas ocasiones, se debe
posiblemente al comportamiento reproductivo de cortejar y copular. En la primera generacién, la regién
media present6 la mayor concentracién de individuos y, en la segunda, el tercio apical. En todas las genera-
ciones, la mayorfa de los adultos se encontraron en la cara adaxial de las hojas.

Palabras clave: Distribucién espacial, Harpactorinae, Reduviidae, Nicotiana tabacum, tabaco.

ABSTRACT

Presence of predators in agriculture systems may guarantee stability of phytophagous insect populations,
minimizing their damage to plants. Spatial distribution influences population dynamics and its knowledge is
essential to determine the function of phytophaga and natural enemies in a biological control program. Verti-
cal (interplant) and horizontal (intraplant) spatial distribution of a population of Cosmoclopius nigroannulatus
Stal (Hemiptera: Reduviidae) were studied on a tobacco crop. A total of 270 plants were observed at an
experiment area of the Departamento de Fitossanidade, Faculdade de Agronomia, Universidade Federal do
Rio Grande do Sul — UFRGS, from August 1999 through April 2000. Plants were identified by alphanumeric
coordinates, the rows with letters, and plants on each line by numbers. Vertical distribution on the plants was
evaluated in the lower, medium and apical thirds. Coordinates and location on the plants of adult C.
nigroannulatus captured on each sampling, and plant structure were insects were found (stem, adaxial or
abaxial leaf face) were annotated. From a total 62 samplings, 52% of the results of interplant spatial distribution
of adults adjusted to the Poisson mathematical model, and 42% to the Negative Binomial. Dispersion index
were calculated through Taylor Power Law and by the Iwao index. The value of 8 = 1.1624 obtained by the
Iwao regression was not significantly greater than one, indicatin that there is no aggregation. The estimated
value of de b = 1.18 by Taylor’s regression, although distinct, nears 1, indicating a weak aggregate in most
densities. The occurrence of the standard aggregated in some occasions, is due possibly to the reproductive
behavior of courtship and mating. In the first generation, the medium third had the greatest concentration of
individuals, and in the second, the apical portion. In all generations, most adults were found on the upper side
of the leaves.
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INTRODUCTION

The spatial distribution of a population is the
position that individuals occupy in relation to others
in a given environment and on a certain moment
(Southwood, 1978; Ricklefs, 1996). Different
reactions to biotic or abiotic environmental stimuli
make populations use space in distinct ways (Krebs,
1985).

The distribution pattern influences the dynamics
of populations. Differences in the impact of several
agents may occur in function of spatial variations in
the proximity of individuals within a population
(Heads & Lawton, 1983; Hassell, 1987). Thus, the
spatial distribution pattern identification is a
fundamental aspect for the understanding of the
population ecology. It also supplies subsides which
could help to detect which are the main factors that
determine numeric oscillations and even persistence
in natural environments (Berryman & Gutierrez,
1999).

The majority of insects seldom disperse at random
in their natural environment, since few environments
are homogenous and the behaviors producing insect
dispersion are usually specific and non random.
Aggregation in insects, as well as in other animals,
seems to be a fundamental characteristic originated
from a great variety of ecological effects: (1)
responses to physical factors of the environment;.(2)
responses to the host plants; (3) reproduction
behavior; (4) mutual attraction with other individuals
of the same species; and (5) interaction with other
organisms (Waters, 1959).

In the specific case of predatory species, the spatial
distribution may be directly related to prey
distribution. Variations in insect population densities
may affect economic interests, mainly when they are
associated to agricultural activities. There are not
many studies on the spatial distribution of insects in
agroecosystems. Vickerman & Sunderland (1975)
studied in USA the vertical distribution of many
predatory arthropods of aphids in cereal crops. They
distinguished the ones found on the ground from
those present on the plant, during the day and at night.
Funderburk & Mack (1989) carried out a survey of
the spatial distribution patterns of predators of the
Nabidae family in soybean crops, in Florida and
Alabama, USA in search for data on the impact
these predators had upon pests of this crop. Shipp et
al. (1992) determined the pattern of intra and

interplant distribution of two Orius species (Hem.,
Anthocoridae) in greenhouse-grown sweet pepper,
in Canada. In the Hubei province, China, Zhang et
al. (1994) studied the spatial distribution of Orius
similis Zheng and its interaction with Pectinophora
gossipella Saunders (Lep., Gelechiidae), a pest of
cotton.

In an experimental tobacco area in Porto Alegre,
RS, Canto-Silva (1999) evaluated the pattern of
spatial distribution of eggs, nymphs, and adults of
Spartocera dentiventris (Berg) (Hem., Coreidae) and
estimated the mortality of immature phases. An
aggregated pattern was observed for immature
phases and a random pattern for adults. The action
of natural enemies, especially Cosmoclopius
nigroannulatus Stal (Hem., Reduviidae) was found
as the main factor of the nymphs’ mortality. Parseval
(1937), Silva et al. (1968) and Caldas (1998) have
also indicated this species as a predator of S.
dentiventris in tobacco crops.

In a laboratory study Fallavena (1993) observed
that C. nigroannulatus accepts a great variety of prey,
among them three chrysomelids associated to the
tobacco culture: Diabrotica speciosa Germar, Epitrix
fasciata Blatchley and Cerotoma arcuata Bechyné.
Furthermore in a pilot-study carried out in an
experimental tobacco plot in Porto Alegre, RS, C.
nigroannulatus was observed predating, in addition
to nympbhs of S. dentiventris, also aphids, E. fasciata,
C. arcuata and D. speciosa.

Since C. nigroannulatus is a very promising
biocontrol agent the present work has aimed at
determining the vertical spatial (intraplant) and
horizontal (interplant) distributions of the egg and
adult phases of a population of C. nigroannulatus in
tobacco culture.

MATERIAL AND METHODS

Fieldwork was carried out on a tobacco crop, at
the experimental area of the Department of
Fitossanidade of the Federal University of Rio
Grande do Sul (UFRGS), Porto Alegre (30°01°S and
51°13’W), Brazil. In the beginning of August 1999,
270 tobacco seedlings of Nicotiana tabacum L.
(Solanaceae) were planted in ten rows. The distance
between rows was 1m, and 0.8m between seedlings.
No phytosanitary measures were taken.

All plants were identified with alphanumeric
coordinates. Letters identified rows (A to J) and
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numbers identified plants in each line. (1-27). The
spatial distribution of C. nigroannulatus adults was
evaluated by daily inspection of all the plants in the
plot from August 3rd to December 15th, 1999 and
three times a week until April 5th, 2000. All adult
individuals of C. nigroannulatus found were
registered, accordingly to the sex. Males and females
could be distinguished by an abdominal shalow beige
grove that only females have in the 8" abdominal
segment.The vertical distribution on the plant was
evaluated, considering three regions: inferior, middle,
and apical third. The portion of the plant where the
adults were found was also identified: stem, abaxial
or adaxial surface of the leaves. All plants were
inspected and every time an adult was found its code
number plant coordinate and position in the plant
was registered. After this procedure each individual
was returned to the plant at the same location where
it was found.

For spatial distribution analysis, it was considered
only those occasions when the number of individuals
captured was equal or higher than 8 because the
tests for spatial distribution are sensitive to the size
and number of sampling units and to the frequency
of zeros of the sample (Krebs, 1989), so, small
samples may disguise the results Data fitting to
Poisson distribution were tested by dispersion index
I (Krebs, 1989), which evaluates the relation between
sample mean and variance through the formula: I =
s*/ x, where $* = variance; x = arithmetic mean.
Goodness-of-fit was tested by (Krebs, 1989): > =1
(n-1), where e =
chi-squared calculated; I = dispersion index;
n=number of sample units.

Data fitting to Negative Binomial were tested by
the U test of Mann-Whitney, which considers the
difference between the estimated variance of the
sample in relation to variance expected in a Negative
Binomial, according to the formula: U= s? - (x+x 2/
k), where k = index of dispersion of the Negative
Binomial (Elliot, 1983). The acceptance of fitting of
the Negative Binomial was calculated by the standard
error of U (SE(U)), through the equation:

o o[, ]

a=x/k; b= 1+a; c= {ba*/ [b(log b)-a] > } {b+% —
(X+b) }

The dispersion indexes were calculated through
Taylor’s Power Law and the Dispersion Index of
Iwao. Taylor’s Power Law expresses the relation
between variance (s?) and mean (X). The linear
regression between the mean and variances of the
data series was calculated using transformed data:
log (x+1) and log (s*+1) respectively. Through this
way, we obtained the values of b and log a from
the regression line: log y = bx + log a, where a is
the function of the sample size, and b is the index
of aggregation that describes a continuous gradient
of distributions (Elliot, 1983). Iwao Regression
relates the accumulated mean (X*=x+[(s¥X) - 1])
and the mean (X), using the linear regression: x=
Bx+a. The intercept (o) is the basic aggregation
index and the inclination of the line (B) gives the
aggregation coefficient. (Elliot, 1983)

Vertical distribution, intraplant, and in different
plant structures, of adults was tested by the y? test.

The software Microsoft Excel 7.0 and Bioestat
2.0 were used for calculations.

RESULTS AND DISCUSSION

In the inspections realized, in 107 of them,
individuals were registered, however in only 62 of
them 8 or more adults of C. nigroannulatus were
registered. In those sampling occasions (Table 1),
spatial distribution was better described by Poisson
model (58.06%). This mainly random spatial
distribution, seems to reflect the predator behavior,
which tries to distribute all over the area, searching
for preys. It should be pointed that the main prey
of C. nigroannulatus (nymphs of S.dentiventris)
presents an aggregated distribution pattern (Canto-
Silva, 1999). In fact, along the present experiment
it was observed the existence of nymphs’
aggregates of S. dentiventris in certain plants.
Despite of this, adults of C. nigroannulatus did not
concentrate in these places. This kind of pattern
could be expected because predators and preys
show different spatial scales for habitat occupation.
According to Roos et al. (1998) prey usually occur
in patches and migrate few between them,
otherwise predators generally are distributed
homogeneously among the patches and shows a
foraging behavior in a large scale and also great
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dispersion. Besides this aspect, the registered
pattern may be a consequence of the high mobility
presented by individuals of this predatory species.

Mean values of k, close to zero, indicate a strong
aggregation in those occasions fitted to the
Negative Binomial distribution. In the first
generation, although most of the data adjusted to
the Negative Binomial (57.14%), a mean k value
higher than the others indicates a weaker
aggregation, in other words, the clumps are small
or with a low number of individuals. This
dispersion pattern becomes clear when further tests
are presented.

Spatial distribution patterns observed in C.
nigroannulatus were similar to those found in other
predatory insects. Funderburk & Mack (1989)
working with damsel bugs registered random
distributions in most occasions. The aggregated
pattern was found in only 25% of sampling
occasions. In the same way, the spatial pattern of
adults of two Orius species was random in an
experiment carried out by Shipp et al. (1992) in
sweet pepper grown in greenhouses. Ruf & Kehr
(1995), studying the spatial distribution of
Pelocoris (P.) binotulatus nigriculus Berg in lake
shores, in Argentina, registered a random pattern
in 64% of sampling occasions.

In those occasions when the spatial distribution
fitted the Negative Binomial, revealing an
aggregated pattern, it seems to be strongly
connected to the reproductive behavior of the
species. Groot (2000) comments that many
“heteropteran” produce sexual pheromones to
attract individuals of the opposite sex, which act at
long distances. In pentatomids the emission of
acoustic signals to attract a partner at shorter
distances has been registered (Tood, 1989). In the
present study, 87% of the cases when -two
individuals were found in the same plant, they were
of different sexes. In plants where three or four
individuals were found, there were one female and
two or three males, indicating a probable
competition for mating. Waters (1959) considers
that the reproductive behavior may cause an
aggregated pattern in the population.

Figure 1 presents a graphic representation of
some sampling days. The visual analysis of this
representation seems to indicate a random
distribution in all occasions. However, on
December 13™ 1999, December 29" 1999, January

12* 2000, and March 27" 2000 the data adjusted
to the Negative Binomial distribution. It should be
observed (Fig. 1), that aggregates are small (two
or three individuals), which reinforces the idea that
this pattern depend on sex of aggregated
individuals.

Another important aspect is that, although we
have not computed data of the immature phase, we
observed that nymphs, including the first instars
presented a great mobility. In several occasions,
we observed that nymphs of the same eggs batches
did not remain in the plant they came from. Brewe
& Story (1987) considered that the increasing
randomness during the development could be due
to a greater dispersion ability of the final phases.
In this sense, rarely we registered the recruitment
of two or more adult individuals in the same plant
and in the same occasion. This reinforces the
assumption that clumps are not large.

The B value (B= 1.1624) obtained for adults of
C. nigroannulatus, by the Iwao regression (Fig. 2a)
was not significantly higher than 1 (t=0.27; df=61;
P>0.05). This value and the low value of the
determination coefficient (r’=0.06) indicate that
there is no aggregation, and the individuals are
distributed at random. In the same way, a low
coefficient of determination points that there is
not much fitting of data in the line, evidenced by
the great dispersion of points in relation to the line.
These results corroborate those obtained by the
fitting of mathematical models of distribution (see
Table 1), since most of the times, distribution of
adults of C. nigroannulatus followed a random
pattern.

The estimated value for b (b = 1.18) of Taylor
regression for the whole sampling period was
significantly higher than 1 (t = 4.12; df = 61;
P<0.05) and the coefficient of determination value
was high (r* = 0.92), indicating a good data fit (Fig.
2 b). The b value is close to 1, indicating a weak
aggregated in most of densities. Zhang ez al. (1994)
found a similar result when studying the spatial
distribution of the predator O. similis registering a
pattern close to random but with a weak
aggregation, since the b index was equal to 1.05
and very close to 1.

When each. generation is compared
independently, values of b obtained through the
Taylor regression were not significantly higher than
1 (colonizing generation: b = 0.6045; r = 0.297; (t
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-1.47; df= 13; P>0.05)); (first generation: b =
1.19; r = 0.8879; (t=1.58; df= 13; P>0.05)) and
(second generation: b = 1.09; r=0.8641 (t=1.24; df=
33; P>0.05)) (Fig. 3 a, b and ¢). In this case, the
mathematical effect upon the Standard Error of
each generation possibly results in this difference.
The fact that separated generations show not-
aggregated distributions strengthens the idea that,
for the whole period, the aggregation is weak.

In relation to intraplant distribution (vertical
stratum), in the period corresponding to the
colonizing generation, plants do not allow a clear
distinction among strata, therefore this generation
is not considered in this analysis. Data of the first
and second generations show significant difference
among different strata (%*=140.07; df=10; P=0.05).
In the period corresponding to the second
generation in the area and to the senescence of
plants (from the end of March ) the higher
concentration of individuals occurred in the apical
third of the plant. This register may be reflecting
that, in many plants, only leaves of the apical third
have conditions for housing preys and therefore to

attract predators to this region (FEALQ, 1992;
Gallo el al., 2002).

The distribution was not random with respect
to the structure of plants (%*=50.31; df=15; P<0.05).
The adaxial surface of leaves presented the highest
number of individuals at all periods relative to the
stem and abaxial surface of leaves. The preference
for the adaxial leaf surface may be due to the fact,
among others, this place provides individuals a
wider visualization field of their preys as well as
make it easier to start a flight.

The characteristics of spatial distribution of C.
nigroannulatus, indicate that this predator covers
efficiently the whole area and, consequently make
a good use of the available resources. This aspect
is important from the agricultural point of view and
strengthens the hypothesis that this species may
be useful in biological control programs.
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Generation  Total Poisson Neg bin. Mean k
number of
sampling n° % n’ %
occasion
Colonizing 14 7 50 7 50 0.133
Ist 14 6 42.86 8 57.14 0.431
2nd 34 23 67.65 11 32.35 0.77
Total 62 36 58.06 26 41.94 0.286

Table 1 - Number of sampling occasions where Cosmoclopius nigroannulatus adults’ spatial
distribution was evaluated, number and percentage of occasions in which distribution adjusted to
Poisson and Negative Binomial and mean values of aggregation index k of Negative Binomial.
Porto Alegre (30°01°S 51° 13' W), RS. (9/19/99 to 4/5/00).
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Figure 1. Representative diagram of tobacco experimental plot with the spatial distribution of Cosmoclopius nigroannulatus
adults by plant, registered in 9 different sampling occasions. Porto Alegre (30 01°S 51 13' W), RS.
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Figure 3. Regression between the mean number of adults of Cosmoclopius nigroannulatus in a plant by its variance for

each sampling occasion, according to the Taylor Power Law, colonizing generation (a) first generation (b) and second
generation (c). Porto Alegre (30°01°S 51° 13' W), RS. (9/19/99 to 4/5/00).
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