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ABSTRACT: Interspecific competitions are important mechanisms in structuring ecological communities, including agroecosystems, in
which different species may share the same food resource. In melons, two major pests coexist in time and space, Liriomyza sativae Blanchard
(Diptera: Agromyzidae) and Bemisia tabaci (Gennadius) (Hemiptera: Aleyrodidae). The former feeds on the leaf mesophyll, while the
latter on the phloem sap. Therefore, the same niche exploitation can trigger interactive processes between both populations. The present
research aimed to determine if there are positive or negative interactions between whiteflies and leafminers under field conditions. The
experiment was conducted in four commercial melon fields in northeast Brazil in two planting seasons. Thirty random plants were weekly
selected for detection of whitefly nymphs and leafminer larvae throughout the entire crop cycle. The data was organized and analyzed
considering the species abundance of L. sativae (larvae) and B. tabaci (nymphs and adults) in the same plant. Thus, the coabundance of
species was investigated by using regressions with Poisson errors. The results suggest different fractions of negative, positive and neutral
(not significant relationships) coabundance between the two species. Among 34 significant interactions, 56% were negative, suggesting
that more than half of significant interactions are due to interspecific competition with negative coabundance.
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INTRODUCTION

Interspecific interactions between populations of organisms describe relationships capable of regulating patterns of
distribution, abundance and species diversity within ecological communities (Kaplan et al. 2011). Particularly, competition
could be defined as a reduction in the survival rate of a particular species, affecting its population growth through interference
from another or even by resource competition, in which an organism is displaced by a more aggressive one (Begon et al.
2005). Strategies are also used by species to coexist and avoid competition, such as niche segregation and spatial or temporal
resource partitioning (Chesson 2000; Di Bitetti et al. 2009).

Co-occurrence patterns have been a central concern in community ecology, particularly to investigate segregation
and/or grouping in animal communities (Gotelli 2000). However, this approach is characterized particularly by analysis of
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presence—absence matrices with “null model” randomization tests (Gotelli 2000), structure that does not allow considering
the abundance of species, an important aspect to evaluate interactive processes in local scale (Brodie et al. 2018).

Bemisia tabaci (Gennadius) and Liriomyza sativae Blanchard are the main pests of melon in northeast Brazil (Chagas et al.
2019). The whitefly nymphs and adults feed by inserting their mouthpieces in the leaf and sucking the phloem sap
(Jahan et al. 2014), while the leafminer larvae use their mouth hooks to feed in the mesophyll inside the leaves (Wei et al.
2000). The leafminer larvae and whitefly nymphs occur mainly on the basal and medium leaves of the melon’s branch
(Chagas et al. 2019). Therefore, both species coexist by feeding on the melon plants and their damage results in large
economic losses in this agroecosystem (Baldin et al. 2012; Costa-Lima et al. 2019).

In tomatoes, B. tabaci infestation modifies the expression of proteins that may exert influence on other herbivores (Mayer et al.
2002). Field and laboratory studies showed that B. tabaci has a negative impact on the biological parameters of Liriomyza trifolii
Burgess in tomatoes (Inbar et al. 1999). A similar result was obtained in cucumber and pumpkin plants infested with B. tabaci,
in which the biological performance of L. sativae was low when compared to plants free from whiteflies (Zhang et al. 2005).

Melon crops in Brazilian semi-arid region becomes perfect models to test open field interactions, because whiteflies and
leafminers are major pests of this crop, exploiting the same niche. Thus, the present research aimed to determine if there
are positive or negative interactions between L. sativae and B. tabaci under field conditions.

MATERIAL AND METHODS

The study was conducted in Floresta, Pernambuco (PE), located in the semi-arid region of northeast Brazil. The city
has a BSw’l’ climate (very warm, semi-arid, steppe type), according to the Képpen classification, and 4aTh (warm tropical
with severe drought) according to the Guassen classification (Jacomine et al. 1973).

Surveys were conducted in four commercial melon fields during two different periods. The first was from August to
September 0of 2015 (A1 and A2) and the second was from March to May of 2016 (B1 and B2). The geographical coordinates
of the studied areas were Al (8°47°14,1”S and 38°34°54,7”W), A2 (8°36’49,9”S and 38° 35’ 00,2”W), B1 (8°38’16,5”S and
38°34°30,6”W) and B2 (8°39°09,4”S and 38°36’53,8"W).

The studied fields ranged from 0.7 to 1.3 ha, all cultivated with yellow type melons. The crop was established with
seeds, drip irrigation and without plastic mulching. In general, the fertilizer foundation was made with NPK (6-24-12).
Other information about the crop management can be found in Table 1. In field A1, the phytosanitary measures were
conducted until the fourth week. However, monitoring proceeded until the tenth week, when fruits were at harvest point.

The samplings were carried out weekly during the entire crop cycle. Eight to 10 samplings were done in each field, according
to the harvest period. In each sampling, a total of 30 plants were randomly selected in each field and the tenth leaf (counted
from the apex) was detached. The number of B. tabaci nymphs and L. sativae larvae were recorded. For the whiteflies, a 5 cm?
area was focused with a hand lens (10x), in the leaf lower margin close to the midrib. Only fourth instar nymphs (red-eye
presence) were registered. For L. sativae, live larvae (yellow colored) inside the mines in the entire leaf area were recorded.
For the B. tabaci adults count, the melon apex branch (third leaf from the apex) was sampled on the leaf abaxial side.

Table 1. Melon crop management information about the four fields used in the experiments, Floresta (PE), Brazil.

Field ha Variety and spacing Phytosanitary control Nearby crops
Al 13 Gladial, Cartap + sugar and methomyl Tomato (5.5 ha), watermelon (1.0 ha), onion
i 20x03m 3 applications (weeks 1to 3) (1.5 ha) and melon (9.5 ha).
A2 12 10/00, Methomyl + Iambc.la-c'yhalothrm (weekly Melon (11 ha).
22x03m applications)
Gladial, Acetamiprid + acephate + cypermethrin +
Bl 10 15x0.3m abamectin. (weekly applications) Tomato (5.0 ha) and melon (3.0 ha).
Gladial, Acetamiprid
B2 0.7 15x02m (weekly applications) Melon (1.0 ha)
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The Shapiro-Wilk test was used to evaluate the normality of errors, with results suggesting the data does not follow a
normal distribution. Therefore, generalized linear models (GLM) with a Poisson distribution of errors were used to analyze
the influence of L. sativae larvae on B. tabaci nymphs or adults and vice-versa. This was done because the interest of this
research was to explore the bidirectional relationship between the two insect species. For this reason, to investigate the
negative, positive or neutral (not significant) coabundance, L. sativae and B. tabaci (nymphs or adults) were established both
as dependent and independent variables. The statistical significance was evaluated with p < 0.05. The regression coefficient
was used to estimate the positive or negative coabundance between species. Regression coeflicients have been regularly
used as a competition coefficient in several studies, emphasizing interspecific interaction and evidencing the competitive
abilities of organisms (Hallett and Pimm 1979; Luo et al. 1998; Hart et al. 2018).

RESULTS AND DISCUSSION

Results show three relationship scenarios estimating coabundance patterns between L. sativae and B. tabaci (nymphs or
adults) by using Poisson regression coefficients: neutral, positive and negative coabundance. The neutral pattern indicates
no relationship between species (Tables 2 to 5), positive coabundance reveals an increasing trend between species (Fig. 1)

Table 2. Association between L. sativae (larvae) and B. tabaci (nymphs and adults) in melon field A1, June to August 2015, Floresta, Brazil.

Week Interaction Coabundance effect
1 L. sativae x B. tabaci (nymph) ns
L. sativae x B. tabaci (adult) -0.14 (p =5e-02)
5 L. sativae x B. tabaci (nymph) ns
L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) 0.67 (p=1.29e-12)
3 L. sativae x B. tabaci (nymph) 0.674 (p=1.3e-12)
L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
4 L. sativae x B. tabaci (adult) 0.04 (p=4.3e-05)
L. sativae x B. tabaci (adult) 0.01 (p =1e-02)
L. sativae x B. tabaci (nymph) 0.09 (p =2e-16)
5 L. sativae x B. tabaci (nymph) 0.087 (p =2e-16)
L. sativae x B. tabaci (adult) ns
6 L. sativae x B. tabaci (nymph) ns
L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) 0.057 (p = 2e-16)
; L. sativae x B. tabaci (nymph) 0.06 (p =2e-16)
L. sativae x B. tabaci (adult) -0.04 (p =9e-07)
L. sativae x B. tabaci (adult) -0.02 (p =3e-03)
L. sativae x B. tabaci (nymph) ns
8 L. sativae x B. tabaci (adult) -0.03 (p = 6.6e-05)
L. sativae x B. tabaci (adult) -0.01(p=1e-02)
L. sativae x B. tabaci (nymph) 0.019 (p 2e-16)
9 L. sativae x B. tabaci (nymph) 0.02 (p 2e-16)
L. sativae x B. tabaci (adult) -0.009 (p =5e-03)
L. sativae x B. tabaci (adult) -0.02 (p =2.34e-05)
L. sativae x B. tabaci (nymph) 0.025 (p=1.12e-05)
10 L. sativae x B. tabaci (nymph) 0.012 (p =1.56e-03)

L. sativae x B. tabaci (adult)

ns

*Boldface = species causing competitive effect. ns = not significant.
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Table 3. Association between L. sativae (larvae) and B. tabaci (nymphs and adults) in melon field A2, June to August 2015, Floresta, Brazil.

Week Interaction Coabundance effect
L. sativae x B. tabaci (nymph) ns
! L. sativae x B. tabaci (adult) ns
5 L. sativae x B. tabaci (nymph) ns
L. sativae x B. tabaci (adult) -0.24 (p=1.8e-02)
L. sativae x B. tabaci (nymph) ns
3 L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
! L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
> L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
° L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) -0.10 (p =5.52e-08)
7 L. sativae x B. tabaci (nymph) -0.014 (p =5e-02)
L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) 0.04 (p =4e-03)
8 L. sativae x B. tabaci (adult) ns
9 L. sativae x B. tabaci (adult) -0.09 (p =4.56e-05)

L. sativae x B. tabaci (adult)

-0.03 (p =2e-02)

*Boldface = species causing competitive effect. ns = not significant.

Table 4. Association between L. sativae (larvae) and B. tabaci (nymphs and adults) in melon field B1, March to May 2016, Floresta, Brazil.

Week Interaction Coabundance effect
L. sativae x B. tabaci (nymph) ns
! L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) -0.34 (p =5.9e-07)
2 L. sativae x B. tabaci (adult) 0.20 (p =2.8e-09)
L. sativae x B. tabaci (adult) 0.04 (p =4e-03)
L. sativae x B. tabaci (nymph) ns
3 L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
‘ L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
> L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
° L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
’ L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
8

L. sativae x B. tabaci (adult)
L. sativae x B. tabaci (adult)

-0.14 (p=1.41e-06)
-0.03 (p =3e-02)

*Boldface = species causing competitive effect. ns = not significant.
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Table 5. Association between Liriomyza sativae (larvae) and Bemisia tabaci (nymphs and adults) in melon field B1, March to May 2016,
Floresta, Brazil.

Week Interaction Coabundance effect
L. sativae x B. tabaci (nymph) ns
' L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
? L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
’ L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
! L. sativae x B. tabaci (adult) -0.08 (p=10.05)
L. sativae x B. tabaci (nymph) ns
5 L. sativae x B. tabaci (adult) -0.18 (p =3.43e-05)
L. sativae x B. tabaci (adult) -0.07 (p =2e-02)
L. sativae x B. tabaci (nymph) -0.10 (p=1e-03)
° L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
! L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
’ L. sativae x B. tabaci (adult) ns
L. sativae x B. tabaci (nymph) ns
° L. sativae x B. tabaci (adult) ns

*Boldface = species causing competitive effect. ns = not significant.
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Figure 1. Influence of L. sativae larvae on B. tabaci nymphs indicating positive coabundance from collections obtained in melon field A1,
August 27,2015.
and the negative shows a decreasing trend between species (Fig. 2). In the current study, it was chosen to present just two
figures to illustrate these relationships between species, since the graphs represent the several other analyzed interactions
very well. Tables 2 to 5 show the significance of the coabundance between the two species, as well as the coabundance effect
given by the Poisson regression coeflicient in four different fields described in Table 1.
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In field A1 with among 29 interactions, 10 exhibited an absence of significance between dependent and independent
variables (Table 2). Twelve interactions exhibited a positive coabundance between L. sativae and B. tabaci, with 10 showing
leafminers versus whitefly nymphs and two for L. sativae and B. tabaci adults (Table 2). Seven interactions showed a negative
coabundance in field A1 and, among them, just one exhibited unidirectional negative impact on the other competitor (Table 2).

Among 19 interactions were observed in field A2, 13 of them exhibited not significant coabundance, one showed a positive
interaction between L. sativae and nymphs and five indicated negative interactions, with three involving adults of B. tabaci and
two showing interactions with nymphs (Table 3). Only one negative coabundance took place in a unidirectional way (Table 3).

In field B1 there were among 18 interactions, 13 were not significant, two positives and three negatives (Table 4).
The positive ones occurred between L. sativae and B. tabaci adults. For the negatives, two involved whiteflies adults and
one for the nymphs (Table 4) and one of them exhibited a unidirectional interaction (Table 4). In B2 there were among 19
interactions, 15 were not significant, four exhibited a negative coabundance and none were positive (Table 5). Among the
negative interactions, just one was observed involving nymphs of B. tabaci, while the other three involved interactions
between L. sativae and B. tabaci adults (Table 5).

The results suggest the occurrence of negative, positive and neutral coabundance between the two species. The negative
coabundance indicates the occurrence of interspecific competition, while the positive relationships suggest no competition.
Among 85 interactions were investigated, 19 were negative, 15 were positive and 51 were not significant or neutral.
Among the 34 significant interactions, 56% were negative, suggesting that more than half of the significant interactions
are due to interspecific competition. The results obtained indicate that competition can occur between L. sativae and
B. tabaci in melon crops in the studied conditions. Based on the Poisson regressions, only 22% of the interactions suggest
the occurrence of competition with negative effect, 18% indicates the existence of positive interactions and 60% are neutral
interactions. Negative coabundance comes from the ability of a species to negatively impact its competitor by consuming
the shared resources in an uneven way and, in this study; it is represented by the significant negative regression slope value
(Crowell and Pimm 1976; Hallett and Pimm 1979; Luo et al. 1998). Positive coabundance comes from the ability of two
species to use shared resources without causing a negative impact into each other and, in this study, it was indicated by a
positive slope value. In neutral coabundance, species are totally independent of each other and is currently determined by
the absence of significance between the species abundances.

Although the two species have distinct feeding behavior, both share the same host plant, coexisting in time and space,
increasing the likelihood of competition (Schoener 1974; Connell 1980). Among the 19 negative effects, 11 were caused by
L. sativae and eight by B. tabaci. Although results indicate a slight advantage for L. sativae, the difference between the number
of negative effects among the two species is not high. In tomatoes, a reduction in L. trifolii oviposition, feeding puncture and
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Figure 2. Influence of L. sativae larvae on B. tabaci adults indicating negative coabundance from collections obtained in melon field Al,
August 13, 2015.
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larval viability was observed in plants previously infested with B. fabaci, whereas this effect did not occur in the reverse order
(Inbar et al. 1999). Negative effects on L. sativae were also observed in pumpkin and cucumber previously infested with B. tabaci,
which reduced the number of mines number and the weight of fly pupae (Zhang et al. 2005). Defense mechanisms of plants,
triggered by the insects feeding, may be involved in these cases. It has been observed that tomato plants infested with B. tabaci
and L. trifolii produce proteins related to the pathogenesis (PR-proteins), some restricted to the feeding site, others in a systemic
way (Inbar and Gerling 2008). These proteins, such as chitinases, B-1,3-glucanase and peroxidases, may express insecticidal
and antimicrobial activity (Mayer et al. 2002). However, these proteins or secondary plant metabolites are usually not found in
the phloem, making chewing insects more susceptible to these compounds compared to sucking insects (Zhang et al. 2005).
Also, the whiteflies secrete a viscous saliva that forms a sheath that lubricates the stylet pathway and protects against these
compounds when penetrating the plant (Mayer et al. 2002). Thus, B. tabaci can induce plant defenses without being affected,
overcoming other herbivores in competition (Mayer et al. 1996, 2002). Considering the PR-proteins expression, these are
generally more intense at the site where the injury occurred immediately after feeding (Karban and Baldwin 1997). In melon
plants, L. sativae larvae and B. tabaci more developed nymphs occur predominantly in the branch middle region (Chagas et al.
2019). Therefore, the whitefly may trigger more intense plant defense responses at the feeding site and possibly interferes in the
leafminers’ development. On the other hand, a recent study identified a protein (Bt56) inserted by B. tabaci in tobacco plants
that elicits the salicylic acid signaling pathway and, consequently, suppresses the effective jasmonic acid defenses (Xu et al. 2019).

The current results clearly show a higher number of interactions taking place in A1l than other fields, in addition to a
lower number of non-significant interactions. Field A1 had phytosanitary measures applied only during the first four weeks,
while the other melon fields had a weekly use of insecticides. Thus, a higher number of each pest was observed, mainly
L. sativae. Consequently, the probability of finding B. tabaci also increased.

CONCLUSION
Most interactions between L. sativae and B. tabaci in melon crops in the Brazilian semi-arid region are neutral. Among

the significant interactions most are negative, suggesting that these interactions are due to interspecific competition with
negative coabundance.
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