" BioOne COMPLETE

Diversity and Abundance of Edaphic Arthropods Associated with
Conventional and Organic Sugarcane Crops in Brazil

Authors: Luan Alberto Odorizzi dos Santos, Natalia Naranjo-Guevara, and Odair Aparecido
Fernandes

Source: Florida Entomologist, 100(1) : 134-144

Published By: Florida Entomological Society

URL: https://doi.org/10.1653/024.100.0119

BioOne Complete (complete.BioOne.org) is a full-text database of 200 subscribed and open-access
titles in the biological, ecological, and environmental sciences published by nonprofit societies,
associations, museums, institutions, and presses.

Your use of this PDF, the BioOne Complete website, and all posted and associated content indicates
your acceptance of BioOne’s Terms of Use, available at www.bioone.org/terms-of-use.

Usage of BioOne Complete content is strictly limited to personal, educational, and non-commercial use.
Commercial inquiries or rights and permissions requests should be directed to the individual publisher
as copyright holder.

BioOne sees sustainable scholarly publishing as an inherently collaborative enterprise connecting authors, nonprofit
publishers, academic institutions, research libraries, and research funders in the common goal of maximizing access to critical
research.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 29 May 2019
Terms of Use: https://bioone.org/terms-of-use



Diversity and abundance of edaphic arthropods
associated with conventional and organic sugarcane
crops in Brazil

Luan Alberto Odorizzi dos Santos, Natalia Naranjo-Guevara,
and Odair Aparecido Fernandes’

Abstract

Although studies have shown enhancement of insects, birds, and plants in organically managed agroecosystems, information on arthropod diver-
sity and abundance in conventional and organic sugarcane farms is scarce. This research was conducted to analyze and compare the diversity and
abundance of edaphic arthropods in organic and conventional sugarcane by using pitfall traps. The study was conducted during 2 growing seasons
in Jaboticabal, Sdo Paulo, Brazil. In total, 13,244 individuals belonging to 190 morphospecies were collected. In the conventional system, 4,964
specimens were collected, representing 122 morphospecies distributed in 15 orders and 50 families. In the organic system, 8,280 individuals were
captured, representing 142 morphospecies in 13 orders and 45 families. Ants of the genera Pheidole Westwood, Dorymyrmex Mayr, Camponotus
Mayr, and Crematogaster Lund (Hymenoptera: Formicidae) were predominant. Higher abundance and richness of arthropods (especially predators
and omnivores) were found in the organic than the conventional system, which could be important in regulating key pests of sugarcane. Our results
show that the organic management in sugarcane increased the abundance and diversity of arthropods.

Key Words: community; conservation biological control; environmental disturbance; functional group

Resumo

Embora estudos ja tenham mostrado que ha incremento de insetos, passaros e plantas em agroecossistemas manejados organicamente, informa-
¢do sobre diversidade e abundancia de artrépodes em plantios organicos e convencionais de cana-de-aglcar € rara. Este trabalho foi realizado para
analisar e comparar a diversidade e abundancia de artrépodes edaficos em cana-de-aguicar convencional e organica utilizando armadilhas pitfall.
O estudo foi conduzido durante duas safras de cana-de-aglcar em Jaboticabal, Sdo Paulo, Brasil. Foram coletados 13244 individuos pertencentes a
190 morfo-espécies. No sistema convencional 4964 espécimens foram coletados e representaram 122 morfo-espécies, distribuidos em 15 ordens e
50 familias. No sistema organico, 8280 individuos foram capturados, correspondendo a 142 morfoespécies, distribuidos em 13 ordens e 45 familias.
Formigas dos géneros Pheidole Westwood, Dorymyrmex Mayr, Camponotus Mayr e Crematogaster Lund (Hymenoptera: Formicidae) foram predomi-
nantes. Maior abundancia e riqueza de artrépodes (especialmente predadores e onivoros) foram encontradas no sistema orgdnico em comparagdo
ao sistema convencional e poderiam ser importantes para a regulagdo de pragas chaves da cana-de-agucar. Os resultados mostram que o manejo
organico em cana-de-agucar aumentou a abundancia e diversidade de artropodes.

Palavras Chave: comunidade; controle bioldgico conservativo; disturbio ambiental; grupo funcional

Conventional agriculture has often caused the simplification of
agricultural landscapes, mainly due to the establishment of monocul-
tures (Pogue & Schnell 2001). These simplified agricultural practices
and overuse of insecticides can lead to a reduction in biodiversity (But-
ler et al. 2007), and thus the reduction of ecological services. On the
other hand, with the increase of organic farming, conservative biologi-
cal control is also expected to increase due to the reduction in pesticide
use and land management, which in turn enhance survival, fecundity,
efficiency, longevity, and maintenance of natural enemies of arthropod
pests (Eilenberg et al. 2001; Landis et al. 2005).

Current agricultural system management can be characterized by
frequent and intense disturbances, which are unfavorable for conser-
vation of natural enemies (Letourneau 1998). Thus, development and
maintenance of an ecological infrastructure to provide food resources,

shelter, and alternative prey and hosts are the basis of environmental
management. Consequently, it is possible to expand natural biological
control by preserving and increasing existing populations of beneficial
arthropods in crops (Gurr et al. 2000; Landis et al. 2000; Wilkinson &
Landis 2005).

Environmental problems associated with conventional sugarcane
agriculture due to the use of fire prior to harvest (forbidden in certain
Brazilian regions since 2014), and use of pesticides, are well document-
ed (Nunes et al. 2006). However, few studies have characterized the
soil-dwelling arthropods that could be affected by these disturbances
in sugarcane agroecosystems (Castelo Branco et al. 2010; Pasqualin et.
2012; Abreu et al. 2014). Consequently, the objective of this work was
to analyze and compare the diversity and abundance of edaphic ar-
thropods in conventional and organic sugarcane fields.
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Materials and Methods

CHARACTERIZATION OF THE AREA

The experiment was conducted in 2 sugarcane areas in Jaboticabal
municipality, Sdo Paulo, Brazil. The sugarcane variety RB5536 was used
in each of 2 seasons. Each area was about 10 ha. In the conventional
field (21.1978°S, 48.2897°W, altitude 589 m), agricultural practices
included pre-harvest burning and herbicide use for weed control but
no insecticide application. In the organic field (21.1858°S, 48.2450°W;
altitude 623m), sugarcane has been harvested without burning for
about 10 yr (green cane) and grown without use of any pesticide. In the
1st growing season (2011/2012, 7th ratoon), the experiment started
when plants were in the 4th month of development, whereas in the
2nd growing season (2012/2013, 8th ratoon), the experiment started

just after harvest.

COLLECTION METHOD

In each plot, 3 parallel transects distanced 10 m apart from each
other were established. Five pitfall traps (700 mL plastic cups buried
and adjusted to ground level) were installed every 10 m on each tran-
sect, with the 1st trap installed 20 m from the edge of the plot. The
traps received 100 mL of solution (98 mL water + 2 mL detergent) to

prevent captured arthropods from escaping.

Sample collections began 24 h after installation of traps to reduce
the effect of disturbance caused by soil excavation and trap installation
(Aradjo et al. 2005). The traps remained for 48 h in the experimental
areas. Collected arthropods were taken to the laboratory for sorting
and identification. Fifteen monthly collections were conducted during
the 2011/2012 (Dec 2011 to May 2012) and 2012/2013 (Oct 2012 to

Mar 2013) growing seasons.

IDENTIFICATION OF COLLECTED ARTHROPODS

The arachnids were sent to Instituto Butantan (Sdo Paulo, Brazil) for
identification. The other arthropods collected were identified to low-
est possible taxonomic level by using specialized literature (Loureiro &
Queiroz 1990; Borror et al. 1992; Baccaro 2006; Suguituru et al. 2015).
Unidentified species were differentiated into morphospecies (Oliver &

Beattie 1996).
DATA ANALYSES

Data were analyzed using the software ANAFAU (Moraes & Haddad
2003), and the faunistic indices dominance, abundance, frequency,
and constancy were obtained for each system. Moreover, the program
performs residual analysis of discrepant data that can be classified into
exclusive categories known as super-dominant, super-abundant, and
super-frequent. The dominance was calculated by the equation DL = (1
/S) x 100, where DL = dominance limit and S = total number of species
per sample. The abundance was calculated using the standard devia-
tion and confidence interval of the arithmetic mean at 1 and 5% prob-
abilities. For frequency, the equation F = (n / N) x 100 was adopted,
where F = frequency (%), n = number of specimens of each species
collected, and N = total number of specimens of the collected species.
For constancy, the equation C = (P / N) x 100 was used, where C = con-
stancy, P = number of samples containing the species, N = total number

of samples collected (Silveira Neto et al. 1976).

Diversity was assessed using the species diversity indices of Shan-
non-Wiener (H’) and Margalef (o). The equitability index (E) was calcu-
lated to evaluate the uniformity of the captures and how the individu-
als are distributed in the sample, using the ANAFAU software (Moraes
& Haddad 2003). The similarity index assessed the number of species

shared between the 2 cropping systems.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 29 May 2019
Terms of Use: https://bioone.org/terms-of-use

135

To estimate the total species richness for each system, the soft-
ware EstimateS” 9.1 was used to generate species accumulation curves
and to compare the conventional and organic system (Colwell 2006).
Samples were randomized 100 times, without replacement, using the
non-parametric estimator first order Jackknife (Jack 1), which uses the
number of unique species or species occurring only once in a sample
to produce richness estimates (Heltshe & Forrester 1983). Also, prin-
cipal component analysis (STATISTICA, StatSoft, Inc., Tulsa, Oklahoma)
was performed separately on the collection from each month. Thus,
15 samples (= months of evaluation) were used in the analysis for each
area.

Results

ARTHROPOD RICHNESS AND ECOLOGICAL ANALYSIS

In total, 13,244 individuals belonging to 190 morphospecies were
collected in sugarcane. The number of individuals collected during the
2 growing seasons in the conventional system was 4,964 (37.48%), and
was represented by 122 morphospecies distributed in 15 orders and
50 families. In the organic system, 8,280 individuals (62.52%) were
captured, corresponding to 142 morphospecies in 13 orders and 45
families (Table 1). The number of individuals collected in the organic
crop was 66.8% higher, although the numbers of taxonomic orders and
families observed were slightly lower than in the conventional crop.

The Shannon—Wiener index (H’), used to estimate the diversity of
arthropods considering the uniformity of abundance of species, was
2.3 for the conventional system and 2.5 for the organic system (Ta-
ble 1). The Margalef index (a), calculated by the number of species
and the logarithm of the total number of individuals, was 14.1 for the
conventional system and 17.1 for the organic system. The equitability
or uniformity parameter, which varies from 0 to 1 (the closer to 1 the
greater the equality of species abundance), was approximately 0.49 for
both production systems, suggesting that the arthropod community
sampled tends to coexist in both systems with some dominance of cer-
tain species. The similarity between the areas was 0.687.

FAUNISTIC ANALYSIS

Dominance

In total, 2 and 17 morphospecies in the conventional system and
4 and 30 morphospecies in the organic system were observed to be
super-dominant and dominant, respectively (Table 2). The number of
non-dominant species was about 7% lower for the conventional sys-
tem (103 morphospecies) in comparison with the organic system (108
morphospecies) (Table 2).

Among the 43 super-dominant and dominant morphospecies,
which represented 23.5% of the total number of morphospecies, 10
(23.3% of the super-dominant and dominant) were collected in both
systems. The numbers of individuals of the dominant and non-dom-
inant morphospecies were 1,577 and 367 (conventional system) and
1,825 and 345 (organic system), respectively. However, the number
of individuals of the super-dominant morphospecies in the organic
system (6,110) was twice that observed in the conventional system
(3,020) (Table 2).

Ants (Hymenoptera: Formicidae) of the genera Pheidole West-
wood and Dorymyrmex Mayr collected in the conventional system
were super-dominant morphospecies whereas Camponotus Mayr and
Crematogaster Lund were considered dominant. On the other hand,
these 4 genera were super-dominant in the organic system. Super-
dominant species are native species that behave as invaders in a dis-
turbed environment (Silva-Mattos & Pivello 2009). Other ant genera
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Table 2. Distribution of morphospecies in relation to faunistic indices of dominance, abundance, frequency, and constancy captured in pitfall traps in conventional

and organic sugarcane systems in Brazil (2011/12 and 2012/13 growing seasons).

No. of morphospecies (%)

Total no. of individuals (%)

Faunistic index Classification Conventional Organic Conventional Organic
Dominance SD 2(1.6) 4(2.8) 3,020 (60.84) 6,110 (73.8)
D 17 (14) 30(21.2) 1,577 (31.76) 1,825 (22.04)
ND 103 (84.4) 108 (76) 367 (7.4) 345 (4.16)
Abundance SA 2(1.65) 4(2.8) 3,020 (60.84) 6,110 (73.8)
VA 11(9.1) 19 (13.4) 1,450 (29.21) 1,598 (19.3)
A 2(1.6) 5(3.5) 51(1.03) 114 (1.38)
C 16 (13.2) 19 (13.4) 218 (4.39) 238 (2.87)
D 7(5.7) 9(6.3) 53(1.07) 60 (0.72)
R 84 (68.8) 86 (60.6) 172 (3.46) 160 (1.93)
Frequency SF 2(1.6) 4(2.8) 3,020 (60.84) 6,110 (73.8)
VF 13 (10.6) 24 (16.9) 1,501 (30.24) 1,712 (20.68)
F 16 (13.2) 19 (13.4) 218 (4.4) 238 (2.87)
LF 91 (74.6) 95 (66.9) 225 (4.52) 220 (2.65)
Constancy W 11 (9) 16 (11.3) 3,832 (77.2) 7,253 (87.6)
Y 16 (13.2) 23 (16.2) 193 (3. 89) 457 (5.52)
z 95 (77.8) 103 (72.5) 939 (18.91) 570 (6.88)

SD = super-dominant; D = dominant; ND = non-dominant; SA = super-abundant; VA = very abundant; A = abundant; C = common; D = dispersed; R = rare; SF = super frequent; VF = very

frequent; F = frequent; LS = less frequent; W = constant; Y = accessory; Z = accidental.

were important and classified as dominant. For example, leaf-cutting
ants of the genus Atta F. are important pests in sugarcane crops and
were found in both sugarcane fields. Moreover, other beneficial ant
genera (Brachymyrmex Mayr, Ectatomma Smith, and Gnamptogenys
Roger) were found in both organic and conventional systems. Also, we
found dominant morphospecies of spiders (4 morphospecies in total)
only in the organic system.

Abundance

Similarly to the observed dominance, morphospecies of the genera
Pheidole and Dorymyrmex were super-abundant in both the conven-
tional and organic systems, but morphospecies of the genera Cam-
ponotus and Crematogaster were super-abundant only in the organic
system. These 2 latter genera, on the other hand, were classified as
very abundant in the conventional system. The super-abundant and
very abundant species are native species that behave as invaders in
a disturbed environment (Silva-Mattos & Pivello 2009). The conven-
tional system presented a greater number of rare morphospecies (84)
compared with common (16), very abundant (11), occasional (7), and
abundant (2) morphospecies. A similar trend was observed for the or-
ganic system, in which a greater number of rare morphospecies (86)
were observed compared with common (19), very abundant (19), and
occasional morphospecies (9), as well as abundant (5) morphospecies.
Therefore, 69.4% and 61.1% of the morphospecies were rare in the
conventional and organic system, respectively. Twenty-eight morpho-
species (14.7% of the total morphospecies) considered to be rare oc-
curred on both systems.

Frequency

The super-frequent morphospecies (i.e., species that occurred
on all sampling dates) were the same as the super-abundant and the
super-dominant morphospecies. Ants of the genera Camponotus, Cre-
matogaster, Dorymyrmex, and Pheidole were the super-frequent mor-
phospecies in the organic system, whereas only the last 2 genera were
super-frequent in the conventional system (Tables 1 and 2).
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Most morphospecies were considered uncommon, i.e., their oc-
currence was below 34% of the samplings, in both systems. In this
category, 91 (47.9%) and 95 (51%) morphospecies occurred at low fre-
quencies in the conventional and organic systems, respectively.

Constancy

In this category, most morphospecies occurred accidentally. In the
conventional system, 95 morphospecies were considered accidental,
16 accessories, and 11 constant, whereas in the organic system, there
were 103 accidental, 23 accessories, and 16 constant morphospecies
(Table 1). The most constant morphospecies were the ants with 30%
and 40% of total morphospecies in the organic and the conventional
system, respectively.

We also analyzed the specimens classified among the high faunistic
values (super-dominant, dominant, super-abundant, very abundant,
abundant, super-frequent, very frequent, frequent, and constant),
and we found 22 (8 predators, 5 omnivores, 5 detritivores, and 4 her-
bivores) and 10 (5 predators, 3 omnivores, and 2 herbivores) species
for organic and conventional systems, respectively. Among the mor-
phospecies collected, 7 were common in both systems (3 omnivores
[Brachymyrmex spp., Camponotus spp., Pheidole spp.], 3 predators
[Crematogaster spp., Dorymyrmex spp., Ectatomma spp.], and 1 herbi-
vore [Atta spp.]), 3 were found exclusively in the conventional system
(2 predators and 1 herbivore), and 15 were found exclusively in the
organic system (5 predators, 5 detritivores, 2 omnivores, and 3 her-
bivores).

Estimates of species richness were similar and close to the expect-
ed number of species as shown in Fig. 1. The species curves for both or-
ganic and conventional sugarcane systems tended to stabilize (plateau)
when 15 samples were taken on a monthly basis. Thus, the number of
monthly collections and traps adopted in the study was adequate for
assessing species diversity in sugarcane agroecosystems.

A comparison of the edaphic arthropods by using principal compo-
nent analysis indicated that there was a difference between the sug-
arcane systems. Eleven samples (73.3%) out of 15 taken from the or-
ganic sugarcane field presented negative values, whereas 13 samples
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Fig. 1. Curve estimating species richness of edaphic arthropods in conven-
tional and organic sugarcane fields in Jaboticabal, Sdo Paulo, Brazil. Error bars
represent the standard deviation.

(86.7%) out of 15 from the conventional field presented positive values
(Fig. 2). Therefore, the communities were different both quantitative-
ly and qualitatively. Ants generally were the most abundant species
found on both systems, but they were more abundant in the organic
than the conventional system.

Discussion

Twice as many soil-dwelling arthropods were captured in the or-
ganic cropping system, relative to conventional sugarcane production.
Also, greater numbers of arthropod predators and omnivores and
smaller numbers of herbivores were captured in the organic field. This
is shown by the high dominance and frequency of coleopteran and hy-
menopteran predators in the organic system. These predators are re-
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Fig. 2. Principal component analysis of the arthropod communities in organic
(ORG) and conventional (CON) sugarcane fields.
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ported as important natural control agents of several pests that occur
in different stages of sugarcane development (Mendonga & Marques
2005; Costa et al. 2007; Silva et al. 2009).

Our results also suggest that compared with the conventional sys-
tem, the organic system could provide greater availability and abun-
dance of resources such as pollen, nectar, and alternative sources of
food and shelter, which favor the abundance and diversity of species
(Landis et al. 2000). Root (1973) noted that systems providing appro-
priate conditions (food and shelter) tend to have greater abundance of
arthropod predators and omnivores, and therefore greater potential
for biological control of herbivores.

Among the predators, ant and spider species occurred frequently
in both systems. Several studies have shown ants in the genera Crema-
togaster, Dorymyrmex, Ectatomma, and Pheidole are effective control
agents of pests in sugarcane (Rossi & Fowler 2002, 2004; Araujo et al.
2004, 2005; Pereira et al. 2004; Philpott et al. 2008; Schatz et al. 2008),
but their population dynamics remain to be better understood. For spi-
ders in the sugarcane agroecosystem, there is practically no published
information about their diversity, although this work suggests that they
are especially abundant elements in organic sugarcane production,
and their contribution should be assessed.

Pheidole spp. and Dorymyrmex spp. ants were the only super-dom-
inant species in the conventional system. Thus, even with the disrup-
tion caused by the use of fire in conventional harvesting, populations
of these species were not affected, as also observed by Araujo et al.
(2004). Ant species generally present rapid colony restructuring, wide
foraging area, and social organization. These features may have con-
tributed to the high abundance, frequency, and constancy in the con-
ventional area (Rossi & Fowler 2002; Araujo et al. 2004, 2005). The fact
that most super-dominant species were detected in the organic system
(Pheidole spp., Dorymyrmex spp., Crematogaster spp., and Campono-
tus spp.) may be related to the nesting strategy of these species. Ac-
cording to Longino (2003), Crematogaster and Dorymyrmex ants have
shallow nests and therefore may be more affected by the fire, so the
reestablishment of colonies requires longer period of time.

However, it is not only the direct effects of fire that can lead to re-
duced biodiversity in the conventional system. Herbicides are used to
control weeds whose elimination can indirectly affect the population of
arthropods. Many herbivorous insects feed on the weeds that occur in
crops (Chiverton & Sotherton 1991). Arthropod predators and parasit-
oids also can utilize these weeds to supplement their diet by feeding on
pollen and nectar. Thus, herbicides can affect biodiversity, either by act-
ing directly (on herbivores) or indirectly (on predators and omnivores).

In spite of the higher species richness in the organic than the con-
ventional system, both the faunistic and diversity indices were gener-
ally similar. We hypothesize that this finding may be related to sur-
rounding sugarcane areas, which may have been used as a shelter or
refuge for some arthropods, especially beneficial arthropods, during
harvest in the 2 systems. Although this needs to be further studied in
this agroecosystem, harvesting the sugarcane at different times may
facilitate the movement of arthropods between different areas, allow-
ing the reoccupation of the disturbed environment more quickly.

The study of arthropod biodiversity may allow us to identify im-
portant naturally occurring beneficials in the agroecosystem. Despite
having used only pitfall trapping, this study provided comparative
information on biodiversity in the sugarcane agroecosystem under 2
management systems. This new information may assist future studies
on biological control, or even risk assessment of genetically modified
sugarcane, where it is essential to know the diversity of arthropods.
Overall, our results indicated that the organic management of sugar-
cane improves the abundance and diversity of arthropods (especially
predators and omnivores) relative to conventional management.



144

Acknowledgments

The authors are grateful to Antonio Brescovit and Jodo Lucas Cha-
vari, Instituto Butatan, Sao Paulo, Brazil, who kindly identified the spi-
ders. Scholarship to the first author was provided by CAPES, Brazil.

References Cited

Abreu RRL, Lima SS, Oliveira NCR, Leite LFC. 2014. Fauna edafica sob diferen-
tes niveis de palhada em cultivo de cana-de-agucar. Pesquisa Agropecuaria

Tropical 44: 409-416.

Aratjo MS, Della Lucia TMC, Picango MC. 2004. Impacto da queima da palhada
da cana-de-agucar no ritmo didrio de forrageamento de Atta bisphaerica
Forel (Hymenoptera: Formicidae). Revista Brasileira de Zoologia 2: 33-38.

Araujo RA, Aratjo MS, Gonring AHR, Guedes RNC. 2005. Impacto da queimada
controlada da palhada da cana-de-agucar sobre a comunidade de insetos

locais. Neotropical Entomology 34: 649-658.

Baccaro FB. 2006. Chave para as principais subfamilias e géneros de formigas
(Hymenoptera: Formicidae). Instituto Nacional de Pesquisas da Amazonia,
Programa de Pesquisa em Biodiversidade, Faculdades Cathedral, Barra do

Gargas, Mato Grosso, Brazil.

Borror DJ, Triplehorn CA, Johnson NF. 1992. An Introduction to the Study of
Insects, 6th Edition. Saunders College Publishing, Philadelphia, Pennsyl-

vania.

Butler SJ, Vickery JA, Norris K. 2007. Farmland biodiversity and the footprint

of agriculture. Science 315: 381-384.

Castelo Branco RT, Portela GLF, Barbosa OAA, Silva PRR, Padua LEM. 2010.
Andlise faunistica de insetos associados a cultura da cana-de-agucar, em
area de transigdo floresta amazonica- cerrado (mata de cocal), no mu-

nicipio de Unido-Piaui, Brasil. Semina 31: 113-1120.

Chiverton PA, Sotherton NW. 1991. The effects of beneficial arthropods of the
exclusion of herbicides from cereal crop edges. Journal of Applied Ecology

28:1027-1039.

Colwell RK. 2006. EstimateS: Statistical Estimation of Species Richness and
Shared Species from samples. Version 8.0 User’s Guide and Application,

http://viceroy.eeb.uconn.edu/estimates (last accessed 9 Dec 2016).

Costa NP, Oliveira HD, Brito CH, Silva AB. 2007. Influéncia do nim na biologia
do predador Euborellia annulipes e estudo de parametros para a sua cria-

¢do massal. Revista de Biologia e Ciéncias da Terra 7: 1-10.

Eilenberg J, Hajek A, Lomer C. 2001. Suggestions for unifying the terminology

in biological control. Biocontrol 46: 387-400.

Gurr GM, Wratten SD, Barbosa P. 2000. Success in conservation biological
control of arthropods, pp. 105-132 In Gurr G, Written S [eds.], Biological
Control: Measures of Success. Kluwer Academic Press, Dordrecht, Neth-

erlands.

Heltshe JF, Forrester NE. 1983. Estimating species richness using the Jackknife

procedure. Biometrics 39: 1-11.

Landis DA, Wratten SD, Gurr GM. 2000. Habitat management to conserve
natural enemies of arthropod pests in agriculture. Annual Review of En-

tomology 45: 175-201.

Landis DA, Menalled FD, Costamagna AC, Wilkinson TK. 2005. Manipulating
plant resources to enhance beneficial arthropods in agricultural land-

scapes. Weed Science 53: 902—-908.

Downloaded From: https://bioone.org/journals/Florida-Entomologist on 29 May 2019
Terms of Use: https://bioone.org/terms-of-use

2017 — Florida Entomologist — Volume 100, No. 1

Letourneau DK. 1998. Conserving biology, lessons for conserving natural enemies,
pp. 9-38 In Barbosa P [ed.], Conservation Biological Control. Academic Press;
San Diego, California.

Longino JT. 2003. The Crematogaster (Hymenoptera, Formicidae, Myrmicinae) of
Costa Rica. Zootaxa 151: 1-150.

Loureiro MC, Queiroz RMVB. 1990. Insetos de Vigosa—Formicidae. Universidade
Federal de Vigosa, Vigosa, Minas Gerais, Brazil.

Mendonga AF, Marques EJ. 2005. Cigarrinha da folha Mahanarva posticata (Stal)
(Hemiptera: Cercopidae), pp. 295-301 /In Mendonga AF [ed.], Cigarrinhas da
Cana-de-Agucar. Insecta. Maceid, Alagoas, Brazil.

Moraes RCB, Haddad ML. 2003. Software para analise faunistica-ANAFAU, p.195 In
Simposio de Controle Bioldgico, 8. Sdo Pedro. Resumos. Sociedade Entomoldgi-
ca do Brasil, Piracicaba, Brazil.

Nunes L, Silva |, Pité M, Rego F, Leather S, Serrano A. 2006. Carabid (Coleoptera)
community change following prescribed burning and the potential use of cara-
bids as indicator species to evaluate the effects of fire management in Mediter-
ranean regions. Silva Lusitana 14: 85-100.

Oliver |, Beattie AJ. 1996. Invertebrate morphospecies as surrogates for species: a
case study. Conservation Biology 10: 99-109.

Pasqualim LA, Dionisio JA, Zawadneak MAC, Margal CT. Macrofauna edafica em
lavouras de cana-de-agucar e mata no noroeste do Parand, Brasil. Semina 33:
7-18.

Pereira JA, Bento A, Cabanas JE, Torres LM, Herz A, Hassan SA. 2004. Ants as preda-
tors of the egg parasitoid Trichogramma cacoeciae (Hymenoptera: Trichogram-
matidae) applied for biological control of the olive moth, Prays oleae (Lepidop-
tera: Plutellidae) in Portugal. Biocontrol Science and Technology 14: 653-664.

Philpott SM, Perfecto I, Vandermeer J. 2008. Behavioral diversity of predatory ar-
boreal ants in coffee agroecosystems. Environmental Entomology 37: 181-191.

Pogue DW, Schnell GD. 2001. Effects of agriculture on habitat complexity in a prairie-
forest ecotone in the southern Great Plains of North America. Agriculture, Eco-
systems & Environment 87: 287-298.

Root RB. 1973. Organization of plant—arthropod association in simple and diverse
habitats: the fauna of collards (Brassica oleraceae). Ecological Monographs 43:
95-124.

Rossi MN, Fowler HG. 2002. Manipulation of fire ant density, Solenopsis spp., for
short-term reduction of Diatraea saccharalis larval densities in Brazil. Scientia
Agricola 59: 389-392.

Rossi MN, Fowler HG. 2004. Predaceous ant fauna in new sugarcane fields in the
state of Sdo Paulo, Brazil. Brazilian Archives of Biology and Technology 47:
805-811.

Schatz B, Kjellberg F, Nyawa S, Hossaert-McKey M. 2008. Fig wasps: a staple food for
ants on Ficus. Biotropica 40: 190-195.

Silva AB, Batista JL, Brito CH. 2009. Capacidade predatdria de Euborellia annulipres
(Lucas, 1847) sobre Spodoptera frugiperda (Smith, 1797). Acta Scientiarum 31:
7-11.

Silva-Mattos DM, Pivello VR. 2009. O impacto das plantas invasoras nos recursos
naturais de ambientes terrestres—alguns casos brasileiros. Ciéncia e Cultura
61:27-30.

Silveira Neto S, Nakano O, Barbin D, Nova NAV. 1976. Manual de Ecologia de Insetos.
Agrondémica Ceres, Sdo Paulo, Brazil.

Suguituru SS, Morini MSC, Feitosa RM, Silva RR [eds.]. 2015. Formigas do Alto Tieté.
Canal 6 Editora, Bauru, Sdo Paulo, Brazil.

Wilkinson TK, Landis DA. 2005. Habitat diversification in biological control: the role
of plant resources, pp. 305—325 /In Wackers FL, van Rijn PCJ, Bruin J [eds.], Plant-
Provided Food for Carnivorous Insects. A Protective Mutualism and its Applica-
tions. Cambridge University Press, Cambridge, United Kingdom.



