-

View metadata, citation and similar papers at core.ac.uk brought to you byff CORE

provided by CONICET Digital

Zoological Studies 51(1): 51-58 (2012)

Zoological
Studies

Feeding Habits and Trophic Niche Overlap of Aquatic Orthoptera
Associated with Macrophytes

Soledad Capello'*, Mercedes Marchese'?, and Maria L. de Wysiecki®

TInstituto Nacional de Limnologia (INALI-CONICET-UNL), Ciudad Univ., Santa Fe 3000, Argentina

2Facultad de Humanidades y Ciencias-UNL. Ciudad Univ., Paraje El Pozo, Santa Fe 3000, Argentina

3Centro de Estudios Parasitologicos y de Vectores (CEPAVE) (CCT-La Plata- CONICET- UNLP), Calle 2 n° 584, La Plata 1900,
Argentina

(Accepted July 27, 2011)

Soledad Capello, Mercedes Marchese, and Maria L. de Wysiecki (2012) Feeding habits and trophic niche
overlap of aquatic Orthoptera associated with macrophytes. Zoological Studies 51(1): 51-58. A dietary analysis
is a frequent 1st step in studying an animal’s ecology, because its diet directly reflects resource use and can
provide insights into habitat utilization and competitive interactions. Little is known concerning orthopteran
species that inhabit moist or wet environments, because such species do not usually become pests. We
hypothesized that aquatic orthopterans feed on only a few macrophytes, and they show trophic niche overlap.
Feeding habits of 7 orthopteran species associated with macrophytes, the botanical composition of the diets
of these insects, and their trophic niche breadth and overlap were analyzed from the Middle Parana River,
Argentina. The diet composition by a microanalysis of feces under an optical microscope and the frequency of
occurrence of each plant, food niche breadth, niche overlap, and food specialization level of every species were
determined. Only Paulinia acuminata, Marellia remipes, and Cornops aquaticum exclusively consumed aquatic
plants. The water hyacinth (Eichhornia crassipes) was the unique macrophyte consumed by all orthopteran
species studied, although in different proportions. The greatest trophic niche breadth was shown by Coryacris
angustipennis, and the highest Berger-Parker index value was found for C. aquaticum, which also showed
high specificity. The species C. aquaticum, C. angustipennis, Conocephalus sp., and Scudderia sp. showed
niche overlap; however, they can live in the same habitats because resources are very abundant. This is the
1st analysis of the diet compositions of these species (except C. aquaticum), and it is important information to
explain orthopteran assemblages associated with macrophytes in this Argentine river.
http://zoolstud.sinica.edu.tw/Journals/51.1/51.pdf

Key words: Diet, Herbivores, Orthoptera, Water hyacinth, Parana River.

Dietary analysis is a frequent 1st step in exclusion by employing isolation mechanisms
studying an animal’s ecology because it reflects (Gause 1934, Diamond 1978). Therefore, the
resource use and can provide insights into habitat degree of species overlap in the utilization of
utilization and competitive interactions (Litvaitis resources such as food, space, and shelter has
2000). Thus, partitioning of resources results in a become a valuable approach in studying both
maximization of habitat availability and facilitation community structure and species coexistence.
of species coexistence which contribute to a Traditionally, overlap in resource use is quantified
determination of community structure (Pianka as the degree of niche overlap between species,
1974). Niche overlap may cause the competitive where niche overlap is simply the joint use of a
exclusion of a species, or species may avoid resource (or resources) by 2 or more species
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(Hutchinson 1957, Colwell and Futuyma 1971).

Niche overlap between species may be
viewed as the volume in multidimensional
hyperspace in which 2 or more species maintain
viable populations in the presence of one another
(Mouiillot et al. 2005).

It is important to know an animal’s diet in its
habitat in order to be aware of its nutritional needs
and its interactions with other organisms. For
this reason, studies evaluating gut contents try
to identify and quantify resources that a species
uses, thereby providing information on those
resources selected from the choices available in
the environment (Tararam et al. 1993). In studies
of species interactions and community structure, it
is useful to quantify the degree to which 2 species
overlap in their utilization of space, food, and other
resources, and several measures of niche overlap
were proposed (Hurlbert 1978).

Research on both intraspecific and inter-
specific competition among grasshoppers is very
important for understanding the structure and
function of the community at high densities (Liu et
al. 2007). Belovsky (1985 1997) demonstrated that
interspecific competition was strong and was an
important factor determining population dynamics
and distributions of grasshopper species.

Little is known concerning orthopteran species
that inhabit moist or wet environments because
such species do not usually become pests.
Among them, the most studied species are the
acrids Cornops aquaticum and Paulinia acuminata.
Cornops aquaticum is studied due to its possible
liberation in nonnative areas as a biological control
agent of its host plant, Eichhornia crassipes
(Bennett 1970, Silveira Guido and Perkins 1975,
Ferreira and Vasconcellos-Neto 2001, Oberholzer
and Hill 2001, Adis and Junk 2003, Adis et al.
2008), which is one of most important invasive
weeds globally. Moreover, Paulinia acuminata
was studied as a potential biological control agent
for Salvinia molesta (Carbonell 1964 1980, Forno
1981, Sands and Kassulke 1986, Thomas and
Room 1986, Vieira and Adis 2000). Salvinia
molesta, one of the world’s most noxious aquatic
weeds, is notorious for dominating slow-moving
and quiescent fresh waters (Mitchell et al. 1980).
Its rapid growth, vegetative reproduction, and
tolerance to environmental stress make it an
aggressive, competitive species known to impact
aquatic environments, water use, and local
economies.

To our knowledge, there are no previ-
ous studies concerning the trophic niche chara-

cterization of these aquatic insects. We
hypothesized that orthopterans which live on
aquatic plants feed on only a few macrophytes,
and they show trophic niche overlap. Thus,
the objectives of this study were to analyze the
botanical composition of the diets of different
orthopteran species associated with macrophytes,
and measure their trophic niche breadth and
overlap.

MATERIALS AND METHODS
Study area

Samples were collected from Apr. 2006
to May 2007 in 2 floodplain lakes of the Middle
Parana River, Argentina. The selected sites
differed in their degree of connectivity with the main
channel, being either permanently (31°38'43.77"S,
60°34'35.07"W) or temporarily connected to the
Parana River (31°40'14.40"S, 60°34'44.43"W).

The vegetation of these floodplain lakes is
directly associated with the hydrologic regime of
the Parana River, because the species richness
varies according to the water level (Sabattini
and Lallana 2007). In spite of differences in the
connectivity of the lakes, the most important
macrophytes at both sites were the same: E.
crassipes, Paspalum repens, S. herzogii, Pistia
stratiotes, Ludwigia peploides, Echinochloa sp.,
and Polygonum sp.

Data collection

Orthopterans are not usually considered
to be aquatic insects. However, some of their
members are linked to freshwater habitats
mainly by a relationship to an aquatic host plant.
Species that cannot develop without fresh water,
especially for egg laying and nymph development,
are considered to be primary members of the
freshwater biota (Amédégnato and Devriese
2008).

Seven orthopteran species associated with
macrophytes were selected: 5 belonged to the
suborder Caelifera (Tucayaca gracilis (Giglio-
Tos 1897), C. aquaticum (Bruner 1906), Marellia
remipes Uvarov 1929, P. acuminata (De Geer
1773), and Coryacris angustipennis (Bruner
1900)), and 2 belonged to the suborder Ensifera
(Conocephalus sp. Brongniart 1897 and Scudderia
sp. Stal 1873).

Cornops aquaticum, P. acuminata, and M.
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remipes have physiologically, ethologically, and
morphologically adaptive strategies that allow
them to permanently live in the aquatic habitats on
floating or rooted plants (Bentos-Pereira and Lorier
1991).

Diet composition

Diet compositions of these orthopterans were
determined by a microanalysis of their feces under
an optical microscope (400x) according to Arriaga
(1981a b 1986). Individuals (568 adults) were
sampled every 2 wk with an entomological net in
2006-2007. Each insect collected was immediately
placed in a paper tube for a period of 24 h, and the
feces was collected, clarified with 10% potassium
hydroxide (KOH), and mounted on a slide (Capello
et al. in press). Twenty microscope fields were
randomly selected for each sample (comprising the
feces of 1 individual) in which at least 1 piece of
epidermal tissue was present (Sheldon and Roger
1978).

The anatomy of leaves of all macrophytes
recorded in these floodplain lakes was previously
analyzed. Epidermal tissues were identified
based on cellular characteristics (epidermal cells,
stomata, trichomes, hairs, etc.), and photographs
were taken under an optical microscope. Vegetal
tissues observed in the feces of the orthopterans
were compared to reference collections to identify
the plants species consumed.

Statistical analysis

The frequency of occurrence was calculated
for each food item based on the number of fields
containing a particular food item.

Food niche breadth was calculated as the
Shannon-Wiener index (H):

FNB = - Zp; logz pj;

where FNB is the food niche breadth of
species j, and p; is the frequency of occurrence of
species i in the diet of the orthopteran. The larger
the numerical value of FNB is, the wider the food
niche breadth is.

The food niche overlap index was calculated
using the Pianka index in the statistical program
EcoSim 7.72 (Gotelli and Entsminger 2009). This
index is symmetrical, and it assumes values of 0
to 1, with O indicating that a resource is used by
a single species, and 1 indicating complete diet
overlap or certain resource consumption. Values

of > 0.60 indicate overlap between species.

To determine the level of food specialization
of each orthopteran species, the index of
dominance of Berger-Parker (d) was calculated by
the following formula (Magurran 1988):

d = Nmax / N,

where N is the number of all recorded food
components (taxa), and Nmax is the number of
specimens from taxon i (the most numerous taxon
in the diet). The Berger-Parker index (d) varies
between 1/N and 1. A value closer to 1 indicates
higher specialization in the choice of food, while
a value closer to 1/N is typical of species that are
general feeders (polyphagous).

A factorial correspondence analysis (FCA)
was applied to determine relationships between
orthopterans species and the plants consumed.
Significant differences in diet compositions
(aquatic and/or terrestrial) between orthopterans
were analyzed by the Kruskal-Wallis test at a 5%
significance level. The software XLSTAT (Win)
(free version: http://xlIstat.softonic.com) was used
for these statistical analyses.

RESULTS

We examined 568 fecal samples of 5
grasshopper’s species (C. aquaticum, P.
acuminata, M. remipes, T. gracilis, and C.
angustipennis) and 2 tettigonids (Scudderia
sp. and Conocephalus sp.) to determine the
composition of their diets. Only 3 species of
grasshoppers (P. acuminata, M. remipes, and
C. aquaticum), exclusively consumed aquatic
plants, while Conocephalus sp. (38.30%) and
C. angustipennis (27.84%) consumed higher
percentages of terrestrial plants (Fig. 1).

When comparing aquatic and terrestrial
plants by the Kruskal-Wallis test in relation to
the microanalysis of feces of each species, no
significant differences were observed (p > 0.05).

Eichhornia crassipes was a unique aquatic
plant consumed by all orthopteran species
examined, although in different proportions. The
highest consumption of this macrophyte was
by C. aquaticum (91.21%), while the lowest
value was recorded by the acrid P. acuminata
(4.31%). Conversely, Azolla sp. was the aquatic
plant selected least often by orthopterans, being
consumed only by P. acuminata (Table 1).

The highest trophic niche breadth was shown
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Conocephalus sp.
Scudderia sp.

Tucayaca gracilis
Coryacris angustipennis
Cornops aquaticum
Marellia remipes

Paulinia acuminata
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Fig. 1. Percentages of consumption of different plants (aquatics
and terrestrial) for each species of Orthoptera.
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by C. angustipennis (1.19), and the lowest was
by C. aquaticum (0.38), with only a few vegetal
species consumed. In addition, the highest
Berger-Parker index value was reached by C.
aquaticum (0.91), thus showing high specificity
(Table 1).

The highest trophic niche overlaps (Pianka
index) obtained were between C. aquaticum and C.
angustipennis (0.842) and between Conocephalus
sp. and Scudderia sp. (0.841). On the other hand,
species showing the lowest niche overlap were P.
acuminata and T. gracilis (0.015) (Table 2).

Four groups were established according to
the results obtained by the FCA, with each species

Table 1. Percentage consumed (% C) and frequency of occurrence (FO) of each plant in the diets of

Orthoptera
Caelifera Ensifera
Paulinia Marellia Cornops Coryacris Tucayaca Scudderia  Conocephalus
acuminata remipes aquaticum  angustipennis gracilis sp. sp.
n=40 n=30 n =209 n=64 n=100 n=65 n=:60
%C FO %C FO %C FO %C FO %C FO %C FO %C FO

Alternanthera sp. 0 0 0 0 0 0 059 156 0 0 23 56.92 12.00 38.33
Azolla sp. 51.13 7750 O 0 0 0 0 0 0 0 0 0 0 0
Eichhornia crassipes 431 1750 18.65 36.60 971.21 96.66 46.54 65.62 1590 55.33 1220 36.92 7.90 33.33
Hydrocleis nymphoides 0 0 77.18 86.66 O 0 0 0 0 0 0 0 0 0
Hidrocotyle sp. 0 0 0 0 0 0 198 156 O 0 0 0 0 0
Ludwigia peploides 138 500 O 0 408 956 353 312 0 0 54.00 87.69 41.80 66.66
Nymphoides sp. 238 10.00 O 0 0 0 0 0 0 0 0 0 0 0
Oxycaryum cubense 0 0 0 0 0 0 1.02 312 O 0 0 0 0 0
Paspalum repens 0 0 0.17 333 4.23 9.09 1285 25.00 6530 85.33 0 0 0 0
Panicum prionites 0 0 0 0 033 191 313 468 O 0 0 0 0 0
Pistia stratiotes 3.75 10.00 1.33 10.00 O 0 0 0 0 0 0 0 0 0
Polygonum sp. 0 0 0 0 0.15 287 254 312 O 0 130 10.77 O 0
Salvinia sp. 37.06 80.00 297 333 O 0 0 0 0 0 0 0 0 0
Terrestrials plants 0 0 0 0 0 0 27.84 4212 18.80 35.33 9.50 33.85 38.30 70.00
Shannon-Wiener index 1.12 0.68 0.38 1.19 0.49 0.99 0.85
Berger-Parker index 0.51 0.77 0.91 0.64 0.80 0.60 0.68

n, number of individuals analyzed of each species. The highest values of percentage of consumed (%C) and frequency of occurrence
(FO) of each plant in the composition of the diet of each orthoperan species can be observed in italics and underlined.

Table 2. Niche overlap among different orthopteran species (the highest values are underlined)

Paulinia Marellia Coryacris Tucayaca Scudderia sp.  Conocephalus
acuminata remipes angustipennis gracilis sp.
Cornops aquaticum 0.069 0.234 0.842 0.270 0.240 0.151
Paulinia acuminata 0.036 0.058 0.015 0.033 0.023
Marellia remipes 0.195 0.055 0.047 0.028
Coryacris angustipennis 0.537 0.305 0.472
Tucayaca gracilis 0.087 0.204
Scudderia sp. 0.841

The values that are in italics and underlined indicate a food niche overlap among the species. Only values of > 0.60 indicate overlap

between species.
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exhibiting adaptive strategies to living in an aquatic
habitat. Cornops aquaticum, P. acuminata, and
M. remipes were separated in individual groups,
while the remaining species were included in a
single group. Thus, the diet of the aquatic acrids
had a specific composition, while T. gracilis, C.
angustipennis, Conocephalus sp., and Scudderia
sp. shared major proportions of common vegetal
species (Fig. 2).

DISCUSSION

Although all orthopteran species studied
consumed aquatic plants, C. aquaticum,
P. acuminata, and M. remipes fed only on
macrophytes, showing higher dependence on
aquatic habitats. These species present ethologic,
physiological, and ecological adaptations to living
in aquatic environments. These adaptations
include a general morphology with a fusiform
habitus for species living only in water and that are
used to swimming under water. These species
also have a strong hind femur and expanded hind
tibiae, including spines and modified spurs. In
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some species, the presence of dense hairs on
the margins of the tibiae also helps reinforce their
efficiency in aquatic habitats. This modification
of the hind tibiae is more or less generalized
within all the groups linked to water, but varies
from weakly to strongly develop in most aquatic
species (Carbonell 1957a, Amédégnato 1977,
Roberts 1978). These grasshoppers also show
modifications in their ovipositor allowing them
to utilize macrophytes as substrata on which to
deposit eggs (endophitic or ephyphitic oviposition)
and produce lower egg numbers compared to
terrestrial species (Braker 1989).

Coryacris angustipennis, T. gracilis,
Scudderia sp., and Conocephalus sp. consumed
high proportions of terrestrial plants. Thus,
by consuming aquatic and terrestrial plants,
these species act as an important energy link
between aquatic and terrestrial systems. These
interrelationships are very important in river basins
(Jackson and Fisher 1986, Gray 1989 1993),
because rivers may provide resources to terrestrial
herbivores. For example, Paratettix aztecus and P.
mexicanus (Orthoptera: Tetrigidae), small species
that generally live near river banks, obtain 88%-

2.5
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| Marelli
2 Marellia
1.5
1
0.5
S E
Q Cornopsj ﬁg\
- 0 - T T )
& 0. Coryagris
o Tucuyaca ‘P‘H‘Pol.Pa'
-0.5 Conocephalusg. TP
-1
-1.5
-2
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Fig. 2. Factorial correspondence analysis (FCA) between orthopteran species (m; and underline) and the macrophytes (#) consumed.
E., Eichhornia crassipes; H. nymp., Hidrocleis nymphoides; P. st., Pistia stratiotes; Sal., Salvinia sp.; Az., Azolla sp.; Nymh.,
Nymphoides sp.; O., Oxycaryum cubense; H., Hidrocotyle sp.; P., Paspalum repens; Pa., Panicum prionites; Pol., Polygonum sp.; T.P.,

terrestrial plants; Lud., Ludwigia peploides; Alth., Alternanthera sp.
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100% of their carbon from the alga Cladophora
glomerata (Bastow et al. 2002).

Picaud et al. (2003) considered that 60%
of acrid species are polyphagous, but they can
include a degree of specialization according to
the plants consumed (Crawley 1983, Chapman
1990). Thus, the high preference of M. remipes
for H. nymphoides (a scarce plant species) can be
explained by structural modifications for life on the
horizontal surface of floating leaves and for feeding
on their upper surfaces. Although this species
is phytophilous, it has characteristic geophilous
features, such as the generally depressed shape
of its body, the position of its eyes on the upper
part of the heard, and the reduced pretarsal arolia
(Carbonell 1957a b).

All of the orthopterans studied are poly-
phagous, because plants of different genera were
consumed. According to Bernays and Chapman
(1994) and Bernays and Minkenberg (1997), a
mix of plants in the diet can improve the nutrient
balance and increase survival and fecundity
(Unsicker et al. 2008). Although herbivorous
insects’ preferences are a balance between plant
inhibitor substances and phagostimulants, a higher
orthopteran preference was determined by inhibitor
substances (Bernays and Chapman 1994).

Consumption of E. crassipes by all species
studied compared to all other plants consumed
can be explained by the leaf roughness, pathway
of photosynthesis (Cs plant), and higher cover
in the Parana River system. Thus, it is a very
valuable and palatable resource for invertebrate
herbivores. However, the highest consumption
of the water hyacinth occurred by C. aquaticum,
which corresponds to a report by Ferreira and
Vasconcellos-Neto (2001) in Brazil where it was
represented by the Pontederiaceae, especially
E. crassipes. In addition, a high specificity of
C. aquaticum for different genera of the family
Pontederiaceae was reported (Silveira Guido and
Perkins 1975, Medeiros 1984, Viera and Santos
2003, Lhano et al. 2005).

Food niche breadth and overlap analysis

The highest niche breadth was exhibited
by C. angustipennis (1.19) which consumed
different proportions of 8 types of plant (aquatic
and terrestrial) and shared the principal food (E.
crassipes) with C. aquaticum. However, there was
no competition between the 2 species due to this
food niche overlap because the water hyacinth is
not a limited resource; it is the most abundant plant

in the Parana River system.

Paulinia acuminata, commonly considered a
possible agent of biological control for S. molesta
(Carbonell 1964 1980, Forno 1981, Sands and
Kassulke 1986, Thomas and Room 1986, Vieira
and Adis 2000) also presented a high niche
breadth (1.12) by selecting 6 aquatic plant species
for its diet, including E. crassipes, L. peploides,
and Nymphoides sp. as a new record. Carbonell
et al. (2006) reported S. auriculata, Pistia
stratiotes, Lemna sp., Limnobium leavigatum,
Spidorella intermedia, and Azolla filiculoides in the
diet spectrum of P. acuminata.

Conocephalus sp. and Scudderia sp. showed
similar food niche breadths and niche overlap.
This similarity in diet compositions might be a
key reason for the high competition between
these species (Liu et al. 2007), but they are
able to partition terrestrially available resources
and coexist. In spite of limited information on
orthopterans that live on aquatic plants, food niche
overlap between many orthopteran species was
reported in terrestrial environments (Ueckert and
Hansen 1971, Sheldon and Rogers 1978).

The coexistence in the same habitats of the
7 orthopteran species studied can be explained by
positive associations that favor mutual occurrence
and by the high availability of abundant resources.

Acknowledgments: The authors dedicate this
work to the memory of Dr. J. Adis. This study was
financed in part by CONICET.
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