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Abstract: Cornops aquaticum is a widely distributed semiaquatic grasshopper in the Neotropics. The devel-
opment, feeding and oviposition of C. aquaticum take place on Pontederiaceae, especially on species of
Eichhornia. Several aspects of the feeding of C. aquaticum are studied because is one of the most important
herbivores of the highly invasive floating Eichhornia crassipes in native areas. The aims of this paper were:
(1) to quantify the amount of E. crassipes consumed by C. aquaticum, (2) to determine the growth rate and the
conversion efficiency of food ingested by this grasshopper, and (3) to determine the possible effect of consump-
tion on E. crassipes productivity. Thirty individuals from each specific age class were used in the experiment:
nymphs A, nymphs B, adult males and adult females. Insects were individually confined in plastic pots with
a leaf of E. crassipes. We estimated feeding by individual, consumption index (CI), relative growth rate (GR)
and efficiency of conversion of ingested food to body substance (ECI). The impact of C. aguaticum consump-
tion on E. crassipes floating meadows was assessed with the abundance of the grasshopper, and the available
data on primary production of the host plant at the study site. Food intake of C. aquaticum was 11.23% of plant
productivity. Food consumption, growth rate and food conversion efficiency of this grasshopper varied accord-
ing to the specific age classes. Damage caused by C. aguaticum is high in comparison with the damage caused
by other semiaquatic and grassland grasshoppers, however it is not enough to prevent the growth and coverage
of native E. crassipes floating meadows because abundance of grasshoppers are realtively low and the growth
rate and productivity of the host plant is high. Rev. Biol. Trop. 59 (3): 1407-1418. Epub 2011 September O1.

Key words: consumption, Cornops aquaticum, Eichhornia crassipes, floodplain, grasshopper, herbivory, mac-
rophyte productivity.

Cornops aquaticum Bruner 1906 (Orthop-
tera: Acrididae: Leptysminae) is widely dis-
tributed in the Neotropics, from Southeastern
Mexico to central Argentina and Uruguay
(Roberts & Carbonell 1979, Lhano 2006, Adis
et al. 2007). Development, feeding and ovipo-
sition of C. aquaticum take place on Pontede-
riaceae, especially on species of Eichhornia,

indicating a high specificity of this grasshopper
to these host plants (Carbonell 1981).

The water hyacinth, Eichhornia crassipes
Mart. Solms (Pontederiaceae) is the most com-
mon macrophyte in South American rivers
and wetlands (Gopal 1987, Blanco-Belmonte
et al. 1998) and is considered one of the most
important pests in natural and artificial water
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bodies around the world (Waterhouse & Norris
1987, Julien et al. 2001, Center et al. 2002).
High abundance and coverage of E. crassipes
constitute one the most important features of
the Parand River floodplain lakes (Lallana
1980, Neiff 1990, Carignan et al. 1994). The
seasonal growth pattern is characterized by
high biomass in the summer and reduced bio-
mass in the winter (Neiff & Poi de Neiff 1984,
Neiff et al. 2008). During the high biomass
period of E. crassipes, abundance of herbivo-
rous population (Casco & Poi de Neiff 1998,
Franceschini 2008, Franceschini et al. 2008)
and leaf biomass removed by herbivory (Fran-
ceschini et al. 2010) are highest in the Parand
River floodplain lakes.

Quantitative data on the feeding impact
and the amount consumed by semiaquatic
grasshoppers in their natural habitat are practi-
cally non-existent. The only information avail-
able is for populations of C. aquaticum (Adis
& Junk 2003) and Stenacris fissicauda fis-
sicauda (Amorim & Adis 1994) in the Ama-
zon floodplain. In contrast, many studies on
consumption, preference and feeding impact
have been carried out on terrestrial generalist
grasshoppers, due to the economic importance
of losses of natural grasslands and crops (Hani-
ffa & Periasamy 1981, Ronderos et al. 1981,
Sanchez & De Wysiecki 1990, De Wysiecki &
Sanchez 1992, Pereyra et al. 1996, Cigliano &
Lange 1998, Abdel-Rahman 2001, Torrusio et
al. 2005, Franzke et al. 2010). Terrestrial acri-
dids feed mainly on highly palatable grasses
and thus are an important competitor for cattle
(Ronderos et al. 1981).

C. aquaticum constitute one of the most
important herbivores of native waterhyacinth
floating meadows (Adis & Junk 2003, Fran-
ceschini 2008, Franceschini et al. 2010) and is
considered as a biological control agent of this
macrophyte in non-native ecosystems (Center
et al. 2002). For these reasons, several aspects
of feeding of this grasshopper are intensely
studied in native (Silveira-Guido & Perkins
1975, Ferreira & Vasconcellos-Neto 2001, Adis
& Junk 2003, Vieira & Santos 2003, Lhano
et al. 2005, Franceschini & Capello 2006,

Franceschini 2008, Franceschini et al. 2010)
and non-native areas (Oberholzer & Hill 2001,
Bownes et al. 2010).

The aims of this work were: (1) to quan-
tify and compare the amount of E. crassipes
consumed by nymphs and adults of C. aquati-
cum under outdoor enclosure conditions, (2) to
determine the food conversion efficiency and
rate of growth of nymphs and adults, and (3) to
determine the possible effect of consumption
on E. crassipes productivity. Our hypothesis
is that C. aquaticum consumes a low quan-
tity of E. crassipes per dry weight of animal,
producing scarce effect on the productivity of
this macrophyte, and that food consumption,
growth rates, and the food conversion effi-
ciency of this grasshopper varies according to
the age of individuals.

MATERIAL AND METHODS

In order to assess food consumption, food
conversion and growth, individuals of C. aquat-
icum were caught from a boat using an entomo-
logical net (70cm diameter), sweeping on the
vegetation in a lake of the Parand River flood-
plain (El Puente Lake: 27°26°20” S - 58°51°11”
W). A total of 120 individual grasshoppers were
used in this experiment; development stages of
individuals were separated in four specific age
class (Franceschini et al. 2007, Franceschini
2008, Franceschini et al. 2008): nymphs A
(stages I and II), nymphs B (stages III to VI),
adult males and adult females (with immature
and mature ovaries). Thirty individuals from
each specific age class of the population were
individually confined in transparent 1000mL
plastic pots, with moistened cotton at the bot-
tom and covered with plastic film at the top. All
pots were kept in a recipient containing water
to prevent changes in microclimatic conditions.
According to Nunes (1989), this design is the
most appropriate to obtain maximum survivor-
ship of semiaquatic grasshoppers and to pro-
vide leaves in optimal condition. Experiments
were carried out between December 2006 and
January 2007 (summer), outside Corrientes, at
7km of the Parand River (27°29°28” S - 58°

1408 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (3): 1407-1418, September 2011



45°33” W). Plastic pots containing the insects
were kept in a screened outdoor enclosure
exposed to the local climate and without direct
sun exposure. During the study period, month-
ly maximum temperatures ranged from 32.8-
36.3°C and monthly minimum temperatures
ranged from 19.2-19.9°C. Experiments were
carried out in summer because abundance of
C. aquaticum nymphs and adults (Franceschini
et al. 2007, Franceschini 2008, Franceschini et
al. 2008) and leaves biomass, which constitute
the food resource (Neiff & Poi de Neiff 1984,
Neiff et al. 2008), are high in the E. crassipes
floating meadows.

The fresh weight of each grasshopper was
recorded at the beginning of the experiment to
obtain the initial animal fresh weight. The feed-
ing ration consisted of a fresh mature leaf of E.
crassipes per pot. Pilot experiments with differ-
ent size of leaves were carried out to determine
the feeding ration, preventing the excess of
food offered (Van Loon 1989). Care was taken
to select leaves that were fresh and uniformly
green. Leaves were previously weighed to
obtain the initial food fresh weight and then
offered to the insects for 72 hr. To calculate the
dry weight (dw) of leaves used as food at the
beginning of the experiment, 50 similar feeding
rations were also prepared as a control; their
fresh weight was recorded, and then they were
dried to 60°C to obtain their dry weight and
calculate the conversion factor.

After the period of feeding, the remaining
food and the individuals were collected and
weighed to measure final animal fresh weight
and remaining food fresh weight. Constant dry
weight of the food rations and grasshoppers
were obtained at 60°C and 100°C, respectively.
During weightings, plant and insect materials
were stored in a desiccator.

The relationship between final animal
fresh weight and final animal dry weight was
used to calculate the dry weight of the animal
at the beginning of the experiment based on the
initial animal fresh weight recorded.

We used the classical gravimetric method
of Waldbauer (Waldbauer 1968) because is the
most frequently applied technique to quantify

food consumption and fitness of herbivorous
insects (Slansky 1993, Fanny et al. 1998,
Whittaker 1999, Abdel-Rahman 2001, Cohen
2004, Rayapuram & Baldwin 2006, Hwang
et al. 2008, Strengbom et al. 2008, Rao et al.
2009, Ruhnke er al. 2009, Franzke et al. 2010).
Despite Waldbauer method may overestimate
consumption by neglecting respiration of the
leaf material used as a food during the experi-
ment, gravimetric measurements are easy to
perform, do not require expensive equipment,
and are relatively accurate, which made them
widely used by researchers (Van Loon 1989). In
the natural feeding situation, the plant will pho-
tosynthesize and thus one would expect correc-
tions for an increase in food dry matter instead
of decrease for respiration (Whigtman 1981).

We assessed the feeding amount by esti-
mating the individual daily consumption (g of
food consumed per individual) and calculated
the consumption index (CI) proposed by Wald-
bauer (1968):

CI=F/TA

where F is the dry weight of food eaten (g), T
is the duration of feeding period (days) and A
is the mean dry weight of insect during feeding
period (g).

According to the longevity of each specific
age class of the C. aquaticum population (Fran-
ceschini 2008), individual cumulative consump-
tion of a specific age class (C_, ) was calculated
using the criteria of Amorim & Adis (1994):

C,,=CLL.Ac
where CI is the consumption index for the
specific age class (food consumed (g)/mean
weight of insect (g)/day), L is the longevity of
individuals in the specific age class (days) and
Ac is the mean animal dry weight (g) for the
specific age class.

We measured the individual destruction
rate (dry weight) by weighting the separated
portions of destroyed leaf remained as a conse-
quence of grasshopper consumption (Sdnchez
& De Wysiecki 1990).
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We also assessed growth and food con-
version of ingested food using the relative
growth index (GR) and conversion efficiency
of ingested food to body substance (ECI) from
Waldbauer (1968):

GR=G/TA

where G is the dry weight gain of insect during
the feeding period (g), T is the duration of the
feeding period (days) and A is the mean dry
weight of insect during feeding period (g).

ECI=(dry weight gained of the insect/
dry weight of the food ingested). 100

To analyze the effect of C. aquaticum con-
sumption on the productivity of E. crassipes
we follow the criteria of Adis & Junk (2003).
Grasshopper abundance (ind/m?) was esti-
mated on the floating meadows from a boat,
with a net of 0.25m? of diameter, trapping all
the E. crassipes leaves within the boundaries
of the net, and counting all the grasshoppers
(nymphs and adults) found within this defined
area. Daily plant consumption of C. aquaticum
population in the field per m? was calculated
by multiplying grasshopper abundance on E.
crassipes per m?> (nymphs and adults) with
the daily consumption by individual nymphs
and adults. Net primary production data for
E. crassipes were calculated from Neiff & Poi
de Neiff (1984) and Neiff er al. (2008). We
estimated height, density and biomass of E.
crassipes leaves using an aluminium ring of
0.3058m?, following to Neiff et al. (2008). To
calculate biomass, leaves were dried at 105°C.

We compared consumption, destruction,
individual dry weight, relative growth rate
and efficiency of conversion of ingested food
between categories of the C. aquaticum popu-
lation using ANOVA with post hoc Tukey test.
In females, comparison of the indices between
females with immature (types I and II) and
mature (type III) ovaries (Franceschini et al.
2007) were analyzed by ANOVA. All these
variables were transformed to normalize distri-
butions and stabilize variances. The differences

in abundance of C. aquaticum and daily plant
consumption per m?> between nymphs and
adults were assessed with a Wilcoxon test. We
considered significant p values of <0.05. Sta-
tistical analyses were performed using Infostat
Software (version 1.1).

RESULTS

Food consumption of C. aquaticum:
Daily consumption by individual varied sig-
nificantly according to the specific age classes
of population structure (ANOVA, p<0.0001);
the highest value was found in adult females
(0.119+£0.03g) and the lowest was found in
nymphs A (0.029+0.031g). Daily consumption
of C. aquaticum was 0.039 and 0.093g of food
per day in nymphs and adults, respectively.

The relative consumption index (CI)
was significantly different between different
specific age classes of individuals (ANOVA,
p<0.0001); the highest value was found in
nymphs A (11.840+13.749), which consumed
more food per unit of body weight. Adults had
the lowest CI, with similar values for males
(1.260+1.438) and females (1.263+0.279). The
CI was not significantly different between
females with immature and mature ovaries
(ANOVA, p>0.05). Destruction rate was
221%, 0.22% and 1.91% of the remaining
leaf in adult females, adult males and nymphs
B (only stages V and VI), respectively. Of the
nymphs, stage I to IV did not produce destruc-
tion material as a result of feeding. Destruction
values tended to be similar between stage VI
nymphs (only females) and adult females. Sig-
nificant differences were found in destruction
rate between adult females, adult males, and
nymphs B (ANOVA, p<0.0001).

Individual cumulative consumption
(C,,,) was significantly different among dif-
ferent specific age classes of the C. aquati-
cum population (ANOVA, p<0.0001); higher
and less variable values were found in adult
females (24.704+6.039g) than in adult males
(17.456+19.315g), whereas the lowest value
was observed in nymphs A (0.482+0.517g).
Considering total longevity of C. aquaticum
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individuals, individual cumulative consump-
tion (from stage I nymphs to adults) was
also higher in females (27.34g) than in males
(20.09g). The application of the post hoc
Tukey test to tests for significant differences
between different specific age classes of C.
aquaticum are provided in Table 1.

Growth and efficiency of conversion of
ingested food in C. aquaticum: Individual
dry weight of grasshopper was significantly
different between specific age classes of grass-
hopper population (ANOVA, p<0.0001); high-
est values were observed in adult females
(0.096+0.015g).

Relative growth index (GR) values were
also significantly different between differ-
ent specific age classes of the population
(ANOVA, p<0.0001); post hoc Tukey test iden-
tified three groups of individuals: nymphs A
with the highest increase in dry weight per day
(0.107+0.042), nymphs B (0.065+0.038) and
adult females (0.045+0.016) with intermediate
growth rates, and adult males with the lowest
daily increase in dry weight (0.024+0.014).

Efficiency of conversion of ingested food
to insect biomass (ECI) was significantly dif-
ferent between specific age classes of the

C. aquaticum population (ANOVA, p<0.0001);
post test separated the adult males, which had
the lowest ECI values, from other categories of
individuals. GR and ECI were not significantly
different between females with immature and
mature ovaries (ANOVA, p>0.05). Tukey test
to identify significant differences between dif-
ferent specific age classes of C. aquaticum are
provided in Table 2.

Effect of C. aquaticum consumption on
the E. crassipes plant population: Plants with
elongate leaves (large biotype) were dominant
at the study site. E. crassipes floating meadow
had a leaf density of 401+115.5 leaves/m?, with
a leaf height of 55.9+31.3cm. Leaf lamina bio-
massand total leafbiomass were251.1+92.2g/m?
and 799.6+115.5g/m?, respectively.

Mean total abundance of C. aquaticum at
the study site was 6.8 individual/m? (+6.61).
Mean abundance of nymphs was 4.8 indi-
vidual/m2 (+5.74), whereas mean abundance of
adults was 2 individual/m?2 (£3.39). There was
a significant difference between the average
abundance of C. aquaticum nymphs and adults
(Wilcoxon test, p=0.015,n=30). The daily plant
consumption (dw) of the C. aquaticum popula-
tion in the field per m> was 0.187+0.224¢

TABLE 1
Mean quantities of Eichhornia crassipes (g) eaten by specific age classes of Cornops aquaticum population: nymphs A
(stages I and IT), nymphs B (stages III to VI), adult males and adult females

Nymphs A

. . T 0.029#

Daily consumption by individual +0.031

11.840 ¢

= +13.749
Destruction rate 0.00

04822

Ceun +0.517

Nymphs B Adult males Adult females
0.049° 0.066 ° 0.119 ¢
+0.033 +0.073 +0.03
3221° 1.260 2 1.263 2P
+3.883 +1.438 +0.279
0.003° 0.000 * 0.006 ©
+0.001 +0.000 +0.002
2.164° 17.456 ¢ 24704 ¢
+1.678 +19.315 +6.039

Daily consumption by individual: g of food eaten by individual; consumption index (CI): g of food eaten per g of animal
per day; destruction rate: g of leaf destroyed by individual per day; individual cumulative consumption in each specific age

class (C_,,,
() is the standard deviation.

): g of food eaten by individual during the longevity of each specific age class.

Different letters indicate means statistically differences between population categories of C. aquaticum (Tukey’s test,

p<0.05).
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TABLE 2

Growth and food conversion efficiency for specific age class of C. aquaticum population: nymphs A (stages I and II),

Individual dry weight

GR

ECI (%)

nymphs B (stages III to VI), adult males and adult females

Nymphs A Nymphs B Adult males Adult females
0.003 2 0.025° 0.053 ¢ 0.096 ¢
+0.001 +0.017 +0.006 +0.015
0.107 ¢ 0.065° 0.024 2 0.045°
+0.042 +0.038 +0.014 +0.016
3.489° 4459° 0.030 2 3.607°
+4.294 +4.974 +0.025 +1.375

Individual dry weight: g of animal; growth rate (GR): g of animal biomass gained per g of animal per day; efficiency of
conversion of ingested food to insect biomass (ECI): g of animal biomass gained per g of consumed food.

(%) is the standard deviation.

Different letters indicate means statistically differences between population categories of C. aquaticum (Tukey’s test,

p<0.05).

dw for nymphs, 0.186+0.315g dw for adults,
and 0.382+0.400g dw for all individuals of
the population (nymphs+adults). There was
no significant differences between the daily
plant consumption (dw) of nymph and adult
grasshoppers/m? in the field (Wilcoxon test,
p>0.05, n=30).

Given a mean daily plant consumption/
m? of 0.382 for C. aquaticum individuals, and
a daily net primary production of 3.4g/m? of
E. crassipes calculated from Neiff & Poi de
Neiff (1984) and Neiff er al. (2008) for floating
meadows at the study site, the estimated food
intake of this grasshopper was 11.23% of the
plant productivity.

DISCUSSION

Food consumption of C. aquaticum:
Higher daily consumption by individual
females is related to a highest mean dry weight
and increase in dry weight per individual found
in this specific age class of the population.
Highest individual consumption in females is
also found in semiaquatic (Amorim & Adis
1994) and grassland grasshoppers (Gangwere
1959, Sanchez & De Wysiecki 1990).

In the Amazon floodplain, the relative
consumption index (CI) of C. aquaticum with
E. crassipes as a host plant is 0.9g of food

eaten per gram of animal per day (Adis & Junk
2003); given a mean dry weight per individual
of 0.058g for adult males and 0.093g for adult
females, estimated daily consumption by indi-
vidual to the Amazonian population is 0.0522¢g
and 0.0837g, respectively; these values are
consistent with the results we obtained for
the C. aquaticum population on the Parand
River floodplain.

The CI of C. aquaticum found in our
study is higher than the consumption found
for other semiaquatic grasshoppers (Thomas
1974, Amorim & Adis 1994). Based on the
amount of consumption reported by Amorim
& Adis (1994) for Stenacris fissicauda fis-
sicauda (Leptysminae), we estimated the CI
for the different specific age classes of this
Amazonian grasshopper (nymphs A: 0.774,
nymphs B: 0.473-0.502 and adults: 0.262).
Because the mean individual dry weights of
both Leptysminae species are similar, thus,
we postulate that C. aquaticum has a greater
consumption capacity than S. fissicauda fissi-
cauda. Differences in consumption between the
two Leptysminae species may be related to the
leaf characteristics of their host plants; while
the leaves of Eichhornia have a considerable
proportion of aerenchyma and few scleren-
chyma cells (Gonzalez 2002, Boeger & Adis
2007), Paspalum leaves have few aerenchyma
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and a considerable amount of sclerenchyma
associated with the vascular bundles and within
the subepidermic layer (Aliscioni 2000). The
RCI of Paulinia acuminata (Pauliniidae) eat-
ing Salvinia is 0.19 and estimation was made
on the basis of the fresh weight of the animal
(Thomas 1974).

The generalist Dichroplus pratensis,
which is one of the most abundant grassland
grasshoppers and has an economic impact in
the Argentine pampas, has a CI considerably
lower than the values obtained for C. aquati-
cum in our study (Sdnchez & De Wysiecki
1990, De Wysiecki & Sanchez 1992). The
same trend is observed in other important spe-
cies of terrestrial grasshoppers (Philippe 1991,
Thompson et al. 1996, Fanny et al. 1998,
Abdel-Rahman 2001).

Nymphs A of C. aquaticum, which have
the lowest values of daily consumption by
individual, have higher CI values in compari-
son with the other categories of the population.
This finding is consistent with that of Amorim
& Adis (1994) for the semiaquatic S. fis-
sicauda fissicauda. Greater consumption of
food per animal weight in nymphs with respect
to adults has also been found in terrestrial
grasshopper (Sdnchez & De Wysiecki 1990,
Pereyra et al. 1996).

The CI of C. aquaticum adults seems to be
similar in females and males, unlike findings
for other Acrididae (Gangwere 1959, Sdnchez
& De Wysiecki 1990). In the current study, the
relative consumption index of C. aquaticum
is not related to ovary maturation. In contrast,
Sanchez & De Wysiecki (1990) note that pre-
reproductive females of D. pratensis engage in
more feeding activity than reproductive ones.

Considering the total losses (destruction
rate+consumption), the destruction rate of C.
aquaticum appears to be unimportant in com-
parison to the high amount of food consumed
(Table 1). According to the data provided by
Sénchez & De Wysiecki (1990), destruction
rates of D. pratensis represent between 4.9%
and 9.7% of the total losses.

Individual cumulative consumption was
higher in adult females than in other age classes

of the population. Although adult males have
higher longevity than adult females (France-
schini 2008), the latter have notably greater
individual daily consumption values. The same
trend was observed in S. fissicauda fissicauda
(Amorim & Adis 1994), with lower values than
those found for C. aguaticum in our study.

Growth and efficiency of conversion of
ingested food in C. aquaticum: The greater
relative growth index (GR) values for C. aquat-
icum nymphs when compared to adults is con-
sistent with results obtained for D. pratensis by
Pereyra et al. (1996). The higher growth value
for nymphs A with respect to other specific
age classes of the C. aquaticum population is
related to the finding that this specific age
class has the highest consumption per gram
of animal. The GR of D. pratensis nymphs is
closely related to the water content of food, and
nymphs that eat withered leaves show greater
growth values (Pereyra et al. 1996). Higher
values of GR than C. aquaticum are known in
adults of terrestrial grasshoppers (Pereyra et
al. 1996, Abdel-Rahman 2001, Frankze et al.
2010).

Adult females of C. aquaticum convert
the food ingested more efficiently to insect
biomass than do adult males; the same trend
is also observed in D. pratensis (Pereyra et
al. 1996). ECI found in terrestrial grasshop-
pers are higher than the values obtained for
C. aquaticum (Pereyra et al. 1996, Fanny et
al. 1998, Frankze er al. 2010); ECI is closely
related to the quantity and quality of food con-
sumed (Haniffa & Periasamy 1981, Bernays &
Simpson 1990, Pereyra et al. 1996). Nymphs
A of C. aquaticum had a high CI and ECI, and
as a consequence, GR of this specific age class
was also high. Conversely, adult males of this
grasshopper had low values of CI and ECI,
moreover GR were also low.

Effect of C. aquaticum consumption on
the productivity of E. crassipes: Our results
show that the effect of C. aquaticum on the
productivity of E. crassipes is high in the float-
ing meadows of the Parand River floodplain.
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At the same study site and season, an impact of
3.78% of E. crassipes productivity was previ-
ously reported for this grasshopper, calculated
on the basis of a population density of 1.95
ind/m?+2.15 (Franceschini 2008); this density
value was estimated with the semi-quantitative
method, which is widely used for grassland
grasshoppers (Sdnchez & De Wysiecki 1990).
The higher density values obtained in our study
suggest that trapping the vegetation and direct-
ly counting the number of individuals within
the sweep net is the most appropriate method
for estimating the abundance of this semiaquat-
ic grasshopper. Abundance of approximately
one individual per plant was mentioned for
this grasshopper by Silveira-Guido & Perkins
(1975) in some sites located along to the Parana
River. Number of waterhyacinth plant per m?
seems to vary in our study area, depending of
the biotype, size and height of plants, the elas-
ticity of the floodplain system during high and
low water phase and, the wind effect that can
produce a coefficient of variation of 30% of the
plant density at the same day (Neiff e al. 2008,
Neiff 2009, pers. comm.).

In the Amazon floodplain, the abundance
and impact of the C. aquaticum population on
E. crassipes floating meadows is higher than the
values that we found for the population of this
grasshopper in the Parand River floodplain. In
fact, Adis & Junk (2003) report a density of the
C. aquaticum population of 214 to 33 ind/m?,
net primary production of E. crassipes of 15g/m?
per day, and a feeding impact of this grasshopper
of 16.7% of the net primary production of the
host plant. In the Panama Canal, Sanders et al.
(1982) report that C. aquaticum produces slight
to moderate damage on mature leaves of E.
crassipes collected in situ. In non-native areas,
Bownes et al. (2010) found that E. crassipes
decline significantly the competitive perfor-
mance and biomass as a result of herbivory by
C. aquaticum adults, using in the experiments
the grasshopper abundance reported by Silveira-
Guido & Perkins (1975) to native areas.

The effect of the semiaquatic grasshoppers
on plant populations was also studied in Pau-
linia acuminata (Pauliniidae) by Vieira & Adis

(1992). According to these authors, the density
of this grasshopper in the field is between 12.6
and 43.2 ind/m?, and growth of Pistia stratiotes
and Salvinia auriculata is 51% to 64% higher
in exclosure experiments.

In terrestrial grasshoppers that have eco-
nomic impact, a density of 22 ind/m? of D. pra-
tensis removes 4.8% of the primary production
of the Pampa grasslands, which has a produc-
tivity of 5610kg/ha/yr (De Wysiecki & Sdnchez
1992). Because the density of C. aquaticum is
lower and the effect on plant productivity is
higher in comparison with D. pratensis, the
semiaquatic grasshopper can be considered to
be a more efficient consumer. A greater effect
on the plant population has also been found for
the terrestrial grasshopper Hesperotettix viridis,
which can reduce up to 75% of the biomass
of the shrub Gutierrezia sarothrae (Composi-
tae) with a density of 5 individuals per plant
(Thompson et al. 1996).

The food consumption of C. aquaticum
and other herbivores has not been taken into
account in estimations of E. crassipes produc-
tivity, possibly because invertebrate herbivory
of living macrophytes was considered unim-
portant until recently (Wetzel 1983), whereas
in terrestrial systems, damage caused by grass-
hoppers is included in estimations of grassland
productivity (De Wysiecki & Sanchez 1992).
Franceschini ef al. (2010) found that the lamina
biomass removed in E. crassipes by C. aquati-
cum and other herbivorous invertebrates is
high (13% to 26% of the lamina biomass/m?),
pointing that damage due to herbivory must be
taken into account in biomass and productivity
estimations of this macrophyte.

C. aquaticum consumes a higher amount
of food per dry weight of animal in comparison
with other semiaquatic and terrestrial Acrididae
yet, although damage to E. crassipes productiv-
ity is considerable, it is not enough to prevent
the growth and coverage of this macrophyte
in the study site. This may be explained by
the relatively low abundance of grasshopper
population and the high growth rate, biomass
and productivity of the host plant (Neiff & Poi
de Neiff 1984, Neiff 1990, Neiff et al. 2008).
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Thus, our first hypothesis, that C. aquaticum
consumes a low quantity of E. crassipes per
dry weight of animal, producing a scarce
effect on the productivity of this macrophyte,
must be partially accepted. Because there were
important differences in consumption, growth,
and food conversion efficiency between differ-
ent specific age classes of the population, we
also accept the second hypothesis that the food
consumption, growth rate and food conversion
efficiency of this grasshopper vary according to
the age of individuals.

Our study was conducted during a period
of prolonged hydrological isolation of the
Parand River floodplain lakes (low water).
According to Poi de Neiff er al. (1977) and
Poi de Neiff & Casco (2003), grasshopper
abundance under these conditions is noticeably
higher than the abundance observed during
periods of a prolonged hydrological connection
of the floodplain lakes (high water).

This study also highlight the need to
consider estimations of abundance (with an
adequate method for semiaquatic grasshop-
per) and the composition of the specific age
classes in the population structure (especially
from long-term studies) in order to assess
consumption and impact of C. aquaticum on
E. crassipes populations. Finally, we suggest
that information about population and feed-
ing impact of herbivores from native areas are
crucial in species that have been considered as
biological control agent of E. crassipes in non-
native areas. Moreover, we suggest including
herbivorous damage in estimations of macro-
phyte productivity and biomass.
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RESUMEN

Cornops aquaticum es una tucura semiacudtica Neo-
tropical que vive asociada a las Pontederiaceae y constituye
uno de los mds importantes herbivoros de Eichhornia cras-
sipes en dreas nativas. Los objetivos de este trabajo son:
(1) cuantificar el consumo de C. aguaticum (2) determinar
la tasa de crecimiento y la eficiencia de conversién del
alimento ingerido de esta tucura, y (3) determinar el efecto
del consumo en la productividad de E. crassipes. De cada
categoria de edades de la poblacion se utilizaron 30 indi-
viduos: ninfas A, ninfas B, adultos machos y hembras. Los
insectos fueron confinados individualmente en recipientes
con hojas de E. crassipes. Luego, se estimé el consumo
por individuo, la tasa de consumo (CI), tasa de crecimiento
(GR) y la eficiencia de conversion del alimento (ECI). La
abundancia de C. aquaticum se determiné en verano y con
los datos de productividad de la planta se calculd el efecto
del consumo sobre E. crassipes. La tasa de consumo, tasa
de crecimiento y la eficiencia de conversién del alimento
varié entre las distintas categorias de edades de la pobla-
cioén. C. aquaticum consume el 11% de la productividad
primaria de E. crassipes. Si bien el consumo es alto, el
dafio no produce mermas importantes en los camalotales
debido a la abundancia relativamente baja de C. aquaticum
y la alta productividad de la planta huésped.

Palabras clave: consumo, Cornops aquaticum, Eichhornia
crassipes, herbivoria, planicie de inundacion, productivi-
dad de macrofitas, tucuras.

REFERENCES

Abdel-Rahman, K.M. 2001. Food consumption and uti-
lization of the grasshopper Chrotogonus lugubris
Blanchard (Orthoptera: Acridoidea: Pyrgomorphidae)
and its effect on the egg deposition. J. Cent. Europ.
Agriculture 2: 263-269.

Adis, J. & W. Junk. 2003. Feeding impact and bionomics
of grasshopper Cornops aquaticum on the water
hyacinth Eichhornia crassipes in the Central Ama-
zonian floodplains. Stud. Neotrop. Fauna Environ.
38:245-249.

Adis, J.A., E. Bustorf, M. Lhano, C. Amedegnato & A.L.
Nunes. 2007. Distribution of Cornops grasshoppers
(Leptysminae: Acrididae: Orthoptera) in Latin Ame-
rica and the Caribbean Islands. Stud. Neotrop. Fauna
Environ. 42: 11-24.

Aliscioni, S.S. 2000. Anatomia ecolégica de algunas espe-
cies del género Paspalum (Poaceae, Panicoideae,
Paniceae). Darwiniana 38: 187-207.

Amorim, M.A. & J. Adis. 1994. Consumo de alimento
por um gafanhoto Neotropical, Stenacris fissicauda

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (3): 1407-1418, September 2011 1415



fissicauda (Bruner, 1908) (Orthoptera: Acrididae)
da Vérzea amazdnica. Acta Amazdnica 24: 289-302.

Bernays, E.A. & S.J. Simpson. 1990. Nutrition, p. 105-127.
In R.F. Chapman & A. Joern (eds.). Biology of gras-
shoppers. Wiley, New York, USA.

Blanco-Belmonte, L., J.J. Neiff & A.S. Poi de Neiff.
1998. Invertebrate fauna associated with floating
macrophytes in the floodplain lakes of the Orinoco
(Venezuela) and Parand (Argentina). Verh. Internat.
Verein. Limnol. 26: 2030-2034.

Boeger, R. & J. Adis. 2007. Anatomia de cinco espécies de
macrdfitas aqudticas e sua impdrtancia para Cornops
aquaticum (Orthoptera: Acrididae: Leptysminae).
Amazoniana 19: 199-208.

Bownes, A., M. Hill & M.J. Byrne. 2010. Evaluating the
impact of herbivory by grasshopper, Cornops aqua-
ticum (Orthoptera: Acrididae), on the competitive
performance and biomass accumulation of water hya-
cinth, Eichhornia crassipes (Pontederiaceae). Biol.
Control 53: 297-303.

Carbonell, C.S. 1981. Orthoptera, p. 92-99. In S.H. Hurl-
bert, G.Rodriguez, N. Dias dos Santos, (eds.). Aquatic
biota of tropical South America (Part I. Arthropoda).
San Diego State University, San Diego, USA.

Carignan, R., J.J. Neiff & D. Planas. 1994. Limitation of
water hyacinth by nitrogen in subtropical lakes of the
Parand floodplain (Argentina). Limnol. Oceanogr.
39: 439-443.

Casco, SLL. & A. Poi de Neiff. 1998. Daiio ocasionado
por adultos de Neochetina sp. (Coleoptera: Curculio-
nidae) a Eichhornia crassipes en la planicie del rio
Parand. Facena 14: 31-43.

Center, T.D., M.P. Hill, H. Cordo & M.H. Julien. 2002.
Waterhyacinth, p. 41-64. In R. van Driesche, B.
Blossey, M. Hoddle, S. Lyon & R. Reardon (eds.).
Biological control of invasive plants in the eastern
United States. Forest Health and Technology Enter-
prises Team, West Virginia, USA.

Cigliano, M.M. & C.E. Lange. 1998. Orthoptera, p.
67-83. In J.J. Morrone & S. Coscarén (eds.). Bio-
diversidad de artrépodos Argentinos. Ediciones Sur,
La Plata, Argentina.

Cohen, A.C. 2004. Insect Diet: science and technology.
CRC, Boca Raton, Florida, USA.

De Wysiecki, M.L. & N. Sanchez. 1992. Dieta y remocion
de forraje de Dichroplus pratensis (Orthoptera: Acri-
didae) en un pastizal natural de la provincia de La
Pampa, Argentina. Ecol. Austral 2: 19-27.

Fanny, I.P.,, T. Ravikumar, M.C. Muraliragan & K.P. San-
jayan. 1998. Influence of host plants on the duration
of post embryonic development and food utilization
of Oxyla nitidula (Walker) (Orthoptera: Acrididae). J.
Orthopt. Res. 6: 119-124.

Ferreira, S.A. & J. Vasconcellos-Neto. 2001. Ecology,
behavior and bionomics of Cornops aquaticum in
Poconé, Brazil. Neotrop. Entomol. 30: 523-533.

Franceschini, M.C. 2008. Biologia y ecologia de la tucura
semiacudtica Cornops aquaticum (Orthoptera: Acri-
didae: Leptysminae) en relacion a dos macrofitas
dominantes en humedales del Nordeste de Argentina:
Eichhornia crassipes y E. azurea (Pontederiaceae).
Tesis de doctorado, Universidad Nacional de La
Plata, La Plata, Argentina.

Franceschini, M.C. & S. Capello. 2006. Morfometria do
desenvolvimiento ninfal e preferencia alimentar de
Cornops aquaticum. Simposio sobre Conocimiento
de Orthoptera no Brasil: estado atual e perspectivas
para o futuro. XXI Congresso Brasileiro de Entomo-
logia, Recife, Brazil.

Franceschini, M.C., J. Adis, A. Poi de Neiff & M.L. De
Wysiecki. 2007. Fenologia de Cornops aquaticum
Bruner (Orthoptera: Acrididae: Leptysminae), en un
camalotal de Eichhornia azurea (Pontederiaceae) en
Argentina. Amazoniana 19: 149-158.

Franceschini, M.C., J. Adis & A. Poi de Neiff. 2008. Phe-
nology of Cornops aquaticum Bruner (Orthoptera:
Acrididae) on Eichhornia crassipes floating mead-
ows in a wetlands of the Parand River Floodplain
(Argentina). 8" INTECOL International Wetlands
Conference, Cuiaba, Matto Groso, Brazil.

Franceschini, M.C., A. Poi de Neciff & M.E. Galassi.
2010. Is the biomass of water hyacinth lost through
herbivory in native areas important? Aquat. Bot. 92:
250-256.

Franzke, A., S.B. Unsicker, J. Specht, G. Kohler & W.W.
Weisser. 2010. Being a generalist herbivore in a
diverse world: how do diets from different grasslands
influence food plant selection and fitness of the
grasshopper Chorthippus parallelus? Ecol. Entomol.
35:126-138.

Gangwere, S.K. 1959. Experiments upon the food con-
sumption of the grasshopper Melanoplus s. scudderi
(Uhler). Pap. Mich. Acad. Sci. 44: 93-96.

Gonzdlez, A.M. 2002. Anatomia del vdstago en especies
selectas de plantas hidréfilas, p. 431-450. In M.M.
Arbo & S.G. Tressens (eds.). Flora del Ibera. EUDE-
NE, Corrientes, Argentina.

1416 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (3): 1407-1418, September 2011



Gopal, B. 1987. Aquatic Plant Studies 1: Water Hyacinth.
Elsevier, Amsterdam, Holland.

Haniffa, M.A. & K. Periasamy. 1981. Effect of ration level
on nymphal development and food utilization in
Acrotylus insubricus (Scopali) (Orthoptera: Acridi-
dae). Acrida 10: 91-103.

Hwang, S.Y., C.H. Liu & T.C. Shen. 2008. Effects of plant
nutrient availability and host plant species on the
performance of two Pieris butterflies (Lepidoptera:
Pieridae). Biochem. Syst. Ecol. 36: 505-513.

InfoStat. 2002. Statistical Software, Version 1.1. Universi-
dad de Cérdoba, Cérdoba, Argentina.

Julien, M.P., M.P. Hill, T.D. Center & D. Jianqing. 2001.
Biological and integrated control of water hyacinth,
Eichhornia crassipes: proceedings of the second
meeting of the Global Working Group for the biologi-
cal and integrated control of water hyacinth. ACIAR
Proceedings N° 102, Beijing, China.

Lallana, V.H. 1980. Productividad de Eichhornia crassipes
(Mart.) Solms en una laguna islefia de la Cuenca
del Rio Parand Medio. II. Biomasa y dindmica de la
poblacion. Ecol. Argentina 5: 1-16.

Lhano, M.G. 2006. Revision sistemadtica y analisis filoge-
nético de las Tribus Chloropseustini y Tetrataeniini
(Orthoptera, Acididae, Leptysminae). Tesis de Doc-
torado, Universidad de Montevideo, Montevideo,
Uruguay.

Lhano, M.G.,J. Adis, M.I. Marques & L.D. Batirola. 2005.
Cornops aquaticum (Orthoptera, Acrididae, Leptys-
minae) aceitacdo de plantas alimentares por ninfas
vivendo em FEichhornia azurea (Pontederiaceae) no
Pantanal norte, Brasil. Amazoniana 18: 397-404.

Neiff, J.J. 1990. Aspects of primary productivity in the
lower Parand and Paraguay riverine system. Acta
Limnol. Bras. 3: 77-113.

Neiff, J.J. & A. Poi de Neiff. 1984. Cambios estacionales
en la biomasa de Eichhornia crassipes (Mart.) Solms
y su fauna en una laguna del Chaco (Argentina).
Ecosur 11: 51-60.

Neiff, J.J., A. Poi de Neiff & S.L. Casco. 2008. Response
of Eichhornia crassipes (Pontederiaceae) to the water
level fluctuations in two lakes with different connec-
tivity in the Parand River floodplain. Rev. Biol. Trop.
56: 613-623.

Nunes, A.L. 1989. Estudo sobre o ciclo de vida e feno-
logia de Stenacris fissicauda fissicauda (Bruner
1908) (Orthoptera-Acrididae) em um lago de var-
zea da Amazonia Central, Brasil. M.Phil. Thesis,

Instituto Nacional de Pesquisas da Amazonia and
Fundacdo Universidade do Amazonas (INPA-FUA),
Manaus, Brazil.

Oberholzer, I.G. & M.P. Hill. 2001. How safe is the gras-
shopper Cornops aquaticum for release on water hya-
cinth in South Africa?, p. 82-88. In M.H. Julien, M.P.
Hill, T.D. Center & D. Jianqing (eds.). Biological
and integrated control of water hyacinth, Eichhornia
crassipes. ACIAR Proceedings 102, Bejing, China.

Pereyra, P.C., N.E. Sanchez & M.L. De Wysiecki. 1996.
Efectos de la calidad del alimento en la tucura
Dichroplus pratensis Bruner (Orthoptera: Acrididae).
Rev. Facultad Agro. 101: 169-178.

Philippe, L.G. 1991. Niche breadth and feeding in tropical
grasshoppers. Insect Sci. Appl. 12: 201-208.

Poi de Neiff, A. & S.L. Casco. 2003. Biological agents
that accelerate winter decay of Eichhornia crassipes
(Mart.) Solms in northeast Argentina, p. 128-144. In
S.M. Thomaz & L.M. Bini (eds.). Ecologia e manejo
de macrdfitas aqudticas. Universidade Estadual de
Maringa, Maringa, Brazil.

Poi de Neiff, A., J.J. Neiff & A. Bonetto. 1977. Enemigos
naturales de Eichhornia crassipes en el nordeste
argentino y posibilidades de su aplicacion al control
biolégico. Ecosur 4: 137-156.

Rao, M.S., K. Srinivas, M. Vanaja, G.G.S.N. Rao, B.
Venkateswarlu & Y.S. Ramakrishna. 2009. Host
plant (Ricinus communis Linn.) mediated effects of
elevated CO, on growth performance of two insect
folivorous. Curr. Sci. India 97: 1047-1054.

Rayapuram, C. & L.T. Baldwin. 2006. Using nutritional
indices to study LOX3-dependent insect resistance.
Plant Cell Environ. 29: 1585-1594.

Roberts, HRR. & C.S. Carbonell. 1979. A revision of the
Genera Stenopola and Cornops (Orthoptera, Acri-
didae, Leptysminae). P. Acad. Nat. Sci. Phila. 131:
104-130.

Ronderos, R.A., M.O. Arriaga & N. Sinchez. 1981. Estu-
dio preliminar sobre la selectividad alimentaria en
especies de acridios de la provincia de Buenos Aires
(Argentina). Rev. Soc. Entomol. Argent. 40: 73-82.

Ruhnke, H., M. Schidler, S. Klotz, D. Matthies & R. Bran-
dl. 2009. Variability in leaf traits, insect herbivory
and herbivore performance within and among indivi-

duals of four broad-leaved tree species. Basic Appl.
Ecol. 10: 726-736.

Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (3): 1407-1418, September 2011 1417



Séanchez, N.E. & M.L. De Wysiecki. 1990. Quantitative
evaluation of feeding activity of the grasshopper
Dichroplus pratensis (Orthoptera: Acrididae) in a
natural grassland of La Pampa, Argentina. Environ.
Entomol. 19: 1392-1395.

Sanders, D.R., R.F. Theriot & E. Theriot. 1982. Organisms
impacting waterhyacinth in the Panama Canal. J.
Aquat. Plant Manage. 20: 22-29.

Silveira-Guido, A. & B.D. Perkins. 1975. Biological and
host specificity of Cornops aquaticum (Bruner)
(Orthoptera: Acrididae), a potential biological con-
trol agent for waterhyacinth. Environ. Entomol. 4:
400-404.

Slansky, F. 1993. Xanthine toxicity to caterpillars synergi-
zed by allopurinol, a xanthine dehydrogenase oxidase
inhibitor. J. Chem. Ecol. 19: 2635-2650.

Strengbom, J., P. Reich & M. Ritchie. 2008. High plant
species diversity indirectly mitigates CO,- and
N-induced effects on grasshopper growth. Acta
Oecol. 34: 194-201.

Thomas, P.A. 1974. Investigation into the biology of Pau-
linia acuminata (De Geer) (Orthoptera: Acrididae)
with particular reference to the biological control of
Salvinia auriculata. M .Phil. Thesis, University of
London, London, England.

Thompson, D.C., K.C. McDaniel & L.A. Torell. 1996.
Feeding by native grasshopper reduce broom
snakeweed density and biomass. J. Range Manage.
49: 407-412.

Torrusio, S., M.L. De Wysiecki & J. Otero. 2005. Esti-
macién de dafo causado por Dichroplus elongatus

Giglio-Tos (Orthoptera: Acrididae) en cultivos de
soja en siembra directa, en la provincia de Buenos
Aires. Rev. Invest. Agropec. 34: 59-72.

Van Loon, JJ.A. 1989. Measuring food utilization in
plant-feeding insects: toward a metabolic and dyna-
mic approach, p. 79-124. In E.A. Bernays (ed.).
Insect-plant interactions. Vol III. CRC, Boca Raton,
Florida, USA.

Vieira, M.F. & J. Adis. 1992. Abundancia y biomassa de
Paulinia acuminata (De Geer, 1773) (Orthoptera,
Pauliniidae) em um lago de varzea da Amazonia
Central. Amazoniana 12: 337-352.

Vieira, M.F. & A.C. Santos. 2003. Duragdo do ciclo de
vida de Cornops aquaticum (Bruner, 1906) (Othop-
tera: Acrididae: Leptysminae) e aspectos de seu
comportamento alimentar na Amazonia central. Acta
Amazonica 33: 711-714.

Waldbauer, G.P. 1968. The consumption and utilization of
food by insects. Adv. Insect Physiol. 5: 229-228.

Waterhouse, D.F. & K.R. Norris. 1987. Eichhornia crassi-
pes (Marthius) Solms-Laubach, p. 332-341. In D.F.
Waterhouse & K.R. Norris (eds.). Biological Control
Pacific Prospect. Inkata, Melbourne, Australia.

Wetzel, R.G. 1983. Limnology. Saunders, Philadelphia,
USA.

Whigtman, J.A. 1981. Why insect energy budgets do not
balance? Oecologia 550: 166-169.

Whittaker, J.B. 1999. Impacts and responses at population
level of herbivorous insects to elevated CO, Eur. J.
Entomol. 96: 149-156.

1418 Rev. Biol. Trop. (Int. J. Trop. Biol. ISSN-0034-7744) Vol. 59 (3): 1407-1418, September 2011



