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Abstract

This study, spanning 37 years, assessed the diversity of grasshopper communities across much of the Pampas region. Ninety-
five sampling sites were established in Buenos Aires and La Pampa provinces. Five zones were defined: Northeast (NE),
Northwest (NW), Southeast (SE), Southwest (SW), and West (W). Each site was categorized according to the dominant veg-
etation. A total of fifty grasshopper species from three families were collected. Acrididae was the most diverse (41 species).
Rarefaction analysis indicated that the SE was the zone with the lowest species richness (Q0). The NE, SW, and W showed
higher diversity (Q1), while NE was less diverse according to Q2. The PCA revealed varying abundances of species across
zones, with some species more abundant in specific areas (e.g., Dichroplus maculipennis and Borellia bruneri in SE). The
highest species count (50) was in grassland with grass dominance. The CA showed significant associations between grass-
hopper species and different grasslands (e.g., Covasacris pallidinota, Dichroplus maculipennis, and Parorphula graminae in
Halophilous grassland). Beta diversity highlighted species turnover as key component in the SW, W, and NE, while in the SE
it was nestedness. In the NW, turnover and species loss components affected beta diversity. Communities were dominated by
a few species, with three or four species representing over 50% of the community. Some abundant species declined or disap-
peared over time, while others appeared later. These results provide the first quantitative analysis of the grasshopper fauna
across much of one of South America’s most heavily modified ecosystems, the grasslands of the Argentine Pampas region.
Implications for insect conservation For decades, the Pampas grasslands have been undergoing a significant transforma-
tion, with the replacement of grasslands by highly productive agroecosystems. Grasshoppers are among the most abundant
insects in grasslands. Therefore, understanding whether this transition to intensive agroecosystems has affected the richness
and diversity of grasshoppers is an important question. The results of this study highlight the importance of long-term eco-
logical research (37 years), which has coincided with a period of significant agricultural intensification across the region.
This intensification has resulted in a homogenization and fragmentation of natural grasslands, with consequent impacts on
associated fauna. The observed trends of this study probably reflect the current state of the grasshopper fauna in the Pampas
during the last decades, in an increasingly managed agroecosystem context.
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Introduction

>4 Yanina Mariottini ) )
ymariottini @ecosistemas.exa.unicen.edu.ar The grasslands of the Pampas region represent approxi-

mately 15% of Argentina’s land area and are considered one
of the most modified biomes due to the intense livestock
and agricultural use to which they have been subjected since
the nineteenth century (Viglizzo et al. 2011; Piquer-Rod-
riguez et al. 2018; Ricard et al. 2019). Given the productive
capacity of this region, the Pampas grasslands have been
strongly replaced by agroecosystems that substantially modi-
fied their structure and functioning (Viglizzo et al. 2001;
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Baldi and Paruelo 2008; Bilenca et al. 2009). Until the early
1990s, production in the Pampas increased by taking over
still existing natural lands. Production was characterized by
extensive livestock farming on native grasslands, annual
crop rotations under multi-pass tillage coupled with exten-
sive livestock ranching, and annual crops expansion to land
that still remained covered by grasslands and perennial pas-
tures. Once this option was exhausted, additional increase
in productivity was achieved through more intensive use of
external inputs, technology, and management (Viglizzo et al.
2011; Modernel et al. 2016; Piquer-Rodriguez et al. 2018;
Ricard et al. 2019). Diverse studies indicate that among the
most important changes that occurred in production systems
during the 1990s were the discontinuation of crop-livestock
rotation, the incorporation of new crop varieties (genetically
modified cultivars), the widespread use of new-generation
pesticides, the adoption of no-till farming, and a strong ten-
dency towards monoculture (Ghersa 2005; Aizen et al. 2009;
Andrade et al. 2017; Leguizamon 2016). Changes in land
use were also associated with increased livestock production
via feedlots (Gavier-Pizzarro et al. 2012; Gonzales-Roglich
et al. 2015). Extensive areas are cultivated with soybean as
summer crop and wheat as winter crop followed by oats,
corn, sunflower, and natural or semi-natural grassland for
cattle grazing (Lara and Gandini 2014).

The replacement of natural systems such as grasslands
by agroecosystems is one of the main forces of change and
loss of biodiversity on a global scale (Fumy et al. 2020).
The loss, homogenization, and fragmentation of habitats
resulting from agroecosystem development translate directly
into a decrease in diversity (Benton et al. 2003; Tscharntke
et al. 2005; Fahrig 2019) by means of reductions in number
of species, their abundance, and by variations in the distri-
bution of populations (Fahrig 2003; Horvath et al. 2019),
affecting ecological functions and the ecosystem services
that these systems provide (Foley et al. 2005; Paruelo et al.
2007; Carrefio and Viglizzo 2011; Mastrangelo et al. 2015).

Insects are the largest and most diverse group of animals.
They are key components in the provision, regulation, and
dynamics of many ecosystem services such as pollination,
herbivory, and pest control, among others (Schowalter 2013;
Ebeling et al. 2018; Noriega et al. 2018; Wagner 2020).
Grasshoppers are dominant insect herbivores in grassland
ecosystems worldwide and play a key role as primary con-
sumers, as components of the trophic network, and in the
cycling of nutrients and energy (Song et al. 2018). Like
other groups of insects, grasshopper communities usually
exhibit great variability in the composition and abundance
of species (Jonas and Joern 2007). Some are considered of
economic importance due to the damage they cause to pas-
tures and crops in times of outbreaks (Lecoq and Zhang
2019). Grasshopper communities are also sensitive to dis-
turbances (Gebeyehu and Samways 2003; Fartmann et al.
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2022). They respond with variations in diversity, abundance,
and composition to different management practices such as
grazing intensity, fire frequency, and agriculture activities
(Joern 2005; Hochkirch and Adorf 2007; Bazelet and Sam-
ways 2011). In general, as a consequence of these activities,
the diversity of plant communities decreases, generating a
simplification of species in grasshopper communities (Guo
et al. 2006; Joern and Law 2013). This situation is frequently
observed in overgrazed natural pastures (Joern 2005) and
in crops where the richness of plant species decreases to a
minimum (Carrasco et al. 2012). Several authors point out
that agriculturalization in the Pampas has affected biodi-
versity patterns across different taxa (Medan et al. 2011,
Codesido et al. 2011; Weyland et al. 2014).

Considering the ecological and economic importance of
grasshoppers in grassland ecosystems and the agricultural
intensification process of the last decades in the Pampas,
it is important to question whether this transition to highly
productive agroecosystems has caused a change in the rich-
ness and diversity of grasshoppers in different areas of the
region over time. Thus, the main objective of this study was
to evaluate the diversity of grasshopper communities in dif-
ferent areas of the Pampas region (Buenos Aires province
and eastern La Pampa province) over a period of 37 years.

Methods
Study area and sampling sites

The Pampas region (30—40°S, 55-65°W), one of the world
largest grasslands (Bilenca and Mifarro 2004; Oyarzabal
et al. 2020), comprises an extension of land of around 52
million ha where a temperate climate with a hot summer pre-
dominates. The average temperature varies between 17 °C
in the North and 14 °C in the South, and the rainfall, mostly
concentrated in spring and summer, ranges from 1000 mm
in the NE to 600 mm in the SW. The variability of rainfall
increases from NE where crops predominate to SW, where
lands are mainly allocated to mixed cattle—crop activities
(Viglizzo et al. 1997; Oyarzabal et al. 2020). The Pampas
region can be subdivided into six vegetation units, that is,
areas with relatively homogeneous physiognomy and flo-
ristic composition, sharing geomorphic, hydrologic, and
edaphic features (Soriano et al. 1992; Oyarzabal et al. 2018).
The units are the Rolling Pampa, Mesopotamic Pampa, Flat
Inland Pampa, West Inland Pampa, Flooding Pampa, and
Southern Pampa.

Ninety-five sampling sites were established in different
areas of Buenos Aires and La Pampa provinces. They were
grouped into five areas: Northeast (NE) with 11 sites, North-
west (NW) with 18, Southeast (SE) with 20, Southwest (SW)
with 21, and west (W) with 25 sites (Fig. 1), The sampling
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Fig. 1 Distribution of the
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sampled sites in different zones
of “Buenos Aires” and “La
Pampa” provinces. On the left, a
map of Argentina and neighbor-
ing countries, and on the right,

a detailed view of the provinces
and the sampled sites

sites were categorized according to the dominant vegetation
in five categories: grazed grassland with grass dominance
(GG), grazed grasslands with native and exotic dicotyledon-
ous dominance (DG), halophilous grassland (HG) that com-
prised a short grass steppe dominated by a sparse cover of
the grass Distichlis spicata, sown pastures (P), and summer
crops (C) (mainly soy, corn, and sunflower) (Torrusio et al.
2002; Mariottini et al. 2013).

Grasshopper sampling

Grasshoppers were sampled in summer from 1982 to 2018.
Sampling was conducted in either January or February when
most of grasshopper populations are at their peak. The sites
of sampling were visited multiple times during the study
period, at least 6 times each of them. Species composition
of communities and abundance of each species were deter-
mined from a total of 604 samples, each containing all the
grasshoppers captured with 200 sweeps of entomological
nets (diameter: 40 cm, depth: 75 cm, arc of sweep: 180°)
along transects at each site as described by Evans (1988),
a method acknowledged to provide representative samples
of grasshopper communities (Larson et al. 1999). Four
transects of 50 net sweeps each were made from a central
point at 90° from each other as described by Bardi (2013).
Grasshoppers collected were placed in plastic bags, kept in
portable coolers, and taken to the laboratory for identifica-
tion of species. Species richness was quantified as the total
number of species present in a community and the relative
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abundance of grasshopper species was calculated as the
abundance of species relative to the total abundance of all
species collected at each site.

Data analysis

A linear discriminant analysis was performed in order to
evaluate if grouping of sampling sites by zones (NE, NW,
SE, SW, W) was sound according to the degree of homo-
geneity in terms of climatic variables. Different variables
of precipitation and temperature were taken into account,
such as the mean annual temperature (BIO1), the annual
precipitation (BIO12), the seasonality in precipitation (coef-
ficient of variation) (BIO15), the maximum temperature of
the warmest month (BIOS5) and the minimum temperature of
the coldest month (BIO6).Temperature and precipitation of
sites in each zone were obtained from Worldclim (Fick and
Hijmans 2017) and Argentina’s National Meteorological site
(https://www.smn.gob.ar/).

In order to know the species richness of each sampling
zone and the presence and abundance of rare species, the
nonparametric estimators Chaol and ACE were used. Chaol
uses the numbers of singletons and doubletons to estimate
the number of undetected species because undetected spe-
cies information is mostly concentrated on those low-fre-
quency counts (Chao and Chiu 2012, 2016). The estimator
abundance-based coverage estimator (ACE) proposes that
the observed species are separated into rare (those with an
abundance of less than 10 individuals) and abundant groups.
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Only data in the rare group is used to estimate the number
of undetected species (Chao et al. 1992). The Spade online
software was used (https://chao.shinyapps.io/SpadeR/).

The comparison of grasshoppers’ diversity between the
different zones was performed by means of Hill numbers
and rarefaction-extrapolation curves (Chao et al. 2014). For
this analysis, the total abundance of every grasshopper spe-
cies in each zone was considered. Three indexes from Hill
numbers were used: Species richness (Q =0), the diversity
of rare and common species (Q =1, the exponential of Shan-
non entropy), and the diversity of dominant species (Q=2,
Simpson diversity). These indexes are widely accepted as
being the most meaningful measures of species diversity
(Ellison 2010). The significance of the comparisons between
indexes was made through rarefaction/extrapolation curves
and the overlapping of their confidence intervals. The 95%
confidence intervals were built using the bootstrap method
(100 replicates) and each curve was extrapolated to double
the overall abundance (sample size) (Hsieh et al. 2016). Rar-
efaction and extrapolation were performed for sample size
and for sample coverage. The first is the traditional method
of applying rarefaction and extrapolation, but using sample
coverage has recently been shown to be more reliable (Chao
and Jost 2012). While the sample size is simply the number
of individuals in a sample, sample coverage is the proportion
of individuals in a community that belongs to the species
represented in the sample. In addition, the sampling effort
was evaluated by the sample coverage estimator, which indi-
cates the proportion of the total number of individuals in a
community that belongs to the taxa represented in the sam-
ple (Chao et al. 2014). The analyses were done using iNext
online software: iNEXT.4steps https://chao.shinyapps.io/
iINEXT_4steps/ (Chao et al. 2020).

In addition, in order to analyze the abundance of the
species in different zones and the structure of covariation
between them, a principal components analysis was carried
out taking the study zones as a classification factor. Due to
the fact that in most of the sampling sites, the abundance
of some species was very low, or they were not present, a
species selection criterion was proposed. Those species in
which the accumulated relative abundance along samplings
exceeded the value of 50% were considered. Consequently,
19 of the 50 species were used in the analyses. In the rest of
analyzes we worked with all the species.

To analyze the association between the presence of differ-
ent grasshoppers and the type of plant community a simple
correspondence analysis was performed. It worked with the
contingency of both variables, the type of plant community,
and the abundance of the registered species.

Finally, to assess the degree of differentiation in terms
of species composition over time in each study area, a beta
diversity analysis was performed. Beta diversity may reflect
two different phenomena, spatial species turnover and
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nestedness of communities, which result from two opposite
processes, namely species replacement and species loss,
respectively. For these analyses, the Baselga method was
used (Baselga 2010; Baselaga and Orme 2012), applying
the Sgrensen and Jaccard indexes (Bsor and fjac) and their
respective turnover (fsim and pjtu) and nestedness (Bsne and
Bjne) components. We compute the proposed indexes pair-
wise (Functions: beta. pair; beta) and multiple (Functions:
beta. multi) comparisons. Statistical analysis was performed
with GNU R statistical software (FactoMineR Packages for
multivariate analysis and betapart packages for Beta diver-
sity analysis).

In order to obtain an estimation of the changes in agricul-
tural dynamics that occurred during the study period data
were retrieved from the Ministry of Agriculture, Livestock
and Fisheries web site (https://datosestimaciones.magyp.
gob.ar/reportes.php?reporte=Estimaciones). Total cultivated
area (ha), production (tons), and yield (kg/ha) were graphed
for the most significant crops (oat, barley, corn, sunflower,
soybean, wheat) over time for the counties where sampling
sites were located.

Results

Results of the linear discriminant analysis based on climatic
variables of the 95 sites agreed with the initial grouping of
sites into the five different zones (NE, NW, W, SE, SW), sug-
gesting a sound classification of the sites with a minimum
error of 12.75% (11 sample sites) (Fig. 2). The climatic vari-
ables that mainly contributed to the discrimination of zones
in the first canonical axis were BIO 01 (2.83) and BIO 05
(— 2.19) (Table 1). The sites in the NW had an average per-
formance concerning these variables, while the sites in the
W displayed an opposite behavior to those in the NE and SE.
In the second discriminant axis, the variables that contribute
the most to the classification were BIO 05 (0.73) and BIO 15
(— 0.64). In this axis, the NE was positively associated with
the average annual temperature, while the SE and SW were
associated with greater precipitation seasonality.
Throughout the entire study, a total of 85.956 grass-
hoppers were collected, belonging to 50 species in three
families (Acrididae, Ommexechidae, Romaleidae). Acridi-
dae was the most diverse family with 41 species (82%)
followed by Romaleidae with 8 (16%) and Ommexechi-
dae with one (2%). Within Acrididae, the subfamily Mel-
anoplinae was the most abundant and species-rich with
19 species, Gomphocerinae with twelve, and Acridinae
with five. Copiocerinae and Leptysminae had two species
each, and Oedipodinae had only one (Table 2). The spe-
cies richness registered in each zone varied between 29
in the NE and 42 in the W (Tables 2 and 3). According to
the ACE estimator, the proportion of rare species in the
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Table 1 Discriminant functions Axis 1 Axis 2 nearly all abundant and highly abundant species had been
of linear analysis of different found for each assemblage.
climatic variables mean BIOO1 2.83 0.39 The rarefaction and extrapolation curves based on
annual temperature (BIO1), o , . .
maximum temperature of the BIOO0S -2.19 073 the individuals’ number suggest that the stabilization of
warmest month (BIO5) and BIO06 - 178 036 QO occurred at approximately 2000 individuals in each
the minimum temperature of BIO12 - 123 0.30  zone. There was a significant difference in species rich-
the coldest month (BIO6), BIO15 0.97 —0.64

annual precipitation (BIO12),
seasonality in precipitation
(coefficient of variation)
(BIO15)

total species of each zone was higher in the sites located
in the NE (16 of the 29 collected species had less than 10
individuals: 55.17%) (Table 3). In the NW, rare species
represented 44.1%, while in the W, SW, and SE they rep-
resented 39.1%, 33%, and 28.5%, respectively.

The sampled completeness profiles (Fig. 3) showed that
for Q=0, the estimated sample completeness for the NW
zone was 69%, indicating a higher proportion (31%) of rare
species (singletons and doubletons) that was not detected.
In contrast, the NE had a lower percentage of species not
detected at 15%, while the W and SW zones had 5%, and the
SE had 3%. Curves for diversity orders Q=1 and Q=2 sta-
bilized, and the sample completeness profile reached 100%,
meaning that the asymptotic diversity estimates for these
two indexes worked satisfactorily to infer true diversities and

ness between the SE and the other sampling zones when
the same number of individuals was considered. However,
when Shannon diversity (Q1) was taken into account, the
NE, SW, and W zones exhibited significantly higher diver-
sity and richness than the NW and SE zones (Fig. 4). In
terms of Simpson diversity (Q2), only the NW zone had sig-
nificantly lower diversity compared to the other zones (see
Fig. 4). When standardized coverage of 99.9% was applied,
the species richness, Shannon diversity, and Simpson diver-
sity results between the four zones were consistent with the
rarefaction curves by individuals, with the NW zone exhibit-
ing the lowest diversity. These differences were statistically
significant as indicated by non-overlapping 95% confidence
bands.

Regarding the presence of species in the different zones,
the PCA revealed that the first three components explained
94.2% of the total variation, the first plane alone account-
ing for 75% of the total variation (Fig. 5). The three planes
were used to observe the species performance. Species
with higher abundance according to zone were: Aleuas
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Table 2 Total grasshopper species collected in each study zone (Bue-
nos Aires and La Pampa provinces, Argentina) between 1986 and
2018

NE NW SE SW W

ACRIDIDAE
Acridinae
Allotruxalis gracilis * * * * *
Cocytotettix argentina * *
Covasacris pallidinota * * * * *
Metaleptea adspersa * * *
Parorphula graminea * * * * *

Copiocerinae
Aleuas linneatus * * * * *®
Aleuas vitticolis * * * *

Gomphocerinae

Amblytropidia australis * * * * *
Borellia bruneri * * * * *
Borellia pallida * * * * *
Dichromorpha australis * *
Euplectrotettix ferrugineus * *
Euplectrotettix schulzi * * .
Laplatacris dispar * * * *
Orphulella punctata * * * * *
Rhammatocerus pictus * * * *
Scyllinula variabilis * * * * *
Sinipta dalmani * * * * *
Staurorhectus longicornis * * * * *

Leptysminae
Leptysma argentina * * * *
Tucayaca gracilis * * *

Melanoplinae
Atrachelacris gramineus *
Atrachelacris unicolor *
Baeacris pseudopunctulata * * * * *
Baeacris punctulata * * * * *
Dichroplus conspersus * * * * *
Dichroplus elongatus * * * * *
Dichroplus exilis *
Dichroplus maculipennis * * *
Dichroplus obscurus *
Dichroplus pratensis * * * * *
Dichroplus schulzi * *
Dichroplus vittatus * *
Leiotettix pulcher * * * * *
Neopedies brunneri * * * * *
Ronderosia bergii * * * * *
Ronderosia forcipata * * *
Scotussa cliens * * *
Scotussa daguerrei * * * *
Scotussa lemniscata * * * * *

Oedipodinae
Trimerotropis pallidipennis * * *
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Table 2 (continued)

NE NW SE SW W

OMMEXECHIDAE
Spathalium audouini * *
ROMALEIDAE
Alcamenes granulatus *
Chromacris speciosa
Diphontus argentinus * * *
Diphontus clarazianus *
Staleoclora viridicata *
Xileus laevipes * * *

Zoniopoda omnicolor *

L

Zoniopoda tarsata * *

SW southwest, SE southeast, W west, NW northwest, NE northeast

lineatus, Amblitropidia australis, Dichroplus elongatus,
Scotussa lemniscata, and Ronderosia bergii in the NE,
D. elongatus, R. bergii, Baeacris pseudopunctulata, and
Staurorhectus longicornis in the NW, Borellia bruneri,
Borellia pallida, Covasacris pallidinota, Dichroplus mac-
ulipennis, Dichroplus pratensis, and Parorphula graminea
in the SE, D. pratensis, Dichroplus vittatus, Neopedies
bruneri, Rammathocerus pictus, Baeacris punctulatus, and
B. pseudopunctulata in the W, and D. elongatus, D. prat-
ensis, Leiotettix pulcher, S. longicornis, and B. pallida in
the SW. Dichroplus elongatus and D. pratensis occurred
in all of the sampling areas.

Of the 50 collected species, 25 were recorded in at least
three of the plant communities sampled while the remaining
25 were found only in one or two. The highest number (50
species) was collected in GG followed by 33 in DG, 23 in
both HG and C, and 17 in P. Crops exhibited the lowest num-
ber of individuals, representing only 2.51% of the total num-
ber collected while GG had the highest number, representing
51.87%. The correspondence analysis revealed a significant
relationship between species and grassland, accounting for
over 88% of the variance (Fig. 6) and showing how species
were associated among the various plant communities. The
HG contributed the most to the first dimension, account-
ing for 73.9% of the variation followed by the GG (21.3%)
whereas P contributed the most to the second dimension,
accounting for 79% of the variation (Table 4). Concerning
species abundance by plant community, B. bruneri (10 in
Table 5), B. pallida (11), C. pallidinota (14), D. maculipen-
nis (19), and P. graminae (34) were more abundant in the
HG (Table 5). In P, S. lemniscata (40 in Table 5) was the
most abundant species. Dichroplus elongatus (17) was the
most frequently found species, and it was present in all envi-
ronments, with the highest abundance in GG (56.32%) and
DG (24.69%). Dichroplus pratensis (21) was also one of the
most abundant species, mainly found in the GG.
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Table 3 Species richness (S) and nonparametric estimators Chao 1 and ACE

Study zones ~ Sample size (n) S N° individuals

N¢ species for

N°¢ individuals in

N° species for the

Estimated species richness

in rare group arare group abundant group abundant group

Northwest 6010 34 67 15 5943 19 Chaol: 48.998
ACE: 39.296

West 7860 42 68 16 7792 26 Chaol: 43.500
ACE: 43.428

Northeast 1412 29 42 16 1370 13 Chaol: 33.497
ACE: 34.986

Southwest 6594 36 56 12 6538 24 Chaol: 38
ACE: 37.02

Southeast 64,080 35 33 10 64,047 25 Chaol: 35.33
ACE: 36.48

Number of observed individuals for rare group, Number of observed species for rare group (Species with a number less than ten individuals),
number of observed species for abundant group and number of observed individuals for abundant group according to ACE estimator

Fig.3 Estimated sample com-
pleteness curves as a function
of order Q between 0 and 2 for
grasshopper species collected in
the sampled sites in each study
zone NE northeast, NW north-
west, W west, SE southeast, SW
southwest

1.0 4

0.8 4

Sample completeness

0.0

In the Beta diversity analysis carried out to measure the
species composition differences over time in each zone, it
was observed that in SW, W, and NE, the species turno-
ver (fsim and Bjtu) was the key component that showed
differentiation between years. Specifically, in the SW,
the highest values were observed between the periods
1990-95/2001-05 (50% Psim, 66% Bjtu) (Table 6). In the
NE, the highest values of the species turnover 3 compo-
nent were recorded between1996-2000 and the rest of the
periods, and in 2001-05, 2006-10, and >2010. In the W,
between 45 and 68.9% of differentiation was observed over
all considered periods. In the SE, the Sorenson and Jaccard
turnover indexes had lower values, and the highest diversity
component was species loss, with values between 31.7 and
35.5% Bjne observed between 1996/2000 and 2006/2010,
and 1996/2000 with >2010. Additionally, between 2001/05

0.5

NE

1.0
Order q

1.5 2.0

NW SwW

and 2006/2010, 40.7% Bjne was registered. In the NW, beta
diversity between periods was affected by both the turnover
component and the loss of species (Table 6).

In each zone, there were between 5 and 7 more abundant
species that appear across the analyzed periods. Besides, it
was observed that communities were structured with few
dominant species, the three or four most abundant generally
representing more than 50% of the community (Table 7).
Moreover, some of the most frequent species were also the
most abundant. While there were some abundant species
recorded in the early years and then decreased or did not
appear, there were others that showed up in later periods that
were not initially collected. Baeacris punctulata decreased
its abundance throughout the study in the SW, NW, W, and
SE, and it was only found in one study period in the NE.
Other species that decreased their abundance over the years
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Fig.4 Size-based rarefaction curves by individuals in the left and
Coverage-based rarefaction by sample coverage in the right. Rarefac-
tion (solid lines) and extrapolation (dashed lines), curves with 95%

were A. gracilis, B. bruneri, D. maculipennis, Orphulella
punctata and P. graminae in the SW, A. australis in the
NW, Parorphula graminae and Zoniopoda tarsata in the
W, A. australis, B. bruneri, Laplatacris dispar, and Sinipta
dalmani in the NE, and Tucayaca gracilis and S. dalmani in
the SE. On the other hand, species such as R. bergii and R.
forcipata increased their abundance towards the end of the
study in the SW, NW, and W. Also, in the different zones,
species that appear in only one or two sampling periods were
recorded, such as D. vittatus in the SW; B. bruneri, Coci-
totettix argentina, P. graminae, and Scotussa darreguei in
the NW; O. punctata, S. daguerrei, Chromacris speciosa,
Xileus laevipes, L. dispar in the W; P. graminae, Syllinula
variablis, T. gracilis, L. pulcher, N. bruneri, O. punctata in
the NE; and C. argentina, A. gracilis, Aleuas vitticolis, R.
pictus, Trimerotropis pallidipennis in the SE (Figs. 7 and 8)
(Appendix, Tables S8-S12).

Considering the agricultural dynamics during the study
period, an increase in cultivated area, production, and crop
yield was observed across all sampling zones (Appendix,
Figs. S9-S13). Some selected examples per zone are men-
tioned. In the NE, approximately three times more land
was sown during the 2010/11 season compared to 2000/01
(2000/01: 72,630 ha; 2010/11: 208,230 ha). The increase
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confidence intervals (shaded areas) for the five different zones, sepa-
rately by diversity order: QO (species richness), Q1 (Shannon diver-
sity) and Q2 (Simpson diversity)

in area sown with soybean was approximately 600%
between 2000/01 (19,660 ha) and 2010/11 (116,420 ha).
Soybean production rose from 45,300 tons in 2000/01 to
344,070 tons in 2010/11. In the NW, there was a signifi-
cant increase in sown area and production, reaching a peak
in 2018/19 of 10,880,465 tons, with 40% of this amount
being soybean (4,370,761 tons) and 39.8% corn (4,334,339
tons). In this zone, the sown area during the 1982/83 sea-
son was 1,270,010 ha, and soybean cultivation represented
1.60% of the total sown area at that time, while in 2000/01
it represented approximately 40% of the total sown area.
In the SW, wheat was the most important crop from the
early years (1982/83), representing 68.4% of the total sown
area, while the area sown with soybean had been increas-
ing since 2000/01, reaching 28.8% of the total sown area
in 2012/13. In the SE, the total sown area in 1982/83 was
872,600 ha, with a maximum in these 37 years in 2016/17
of 1,693,228 ha. Soybean crop in 1982/83 accounted for less
than 1% of the total cultivated area while in 2012/13 it rep-
resented 68.14% of the total. The highest production in this
zone was achieved in 2018/19 (5,307,602 tons), coinciding
with one of the years of the largest sown area. Finally in the
W, corn, wheat, and oats were the most sown crops during
the study. Taking into account all crops, total production in
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Fig.5 Biplot from PCA
(Principal component analysis)
for more abundant grasshopper
species between 1986 and 2018
in the different zones of the
Pampas regions NE northeast,
NW northwest, W west, SE
southeast, SW southwest. a PC1
vs. PC2, b PC1 vs PC3, ¢ PC2
vs PC3

CP 2(31,5%)

CP 3(19,2%)

CP 3(19,2%)

5,004
NE A. australis
A. linneatus
D. elongatus
2,504 R. bergii
S. lemniscata
N. brunneri
0,00
L. pulcher: S. longicornis
o N‘seudupunauma
D. vitR. pictus *®
C. paliidinota L J 0
Py so
SE D. maculipennis palida :pncans
-2,504 P. graminea D. pratensis
-5,00-
r T T 1
-5,00 -2,50 0,00 2,50 5,00
CP 1(43,5%)
5,004
L. pulcher
S. longicornis
D. elongatus
2,50 .NO B. pseudopunctulata
so
B. palida
idi B. punctulatus
C. palidinota A. australis i
D. maculipennis
0,004 y
S. lemniscata
. P. graminea R. pictus
SE
B. bruneri ) N. brunneri ™
NE
D. pratensis R. bergii =
2,50 A. linneatus D. vittatus
-5,00-
r T T T 1
-5,00 -2,50 0,00 2,50 5,00
CP 1(43,5%)
4,004
L. puicher
S. longicornis
NO
2001 <0 B. pseudopunctulata D. elongatus
-
B. paliida
B. punctulatus
C. paliidinota A. australis
D. maculipennis -
0,00
3 S. lemniscata
P grammea. R.pictus
SE
B. bruneri N. brunneri
D. pratensis * -
sl o R. bergi NE
i D. vittatus A. linneatus
-4004 . . )
-4,00 -2,00 0,00 2,00 4,00

CP 2(31,5%)

@ Springer



Journal of Insect Conservation

Fig.6 Biplot from CA (Cor-

respondence analysis) between el .
the abundance of grasshop- P
per species collected and

the plant communities in the

Pampas regions from 1986 to

2018. Grazed grassland with

native grass dominance (GG),

grazed grasslands with native

and exotic dicotyledonous 0.4- °
dominance (DG), Halophilous 40
grassland (HG) sown pastures

(P), and summer crops (C)

Dim2 (11.8%)

this area was highest in the 2004/05 (1,503,158 tons) and
2016/17 (1,490,501 tons) seasons.

Discussion

Results of the present study represent the first quantitative
analytical attempt at describing the status of the grasshop-
per fauna in much of one of the most heavily modified eco-
systems in South America, the grasslands of the Argentine
Pampas region. Previous contributions on the subject were
either limited in space and time or not based on analyses
of long-term monitoring (Ronderos 1959; Cigliano et al.

Table 4 Results of the correspondence analysis carried out between
the 50 grasshopper species collected between 1986 and 2018 and the
dominant plant communities in the study zone

Dimensions Diml1 Dim2 Dim3 Dim4
Eigenvalues 0.256 0.040 0.030 0.009
Percentage of variance 76.686 11.839 8.893 2.582
Cumulative percentage of 76.686 88.525 97.418 100

Variance
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2000; De Wysiecki et al. 2000, 2004; Mariottini et al.
2012, 2022). Although admittedly not exhaustive due to
the large area considered, we feel the strength of the study
resides in the unusual long-term sampling effort (37 years)
conducted on the dominant plant communities over a
period of significant agricultural intensification through-
out the region with consequential heavy homogenization
and fragmentation of habitats (Viglizzo and Jobbagy 2010;
Bilenca et al. 2012; Ricard et al. 2019; Zhang et al. 2021).
The trends that emerged might constitute a likely represen-
tation of the actual status of the grasshopper fauna in the
Pampas in recent decades under an increasingly managed
agroecosystem.

As expected, Acrididae was the most diverse family and
within it the subfamilies Melanoplinae and Gomphoceri-
nae (species of which are generally associated with grass-
land systems; Pocco et al. 2010) were the most diversified
and abundant, representing 38% and 24% of the collected
species, respectively. This agrees with various studies car-
ried out timely and spatially restricted in different areas of
the Pampas (Cigliano et al. 2000; Torrusio et al. 2002; De
Wysiecki et al. 2004; Mariottini et al. 2015). Therefore, this
trend emerged at both local and regional scales.
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Table 5 Relative abundance of

N Species collected C IP DG NG HG Total ind/collected
grasshopper species collected
during all study period (1996— 1 Alcamenes granulatus 80 20 5
2018) in each plant community 2 Aleuas linneatus 207 758 2380 5450 1205 3046
3 Aleuas vitticolis 59,68 40,32 124
4 Allotruxalis gracilis 12,94 8,82 59,41 18,82 170
5 Amblytropidia australis 10,24 89,76 293
6 Atrachelacris gramineus 100 1
7 Atrachelacris unicolor 100 14
8 Baeacris pseudopunctulatus 6,59 6,04 11,29 58,98 17,10 1275
9 Baeacris punctulatus 1,62 3,10 1,47 93,81 678
10 Borellia bruneri 0,33 1,59 17,44 30,23 50,42 10,278
11 Borellia pallida 0,62 1,64 7,67 33,47 56,61 1461
12 Chromacris speciosa 100 8
13 Cocytotettix argentina 2,88 97,12 104
14 Covasacris pallidinota 0,30 2,28 18,75 20,97 57,70 4955
15 Dichromorpha australis 100 17
16 Dichroplus conspersus 0,69 3,22 33,10 42,76 20,23 435
17 Dichroplus elongatus 4,45 6,09 24,69 56,32 8,45 25,811
18 Dichroplus exilis 100 3
19 Dichroplus maculipennis 3,76 1,58 21,97 31,51 41,17 9590
20 Dichroplus obscurus 100 115
21 Dichroplus pratensis 0,69 4,65 22,45 61,09 11,12 10,409
22 Dichroplus schulzi 100 179
23 Dichroplus vittatus 0,82 99,18 730
24 Diphontus argentinus 100 36
25 Diphontus clarazianus 100 1
26 Euplectrotettix ferrugineus 100 59
27 Euplectrotettix schulzi 100 50
28 Laplatacris dispar 100 95
29 Leiotettix pulcher 1,45 13,29 83,57 1,69 418
30 Leptysma argentina 26,67 73,33 15
31 Metaleptea adspersa 19,23 36,54 40,38 3,85 52
32 Neopedies brunneri 1,09 13,82 85,09 646
33 Orphulella punctata 3,66 29,27 37,80 29,27 82
34 Parorphula graminea 2,29 10,91 3,93 28,24 54,63 917
35 Rhammatocerus pictus 0,96 98,08 0,96 208
36 Ronderosia bergii 2,62 1,05 16,27 79,53 0,52 383
37 Ronderosia forcipata 9,57 9,57 80,87 115
38 Scotussa cliens 14,29 7,14 78,57 14
39 Scotussa daguerrei 100 25
40 Scotussa lemniscata 1,79 48,08 14,37 32,75 3,01 8945
41 Scyllinula variabilis 0,00 6,19 14,16 34,51 45,13 113
42 Sinipta dalmani 5,76 5,24 14,14 71,73 3,14 191
43 Spathalium audouini 100 4
44 Staleoclora viridicata 66,67 33,33 3
45 Staurorhectus longicornis 2,93 9,11 85,74 2,22 3689
46 Trimerotropis pallidipennis 84,21 15,79 19
47 Tucayaca gracilis 2,90 2,90 11,59 71,01 11,59 69
48 Xileus laevipes 100 7
49 Zoniopoda omnicolor 100 5
50 Zoniopoda tarsata 100 94
Total number of individuals 2115 4613 16,781 44,591 17,816 85,956

GG grazed grassland, DG grazed grasslands with native and exotic dicotyledonous dominance, HG halo-
philous grassland, P pastures, C summer crops
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Table 6 Results of the Beta diversity analysis of grasshopper species collected in the sampled sites of the Pampas regions between different peri-

ods of time
Zones 1990-1995 1996-2000 2000-2005 2006-2010
Southwest
Sgrensen Bsim Bsne Bsor Bsim Bsne Psor Bsim Bsne Bsor Bsim Bsne Bsor
1996-2000  0.125 0.097 0.222
2001-2005 0.5 0.029 0.529 0.33 0.035 0.368
2006-2010 0.187 0.221 0.409 0.05 0.158 0.208 0.22 0.169  0.391
>2010 0.131 0.108 0.421 0.25 0.035 0.285 0.33 0.066 0.400  0.136 0.103 0.240
Jaccard Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac
1996-2000  0.222  0.141 0.363 - - - - - - - - -
2001-2005 0.666  0.025 0.693 0.500 0.038 0538 - - - - - -
2006-2010  0.315 0.265 0.580  0.095 0.249 0.345 0.363 0.198 0562 - - -
>2010 0.476 0.116  0.592 0400 0.040 0444 0.500  0.071 0.571 0.240 0.147 0.387
West
Sgrensen Bsim Bsne Bsor Bsim Bsne Bsor Bsim Bsne Bsor Bsim Bsne Psor
1996-2000 0.416 0.00 0416 - - - - - - - - -
2001-2005 0.214  0.206 0.421 0.357 0.168 0526 - - - - - -
2006-2010  0.166  0.119 0.285 0.208 0.113 0.321 0.142  0.335 0478 - - -
>2010 0.304  0.015 0.319 0.434 0.012 0446  0.285 0.173 0.459 0.086 0.149 0.236
Jaccard Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac
1996-2000  0.588 0.000  0.588 - - - - - - - - -
2001-2005 0.353 0.239 0.592 0.526 0.163 0.689 - - - - - -
2006-2010 0.285 0.158 0.444 0344  0.141 0.486 0.250  0.397 0647 - - -
>2010 0466  0.017 0.483 0.606  0.011 0.617 0.444  0.185 0.629 0.160 0222 0.382
Northeast
Sgrensen Psim Bsne Bsor Bsim Bsne Bsor Psim Psne Bsor
2001-2005 - - - 0.333 0.051 0384 - - - - - -
2006-2010 - - - 0.428 0.100  0.529 0.250 0.187 0.437 - - -
>2010 - - - 0.300 0.116 0416 0300  0.063 0.363 0.100 0.300  0.400
Jaccard Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac
2001-2005 - - - 0.500  0.055 0.555 - - - - - -
2006-2010 - - - 0.600  0.092  0.692 0.400  0.208 0.608 - - -
>2010 - - - 0.461 0.126 0.588 0.461 0.071 0.533 0.181 0.389  0.571
Northwest
Sgrensen Psim Bsne Bsor Bsim Bsne Bsor Psim Psne Bsor
2001-2005 - - - 0.000 0.481 0.481 - - - - - -
2006-2010 - - - 0.200 0.133 0.333 0.000 0.600  0.600 - - -
>2010 - - - 0.350  0.045 0.395 0.000  0.533 0.533 0.134 0.085 0.215
Jaccard Bjtu Bjne Bjac Bjtu Bjne Bjac Bjtu Bjne Bjac
2001-2005 - - - 0.000  0.650 0.650 - - - - - -
2006-2010 - - - 0.333 0.166  0.500 0.000  0.750 0.750 - - -
>2010 - - - 0.518 0.048 0.566 0.000  0.696 0.695 0.231 0.124  0.355
Southeast
Sgrensen Psim Bsne Bsor Bsim Bsne Bsor Psim Psne Bsor
2001-2005 - - - 0.125 0.026 0.151 - - -
2006-2010 - - - 0.058 0.214 0.273 0.0 0.256 0256 - - -
>2010 - - - 0.058 0.245 0304 0.0 0.288 0.288 0.074 0.033 0.107
Jaccard Bjtu Bjne Pjac Bjtu Bjne Bjac Bjtu Bjne Bjac
2001-2005 - - - 0.222 0.040  0.263 - - - - - -
2006-2010 - - - 0.111 0.317 0.428 0.000  0.407 0.407 - - -
>2010 - - - 0.111 0.355 0.466 0.000  0.448 0.448 0.055 0.055 0.193

@ Springer



Journal of Insect Conservation

Table 6 (continued)

Sgrensen and Jaccard indexes (Psor y fjac) and their respective turnover (Bsim and fjtu) and nestedness (fsne and fjne) components

In each of the five sampling zones, a high proportion of
rare species was recorded. Rare species are defined as those
with restricted distribution, low population abundance, or
a combination of both (Dee et al. 2019). The highest num-
ber of rare species (16) was recorded in the NW and W,
followed by the SE with 10 species (each with fewer than
10 individuals). Furthermore, the NW zone exhibited the
lowest completeness profile in terms of species richness,
suggesting that approximately 31% of the rare species went
undetected in the samples. In spite of relatively recent con-
tributions on the structure and dynamics of grasshoppers in
the Pampas (Torrusio et al. 2002; De Wysiecki et al. 2004,
2011; Mariottini et al. 2011, 2012, 2022), our understand-
ing of ecological aspects concerning rare species remains
limited because such contributions were mostly focused on
agriculturally harmful species, usually those that are the
most abundant, frequent or common. In this sense, results
of the indexes we employed (ACE) showed that the grass-
hopper communities in each of the zones were structured
with relatively few dominant species in terms of abundance
and many rare species. However, as Dee et al. (2019) men-
tioned, rare species can have subtle or hidden (i.e. difficult
to detect) direct and indirect impacts on ecosystem services
through species interactions. Different authors (Flynn et al.
2009; Bracken and Low 2012; Vincent et al. 2020) pointed
out that changes in land use (along with climate conditions)
have had a significant impact on the decline of rare species
and that the ecological consequences of losing rare species
for the ecosystem functioning are still poorly understood.

The trend that is apparent by the results of the rare-
faction analyses is that the SE and NW zones showed a
lower diversity of grasshoppers which could be explained
either by the own characteristics of the zones as well as
the process of agricultural intensification. In the case of
the SE, most sampling sites were located in what is called
the Flooding Pampa sub-region which even at present is
the area with less agricultural activity and thus conserving
to a considerable extent grasslands for livestock (Bilenca
et al. 2012). However, the most widespread plant com-
munity in this zone is the HG which is of very low plant
diversity (Perelman et al. 2007) and was shown to depict
also low grasshopper diversity in previous studies (Tor-
rusio et al. 2002; Mariottini et al. 2013). On the contrary,
the sampling sites in the NW were within the sub-regions
of the Rolling Pampa and the Inland Pampas where over
decades heavy, increasing agricultural intensification has
completely modified the natural landscape (Viglizzo et al.
2011). The area of land under agriculture (crop and stub-
ble) represents the dominant pattern. Fields are cultivated

along fences, road edges, and primary and secondary
roads. This type of cultivation has reduced the connectiv-
ity of patches of spontaneous vegetation that can develop
in the region and consequently the animal biodiversity
associated with these ecosystem (Bilenka and Mifiarro
2004; Codesido et al. 2011; Andrade et al. 2017).

Most of the 19 grasshopper species considered in the
PCA analysis were recorded in different study zones but with
different abundance. Such variability in abundance could
potentially suggest a preference for specific habitats, zones,
or alternatively, a lower abundance due to changes in land
use over the past 37 years. Several of these 19 species are
considered pests (Carbonell et al. 2024) and it is relevant to
know the areas where they are particularly abundant. For
example, Dichroplus maculipennis, a melanopline showing
some clear expressions of density-dependent phase poly-
phenism (Mariottini et al. 2015), is predominantly abundant
in the SE in association with the HG. From there, when
outbreaks occur, it is capable of invading neighboring areas
with mass-migrating adults. Along with D. maculipennis,
the gomphocerine B. bruneri, which is recognized as a pest
in the Pampas region of Uruguay (Lorier et al. 2010; Miguel
et al. 2014), was also most abundant in the SE. On the other
hand, Dichroplus elongatus, a major pest of several crops
(Carbonell et al. 2024) like D. maculipennis, resulted to be
frequently found in high abundance across all study areas
possibly due to its known great adaptability (De Wysiecki
et al. 1997; Cigliano et al. 2014).

Regarding the estimated beta diversity, the temporal com-
position patterns at the SW, W, and NW sites was mostly
defined by species turnover over the years. This variability in
species composition could be linked to changes in land use
as well as environmental variables that favor the life cycle
of some species more than others (Mariottini et al. 2022).
Distinctly, in the SE nestedness was the main component.
As already pointed out, in this zone land use change was not
as extensive as in the other zones. However, it needs to be
mentioned that many of the sites in the SE suffered signifi-
cant droughts in 2008-2010 and 2018 that affected grasshop-
per richness (Mariottini et al. 2011, 2012). Climate change
is increasingly mentioned as a significant threat to insects
(Cardoso et al. 2020). Some thermophilous species may
expand their range with rising temperatures (Poniatowski
et al. 2020) while others, in contrast, are expected to suffer
from global warming (hygrophilous species). Given these
possibilities, it would be important to study in the near future
the distribution, abundance, dispersal ability, and degree of
habitat specialization of grasshoppers in the Pampas region
in response to global warming.
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Fig.7 Some of the abundant grasshopper species in the Pampas
region during 1986-2018. a Dichroplus maculipennis, b Borellia
bruneri, ¢ Aleuas lineatus, d Parorphula graminae, e Dichroplus
elongatus, £ Scotussa lemniscate, h Baeacris pseudopunctulata, g

Dichroplus pratensis. Images not to scale. Photos by M. Mancini (a,
b, d and h), M.L. de Wysiecki (c, e), and M.M. Cigliano (f, g) from
Carbonell et al. (2024)

Fig.8 Some of the grasshopper species with less abundance in the
Pampas region during 1986-2018. a Neopedies bruneri, b Leptysma
Argentina, ¢ Chromacris speciosa, d Metaleptea adspersa, e Dipon-
thus argentinus, £ Dichroplus vittatus, g Spathalium audouinii Images

As observed from the rarefaction analysis the grasshop-
per communities were structured with few dominant species
and a higher percentage of either rare species or few (up to
four) abundant species comprising more than 70% of the
community. Moreover, it was also observed that the domi-
nant species were practically the same during all sampling
years, while less abundant species varied their abundance in
the different periods considered. For example, B. punctulata
was more abundant during the first years of sampling and
then decreased or did not appear in later periods. It was a
common species in the early sampling years in the SW, NW,
W, and SE. The opposite happened with R. bergii which

not to scale. Photos by M.L. de Wysiecki (a, f), M. Mancini (b),
M.M. Cigliano (c—e) from Carbonell et al. (2024) and Y. Mariottini

(®

occurred in later sampling years in the SW, NW, and W but
showed low abundance in the first years of sampling.
Several studies conducted in the Pampas show how habi-
tat modification affected the distribution and abundance of
species. Medan et al. (2011) have summarized the available
information on the effects of agriculture on biodiversity of
several groups of animals. In the case of birds, loss of grass-
land area is one of the main factors for the decline in spe-
cies richness and abundance (Cerezo et al. 2010; Codesido
et al. 2011; Weyland et al. 2014). Increase of agrochemical
use during recent decades, notably insecticides, is another
major factor affecting bird populations in the Pampas region,
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possibly even underestimated (Bernardos and Zaccagnini
2011). Likewise, several studies were performed in the Pam-
pas on the diversity of arthropods and insects. De La Fuente
et al. (2003, 2010) examined insect communities in wheat
(Triticum aestivum) and soybean (Glycine max) in the Roll-
ing Pampas with varying cropping histories. They found that
lower richness of insect communities can be attributed to
intensified agricultural practices and landscape homogeniza-
tion. Similarly, several studies highlight the negative impact
of intensified agricultural practices on pollination services in
the Pampas region (Marrero et al. 2016; Aizen et al. 2019;
Torreta et al., 2021). All these works, like ours, dealt with
taxonomic diversity, but also it is also of importance to con-
sider how habitat modification impacts genetic diversity.
Ortego et al. (2015) predict that agricultural lands constitute
barriers to gene flow and hypothesize that fragmentation
has restricted inter-population dispersal and reduced local
levels of genetic diversity. The results of their work con-
firmed the expectation that isolation and habitat fragmenta-
tion have reduced the genetic diversity of local populations.
Landscape genetic analyses showed that agricultural land
offers ~ 1000 times more resistance to gene flow than semi-
natural habitats, indicating that patterns of dispersal are
constrained by the spatial configuration of remnant patches
of suitable habitat. Overall, semi-natural habitat patches
function as important corridors for gene flow and should be
preserved for their significant ecological role despite their
small size in human-modified landscapes.

On the other hand, besides habitat fragmentation and
modification, animal biodiversity is affected by the indis-
criminate and continuous use of chemical pesticides in agro-
ecosystems. In Argentina, particularly in the Pampas region,
the increase in the volume of pesticides used per unit area
in recent times has been mainly due to the high use of the
herbicide glyphosate associated with the practice of no-till
farming and the use of RR cultivars of soybean and corn.
Additionally, the emergence of resistant weeds has led to
increased doses of glyphosate and the use of product mix-
tures (Andrade et al. 2017). The percentage of pesticides in
the least hazardous categories (green and blue bands) grew
from 31 in 1985 to 85% in 2016 (Satorre and Andrade 2021).
During periods of high grasshopper population densities, the
predominant control method is the use of chemical insec-
ticides, affecting not only the target species but also other
grasshopper species and their natural enemies (Pelizza et al.
2019; Lange et al. 2020).

Andrade et al. (2017) discusses the problem of biodiver-
sity loss and the decline of ecosystem services that accompa-
nied the process of agricultural expansion and intensification
in Argentina. He attributes this to at least four critical com-
ponents: the extent or magnitude of the process, its homo-
geneity, the lack of landscape and farm-scale design to pro-
tect critical areas, and the excessive reliance on input-based

@ Springer

technologies. Our long-term, space-wide effort seems to
concur with the above-mentioned studies in that the process
of agriculture intensification in the Pampas has modified
the distribution pattern and abundance of grasshoppers pos-
sibly favoring generalist species over others. In this sense,
we agree with Bilenca et al. (2012) who highlight that the
effects of agriculture and land use changes are not uniform
for all species but rather differential, so that the particular
characteristics of each species determine the spatial scales
of their eventual responses.
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