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ABSTRACT

Land use changes represent one of the leading causes of terrestrial biodiversity loss, particularly in tropical
ecosystems. In Brazil, a country that encompasses six distinct biomes and one of the world's highest ant di-
versities, the increasing land use changes are having detrimental effects on biodiversity. Our aim in this study
was to summarize the impact of land use changes on ants in Brazil through a systematic review. We adhered to
the PRISMA Eco-Evo methodology and conducted a qualitative review of studies, as well as a meta-analysis
focusing on ant species richness and abundance. Especially, we observe a more pronounced negative effect in
more contrasting conversions, such as from tropical forest to open anthropogenic land uses. We associate the
decrease in richness with drastic changes in the vegetation structure. Consequently, this leads to extreme tem-
perature variations, reduced humidity, and a decline in both the variety and quantity of food resources and
nesting sites. Our findings provide a foundation for the conservation and management of anthropogenic land uses
in human-impacted regions. More specifically, we highlight that future management plans should aim for
anthropogenic land uses that more closely resemble the original natural vegetation, to maintain conditions and
increase resource availability for biodiversity in the new habitats. Additionally, avoiding intensive management
practices, such as the use of fertilizers and pesticides in agricultural systems, can also support the conservation of

entomofauna in terms of species richness and abundance, and potentially benefit ecosystem services.

1. Introduction

Land use changes, like the conversion of natural habitats into
anthropogenic land uses, significantly drive the decline in global
biodiversity, potentially hampering ecosystem functioning (de Chazal
and Rounsevell, 2009; Newbold et al., 2015, 2019). While these changes
occur worldwide, they have more pronounced impacts in tropical re-
gions (Magnusson et al., 2018; Nunes et al., 2022; Sala et al., 2000),
which is of concern because tropical areas host the highest terrestrial
biodiversity (Antonelli et al., 2018; Gardner et al., 2009). In tropical
ecosystems, land use changes often create strong contrasts between
natural habitats and altered anthropogenic land use, primarily due to
the expansion of the agricultural frontier (Gibbs et al., 2010; Song et al.,
2018). For example, in the Brazilian Amazon biome, most conversions
involve conversion from forest to soy monoculture and extensive
pasture, representing open land uses that significantly differ from the
original habitat (FAO, 2016; Nunes et al., 2022; Parente et al., 2021).
Anthropogenic land uses, such as agricultural crops and pastures, typi-
cally exhibit low environmental heterogeneity, leading to reduced
resource quantity and diversity, and more severe alterations to local
conditions (Priyadarshana et al., 2024; Stein and Kreft, 2015). In addi-
tion, the use of synthetic pesticides can increase the negative effects of
land use on several species (Sdnchez-Bayo and Wyckhuys, 2019).
Similarly, agricultural practices such as the use of fertilizers can alter
nutrient deposition (e.g., salinization), impacting species richness and
ecosystem processes (Hopmans et al., 2021; Lasmar et al., 2021a). Thus,
these impacts on habitat structure and quality result in a substantial loss
of specialist species and an increase in generalist ones (Filgueiras et al.,
2021; Martins et al., 2022; Tabarelli et al., 2012).

The adverse impacts of land use changes on biodiversity have been
extensively researched across various terrestrial organisms, encom-
passing vertebrates (Newbold, 2018), plants (Laliberte et al., 2010), soil
microbiomes (Diaz-Vallejo et al., 2021), and arthropods (Attwood et al.,
2008). Among arthropods, ants are regarded as excellent model organ-
isms for investigating the consequences of land use changes in tropical
regions (Andersen et al., 2002; Ribas et al., 2012). This recognition is
due to their high species richness (Feitosa et al., 2022) and their
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significant ecological roles, including seed dispersal, bioturbation, and
predation (Folgarait, 1998; Lach et al., 2010). Ants exhibit a high
sensitivity to anthropogenic land uses (e.g., Queiroz et al., 2020; Rabello
et al., 2018; Wilker et al., 2023).

Within the Neotropical Region, Brazil encompasses an extensive
spatial expanse that includes six biomes: Amazon (tropical forest),
Atlantic Forest (tropical forest), Caatinga (xeric shrubland), Cerrado
(savannah), Pampa (grassland), and Pantanal (flooded grasslands).
Furthermore, within the same biome, multiple vegetation types can
coexist. For example, in the Cerrado biome, comprising forested vege-
tation (cerradao or woodland savannah), savannah, and open vegetation
(grasslands). However, despite the high biodiversity found in these bi-
omes, they undergo significant land use changes, with the Cerrado and
the Atlantic Forest biomes considered global biodiversity hotspots (Trew
and Maclean, 2021). Indeed, currently all Brazilian biomes are under
severe threat due to land use changes (Magnusson et al., 2018; Projeto
MapBiomas, 2022).

While some general patterns have indicated that anthropogenic im-
pacts can reduce ant assemblage diversity (e.g., fire effects: Vasconcelos
et al., 2017) and ecosystem functions, such as the reduced removal of
diaspores by ants (Bona et al., 2023), the intensity of these impacts is
largely determined by their association with habitat openness
(Andersen, 2019). Therefore, ant assemblages from closed-forested
vegetation types are more sensitive to the impacts promoted by the
establishment of pastures and agricultural land uses (Costa and Schmidt,
2022; Lasmar et al., 2021b; Queiroz et al., 2020) than ant assemblages in
open vegetation types (e.g., grasslands; Queiroz et al., 2020). Further-
more, ant assemblages from closed-forested vegetation types require
more time to recover from anthropogenic impacts than those from open
vegetation types (Casimiro et al., 2019). Considering Brazil's signifi-
cance in global ant diversity (Feitosa et al., 2022; Schmidt et al., 2022)
and the escalating threats faced by its biodiversity, such as agricultural
frontiers and mining projects (Pereira et al., 2020), the country serves as
an excellent model for studying the effects of land use changes on
biodiversity.

Thus, we conducted a systematic review, including both a qualitative
review and a meta-analysis, with the aim of assessing the impact of land
use changes on ant assemblages in Brazil. We conducted a qualitative
review examining studies that evaluated the effects of land use changes
on ants in Brazil, identifying knowledge gaps and proposing new
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approaches for future studies. We also conducted a meta-analysis to
determine if the negative effects on species richness and abundance of
ants resulting from land use change are associated with the biome and
land use change type. Specifically, we predict that (i) the negative im-
pacts of land use changes in species richness and abundance will be more
significant in tropical forest biomes (e.g., Amazon and Atlantic Forest)
compared to grassland biomes (e.g., Pampa and Pantanal), and (ii) these
negative effects in species richness and abundance will be more pro-
nounced in cases of intense conversion, such as the conversion from
forests habitat to pasture or mining anthropogenic land uses.

2. Methods
2.1. Data collection

We followed the PRISMA-EcoEvo methodology (O'Dea et al., 2021).
First, we conducted a search for studies on the effects of land use change
on ants in Brazil using the Ants of Brazil Project database (Feitosa et al.,
2022; Schmidt et al., 2022). We also performed a preliminary search
(naive search) for relevant studies in the “Web of Science databases -
Main Collection (Clarivate Analytics)” (www.webofscience.com), “Sco-
pus” (www.scopus.com), and “SciELO.ORG” (www.scielo.org). Initially,
we carried out a preliminary search using pertinent keywords related to
the topic (Grames et al., 2019). To achieve this, we categorized the
keywords into four sections, following the PICO/PECO model (popula-
tion, intervention/exposure, comparator, outcome; Haddaway et al.,
2016). The “Population” section pertained to the specific population
under study (e.g., Ants), the “Intervention/Exposure” section referred to
various exposure or environmental factors (e.g., Land use), the
“Comparator” section related to what the exposure would be compared
to (e.g., Biomes), and the “Outcome” encompassed the measured vari-
ables (e.g., Diversity). The naive search conducted in November 2023.
The titles, abstracts, and keywords of these studies were exported, and
additional keywords were identified using the “litsearchr” package
(Grames et al., 2019), within the R software (R Core Team, 2021). In the
analysis of the new keywords, we included the term ‘species composi-
tion’ as an outcome and performed a subsequent search. In addition to
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the search using English terms, we also conducted searches in Portu-
guese and Spanish in the same databases (see Appendix A: Keywords).
The new search returned 3488 studies in Web of Science, 1573 in Sco-
pus, and 16 in SciELO.ORG. We also included an additional 72 studies
from the Ants of Brazil Project, bringing the total to 5149.

2.2. Exclusion and inclusion criteria

We removed duplicate studies and conducted a screening of titles,
abstracts, and full articles. Our inclusion criteria focused on studies that
specifically assessed the impact of land use changes on ant assemblages
in Brazil. We applied exclusion criteria, including: (1) studies conducted
outside Brazil; (2) studies unrelated to ant communities or assemblages;
(3) studies not addressing the effects of land use changes; (4) studies
lacking a comparison between natural habitat and anthropogenic land
use. We also excluded non-case studies (e.g., reviews) and studies
dealing with anthropogenic disturbances not related to land use cate-
gorization (e.g., chronic disturbances like logging or non-timber forest
product extraction). Furthermore, we omitted studies focusing on
ecological succession (e.g., succession or restoration) and those where it
was impossible to separate the impact on ant assemblages from other
evaluated organisms (e.g., macrofauna). Out of the initial pool of 5149
studies, 128 remained for the qualitative review (Fig. 1A), and 42 were
eligible for the meta-analysis. Detailed information is available in Ap-
pendix B (PRISMA-EcoEvo). A list of data sources used in the study is
provided in the Appendix A: Data sources.

2.3. Qualitative review

From the 128 studies, we extracted qualitative data including the
study ID (citation), publication year, language, journal, impact factor,
biome, sampling season, vegetation type, anthropogenic land use,
sampling methods, sampled strata (epigeic, leaf-litter, subterranean, and
arboreal), and response variable, such as species richness and abun-
dance. We are counting votes for qualitative data from the studies and
assessed whether land use affects species compositions. Species
composition refers to the differences in the identity of ant species
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Fig. 1. Study sites extracted from the 128 studies concerning the effects of land use changes on ants in Brazil. The panel A indicates the concentration of study sites in
regions with a high degree of land use changes, and panel B indicates the concentration of studies in the Brazilian biomes Atlantic Forest and Cerrado.

The figure was generated using QGIS version 3.32 (QGIS.org, 2023) and adapted from the land use and land cover map for the year 2021 provided by MapBiomas
(Projeto MapBiomas, 2022) and biome data from Instituto Brasileiro de Geografia e Estatistica (IBGE, 2019).
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between natural habitats and anthropogenic land uses, extracted from
analyses such as PERMANOVA (Permutational Multivariate Analysis of
Variance) and ANOSIM (Analysis of Similarities) (Anderson, 2001;
Clarke, 1993; Warton et al., 2012).

2.4. Extracting and calculating effect sizes

For the meta-analysis, we gathered data on the most frequently
assessed response variable, including species richness and abundance.
Species richness was reported in studies as either observed species
richness or estimators (e.g., Chaol, Chao2, Jackknifel, individual-based
rarefaction, and sample-based rarefaction). Abundance was reported in
studies as number of ant workers and species frequency. For these
response variables, we collected mean values, sample size, and disper-
sion metrics such as variance, standard deviation, standard error, and
95 % confidence intervals. We extracted these data from the text, tables,
and figures of the studies. When the data was solely presented in figures,
we utilized WebPlotDigitizer version 4.6 to extract the mean and
dispersion metrics (www.automeris.io/WebPlotDigitizer/). We stan-
dardized all the dispersion metrics into standard deviation. We also
obtained data regarding vegetation type and anthropogenic land uses.
Vegetation types were classified into various categories, encompassing
forest types such as primary and secondary forests, riparian forests, and
woodland savannah, as well as grassland, “restinga”, savannah, “ver-
eda”, mangrove, and “canga”. The anthropogenic land use data were
classified into agriculture and pasture categories when these two
anthropogenic uses were sampled jointly, annual agriculture (e.g., soy-
bean plantation), perennial agriculture (e.g., coffee plantation), mining,
pasture, silviculture (e.g., Eucalyptus spp. plantation), and urbanization.

We analyzed a total of 42 studies and 212 comparisons for the meta-
analysis, which were categorized according to the response variable:
species richness (studies: n = 36; comparisons: n = 171) and abundance
(studies: n = 14; comparisons: n = 41). For this, we determined an effect
size that could be summarized across all studies. The effect size is a
metric that quantifies the relationship between two entities, capturing
the direction and magnitude of this relationship (Harrer et al., 2021). In
our case, the effect size indicated the effects of land use change on the
richness and abundance of ants. To calculate the effect size (Hedges' g),
we used the standardized mean difference (SMD) metric corrected for
small sample sizes (J-corrected form; Goulet-Pelletier and Cousineau,
2018; Hedges, 1981) and utilized the “escalc” function of the “metafor”
R package (Viechtbauer, 2010). A negative Hedges' g indicates an
adverse effect of a given response variable resulting from the land use
change, while a positive value indicates the opposite. The zero value
represents the absence of an effect size. We only analyzed comparisons
involving three or more elements. For instance, we excluded the con-
version from “canga” to mining because we found only one comparison
in this case.

2.5. Meta-analysis

We analyzed nine multilevel linear (mixed-effects) models using the
“rma.mv” function from the “metafor” R package (Viechtbauer, 2010).
In all models, we used the study ID as a random variable due to the non-
independence of the effect sizes found in the same study. We constructed
three general models with no fixed moderators (only with the random
variable): one with all effect sizes for the general model (n = 212), one
for species richness (n = 171), and one for abundance (n = 41). Addi-
tionally, we established six models with moderators to test our two
predictions, both for richness and abundance. To test our prediction that
(i) the negative impacts of land use changes in species richness and
abundance will be more significant in tropical forest biomes, we created
two models with the biome as the moderator. To test our prediction that
(ii) the negative impacts of land use changes in species richness and
abundance will be more pronounced in cases of intense conversion, we
built two models with the land use conversion type as the moderator.
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For each model, we assessed Cochran's Q. In these statics, using the
chi-square distribution with n-1 degrees of freedom, significant results
(p < 0.05) indicate heterogeneity, suggesting substantial variability
among the effect sizes. We evaluated both total heterogeneity (Qr) and
moderator heterogeneity (Qw). Additionally, we examined publication
bias through funnel plots. Publication bias refers to the tendency to
publish studies with significant results (Rosenthal, 1979), which can
introduce bias into the effect sizes available for meta-analyses. Identi-
fying publication bias is a critical aspect of meta-analyses, as it facilitates
the validation of these findings through additional investigations
(Nakagawa and Santos, 2012). The figures were generated using the R
package “ggplot2” (Wickham, 2016).

3. Results
3.1. Qualitative review

The first study found was published in 1995, and since then, there
has been a growth trend over the years, with a peak of 12 studies in 2013
and 2018. Most of the studies evaluated were published in English (101
studies; 79 %) and Portuguese (26 studies; 20 %). Studies were pub-
lished in 71 journals, with Sociobiology (13 studies; 10 %) and
Neotropical Entomology (10 studies; 08 %) having the highest publi-
cation numbers. Of the journals with impact factors, the values ranged
from 0.271 to 13.211, with a mean (x ) and standard deviation (+SD) of
4.126 and 2.671, respectively. The most sampled biomes included the
Atlantic Forest (53 studies; 41 %), Cerrado (29 studies; 23 %), and
Amazon (28 studies; 22 %) (Fig. 1B).

Most studies sampled ants during both the dry and rainy seasons (45
studies; 35 %) or solely in the rainy season (45 studies; 35 %). In line
with the trend of the most frequently sampled biomes, the vegetation
types most studied were forests (106 studies; 83 %) and savannahs (25
studies; 19 %). The most studied anthropogenic land uses were pasture
(51 studies; 40 %), silviculture (46 studies; 36 %), and annual agricul-
ture (41 studies; 32 %). Pitfall traps (68 studies; 53 %) were the most
used sampling method, and the most studied habitat stratum was the
epigeic stratum (82 studies; 64 %). Most studies assessed the effects on
species richness (114 studies; 89 %), diversity indices (65 studies; 51 %),
species composition (64 studies; 50 %), and abundance (62 studies; 48
%). Of the 64 studies that evaluated species composition, 56 studies (87
%) reported differences in composition between ant assemblages from
natural habitats and those from anthropogenic land uses. In addition,
few studies have evaluated ecosystem functions and functional groups,
making it impossible to find general patterns among them. For quali-
tative review graphs, see Appendix A, Figs. A.1-A.14.

3.2. Meta-analysis

We identified a detrimental impact on ants due to land use change
(E++ = —0.763, CI = —1.079 to —0.447, df = 211; where E++ repre-
sents Hedges' g (effect size), CI represents confidence interval, and df
represents degrees of freedom). Furthermore, we observed that the land
use change reduces ant species richness (E++ = —0.962, CI = —1.286 to
—0.638, df = 170; Fig. 2), but we did not detect any significant impact
on ant abundance (E++ = —0.188, CI = —0.803 to 0.427, df = 40;
Fig. 2).

For our first prediction, we found that land use changes lead to a
more pronounced decrease in ant species richness in the Amazon,
Atlantic Forest, and Cerrado biomes (Fig. 3, Table A.1). However, no
significant impact was observed on ant abundance (Fig. 3, Table A.1).
For our second prediction, we observed that land use changes, mainly
from forests and savannahs to open anthropogenic land uses, resulted in
areduction in ant species richness and ant abundance (Fig. 4, Table A.2).
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3.3. Heterogeneity and publication bias

We found high heterogeneity in the overall model without modera-
tors (Qr = 1591.202, p < 0.001, df = 211). For species richness, we also
observed high heterogeneity (Qr = 1467.317, p < 0.001, df = 170),
which was partially explained by biome (Qw = 41.915, p < 0.001, df =
5) and conversion type (Qw = 117.463, p < 0.001, df = 12). For
abundance, we similarly found high heterogeneity (Qr = 102.095, p <
0.001, df = 40), which was not explained by biome (Qw = 3.971, p =
0.409, df = 4), but yes for the conversion type (Qw = 17.532, p = 0.007,
df = 6).

We evaluated publication bias using funnel plots, which revealed
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Fig. 4. Negative and null effects of land use (conversion type moderator)
changes on ant species richness and abundance. Points represent the estimated
mean effect size (Hedges' g), and the lines represent the 95 % confidence in-
terval. Numbers next to the confidence interval indicate the number of effect
sizes analyzed. The asterisk indicates a significant result.

asymmetry and the presence of bias in the articles evaluated, indicating
that studies with smaller samples (larger standardized error) tend to be
published if the result found is negative (Appendix A, Figs. A.15-A.17).

4. Discussion

Here, we synthesized the negative and neutral effects of land use
changes on ants in Brazil, a significant part of the Neotropical space. In
general, land use changes decrease ant diversity, mainly ant richness.
Additionally, this decrease in richness is more pronounced in tropical
forests and tropical savannahs. More specifically, the more significant
changes in land use, such as the conversion from closed tropical forests
to open agricultural systems, excluded a larger proportion of ants,
decreasing richness and altering species compositions. These patterns
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highlight the negative impact of land use changes in tropical ecosystems,
where the primary land use changes are often from closed habitats to
open anthropogenic habitats, as we found. On the other hand, we only
found a negative effect of conversion from savannah to annual agricul-
ture on ant abundance. This may have occurred due to the management
of these areas, due use of synthetic fertilizers and pesticides, causing
negative effects on the diversity of entomofauna. Moreover, few studies
have assessed the effects of land use changes on ecosystem functions and
interactions. As a result, despite the decrease in species richness in
anthropogenic land uses, the different effects on ecosystem functioning
remain unknown. Thus, our results suggest that, to conserve most of the
species' diversity, it may be important to implement management plans
aimed at maintaining habitat similarity in anthropogenic land uses
similar to the original habitats, also avoiding use of pesticides in agri-
culture systems.

Studies about land use change effects on ants in Brazil have focus on
the three major Brazilian biomes and primary land use conversions,
aiming to grasp ant diversity responses in these prevalent changes.
However, certain biomes, vegetation types, and land uses lack adequate
research and documentation, necessitating further exploration, like
Caatinga (xeric shrublands), Pantanal (flooded grasslands), and mining
activities. Most of the sampling was carried out within the epigeic strata
(epigeic and leaf-litter). This was primarily accomplished using pitfall
traps and mini-Winkler extractors, as they provide the highest ant di-
versity and foraging activity (Lasmar et al., 2021a, 2023). Pitfall traps
are cost-effective and simple sampling methods, applicable across
diverse vegetation types and human-altered land uses (Schmidt et al.,
2022). Furthermore, most samples were collected during both the rainy
and dry seasons, or only during the rainy season, when ant diversity is
higher (Queiroz et al., 2023). Our results show that although the sam-
pling effort maximize ant diversity and activity, moreover the focus
relies on the most common land use changes in Brazil. However, there is
still a need for more studies in other biomes, vegetation types, and
anthropogenic land uses, as the effects of land use changes may differ in
these cases.

We observed marked species richness loss likely attributable to the
presence of ecological filters (Diamond et al., 2012; Ribas et al., 2003).
When forested and savannah vegetation types are transformed into open
anthropogenic land uses, there is a change in conditions, such as greater
temperature variation and decreased humidity, as well as a decrease in
the quantity and diversity of food and nesting resources (da Silva et al.,
2022; Mathieu et al., 2005; Pacheco and Vasconcelos, 2007). This
change tends to favour only a few more resilient and generalist ant
species, allowing them to increase their numbers if they were already
present in natural habitats or invade these anthropogenic land uses
(Andersen, 2019; McKinney and Lockwood, 1999). When the vegetation
structure is still maintained, as in the case of converting forest to silvi-
culture, there can still be ecological filters. Even though the conditions
remain similar (e.g., high forest cover), a significant portion of the re-
sources is lost with the conversion to monoculture (Simberloff et al.,
2010). For ant abundance, we only found a negative effect of the con-
version from savannah to annual agriculture. This could be due to land
use management, such as the use of fertilizers and insecticides, which
are usual procedures in conventional agriculture in Brazil (Dalle Laste
et al., 2019). Insecticides are the second-largest driver of entomofauna
loss, behind land use change (Sanchez-Bayo and Wyckhuys, 2019).
Therefore, maintaining the similarity of the original habitat in anthro-
pogenic land uses can promote the conservation of diversity. However,
in some cases where the higher vegetation structure is maintained, di-
versity can still decrease, highlighting the importance of plant diversity
for resource availability in these new habitats. Additionally, avoiding
intensive management practices, such as the use of fertilizers and pes-
ticides in agricultural systems, can also promote the conservation of
diversity.

We observed no effects on species richness and abundance across
various biomes and land use change types. In many instances, these
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outcomes might be attributed to the limited number of comparisons.
Furthermore, certain anthropogenic land uses maintain conditions and
resource diversity like those of biomes and vegetation types, potentially
bolstering ant richness and abundance, such as conversion from grass-
land to pasture and from forest to perennial agriculture (Bos et al., 2007;
Delabie et al., 2021; Lassau and Hochuli, 2004; Queiroz et al., 2020;
Solar et al., 2015; Vasconcelos et al., 2017). Additionally, in some
anthropogenic land uses, the survival of generalist ants may lead to
increased abundance, resulting in a no effect of land use change on
overall ant abundance (Wilker et al., 2023). Moreover, these areas often
exhibit a higher presence of invasive ant species (Baidya and Bagchi,
2022; Holway et al., 2002), which tend to have higher abundances
(Lester and Gruber, 2016) and may also contribute to the null effect we
observed in ant abundance.

Regarding the assessment of ant abundance, it is important to
consider that the term “ant abundance” may not directly reflect the
actual number of individuals, but rather the foraging activity. In ants,
where the colony is regarded as the individual (Wilson, 1987), the
present ants are part of this collective organism. Therefore, when using
methods such as “ant trapping or area-based ant counting”, it is crucial
to understand that this might indicate more about foraging activity than
the true abundance of ants. Despite observing a decrease in species di-
versity, the quantity of ants engaged in foraging activities remained no
effect in most of the comparisons, suggesting the necessity for further
studies to comprehend the ecosystem functions and interactions of these
ants in anthropogenic land uses. Moreover, colony counting as a method
to evaluate ant abundance still poses a challenge in diversity studies,
particularly due to difficulties in nest counting, especially in polydo-
mous species. Only six studies opted to use species occurrence frequency
per trap as a viable alternative to circumvent issues related to ant
foraging and colony size (Brandao et al., 2011; Rizzotto et al., 2019).
Moreover, it is important to acknowledge that our data might have
certain biases, as there is a tendency to publish articles that report
negative effects on ant assemblages, while smaller articles with null or
positive results might go unpublished. This pattern of bias toward
publishing articles that support our hypotheses is also found in other
scientific fields, and the publication and citation of studies with neutral
effects are encouraged (Mlinaric et al., 2017).

Contrary to responses related to taxonomic metrics, the impacts of
land use changes on functional ecology and interactions remain uncer-
tain. Outcomes for ecosystem functions are contingent upon the function
type, vegetation type, and land use type. They may reveal a negative
effect (e.g., reduced seed removal when changes from grassland to
silviculture; Rabello et al., 2018), a positive effect (e.g., increased seed
removal and insect predation when shifting from forest to pasture;
Fontenele and Schmidt, 2021; Wilker et al., 2023), or null effect (e.g.,
unchanged seed removal when changing from savannah to pasture;
Rabello et al., 2018). Thus, ecosystem functions may exhibit effects
different from those found for species richness (Queiroz et al., 2021;
Wilker et al., 2023). Moreover, the frequent increase in invasive ants in
anthropogenic land uses (Baidya and Bagchi, 2022) has a high impact on
interactions with other species, increasing competition with other ants
(Neumann and Pinter-Wollman, 2022) and decreasing pollinators' ac-
tivity (Unni et al., 2021). Along with the decrease in pollination and seed
dispersal (Bona et al., 2023), other ant-plant interactions may also
decline due to land use changes. For instance, a few ants are involved
with several plant species and multiple ecosystem functions (Costa et al.,
2016), which can decrease due to reduced stability caused by anthro-
pogenic disturbance (Camara et al., 2019) or the loss of plant resource
availability (Fagundes et al., 2016). Thus, this knowledge gap regarding
ecosystem functions and interactions must be addressed, given the vital
role played by ants in various biomes, vegetation types, and anthropo-
genic land uses.
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5. Conclusions

Here, we identified the negative effects of land use changes on ant
diversity in Brazil, a vast Neotropical country. Although we found a
greater number of studies in biomes, vegetation types, and anthropo-
genic land uses with a higher frequency of land use changes, we
recommend more efforts in less-explored areas, such as the xeric
shrublands of the Caatinga and land uses associated with mining.
However, despite some biomes being underexplored, like the Pampa and
Pantanal, their vegetation types can be found in more studied biomes,
like the Cerrado, and can therefore serve as references for possible ef-
fects. Our meta-analysis revealed that land uses that significantly alter
vegetation structure lead to a reduction in species richness, but largely
maintain abundance, with a decrease in abundance occurring only in
certain conversions to agriculture. From this, we emphasize the impor-
tance of management plans in areas of anthropogenic land use, main-
taining habitat-specific environmental similarity (Arroyo-Rodriguez
et al., 2020), supporting higher vegetation diversity to ensure resource
availability and avoiding intensive use of pesticides in agricultural sys-
tems. Additionally, we suggest that future research on land use effects
also focus on ecosystem functions, traits, guilds, and interactions to
assess possible changes in the functioning of these new ecosystems, as
well as the ecosystem services provided by species that remain in
anthropogenic land uses.
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