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Abstract

Horse flies (Tabanidae) negatively affect livestock by reducing productivity, compromising animal
welfare, and serving as mechanical vectors of pathogens. However, the spatial processes shaping
their community organization in southern Brazil’s Coastal Plain of Rio Grande do Sul (CPRS) remain
poorly understood. To address this, we conducted standardized Malaise-trap surveys and combined
them with historical-contemporary comparisons to examine distance—decay patterns in community
composition. We evaluated both abundance-based (Bray—Curtis) and presence—absence (Jaccard)
dissimilarities using candidate models. Across sites, Tabanus triangulum emerged as the dominant
species. Dissimilarity in community structure increased monotonically with geographic distance,
with no evidence of abrupt thresholds. The square-root model provided the best fit for abundance-
based data, whereas a linear model best described presence—absence patterns, reflecting dispersal
limitation and environmental filtering across a heterogeneous coastal landscape. Sites within riparian
forests and conservation units displayed higher diversity, emphasizing the ecological role of
protected habitats and the importance of maintaining connected corridors. Collectively, these
findings establish a process-based framework for surveillance and landscape management strategies
to mitigate vector, host contact. Future directions include integrating remote sensing and host
distribution, applying predictive validation across temporal scales.

Keywords: Tabanidae; distance-decay; Bray—Curtis; Jaccard; community turnover; riparian
corridors; habitat fragmentation; vector ecology; conservation planning

1. Introduction

Tabanidae (Diptera) is a large cosmopolitan family of species whose females are
hematophagous. Bites are painful, disturbing animals while grazing resulting in significant
productivity losses. In many areas, Tabanidae also play a major role in the transmission of pathogens.
These flies have been associated with the spread of equine and bovine trypanosomiasis,
anaplasmosis, babesiosis, and equine infectious anemia [1-6]. Tabanidae is a highly diverse family,
comprising 177 genera and 4,667 species worldwide [7]. In the Neotropical region, 71 genera and
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1,205 species have been recorded [8,9]. In Brazil, the diversity of Tabanidae varies substantially across
biomes, with the highest richness observed in the Amazon rainforest and a progressive decline
toward the Pampa biome [10-12]. In the Pampa, 46 species have been recorded [8,11-14], whereas in
the state of Rio Grande do Sul, this number is 56 species [12].

The Coastal Plain of Rio Grande do Sul (CPRS), its origin and evolution are linked to sea level
fluctuations, led to the development of different coastal depositional environments, mainly large
lagoonal and lacustrine bodies and extensive sand barriers [15]. Over the past century, it has been an
ecologically important region severely impacted by human activities, including rice cultivation and
urban development [16,17]. These anthropogenic pressures have fragmented natural habitats, with
preserved areas restricted primarily to riparian forests and scattered conservation units [18-20].
These characteristics make the region particularly useful for analyzing how geographic distance and
habitat fragmentation influence the similarity and diversity of horse fly communities.

Previous studies on Tabanidae in South America have typically focused on abiotic factors such
as temperature and rainfall [11,21-23], but have rarely explored the role of spatial factors, such as the
distance between habitats [24,25]. Moreover, few investigations have applied detailed statistical
models to examine dissimilarity patterns [26], which can reveal saturation levels over longer
distances, an important aspect for understanding geographic constraints on communities [27].
Bridging these gaps is essential for developing more effective and integrated conservation strategies.

In the context of vector ecology, analyzing such spatial patterns is crucial for understanding the
dynamics of species of veterinary importance [28]. At the landscape scale, structure and connectivity
influence the movement of organisms and cross-habitat interactions [29]. For example, in
communities with low species richness and strong dominance by a single, highly aggressive tabanid,
this species may expand its ecological range, exploiting multiple habitats and host types. Such
behavior can disproportionately drive movements across habitat patches, increasing contacts
between wildlife and livestock and facilitating the circulation of pathogens across ecological
boundaries. Consequently, landscape configuration, particularly patch size and connectivity [29], can
modulate vector-host encounter rates, with direct implications for the epidemiology of diseases
affecting animal health and livestock productivity. These insights can inform targeted surveillance
and environmental management strategies, such as designing ecological corridors to enhance habitat
connectivity and mitigate fragmentation effects on vector communities.

This study aims to investigate how geographic distance influences the similarity and diversity
of Tabanidae communities in the Coastal Plain of Rio Grande do Sul. It also assesses how habitat
fragmentation contributes to the structuring of these communities.

2. Materials and Methods

The Sampling. Between October 2011 and February 2012, samples were collected from various
localities within five regions of the Coastal Plain of Rio Grande do Sul (CPRS) (Supplementary Table
S1, Supplementary Figure S1, Figure 1) using a Malaise trap [30] (see Supplementary Figures 52-56
of each region). The environmental characteristics of each sampling area and region are described in
the supplementary material (Supplementary Table S2) and in Zafalon-Silva et al. [31]. The Malaise
trap was deployed in each locality for eight consecutive days (Supplementary Table S1).
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Figure 1. Geographic location of the study area in the Coastal Plain of Rio Grande do Sul (CPRS), southern Brazil.
Left panel: Position of the state of Rio Grande do Sul (outlined in green) within Brazil and South America. Right
panel: Sampling sites (black dots) distributed along the CPRS (shaded in white), encompassing a gradient of

protected and unprotected environments.

Specimens of Tabanidae were identified based on the following taxonomic references: Lutz [32];
Krober [33,34]; Coscarén & Philip [35]; Coscardn [36-39]; Coscarén & Fairchild [40]; Fairchild [41-
43]; Henriques & Rafael [44]; Henriques & Krolow [45]; Krolow & Henriques [46]; Wilkerson &
Fairchild [47]. The material is deposited at the Cole¢ao de Entomologia da Universidade Federal do
Tocantins (CEUFT), Porto Nacional, Tocantins, and in the Collection of the Laboratory of Ecology of
Parasites and Vectors (CoLEPAV) at the Federal University of Pelotas, Rio Grande do Sul.

Data Analysis

Ecological indices (Shannon and Simpson) were calculated using the vegan package [48]. The
diversity() function was used to measure species richness and evenness across different communities.
To assess community similarity, the vegdist () function was used to compute Jaccard and Serensen
indexes. These indexes provided quantitative measures of similarity between sites, based on species
presence and absence.

To evaluate the temporal stability of community composition and to control for seasonal
variation, we compared our data with data obtained by Kriiger & Krolow [11], derived from
standardized collections conducted between 2002 and 2004 in the municipalities of Pelotas and Capao
do Ledo, within the CPRS (see the dataset D1 in the supplementary material). Subsets of the current
data were selected to match equivalent periods and localities based on the sampling periods
(Supplementary Table S1), allowing for a direct comparison of taxonomic composition and
abundance structure. Analyses were based on Bray-Curtis (abundance) and Jaccard
(presence/absence) dissimilarity indices, calculated from standardized and transposed species
matrices. This approach allowed for the estimation of compositional changes and the evaluation of
temporal community persistence in response to environmental and anthropogenic variation.

For each region, we selected historical samples from the database that corresponded to the same
time of year as the current collections, based on the sampling periods described by Zafalon-Silva et
al. [31] (Supplementary Table S1). This temporal equivalence allowed us to isolate the spatial
component in the analysis of community dissimilarity, minimizing the influence of seasonal
microclimatic variation.
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The distm() function from the geosphere package [49] was used to compute a distance matrix
between localities, based on geographic coordinates (in kilometers). This matrix quantified the
distance between each pair of sites, which was essential for correlating biological dissimilarity with
spatial separation.

We first assessed the correlation between community dissimilarity and geographic distance
using Mantel tests implemented in the vegan package (function "mantel"). Dissimilarity among sites
was computed from two matrices: Bray—Curtis for abundance data and Jaccard for presence/absence
data. Using rank-based Mantel statistics with permutation testing, we evaluated whether biological
similarity declines with increasing geographic distance. When appropriate, we also examined the
partial association between dissimilarity and distance while conditioning on broad geographic
regions using partial Mantel tests (mantel.partial).

To describe the distance—decay relationship explicitly, we fitted seven regression models to the
pairwise data, analyzing abundance (Bray—Curtis) and presence/absence (Jaccard) separately. The
candidate set comprised a linear model, a log-linear model using log(1 + distance) to retain pairs at
zero distance, a square-root model using Vdistance, a quadratic polynomial in distance, a saturating
negative exponential model, an asymptotic Michaelis-Menten model, and a segmented (“hockey-
stick”) piecewise linear model with an unknown breakpoint. The exact functional forms, notation,
and parameter interpretations for all seven models are provided in Supplementary Table S3. In brief,
D denotes predicted dissimilarity on the 0-1 scale and d denotes geographic distance in kilometers.

Linear, log-linear, square-root, and quadratic models were estimated by ordinary least squares;
the negative exponential and Michaelis—-Menten models were fitted by nonlinear least squares; and
the segmented model was fitted with the segmented algorithm, with the presence of a breakpoint
evaluated by Davies’ test. Model fit and parsimony were compared using Akaike’s Information
Criterion (AIC) and AAIC. For the best-supported model we also derived characteristic distance
scales, D50, D75, and D90, the distances at which the fitted curve reaches 0.50, 0.75, and 0.90
dissimilarity, together with 95% confidence intervals obtained by parametric simulation from the
estimated parameter covariance.

All analyses were performed in R [50].

3. Results

This A total of 3,682 individuals, representing 25 species and 12 genera, was collected. Tabanus
triangulum Wiedemann, 1828 was the dominant species, accounting for 62.7% of all specimens.
Species with intermediate levels of abundance included Tabanus claripennis (Bigot, 1892), Tabanus
occidentalis Linnaeus, 1758, Lepiselaga albitarsis Macquart, 1850, Chrysops varians Wiedemann, 1828,
Dichelacera alcicornis (Wiedemann, 1828), Diachlorus bivittatus (Wiedemann, 1828), and Tabanus
fuscofasciatus Macquart, 1838 (Table 1).

Horse fly diversity varied considerably among the sampled sites. Higher Shannon diversity
indices were recorded at RPPN Barba Negra and Lami (1.77 and 1.71, respectively), indicating greater
species richness and a more even distribution. In contrast, Itapeva State Park and the riparian forest
of Pelotas stream exhibited the lowest Shannon values (0.18 and 0.23) and low Simpson indices (0.07
and 0.08), reflecting strong dominance by a few species (Table 1).

Similarity analyses based on species presence/absence and relative abundance revealed distinct
local groupings with shared community structures (Supplementary Table S4; Supplementary Figure
57). In terms of composition, the riparian forests of the Corrientes, Turugu, and Lami streams formed
a high-similarity subgroup (dissimilarity <50%), and Vila Pacheca (near the Camaqua River) grouped
with RPPN Barba Negra in relative abundance, reinforcing ecological connectivity. Using temporally
matched datasets to compare five CPRS regions with historical records from Pelotas and Capao do
Ledao (2002-2004), Bray—Curtis (abundance) and Jaccard (presence/absence) indices indicated
pronounced spatial structuring, with a systematic increase in dissimilarity between current sites and
historical localities; several comparisons showed high Bray—Curtis values (> 0.80), signaling strong
shifts in relative abundances, whereas elevated Jaccard values (> 0.65) pointed to substantial
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taxonomic turnover (Table S5). Region 1 (south of Patos Lagoon, near the estuary) exhibited the
lowest dissimilarities relative to historical sites (Bray—Curtis: 0.13-0.36; Jaccard: 0.28-0.62), Region 3
(farther south, near Mirim Lagoon) showed intermediate values (Bray—Curtis: 0.54-0.89; Jaccard:
0.50-0.60), and Regions 2, 4, and 5 displayed the highest dissimilarities, Region 2 (including Camaqua
River and areas around the Guaiba River) with Bray—Curtis 0.42-0.88 and Jaccard 0.63-0.80, and
Regions 4 (northern Patos Lagoon to Atlantic Forest-influenced coast) and 5 (mid-littoral between
lagoon and ocean) with Bray—Curtis > 0.88 and Jaccard > 0.72, indicating structurally distinct
communities (Supplementary Table S5).

Table 1. Abundance, distribution, and diversity of Tabanidae communities sampled in the Coastal Plain of Rio
Grande do Sul (CPRS). For each of the 10 localities (PEL = Pelotas stream; COR = Corrientes stream; TUR =
Turugu stram; RPPN = RPPN Barba Negra; LAMI = ReBio Lami; PAC = Pacheca village; TAIM = Taim
Ecological Station; ITA = Itapua State Park; ITP = Itapeva State Park; PNLP = National Park of Lagoa do Peixe),
values represent the number of individuals per species collected at each site. UC (protected area status): P =
protected; NP = not protected. The total number of Malaise traps deployed per locality is indicated in the second
row. Columns “abund” and “(%)” indicate total abundance and relative frequency of each species, respectively;
S is species richness. Shannon and Simpson indices were calculated from the relative abundance of species at

each locality; higher values indicate greater species diversity and evenness.

Species PEL COR TUR RPPN LAMI PAC TAIM ITA ITP
NP NP NP P P NP P P P
N Malaise 10 7 8 16 4 3 22 9 4
S 6 5 7 15 7 7 6 7 3
Shannon 0.228 0.714 0.629 1.768 1.706 1.135 1.355 1.558 0.181
Simpson 0.081 0.467 0.375 0.756 0.781 0.601 0.699 0.738 0.071
Chrysops nigricorpus Lutz, 1911 0 0 0 0 0 0 0 0 0
Chrysops varians Wiedemann, 1828 0 3 8 6 4 0 19 3 0
Chrysops variegatus (De Geer, 1776) 3 0 1 0 2 6 0 0 0
Fidena marginalis (Wiedemann, 1830) 0 0 0 0 0 0 0 0 0
Acanthocera aureoscutellata Henriques 0 0 0 2 0 1 0 0 0

& Rafael, 1992

Acanthocera exstincta (Wiedemann, 0 2 1 0 2 0 0 0 0
1828)
Acanthocera longicornis (Fabricius, 0 0 0 0 0 0 0 0 0
1775)
Catachlorops aff. fuscinevris (Macquart, 0 0 0 8 0 0 0 0 0
1838)
Catachlorops potator (Wiedemann, 0 0 0 3 0 0 0 0 0
1828)
Chlorotabanus inanis (Fabricius, 1787) 0 0 0 4 0 0 0 0 0
Dasybasis missionum (Macquart, 1838) 0 0 2 0 0 0 1 0 0
Diachlorus bivittatus (Wiedemann, 0 0 0 82 0 0 0 0 0
1828)
Dichelacera alcicornis (Wiedemann, 0 0 0 50 13 0 0 1 53
1828)

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.


https://doi.org/10.20944/preprints202509.1151.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2025 d0i:10.20944/preprints202509.1151.v1

6 of 17
Dichelacera fuscipes Lutz & Neiva, 0 0 0 0 0 6 0 8 0
1915
Lepiselaga albitarsis Macquart, 1850 2 0 0 0 15 0 113 0 0
Phaeotabanus litigiosus (Walker, 1850) 0 0 0 6 0 0 0 1 0
Poeciloderas quadripunctatus 4 0 0 2 0 0 15 0 0
(Fabricius, 1805)
Tabanus claripennis (Bigot, 1892) 15 217 199 1 1 17 48 0 0
Tabanus fuscofasciatus Macquart, 1838 0 0 0 52 0 27 0 0 0
Tabanus fuscus Wiedemann, 1819 0 0 0 1 0 0 0 12 1
Tabanus sorbillans Wiedemann, 1828 0 0 0 0 0 0 0 0 1
Tabanus occidentalis Linnaeus, 1758 5 2 1 37 7 155 0 1 0
Tabanus pungens Wiedemann, 1828 0 0 0 0 0 0 0 0 0
Tabanus sp. 0 0 0 5 0 0 0 0 0
Tabanus triangulum Wiedemann, 1828 669 403 659 187 22 229 119 4 0
Local abundance 698 627 871 446 66 441 315 30 55

Mantel tests based on Spearman rank correlation showed positive associations between pairwise
geographic distance and community dissimilarity. For Bray—Curtis, r = 0.573 with P = 0.002 (999
permutations; upper null quantiles: 90% = 0.255, 95% = 0.337, 97.5% = 0.434, 99% = 0.507). For Jaccard,
r = 0.509 with P = 0.010 (999 permutations; upper null quantiles: 90% = 0.321, 95% = 0.398, 97.5% =
0.447, 99% = 0.504). Partial Mantel tests controlling for broad regions yielded r = 0.556 with P = 0.002
for Bray—Curtis (upper null quantiles: 0.272, 0.358, 0.406, 0.474) and r = 0.499 with P = 0.017 for Jaccard
(upper null quantiles: 0.293, 0.406, 0.451, 0.533; 999 permutations in both cases).

Among seven candidate distance-decay models (linear, log-linear, square-root, quadratic,
exponential-saturating, Michaelis-Menten, and segmented), the best-supported model by AIC
differed between dissimilarity metrics (see Supplementary Table 56 for the complete AIC and P-
values). For Bray—Curtis, the square-root model had the lowest AIC (-24.5), followed by the log-linear
model (-23.7; AAIC = 0.77) and the quadratic model (-22.7; AAIC = 1.78) (Figure 2). For Jaccard, the
linear model ranked first (AIC = —42.6), followed by square-root (-41.1; AAIC = 1.54) and quadratic
(-41.0; AAIC = 1.65); segmented (-39.8), log-linear (-38.2), Michaelis—-Menten (-33.8), and
exponential-saturating (-31.0) ranked lower (Figure 2). For the segmented fits, Davies’ tests returned
P =0.224 for Bray—Curtis and P = 0.790 for Jaccard (see Supplementary Table 56).
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Figure 2. Relationship between geographic distance and dissimilarity in Tabanidae communities from the
Coastal Plain of Rio Grande do Sul, Brazil. Top: Abundance-based dissimilarity (Bray-Curtis); Bottom:
Presence/absence-based dissimilarity (Jaccard). Data are shown for three of the top models: linear (red),
exponential (purple), and Michaelis-Menten (black). The Michaelis-Menten model showed the best fit in both

cases.

Characteristic distance scales derived for the top-ranked model of each metric are as follows
(point estimate; 95% CI). For Bray—Curtis (square-root model): D50 = 2.57 km [0.013-43.1], D75 =108
km [61.4-151], and D90 = 247 km [185-379]. For Jaccard (linear model): D50 = —65.9 km [0.44-36.5],
D75 = 188 km [146-244], and D90 = 340 km [274-469]. An estimated breakpoint for the segmented
formulation was 146 km for both metrics; confidence intervals from the model summaries are
reported in Supplementary Table S7. Under the linear specification, predicted dissimilarity at zero
geographic distance was D(0)=0.565 (95% CI 0.484-0.646) for Jaccard.

4. Discussion

4.1. Spatial Gradients and Dissimilarity Models

The main result of this study is the detection of a spatial gradient in Tabanidae community
composition along the Coastal Plain of Rio Grande do Sul (CPRS). Significant Mantel correlations for
both abundance (Bray-Curtis) and presence—absence (Jaccard) data indicate that biological
dissimilarity increases with geographic distance. This pattern remains even after controlling for
broad regional groupings, suggesting that it reflects species turnover rather than spatial clustering.

© 2025 by the author(s). Distributed under a Creative Commons CC BY license.
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Both indices support the conclusion that dispersal limitation and environmental filtering are central
processes in community assembly. The use of standardized sampling over two years [11] minimizes
temporal confounding and reinforces the inference that geographic and environmental gradientes,
not seasonal variation, organize community structure. As land use intensifies across the CPRS, spatial
turnover may increase, amplifying differentiation across sites. Comparable patterns have been
documented for tsetse in East Africa, using random-forest models that couple trap data with satellite
predictors. Relative densities increased with tree cover and decreased with precipitation and soil
moisture, emphasizing the role of riparian/wooded corridors in sustaining biting-fly populations
[51].

Model comparisons indicate that low-curvature forms best describe the distance—dissimilarity
relationship in Tabanidae communities across the CPRS. For Bray—Curtis, the square-root model
received the strongest support, followed by log-linear and quadratic forms. For Jaccard, the linear
model ranked highest, with square-root and quadratic models also performing well. In contrast,
saturating models showed lower support under AIC, and segmented models failed to detect slope
changes, as confirmed by non-significant Davies tests. These results indicate a gradual, monotonic
increase in dissimilarity with distance, without abrupt transitions or ecological thresholds.

Quantitatively, the square-root model for Bray—Curtis suggests that 50% dissimilarity is reached
at approximately 2.6 km, and 75% at 108 km. For Jaccard, the linear model projects approximately
56.5% dissimilarity even at near-zero distance, reaching 75% at a distance of 188 km. These patterns
reflect high local heterogeneity and support continuous spatial turnover, with no evidence of
saturation. The lack of support for segmented or threshold models favors an interpretation of
cumulative differentiation driven by dispersal limitation and environmental gradients. In practical
terms, the square-root model offers an effective fit for abundance-based dissimilarity, capturing
gradual changes without requiring complex curvature. For presence—absence data, the linear model
reflects steady taxonomic turnover in a connected and environmentally heterogeneous landscape.
These results align with the general theory of distance-decay [52], which emphasizes that most
ecological communities exhibit continuous species replacement over space, rather than abrupt shifts.

Together, the consistent Mantel correlations, the strong performance of simple models, and the
absence of spatial breakpoints support a model of progressive community differentiation, especially
in terms of abundance structure. This pattern reinforces the role of continuous species turnover
shaped by dispersal limitation and environmental gradients. The spatially structured nature of
tabanid communities observed here provides a basis for targeted surveillance and vector control
strategies in the CPRS. For example, place regional sentinel stations ~75-100 km apart along the coast—
lagoon corridor to detect turnover, and cluster 3-5 traps within 2-5 km around high-risk ranches in
the Pelotas-Turugu-Taim wetlands.

Although the analytical framework differs, this approach aligns with the spatial principles
advocated by Kitron [28], who emphasized the importance of identifying geographic heterogeneity
in vector distribution to optimize surveillance and allocate control efforts more effectively. As
proposed, understanding fine-scale spatial variation can improve the early detection of risk zones
and enhance the precision of interventions. Methodologically, recent work upscaled vector relative
abundance by integrating in-situ catches with satellite covariates via random forests, explaining ~41%
of spatial variability and yielding national-scale maps; however, predictive reliability declined when
extrapolating beyond the environmental envelope of the training data, with VSURF-based variable
selection improving geographic realism [51]. Incorporating environmental covariates and
implementing predictive validation in future studies will help refine inference and strengthen the
integration of ecological data into epidemiological forecasting and spatial planning in veterinary
entomology. Recent advances in metagenomic approaches have also demonstrated that high-
resolution analysis of individual vectors can reveal substantial spatial heterogeneity in microbiota
composition and pathogen presence, reinforcing the need for surveillance systems that are both
spatially and biologically fine-scaled [53].
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https://doi.org/10.20944/preprints202509.1151.v1
http://creativecommons.org/licenses/by/4.0/

Preprints.org (www.preprints.org) | NOT PEER-REVIEWED | Posted: 13 September 2025 d0i:10.20944/preprints202509.1151.v1

9 of 17

4.2. Ecological Mechanisms Underlying Spatial Dissimilarity

These spatial patterns raise questions about the ecological processes that underlie community
dissimilarity. In particular, exploring which species dominate across space, and why, offers insights
into the mechanisms driving distance decay.

Local variation in species abundance, rather than presence or absence alone, appears central to
the spatial organization of Tabanidae communities across the CPRS. Tabanus triangulum accounted
for more than 60% of all individuals, and between-site differences in relative abundance contributed
strongly to overall community dissimilarity. Bray—Curtis values consistently exceeded those from
Jaccard, highlighting the role of dominance patterns and abundance shifts beyond taxonomic
turnover. These indices provide complementary perspectives: Jaccard captures species replacement
and the influence of rare taxa, whereas Bray—Curtis emphasizes changes in relative abundance with
direct ecological and epidemiological relevance [54,55].

Dominance-driven restructuring was evident even across short distances and in sites with
similar species pools, suggesting ecological homogenization without full compositional replacement.
This finding is consistent with observations from urban mosquito communities, where generalist
species exhibit reduced differentiation across space [56], as well as comparisons between forested
and open areas with or without horses in the Amazon forest [23,57]. In the CPRS, T. claripennis was
present at all sites, supporting its generalist status [58,59], whereas Lepiselaga albitarsis was restricted
to humid, forested environments, indicating environmental sensitivity. Caution may hower be
warranted when extrapolating from trap data to epidemiological relevance. Capture rates do not
correspond to host contact or feeding efficiency, as demonstrated by Muzari et al. [60] in Australia,
where species that were abundant in traps showed low feeding success, and vice-versa. However, in
the CPRS, the dominance of T. triangulum is likely ecologically and epidemiologically meaningful.
Approximately one-third of the specimens collected in region 1 tested positive for Trypanosoma kaiowa
DNA [61], indicating potential involvement in mechanical transmission under simpler ecological
conditions.

Historical data from Pelotas and Capao do Ledo [11] point to increasing spatial differentiation
over time, likely driven by habitat alteration. Protected areas, such as the Barba Negra and Lami
reserves, exhibited higher diversity and lower dominance, illustrating how landscape integrity
contributes to more balanced assemblages. Regional contrasts further support this interpretation: in
Santa Catarina, Dichelacera alcicornis dominates [62]; in Uruguay, Poeciloderas lindneri is more frequent
[21]; and in protected areas of Parand, assemblages are more evenly structured [63]. Although the
sampling methods varied, the discussion here focuses on dominance patterns rather than absolute
abundance or trap efficiency. While differences in bait type, fabric color, and trap configuration can
influence capture rates for certain species {e.g., Hybomitra epistates (Osten Sacken, 1878)} [64], the
patterns of species dominance cited in these studies are consistent within each respective region.
Therefore, despite methodological variation, the observed contrasts reinforce the influence of
environmental filtering in shaping tabanid assemblages across landscapes with differing levels of
disturbance and protection.

4.3. Implications for Disease Transmission and Vector Surveillance

The observed dominance patterns are not only ecologically significant but also carry important
implications for veterinary epidemiology. Changes in species composition and abundance can
influence vectorial capacity and contact rates with hosts, especially in altered landscapes.

Two non-exclusive mechanisms may link the spatial restructuring of Tabanidae communities to
increased pathogen transmission risk. First, the dominance of one or a few horsefly species with
effective transmission capacity can elevate contact rates with livestock [65]. Second, land-use change
may shift ecological niches and alter which species dominate locally [66]. These hypotheses are
testable by comparing encounter rates in landscapes converted from forested wildlife habitats to
cattle-dominated systems, while controlling for host density and season.
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Within the CPRS, the predominance of T. triangulum represents a potential entomological risk.
Although its vector competence is considered limited, its numerical dominance, particularly in
fragmented landscapes with reduced biodiversity, may increase mechanical transmission. This
pattern aligns with the dilution-effect hypothesis, which posits that higher species richness can
disrupt pathogen transmission by reducing effective vector-host encounters [67]. Analogous
mechanisms have been demonstrated in other systems, such as Culex pipiens Linnaeus, 1758 and West
Nile virus [68-70]. Land-use changes in the CPRS, notably the conversion of riparian forests into
pasture, have likely contributed to the local dominance of a few vector species, reducing taxonomic
and functional diversity. Several Tabanidae species with mechanical transmission potential were
recorded, reinforcing the epidemiological relevance of this shift [2].

The quantified distance decay patterns based on Bray—Curtis dissimilarity enhance the
predictive capacity of vector surveillance by revealing how community composition changes
gradually across space in terms of species abundance. Even short-range ecological differences can
result in substantial variation in vector dominance, which holds direct implications for mechanical
transmission potential in livestock systems. These findings support the design of intra- and inter-
property sampling grids that reflect microhabitat heterogeneity, especially near ecotones such as
water margins, riparian zones, and forest edges. At broader spatial scales, the absence of abrupt
dissimilarity thresholds reinforces the effectiveness of gradual surveillance strategies rather than
rigid geographic zoning. This approach aligns with insights that advocate fine-scale sampling to
detect local hotspots of vector activity while maintaining broader-scale continuity in monitoring
efforts [71]. As land-use change continues to reshape vector habitats, transitional zones become
especially important for early detection of epidemiological risk [66]. Shifts in vector community
structure, particularly those involving dominance by a few species, can alter disease dynamics
through increased host—vector contact rates and reduced ecological buffering [65]. In this context,
abundance-based decay models provide a practical framework for anticipating spatial variation in
entomological risk. Their integration into surveillance planning improves the ability to locate
emergent hotspots, allocate resources more efficiently, and inform vector control strategies under
changing environmental conditions.

4.4. Analytical Limitations and Future Research Directions

While these findings support practical applications for surveillance and control, they must be
interpreted in light of certain analytical constraints and sampling limitations.

Some limitations contextualize the interpretation of the distance decay patterns observed in
Tabanidae communities across the CPRS. The sampling design, involving 10 sites and generating 45
non-independent pairs, reduces the effective number of unique comparisons and can bias model
selection toward simpler structures under AIC-based criteria [72]. The distribution of distances was
skewed toward medium and long spatial separations, with relatively few short-distance
comparisons. This is precisely the range where stronger initial curvature in dissimilarity patterns
might be expected due to dispersal limitation or fine-scale environmental heterogeneity. This
imbalance in pairwise distances can impair the detection of nonlinearities in spatial turnover, such as
those described in community ecology literature [73]. Furthermore, the absence of high-resolution
environmental covariates and fine-scale temporal matching across sites may contribute to
unexplained variation in abundance-based dissimilarity, limiting ecological inference from the
observed patterns. Pseudoreplication, due to repeated site pairings, reduces effective degrees of
freedom, potentially inflating support for parsimonious models.

To refine inference, future studies should incorporate leave-one-site-out validation to reduce
pairwise dependence and explore fits restricted to distances below 200 km to detect short-range
curvature better. Additionally, approaches such as multiple regression on distance matrices (MRM)
or generalized dissimilarity modeling may account for unmeasured environmental gradients and
improve explanatory capacity. Including structured land-use histories could enhance model
sensitivity to anthropogenic pressures.
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Similar patterns of community shifts following land-use change have been reported in other
biomes. For instance, in boreal forests of northwestern Ontario, Buckley et al. [74] observed that
recently logged stands supported higher abundances of anautogenous tabanids, species more
persistent in host seeking, while older stands maintained higher richness but lower abundance. These
findings support the idea that disturbance increases vector pressure while reducing overall diversity.
Observations from peri-urban and forested habitats in eastern Canada (Steve A. Marshall, pers.
comm. with S. Mihok) indicate that community similarity can remain high across ~50 km in
homogeneous environments but diverges in contrasting habitats such as bogs or boreal forests.
Although sampling protocols vary, these insights underscore the value of incorporating habitat type
and management history into future Tabanidae studies.

Despite current methodological constraints, the observed patterns in the CPRS align with
findings from other systems where habitat simplification favors generalist vectors [23,57,75-77] and
increases transmission risk [78]. In the CPRS, higher diversity and lower dominance in protected
areas such as Barba Negra and Lami illustrate the ecological benefits of conservation. Analogous
processes occur in South American livestock systems with Rhipicephalus (Boophilus) microplus
(Canestrini, 1887) (Acari: Ixodidae). Landscape simplification through the replacement of native
vegetation with exotic pastures has promoted the expansion and dominance of this tick [79]. Regional
warming can intensify these dynamics by expanding thermal suitability, as suggested by the
southward extension of R. microplus in southern Brazil [80], reinforcing the importance of integrated
One Health approaches.

5. Conclusions

Despite methodological constraints, the results provide strong support for the ecological
interpretation of distance-decay in Tabanidae communities and offer a valuable framework for
applied surveillance and disease prevention.

The results demonstrate that Tabanidae community composition across the CPRS exhibits
continuous spatial differentiation, primarily driven by species abundance patterns and gradual
turnover, with no evidence of clear ecological thresholds. This spatial structure, shaped by dispersal
limitation and environmental filtering, has direct implications for disease ecology and vector
management.

The numerical dominance of T. triangulum in degraded areas, coupled with high local
dissimilarity, indicates elevated risk of mechanical transmission under conditions of biodiversity
loss. These findings highlight the importance of conserving structurally complex habitats to preserve
ecological buffers against disease spread.

From a practical standpoint, we would revise the original survey to better resolve short-range
turnover. Specifically, we would add 3-5 co-located traps per ranch along forest—pasture, wet margin
transects (0, 250, and 500 m from water or marsh) to increase the number of <10-20 km pairs; enforce
identical trap types and synchronized 48-h deployment windows; and record microclimate, livestock
density, and pasture type at each site. These changes target the portion of the curve where distance—
decay is steepest and reduce unexplained variance in abundance-based dissimilarity.

Going forward, we will adopt an operational design that links analysis to action. Within high-
risk ranches, we will deploy short-range trap clusters (2-5 km radius) across ecotones and conduct
repeat sampling after significant rainfall events. Across the CPRS, we will track temporal changes by
comparing each round to its immediate predecessor at the same sites. Two simple triggers will guide
intensified control: (i) relative abundance of T. triangulum >60% of catches, or (ii) a 20.20 increase in
Bray—Curtis dissimilarity to the nearest neighbor within <10 km. When either threshold is met, we
will add weekly trapping for four weeks and apply targeted measures (e.g., treated screens at
watering points, relocating cattle away from riparian edges at peak biting times). This workflow
converts the observed spatial structure into concrete surveillance and response steps for livestock
systems in the CPRS.
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Beyond operational implications, the study supports the integration of ecological metrics into
veterinary public health policies and rural land-use planning, especially under a One Health
framework. Incorporating spatially explicit surveillance models into policy can enhance the
allocation of control resources, guide habitat restoration priorities, and inform zoning decisions in
agricultural landscapes.

Supplementary Materials: The following supporting information can be downloaded at the website of this
paper posted on Preprints.org, Supplementary Table S1. Averages of meteorological variables during the
exposure periods of Malaise traps in the five sampled regions of the Coastal Plain of Rio Grande do Sul. Tmax:
average maximum temperature; Tmin: average minimum temperature; RH%: average relative humidity. Data
obtained from INMET. Supplementary Table S2 Description of the 35 points sampled in five regions of the
Coastal Plain on Pampa Biome (CPPB). Locality: sampled areas (four Malaise traps per area) inside the regions;
UC: law-protected area; coordinates: central coordinate of the sampled area; site description: a general
description of the locality, including its phytophysiognomy and geology; climate: average temperature and
relative humidity during the sampling period. APL: Pelotas stream; ACS: Corrientes stream; ATU: Turucu
stream; LAMI: Lami Biological Reserve; RCMQ: Camaqua river; RPPN: Private natural heritage reserve Barba
Negra farm; TAIM: Taim Ecological Station ITPA: Itapua State Park; PMTY: Tupancy Natural Municipality Park;
PEJL: José Lutzenberger State Park; PEVA: Itapeva State Park; LPXE: Lagoa do Peixe National Park; region 1
(Oct-Nov, 2011); region 2 (Nov, 2011); region 3 (Dec, 2011); region 4 (Jan, 2012); region 5 (Feb. 2012).
Supplementary Table S3. Candidate distance—decay models relating pairwise community dissimilarity (D) to
geographic distance. For each model the table lists the English name, mathematical formula, model parameters,
and a brief biological interpretation of the expected decay pattern; one additional column is intentionally left
blank for bibliographic references. Here, D denotes Bray—Curtis or Jaccard dissimilarity (0-1), and Distance is
great-circle separation (km). Parameters are interpreted as follows: a (or Vimax) = asymptotic dissimilarity; b (or
Km) = characteristic distance at which D reaches half of a (i.e., D50); (3, = intercept (predicted D at zero distance);
1, B2 = slopes/curvature terms; { = breakpoint (km) for the segmented model. Models were fitted separately for
abundance (Bray—Curtis) and presence/absence (Jaccard) datasets and compared via AIC (see Supplementary
Table S6 for rankings and statistics). Supplementary Table S4. Pairwise dissimilarity of Tabanidae communities
among localities in the Coastal Plain of Rio Grande do Sul (CPRS). (a) Bray—Curtis dissimilarity based on relative
abundance; (b) Jaccard dissimilarity based on presence—-absence. Values range from 0 (identical composition) to
1 (no shared composition). Matrices are symmetric; the main diagonal equals 0. Supplementary Table S5.
Dissimilarity between Tabanidae communities sampled in five regions of the Coastal Plain of Rio Grande do Sul
(CPRS) and historical data from Pelotas and Capao do Ledo (Kriiger & Krolow, 2015). Bray-Curtis values are
based on species abundance, while Jaccard values are based on species presence/absence. Supplementary Table
S6. Distance—decay model comparison by dissimilarity metric. Model comparison for Bray—Curtis (abundance)
and Jaccard (presence/absence) distance-decay fits. Columns show Akaike’s Information Criterion (AIC) and
AAIC (difference from the best model per metric). Lower AIC indicates a better fit. The top-ranked model for
each metric is shown in bold. Models tested: Linear, Log-linear, Square-root, Quadratic, Exponential-saturating,
Michaelis-Menten, and Segmented. Supplementary Table S7. Model coefficients for the top-ranked fitted models
used in the study. For each model and predictor term, we report the estimated coefficient (Estimate), uncertainty
metrics (e.g., SE/Std. Error), test statistics (e.g., t, z, x> or F where applicable), and p-values. When available in
the source tables, information such as model family/link, AIC/AICc, AAICc, model weight, and goodness-of-fit
(e.g., R?) are also provided. p-values < 0.001 are displayed as “<0.001”. Supplementary Figure S1. Geographic
location of the study area in the Coastal Plain of Rio Grande do Sul (CPRS), southern Brazil. The left panel shows
the position of the state of Rio Grande do Sul (highlighted in green) within Brazil and South America. The central
panel displays the sampling sites (black dots) distributed along the CPRS (shaded in white), covering a gradient
of protected and unprotected environments. The two maps on the right present enlarged views of the northern
(top) and southern (bottom) sections of the CPRS, highlighting the sampling points in greater detail.
Supplementary Figure S2. A, Malaise trap at one point of the Pelotas Stream; B, Transition area from the field to
the riparian forest of the Pelotas Stream; C, Extension of the riparian forest of the Corrientes Stream and the

surrounding field area; D, collection point next to the Turugu Stream; E, Mouth of the Turugu Stream next to
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Laguna dos Patos; F, Malaise trap installed in the forest of the Pelotas Stream. Supplementary Figure S3. A,
Collection area in the riparian forest of the Camaqua River near Vila Pacheca; B, Malaise traps installed on Morro
da Formiga in the Barba Negra Private Natural Reserve; C, The Arroinho collection area in the Barba Negra
Private Natural Reserve, next to the dunes; D, Collection area in the riparian forest of the Camaqua River, next
to a beef cattle field; E, Collection area in the Lami Biological Reserve; F, Collection area at the top of the dunes
in the Barba Negra Private Natural Reserve. On the other side of the view, we observe Itapua State Park and,
between these points, the meeting of the waters of the Guaiba River and the Laguna dos Patos. Supplementary
Figure S4. A, Arboreal restinga / shrub—grassland mosaic; B, Herbaceous freshwater marsh; C, Internal dune
field along the Taim margin; D, Riparian restinga swamp forest with epiphytes; E, Arboreal restinga forest patch
(low semideciduous forest); F, Forest interior (understory) with a Malaise trap. Supplementary Figure S5. A,
Coastal dune field (restinga) near the Patos Lagoon; shrub—grassland restinga mosaic, Itapua State Park; B,
Restinga grassland-shrubland on a granitic slope; view toward Morro da Formiga (Barba Negra RPPN) across
Lake Guaiba, Itapua State Park; C, Herbaceous freshwater marsh/shallow lagoon with emergent macrophytes,
Tupancy Natural Municipal Park; D, Forest interior (restinga forest understory) with a Malaise trap, Itapeva
State Park; E, Coastal dune field with Atlantic Ocean view; herbaceous—shrub restinga, Itapeva State Park; F,
Wet meadow/freshwater marsh with temporary standing water, José Lutzenberger State Park. Supplementary
Figure S6. A, Fringing marsh/reedbed along Pai Joao Lagoon with emergent macrophytes in the northern sector
of the park; B, Transition zone among pastures of Fazenda Bioadeiro within an anthropogenic matrix, bordered
by forest patches (capdes) along the park’s central margin; C, Restinga forest edge (grassland—forest ecotone); D,
Interior of restinga/gallery forest with a closed understory in the southern sector of the park; E, Restinga forest
understory with a Malaise trap (sampling point); F, Livestock management area/degraded pasture with exposed
soil and watering troughs, surrounded by restinga forest patches. Supplementary Figure S7. Dendrograms of

dissimilarity among horsefly (Tabanidae) communities in the Coastal Plain of Rio Grande do Sul, Brazil.
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