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ABSTRACT. The family Pycnothelidae comprises medium to small-sized spiders that construct silk tubes under stones or logs or dig burrows in open 
environments. In Argentina, Acanthogonatus centralis Goloboff, 1995 and Stenoterommata platensis Holmberg, 1881 are two species commonly 
found in central region, associated to the mountainous grasslands or to the La Plata River Basin. The Tandilia mountainous grassland is an extended 
belt located southeastern Buenos Aires province, Argentina. Although some pycnothelid spiders are distributed close to this mountainous system, they 
are not recorded in Tandilia. Through niche modeling we attempt to evaluate the influence of bioclimatic variables in shaping the distribution of these 
species and explore their absence in the mountainous belt under past, present and future climatic conditions. We found that Tandilia is a non-suitable 
area for the establishment of the populations of these species with the exception of Stenoterommata platensis under a future scenario of climatic change. 
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The Neotropical representatives of Pycnothelidae 
comprise small to medium-sized spiders that inhabit open 
areas, mountainous systems and forests (Montes de Oca 
et al., 2022). They can be found inhabit burrows – open, 
closed with residue or protected by a trapdoor –, loose tubes 
of silk under stones or fallen logs, or directly among the leaf 
litter (Goloboff, 1995; Ferretti et al., 2010; Schwerdt 
& Copperi, 2014; Signorotto et al., 2023). In Argentina, 
this family is represented by the genera Acanthogonatus 
Karsch, 1880, Chaco Tullgren, 1905, Lycinus Thorell, 
1894, Pycnothele Chamberlin, 1917, Rachias Simon, 1892, 
Stenoterommata Holmberg, 1881 and Xenonemesia Goloboff, 
1989 (World Spider Catalog, 2024). The most diverse 
genera are Acanthogonatus and Stenoterommata (both with 
eight cited species) (Catálogo de Arañas de Argentina, 
2024). Most Argentinean Acanthogonatus species occur in 
semiarid or arid environments from central and southern 
Argentina, mainly at the Patagonian steppe (Goloboff, 1995; 
Signorotto et al., 2023). This region is characterized by 
a dry and cold climate, with strong and frequent winds and 
annual rainfall range from 100 to 300 mm. The vegetation 

consists of a shrub steppe with essentially leafless or small 
and spiny-leaved bushes, cushion plants, and grasslands of 
Poaceae (Arana et al., 2021). Argentinean Stenoterommata 
representatives are mostly distributed along the La Plata River 
Basin in northeastern Argentina associated with riparian 
forests (Goloboff, 1995; Ferretti et al., 2018). This main 
Basin, formed by the contributions of the Paraná and Uruguay 
rivers, which originate in intertropical latitudes and flow 
toward temperate latitudes, ends at the La Plata River. These 
rivers clearly influence the floristic richness of the area 
and act as corridors for tropical species to reach temperate 
latitudes (Arana et al., 2021).

The Tandilia mountainous system is located in 
southeastern Buenos Aires province in central Argentina 
and comprises a northwest trending of ranges and hills that 
rise 50–400 meters above the surrounding Pampean plain. 
It is extended for about 350 kilometers long and represents 
a Proterozoic crystalline basement belonging to the La Plata 
River craton (Dalla Salda, 1999). This mountainous belt 
is characterized by Granitoids, Migmatites, Amphibolites, 
and hypabyssal igneous rocks overlain by Precambrian and 
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lower Palaeozoic sedimentary rocks (Teruggi & Kilmurray, 
1975; Pankhurst et al., 2003). It represents a limit to the 
extent of extensive agriculture fields in Pampean plains, 
acting as a biodiversity refuge for native, endemic and 
threatened species, playing a key role for their conservation 
(Kristensen et al., 2014). 

Indeed, the mygalomorph fauna in the Tandilia 
System is highly diverse, including nine species belonging 
to four families: Mecicobothrium thorelli Holmberg, 
1882 (Mecicobothriidae) (Holmberg, 1882); Grammostola 
burzaquensis Ibarra, 1946 (Schiapelli & Gerschman, 1961; 
Ferretti et al., 2011), G. vachoni Schiapelli & Gerschman, 
1961, Plesiopelma longisternale (Schiapelli & Gerschman, 
1942), and Catumiri argentinense (Mello-Leitão, 1941) 
(Theraphosidae) (Ferretti et al., 2014); Actinopus balcarce 
Ríos-Tamayo & Goloboff, 2018, A. casuhati Ríos-Tamayo 
& Goloboff, 2018 and A. puelche Ríos-Tamayo & Goloboff, 
2018 (Actinopodidae) (Ríos-Tamayo & Goloboff, 2018); 
and Calathotarsus fangioi Ferretti, Soresi, González & 
Arnedo, 2019 (Migidae) (Ferretti et al., 2019a). However, 
no Pycnothelidae species are known to occur in Tandilia. 
The most geographically close species are Acanthogonatus 
centralis and Stenoteromata platensis, both found 260 km 
and 295 km far away from Tandilia, respectively. From a 
biogeographic standpoint, this is interesting because many 
mygalomorph taxa present in Tandilia are also distributed 
in other geographically close mountainous ranges such 

as Ventania or even mountainous systems from Uruguay 
(Ferretti et al., 2018). 

Therefore, we aimed to unveil the influence of 
past, present and future climatic conditions of Tandilia 
for the establishment of those species. To achieve this, we 
implemented a niche modeling approach for each species 
under different climatic scenarios.

MATERIALS AND METHODS

Studied species. We selected Acanthogonatus 
centralis and Stenoterommata platensis because they 
represent the pycnothelids with the most geographical 
proximity to Tandilia system and they are present in other 
mountainous systems, alongside other mygalomorph spiders. 
The presence points represented by geographical coordinates 
along the entire distributional range of the species were 
obtained from the literature (Goloboff, 1995; Ferretti et 
al., 2010, 2012a,b, 2018; Signorotto et al., 2023). In cases 
of inexact points, we obtained geographic coordinates with 
Google Earth (https://earth.google.com).

Distributional data and environmental variables. 
We obtained 35 presence points for Acanthogonatus centralis 
and 25 points for Stenoterommata platensis (Tab. I). The 19 
bioclimatic layers for past (two scenarios), present and future 
conditions were downloaded from EcoClimate (Lima-Ribeiro 
et al. 2015) at a resolution of 0.5° (Tab. II). Past scenarios 

Tab. I. Records set of Acanthogonatus centralis and Stenoterommata platensis, with locality names, geographical coordinates. Latitude and longitude 
are in decimal degrees. 

Acanthogonatus centralis

State, province or department Locality Latitude (S) Longitude (W)

ARGENTINA

Buenos Aires

Funke -38.0719 -62.0486

Sierra de la Ventana -38.1333 -61.7917

Chasicó -38.3953 -62.8425

Curamalal -37.7200 -62.2206

Abra del Hinojo -37.7592 -62.1419

Parque Provincial Ernesto Tornquist -38.0558 -61.9908

Bahía Blanca -38.6908 -62.2667

Córdoba

Salsipuedes -31.1500 -64.3166

La Cumbre -30.9666 -64.5000

Alta Gracia -31.6666 -64.4333

Los Gigantes -31.4000 -64.7833

Cuchilla Nevada -31.3556 -64.5936

El Sauce -31.9833 -64.5500

Yacanto de Calamuchita -32.1166 -64.7500

Capilla del Monte -30.8500 -64.5166

Agua de Oro -31.0666 -64.3000

Las Jarillas -31.0000 -64.9500

Anisacate -31.7333 -64.4000

Los Molles -31.1667 -64.3333
Bosque Alegre -31.5833 -64.5666
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Acanthogonatus centralis

State, province or department Locality Latitude (S) Longitude (W)

Córdoba

Jesús María -30.9833 -64.1000
San Francisco del Chañar -29.7833 -63.9333

Mina Clavero -31.7166 -65.0000

Cabana -31.2166 -64.3666

Pampilla -31.5983 -64.7139

El Cóndor -31.6378 -64.6797

El Cuadrado -31.1225 -64.3642

Ascochinga -30.9406 -64.3158

Tanti -31.3836 -64.5942

Deán Funes -30.4411 -64.2794

San Luis

Merlo -32.3500 -65.0333

Papagayos -32.6833 -65.0000

Cortaderas -32.5000 -65.0000

San Felipe -32.8500 -65.4833

Valle Fértil -30.6660 -67.4333

Stenoterommata platensis

State, province or department Locality Latitude (S) Longitude (W)

ARGENTINA

Buenos Aires

Magdalena -35.0666 -57.5333

Capital Federal -34.5999 -58.4500

Hudson -34.7833 -58.1666

Punta Indio -35.2666 -57.2333

Tigre -34.4166 -58.5666

Punta Lara -34.8166 -57.9833

San Isidro -34.4500 -58.5000

Baradero -33.8106 -59.5084

Escobar -34.3500 -58.7833

Isla Martín García -34.1833 -58.2500

Entre Ríos
El Palmar -31.8531 -58.3225

Colón -32.2166 -58.1333

Misiones

Deseado -25.7833 -54.0500

Parque Nacional Iguazú -25.5166 -54.1333

Reserva Urugua-í -25.9758 -54.1131

Islas Malvinas -27.4833 -55.1333

Arroyo Uruzú -25.9166 -54.2833

El Dorado -26.4000 -54.6333

Piñalito -26.9166 -54.1333

Puerto Bemberg -25.9166 -54.5999

Santa Fé

San Nicolás -33.2833 -60.6666

Rosario -32.9511 -60.6663

Arroyo del Medio -33.6500 -60.5833

Santiago del Estero Tintina -27.0333 -62.7167

URUGUAY
Río Negro Fray Bentos -33.1325 -58.2955

Tab. I. Cont.
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Tab. II. Bioclimatic variables (19) obtained from EcoClimate.

Code Bioclimatic variable Variable 
selection

BIO1 Annual Mean Temperature ×

BIO2 Mean Diurnal Range 
(Mean of monthly (max temp - min temp)) 

BIO3 Isothermality (BIO2/BIO7) (×100) ×

BIO4 Temperature Seasonality 
(standard deviation ×100) 

BIO5 Max. Temperature of Warmest Month ×

BIO6 Min. Temperature of Coldest Month 

BIO7 Temperature Annual Range (BIO5-BIO6) 

BIO8 Mean Temperature of Wettest Quarter ×

BIO9 Mean Temperature of Driest Quarter 

BIO10 Mean Temperature of Warmest Quarter 

BIO11 Mean Temperature of Coldest Quarter 

BIO12 Annual Precipitation 

BIO13 Precipitation of Wettest Month ×

BIO14 Precipitation of Driest Month 

BIO15 Precipitation Seasonality 
(Coefficient of Variation) 

BIO16 Precipitation of Wettest Quarter 

BIO17 Precipitation of Driest Quarter 

BIO18 Precipitation of Warmest Quarter 

BIO19 Precipitation of Coldest Quarter 

involved climatic conditions from Last Glacial Maximum 
(21Ka) and Pliocene (3Ma), modern scenario includes climatic 
conditions from 1950-1999, and future scenario considers 
climatic conditions from 2080-2100 with a high emissions 
scenario (RCP 8.5). From those, using Pearson’s correlation 
as implemented in ENM-Tools ver. 1.4.4, we selected a 
subsample (Warren et al., 2008). The following choice of a 
variable from a correlated (r > 0.75) pair (or trio) was done in 
a preliminary run of the model with all the variables, retaining 
those with the best percent contribution and permutation 
importance in MaxEnt. Additionally, the selected variables 
were considered to be more relevant regarding physiological 
and ecological requirements of the two species. Thus, the 
selected variables were: BIO2 [Mean Diurnal Range (Mean 
of monthly (max temp - min temp)], BIO4 Temperature 
Seasonality (standard deviation ×100), BIO6 (Min 
Temperature of Coldest Month), BIO7 [Temperature 
Annual Range (BIO5-BIO6)], BIO9 (Mean Temperature 
of Driest Quarter), BIO10 (Mean Temperature of Warmest 
Quarter), BIO11 (Mean Temperature of Coldest Quarter), 
BIO12 (Annual Precipitation), BIO14 (Precipitation of 
Driest Month), BIO15 [Precipitation Seasonality (Coefficient 
of Variation)], BIO16 (Precipitation of Wettest Quarter), 
BIO17 (Precipitation of Driest Quarter), BIO18 (Precipitation 
of Warmest Quarter) and BIO19 (Precipitation of Coldest 
Quarter) (Tab. II). 

Modeling procedure. We performed all analyses 
covering an extended area of Southern South America to 
include the distributional range of the species treated in this 
work. We predicted the distribution of both species under 
different climate scenarios using MaxEnt 3.3.3k (Phillips 
et al., 2006). MaxEnt searches for the maximum entropy 
density using Robust Bayes Estimation and requires only 
presence points as input data (Elith et al., 2011). This 
program produces a model of environmental suitability for 
the occurrence of a given organism by estimating the relation 
between species presence and environmental variables in a 
geographic space. We ran the MaxEnt using default settings, 
which have been validated in studies involving many species 
and environmental data (Zank et al., 2014; Jiang et al., 2016; 
Ferretti et al., 2018). We set the random training data as 
100% of the sample given the number of occurrence records. 
The output of the MaxEnt model gives continuous habitat 
suitability, and hence a threshold must be set to define the 
predictive presence or absence of a species. We selected the 
“equal training sensitivity and specificity option”, which 
minimizes the absolute differences between sensitivity and 
specificity (Cantor et al., 1999). Additionally, we set the run 
to 20000 maximum iterations, allowing the logistic output 
format to remove the duplicates from the same grid cell. 
The model maps were edited with the software QGIS ver. 
3.32.2 (http://www.qgis.org) and classification and shape file 
of ecoregions follow Olson et al. (2001). To evaluate the 
model performance of each species we calculated the AUC 
(Area Under the receiver operating characteristics Curve), 
which are frequently used to evaluate distribution models 
based on presence-absence algorithms (Peterson et al., 
2011). This parameter ranges between “0” and “1”, where 
1 indicates that the model can perfectly distinguish between 
presences and absences. In the present work, the AUC for 
variables are expressed as percentages of contribution. The 
program automatically estimates statistical significance of 
the prediction, using a binomial test of omission (Baldwing, 
2009).

RESULTS

The distribution records of Acanthogonatus centralis 
and Stenoterommata platensis are shown in Fig. 1.

The models produced by MaxEnt of suitable areas 
yielded AUC values between 0.994-0.997, which suggest 
that an accurately representativeness of the spider habitat 
relationships were found. 

Based on the AUC values, the bioclimatic variables 
that provided the highest contributions to the climatic 
suitability models for A. centralis were the temperature 
seasonality (BIO4, AUC=59.6) and temperature annual 
range (BIO7, AUC=16.6), while for S. platensis the mean 
diurnal range (BIO2, AUC=44.2) and the precipitation of 
the driest month (BIO14, AUC= 20.9). 
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Fig. 1. Distribution map for Acanthogonatus centralis (blue triangles) and Stenoterommata platensis (red circles) (TAN, Tandilia mountainous system; 
SDV, Ventania mountainous system).

The suitable areas of A. centralis under modern 
climatic conditions (1950-1999) showed the highest areas 
of suitability along the mountainous systems of central 
Argentina, mainly at Córdoba province (Fig. 4). Under 
future climatic conditions (RCP 8.5) projected for 2080-
2100, we observed a displacement of the suitable area into 
the southern coast, extending towards the Patagonian steppe 
in the provinces of Río Negro and Chubut; in addition, the 
central mountainous systems are no longer suitable (Fig. 5). 
Under this climatic scenario, the mountainous system of 
Tandilia is not suitable for the presence of this species, but 
a suitable area was found in the western mountainous belt 
of Ventania. Past conditions (Pliocene and LGM) (Figs 2, 3) 
showed a similar distributional pattern in central Argentina 
but with a small displacement into the western region, thus 
the Tandilia mountainous system remained as a non-suitable 
area for this species in the past. 

Regarding the models of S. platensis, under present 
climatic conditions (Fig. 8), the model predicted a suitable 
area along the La Plata River Basin, mainly in southern 
Entre Ríos province, northern Buenos Aires province 
and Misiones province in Argentina, and western coast 
of Uruguay. The suitable areas for the distribution of 
S. platensis under future climatic scenarios (Fig. 9) denoted 
a southern displacement towards the mountainous systems 

(Tandilia and Ventania) and Pampean plains of southern 
Buenos Aires province. During the Last Glacial Maximum 
(Fig. 7), the climatic conditions indicated a suitable area 
in concordance with present conditions, along the La Plata 
River Basin, particularly in Corrientes and northern Entre 
Ríos provinces. However, past conditions in Pliocene (Fig. 6) 
showed a displacement of the suitable areas towards the 
southeastern region, extending from northern Buenos Aires 
province, Uruguay and southern Brazil. 

DISCUSSION

Although the two pycnothelids are characterized by 
similar life-history– they construct silk tubes under stones, 
rocks or in open environments (Goloboff, 1995; Ferretti 
et al., 2011; Schwerdt & Copperi, 2014) – most predictive 
models show the Tandilia mountainous grassland as a non-
suitable area for the establishment of their populations due 
to environmental factors. 

Niche modeling was performed for Stenoterommata 
platensis to evaluate the effects of climatic change in relation 
to the future conservation problems and the potential 
distribution for explaining its geographical distribution 
(Ferretti et al., 2018; Signorotto et al., 2023). In this work, 
the niche modeling was to assess the main environmental 



Figs 2–5. Maps showing predicted distributions for Acanthogonatus centralis. Colors ranged from green (low suitability) to red (high suitability): 2, Pliocene climatic conditions (3Ma); 3, LGM climatic conditions 
(21Ka); 4, Present-day climatic conditions (1950-1999); 5, Future climatic conditions (2080-2100) (TAN, Tandilia mountainous system; SDV, Ventania mountainous system). 
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Figs 6–9. Maps showing predicted distributions for Stenoterommata platensis. Colors ranged from green (low suitability) to red (high suitability): 6, Pliocene climatic conditions (3Ma); 7, LGM climatic conditions 
(21Ka); 8, Present-day climatic conditions (1950-1999); 9, Future climatic conditions (2080-2100) (TAN, Tandilia mountainous system; SDV, Ventania mountainous system).
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variables affecting its distributional range along the Tandilia 
mountainous system. Under this context, the variables that 
are contributing most to the model of S. platensis are mean 
diurnal range (max. temp. – min. temp.) and the precipitation 
of the driest month. These bioclimatic variables in relation 
to temperature seasonality and precipitation were the same 
to that reported by Ferretti et al. (2018) and Signorotto 
et al. (2023) as the factors that most affect the distribution. 
We found no suitable areas along the Tandilia mountain 
belt that could support the presence of S. platensis under 
past and present conditions. Indeed, the distributional range 
is restricted to the La Plata Basin, congruent with the 
actual geographical distribution of this species. Although 
comparable habitats in mountainous ranges of central 
and southern Uruguay are actually home of S. platensis 
(Montes de Oca & Pérez-Miles, 2009), this seems to be 
not the situation for the Argentinean Tandilia mountainous 
grassland. On the other hand, the predictive model under 
future climatic conditions shows a displacement of the 
suitable areas to the southern region of the La Plata Basin. 
This reduction of suitable areas was reported by Ferretti 
et al. (2018) and highlights the threat to the persistence of 
their populations. For this reason, it is imperative to suggest 
proper conservation actions in the area with the goal of not 
only preserve this region but also to assure the survival of 
the species in the future. Under this scenario, the model 
projected for 2080–2100, identified suitable areas along the 
Tandilia mountainous grassland. Moreover, the presence 
of this species in this grassland mountainous system in the 
future could act as a refuge to mitigate the effects of climate 
change, as found for another mygalomorph spider from 
central Argentina (Ferretti et al., 2019b). 

We found that during Pliocene, the predicted niche 
modeling for Acanthogonatus centralis mostly align with 
its present geographic distribution, showing a continuous 
connection among the Pampean ranges and the Ventania 
mountainous grassland together with suitable areas along the 
pre Andean ranges. During past climate conditions at the Last 
Glacial Maximum, the suitable areas are restricted mostly to 
central-north Argentina, at the Dry Chaco region. Arguably, 
this pattern could be the result of the contractions of the areas 
occupied by subtropical and tropical biomes during cold-
dry climates producing an expansion and interconnections 
of the open biomes (Kalin-Arroyo et al., 1988; Ortiz-
Jaureguizar & Cladera, 2006), justifying this modeling 
observed to the present day. Moreover, along the eastern 
flank of the Andes, a savanna corridor was formed during 
periods of cold-dry climates, providing a north–south corridor 
for animals and plants (Webb & Rancy, 1996; Ortiz-
Jaureguizar & Cladera, 2006). Under future climatic 
conditions, the geographic distribution of A. centralis will 
be drastically reduced and displaced towards southeast 
Argentina at the Patagonic steppe region. This can be due 
to the increase in temperature projected for future scenarios 
of global climate change (Jiang et al., 2016) in relation to 

the environmental variables that are relevant in shaping the 
suitable areas to this species, which are directly related to 
temperature. 

The mountainous grasslands of Argentina usually 
comprise habitats where more than one species of 
Pycnothelidae can be easily found, because of the microhabitat 
characteristics of these particular environments. After many 
years of sampling and examining Argentinean scientific 
collections, we were aware that no species of pycnothelid 
is present at the Tandilia mountainous system. Even this 
belt is geographically close to the Ventania mountainous 
grassland and they share most of the mygalomorph fauna 
among each other. From the present work, we were able to 
evaluate the influence of the climatic variables in shaping 
the distribution of these species and corroborate that niche-
modelling approaches are good to unveil the suitable or 
non-suitable areas that could explain some unexpected and 
observed absences. 
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