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Abstract

The geographic range of the Neotropical harvestman Discocyrtus testudineus (Holmberg, 1876) (Gonyleptidae) is ad-
dressed by determining the species’ bioclimatic profile and modeling its potential distribution. Analysis was performed
on a record set of 71 localities, including literature records and 34 new localities reported here. The bioclimatic profile
was characterized through extreme, median and dispersion features of the values of 19 bioclimatic variables across the
record set. Predictive models were built with the presence-only methods MAXENT and, secondarily, BIOCLIM. Disco-
cyrtus testudineus is a typical Mesopotamian harvestman, spreading across a wide region along the middle and lower
Parand River in subtropical / temperate Argentina, and extending, more or less continuously, up to the central province of
Cordoba. Apparently diverging records (Paso de los Libres, on the Uruguay River, and Quilmes, on the southern coast of
Rio de la Plata) proved to be predictable, even if suppressed from the dataset. Comparisons of cumulative frequencies
curves and dispersion features (box-plots) were made with Discocyrtus dilatatus Serensen, 1884 and Gryne orensis (So-
rensen, 1884), other Mesopotamian species for which bioclimatic data are available. The relative importance of the bio-
climatic variables used for modeling was also estimated.
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Introduction

The gonyleptid Discocyrtus testudineus (Holmberg, 1876) is one of the most characteristic harvestmen inhabiting
the so-called “Mesopotamian sensu stricto” opiliogeographical area in Argentina (Acosta 2002). It is also one of
the earliest species described in the region: it was named by Holmberg (1876) from a single specimen collected in
Puerto Obligado, about 170 km NW of Buenos Aires. While originally assigned to the “repository” genus
Gonyleptes Kirby, 1818, Holmberg then erected for this species the monotypic genus Discocyrtus Holmberg, 1878.
With the passing of time and continued contributions of several authors, Discocyrtus has become nearly the largest
gonyleptid genus, containing about 80 nominal species, most concentrated in the Brazilian states of Rio de Janeiro,
Sdo Paulo, Minas Gerais, Parand, Santa Catarina and Rio Grande do Sul (Soares & Soares 1954; Kury 2003). In
such an extensive genus range, the type species, D. festudineus, and two Mesopotamian congeners—D. prospicuus
(Holmberg, 1876) and D. dilatatus Serensen, 1884—are the southern- and westernmost representatives (Acosta
1995, 2002). The current taxonomical concept of D. festudineus relies on Ringuelet (1956, 1959), who recognized
the intraspecific variation, thereby determining that Discocyrtus laevis Mello-Leitdo, 1931 and Microgoniosoma
fuscum Mello-Leitdo, 1930 (successively placed in Gonyleptinae and Goniosomatinae: Mello-Leitdo 1930, 1935)
are its junior synonyms. Among Argentinean gonyleptids, D. testudineus can be easily identified by the paired
acute apophyses arming the scutal area III, and for males, by the curved femora that give this species its typical
“knock-kneed” habitus (Fig. 1). Ringuelet (1959) based his redescription on external features alone, but several
depictions of the male genital morphology of this species are scattered in the literature (Hansen & Serensen 1904:
plate VI, figs. 28-31; Pinto-da-Rocha & Giribet 2007: 200; Macias-Ordoéiiez et al. 2010: 296).
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FIGURE 1. Male Discocyrtus testudineus from the Province of Misiones, Argentina. Photo: Dardo Marti.

Although the distribution of D. testudineus was roughly known through records reported by Holmberg (1878),
Serensen (1884, 1895) and Roewer (1913), Ringuelet (1959) was the first author to provide a comprehensive
account of the species range. According to localities given by Ringuelet (1959), D. testudineus extends from
Paraguay and the Argentinean province of Misiones up to northern province of Buenos Aires, with records spread
along the lower and middle course of Parana River. Thereafter, Acosta (1995) added some occurrences along the
Ctalamochita River (a tributary of Parana River) in the province of Cérdoba. Aside those reliable citations, there
are some nebulous references given by Mello-Leitdo (1932, 1939). Without specifying details, Mello-Leitdo (1932)
stated that D. testudineus occurred in “Republica Argentina, Paraguay, Matto Grosso [Brazil]”. Using the same
telegraphic style and with no explanation, Mello-Leitdo (1939) added: “Bresil, Uruguay, Paraguay, Prov. Buenos
Aires, Chaco”. These doubtful citations for Uruguay and Brazil were not even mentioned nor discussed by Soares
and Soares (1954), Ringuelet (1955, 1963) or Kury (2003); only Capocasale (1968) explicitly set aside the
reference for Uruguay because of its unconfirmed status. The species range has a broad overlap with other
Mesopotamian harvestmen, like the cosmetid Gryne orensis (Serensen, 1884) (particularly along the Parand basin)
and the congener Discocyrtus dilatatus, which also extends into the province of Cérdoba (Acosta 2002; Acosta &
Vergara 2013; Vergara & Acosta, in prep.). Both of the latter species have frequently been collected in association
with D. festudineus (Valentinis de Martinez 1974; Acosta 1995; Acosta & Vergara 2013).

Decaying logs or litter in gallery forests are typical places where to look for D. testudineus (“‘unter gefllten
Bdiumen hdufig”, says Roewer 1913:102); at times it has also been collected under fallen trunks in open grasslands,
though it appears more dependent on shade than D. dilatatus (Acosta 1995). There is also a record from a small
erosion cave on the Parand River cliffs (Cueva de los Murciélagos, in northern province of Buenos Aires; Lipps et
al. 2006), most likely representing just an occasional refuge for this epygean species. Some kind of distributional
exclusion was suspected with a “marginal” Discocyrtus species, D. prospicuus, since, except for a few localities
where they cohabit, the latter seems to avoid most areas occupied by D. festudineus, even if distributional models
have indicated them as suitable (Acosta & Guerrero 2011).

This paper aims to characterize the geographical distribution of D. festudineus using a bioclimatic modeling
approach. To accomplish this, 34 new records were available, duplicating the number of localities previously

302 - Zootaxa 3821 (3) © 2014 Magnolia Press ACOSTA



documented (Table 1). Most new records filled in the range known so far, i.e., they complete the distributional
knowledge in blank areas easily predicted to have the species. Besides several records bordering the Parana River,
the new materials add meaningful points in the interior of province of Entre Rios (Rosario del Tala; several sites
along the northern border of the Parana delta; Fig. 2). In province of Cérdoba they provide more density along
Ctalamochita River and incorporate two westernmost records on the upper course of Xanaes River (Despefiaderos,
Anizacate-La Bolsa: Fig. 2). A couple of records worth mentioning are exceptions to easily predictable localities
and deserved special attention. First, the collection of D. testudineus in a locality by the Uruguay River (Paso de los
Libres, province of Corrientes) was unexpected, for it clearly diverges from the implied “Parana River pattern”
(Fig. 2: k). Second, the recent finding (recorded by Guerrero ef al. 2013) in a locality along the Rio de la Plata (Fig.
2: f) surpasses by about 80 km southwards the distributional limit hypothesized by Acosta and Guerrero (2011) for
this species. Along with the calibration of distributional models, this contribution is oriented to get a complete
descriptive insight of factors presumed to determine the distribution of this wide-ranged harvestman. For that
purpose, bioclimatic variables are carefully analyzed below, including the inspection of variability and frequencies
in the record set of D. testudineus, along with the first comparative overview with other Mesopotamian
harvestmen.

Methods

Data acquisition. The dataset consisted of all records previously published for D. testudineus, together with
localities of newly collected specimens (Table 1). References from the literature were evaluated, so that
unrecognizable or imprecise localities were removed before modeling; but, if a closer description of the collecting
site was available, an effort was made to get its approximate location. The full dataset comprised 71 unique points
(Table 1, Fig. 2). Published localities were geo-referenced with help of printed road maps, gazetteers and Google
Earth© (presumable imprecision was considered negligible, taking into account the aims of this paper and the scale
used: Acosta 2008). Most new materials were geo-referenced using a Garmin® GPS, otherwise estimated with
Google Earth©. As stated above, species identification was based on Ringuelet (1959).

Acronyms. CDA: Cétedra de Diversidad Animal I, Facultad de Ciencias Exactas, Fisicas y Naturales,
Universidad Nacional de Cordoba (conventional collection is indicated with a 000.xxx accession number; freezer
collection denoted as “—F”); I.LF.S.C.: Instituto Fitotécnico de Santa Catalina, Universidad Nacional de La Plata,
Llavallol; LEA: Luis E. Acosta collection; MACN: Museo Argentino de Ciencias Naturales “Bernardino
Rivadavia”, Buenos Aires.

Climate layers. All GIS operations, including preparation of digital layers and dataset files for modeling,
display of results, and area calculations, were accomplished with the free software DIVA-GIS, version 7.1.6.2.
(http://www.diva-gis.org/). Climate data were extracted from the WorldClim 1.4. dataset (Hijmans et al. 2005),
which contains values for 19 bioclimatic (bc) variables—Ilisted in Table 2—averaging the period 1950-2000, at a
resolution of 30 arc second (0.71 to 0.76 km? / grid cell at the latitudes involved). For use in MAXENT, raster
layers were extracted in DIVA-GIS grid format. In the case of MAXENT, to prevent the inclusion of highly
correlated variables (Pearson>0.75), pairwise correlation analyses were made separately for temperature and
precipitation variables (Rissler & Apodaca 2007; Kozak et al. 2008). Correlation was calculated on values of 770
points over the study region (central and northern Argentina, Paraguay, Uruguay and southern Brazil), keeping one
variable in a correlated pair (Acosta & Guerrero 2011). Since variables selection cannot be based on biological
knowledge (lacking for D. testudineus), the choice in a highly correlated pair was defined by its percent contribution
and permutation importance in preliminary models, run with all 19 variables, to avoid discarding an a priori
presumable relevant predictor. As a result, 11 bc variables were selected for use in MAXENT (Tables 2 and 3).

Bioclimatic profile. The bioclimatic profile consists of a descriptive account of values for all 19 climatic
variables extracted by BIOCLIM (available as an inbuilt module in DIVA-GIS) and summarized in Table 2. This
profile relies on the envelope concept, i.e., the orthogonal multi-dimensional hyper-space (each variable
representing one dimension) that delimits the climatic preferences of the modeled species. Frequency features of
the variables were interpreted through cumulative frequencies and histogram tools available in the Modeling tab of
DIVA-GIS. Frequency was characterized and denoted as follows (Table 2): (1) normal (N), if a bell shaped curve
was recoverable over the histogram, even if slightly shifted to one side (>N or N<); (2) skewed to higher or lower
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values (Sk+ or Sk-), when distribution is strongly concentrated on one side, i.e., the largest peak was identified on
the first or second bar, from there descending gradually; (3) bimodal (B), with two peaks; and (4) multimodal (M),
actually tri-modal in all cases. For characterizations 3 and 4, if one peak is larger its position is marked with a
circumflex (*). Additionally, box-plots were also inspected to determine dispersion, using the InfoStat package (Di
Rienzo et al. 2013); in box-plots, values over 1.5xIQR (inter-quartile range) are considered “outliers”; beyond
3xIQR (outer fence) they are labeled as “extreme outliers”. Both frequency and dispersion were compared with two
sympatric Mesopotamian harvestmen, D. dilatatus (n=85) and G orensis (n=45), for which similar data are so far
available (Acosta & Vergara 2013; Vergara & Acosta, in prep.). Graph layouts were obtained with InfoStat.

TABLE 2. Bioclimatic profile of Discocyrtus testudineus (n=71) (BIOCLIM): basic statistics of the 19 bioclimatic
variables, along with features of the frequency distribution (freq.). Temperature in Celsius degrees (°C), precipitation in
mm. Abbreviations of bioclimatic variables (bc x) as in text and Table 3. The 11 variables employed for modeling with
MAXENT are asterisked. Frequency distributions are primarily characterized as normal (N), skewed towards the lower
(Sk—) or upper end (Sk+), bimodal (B) and multimodal (M); additional notation was added to indicate normal curve
slightly shifted to the left (N<) or the right (>N), or highly concentrated (>*N<), or bimodal or multimodal with highest
peak at the right (B”) or the left ("B, “M). The number of extreme low (left) and high (right) outliers in the curves are
provided; if extreme outliers exist (i.e., beyond the outer fence), they are in square brackets.

Bioclimatic variables Median Min—-Max range SD freq. outliers
bc 1—annual mean temperature 18.11 16.38-23.42 7.04 1.94 Sk— 0-0
bc 2—mean monthly T° range 12.10 9.35-13.96 4.61 0.90 >N 2-0
be 3—isothermality (2/7 x 100) * 48.53 42.12-54.71 12.59 2.14 >N< 2-5
bc 4—T° seasonality (STD x 100) * 480.52 372.99-508.11 135.11 32.27 Sk+ 3-0
bc 5—max T° of warmest month * 31.90 29.00-34.40 5.40 1.18 N 0-0
be 6—min T° of coldest month * 6.50 3.30-12.90 9.60 2.49 “B 0-0
bc 7—T° annual range (5-6) * 25.30 21.50-27.60 6.10 1.65 B 0-0
bc 8—mean T° wettest quarter * 23.47 19.63-26.70 7.07 1.44 >N 0-0
bc 9—mean T° driest quarter * 12.35 10.45-18.78 8.33 2.28 Sk— 0-0
bc 10—mean T° warmest quarter 24.13 22.50-27.92 5.42 1.57 Sk— 0-0
bc 11—mean T° coldest quarter 12.25 10.45-18.78 8.33 2.29 Sk— 0-0
bc 12—annual precipitation 990 657-1702 1045 199.12 N< 1-2 [+1]
be 13—precipitation wettest month 140 103-198 95 20.67 "M 0-0
bc 14—precipitation driest month * 36 11-98 87 15.81 N< 0-2]
be 15—precipitation seasonality (CV) * 41.61 16.83-69.15 52.31 12.46 M 0-2
bc 16—precipitation wettest quarter * 358 285-478 193 53.24 "M 0-0
bc 17—precipitation driest quarter 128 34-343 309 55.04 N< 0-2
bc 18—precipitation warmest quarter * 325 256448 192 52.37 “B 02
bc 19—vprecipitation coldest quarter 128 34-349 315 55.28 N< 0-2

Models calibration and accuracy. Models were built using the presence-only method MAXENT (Maximum
Entropy Modeling of Species Geographic Distributions, thoroughly explained in Phillips et al. 2006; Phillips &
Dudik 2008; Elith et al. 2011). Version 3.3.3k of the free software MAXENT (http://www.cs.princeton.edu/
~schapire/maxent) was employed to produce the models. Most settings were kept in their default (recommended)
values, except for “maximal number of background points” (raised to 20000), and “maximum iterations” (set to
2500). Features selection was made automatically by the software (“auto” option activated), and the logistic output
was selected for the resulting maps. This output expresses continuous probabilities from 0 to 1 across the whole
grid, so that a threshold must be set to define a boundary between “suitable” and “not suitable” predictions. Unless
otherwise indicated, in this paper the “equal training sensitivity plus specificity” threshold was applied for binary
maps, following Liu et al. (2005), Acosta and Guerrero (2011) and Acosta and Vergara (2013). When relevant, a
second recommended threshold (“maximum training sensitivity plus specificity”) is displayed too. Unlike my
previous work, in which default models were built in a single run with the full dataset, the best calibration of
MAXENT models was obtained from 30 runs using the “subsample” replicate type, and random test percentage set
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in 10 (with “random seed” selected). By this procedure, 30 binary maps were obtained (built with 64 training and 7
test points, randomly split for each run). The final binary model (Fig. 2) is made of the overlay of all 30 single runs,
retaining as “suitable” any cell shared by 60% of the maps. Whenever suitability levels are shown (Figs. 5-7), the
average grid (available as summary file of the replicate runs in the MAXENT output) was employed, displaying
average thresholds yielded by the software. Accuracy of results was evaluated through the AUC (Area Under
Curve) assessment, incorporated in MAXENT; AUC values over 0.8 are considered a “good” model performance;
above 0.9 the accuracy is considered “high” (Luoto et al. 2005). A second modeling method, BIOCLIM (Acosta
2008, and references therein) was accessorily employed. Aside for the extraction of values of the species' profile
and curves of cumulative frequencies, BIOCLIM was used to obtain a predictive map, to contrast MAXENT
results. Such a map is the projection of the species envelope (see above), where “suitable” grid cells are those
matching the multi-dimensional envelope values. Only a binary map is shown for BIOCLIM (overlaid to
MAXENT model in Fig. 2), displaying the full suitability range (“True/False”, 0—100 percentiles).

100 km

B

L. 4

BB

]

FIGURE 2. Locality records (yellow dots) and binary distribution models of Discocyrtus testudineus built with the full dataset
(n=71). Map displays the overlay of models obtained with MAXENT (light green; sum of 30 binary replicates, binary map
retains as suitable grid cells shared by 60% of the replicates or more) and BIOCLIM (light blue; true-false, full extension);
overlapping areas in dark green. Selected localities: a. Anizacate/La Bolsa (West)}—Despeifiaderos (East), b. Morrison, c. Puerto
Obligado (type locality), d. Zarate, e. Otamendi, f. Quilmes, g. Martin Garcia island, h. Rosario del Tala, i. Diamante—Predelta
National Park, j. Laguna Paiva, k. Paso de los Libres, 1. Esquina, m. Santa Lucia, n. Candelaria (East)}—Posadas (West), o.
Asuncion, p. San Francisco de Laishi, q. Colonia Castelli. T: province of Tucuman; BB: Bahia Blanca. Inset: location of the
depicted area in South America.
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Importance of variables. Four estimators, available in MAXENT (Phillips et al. 2011), were employed to
assess the relative importance of each variable in the final models: (a) the percent contribution, which computes the
increase in regularized gain added to the contribution of a given variable, in each iteration of the training algorithm;
(b) the permutation importance, in which values of each variable on training presence and background data are
permuted at random, then the model reevaluated on the permuted data; the resulting drop in training AUC is then
normalized to percentages; (c) the jackknife analysis, calculating the training gain with one variable omitted at a
time (the bc that decreases gain the most when omitted is deemed to contain the most information not present in
other variables); and (d) the jackknife analysis run with one variable alone (the variable with the highest gain has
the most useful information by itself). Since variables ranked differently for each estimator, an “overall scoring”
(at+b-c+d) was calculated for the final ranking (Table 3).

TABLE 3. Relative importance of the 11 bc variables used to build the MAXENT model of Discocyrtus testudineus.
Estimators include: percent contribution of each variable to the whole model; permutation importance; jackknife
analysis, training gain with each variable set aside at a time; and jackknife, training gain with each variable run in
isolation. In each column, the five highest scores are underlined, and the highest one is in bold. Variables are ordered
according to an overall scoring (last column), computing all four estimators.

Variable Perc_ent F)c I"ermutation Trair?ing gain Trai-ning gain Score
contribution importance without with only
bc4—temperature seasonality 33.073 6.846 2.170 1.172 38.92
bc3—isothermality 3.067 32.612 2.166 0.842 34.35
bcl14—precipitation driest month 23.588 4.655 2.188 0.807 26.86
bc9—mean T° driest quarter 7.257 9.310 2.204 0.758 15.12
bc6—min T° of coldest month 1.815 14.942 2.202 0.470 15.03
bc5—max T° warmest month 2.941 13.613 2.166 0.464 14.85
bc18—precipitation warmest quarter 12.014 0.906 2.216 0.630 11.33
bc7—T° annual range 7.808 3.492 2.193 0.741 9.85
bc15—precipitation seasonality 4.991 5.929 2.191 0.630 9.36
bc8—mean T° wettest quarter 2.907 6.360 2.196 0.589 7.66
bcl6—precipitation wettest quarter 0.539 1.337 2.216 0.692 0.35

Input variants. To determine if records from Paso de los Libres and Quilmes (both suspected to be a step
outside the species distribution pattern) are necessary to predict the local portion of models embracing them, two
alternative datasets were made, deleting each locality one at a time (n=70). For each variant, 10 replicates were run
using the same settings as above, obtaining the average grid to show suitability levels and two different thresholds
(“equal training sensitivity plus specificity” and “maximum training sensitivity plus specificity”). The aim was to
evaluate if the removed localities are really outsiders, through the ability of climatic information of the remaining
records to predict those areas as suitable (or not).

Results

Bioclimatic profile. Climatic values obtained from the presence records of D. testudineus are summarized in Table
2. According to those values, preferences of the species correspond to a temperate or subtropical humid climate, the
mean annual temperature ranging between 16.4°C and 23.4°C, and the annual precipitation between 650 and 1700
mm. The temperature of the warmest month can be as high as 34.4°C, and the coldest records do not fall below
0°C. With respect to frequency distributions, almost the half of variables adopts a normal (or almost normal) shape,
although no common pattern is evident from those features: they include both absolute values (like bc5-maximal
temperature of the warmest month or bcl2-annual precipitation) and variables describing climatic stability (e.g.,
be3-isothermality, highly concentrated around median values). It is to be noted that all variables classed as skewed
(bcl and be9—11 towards the lower end; be4 towards the upper end) show an additional small peak on the opposite
end. The number of outliers is in general very low (none in many cases; Table 2). Temperature seasonality (bc4),

DISTRIBUTION OF DISCOCYRTUS TESTUDINEUS Zootaxa 3821 (3) © 2014 Magnolia Press - 311



the only variable with a frequency shifted to the right, has the highest number of low-valued outliers (3); just two
precipitation variables (bc12, bc14) have extreme outliers.

With respect to localities that held extreme climatic values, they are in general consistent with their
geographical position (Table 1; Fig. 2). Asuncion, for example, the northernmost point, has many of the warmest
records (bcl, bc5—6, bc9—11); as a subtropical locality, it shows also the lowest temperature seasonality (bc4) and
annual range (bc7), and is among five outliers for isothermality (bc3). On the opposite end, lowest temperature
records are scattered in a chain of southern localities, such as Otamendi (bc1, bc10), Zarate (bc8), Morrison (bc9,
bcll) and Despefiaderos (bc6); the southernmost site (Quilmes) is the lowest only for bc5 and two relative
measures (bc2, be3). The highest value for maximal temperature of the warmest month (bc5) is shared by Colonia
Castelli, San Francisco de Laishi and Asuncién; the former two placed near the borders of the xeric Chaco.
Candelaria (province of Misiones), the easternmost place, is also the wettest, as revealed by many precipitation
variables at their highest end (bc12—14, bc16—17, bc19). Its neighboring site, Posadas, shares with Candelaria being
outlier for many of the mentioned variables, while having the lowest precipitation seasonality (bc15) as well. The
highest precipitation seasonality corresponds to Despefiaderos and Anizacate-La Bolsa (both localities are outliers
for bcl15, the former having the end value of the distribution); they are placed on the westernmost margin of the
species range in a region with a marked decrease in rainfall during winter. Values of all localities near the dry
Chaco are far from this lowest bcl5, indicating this variable is not a limiting factor there. Although seemingly
marginal to the known distribution, Paso de los Libres, the only site on the Uruguay River (Fig. 2: k), did not give
evidence of any divergence nor extreme condition with respect to the bulk of bioclimatic data. The area around
Diamante and the Predelta National Park (Fig. 2: i), together with some sites nearby in province of Entre Rios,
concentrates most median values for temperature variables; precipitation median values are more scattered, though
with some density in province of Santa Fe (Colonia Mascias, Santa Fe, Laguna Paiva).

Comparisons. Comparing D. festudineus with D. dilatatus, which are sympatric in large portions of their
ranges, the overall picture is of similarity in the distribution of most variables, with much less dispersion in the
former. Plotted for cumulative frequency (Fig. 3), curves of many variables run close and interlock, denoting
similar values. This applies for all absolute temperature variables (bcl, bc5, be6, bc8—bcll) and for some
precipitation variables (bc12, bc13). In all of them, curves of D. festudineus start at slightly higher values than D.
dilatatus, but they cross, and the former terminates at lower values (Fig. 3: bcl, bc5); in other words, slope of D.
testudineus is in average higher, making the variables ranges concentrate. In all such variables, curves of another
sympatric species, Gryne orensis, are more separated from those of D. dilatatus and D. testudineus, and clearly
denote preferences for warmer climate. Worth mentioning is the case of bc5, which describes the highest extreme
temperatures. Despite values ranges which are different (D. dilatatus the largest, D. festudineus in middle, G
orensis the shortest), with the bulk of the data most similar between the two former, all three have almost the same
highest extreme values (34.40°C for D. dilatatus and D. testudineus; 34.60°C for G orensis) (Fig. 3, Fig. 4).

Dissimilarities between D. festudineus and D. dilatatus are found mostly in relative temperature variables.
Isothermality (bc3) in D. testudineus has the lowest values for all three species, while D. dilatatus and G orensis
closely overlap on higher values (Fig. 3). Complementarily, bc4-temperature seasonality is the highest in D.
testudineus, although in this case crossing D. dilatatus curve at high values (Fig. 3). With respect to precipitation
variables, those reflecting decrease during dry/cold periods (bc14, bc17, bc19) and their correlation on seasonality
(bcl5) are more similar between D. testudineus and G orensis around more humid monthly/quarterly values and
lower seasonality than D. dilatatus (Fig. 3). Finally, bc16 and bc18 curves are more or less equidistant, in a gradient
from less to more humidity (D. festudineus, D. dilatatus, G orensis, respectively). Overall, considering not only
extreme values but especially the inter-quartile range in box-plots (Fig. 4), variables show the largest span in D.
dilatatus, followed in most cases by D. testudineus, then by G orensis. Ranges of D. testudineus almost equal those
of G orensis in bc2, bc6, bcl6, and are the smallest in be3, bed, be7 and bel2. For D. festudineus variation
concentrates narrowly at low values for bc3-isothermality and at high values for bc4-temperature seasonality (in a
lesser extent, also for bc7-temperature annual range), suggesting the need of varying temperatures along the year.
Similar narrowness is shown by bc12 (annual precipitation), although this is not repeated in monthly or quarterly
values. Precipitation seasonality (bc15) concentrates narrowly around low values, both for D. festudineus, and even
more for G orensis (Fig. 4).
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FIGURE 3. Cumulative frequency plots of selected bc variables, comparing Discocyrtus testudineus (triangles, n=71),
Discocyrtus dilatatus (crosses, n=85) and Gryne orensis (circles, n=45).

Potential range. Models obtained with MAXENT identified a broad suitable area for D. testudineus along the
Parana River, from the region of confluence with Paraguay River up to the mouth in Rio de la Plata (Fig. 2), and
within this were two large sectors of high suitability (Fig. 5). In southern province of Corrientes the dominant N—S
Parand pattern has an eastwards expansion, to comprise the sole locality on Uruguay River (Paso de los Libres, Fig.
2: k). In accordance to the “Mesopotamian s.s. area” (Acosta 2002), the model also extends suitable conditions
across province of Santa Fe, towards the central province of Cérdoba, widely embracing records there (Fig. 2).
Results display this extension with lower suitability than the core range (Fig. 5); in addition, it appears fuzzily
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interrupted near the inter-provincial boundary (Figs. 2, 5). Medium to high suitability fringes run southwards along
left and right banks of Rio de la Plata (Fig. 5), but records only exist on the Argentinean side (Quilmes) and on an
island (Martin Garcia). Moreover, two isolated areas are predicted in all runs: one spot in the province of Tucuman
and a strip bordering the southern coast near Bahia Blanca. Performance of models was high in all cases: AUC
ranged from 0.9695 to 0.9768 in the 30-replicates run (average=0.9724, SD=0.0020). The adopted MAXENT
model predicts a suitable area of approximately 345.000 km>. It leaves outside some northern records, namely
Asuncion (a remarkable outlier in the bioclimatic profile), Colonia Castelli and San Francisco de Laishi, the two
latter “at the gates” of the xeric Chaco (Fig. 2). Also Posadas and Candelaria (Misiones), with highest values for
precipitation, are left outside the suitable area with the threshold used.

26.311 . 67.237 . 606.32-
[ |
23.56 60.79 507.451
20.80 54.361 1 408.58
- u !
- H
18.05- 47.921 309.711 1
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26.63 -3 11.92

bc5 bc14 bc15

FIGURE 4. Box-plots of the same selected bc variables depicted for cumulative frequency in Fig. 3, showing outliers (black
squares) and extreme outliers (white dots). References: Discocyrtus testudineus (dark grey, first position), Discocyrtus dilatatus
(light grey, second position) and Gryne orensis (white, third position).

In comparison, the binary model built by BIOCLIM yielded a more permissive prediction, about 35% larger
than MAXENT, principally overflowing the core range to both sides (Fig. 2). The BIOCLIM model adds a suitable
strip on the West, with a remarkable digitation along Bermejo River (clearly driven by the record at Colonia
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Castelli). To the East, BIOCLIM covers the gaps left by MAXENT in provinces of Entre Rios and Corrientes,
further including almost one quarter of the Uruguayan territory and a small nearby portion in southern Brazil.
Interestingly, suitability in Tucuman is predicted with BIOCLIM too, though only partially matching the spot
obtained with MAXENT (Fig. 2). Most of the MAXENT prediction on the Rio de la Plata is trimmed by
BIOCLIM, except for narrow “threads” connecting the extreme records. Potential range in province of Coérdoba is
narrower than MAXENT, though continuously connected to the core area. Asuncién and Candelaria-Posadas still
represent marginal localities with BIOCLIM. Almost 80% of the area predicted by MAXENT, but only 59% of that
modeled by BIOCLIM, consists of grid cells shared by the two models.

FIGURE 5. Potential distribution of Discocyrtus testudineus: average values of the 30-replicates run with MAXENT (default
dataset, random test percentage 10%); thresholds displayed are the average of the 30 replicates (average training AUC 0.9724).
Suitability levels: dark grey: 0.279—0.332 (the latter value is the “maximum training sensitivity plus specificity” threshold);
green: 0.332-0.500; yellow: 0.500—0.680; orange: 0.680—0.820; red: above 0.820. Light grey: areas below the default threshold
(equal training sensitivity plus specificity). Dots: training records.
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FIGURES 6-7. Potential distribution models of Discocyrtus testudineus: detail in the Mesopotamian region, showing effects
of deleting one selected point in the record set. Fig. 6: Paso de los Libres (PdL) removed, Fig. 7: Quilmes (Q) removed. Models
display the average grid of the 10-replicates run with MAXENT, using average thresholds. Suitability levels: dark grey:
0.244-0.339 (Fig. 6), 0.268-0.331 (Fig. 7) (the second value is the “maximum training sensitivity plus specificity” threshold);
green: 0.334-0.500 (Fig. 6), 0.331-0.500 (Fig. 7); yellow: 0.500—0.680; orange: 0.680—0.820; red: above 0.820. Light grey:
areas below the default threshold (equal training sensitivity plus specificity). Blue dots: training records; red dots in Fig. 6:
localities surveyed on the Uruguay river, with negative samplings for D. testudineus.

Importance of variables. As stated, variables were scored for overall rating, considering all four estimators of
relative importance (Table 3). The two most important variables describe temperature stability during the year, i.e.,
bcd-temperature seasonality and be3-isothermality. Together they monopolize the top values for all four estimators.
Both give a picture of a species preferring greater seasonal differences than the sympatric D. dilatatus and G
orensis. These two variables are also remarkable because of their low dispersion, suggesting a quite narrow
constraint for the species. On a second level, bc14-precipitation of the driest month and bc9-mean temperature of
the driest quarter ranked high for at least three estimators, probably indicating some critical influence of climate in
driest periods. In middle of the ranking, bc5-maximal temperature of the warmest month showed considerable
influence, as expected for a variable that is deemed to be limiting towards the dry Chaco (Acosta & Vergara 2013).
Not all variables related to climatic variations ranked high, however: bc7-temperature annual range and bcl5-
precipitation seasonality placed almost at the bottom. The very lowest places were occupied by bc8-mean
temperature of the wettest quarter and bc16-precipitation of the wettest quarter, suggesting little weight of those
variables related to wet periods (i.e., humidity seems not critical in those time-lapses). Absolute annual values for
temperature (bcl) or precipitation (bc12) are not ranked here, since they were not selected for modeling (in
preliminary runs they scored very low).

Influence of diverging records. Neither the suppression of Paso de los Libres nor Quilmes from the dataset
significantly affected the final models. Changes driven by the absence of Paso de los Libres are negligible, even
considering suitability degree (Fig. 6). That is, MAXENT was able to recover the same eastwards projection with
the rest of the records, thereby indicating that the presence around Paso de los Libres was predictable, through
suitable conditions that reach the Uruguay River in that restricted site alone. This assertion appears empirically
sustained by detailed samplings I carried out in 14 localities along the whole Argentinean portion of Uruguay River
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(ca. 650 km; Fig. 6), in which D. testudineus was never collected, but other Mesopotamian species instead (D.
prospicuus in the first place; Acosta & Guerrero 2011). The second dataset variant excluded Quilmes, the
southernmost record; MAXENT was able to predict the area as well, with just some slight differences concerning
suitability degree (a little lower) and extent (slightly smaller) when that record is removed (Fig. 7).

Discussion

As stressed in previous papers (Acosta 2008; Acosta & Guerrero 2011), current knowledge on the ecological and
distributional requirements of Neotropical harvestmen is extremely poor. Habitats of most species have hitherto
been characterized through a kind of “intuitive extrapolation” from the few data available, the ecoregional
assignment of the recorded localities, and scattered field notes on sampled materials (Valentinis de Martinez 1974,
Acosta 1995, Guerrero 2011). Although not intended to substitute specific research, distribution models (also
known as “ecological niche models”) clearly provide a first concrete approach to the species environmental
preferences and help us understand the climatic constraints underlying distributions. The value of this initial
approach is emphasized when species records and biological knowledge are scarce (Pearce & Boyce 2000), as is
the case for D. testudineus.

Range modeled with MAXENT fulfilled the previous assumptions for D. festudineus based on, say, a “‘non-
analytical, expert-based” assessment well (e.g., Acosta 2002). This species was expected to spread across the
Mesopotamian s.s. opiliological area, as defined by Acosta (2002), and MAXENT models succeeded to match this
expectation very closely. As a “typical” Mesopotamian harvestman, like D. dilatatus or G orensis, D. testudineus
appears to primarily occupy the plains along the Paraguay-Parana course (Figs. 2, 5). Its presence in the province of
Coérdoba (a feature met only by a subset of Mesopotamian species—of the aforementioned, only D. festudineus and
D. dilatatus) seems a secondary extension of its core range; moreover, as MAXENT models suggest, the
connection between the core range and the Coérdoba portion seems diffuse. This might reflect the fact that records
are not widespread in Cérdoba but principally restricted along the Ctalamochita River, even when MAXENT
predicts a generous extension in that province. BIOCLIM, which recognizes a much narrower suitable area,
appears a little more realistic in this particular sector, although still predicting an elongated strip not fully supported
by actual data (Fig. 2). Records in Coérdoba, together with other localities in province of Buenos Aires (Zarate,
Otamendi, Quilmes; Fig. 2), represent a southernmost front for the species range in which extreme values for
variables are scattered (not concentrated on one single site). Some northern localities, like Asuncion and
Candelaria-Posadas, stand for strong outsiders, by holding many extreme variables values; they all are marginal for
BIOCLIM and are left outside of the suitable area with the current threshold by MAXENT (Fig. 2).

The results of the analysis of the relevance of variables (Table 3) show that six temperature predictors ranked
on top, suggesting that temperature has more influence than precipitation for D. festudineus. As stated in previous
papers, temperature seasonality (bc4) revealed again a remarkable importance, ranking first in D. testudineus, D.
dilatatus and G orensis, and second in D. prospicuus (Acosta & Guerrero 2011; Acosta & Vergara 2013; Vergara &
Acosta in prep.). Other variables do not seem to follow such a homogeneous pattern across different species. For
example, the second relevant variable for D. testudineus, isothermality (bc3), ranked almost at the bottom for D.
dilatatus or G. orensis but was first in D. prospicuus (Acosta & Guerrero 2011; Acosta & Vergara 2013; Vergara &
Acosta in prep.). Precipitation of the driest month (bc14) was highly relevant for D. festudineus (3" place) and G
orensis (2™ place) but not for D. dilatatus (least relevant). Regarding bc15-precipitation seasonality, it consistently
occupied an intermediate to low place of importance in all species, and a similar ranking is shown by bc5-maximal
temperature of the warmest month. Although not decisive in its overall influence onto the models, bc5 probably
matters more locally, near the xeric Chaco borders, where it might represent the most limiting variable while
moving westwards (Acosta & Vergara 2013). As seen, highest values for bc5 are almost the same for D.
testudineus, D. dilatatus and G. orensis, as if there were an abrupt boundary of maximal temperature (Fig. 4) not
crossed by typical Mesopotamian species. As indicated, D. festudineus, D. dilatatus and G orensis are sympatric in
large regions and are very often collected together, even sharing the same hideaways; the association D. testudineus
+ D. dilatatus is very frequent in provinces of Cérdoba and Santa Fe; D. testudineus + G. orensis more often in sites
close to Parana River; D. dilatatus + G. orensis in provinces of Corrientes, Chaco and Formosa (Valentinis de
Martinez 1974; Acosta 1995; Acosta & Vergara 2013). Profile and curves comparisons (Figs. 3—4) showed that D.
testudineus and G. orensis (with little dispersion for bc15-precipitation seasonality) are more dependent to humidity
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than D. dilatatus, matching well the field observations revealing large populations in shady sites and the closeness
to rivers of most collecting sites (Valentinis de Martinez 1974; Acosta 1995; Guerrero 2011; Guerrero et al. 2013;
Acosta & Vergara 2013). Both D. festudineus and G orensis seem adapted to intermittent flooding. In contrast, D.
dilatatus can be collected in any suited spot throughout the whole region, near rivers or not (Acosta 1995). This
amplitude is readily recognizable in the wider span of variables values (Figs. 3—4) and in being the only species of
the three having an extensive range in the Yungas ecoregion as well (Acosta 2007; Vergara & Acosta in prep.). Like
other modeled Mesopotamian species (Acosta & Guerrero 2011, Acosta & Vergara 2013, Vergara & Acosta in
prep.), D. testudineus seems able to tolerate some anthropic influence, but probably to a lesser degree than D.
prospicuus or D. dilatatus.

Interestingly, both MAXENT and BIOCLIM project for D. testudineus a suitable sector in province of
Tucuman (Figs. 2, 5), insinuating at least the potential —not hitherto supported by records— for a Mesopotamian-
Yungas disjunct pattern. It is worth mentioning that this sector has been recognized as suitable for other “pure”
(i.e., not disjunct) Mesopotamian harvestmen (Acosta 2007), and also for some disjunct species when records from
the Yungas are removed (Acosta & Guerrero 2011, Vergara & Acosta in prep.), suggesting a close climatic
similarity. In addition, MAXENT (but not BIOCLIM) predicts a small portion on the southern coast of province of
Buenos Aires, near Bahia Blanca (Figs. 2, 5). Suggestively, Ringuelet (1959) repeatedly mentions this locality as a
kind of presumed retreat for “Brazilian” harvestmen, as insinuated by the curious citations of Roewer (1912, 1913,
1915, 1916, 1929) for a dozen subtropical species. In Ringuelet’s view, if those citations are right, they might
support the notion of a “refuge” for subtropical harvestmen which has remained after the last paleo-environmental
expansion-retraction pulse (Ringuelet 1959:152). One might be tempted to see the southern prediction of D.
testudineus as agreeing with that scenario, but so far this seems pure speculation; none of all those bizarre records
have yet been confirmed, and they are currently considered either mistaken or highly suspect (Ringuelet 1959;
Acosta 1995, 2002).

MAXENT results proved a remarkable precision when predicting presence at Paso de los Libres. The finding
of D. testudineus in that locality was unexpected, considering that previous samples seemed to limit the species to
the Parand River influence, while the well surveyed Uruguay River was apparently the realm of other
Mesopotamian harvestmen. As seen, even with Paso de los Libres deleted models predicted that range extension,
which reaches the Uruguay River and appears to disrupt the pure “Uruguayan” character at that point (Fig. 6).
Nores et al. (2005) previously described an interruption of gallery forest at Monte Caseros, province of Corrientes
(about 80 km S of Paso de los Libres), it being replaced there by xerophytic woodland. The same pattern, with
thorny shrublands of the Espinal ecoregion reaching the Uruguay River in that sector alone, is displayed in the
ecoregional proposal by Brown ef al. (2006). By predicting that intromission and leaving as unsuitable the rest of
the Uruguay River (where “absence” of D. festudineus is well supported), MAXENT was much more precise than
BIOCLIM, which broadly classed as suitable the whole river coastal region and far beyond (Fig. 2).

Presence on the Rio de la Plata coast (recorded at Quilmes) is another successful MAXENT prediction (Fig. 7),
not paralleled by BIOCLIM. Already Acosta and Guerrero (2011) stressed that the range of D. testudineus
probably ended at Otamendi, around 80 km N'W of Quilmes. The assertion was based not only on own results, but
especially considered the “historical sampling pressure” in the area. In fact, because of their proximity to museums
in Buenos Aires and La Plata, localities between the Parand delta and the Argentinean side of the Rio de la Plata are
the most densely represented in local collections, like those available to Ringuelet (1959). Therefore, little was
expected to change the picture in this sector, at least for such a conspicuous and easy-to-collect harvestman. As
Guerrero et al. (2013) explain, settlement of D. testudineus in Quilmes might be a recent event, which
accompanied the evolution of the coastal biota in the last few decades. The southern coast of Rio de la Plata
receives the continuous faunistic and floristic input of Mesopotamian species, brought by the tributary rivers
Uruguay and Parana. The rich harvestman fauna on Martin Garcia island (Ringuelet 1959) might well have arrived
there in the same way. Guerrero ef al. (2013) detected in Quilmes several plants and arachnids of Paranian origin,
which occur more northerly and might have surpassed their previous distributional limit (the lower delta), revealing
a presumable recent (maybe still ongoing) colonization. Of course, if D. festudineus is an active invader, it is not
known which factors will determine if settlement is successful or not. Similar range predictions are projected for
the Uruguayan coast (Figs. 2, 5, 7), but for the moment the nearest actual record (known from long ago) is from
Martin Garcia island. In any case, as for Quilmes, MAXENT models suggest that the bioclimatic potential for such
an establishment exists.

318 - Zootaxa 3821 (3) © 2014 Magnolia Press ACOSTA



Acknowledgments

New records of D. festudineus are the result of several years of fieldwork, in which 1 received the kind
collaboration of Gonzalo Rubio, Julia Vergara, Luis Vaschetto, Raul Gonzélez-Ittig, Gilberto Abalos, Mdnica
Garcia and Lucas Acosta. Dardo Marti is also acknowledged for providing additional specimens and the photo
shown in Fig. 1. Material belonging to the MACN arachnological collection was loaned by Martin Ramirez and
Cristina Scioscia. Elidn Guerrero shared some observations in provinces of Buenos Aires and Entre Rios. L.E.A. is
a researcher of the Argentinean Consejo Nacional de Investigaciones Cientificas y Técnicas (CONICET). Financial
support was given by CONICET (P.I.P. Res. 918/10), Agencia Nacional de Promocion Cientifica y Tecnoldgica
(FONCYT-PICT 2007-1296), and SECY T-Universidad Nacional de Cérdoba, Argentina.

References

Acosta, L.E. (1995) Nuevos hallazgos de Discocyrtus dilatatus en Argentina, con notas sobre taxonomia, sinonimia y
distribucion (Opiliones, Gonyleptidae, Pachylinae). Revue Arachnologique, 10 (12), 207-217.

Acosta, L.E. (2002) Patrones zoogeograficos de los Opiliones argentinos (Arachnida: Opiliones). Revista Ibérica de
Aracnologia, 6, 69-84.

Acosta, L.E. (2007) Distribution of harvestmen (Opiliones) in the Argentinean Mesopotamia: a modeling approach based on
bioclimatic variables. 1 7th International Congress of Arachnology. Sdo Pedro, SP, Brazil, p. 49 [Abstracts]

Acosta, L.E. (2008) Distribution of Geraeocormobius sylvarum (Opiliones, Gonyleptidae): Range modeling based on
bioclimatic variables. The Journal of Arachnology, 36, 574-582.
http://dx.doi.org/10.1636/t07-36.1

Acosta L.E. & Guerrero E.L. (2011) Geographical distribution of Discocyrtus prospicuus (Arachnida: Opiliones:
Gonyleptidae): Is there a pattern? Zootaxa, 3043, 1-24.

Acosta, L.E. & Vergara, J. (2013) New records and distribution modeling of Gryne orensis (Serensen) (Opiliones, Cosmetidae)
support the Mesopotamian-Yungas disjunction in subtropical Argentina. Zootaxa, 3736 (2), 143—158.
http://dx.doi.org/10.11646/zootaxa.3736.2.3

Brown, A., Martinez Ortiz, U., Acerbi, M. & Corcuera, J. (2006) La situacion ambiental argentina 2005. Fundacion Vida
Silvestre Argentina, Buenos Aires, 587 pp.

Capocasale, R. (1968) Nuevos aportes para el conocimiento de la distribucion geografica de los opiliones de Uruguay.
Neotropica, 14 (44), 65-71.

Di Rienzo J.A., Casanoves F., Balzarini M.G., Gonzalez L., Tablada M. & Robledo C.W. (2013) InfoStat versién 2013. Grupo
InfoStat, FCA, Universidad Nacional de Coérdoba, Argentina. Available from: http://www.infostat.com.ar (accessed 14
August 2013)

Elith, J., Phillips, S.J., Hastie, T., Dudik, M., Chee, Y.E. & Yates, C.J. (2011) A statistical explanation of MaxEnt for ecologists.
Diversity and Distributions, 17, 43-57.
http://dx.doi.org/10.1111/j.1472-4642.2010.00725.x

Guerrero, E.L. (2011) Riqueza especifica en una taxocenosis de Opiliones (Arachnida) en la localidad de Lima, provincia de
Buenos Aires, Argentina. Historia Natural, Tercera Serie, 1, 35-45.

Guerrero, E.L., Suazo Lara, F., Chimento Ortiz, N.R., Buet Constantino, F. & Simon, P. (2013) Relevamiento bidtico de la costa
rioplatense de los partidos de Quilmes y Avellaneda (Buenos Aires, Argentina). Parte I: Aspectos ambientales, botanicos y
fauna de Opiliones (Arachnida), Mygalomorphae (Arachnida) y Chilopoda (Myriapoda). Historia Natural, Tercera Serie,
2 (2), 31-56.

Hansen, H.J. & Serensen, W. (1904) On two orders of Arachnida. Opiliones, especially the suborder Cyphophthalmi, and
Ricinulei, namely the family Cryptostemmatoidae. Cambridge University Press, 182 pp., plates i—vii.

Hijmans, R.J., Cameron, S.E., Parra, J.L., Jones, P.G. & Jarvis, A. (2005) Very high resolution interpolated climate surfaces for
global land areas. /nternational Journal of Climatology, 25, 1965—1978.
http://dx.doi.org/10.1002/joc.1276

Holmberg, E.L. (1876) Aracnidos argentinos. Anales de Agricultura de la Repiiblica Argentina, 4, 1-30.

Holmberg, E.L. (1878) Notas aracnoldgicas. Sobre los solptgidos argentinos. £/l naturalista argentino, 1 (3), 69-74.

Kirby, W. (1818) A century of insects, including several new genera described from his cabinet. Transactions of the Linnean
Society of London, 12, 375453, Plates xxi—xxii.

Kozak, K.H., Graham, C.H. & Wiens, J.J. (2008) Integrating GIS-based environmental data into evolutionary biology. Trends
in Ecology and Evolution, 23 (3), 141-148.

Kury, A.B. (2003) Annotated catalogue of the Laniatores of the New World (Arachnida, Opiliones). Revista Ibérica de
Aracnologia, Volumen especial monografico 1, 5-337.

Lipps, E., Austin, J. & Pérez Gonzalez, A. (2006) Observaciones bioldgicas en la “Cueva de los Murciélagos”. Vuelta de
Obligado, provincia de Buenos Aires, Republica Argentina. /n: Mérida, E. & Athor, J. (Eds.), Talares bonaerenses y su

DISTRIBUTION OF DISCOCYRTUS TESTUDINEUS Zootaxa 3821 (3) © 2014 Magnolia Press - 319


http://dx.doi.org/10.1636/t07-36.1
http://dx.doi.org/10.1636/t07-36.1
http://dx.doi.org/10.1111/j.1472-4642.2010.00725.x
http://dx.doi.org/10.1111/j.1472-4642.2010.00725.x
http://dx.doi.org/10.1002/joc.1276
http://dx.doi.org/10.1002/joc.1276

conservacion. Fundacion de Historia Natural “Félix de Azara”, Buenos Aires, pp. 178—179.

Liu, C., Berry, PM., Dawson, T.P. & Pearson, R.G. (2005) Selecting thresholds of occurrence in the prediction of species
distributions. Ecography, 28, 385-393.
http://dx.doi.org/10.1111/§.0906-7590.2005.03957.x

Luoto, M., Pdyry, J., Heikkinen, R.K. & Saarinen, K. (2005) Uncertainty of bioclimate envelope models based on the
geographical distribution of species. Global Ecology and Biogeography, 14, 575-584.
http://dx.doi.org/10.1111/j.1466-822x.2005.00186.x

Macias-Ordoiiez, R., Machado, G., Pérez-Gonzalez, A. & Shultz, J.W. (2010) Genitalic evolution in Opiliones. /n: Leonard,
J.L. & Coérdoba-Aguilar, A. (Eds.), The evolution of sexual primary characters in animals. Oxford University Press, pp.
285-306.

Mello-Leitdo, C. de (1930) Nota sobre arachnideos argentinos. Annaes da Academia Brasileira de Sciencias, 2 (4), 211-214.

Mello-Leitdo, C. de (1931) Notas sobre arachnideos argentinos. Annaes da Academia Brasileira de Sciencias, 3 (2), 83-97, 2
Plates (unnumbered).

Mello-Leitdo, C. de (1932) Opilides do Brasil. Revista do Museu Paulista, 17 (2° part), 1-505, Plates i—Ix.

Mello-Leitdo, C. de (1935) Algumas notas sobre os Laniatores. Archivos do Museu Nacional, Rio de Janeiro, 36, 89—116.

Mello-Leitéo, C. de (1939) Les arachnides et la zoogéographie de I'Argentine. Physis, 17 (49), 601-630.

Nores, M., Cerana, M.M. & Serra, D.A. (2005) Dispersal of forest birds and trees along the Uruguay River in southern South
America. Diversity and Distributions, 11, 205-217.
http://dx.doi.org/10.1111/j.1366-9516.2005.00141.x

Pearce, J.L. & Boyce, M.S. (2006) Modelling distribution and abundance with presence-only data. Journal of Applied Ecology,
43, 405-412.

Phillips, S.J., Anderson, R.P. & Schapire, R.E. (2006) Maximum entropy modeling of species geographic distributions.
Ecological Modelling, 190, 231-259.
http://dx.doi.org/10.1016/j.ecolmodel.2005.03.026

Phillips, S.J. & Dudik, M. (2008) Modeling of species distributions with Maxent: new extensions and a comprehensive
evaluation. Ecography, 31, 161-175.
http://dx.doi.org/10.1111/§.0906-7590.2008.5203.x

Phillips, S.J., Dudik, M. & Schapire, R. (2011) Maximum Entropy Modeling of Species Geographic Distributions [MaxEnt],
version 3.3.3k. Available from: http://www.cs.princeton.edu/~schapire /maxent/ (accessed 20 May 2013)

Pinto-da-Rocha, R. & Giribet, G. (2007) Taxonomy. /n: Pinto-da-Rocha, R., Machado, G. & Giribet, G. (Eds.), Harvestmen: The
Biology of Opiliones. Harvard University Press, Cambridge, pp. 88-246.

Ringuelet, R.A. (1955) Noticias sobre los opiliones del Uruguay. Notas del Museo de La Plata, 18 Zool. (163), 279-297.

Ringuelet, R.A. (1956) Anotaciones criticas sobre opiliones de la subfam. Pachylinae. Revista de la Sociedad Entomolégica
Argentina, 19 (1-2), 17-20.

Ringuelet, R.A. (1959) Los aracnidos argentinos del orden Opiliones. Revista del Museo Argentino de Ciencias Naturales, 5
(2), 127439, Plates i—xx.

Ringuelet, R.A. (1963) Opiliofauna uruguaya. Revista de la Sociedad Entomoldgica Argentina, 24, 35-51.

Rissler, L.J. & Apodaca, J.J. (2007) Adding more ecology into species delimitation: ecological niche models and
phylogeography help define cryptic species in the black salamander (4neides flavipunctatus). Systematic Biology, 56 (6),
924-942.

Roewer, C.F. (1912) Die Familie der Cosmetiden der Opiliones-Laniatores. Archiv fiir Naturgeschichte, 78A (10), 1-122,
Plates iii.

Roewer, C.F. (1913) Die Familie der Gonyleptiden der Opiliones-Laniatores. Archiv fiir Naturgeschichte, 79A(4), 1-256.

Roewer, C.F. (1915) 106 neue Opilioniden. Archiv fiir Naturgeschichte, 81A (3), 1-152.

Roewer, C.F. (1916) 52 neue Opilioniden. Archiv fiir Naturgeschichte, 82A (2), 90—158.

Roewer, C.F. (1929) Weitere Weberknechte III. III. Ergidnzung der: "Weberknechte der Erde", 1923. Abhandlungen
herausgegeben vom Naturwissenschaftlichen Verein zu Bremen, 27 (2), 179-284, Plate i.

Soares, B.A.M. & Soares, H.E.M. (1954) Monografia dos géneros de opilides neotropicos. Arquivos de Zoologia, Sdo Paulo, 8
(9), 225-302.

Serensen, W. (1884) Opiliones Laniatores (Gonyleptides W.S. olim) Musei Hauniensis. Naturhistorisk Tidsskrift, Series 3, 14,
555-646.

Serensen, W. (1895) Viaggio del dottor Alfredo Borelli nella Repubblica Argentina e nel Paraguay. XVII. Opiliones Laniatores.
Bolletino dei Musei di Zoologia ed Anatomia Comparata della Universita di Torino, 10 (210), 1-6.

Valentinis de Martinez, S. (1974) Consideraciones ecoldgicas sobre algunas especies de opiliones (Arachnida) halladas en el
Depto. La Capital (Santa Fe, Argentina). Comunicaciones del Museo Provincial de Ciencias Naturales "Florentino
Ameghino", Zoologia (7), 11 pp. [unnumbered]

320 - Zootaxa 3821 (3) © 2014 Magnolia Press ACOSTA


http://dx.doi.org/10.1111/j.0906-7590.2005.03957.x
http://dx.doi.org/10.1111/j.0906-7590.2005.03957.x
http://dx.doi.org/10.1111/j.1366-9516.2005.00141.x
http://dx.doi.org/10.1111/j.1366-9516.2005.00141.x
http://dx.doi.org/10.1016/j.ecolmodel.2005.03.026
http://dx.doi.org/10.1016/j.ecolmodel.2005.03.026
http://dx.doi.org/10.1111/j.0906-7590.2008.5203.x
http://dx.doi.org/10.1111/j.0906-7590.2008.5203.x

	Abstract
	Introduction
	Methods
	Results
	Discussion
	Acknowledgments
	References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 2.00000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


