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Summary

Loxoscelism is a health problem caused by the bite of spiders of the genus Loxosceles (Araneae: Sicariidae).
In Chile, all necrotic arachnidism is attributed to the Chilean recluse spider, L. laeta, a species that may be
preyed upon by the spitting spider Scytodes globula Nicolet (Araneae: Scytodidae). The first approximation
to the risk of loxoscelism is based on the knowledge of the species distribution but although L. laeta and
S. globula are very common in central Chile and are synanthropic spiders, the distribution of these species
is not well known. In this study based on previous estimations of preferred temperatures of L. laeta and S.
globula we estimate the potential distribution of these species and compare with the actual reported presence
data. We found that the best predictor was the average temperature. The maps of temperature-based potential
distribution of L.laeta had a good goodness of fit to presence data. In the case of S. globula the goodness of fit
was low. The better goodness of fit of the model in L. laeta than S. globula suggests that in the former species
temperature is an important axis of its niche, conditioning the distributions of its populations. However in S.
globula there was not a good fit of the model suggesting that others niche axis are intervening in its distribution.
Other niche axes such as human footprint, precipitation, relative humidity and fluctuations in temperature and
rainfall are needed to know the niche and build potential distribution maps of these species to assess zones of

potential risk of loxoscelism.

Introduction

Loxoscelism is a health problem caused by the
bite of spiders of the genus Loxosceles (Araneae:
Sicariidae). (Gertsch 1967, Gertsch and Ennik 1983,
Reyes et al. 1991, Vetter 2008, Saupe et al. 2011).
In Chile, all necrotic arachnidism is attributed to
the Chilean recluse spider, L. laeta, a species that
may be preyed upon by the spitting spider Scytodes
globula Nicolet (Araneae: Scytodidae) (Canals et al.
2015). The biology of these two species is not well
known (Fernandez et al. 2002; Canals et al. 2004,
2008, Canals and Solis 2013, 2014, Taucare-Rios
et al. 2013). L. laeta is a solitary spider of domestic
habitats, found within households usually in dark
corners, cracks, closets, clothing, and bath towels,
but can sometimes be found outdoors. Its activity
is preferentially nocturnal; high temperatures are
a factor that favors its development (Schenone &
Letonja 1975, Schenone 1998, 2003, 2004, Schenone
et al. 2001). With respect to diet, in Chile it has
been reported that this spider feeds on flies, moths,
and other small arthropods (Levi & Spielman 1964,
Schenone et al. 1970, 1989, 2001, Schenone 1998,
2003, 2004, Parra et al. 2002). From the medical point
of view, the epidemiology of loxoscelism incidents
coincides with nocturnal activity. Epidemiology
also suggests larger spider populations and greater
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activity during the summer (Schenone 1998, 2003,
2004, Schenone et al. 2001). A predator of L. laeta
in Chile is the solitary species, S. globula, a member
of a group of spiders known as spitting spiders with
recognized araneophagic habits (Gilbert & Rayor
1985, Bowden 1991, Canals et al. 2015). During
predation these spiders spit an adhesive substance
through their chelicerae, immobilizing their prey
(Foelix 1996, Araujo et al. 2008). These spiders are
active during twilight and night and their thermal
preferences and desiccation tolerances are similar
to those of L. laeta (Alfaro et al. 2013, Canals et al.
2013). S. globula is distributed in South America in
Chile, Bolivia, Argentina, Brazil, and Uruguay. Like
L. laeta, this species is common in human dwellings
and gardens of houses of central Chile (Fernandez et
al. 2002).

Spatial epidemiology can be defined as the study
of spatial variation of the exposition probability to
an infection (risk) or of the incidence of a disease
(Ostfeld et al., 2005, Elliot et al., 2005). Maps
have been used in epidemiology with two main
objectives: i) retrospective spatial-temporal mapping
of epidemic dynamics to understand the factors
that govern spatial patterns and the rate of spread
of diseases, or to describe the characteristics of
traveling waves in epidemics such as measles and
dengue hemorrhagic fever, and ii) static risk mapping
to characterize the spatial variation in contemporary
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risk. The most common procedure is i) to construct
distribution maps of the vector, reservoir or disease,
ii) use remote-sensing data and geographical
information systems to characterize the distribution
of abiotic or others conditions, iii) select variables
most strongly related to the distribution of the vector,
reservoir or disease, iv) project the distribution
of the identified variables to other areas or future
times to make predictions about risk, and v) guide
the imposition of interventions, such as pesticide
application or vaccination (Ostfield 2005, Elliot et
al., 2005). There are numerous recent applications
of maps in the distributions of several infectious
diseases such as Hanta virus pulmonary syndrome,
leishmaniasis, LaCrosse encephalitis, oncocerchiasis,
schistosomiasis, tick-borne diseases (see Ostfield et
al., 2005 for a review) malaria (Parham & Michael
2010) and dengue (Bath etal., 2013), and also in other
countries risk mapping using distribution records,
bioclimatic data and geographical information
systems has recently been developed (Guhl, 2013).
Conceptually the epidemiologic risk maps of vector-
borne diseases may be classified into three categories
i) ecological maps, based on the distribution of
vector and reservoir, ii) eco-epidemiologic maps
(such as Ry-maps), based on geographic variations of
the vector-disease interface population parameters,
and iii) epidemiological maps, based on geographical
variations of the incidence of the disease (incidence-
based risk) (Ostfeld et al. 2005; Sakar et al. 2010).

In the case of loxoscelism, an accident that results
from the human encounter with L. laeta, the first
approximation to the risk is based on the knowledge
of the distribution of the species (ecological maps).
Although L. laeta and also S. globula are very
common in central Chile and are synantropic spiders
(Taucare etal., 2013), the distribution of these species
is not well known. Athough recently several aspect of
the thermal niche have been reported (Canals et al.
2013, Alfaro et al. 2013), there were no projections
to their potential distribution. By analyzing thermal
preferences and tolerances we can estimate the
thermal niche, which is one of the niche dimensions.
The niche is defined as a multidimensional
combination of biotic and abiotic variables required
for a species to survive and reproduce. This concept
includes the potential (or fundamental) niche, which
describes the set of conditions that a population could
occupy (i.e. maximum tolerances), and the realized
niche that describes the actual set of conditions under
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which a population exists and persists over time (i.e.
preferred temperatures) (Hutchinson, 1957, 1976;
Jaksic & Marone, 2007; Peterson et al. 2011).

In this study based on previous estimations of
preferred temperatures of L. laeta and S. globula we
estimate the potential distribution of these species
and compare it to the actual reported presence data.

Material and Methods

We consider previous reported data of preferred
temperatures of the species L. laeta and S. globula
(Canals et al, 2013). In this study twenty one
individuals of L. laeta (15 females and 6 males; mb =
156.46 + 69.91 mg) and 25 individuals of S. globula
(15 females, 10 males, mb = 58.8 + 27. 43 mg) were
exposed to a thermal gradient between 2 °C and 40
°C. This was repeated twice in the morning (09:00,
12:00) and twice in the twilight-night period (18:00,
20:00). Individuals were deposited in the center of
the chamber and allowed five minutes of setting.
Then the temperature of the spiders was measured at
the midpoint of the cephalothorax every five minutes
with an infrared thermometer for one hour. For each
individual a record of the twelve temperatures chosen
by the spiders (1 every 5 min) at 9:00, 12:00, 18:00 and
20:00 was obtained. With these temperature records,
frequency histograms of the chosen temperatures
were constructed.

For this study the frequency histogram was re-
scaled setting the highest frequency to one. Thus, a
relationship between probabilities of election and
temperature was built (pp = f(T)). Also histograms
were analyzed for bimodality with Hartigan Dep
test. This information was integrated with average
and maximum temperatures georeferenced for all
the Chilean territory obtained from worldclim.org
(global climate data). Using the relationship pp =
f(T) local temperatures were translate to election
probabilities and mapped in all the Chilean territory
using ARCGIS® , resulting in an ecological map of
potential distribution of both species.

The final model was compared to ocurrence
data obtained from the Chilean Museum of Natural
History and the Museum of Concepcién University.
To compare the empirical distribution with the
model (a probability map) an ROC analysis of the
matrices was performed.
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Results

In terms of averages, preferred temperatures were
similar for the two species but the probabilities of
temperature election of L. laeta and S. globula was
different. Both species had a bi-modal distribution.
L. laeta showed peaks of choice at 19 °C and 39 °C (D
=0.452, p << 0.001), and S. globula at 12 °C and 22
°C (D =0.079, p << 0.001) (Fig. 1).
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Figure 1. Temperature preference probabilities (pp) based
on temperature choice in laboratory of the species Loxosceles
laeta and Scytodes globula.

The best predictor was the average temperature.
The maps of temperature-based potential distribution
of L. laeta (Fig. 2) had a good goodness of fit to
presence data (AUC = 0.883) with a break point at
pp = 0.1 which correspond to a sensivity of S = 0.85
and specificity Sp = 0.92 (Fig. 3). However, in urban
zones such as Santiago where this species is usually
reported the model yielded pp =~ 0.6. In the case of
S. globula the goodness of fit was low (AUC = 0.633)
with a break point at pp = 0.1, but S = 0.33 and Sp =
0.95 (Figs. 3 and 4).
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Figure 2. Map of the potential distribution of Loxosceles
laeta based on preferred temperatures in the laboratory.
Black points show the actual presences of this species.
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Figure 3. ROC curves for the fitted models of potential
distribution for Loxosceles laeta and Scytodes globula.

Discussion

Mechanistic biophysical ecological methods
to assess the niche have been used to quantify the
interactions of organisms with their environment;
not using the environment per se but rather the state
of the organism, for example body temperature (Tb).
Tb drives an organism’s physiological state; thus it
is crucial to quantify patterns of body temperature
if we are to link controlled laboratory conditions
with those in the field. The principles of these
models provide a robust approach to determining
mechanistically niches of organisms (Kearney, 2006,
2012, Kearney & Porter 2009, Kearney et al. 2010).
Body temperature is perhaps the most important
ecophysiological variable affecting all aspects of the
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Figure 4. Map of the potential distribution of Loxosceles
laeta based on preferred temperatures in the laboratory.
Black points show the actual presences of this species.

performance of ectotherms, including locomotion,
immune function, sensory input, foraging ability,
courtship and rates of feeding and growth (Johnson
& Bennett 1996, Portner et al., 2006, Angilletta
et al. 2002, Angilletta 2009). During exposition
to a broad range of temperatures the relationship
between performance and temperature is described
by a curve in which the thermal optimum is the Tb
at which performance is maximum, and the critical
thermal limits are the minimum and maximum body
temperatures that permit performance (Angilletta
et al. 2002). These extreme limits to thermal stress
are found beyond the window of aerobic scope for
activity, allowing estimation of their acclimation
ability and their thermal tolerance ranges (Boher
et al. 2010). Thermal thresholds and preferred
temperatures are also important in the determination
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of arthropod distribution and abundance in response
to climate change (Hazell et al. 2010).

Thermal preferences facilitate the description
of the ecology of a species and assessment of the
suitability of the habitat (Hertz et al. 1993). According
to Sevacherian and Lowrie (1972) individual limits
and physiological processes determine the conditions
in which an organism can survive and adapt
successfully to a particular environment (Fisher &
Vasconcellos-Neto 2003). Loxosceles laeta and S.
globula have very similar preferred temperatures,
which is in agreement with finding the two species
in similar micro-environments, particularly in
domestic habitats in central Chile (Schenone et al.
1970, 1989, 1975, Alfaro et al. 2013, Canals et al.
2013, Canals et al. 2015). Preferred temperatures for
L. laeta and S. globula are in the range described for
other araneomorph species, but in the lower part
of the range. Variation in preferred temperature
throughout the day has been reported in these
species (Alfaro et al. 2013) and in mygalomorph
spiders with crepuscular and nocturnal activity
(Alfaro et al. 2012). Regarding thermal preferences,
both species had standardized thermal niche breadth
values slightly greater than 0.6, a value that has been
proposed as limit between specialist and generalist
species (Alfaro et al. 2013). Thus L. laeta and S.
globula are predominantly eurythermal species, but
they have different forms of frequency histograms
of preferred temperatures determining different
probabilities of election. While in L. laeta the pp(t)
curve is bimodal with a clear separated peak at 39
°C in S. globula the two peack in the distributions
are closer to each other. The second peak of L. laeta
determines high probabilities of temperature election
in the upper range of temperatures. This agrees
with a more wide range of potential distribution in
the model. The better goodness of fit of the model
for L. laeta than for S. globula suggests that in the
former species the temperature is an important axis
of its niche, conditioning the distributions of its
populations. However in S. globula there was not a
good fit of the model suggesting that others niche
axes are intervening in its distribution. Among others
niche axes in these spiders the human footprint may
be an important factor because L. laeta and S. globula
are a synanthropic spiders and their dispersion is in
part a consequence of human dispersion; also human
dwellings provide microenvironment of stable
micro-environmental and appropriate conditions to
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survival and reproduction (Taucare-Rios et al. 2013).
Also other factors not considered in this study such
as precipitation, relative humidity, fluctuations of
temperature and rainfall condition the distribution
of spiders and other arthropods. Furthermore
availability of food sources and biotic interactions
such as predators, parasites and other infectious
agents also condition their distribution.
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