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A B S T R A C T   

Preferential temperature as a physiological feature is crucial for spiders, since it determines the selection of key 
habitats for their survival and reproduction. In this work, we study the daily and geographical variation of the 
preferential temperature of the spider Sicarius thomisoides subjected to different degrees of daily thermal oscil-
lation in their habitats. Preferred temperatures differ between coastal and inland populations, but in both cases, 
there is a marked bimodality in the daily pattern of temperature preference, with two peaks per day that would 
be given by the changes in the hours of activity. These nocturnal spiders select higher temperatures in the 
evening (active period) and select lower temperatures during late morning (resting period). In laboratory, spiders 
have preferred temperatures that differ from those found in their habitats, so they must tolerate or compensate 
non-preferred temperatures by active thermoregulation in natural conditions.   

1. Introduction 

Temperature is an environmental variable capable of generating 
selective pressure in populations along environmental gradients, 
modulating the evolution of body size, metabolism, thermal tolerance 
and thermal preference (Casta~neda et al., 2005; Dillon et al., 2009; 
Lardies et al., 2011; Gaitan-Espitia et al., 2014). In turn, contrasting 
thermal environments can determine inter-population variations in 
phenotypic traits (Dillon et al., 2009; Gaitan-Espitia et al., 2014; Barria 
and Bacigalupe, 2017). 

Body temperature is an important ecophysiological variable for 
ectothermic organisms (Johnson and Bennett, 1996; Canals, 1998; 
Angilletta et al., 2002; Alfaro et al., 2013). In some cases, body tem-
peratures are similar to environmental temperatures, while in others; 
individuals can found optimal temperatures via behavioral and physi-
ological thermoregulations (Huey, 1982; Hertz and HueyStevenson, 
1993; Díaz et al., 2002). In this context, preferred temperature (Tp) is 
important to quantifying changes of body temperature (Tb) in ecto-
therms; under laboratory conditions, we can simulate thermal envi-
ronments existing in the field to examine thermal preferences under 
controlled thermal environments (Huey and Stevenson, 1979; Huey, 

1991). 
Thermal preferences (Tp) are obtained using a thermal gradient, in 

which individuals are allowed to freely choose a temperature that is then 
considered optimal (Canals et al., 1997; Dillon et al., 2009; Alfaro et al., 
2013; Sepúlveda et al., 2014). The preference zone is a thermal interval 
in which the individuals could find their physiological optimum in 
natural habitats (Dillon et al., 2009; Stork, 2012; Alfaro et al., 2013). 
This physiological trait may vary with sex, body size, photoperiod and 
the geographic origin of populations (Casta~neda et al., 2005; Stork, 
2012; Alfaro et al., 2013). 

Studies of daily thermal variation that indicate the range of body 
temperatures available to an ectotherm are important to determine how 
body temperatures are constrained by environmental factors (Peterson, 
1987; Angilletta et al., 1999). In addition, little is known about body 
temperature variation during periods of inactivity (e.g., during daily 
torpor) vs activity periods (e.g., during reproduction or capture of prey) 
(Huey, 1982; Huey et al., 1989; Goldsbrough et al., 2004). 

Spiders are ectothermic organisms and their activity and locomotor 
speed, are highly correlated with temperature (Ford, 1978; Stork, 2012; 
Taucare-Ríos et al., 2018). Temperature affects many aspects of a spi-
der’s life, i.e. growth, survival and reproduction (Goldsbrough et al., 
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2004; Glover, 2013). However, thermal preferences in spiders have been 
poorly studied around the world, especially in environmental gradients 
with different climatic conditions (Schmalhofer, 1999; HannaCobb, 
2007; Stork, 2012). 

The sand recluse spider Sicarius thomisoides (Sicariidae) lives in 
desert biomes located in Chile, characterized by high temperatures 
during the day and low temperatures at night. These spiders are 
nocturnal animals and are thus inactive during the day (Magalh~aes et al., 
2017; Taucare-Ríos et al., 2017). This species hunt under rocks in arid 
environments with sandy substrate. They are considered as sit-and-wait 
predators, waiting for prey and ambushing from their shelters, although 
they can also be seen stalking at night. They mainly consume co-
leopterans, myriapods and other spiders (Magalh~aes et al., 2017). 

Previous studies provide strong evidence of microhabitat selection 
by this species, selecting rocks larger than 40 cm and with temperatures 
between 25 and 30 �C (Taucare-Ríos et al., 2017). During the summer, 
adults copulate and females lay eggs under these rocks (Magalh~aes et al., 
2017; Taucare-Ríos et al., 2018). Females of S. thomisoides are sedentary, 
but move looking for suitable rocks to lay a hide their egg sacs, while the 
males move when searching for females. Experimentally, the locomotor 
performance of this species has been measured during the reproductive 
period, with an optimum temperature (T�opt) of 25.33 � 2.65 �C, CT 
min ¼ 6.56 � 1.72 �C and CT max ¼ 44.23 � 4.92 �C. Under rocks, these 
spiders would find temperatures close to the optimum performance that 
would favor reproduction and protect them from critical temperatures 
(Taucare-Ríos et al., 2018). 

In this study, we examined thermal preferences (Tp) of the spider 
S. thomisoides (Araneae: Sicariidae) under controlled lab conditions. We 
evaluated individuals from three populations located on the coast 
(characterized by low mean diurnal range), and three populations far 
from the coast (with high mean diurnal range). We expected to find 
differences in the preferential temperature related to the period of ac-
tivity and the geographic location of the populations. 

2. Material and methods 

2.1. Animals and study area 

Adult individuals (males and females) were captured in different 
locations along the known distribution of the species. Coastal habitats 
with low daily variation include: Iquique (20.126�S, 70.921� W; Mean 
diurnal range: 7.8 �C), Punta de Choros (29.144�S, 71.274�W; Mean 
diurnal range: 9.1 �C) and Maitencillo (32.31�S, 71.270�W; Mean 
diurnal range: 10.05 �C). Inland habitats with high daily variation were: 
Canchones (20.255�S, 69.334�W; Mean diurnal range: 13.9 �C), Vicu~na 
(30.01�S, 70.42�W; Mean diurnal range: 11.8 �C) and Lo Prado (33.26�S, 
70.43�W; Mean diurnal range: 17.6 �C) (temperatures obtained by 
https://es.climate-data.org/). The specimens were housed in plastic 
boxes (250 cm3) and transferred to the laboratory of Ecophysiology of 
Invertebrates, University of Chile in the Faculty of Sciences, Santiago of 
Chile and were fed with a single larva of Tenebrio mollitor (Insecta, 
Coleoptera) every week, with a photoperiod of 12L: 12D under labora-
tory conditions (Night: 22.57 � 1.47 �C; Day: 26.52 � 2.31 �C) for 3 
weeks before beginning the experiments. 

2.2. Laboratory thermal preferences 

The specimens were exposed to a temperature gradient in a plastic 
cylinder submerged halfway in water inside a thermo-regulated cham-
ber of 1.20 m long x 0.25 m wide x 0.5 cm high. At one end of the 
chamber, a thermoregulator was placed with a heater and at the other 
end a cold point, with ice water generating a temperature gradient be-
tween 8 �C and 45 �C, monitored by thermocouples. The spiders were 
exposed individually for 1 h to said gradient. Individuals were randomly 
placed inside the chamber and their body temperature was measured 
with an IR (Extech, model IRT600) thermometer pointing towards the 

cephalothorax of the spider at a distance of 15 cm every 5 min for 1 h 
following Alfaro et al. (2013). This was repeated twice during the 
morning (at 10:00 and 12:00) and twice at evening (at 18:00 and at 
20:00) to evaluate if there are differences in the selection of tempera-
tures during the day. Here, preferred temperature (Tp) was defined as 
the mean temperature obtained from the thermal gradient. The Tp for 
each habitat was represented by a frequency histogram. Before the ex-
periments, body mass of spiders was measured with an analytical bal-
ance (Shimadzu, AUX 220, �1 mg). 

2.3. Statistical analysis 

Previously, we tested for normality and homoscedasticity using the 
Kolomogorov-Smirnov and Levene tests, respectively. For each indi-
vidual the average temperature of thermal preference (Tp) was calcu-
lated for each hour (the average of the twelve values). A repeated 
measures ANOVA was performed, with Tp as the response variable and 
the origin of the populations (coast vs inland) and the four experimental 
times as factors. An a posteriori test of Tukey was performed to check the 
differences between the means. To record environmental temperatures 
(Te) in the origin locality, thermochron iButton temperature loggers 
ACR Mark (�0.5 �C) were placed under rocks where spiders were found. 
The devices were active for a month measuring temperature all day 
every 30 min in each location during January 2016 (mid-summer) with 
an average time of sunrise: 6:43 a.m. and sunset: 20:08 p.m. To compare 
laboratory thermal preferences (Tp) and environmental temperatures 
(Te) in each habitat, a Student’s t-test was used (p < 0.05). 

3. Results 

A total of 107 individuals were studied (86 females and 21 males), 
with female body mass at 0.52 � 0.18 g and male body mass at 0.47 �
0.14 g. We did not find correlation between mass and preferred tem-
perature (n ¼ 107, r ¼ 0.091, p ¼ 0.35). Considering the populations 
studied, the estimated average preferred temperature (Tp) for this spe-
cies is approximately 25.50 � 3.52 �C (Table 1). The results show that 
thermal preference (Tp) obtained in the laboratory varies depending on 
the time (hour) of the day (ANOVA repeated measures two factors, F3, 

312 ¼ 148.44, p « 0.001) and habitat (F1, 104 ¼ 71.118, p « 0.001) 
(Fig. 1). No interaction between time and habitat was found (F3, 312 ¼

1.93, p « 0.12). In addition, no differences were found between sexes in 
preferred temperatures (Student’s t-test ¼ -0.92, df ¼ 106, p ¼ 0.36). 
Spiders prefer approx. 20–25 �C in the morning and approx. 25–30 �C in 
the evening, individuals tends to avoid temperatures below 10 �C and 
above 40 �C. We observed that spiders stop moving when staying for a 
long time at low temperatures near or below 15 �C. 

In all populations, Tp increased during the evening and histograms 
have bimodal distribution in both habitats, possibly related to differ-
ences in activity time, however, it is more noticeable in inland 

Table 1 
Preferred temperatures (Tp) for different locations and period of day.   

Time 

Locality 10 12 18 20 

Iquique (17) 20.56 �
3.22 

20.47 �
3.36 

25.53 �
2.87 

26.95 �
2.90 

Punta de Choros 
(20) 

17.73 �
4.93 

19.84 �
4.28 

25.47 �
4.53 

25.8 � 3.23 

Maitencillo (18) 18.8 � 2.58 20.5 � 3.24 28.88 �
2.78 

30.17 �
3.61 

Canchones (15) 22.69 �
3.16 

23.79 �
4.10 

34.21 �
4.16 

36.36 �
3.45 

Vicu~na (17) 23.06 �
5.62 

25.54 �
7.42 

27.9 � 6.26 28.78 �
5.91 

Lo Prado (20) 21.06 �
3.67 

23.07 � 5.6 34.2 � 3.26 34.06 �
2.31  
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populations (Fig. 2A–B). Temperatures under rocks account for a similar 
pattern obtained in the laboratory with a marked daily thermal variation 
(Fig. 3). There are significant differences between Tp and Te, depending 
on the time of activity. In coastal locations, environmental temperatures 
(Te) are higher than preferred temperatures (Tp) during the morning 
(Student’s t-test, t ¼ -3.77, gl ¼ 218, p «0.05), while in the evening Tp is 
higher than Te (Student’s t-test, t ¼ 9.15, gl ¼ 214, p < 0.05) (Fig. 4A). 
On the other hand, inland locations have higher morning Tp than Te 
(Student’s t-test, t ¼ 3.07, gl ¼ 214, p ¼ 0.002) and higher evening Tp 
than evening Te (Student’s t-test, t ¼ -11.25, gl ¼ 214, p «0.05) (Fig. 4B). 

Fig. 1. Thermal preferences of S. thomisoides (Mean � SD) in different habitats. 
* indicates significant differences. Morning: 10:00–12:00hrs; Evening: 
18:00–22:00hrs. 

Fig. 2. A–B. Frequency histogram of preferred temperatures (percentage of all 
recordings) for Sicarius thomisoides in different habitats. A. Coast locations; B. 
Inland locations. 

Fig. 3. Daily temperature variation for different habitats where Sicarius tho-
misoides were found. Abbreviation: T1 (0600–1000), T2 (1000–1400), T3 
(1400–1800), T4 (1800–2200), T5 (2200-0200), T6 (0200–0600). 

Fig. 4. Preferred temperatures (Tp) vs environmental temperature (Te) for 
different habitats (Mean � SD). A. Coast locations; B. Inland locations * in-
dicates significant differences. Morning: 10:00–12:00hrs; Evening: 
18:00–22:00hrs. 
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4. Discussion 

The results obtained suggest that Sicarius thomisoides is an eury-
thermal species with a large amplitude of thermal niche, capable of 
moving over a wide range of temperatures. The field temperatures ob-
tained by the sensors move within a smaller range but are contained 
within the thermal niche found in the laboratory (niche realized vs. 
fundamental niche) (Hutchinson, 1957; Kearney et al., 2010). 

The differences in Tp between coastal and inland locations may lie in 
the daily thermal variation to which spiders are subjected in their 
habitats. High temperatures during evenings and low temperatures 
during mornings might be more marked in inland populations, because 
rock temperatures should be warmer or cooler than in coast locations. 
Higher evening Tp reflect that S. thomisoides leaves the sheltered area 
beneath rocks at night and moves over the sides of the rocks as well as 
under the rocks as it hunts. On the other hand, low temperatures in the 
mornings may favor the decrease physiological activity in these spiders 
by reducing body temperature and metabolic rate (i.e. torpor), which 
reduces water loss, important for survival in desert environments 
(Geiser, 2004). Histograms show a strong bimodal distribution for 
thermal preferences, agreeing with Canals et al. (1997) and Alfaro et al. 
(2013) regarding nocturnal spiders that spend much of their lives under 
rocks. This daily variation in Tp has been found in both arthropods and 
small nocturnal vertebrates (Canals et al., 1997; Angilletta et al., 1999; 
Alfaro et al., 2013). Alfaro et al. (2013) found that Loxosceles laeta 
(Sicariidae), a species with nocturnal habits and belonging to the same 
family, selects low temperatures during mornings and high tempera-
tures during the evening. Thus, the bimodality of the frequency histo-
grams might reflect the drastic change in their thermal preferences 
during the hours of activity (Alfaro et al., 2013). The increase of Tp 
during the evening may be directly related to the thermoregulatory 
capacity of these spiders (Angilletta et al., 1999; Alfaro et al., 2013). For 
example, some nocturnal lizards tend to increase their body temperature 
before starting their activity at night, where high daytime body tem-
peratures would help in digestion, maintenance, growth, reproduction, 
foraging and other physiological processes that are temperature 
dependent (Angilletta et al., 1999). 

Environmental temperature (Te) and preferred temperature (Tp) are 
different, in which case these spiders must tolerate non-preferred tem-
peratures if it is unable to behaviorally or physiologically keep body 
temperature (Tb) within Tp. On the other hand, some spiders show so-
phisticated behavioral and physiological temperature regulation 
(Humphreys, 1987) very similar to that found in other small ectothermic 
organisms (Humphreys, 1978; Sabo, 2003; Frick et al., 2007). One of the 
suggested mechanisms for S. thomisoides is the active selection of 
microhabitat in suitable rocks that have ideal temperatures to maximize 
their performance without falling into thermal stress (Taucare-Ríos 
et al., 2018). 

We found that preferred temperature (25.50 � 3.52 �C) is very 
similar to the performance optimum temperature (Topt) of this species 
in the reproductive period (25.33 � 2.65�C, Taucare-Ríos et al., 2018). 
Therefore, the temperature found in the laboratory would be related to 
the optimum temperature that S. thomisoides look for to reproduce in 
natural conditions. Some studies coinciding with our results, showing 
that thermal preferences would match the optimum temperature for 
maximizing the fitness in ectotherms, affecting reproductive success in 
their habitats (Angilletta et al., 2002; Martin and Huey, 2008). 

Temperature is important for the selection of reproductive sites in 
spiders because thermal conditions influence egg viability and clutch 
size. Females could benefit if they can moderate their body temperature 
through microhabitat selection within a range optimal of temperatures 
(Li and Jackson, 1996; Rittschof, 2012). Females of S. thomisoides might 
prefer lower temperature in the morning (the spider’s resting phase) as a 
means of reducing energy expenditure. By selecting microhabitats with 
lower Te, spiders reduce metabolic rate, which would allow females to 
expend less energy/resources on maintenance and, conversely, allocate 

more resources/energy to reproduction. If these spiders select large 
rocks in the field, they have a thermoregulatory advantage, since large 
rocks reduce the impact of extreme temperatures during the day (Huey 
et al., 1989). The upper surfaces of the rocks would be warmer due to an 
accumulation of heat load during the day while sun exposed. This would 
explain inactivity during mornings and the increase in activity during 
evenings (Huey et al., 1989; Angilletta et al., 1999). 

On the other hand, the absence of differences in thermal preferences 
between spiders of different sexes would possibly account for a similar 
use of microhabitats under field conditions, which has also been seen in 
other ectotherms (Anaya-Rojas et al., 2010). In this scenario, individuals 
could compete for the availability of shelters with high thermal quality, 
favoring territoriality and the struggle for the use of the same micro-
habitat (Huey et al., 1989; Díaz et al., 2006; Taucare-Ríos et al., 2017). 

The preferred temperatures are not directly related to the type of 
climate in which the spiders are found, but they might be linked to the 
daily thermal variations (Huey and Stevenson, 1979; Huey et al., 1989; 
Sepúlveda et al., 2014; Alfaro et al., 2013). In this sense, there are doubts 
about the ecological significance of the thermal preference measured in 
the laboratory since in some cases they coincide with the temperature 
found in the field, while in other cases they do not (Humphreys, 1977; 
Huey and Bennett, 1987; Kinzner et al., 2019). 

Another aspect to consider is the methodological limitations in the 
short 1-h measurement used in this study, since some studies of thermal 
preference have indicated that reliable results cannot be obtained until 
the animals have been in the temperature gradient for several days 
(Huey and Bennett, 1987; Dillon et al., 2009). Our results should be 
viewed with caution; however, similar studies conducted in small ar-
thropods such as insects and spiders with short intervals measurements 
(60–90 min) have had valid results in laboratory conditions (Casta~neda 
et al., 2005; Alfaro et al., 2013; Kinzner et al., 2019). 

In conclusion, the sand recluse spider S. thomisoides is a species that 
selects a wide range of temperatures. Preferred temperatures differ be-
tween coastal and inland populations, but in both cases, there is a 
marked bimodality that would be given by the daily thermal variation 
and changes in the hours of activity. Under laboratory conditions, spi-
ders have preferred temperatures that differ from those found in their 
habitats, so they must tolerate or compensate non-preferred tempera-
tures by active thermoregulation. Thermal compensation is more likely, 
since these spiders are capable of selecting thermally suitable rocks in 
nature. 
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