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1  | INTRODUC TION

In terrestrial environments, the study of predator–prey interactions 
has traditionally focused on vertebrate consuming invertebrates 
(Elewa,  2007; Jędrzejewska & Jędrzejewski,  2013; Taylor,  1984). 
In many cases, however, intraguild predation occurs (e.g., Rubbo 
et  al.,  2001) and thus, this predation interaction is reversed, as 
many arthropods such as arachnids, chilopods, insects, and crusta-
ceans, prey upon small or medium-sized vertebrates (reviewed by 

McCormick & Polis, 1982; Valdez, 2020). In spite of this accrue of 
information on arthropods consuming vertebrates, the incidence of 
predator–prey interactions of this kind remains relatively unexplored 
and thus underestimated (Nordberg et al., 2018).

Among arthropods, spiders are considered one of the main ver-
tebrate predators (Valdez,  2020). In fact, spiders consume differ-
ent taxa including fish (Nyffeler & Pusey, 2014), anurans (Nyffeler 
& Altig, 2020), lizards (Bauer, 1990; O’Shea & Kelly, 2017), snakes 
(Jorge et al., 2016), birds (Brooks, 2012), and mammals (Nyffeler & 
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Knörnschild,  2013). Different characteristics allow spiders to con-
sume such diversity of vertebrates, including the possession of 
strong fangs that can pierce vertebrate skin and inoculate paralyz-
ing neurotoxins (Foelix,  2011; Garb & Hayashi,  2013). In addition, 
spiders have a generalist diet (Riechert & Harp, 1987) and a variety 
of hunting modalities, ranging from active foraging to ambush or sit-
and-wait strategies (Willemart & Lacava, 2017), combined with the 
ability to build webs to trap prey (Foelix, 2011; Gosline et al., 1999). 
All these characteristics, in addition to the fact that spiders can have 
larger body size than some vertebrate species, allow them to prey 
upon different vertebrate taxa (McCormick & Polis,  1982; Vieira 
et al., 2012).

The information on predator–prey interactions between spiders 
and lizards is scattered, and although some attempts have been made 
to systematize this information (Bauer, 1990; O’Shea & Kelly, 2017; 
Schalk & Cove, 2018; Valdez, 2020), we have a very limited under-
standing whether lizard consumption by spiders is relevant in shape 
lizard features, for example, the evolution of some defenses (Schalk 
& Cove, 2018). This contrast with the available knowledge on spi-
ders consuming other vertebrate taxa, which provide insights of the 
occurrence and extension of these interactions across the world, 
that is, fish (Nyffeler & Pusey, 2014), amphibians (Menin et al., 2005; 
Nyffeler & Altig, 2020), and bats (Nyffeler & Knörnschild, 2013). The 
scarcity of organized information for lizards is particularly striking 
when considering regions having a high diversity of lizard and spi-
der species, such as the Neotropics (Pianka & Vitt,  2003; Santos 
et al., 2017). Although instances of consumption of lizards by spiders 
have been reported for this region (e.g.,Clark & Gillingham,  1990; 
Folt & Lapinski, 2017; Gomides et al., 2010; von May et al., 2019), 
the information has not been systematized, which hinders a com-
prehensive assessment of the significance of spider–lizard predator–
prey interactions. In the current study, we compiled all the available 
information in the literature on predation events involving these two 
taxa, to organize the occurrence of spider consuming lizard reports 
in the Neotropical region. This allows evaluating the extension of 
these predator–prey interactions in a geographical area character-
ized by its high biological diversity. This information combined with 
a determination of which are the taxa involved in these interactions 
is a critical first step to understand how spiders can modulate lizard 
populations, and so, their communities.

Originally, the Neotropical region was defined according to the 
Sclater–Wallace system, to comprise South America and part of Central 
America, extending northbound as far as central Mexico (Sclater, 1858; 
Wallace,  1876). This scheme has been widely accepted by differ-
ent zoogeographers studying vertebrate distribution (Cox,  2001; 
Morrone, 2014, 2015; Rueda et al., 2013). Other authors, however, es-
pecially those interested in invertebrate biogeography, have excluded 
from the Neotropical region the Andean area and the southern part of 
South America, as these regions are historically associated with other 
Austral areas, namely Australia, New Guinea, New Zealand, Tasmania, 
and South Africa (reviewed by Morrone,  2014, 2015). Because the 
current review focuses on invertebrate predators, we have considered 
the Andean region apart from the Neotropical region, as defined by 

Morrone (2014, 2015), compiling separately the records on lizard pre-
dation by spiders in these two regions.

2  | MATERIAL S AND METHODS

We conducted an exhaustive literature review on spiders consuming 
lizards in the Neotropical and Andean regions. We searched for infor-
mation using Google Search, Google Scholar, Thomson-Reuters, and 
Scopus databases. The keywords searched were spider, Arachnida, 
lizard, Lacertilia, predation, Neotropical, Andean, and Andes, used 
in different combinations. The quest was repeated using the same 
keywords in Spanish and Portuguese. Finally, we searched infor-
mation throughout the entire collection of Herpetological Review 
(1967–June 2020). We considered a “predation event” reports on 
spiders hunting, seizing, and/or consuming a lizard. In addition, we 
included reports in which a dead lizard, trapped in a spider web or 
found in close proximity to a spider burrow, showed clear signs of 
been consumed by a spider, that is, mastication, envenomation, and/
or external digestion.

We explored relationships between the sizes, activity patterns 
(diurnal vs. nocturnal), and hunting strategies (active forager vs. 
ambush predator) of predators and prey, obtaining these data from 
additional publications for all the species reported in our literature 
search. We searched for the adult sizes, snout–vent length for liz-
ards, and carapace length for spiders, and this information was used 
for the analyses, because these data were not always available in the 
reports. For species that exhibited sexual dimorphism, we reported 
the body sizes of both sexes when possible, although we restricted 
the analyses to the females’ body sizes. The information on activity 
patterns and hunting strategies may help to assess the probabili-
ties that predator and prey come in contact with each other (Miller 
et al., 2014).

We constructed a heat map based on the number of lizard spe-
cies by family that was consumed by spiders of different families. 
The relationship between the predator–prey body sizes (log trans-
formed) was evaluated with a Pearson correlation, and the body size 
differences between predator and prey were assessed with a t test. 
The analyses that included the body sizes were restricted to cases 
in which predator and prey species were identified. A Fisher's exact 
test was performed to assess relationships of the activity patterns 
and foraging strategies between predators and prey, excluding those 
events that happened in a trap, as this was an artificial situation.

3  | RESULTS

Table  1 summarizes 50 reports spiders consuming lizards in the 
Neotropical and Andean regions (Table  1); 47 come from the lit-
erature, and three are new records communicated in this study 
(Table 1). Most reports are based on a single observation (91%), and 
the rest included two observations. None of these reports provide 
experimental data on the impact that spider predation may have 
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upon lizards or on the frequency of occurrence of these events. The 
predator attack was observed in only five cases (10%; Table 1), while 
the rest of the reports only describe from the prey consumption. In 
four of these 45 cases (8.9%), lizards were found trapped in spider 
webs of the Araneidae family, and in six cases (13%), the spider was 
found consuming the prey inside a trap (Table 1).

The geographical distribution of the predation reports is shown 
in Figure 1. Most cases (84%) were from the tropics (between 23°N 
to 23°S), while the rest were from the temperate zone of South 
America (>23° S; Figure 1). Most of the predation events (88%) were 
exclusively from the Neotropical region, while the rest were from the 
Andean Region (6%) and the South American transition zone (6%), 
the area between the Neotropical and the Andean regions (Table 1, 
Figure 1). Reports from the Neotropical region were distributed un-
evenly, as most of these were from two subregions, Chacoan (41%), 
along the Atlantic coast (i.e., Paraná Dominion, Morrone, 2014), and 
Brazilian (41%). These were followed by the Antillean region (9%) 
and the Mexican transition zone (9%) (Figure 1). In the Andean re-
gion, the few available reports were from the Central Chile subre-
gion (Figure 1). Finally, the 50 observations included 13 countries 
(Table 1), among which Brazil had the highest proportion of reports 
(38%).

The predator spiders of lizards belong mostly to the suborder 
Araneomorphae, which includes seven families: Araneidae (orb-
weaver spiders), Ctenidae (wandering spiders), Lycosidae (wolf 
spiders), Salticidae (jumping spiders), Sicariidae (six-eyed sicariid spi-
ders), Sparassidae (huntsman spiders), and Trechaleidae (trechaleid 
spiders). The second suborder represented was Mygalomorphae, 
for which predation events only included the family Theraphosidae 
(tarantulas). The two main predator families were Ctenidae 
and Theraphosidae, and the less represented were the families 
Sparassidae and Sicariidae (Figure 2a).

Lizards consumed by spiders belonged to 12 families (Table 1, 
Figure 2b), from which the three main corresponded to Dactyloidae, 
Gymnophthalmidae, and Sphaerodactylidae (Figure  2b). From the 
50 reports listed in Table 1, 32 (64%) included the lizard ages, and 
from these, 62.5% corresponded to juveniles, 34.4% to adults, and 
3.1% to neonates (a single case). From the 38 lizard species listed in 
Table 1, eight had more than one predation event (two to four), and 
these involved different spider species (Table 1).

Predator–prey relationships between spider and lizard families 
are depicted in the heat map of Figure 3. The most salient corre-
sponds to Ctenidae spiders consuming primarily Dactyloidae lizards, 
and Gymnophthalmidae and Sphaerodactylidae lizards as second in 
importance. Dactyloidae lizards corresponded exclusively to Anolis 
(Table  1), and this genus was also the most consumed by spiders 
of different families (representatives of five out of eight families; 
Figure  3). The second most frequent relationship between spider 
and lizard families corresponded to Theraphosidae spiders as the 
only consumers of Liolaemidae lizards. Theraphosids were the most 
generalist spiders, as they consumed the largest number of different 
lizard families (representatives of eight out of the twelve families; 
Figure 3).Li
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We found a significant positive relationship between body sizes 
of predators and prey (r = .48, p = .017, N = 28; Figure 4), and spi-
ders were significantly smaller than lizards (t42 = 14.08; p << .001). 
There was, however, no association between the activity patterns 
(p = .51) and hunting strategies (p = .34) of spiders and lizards. The 
tendencies observed were a higher predation by nocturnal spiders 
upon diurnal lizards, and that the most predated lizards have ambush 
predator strategy, which were consumed mainly by ambush spiders, 
and secondly by active forager spiders (Table S1).

In addition to the predation events reported in the literature, we 
describe three new events, for which we did not collect or measure 
the animals.

1.	 Liolaemus lemniscatus Gravenhorst, 1838: This observation was 
conducted in winter, 3 July 2009 (15:56 hr), at Cerro Mariposa, 
Central Chile (33°03ʹ59″S, 71°37ʹ60″W). We observed an adult 
of L. lemniscatus being caught by an adult of Grammostola rosea 
(Walckenaer, 1837) (Theraphosidae) (Figure  5a). The lizard was 

approaching the spider's burrow, while the resident was hidden 
inside, keeping its two frontal legs outside the burrow, moving 
them up and down. When the lizard was around 10  cm from 
the burrow, the spider came out and captured the lizard, sinking 
its fangs repetitively in its prey neck (Figure 5a). Subsequently, 
the spider dragged the prey inside the burrow, hiding it. The 
complete event lasted 90  s approximately.

2.	 Liolaemus nitidus (Wiegmann, 1834): This observation was con-
ducted on spring, 21 September 2012 (14:50 hr), during an ex-
ploratory trip to Altos de Cantillana, Central Chile (33°54 4́7″S, 
71°02ʹ31″W). Underneath a stone, we found a juvenile of L. niti-
dus being eaten by a spider of the genus Euathlus Ausserer, 1875 
(Theraphosidae) (Figure  5bi). The spider was holding the lizard 
with its fangs and pedipalps (Figure 5bi). Approximately after five 
minutes we found the spider, it released the lizard and moved a 
few centimeters away (Figure 5bii). The head, neck, and one of the 
forelimbs of the lizard showed signs of digestion, and its tail and 
cloaca were bruised (Figure 5bii).

F I G U R E  2  Percent of families of 
(a) spider predators and (b) lizard prey 
involved in the predator reports from the 
Neotropical and Andean regions

F I G U R E  1  Geographical distribution of 
predation reports by spiders upon lizards 
(circles) in the Neotropical and Andean 
regions, showing the corresponding 
subregions (sensu Morrone, 2014, 2015). 
The spider families are indicated by 
circles of different colors, and numbers 
correspond to the references listed in 
Table 1. Asterisks correspond to the three 
new records reported in this study. Six 
reported records are not shown because 
their georeferenced location is missing 
(references 6, 9, and 10, cited by 11, 18, 
and 29, respectively; Table 1)
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3.	 Liolaemus tenuis (Duméril & Bibron 1837): The observation was made 
on summer, 20 February 2018 (˜11:30 hr), at Lo Barnechea, Central 
Chile (33°19ʹ07″S, 70°29ʹ13″W). We found the corpse of an adult 
of L. tenuis out of a burrow dwelt presumably by a tarantula G. rosea 
(Walckenaer 1837) (Figure 5ci). This assumption is based on the fact 
that in this area this is the only tarantula species that builds burrows 
with a circular shape on the ground and having an extension of web 
threads (Aguilera et al., 2019), as observed in Figure 5ci. The lizard 
was partially digested, and its tail was autotomized (Figure 5cii).

4  | DISCUSSION

This is the first comprehensive review on spiders consuming lizards 
from the Neotropical and Andean regions. All reports were anec-
dotal observations and in most cases (89%), observations started 
when spiders were consuming their prey. Thus, for most cases it 
is unknown if spiders initiated the predation event, but scaveng-
ing has a limited occurrence in wild spiders, and this behavior has 
been only observed in laboratory settings, under induced conditions 
(Sandidge,  2003; Vickers et  al.,  2014; Wise,  1993). Therefore, we 
consider all the revised reports as true predation events.

Lizard predation by spiders has been mainly reported in the trop-
ical areas of the Neotropical region, and few reports are located in 
the temperate areas of this region, or in the Andean region. This pat-
tern can be accounted by three nonexclusive explanations: (1) The 
larger extension of the Neotropical relative to the Andean region 
provides bigger area to house more species, as predicted by the spe-
cies–area relationship proposed by Connor and McCoy (2001). (2) 
The terrestrial biodiversity in the tropics is greater than in temperate 
environments, a latitudinal diversity gradient pattern that has been 
evaluated in numerous taxa (Hillebrand, 2004), and also in spiders 
and lizards from the Neotropical and Andean regions; species rich-
ness of these taxa decreases with latitude (Gainsbury & Meiri, 2017; 
Piel, 2018; Santos et al., 2017). (3) The preferential focus of ecological 
research on conservation hotspots or ecoregions in the Brazilian and 
Chacoan subregions (DeClerck et al., 2010; Mittermeier et al., 2005; 
Santos et al., 2011) provides more opportunities to observe interac-
tions such as these of spiders consuming lizards. On the other hand, 
it is noteworthy that none of the available reviews on spiders con-
suming vertebrates (i.e., amphibians, bats, fish) include data from the 
Andean region (Menin et  al.,  2005; Nyffeler & Knörnschild, 2013; 
Nyffeler & Pusey, 2014; Valdez, 2020). As such, our review is the 
first in communicating vertebrate predation by spiders in this region.

F I G U R E  3   Heat map of predator–prey 
relationships between families of spiders 
(bottom) and lizards (right side). The small 
box shows the key color according to the 
observed number of predation reports

F I G U R E  4  Correlation between body sizes of predators and 
prey (N = 28); carapace for spiders and snout–vent length for 
lizards. Data correspond to values reported in the literature 
(Table S1, see text) and not to the particular specimens reported in 
the studies listed in Table 1
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Ctenidae spiders were the most predaceous species, particu-
larly those of the genus Ctenus. Ctenids consumed mainly lizards of 
the families Dactyloidae and Gymnophthalmidae, which may result 
from their high diversity, abundance, and wide distribution in the 
Neotropical region (Midtgaard, 2020; Poe et al., 2017; Torres-Carvajal 
et al., 2016). These spiders range from small to very large body sizes 
(Jocqué & Dippenaar-Schoeman, 2006), and they are highly ubiqui-
tous across the Neotropical rainforests (Gasnier et al., 1995; Pétillon 
et al., 2018). These nocturnal hunters ambush their prey on the fo-
liage or on the soil surface (Jocqué & Dippenaar-Schoeman, 2006; 
Schmitt et al., 1990), and may detect prey visually or by means of 
air or ground vibrations (Neuhofer et al., 2009). Although Ctenids’ 
diet is mainly composed by terrestrial invertebrates (Willemart & 
Lacava, 2017), there are numerous cases of these spiders consum-
ing vertebrates such as fish (Nyffeler & Pusey,  2014), amphibians 
(Nyffeler & Altig, 2020; Salas et al., 2019; Valdez, 2020), and lizards 
(this review). In addition, it has been pointed out that because cte-
nids can reach high densities in the forest floor, vertebrate predation 
by these spiders can be ecologically important (Menin et al., 2005). 
Considering all these evidence, we postulate that ctenid spiders are 
common lizard predators in the Neotropics.

Theraphosids were the second more predaceous spider group 
after the ctenids, consuming the largest prey. In fact, theraphosids 
are the largest extant spiders (Foelix, 2011) and thus are important 
vertebrate predators (McCormick & Polis, 1982). These spiders have 
large chelicerae that allow them to capture prey of relative large 
size, such as snakes (Jorge et  al.,  2016), lizards (this review), birds 
(Brooks, 2012; Campos e Silva & de Meirelles, 2016), and mammals 
(Nyffeler & Knörnschild, 2013). In addition, theraphosids, as other 
spiders, inject toxic venom with their chelicerae that kill or paralyze 
relatively large prey (Foelix, 2011). On the other hand, theraphosids 
are the only spiders that consume Liolaemidae, as we report the first 
predation event by G. rosea and Euathlus sp. upon three Liolaemus 

species. The reported Liolaemus predators are vertebrates (i.e., 
snakes, lizards, raptors, and mammals; Jaksić et  al.,  1982; Jara & 
Pincheira-Donoso, 2013; Reyes-Olivares et al., 2017), and therefore, 
our reports are the first identifying invertebrates as Liolaemus pred-
ators. Moreover, G. rosea (Aguilera et al., 2019) and Euathlus spiders 
(Canals et al., 2012) are identified as consumers of terrestrial insects, 
and thus, our observations expand to vertebrates the range of prey 
consumed by these spiders.

Spiders have a generalist diet (Riechert & Harp, 1987), and data 
from the different reviews on spider predation upon vertebrates do 
not allow determining whether these predators do have any pre-
ferred vertebrate taxa as prey, and thus, the selective pressure that 
spiders may impose. The information of those studies is not com-
parable, that is, scientific literature versus scientific literature and 
data from the social media, in addition to cover dissimilar geograph-
ical scales and periods in their analyses (e.g., for anurans, see Menin 
et al., 2005; Nyffeler & Altig, 2020). Presently, however, based on 
Valdez (2020) it may be proposed that amphibians are a group highly 
consumed by spiders.

The activity patterns and hunting strategies of predators and 
prey did not show any significant association, which suggest that 
at least these two factors are not modulating the predator–prey in-
teractions. Considering however, the trends that nocturnal spiders 
consumed diurnal lizards, and that ambush lizards were consumed by 
ambush predators, we propose that a larger sample size may confirm 
these trends.

The body sizes of spider predators and lizard prey showed a 
significant positive relationship, similarly to the one observed in 
other interactions with spiders as predators, and invertebrates (e.g., 
Bartos,  2011) and vertebrates, different from lizards (e.g., Menin 
et al., 2005), as prey; the bigger the predator, the bigger the prey. We 
also found that the spiders’ size was significantly smaller than that 
of the lizards, indicating that the hunting strategies used to capture 

F I G U R E  5   New cases of spider predation on Liolaemus lizards in Central Chile. (a) Grammostola rosea consuming an adult of L. lemniscatus 
at Cerro Mariposa. (b) Predation upon a juvenile of L. nitidus by a mygalomorph spider Euathlus sp.: bi) The spider holds the lizard with its 
chelicerae and pedipalps; bii) ventral view of the semidigested lizard body. The head, neck, and one frontal leg of the lizard were already 
consumed. In addition, the cloacal region and the tail show lacerations (red arrows). The observation occurred at Altos de Cantillana. (c) 
Partially digested individual of L. tenuis found close to a burrow of G. rosea, at Lo Barnechea: ci) Lizard corpse close to the spider burrow; cii) 
ventral view of the lizard. Photos: (a) Andrés Guajardo-Santibáñez, (b) Bernardo Segura, and (c) Nicolás Zañartu

(a) (b1) (c1)

(b2) (c2)
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lizards are efficiently enough to capture bigger prey. Although this 
relation should be taken cautiously because we did not use data 
from the actual individuals involved in the predatory events, these 
results suggest that spiders may ensure a higher energetic reward 
as compared to what can be obtained if a smaller prey is captured 
(Blamires et al., 2011).

The relevance of these spider-lizard predator–prey interactions 
prompts for additional efforts to clarify the real impact that spider 
predation impose upon lizard populations (Nordberg et  al.,  2018), 
and thus, how strong the selective pressure of lizard consump-
tion by spiders is. This, however, is a complex task, as, in fact, few 
studies have evaluated the effects that invertebrate predation may 
have on vertebrates (Nordberg et  al.,  2018; Toledo, 2005), due to 
the difficulty to observed these predation events. For instance, 
Nordberg et  al.  2018), in more than 500  hr of field observations, 
only recorded five events of invertebrates consuming vertebrates. 
Moreover, the digestion mechanism of spiders (external oral diges-
tion) renders impracticable prey identification by means of intestinal 
content analysis (Bauer, 1990; Cohen, 1998), unless stable isotope 
analysis or DNA extraction techniques from fecal samples are ap-
plied to identify the consumed prey (Akamatsu et  al.,  2004; Sint 
et al., 2015; Symondson, 2002). The use of these types of analyses, 
together with automated monitoring techniques as camera traps 
(Collett & Fisher, 2017), will allow evaluating the relevance of spiders 
consumption upon lizards in a noninvasive way, which nowadays is 
an important consideration due to the conservation problems that 
some spiders species are having (Leroy et al., 2013).

This review has allowed disclosing interaction patterns between 
spider predators and lizard prey in the Neotropical and Andean re-
gions, where ctenids and theraphosids apparently may be the most 
relevant spider predators of lizards. Moreover, in some areas such 
as in the Chacoan subregion along the Atlantic coast, spiders may 
play a significant role in shape the lizards’ community structure, 
considering the high frequency of predation reports from this sub-
region. The identification of these invertebrates as lizard predators 
prompts for further quantitative studies on the importance of this 
type of trophic interactions in the communities of these regions. 
Quantify this impact will provide significant insights to understand 
the intraguild, and so bidirectional, interactions between spider and 
lizard populations, and how these modulate the different interac-
tions at the community level. In addition, and highly relevant during 
the present Anthropocene, the understanding of these trophic rela-
tionships may also contribute in the design of conservation strate-
gies for species that are threatened (Leroy et al., 2013; Van Winkel 
& Ji, 2012).
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