2020. Journal of Arachnology 48:43-48

Notes on the feeding habits of a wandering spider, Phoneutria boliviensis (Arachnida: Ctenidae)
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Abstract.

Phoneutria Perty, 1833 is considered one of the most toxic spider genera in the world; however, the natural

history and biology of these spiders is still largely unexplored. The objective of this study was to determine the natural diet
of the medically important species Phoneutria boliviensis (F.O.P.-Cambridge, 1897) based on prey records from Colombia,
and supplemented by published records found in electronic databases as well as photographic records from the internet.
We found that P. boliviensis is an euryphagous predator with a broad diet made up predominantly of arthropods (orders
Araneae, Blattodea, Coleoptera, Hymenoptera, Lepidoptera, Mantodea, Orthoptera, and Phasmatodea) and to a lesser
extent of small vertebrates (Gekkonidae, Hylidae, and Sphaerodactylidae). These results support previous evidence
suggesting that P. boliviensis is a generalist predator that includes both invertebrates and small vertebrates in its diet.

Keywords:

Spiders are the seventh most abundant group of terrestrial
predators on the planet as well as being the most diversified
order (Pekar & Toft 2014). They are predators of great
importance in terrestrial ecosystems where they can have
significant effects on the other arthropod communities (Clarke
& Grant 1968; Wilder 2011). They have been described as
possible controllers of pests in crops (Sunderland & Samu
2000; Nyffeler & Birkhofer 2017). Their natural prey are
mainly invertebrates—mostly springtails and other arthropods
(Nyffeler & Birkhofer 2017). In addition to this, some species
in the families Araneidae, Ctenidae, Nephilidae, Lycosidae,
Salticidae, Sparassidae and Theraphosidae have been reported
to consume small vertebrates such as lizards, frogs, fishes, bats
and birds (Foelix 2010; Nyffeler & Knornschild 2013; Nyffeler
& Pusey 2014; Nyffeler et al. 2017). The possibility that spiders
have for accessing different types of prey is attributed to
several capture strategies that they can develop (Willemart &
Lacava 2017), including the construction of webs and the use
of venom to immobilize and/or kill prey (Kuhn-Nentwig et al.
2011). Spider venoms are mixtures of peptides and proteins
that allow the spiders to quickly immobilize their prey, and
defend themselves against possible predators (Casewell et al.
2013). So far, few studies have reported on the natural diet of
venomous spiders, particularly in the Neotropical region,
where feeding behavior studies have been focused mainly in
some groups such as Latrodectus Walckenaer, 1805 (Theridi-
idae) and Loxosceles Heineken & Lowe, 1832 (Sicariidae)
(Dias & Brazil 1999; Fischer et al. 2006; Pompozzi et al. 2013;
Garcia et al. 2016).

Species in the genus Phoneutria Perty, 1833 are considered
to be one of the main groups of spiders of medical importance
(Herzig et al. 2002; Foelix 2010; Torres-Sanchez & Gasnier
2010), with bites widely reported in tropical areas, particularly
so in Brazil (see Herzig et al. 2002; Peralta 2013). Several
studies have addressed different aspects of the biology of the
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genus Phoneutria. Biicherl (1969), Lucas (1988), Ramos et al.
(1998), and Almeida et al. (2000), have examined different
aspects of activity, territorial behavior and prey, preference of
ecotopes, reproduction and use of habitat, mainly from
Phoneutria nigriventer (Keyserling, 1891).

Phoneutria boliviensis (F.O.P.-Cambridge, 1897) is a spider
of medical importance with a wide distribution from Costa
Rica to northernmost Argentina (Hazzi 2014). In addition, it
has a powerful venom which contains a neurotoxin, similar to
that produced by other Phoneutria spp. (Estrada-Gomez et al.
2015). In Colombia, P. boliviensis bites have been poorly
documented. However, Florez et al. (2003) reported 31 bite
accidents in several municipalities in the department of
Antioquia in one month.

Despite the importance of this group and in contrast to
other medically important spiders groups such as Loxosceles
or Latrodectus (see Biicherl 1969; Salomon 2011; Vetter 2015),
few studies have been made regarding to the biology or
natural history of Phoneutria spiders (Biicherl 1969; Lucas
1988; Ramos et al. 1998; Hazzi 2014) focused on observations
of predatory behavior, mating and development.

Because knowledge of the natural diet provides important
information on spiders’ trophic ecology (Pekar et al. 2017), the
aim of this research was to describe the feeding habits of the
medically important wandering spider Phoneutria boliviensis
based on field observations, a literature search, and photo-
graphic records found on the internet. Taking into account the
lack of information about spiders of the genus Phoneutria, we
expect this study will contribute to the knowledge of this
important group of spiders.

METHODS

We evaluated the composition of the diet (consumed prey)
in populations of P. boliviensis, present in rural and urban
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Figure 1.—Prey reported for Phoneutria boliviensis. A. Phasmatodea. B. Saturniidae (source: www.flickr.com/andreaskay/albums). C.
Phyllophaga sp. D. Acheta cf. E. Orthoptera. F. Odonata remains. G. Blatta cf. H. Gonatodes albogularis (female) (source: www.flickr.com/
Diegophidio/albums). 1. Ctenus sp. J. Periplaneta americana. K. Hemidactylus frenatus (female). L. P. boliviensis.

areas of two localities in Colombia: Oporapa (Huila,
2°1'40.5"N; 75°59’43"W) and Ibagué (Tolima, 4°26'16"N;
75°12’02"W). Between June of 2017 and August of 2018, four
field trips were made, three to Oporapa and one to Ibagué
where spiders were collected on roadsides and close to coffee
crops and pastures. In Oporapa four collectors sampled
spiders in a 10 km? area during 12 days. In Ibagué, two
collectors sampled spiders in 1 km? area during two days.
Observations were made between the hours of 21:00 and 05:00,
using headlights, as Phoneutria spiders are mainly nocturnal
(Hazzi 2014). Spiders and their prey were photographed in situ
with a Nikon D7000 digital camera, equipped with a 60 mm
Nikkor lens; a millimeter paper was used as a reference to
establish predator:prey size ratio using the software ImageJ
(Rueden et al. 2017). We identified the sex and measured the
length of the spider’s body (prosoma+opisthosoma length)
and the total body length of the prey when possible. When

prey remains could not be identified, these were not measured.
To analyze the relationship between the spider’s body length
and prey size, we used a linear regression using the statistical
software R version 3.5.0 (R Core Team 2018). Prey items
captured by P. boliviensis were classified to the lowest
taxonomic level allowed by their condition and grouped into
morphospecies. Phoneutria boliviensis was identified using the
key proposed by Martins & Bertani (2007) and confirmed by
specialists on this group. Sampled individuals were deposited
in the entomological collection of the University of Tolima.
In addition, we conducted a literature search based largely
on the Thomson-Reuters data base (Web of Science), Google
Search, Google Scholar, Google Books, Google Pictures,
ProQuest Dissertations & Theses, Scielo.org, ScienceDirect
and the hosting website Flickr image following the method-
ology suggested by Nyffeler & Knornschild (2013). Three
photographs were selected where P. boliviensis could be
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identified with the help of the authors of the photos (Figs. 1B,
H, Table 1). In addition, the locality of Cimitarra (Santander,
Colombia) was visited to identify the species of spider that was
found preying on a gekkonid, because the actual individual in
the picture was not examined (Fig. 1H, Table 1). All
individuals collected in Cimitarra were taken to the laboratory
(Universidad de Ibagué) and identified as P. boliviensis.

The timespan 1900-2019 was searched with the keywords—
both in English and Spanish—“Wandering spiders feeding”,
“Phoneutria feeding”, “Phoneutria boliviensis”, “Phoneutria
boliviensis feeding”, “Phoneutria boliviensis frog”, and “pre-
dation by Phoneutria”.

RESULTS

The results of this study are summarized in Table 1,
discriminating by field and literature records. Overall, 21 prey
types were recorded; diet was composed predominantly of
arthropods (86%) and to a lesser extent, small vertebrates
(14%). The natural diet of P. boliviensis included the orders
Araneae, Blattodea, Coleoptera, Hymenoptera, Lepidoptera,
Mantodea, Orthoptera, and Phasmatodea. Furthermore, the
diet of this spider is shown to include lizards (Gekkonidae and
Sphaerodactylidae) and frogs (Hylidae). Among the spiders
recorded with prey, the majority (85%) were adult spiders,
with female spiders predominating (15 female vs. 2 males;
Table 1). It should be added that in our study in Colombia
only ~10% of the 200 observed spider individuals were found
consuming a prey.

In relation to the predator:prey size ratios, we found that P.
boliviensis is able to consume prey up to three times its body
size. We found a significant relationship between spider body
length and prey length (F(; 9)=7.16, R =0.663, R?=0.440, P=
0.025).

DISCUSSION

To our knowledge, this is the first study of the diet of P.
boliviensis. Observations on the natural diet of some spider
groups, particularly non-web building spiders which forage at
night, might be especially difficult if no molecular approaches
are available or if a scarce species is being studied (Pekar et al.
2017, Nyffeler & Vetter 2018). Literature survey of diet,
including photographic records, has shown to be a very useful
tool to describe rare predation events in spiders, such as the
consumption of bats and fishes (see Nyffeler & Knornschild
2013; Nyffeler & Pusey 2014).

Overall, we report P. boliviensis consuming 21 different
species of mostly arthropods but also reptiles and amphibians.
Arthropods recorded as prey for P. boliviensis, included
several orders commonly consumed by other spiders such as
Coleoptera, Lepidoptera, Orthoptera and other spiders
(Nentwig 1987). Unusual prey among spiders, such as mantids
and phasmids, were also consumed by P. boliviensis. This is
particularly interesting as mantids are formidable predators
able to retaliate against other predators (Brunner & Gandolfo
1990), suggesting that P. boliviensis is able to consume
potentially dangerous prey. A similar trend is observed on
the inclusion of other spiders such as Ctenus sp. and other
individuals of P. boliviensis, which are considered harmful
prey (Wise 2006). The inclusion of phasmids as part of the diet
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is an unusual finding too, as these possess exceptional
camouflage and some species are considered toxic (Nentwig
1990; Dossey et al. 2008), suggesting that P. boliviensis is able
to overcome these defensive mechanisms.

Consumption of reptiles and amphibians by spiders has
been reported in several groups, namely Lycosidae, Ther-
aphosidae, Pisauridae, and Ctenidae (see Toledo 2005; Cortéz-
Gomez et al. 2015), and is apparently a common phenomenon
in the latter family (see: Bernarde et al. 1999; Armas 2001,
Aucone & Card 2002; Prado & Borgo 2003; Menin et al. 2005;
Toledo 2005; Barbo et al. 2009; Santana et al. 2009; Caldart et
al. 2011; Moura & Azevedo 2011; Lanschi & Ferreira 2012;
Fonseca & Rodriguez-Cabrera 2014; Amaral et al. 2015;
Jablonski 2015; Pacheco et al. 2016; Foerster et al. 2017; Folly
et al. 2017; Pedrozo et al. 2017; Villafafie 2018; von May et al.
2019). The inclusion of vertebrates in the diet of some spider
species might help to meet the energy requirements of large
species such as some web-building spiders (i.e., genus Nephila
Leach, 1815) that occasionally prey on bats (Nyffeler &
Knornschild 2013). We hypothesize that P. boliviensis would
consume vertebrates by similar reasons and might have access
to prey such as vertebrates, due to the toxicity of its venom,
similarly to Latrodectus spiders, which possess potent toxins
that allow them to immobilize vertebrates (Garb & Hayashi
2013, Valenzuela-Rojas et al. 2019). Further studies should
explore this topic.

Although prey were larger than spiders, we did not observe
the predation on individuals larger than three times the size of
the body length of P. boliviensis, a similar trend observed in
other generalist spiders species (Nentwig 1986). However, in
the case of web building spiders such as Latrodectus spp., the
spiders are generally smaller than their lizard prey (O’Shea &
Kelly 2017). Wandering spiders that are reported feeding on
lizards tend to be of a similar or larger size than the reptile
prey (Toledo 2005); our results partially confirm this pattern
since P. boliviensis and lizards were similar in size.

Overall, we found that the spider P. boliviensis behaves as an
euryphagous predator which is able to consume a wide variety
of prey (Pekar & Toft 2014), mainly arthropods and also small
vertebrates such as reptiles, agreeing with previous records for
other spiders of the same genus (Santana et al. 2009; Pacheco
et al. 2016; Foerster et al. 2017; Folly et al. 2017; Pedrozo et al.
2017; von May et al. 2019). The access to this wide variety of
prey types might be possible because of the potent venom and
probably a conditional prey capture strategy depending on
prey type, such as it has been shown in other generalist spider
species (Nentwig 1986). Given the lack of knowledge about the
trophic ecology of P. boliviensis as well as other Phoneutria
spiders, further studies should explore this topic as this might
have important implications on understanding some relevant
aspects such as the toxicity of this medically important group
of spiders.

ACKNOWLEDGMENTS

We are indebted to the University of Ibagué (Tolima,
Colombia), for financial support for this project (Oficina de
Investigaciones, Internal Project 18-544). Sigifredo Clavijo
and Leonardo Ospina kindly helped us with the identification
of vertebrates and arthropod prey, and Nicolas Hazzi with
identification of P. boliviensis specimens. Wilson Hernandez



VALENZUELA-ROJAS ET AL—FEEDING OF PHONEUTRIA BOLIVIENSIS 47

and Joshua James Zwisler (Universidad del Tolima) helped us
with English review. We thank Daniel Valenzuela, Nohemi
Rojas, Karent Paez, Felipe Ospina, Nicolas Barrios, Carlos
Suarez and the National Police of Oporapa for their help
during field trips. Andreas Kay photographs (License CC BY-
NC-SA 2.0: www.creativecommons.org/licenses/by-nc-sa/2.0),
Diego A. Gomez and Karen Chavarro, kindly allowed us to
use their photographs. The company Entomopixel (www.
entomopixel.com) supported us with the photographic equip-
ment for field photos.

LITERATURE CITED

Almeida, C.E., E.F. Ramos, E. Gouvea, M. Carmo-Silva & J. Costa.
2000. Natural history of Ctenus medius Keyserling, 1891 (Araneae,
Ctenidae) I: observations on habitats and the development of
chromatic patterns. Revista Brasileira de Biologia 60:503-509.

Amaral, L.C., P.S. Castanheira, S.P. Carvalho-e-Silva & R.L.C.
Baptista. 2015. Predation on the tropical bullfrog Adenomera
marmorata (Anura: Leptodactylidae) by the wandering spider
Ctenus ornatus (Araneae: Ctenidae) in southeastern Brazil.
Herpetology Notes 8:329-330.

Armas, L.F. 2001. Frogs and lizards as prey of some Greater
Antillean arachnids. Revista Ibérica de Aracnologia 3:87-88.

Aucone, B. & W. Card. 2002. Scinax cruentomma (NCN) predation.
Herpetological Review 33:48.

Barbo, F.E., M.G. Rodrigues, F.M. Couto & R. J. Sawaya. 2009.
Predation on Leptodactylus marmoratus (Anura: Leptodactylidae)
by the spider Ctenus medius (Araneae: Ctenidae) in the Atlantic
Forest, southeast Brazil. Herpetology Notes 2:99-100.

Bernarde, P.S., M.B. Souza & M.C.N. Kokubum. 1999. Predation on
Hyla minuta Peters, 1872 (Anura, Hylidae) by Ancylometes spp.
(Araneae, Pisauridae). Biociencias 7:199-203.

Brunner, D. & D. Gandolfo. 1990. Morphological adaptations to an
unusual defensive strategy in the mantid Orthoderella ornata
(Insecta: Mantidae). Journal of Zoology 222:129-136.

Biicherl, W. 1969. Biology and venoms of the most important South
American spiders of the genera Phoneutria, Loxosceles, Lycosa and
Latrodectus. American Zoologist 9:157-159.

Caldart, V.M., S. Top, M.C. Da Rocha & S.Z. Cechin. 2011. Diurnal
and nocturnal predators of Crossodactylus schmidti Gallardo, 1961
(Anura, Hylodidae) in southern Brazil. North-Western Journal of
Zoology 7:342-345.

Casewell, N.R., W. Wiister, F.J. Vonk, R.A. Harrison & B.G. Fry.
2013. Complex cocktails: the evolutionary novelty of venoms.
Trends in Ecology & Evolution 28:219-229.

Clarke, R.D. & P.R. Grant. 1968. An experimental study of the role
of spiders as predators in a forest litter community. Part 1. Ecology
49:1152-1154.

Cortéz-Gomez, A.M., C.A. Ruiz-Agudelo, A. Valencia-Aguilar &
R.J. Ladle. 2015. Ecological functions of neotropical amphibians
and reptiles: a review. Universitas Scientiarum 20:229-245.

Dias, M.F. & T.K. Brazil. 1999. Comportamento e padrio alimentar
de uma espécie de Latrodectus do grupo mactans (Areneae,
Theridiidae) em cativeiro. Revista Brasileira de Zoologia 16:991—
996.

Dossey, A.T., S.S. Walse & A.S. Edison. 2008. Developmental and
geographical variation in the chemical defense of the walkingstick
insect Anisomorpha buprestoides. Journal of Chemical Ecology
34:584-590.

Estrada-Gémez, S., L.J.V. Muiioz, P. Lanchero & C.S. Latorre. 2015.
Partial characterization of venom from the Colombian spider
Phoneutria boliviensis (Aranae [sic]: Ctenidae). Toxins 7:2872—
2887.

Fischer, M.L., J. Vasconcellos-Neto & L.G. dos Santos Neto. 2006.

The prey and predators of Loxosceles intermedia Mello-Leitao
1934 (Araneae, Sicariidae). Journal of Arachnology 34:485-489.
Florez, E., A. Ortiz, & M. Montoya. 2003. Accidentes por mordedura
de la arafia de las bananeras Phoneutria boliviensis (Araneae:
Ctenidae) en la region de Uraba, Colombia. Entomdlogo 96:1-4.

Foelix, R. 2010. Biology of the Spiders. 3rd ed. Oxford University
Press, New York.

Foerster, N.E., B.H.G. Carvalho & C.E. Conte. 2017. Predation on
Hypsiboas bischoffi (Anura: Hylidae) by Phoneutria nigriventer
(Araneae: Ctenidae) in southern Brazil. Herpetology Notes
10:403—404.

Folly, H., L.F. Arruda, V.F. Gomes, M.O. Neves & R.N. Feio. 2017.
Predation on Ololygon carnevallii (Caramaschi and Kisteumacher,
1989) (Anura, Hylidae) by Phoneutria nigriventer (Keyserling,
1891) (Aranae, Ctenidae). Herpetology Notes 10:365-367.

Fonseca, E. & T.M. Rodriguez-Cabrera. 2014. Predation on a Cuban
brown anole, Anolis sagrei (Dactyloidae), by a spider, Cupiennius
cubae (Ctenidae), in the Cienfuegos botanical garden, South-
central Cuba. Reptiles & Amphibians 21:98-99.

Garb, J.E. & C.Y. Hayashi. 2013. Molecular evolution of o-
latrotoxin, the exceptionally potent vertebrate neurotoxin in black
widow spider venom. Molecular Biology and Evolution 30:999-—
1014.

Garcia, L.F., V. Franco, L.E. Robledo-Ospina, C. Viera, M. Lacava
& R.H. Willemart. 2016. The predation strategy of the recluse
spider Loxosceles rufipes (Lucas, 1834) against four prey species.
Journal of Insect Behavior 29:515-526.

Hazzi, N.A. 2014. Natural history of Phoneutria boliviensis (Araneae:
Ctenidae): habitats, reproductive behavior, postembryonic devel-
opment and prey-wrapping. Journal of Arachnology 42:303-310.

Herzig, V., RJ. Ward & W.F. dos Santos. 2002. Intersexual
variations in the venom of the Brazilian ‘armed’spider Phoneutria
nigriventer (Keyserling, 1891). Toxicon 40:1399-1406.

Jablonski, D. 2015. Predation on Pristimantis ridens (Anura:
Craugastoridae) by a wandering spider (Araneae: Ctenidae) in
mountain cloud forest of Costa Rica. Herpetology Notes 8:1-3.

Kuhn-Nentwig, L., R. Stocklin & W. Nentwig. 2011. Venom
composition and strategies in spiders: is everything possible? Pp.
1-86. In Advances in Insect Physiology: Spider Physiology and
Behavior. (Casas J, ed.). Academic Press, Elsevier, London.

Lanschi, F.A. & R.B. Ferreira. 2012. Predation of Hemidactylus
mabouia. Herpetological Review 43:133-134.

Lapinski, W. & M. Tschapka. 2013. Habitat use in an assemblage of
Central American wandering spiders. Journal of Arachnology
41:151-159.

Lucas, S. 1988. Spiders in Brazil. Toxicon 26:759-772.

Martins, R. & Bertani R. 2007. The non-Amazonian species of the
Brazilian wandering spiders of the genus Phoneutria Perty, 1833
(Araneae: Ctenidae), with the description of a new species.
Zootaxa 1526:1-36.

Melo-Sampaio, P.R., J.M.L. Maciel, C.M.B. Oliveira, R.S. Moura,
L.C.B. Silva & T.R.B. Silva. 2012. Scinax ruber (Red Snouted
Treefrog). Predation. Herpetological Review 43:636-637.

Menin, M., D. de Jesus Rodrigues & C. S. de Azevedo. 2005.
Predation on amphibians by spiders (Arachnida, Araneae) in the
Neotropical region. Phyllomedusa: Journal of Herpetology 4:39—
47.

Moura, M.R. & L.P. Azevedo. 2011. Observation of predation of the
giant fishing spider Ancylometes rufus (Walckenaer, 1837) (Ara-
neae, Ctenidae) on Dendropsophus melanargyreus Cope, 1877
(Anura, Hylidae). Biota Neotropica 11:349-352.

Nentwig W. 1986. Non-webbuilding spiders: prey specialists or
generalists? Oecologia 69: 571-576.

Nentwig, W. 1987. The prey of spiders. Pp. 249-263. In Ecophysi-
ology of Spiders. (W. Nentwig, ed.). Springer-Verlag, Berlin.

Nentwig, W. 1990. Stick insects (Phasmida) as prey of spiders: size,


http://www.creativecommons.org/licenses/by-nc-sa/2.0
http://www.entomopixel.com
http://www.entomopixel.com

48

palatability and defense mechanisms in feeding tests. Oecologia
82:446-449.

Nyffeler, M. & K. Birkhofer. 2017. An estimated 400-800 million
tons of prey are annually killed by the global spider community.
The Science of Nature 104:30

Nyffeler, M. & M. Knornschild. 2013. Bat predation by spiders. PloS
One 8: €58120.

Nyffeler, M. & B.J. Pusey. 2014. Fish predation by semi-aquatic
spiders: a global pattern. PLoS One 9:€99459.

Nyffeler, M. & R.S. Vetter. 2018. Black widow spiders, Latrodectus
spp. (Araneae: Theridiidae), and other spiders feeding on
mammals. Journal of Arachnology 46:541-549.

Nyffeler, M., G.B. Edwards & K.L. Krysko. 2017. A vertebrate-
eating jumping spider (Araneae: Salticidae) from Florida, USA.
Journal of Arachnology 45:238-241.

O’Shea, M. & K. Kelly. 2017. Predation on a weasel skink
(Saproscincus mustelinus) (Squamata: Scincidae: Lygosominae) by
a redback spider (Latrodectus hasselti) (Araneae: Araneomorpha:
Theridiidae), with a review of other Latrodectus predation events
involving squamates. Herpetofauna 44:49-55.

Pacheco, E.O., V.G. Ferreira, F.M.S.R. Pedro & D.J. Santana. 2016.
Predation on Scinax crospedospilus (Anura: Hylidae) by Phoneutria
nigriventer (Aranae: Ctenidae) in an Atlantic Forest fragment in
the South-east of Brazil. Herpetology Notes 9:315-316.

Pedrozo, M., M.T. Moroti, L. Almeida & D.J. Santana. 2017.
Predation on Physalaemus olfersii (Anura: Leptodactylidae) by
Phoneutria nigriventer (Aranae: Ctenidae) in Atlantic Forest,
South-east of Brazil. Herpetology Notes 10:369-371.

Pekar, S. & S. Toft. 2014. Trophic specialisation in a predatory group:
the case of prey-specialised spiders (Araneae). Biological Reviews
90:744-761.

Pekar, S., L.F Garcia & C. Viera. 2017. Trophic niches and trophic
adaptations of prey-specialized spiders from the Neotropics: a
guide. Pp. 247-274. In Behaviour and Ecology of Spiders:
Contributions from the Neotropical region. (C. Viera & M.O.
Gonzaga, eds.) Springer, Switzerland.

Peralta, L. 2013. Las arafias del banano (Phoneutria spp.), las mas
temidas de Centro y Sur América. Bioma 3:15-17.

Pompozzi, G., N. Ferretti, L. Schwerdt, S. Copperi, A.A. Ferrero &
M. Simo. 2013. The diet of the black widow spider Latrodectus
mirabilis (Theridiidae) in two cereal crops of central Argentina.
Iheringia-Série Zoologia 103:388-392.

Prado, G.M. & J.H. Borgo. 2003. Scinax altera (NCN). Predation.
Herpetological Review 34:55-57.

R Core Team D. 2018. A language and environment for statistical
computing. R Foundation for Statistical Computing. Online at
https://www.r-project.org/

Ramos, E.F., C.E. Almeida & E. Gouvéa. 1998. Considerations on
locomotion activity, preference of ecotopes and territorial aspects

JOURNAL OF ARACHNOLOGY

of Phoneutria nigriventer (Keyserling, 1891), (Araneae, Ctenidae).
Revista Brasileira de Biologia 58:71-78.

Rueden, C.T., J. Schindelin, M.C. Hiner, B.E. DeZonia, A.E. Walter,
E.T. Arena et al. 2017. ImageJ2.ImagelJ for the next generation of
scientific image data, BMC Bioinformatics. Online at https://
imagej.nih.gov/ij/

Salomon, M. 2011. The natural diet of a polyphagous predator,
Latrodectus hesperus (Araneae: Theridiidae), over one year.
Journal of Arachnology 39:154-160.

Santana D.J., E.T. Da Silva & E.F. De Oliveira. 2009. Predacido de
Dendropsophus elegans (Anura, Hylidae) por Phoneutria nigriventer
(Araneae, Ctenidae) em Vicosa, Minas Gerais, Brasil. Boletim do
Museu de Biologia Mello Leitdo 26:59-65.

Sunderland, K. & F. Samu. 2000. Effects of agricultural diversifica-
tion on the abundance, distribution, and pest control potential of
spiders: a review. Entomologia Experimentalis et Applicata 95:1—
13.

Toledo, L.F. 2005. Predation of juvenile and adult anurans by
invertebrates: current knowledge and perspectives. Herpetological
Review 36:395-399.

Torres-Sanchez, M.P. & T.R. Gasnier. 2010. Patterns of abundance,
habitat use and body size structure of Phoneutria reidyi and P. fera
(Araneae: Ctenidae) in a Central Amazonian rainforest. Journal of
Arachnology 38:433-440.

Valenzuela-Rojas, J.C., J.C. Gonzalez-Gémez, A. van der Meijden,
J.N. Cortés, G. Guevara, L.M. Franco et al. 2019. Prey and venom
efficacy of male and female wandering spider, Phoneutria
boliviensis (Araneae: Ctenidae). Toxins 11:622.

Vetter, R.S. 2015. The Brown Recluse Spider. Cornell University
Press. New York.

Villafafie, D.B. 2018. Predation on Leptodactylus fuscus (Schneider,
1799) (Anura: Leptodactyliadae) by Ancylometes concolor (Perty,
1833) (Araneae: Ctenidae). Herpetology Notes 11:773-775.

von May, R., E. Biggi, H.Cardenas, M.I. Diaz, C. Alarcén, V.
Herrera et al. 2019. Ecological interactions between arthropods
and small vertebrates in a lowland Amazon rainforest. Amphibian
& Reptile Conservation 13:65-77.

Wilder, S.M. 2011. Spider nutrition: an integrative perspective. Pp.
87-136. In Advances in Insect Physiology: Spider Physiology and
Behavior. (J. Casas, ed.). Academic Press, Elsevier, London.

Willemart, R. H. & M. Lacava. 2017. Foraging strategies of cursorial
and ambush spiders. Pp 227-245. In Behaviour and Ecology of
Spiders: Contributions From The Neotropical Region. (C. Viera &
M.O. Gonzaga, eds.) Springer, Switzerland.

Wise, D.H. 2006. Cannibalism, food limitation, intraspecific compe-
tition, and the regulation of spider populations. Annual Review of
Entomology 51:441-465.

Manuscript received 8 April 2019, revised 16 August 2019.


https://www.r-project.org/
https://imagej.nih.gov/ij/
https://imagej.nih.gov/ij/

