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General Abstract 

 

The study of sensory ecology, how animals perceive and interpret their 

environment, can be a powerful tool gain a deeper understanding on how 

evolution have shaped animal behaviour, morphology, and ecology. We have a 

well-founded idea of how spiders perceive and respond to visual, chemical and 

vibrational signals, in the context of mating and intraspecific aggression, yet 

we understand very little about how environmental cues are used to detect and 

recognise their potential prey. There is a growing number of reports of anurans 

preyed by spiders but the sensory ecology underlying this interaction is almost 

unknown. In an effort to add to the conceptual framework, I conducted in this 

thesis reviews, surveys, experiments and analyses around the predator–prey 

relationship between spiders and frogs. First (1a) I exhaustively reviewed the 

available and reliable reports of this interaction. I found it to be 

overrepresented in a small group of spider families, specifically ctenids and 

theraphosids, but a broad spectrum of anuran families, perhaps less 

accentuated in toxic frogs. Precisely, because frogs strongly vary in their 

profitability as prey, from very toxic to relatively harmless, (1b) I first 

conducted field surveys that confirmed the spatiotemporal overlap between 

spiders and frogs, and then (1c) tested whether spiders avoid toxic anurans in 

predation experiments. They did. For the last two and the following aims, I 

used three Amazonian spider species, belonging to the families more often 

reported to prey on frogs: Phoneutria fera, Ancylometes rufus (Ctenidae) and 

Avicularia juruensis (Theraphosidae). Spiders possess well developed 

mechanoreceptors and use seismic signals during courtship and male-male 

interactions. Because spiders might eavesdrop seismic cues produced by their 

prey, I experimentally confirmed (2a) that frogs produce seismic cues while 

they utter advertisement calls. Those vibrations are transmitted within very 

narrow frequency bandwidths and at very low dominant frequencies (below 

100–600 Hz). They also (2b) convey enough information as to discriminate 
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among three tested frog species. Because the information content of seismic 

cues is probably degraded along the propagation medium, (2c) I further 

examined the filtering properties of four natural substrates available for 

spiders and frogs, and tested whether the studied spiders selected 

microhabitats accordingly. The substrates had indeed drastically different 

filtering properties and plant leaves was the substrate that best transmitted 

the seismic cues. The spiders, however, preferred the experimental 

microhabitats that better mimicked their natural perches rather than the 

microhabitats that least degraded the seismic cues. Lastly, (3a) I aimed at 

testing whether frogs actually respond to seismic cues as emitted from calling 

frogs. A Y-maze playback experiment supported this hypothesis: most tested 

spiders climbed a plant and approached to the branch transmitting frog 

vibrations, but just a few reacted when the branch was transmitting white-

noise vibrations that sub served as experimental controls. Lastly, to estimate 

the importance for prey detection of seismic cues compared to other sensory 

modality, (3b) I conducted a two-choice experiment. Spiders were offered two 

chambers: one transmitting seismic and chemical cues from a captive frog, 

and the other transferring only chemical cues. Even though the spiders did 

not evidence a clear preference in their first reaction, they spent more time in 

the chamber of bimodal stimuli. This study has evidenced and phylogenetically 

contextualised the importance of spiders as predators of frogs. It further 

demonstrates that seismic cues, a by-product of frog calling behaviour, are 

produced and transmitted best along plant substrates. Perhaps more 

importantly, it shows that these seismic cues are indeed recognised by 

predatory spiders, as evidenced by both seismotactic approaches and 

microhabitat selection. Altogether, our evidence invites to reconsider the role 

of this predator–prey interaction in structuring ecological communities, 

explaining biodiversity patterns, and shaping the behaviour, physiology, and 

morphology of both spiders and frogs. 



Resumen General 

 

El estudio de la ecología sensorial, cómo los animales perciben e interpretan 

su entorno, puede ser una herramienta poderosa para obtener una 

comprensión más profunda de cómo la evolución ha dado forma al 

comportamiento, la morfología y la ecología de los animales. Tenemos una idea 

bien fundada de cómo las arañas perciben y responden a las señales visuales, 

químicas y vibratorias, en el contexto del apareamiento y la agresión 

intraespecífica. Sin embargo, sabemos muy poco acerca de cómo se utilizan 

las señales ambientales para detectar y reconocer sus posibles presas. Hay un 

número creciente de informes de anuros cazados por arañas, pero la ecología 

sensorial que subyace a esta interacción es casi desconocida. En un esfuerzo 

por agregar al marco conceptual, realicé en esta tesis revisiones, encuestas, 

experimentos y análisis sobre la relación depredador–presa entre las arañas y 

las ranas. Primero (1a) revisé exhaustivamente la información disponible y 

confiable sobre esta interacción. Descubrí que los eventos de depredación 

estaban sobrerrepresentados en un pequeño grupo de familias de arañas, 

específicamente cténidos y therafósidos, aunque en un amplio espectro de 

familias de anuros, quizás menos acentuadas en ranas tóxicas. Precisamente, 

debido a que las ranas varían mucho en su rentabilidad como presas, desde 

muy tóxicas hasta relativamente inofensivas, (1b) primero realicé estudios de 

campo que confirmaron la superposición espaciotemporal entre las arañas y 

las ranas, y luego (1c) probé si las arañas evitan los anuros tóxicos en la 

depredación. En los experimentos realizados, lo hicieron. Para los últimos dos 

capítulos y los siguientes objetivos, utilicé tres especies de arañas amazónicas, 

pertenecientes a las familias que con más frecuencia se reportan como 

depredadoras de ranas: Phoneutria fera, Ancylometes rufus (Ctenidae) y 

Avicularia juruensis (Theraphosidae). Las arañas poseen mecanorreceptores 

bien desarrollados y usan señales sísmicas durante el cortejo y las 

interacciones entre machos y hembras. Debido a que el contenido de 
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información de las señales sísmicas probablemente se degrada a lo largo del 

medio de propagación, (2c) examiné las propiedades de filtrado de cuatro 

sustratos naturales disponibles para arañas y ranas, y probé si, en 

consecuencia, las arañas estudiadas seleccionaban microhábitats. Los 

sustratos tenían propiedades de filtrado drásticamente diferentes y las hojas 

de las plantas eran el sustrato que mejor transmitía las señales sísmicas. Las 

arañas, sin embargo, preferían los microhábitats experimentales que mejor 

imitaban sus perchas naturales en lugar de los microhábitats que menos 

degradaban las señales sísmicas. Finalmente, (3a) me propuse probar si las 

arañas responden realmente a las señales sísmicas emitidas por las ranas. Un 

experimento con reproducción de vibraciones en arena experimental y en 

forma de Y apoyó esta hipótesis: La mayoría de las arañas probadas escalaron 

una planta y se acercaron a la rama que transmitía las vibraciones de la rana, 

pero solo unas pocas reaccionaron cuando la rama transmitía vibraciones de 

ruido blanco que servían como controles experimentales. Por último, para 

estimar la importancia de la detección de presas de señales sísmicas en 

comparación con otra modalidad sensorial, (3b) realicé un experimento de dos 

opciones. A las arañas se les ofrecieron dos cámaras: una transmitía señales 

sísmicas y químicas de una rana cautiva, y la otra transmitía solo señales 

químicas. A pesar de que las arañas no mostraron una clara preferencia en su 

primera reacción, pasaron más tiempo en la cámara de los estímulos 

bimodales. Este estudio ha demostrado y contextualizado filogenéticamente la 

importancia de las arañas como depredadores de ranas. Además, demuestra 

que las señales sísmicas, un subproducto del comportamiento de llamada de 

la rana, se producen y transmiten mejor a lo largo de sustratos vegetales. 

Quizás más importante, muestra que estas señales sísmicas son reconocidas 

por las arañas depredadoras, como lo demuestran los enfoques sismotácticos 

y la selección de microhábitats. En conjunto, nuestra evidencia invita a 

reconsiderar el papel de esta interacción depredador–presa en la 

estructuración de comunidades ecológicas, explicando los patrones de 
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biodiversidad y configurando el comportamiento, la fisiología y la morfología 

de las arañas y las ranas. 

 

 



General Introduction 

 

 

Avicularia juruensis in a typical substrate in Tanimboca Reserve, Leticia, 

Amazonas, Colombia. 

 

 

 

 

 

 

 

Photo by Patricia Torres 



The capacity of animals to acquire information from the environment is 

essential for occupying proper feeding and breeding habitats, which ultimately 

affects ecological performance and fitness. Both biotic and abiotic cues may 

guide the animals through an assortment of habitats, and sensory systems 

should be able to perceive and decode the relevant information. In addition, 

the use of multiple sensory modalities by predators should be favoured by 

natural selection, where they increase the probability of detecting profitable 

prey (Grinsted et al. 2013). The study of the mechanisms that underlie prey 

detection and recognition is necessary to fully understand individual 

behavioural decisions and the nature of predator-prey interactions (Uma 

2010). 

 

Arachnids have been found to use a variety of senses by combining 

information from two or more sensory modalities, which allows them to assess 

environmental information with less ambiguity (Uetz and Roberts 2002, Uma 

and Weiss 2010, Fenk et al. 2010, Chen et al. 2013). Vision, taste and 

chemical cues have been found to have variable importance among different 

species. Most spiders, however, are believed to use detection of vibrations both 

in air and through the substrate as their primary means of detecting prey 

(Rovner and Barth 1981, Barth 1998, 2002; Foelix 2011). 

 

Spiders are found in virtually all terrestrial (and some aquatic) habitats and, 

thus, potentially consume a variety of prey (Wise 1995). They receive signals 

from their prey on virtually a vast variety of substrates with drastically 

different physical properties. This is particularly noticeable in ctenids and 

theraphosids, cursorial and relatively mobile species (Elias et al. 2004). 

Because the type and availability of prey are likely to change throughout 

ontogeny of spiders, the season of the year and the time of day, sensory and 

learning abilities are expected to contribute at various spatial scales 

Photo by Patricia Torres 
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(Kingsford et al. 2002) to their ecological performance (Niemelä and DiRienzo 

2013). 

 

Two major factors must be considered in this context. First, communication 

via seismic signals is affected by substrate heterogeneity. On the other hand, 

spiders exhibit multimodal communication that conveys information in more 

than one sensory modality (Hebets and Papaj 2005, Partan and Marler 2005, 

Bro-Jørgensen 2010, Gordon and Uetz 2011). Focusing on the specifics of one 

modality, we may lose the dynamic interplay between modalities (Gordon and 

Uetz 2011). Despite these restrictions, it is important to consider vibrational 

communication channels as having the diversity of prey capture signalling 

strategies among spiders. 

 

Although frogs are not traditionally considered common prey for spiders, there 

is significant evidence of this interaction (for reviews, see McCormick and Polis 

1982, Menin et al. 2005, Toledo 2005, Nyffeler and Pusey 2014, von May et al. 

2019). Spiders in a number of species readily capture and eat adult 

amphibians, especially when they are aggregated at breeding sites (Toledo 

2005, Wells 2007). Both the coincidence and the complex ecological 

interactions between them make these groups an interesting system for testing 

how variation in the sensory capacities of a species can affect the outcome of 

the interaction. Despite the frequent co–occurrence of spiders and breeding 

frogs, the sensory ecology of their predator–prey interactions have been rarely 

addressed (von May 2019). The aim of this paper is the understanding of how 

variation in the availability of seismic cues affects the outcome of this 

interaction. 

 

Particularly, I am interested in testing the following hypotheses: Because frogs 

strongly vary in their profitability as prey, from very toxic to relatively 

harmless, I hypothesize that (1) prey choice by spiders is based on the 
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profitability of frogs. Because the degradation of seismic information depends 

upon the microhabitat, I further hypothesize that (2) spiders will select 

microhabitats that benefit the transmission of seismic signals. Finally, (3) 

spiders are able to assess seismic cues to locate and attack frogs. 

 

Thesis Aims and Objectives 

 

The general aim of this thesis is to study the dynamic relationship between 

predatory spiders and their anuran prey, with a focus on how vibrational cues 

and the physical environment influence the outcome of these interactions. By 

combining laboratory and field evidence, I tested the aforementioned general 

hypotheses in a series of interrelated chapters, intended to be manuscripts. 

Chapter one reviewed all the available and reliable information on predation 

of anurans by spiders to test (1a) whether those ecological interactions are 

disproportionally found in some anuran and spider taxa. In the field; (1b) I 

estimated the degree of co-occurrence between frogs and those spiders most 

frequently reported to prey on them. Finally, (1c) I experimentally tested 

whether those spiders discriminate toxic against non-toxic frog prey. Chapter 

two tested (2a) whether the seismic signals produced during frog calling, and 

propagated via substrate, convey enough information to discriminate between 

frog species; and (2b) whether some substrates outperform others in the 

propagation of seismic signals. In Chapter three, I tested whether my spider 

research models differ in behavioural attributes that might associate with their 

role as anuran predators. Specifically, (3a) whether spiders are attracted 

toward vibratory signals mimicking calling frogs, and (3b) which sensory 

modality prevails during detection and capture of frogs. 
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Study System 

 

Spiders are major predators in forest-floor leaf litter (Weidemann 1976, 

Schaefer 1991, Wise and Chen 1999). They influence herbivore and detritivore 

communities by numerous direct and indirect interactions, and play a critical 

role in the structure and functioning of food webs (McCormick and Polis 1982). 

In the tropics, spiders are among the most diverse predaceous arthropods and 

exhibit high levels of both family and species richness in this region (Cardoso 

et al. 2011). 

 

Ctenidae is the most studied family of Neotropical spiders. Some iconic species 

such as Cupiennius have been used as a model in a wide range of studies on 

sexual and reproductive behaviour and sensory ecology (for revisions 

Willemart and Lacava 2017). However, there are still studies on predatory 

interactions, given the wide variety of prey from ants, to vertebrates, such as 

bats and anurans (von May et al. 2019). On the other hand, Theraphosidae 

are among the largest spiders, with sizes exceeding 15 cm (Costa and Pérez-

Miles 2002). They are voracious and opportunistic predators, who regularly 

consume a great variety of vertebrate prey including rodents, birds, snakes, 

geckos, other lizards and even anurans (Raven 2000). They are considered an 

important ecological factor as the main predator of numerous food chains 

(Berge 2003). 

 

Predation by invertebrates upon vertebrates has been well documented in 

aquatic systems (Horstkotte et al. 2010, Nyffeler and Pusey 2014). Few 

experimental studies have addressed the role of invertebrates as vertebrate 

predators of in terrestrial ecosystems (Formanowicz et al. 1981, Rubbo et al. 

2001, 2003). Spiders prey on anurans and both the abundance and co-

occurrence of these taxa suggest a relevant ecological role of spiders as 

regulatory mechanisms and selection pressures on amphibian populations 

https://link.springer.com/article/10.1007/s10531-008-9330-7#CR71
https://link.springer.com/article/10.1007/s10531-008-9330-7#CR51
https://link.springer.com/article/10.1007/s10531-008-9330-7#CR75
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(Greene 1988, Donnelly and Guyer 1994, Vega–Trejo et al. 2013). To fully 

understand such role, the behavioural ecology of predator–prey interactions 

between spiders and frogs must be investigated in a rigorous manner. 

 

In this study, I first reviewed literature and the internet in search of the most 

available and reliable reports of spiders preying on frogs. The analysis of 

reviewed data allowed me to choose three spider species of the genera 

Ancylometes, Phoneutria (Ctenidae), and Avicularia (Theraphosidae) as model 

predators of frogs (Figure 1). They are large nocturnal hunting spiders, and 

common members of Amazonian spider communities. Phoneutria fera is one of 

the most abundant large spider species in the Amazonia. They are frequently 

found perching on large leaves, probably because they can sustain their weight 

and transmit vibrations efficiently (Barth et al. 1988, Torres–Sánchez and 

Gasnier 2010). Ancylometes rufus forage mostly on the ground, often near 

water bodies, where they frequently feed on arthropods and some aquatic 

vertebrates, e.g., tadpoles, toads and small fishes (Gasnier et al. 2002). 

Avicularia juruensis is found among leaves of herbaceous and climbing plants, 

on tree trunks and branches, and on man-made structures (Stradling 1994). 

It is known to prey on crickets, wax moths, grasshoppers, roaches and small 

tree frogs (Schultz and Schultz 2009). 

 

All the subsequent observational and experimental data included in the 

present thesis were thus gathered in the terra-firme forest at the Tanimboca 

Nature Reserve, Km, 11 km north of the city of Leticia (Colombia) on the 

Leticia–Tarapacá road (04°07’15.4’’S, 69°57’19.7’’W, 89 masl.). The reserve 

encompasses 29 hectares of secondary and primary forests, with 

predominance of platanillo gigante (Phenakospermun guyanense), yarumo 

(Cecropia scyadophylla), castaño (Scleronema micranthum), caucho (Hevea 

sp.), palosangre (Brosimum rubescens), and acapu (Minquartia guianensis) 

(Maldonado 2011). The richness of anurans at Tanimboca surpasses 91 
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species (Castroviejo, sf). Despite the striking diversity of reproductive modes in 

Amazonian anurans (Hödl 1990), most species are either arboreal frogs that 

lay eggs on temporary ponds, or terrestrial species that lay eggs outside the 

water. 

 

I was interested in two particular groups of frog species for my observations 

and experiments. First, because many spiders are seen preying on frogs at 

temporary ponds, I principally chose some arboreal frogs (family Hylidae, 

genera Dendropsophus, Boana, Scinax, Osteocephallus and Phyllomedusa) and 

low vegetation inhabitants (family Craugastoridae, Pristimantis) to conduct a 

spatial overlap analysis and experiments on the role of auditory signals and 

seismic cues on the spiders’ behaviour. Most of these frogs mostly call from 

elevated perches above water and lay their eggs directly in the water or on 

leaves and branches above it. Secondly, because terrestrial frogs encompass 

from relatively harmless to very toxic frogs, I conducted further experiments 

using leaf litter frogs (Oreobates [Craugastoridae] and Rhinella [Bufonidae]) 

including a reportedly poisonous species of family Dendrobatidae, Ameerega 

trivittata (Figure 2). By including both arboreal and terrestrial frogs in this 

study, I also include the range of habitats where my study spiders are found. 

 

Accordingly, accumulating literature suggests that spiders play an important 

role as vertebrate predators across Neotropical wet forests (Hayes 1983, Guyer 

1988), but no study to date has examined how sensory systems are shaped to 

influence predatory behaviour in these abundant ctenid spiders in a predator-

prey context. 
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Figure 1. Representative specimens of the studied spider species at the study 

site. a) Ancylometes rufus, b) Phoneutria fera, c) Avicularia juruensis. d) 

Ancylometes rufus preying on Dendropsophus (December, 10th 2015), e) 

Rhinella margaritifera predated by Ancylometes (January, 13th 2016). Photos 

by Patricia Torres. 

 

Figure 2. Individuals of the anuran genera used as spiders’ potential prey in 

the predation experiment: a) Boana lanciformis, b) Osteocephallus yasuni c) 

Phyllomedusa tomocterma, d) Dendropsophus triangulum, e) Scinax ruber, f) 

Rhinella margaritifera, g) Oreobates quixensis, h) Pristimantis altamazonicus 

and i) Ameerega trivittata. Photos by Patricia Torres, except Pristimantis (by S. 

Waters). 
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Chapter I 

Chapter I: Frog-eating Spiders: An Ecological Accident or a 

Specialized Guild? 

 

 

Avicularia juruensis preying on hylid frog Scarthyla goinorum? in Tanimboca 

Reserve in Leticia, Amazonas, Colombia. December, 18th 2014. 

 

Photo by Sofía Rojas 



 

Abstract 

 

Spider predation on frogs has been often reported, yet few studies address the 

extent, and ecological context of this interaction. I first conducted an 

exhaustive bibliographic search to learn whether this phenomenon is 

disproportionally found on some spider and anuran taxa. I created 

visualizations and conducted network analysis on the distribution of predator-

prey interactions. Both analyses revealed that ctenid and theraphosid spiders 

are particularly prone to preying upon frogs. I thus conducted field surveys to 

examine the degree of co–occurrence between these spiders (Phoneutria, 

Ancylometes, Ctenus and Avicularia) and the most common frogs in a terra-fire 

Amazonian forest. The distribution of encountered individuals was modeled 

with regard to perch elevation and distance to water (pond, stream) edge. The 

results revealed a high overlap between frogs (especially Dendropsophus, 

Scinax, Pristmantis, Osteocephalus, Phyllomedusa, Oreobates and Rhinella) 

and their putative spider predators, especially Phoneutria and secondarily 

Ancylometes. Finally, because some frogs bear potent defensive alkaloids or 

peptides on their skin, I conducted predation experiments to test whether the 

study spiders discriminate against toxic frogs. The results show that these 

spiders can prey upon a wide array of arboreal and leaf litter anurans; they 

also show that, in particular, Ancylometes and Phoneutria spiders attack 

significantly fewer toxic frogs of the genera Ameerega. Summing up, our 

review, observational, and experimental data, suggest that spider predation on 

anurans is a common and ecologically relevant phenomenon that may have 

led to specific adaptations in both predators and prey. More studies should 

probably address this topic to gain a more complete overview of the ecology 

and evolution of tropical spiders and frogs.



 

Introduction 

 

Spiders are generalist predators, abundant and ubiquitous, and thereby 

important components of many terrestrial animal communities (Wise 1993, 

Schmitz et al. 2000, Hurtado–Guerrero et al. 2003, Sørensen 2003). Their diet 

consists mainly of insects and other arthropods (Nentwig 1987, Foelix 2011). 

Yet it is known that a number of spiders supplement their arthropod diet by 

occasionally capturing vertebrates (McCormik and Polis 1982, Bleckmann and 

Lotz 1987). Like other generalist predators, spiders attack a variety of prey that 

vary in profitability, i.e. the trade-off between their energetic value and the cost 

of subduing them, overcoming their defensive mechanisms (Pollard 1990, 

Kneitel and Chase 2004, Nelson and Jackson 2011). 

 

Several factors allegedly affect the attack of vertebrate prey by spiders: e.g. 

size, mobility, nutritional quality (Eubanks and Denno 2000, Rogers et al. 

2012), and abundance (Jeschke and Tollrian 2000). Birds and bats are 

captured in orb-webs of araneid and nephilid spiders (Cox and NeSmith 2007, 

Duca and Modesto 2007, Timm and Losilla 2007, Gunnarsson 2008, Brooks 

2012, Das et al. 2012, Nyffeler and Knӧrnschild 2013). Fish are prey of several 

large and semi-aquatic spiders (reviewed by Nyffeler and Pusey 2014) and a 

number of reports describe reptiles and amphibians being preyed on by spiders 

(Bauer 1990, Raven 1990, Armas 2000, Boistel and Pauwels 2002, Maffei et 

al. 2010). Anuran predation by spiders has been documented and reviewed in 

a handful of publications (Menin et al. 2005; Toledo 2005, Toledo et al. 2007, 

Mafei et al. 2010, von May 2019). There are also many, largely incidental 

observations without validation of species identity (Toledo 2005, Wells 2007, 

Foelix 2011). We are not aware of published quantitative analyses on the extent 

and ecological context of this interaction, despite the significant amount of 

anecdotical reports and the potential significance of this phenomenon at both 
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population and community levels (McCormick and Polis 1982, Donnelly and 

Guyer 1994). 

 

Events of anuran predation by spiders have been reviewed predominantly from 

neotropical species (Menin et al. 2005, Maffei et al. 2010, von May 2019). The 

predation risk appears to be high during the breeding season of anurans, when 

recently metamorphosed froglets leave the water (Toledo 2005). Nonetheless, a 

number of spider predators readily capture adult amphibians, especially when 

they are aggregated at breeding sites (Menin et al. 2005, Wells and Schwartz 

2007). The intensive use of auditory signals for mate attraction should render 

anurans conspicuous to spiders, because the spiders might eavesdrop the 

collateral vibrational cues (Uetz and Roberts 2002, Uma 2010). In addition, 

amphibians are known for possessing granular glands, which produce and 

often release chemicals that deter predators from ingesting them. Many frogs 

and salamanders are indeed known for being aposematic, i.e. for combining 

deterrent chemicals with conspicuous coloration or odour (Brodie et al 1991, 

Toledo and Jared 1995, Prates et al. 2012, Brunetti et al. 2019). Few predators 

have been shown to be able to overcome such defenses (Ringler et al 2010, 

Lenger et al. 2014). Because spiders do not eat whole prey, they might be able 

to avoid the toxins accumulated in the frog skins. 

 

Spiders ambush and hunt their victims on the leaf litter and vegetation (Foelix 

2011), where they probably co–occur with many frogs and toads. This 

increases the likelihood of potential encounters, affecting the dynamics of the 

interaction. Understanding changes in spatial overlap between interacting 

species, such as predators and their prey, may give a deeper insight into how 

the distribution of species influences the food web underlying forces. For 

example, this system is composed of large predatory invertebrate communities, 

and abundant small vertebrate communities, such as frogs. To better 

understand I delved into this interaction by conducting a literature analysis, 
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field sampling, and field experiments to specifically address: (1) whether those 

ecological interactions are disproportionally found in some anuran and spider 

taxa, (2) what the degree of co-occurrence between frogs  and the spiders most 

frequently reported to prey on them is, and (3) whether those spiders 

discriminate toxic against non-toxic frog prey. 

 

Methods 

 

Data Collection and Search Criteria 

 

To solve the first question, I searched for information on a wide range of 

arachnid and anuran species including tropical, subtropical, and temperate 

regions around the world. I reviewed the published scientific literature and 

searched the internet for unpublished, albeit reliable reports. The search was 

based mainly on Science Direct, Scopus, JSTOR, ProQuest, Springer, EBSCO, 

Wiley databases, Science Citation Index (isiknowledge.com) and a professional 

network Research Gate. I also searched on Google Scholar, Google Books, 

textbooks on spiders and amphibians, theses and dissertations. The internet 

search on non-scientific sources essentially consisted of contacting bloggers 

who had posted photographs, videos, and reports about spiders preying on 

anurans. I particularly asked whether the event was observed/photographed 

under natural conditions, dates, and places. Some herpetologists and 

arachnologists contributed with their photographs and valuable and accurate 

field information. When the animals involved were unidentified, I confirmed at 

least the genus identity by contacting arachnologists and herpetologists. 

 

I used the following key words in English, Spanish and Portuguese: 

“frog/anuran predation,” “spider predation,” “spider preying on 

frogs/anurans,” “spider eating frogs/anurans,” “frog/anuran predation risk,” 

“spider predatory behaviour,” “spider preying on vertebrates,” “spider caught 
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frogs,” “vertebrate predation by tarantulas.” Every search was carried out in 

the all, images and videos tabs. During the last six months I have also done 

haphazard searches on Google Scholar using the keywords listed above. Data 

with no response by web page author, were not included in the analysis 

because they do not provide accurate identification on predation events. I also 

included unpublished data on frog predation by spiders (this study, see Figure 

1 in general introduction and cover photo in this chapter). The sources of 

variations evaluated were predator taxa, prey taxa (Family and when possible, 

Genus and Species), place of the event and predator sex. The predator hunting 

mode was classified as sit and wait, active hunters and weavers. The 

information categories included natural and artificial (models of frogs made of 

plasticine or clay) risk of predation. Other sources of variation (native or 

invasive predators, experimental vs. observational studies) were also included. 

 

To describe the frequency of predation events on frogs by spiders with regard 

to their phylogenetic status, I created heat maps, which enabled the 

comparison of multiple spider and anuran families simultaneously. For this 

purpose, I used recently published phylogenies of anurans (Pyron and Wiens 

2011, Zhang et al. 2013) and spiders (Garrison et al. 2016), and assembled 

the corresponding phylogenetic trees using the Mesquite software (Maddison 

and Maddison 2011). The frequency of predation events was then 

simultaneously mapped onto both spider and anuran taxa. To formally test 

whether predation events are disproportionally found in some of this taxa, I 

first built a null model by randomizing  predator–prey interactions with the R 

package Bipartite 2.13 (Dormann et al. 2008); then, I quantified network 

structural properties and compared the results with the null model using the 

null.t.test-function (Peres–Neto et al.2001). The quantitative network describes 

the intensity of frog–spider association, and is used to calculate the following 

structural parameters: two-mode clustering coefficient as proposed by Opsahl 

(2010), which indicates the total value of closed 2-paths over the total value of 
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all 2-paths, the generality (G), which indicates the effective mean number of 

the number of prey species by predator; the vulnerability (V), which is the 

effective number of predator species per prey; and the selectivity of the network 

(H2), as a measure of dietary specialization. 

 

Sampling the Spatial Overlap Between Spiders and Putative Prey 

 

To estimate the degree of frog and spider co-occurrence, I conducted field 

surveys in June 2013, July 2014, and December–January 2015 and 2016. 

One observer (MPT) walked at night searching for anurans and spiders along 

three trails in a terra-firme forest at the Tanimboca Private Reserve, 11 km 

north of the city of Leticia, in the Colombian Amazon. The search was 

conducted between 20:00 and 01:00 h. and was focused on common frog 

species, and ctenid and theraphosid spiders, because the analysis of the 

literature/internet reports had already shown that these spiders were among 

the most frequently reported predators of anurans. I thus recorded for each 

encountered spider or frog, the species identity, the size (carapace length for 

spiders, and snout-to-vent length [SVL] for anurans), and the height above 

ground of the substrate or perch, and the distance to the nearest pool or 

stream. Lastly, to estimate the degree of microhabitat co-occurrence between 

anurans and spiders, I plotted all encountered individuals onto the two-

dimensional space created by the variables distance to the nearest (pond, 

stream) water body and perch height. The distribution of each spider/frog 

genus was then estimated as the probability of occurrence within the fixed 

kernel Utilization Distribution UD, (Worton 1989). Fixed (non-parametric) 

Kernel ranges of 50% (core area) and 95% (representative range) probability of 

occurrence were calculated using smoothing parameters estimated via the 

least squares cross-validation procedure (Seaman et al. 1999). The pairwise 

degree of overlap between spiders and frogs was then estimated as the degree 

of overlap between the corresponding Kernel distribution ranges. 
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Predation Experiments 

 

To test whether spiders discriminate against poisonous frogs, I carried out 

predation experiments. Based on reviewed observations of natural predation 

events, I used adult spiders between 10–33 mm of carapace length (CL), and 

frogs between 21–52 mm of snout-vent length (SVL). Also, I chose as potential 

predators three spider species in the genera Ancylomentes, Phoneutria (both in 

the family Ctenidae), and Avicularia (family Theraphosidae) which were among 

the most frequently reported predators of anurans and were also abundant at 

the study site. As potential prey, I included the most commonly encountered 

frogs belonging to nine species of the genera Phyllomedusa, Osteocephalus, 

Boana, Scinax, Dendropsophus, Pristimantis, Rhinella, Oreobates and 

Ameerega (as it was shown in the general introduction). Among them, 

Ameerega was the only genus considered to be poisonous (Daly et al. 2005, 

Prates et al. 2011) and belonging to the family of poisonous frogs 

(Dendrobatidae). 

 

Spiders were captured and allowed to settle for 72 hours within individual 

60×40×60 cm opaque semi-outdoor cages, enriched with leaf litter, sticks (3-

cm), and 1-cm depth soil layer. Food withdrawal is a common procedure meant 

to homogenize hunger levels among individuals (Persons et al. 2001); I 

standardized a 24 h period of starving prior to any experiment to induce 

maximal behavioural response. Food deprivation during less than 10 days 

appears to cause no detectable detrimental effect on spiders (Barnes et al. 

2002). Anurans were kept (maximum for three days) in separate cages with 

leaf litter material and ad libitum food (Drosophila flies) and water. Each trial 

started when I presented one prey item to each spider; the frog was released 

beneath the litter on the opposite side to the spider position. 2013 experiments 

were conducted under semi–laboratory conditions (25.9± 4.1 °C, 12:12 light-

dark cycle, ambient relative humidity 90.3%). The trials were initiated in 
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darkness at night time (around 19:00) and the cages were checked the next 

morning (around 07:00). Any eaten/non eaten frog was recorded and the 

spider released after being marked to avoid posterior recaptures. After 

terminating an experiment, any prey that remained alive was removed and the 

containers were thoroughly rinsed. 

 

To minimize interdependence, the order of the individuals tested was 

randomized for each predator treatment, and no more than one individual was 

tested during the same run. Each spider and frog was used only once during 

the experiment. A second, 12-day period of experiments was conducted in July 

2014 to examine the repeatability of the results. Semi–laboratory conditions 

for these trials were 25± 2.81 °C, 12:12 light-dark cycle, ambient relative 

humidity 93%). Seventy-six spiders (31 Ancylometes rufus, 27 Phoneutria fera, 

and 18 Avicularia juruensis) were evaluated. To test the effect of both predators 

and prey on the occurrence of a predation event (yes or no), I used a 

Generalized Linear Mixed Model (GLMM) with a binomial link function, where 

the identity of the spider was used as a random effect. The GLMM analysis was 

performed through the lme4 package (Bates et al. 2015) in R software (R Core 

Team c2015). 

 

Results 

 

Geographic distribution and spider pervasiveness in anuran predation 

 

I found of 398 reliable reports of anurans preyed on by spiders. Nearly 70% of 

them were from tropical regions, and 90% of these were from the neotropics 

(Figure 1). Less reports were originated in North America (6%), Australia (4%) 

and eastern and south eastern Asia (1%), and no reports were found from 

Europe or the Antarctic region. Within the neotropics, most events of anuran 

predation occurred in lowland tropical forests floors from Brazil, Colombia, 



 

31 
 

Peru, Ecuador, Costa Rica and Panama. Regarding habitat, most events were 

seen near shallow puddles and creeks, in low vegetation, in the leaf litter, and 

on tree trunks. 

 

Anurans belonging to 97 species and 16 families were reported to be trapped 

and eaten by spiders. The most frequently attacked frogs (n=171;) were 47 

species of tree frogs (family Hylidae). At the level of a single species, I found 12 

reports involving the tree frog Dendropsophus minutus (Hylidae) and 10 of the 

Puerto Rican tree frog Eleutherodactylus coqui (Eleutherodactylidae). 

Regarding the spiders, 72 spider species belonging to 14 families were reported 

as preying upon anurans. Most reports (n=195) involved 20 species of 

wandering spiders (Ctenidae), followed by Pisauridae (n=93 reports of 12 

species) and Theraphosidae (n=53 reports of 13 species). Most of them were 

hunting spiders, particularly in the genera Ancylometes, Phoneutria, and 

Ctenus (Ctenidae), and Dolomedes (Pisauridae); in contrast, less than 5% of 

the records involved funnel-web spiders (Dipluridae) and the particularly large 

orb wavers in the family Araneidae and Nephilinidae. At the level of a single 

species, I found 20 reports involving the fishing spider Ancylometes rufus, a 

large semi-aquatic spider with a nocturnal life-style, which is found near ponds 

or small streams on banks of larger rivers in the tropical forests of Brazil, 

Colombia, Peru and Ecuador (Höfer et al. 2014). 

 

The predation events were overrepresented in a few spiders×anuran 

combinations. Anuran-catching spiders belong to the suborders araneomorph 

and mygalomorph. Most records that included a description of the spiders 

implicated in anuran predation cited hunting spiders (~95%), with only very 

few records involving weavers: funnel-web spiders (Dipluridae) and 

particularly large orb weavers araneids and nephilinids. Wandering spiders 

(Ctenidae) represented the most diverse family with 34 species, followed by 

Theraphoside and Pisauridae (18 and 12 species respectively, Fig. 1). Roughly 
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half of all reported cases (n=189) that identified the spiders hunting and eating 

anurans were in the genus Dolomedes (Pisauridae), Ancylometes, Phoneutria 

and Ctenus (Ctenidae). Although ctenid and pisaurid spiders were the most 

frequent predators of most anurans (Figure 2), ctenid spiders hunted mainly 

hylid, eleutherodactylid, leptodactylid, centrolenid, and dendrobatid frogs. In 

contrast, pisaurid spiders attacked mainly myobatrachid, pipid, and ranid 

frogs. Otherwise, hylids, centrolenids, leptodactylids eleutherodactylids, 

craugastorids, and hylodids were the most important prey for all predators, 

except for two spiders (Ctenizidae and Idiopidae) that captured chiefly 

myobatrachids. So far, the strongest predator-prey associations occurred 

between ctenids–hylids and pisaurids–hylids. The majority of hylids captured 

by spiders represented species that are among the most common frogs in their 

respective geographic region. There is clear evidence that Ctenidae is an 

important predator for most groups of frogs (for example, Hylidae and 

Leptodactylidae), but also the apparent avoidance by Pipidae and 

Myobatrachidae (Figure 3). The family that more frequently came up as a 

predator (Ctenidae), showed a general behaviour in relationship with the prey 

used, while other families of spiders had more specific preferences. 

 

The structure of the network obtained differed significantly from random 

networks (Jordano et al. 2009) and showed patterns of high connectivity, 

where Ctenidae and Pisauridae presented a greater number of associated prey, 

whereas the rest of spider families presented a lower number of predated frogs 

(Figure 3). On the other hand, the value of the specialization (H2) is low, 

indicating greater global specialization of the represented interactions; that is, 

most of the predation concentrated on a few predators. Within the generated 

network, there are frogs such as Cycloramphidae, Pipidae and Dicroglossidae, 

which were only chosen by one predator. The global clustering coefficient of 

the distributions of prey species across predator species was low (0.12), with 

a few nodes of the high level connected with many of the lower level, suggesting 
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a hierarchical structure (Junker and Schreiber 2008). The generality values 

indicate that spiders in dataset are consuming a large number of prey, whereas 

the vulnerability scores suggest that frogs are been predated by few spiders 

(Table 1). These rates represent the average of effective associations between 

spiders and frogs, respectively (Blüthgen et al. 2008). 

 

Co-occurrence and behavioural interactions between spiders and frogs: 

How Important are Anuran Predation? 

 

With regard to the spider and frog co–occurrence in the field, I report 257 

encounters: 107 of anurans and 149 of spiders. The encounters occurred 

within 0–50 m (8.5 ± 0.6 m, mean ± sd) to the nearest water body, and within 

0 to 1057 cm (46.3 ± 23.3 m) of perch height. At low elevation and close to the 

water, the modeled distribution of the Ancylometes spiders overlapped with the 

frog genera Rhinella, Oreobates, Dendropsophus and Ameerega. At 

intermediate elevation, the Phoneutria spiders overlapped with most frog 

genera, with the only exception of Phyllomedusa. At elevations above 2 m, the 

distribution of Avicularia spiders did not overlap with any frog although, 

admittedly, it was probably much harder for the observers to detect frogs at 

this elevation range. 

 

The kernel UD analysis revealed that spiders and frogs did not use the habitat 

uniformly (Fig. 6). The representative ranges (95% kernel range) of spiders and 

frogs were similar in size covering a total area of about 0.25 km2 (estimated as 

the area covered by the three main trails used in the surveys), and showed a 

continuous representative range extending from 0m to approximately 1.50m 

in height, and from 0m to around 50m water distance. Within this range there 

were two core areas (50% kernel range) for spiders and only one for frogs. 95% 

representative ranges of spiders and frogs showed considerable spatial overlap. 

The range shared between both predator and prey was of 65% overlap. Almost 
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all of the two core areas of spiders (82%) and all of the frogs’ core area were 

contained within this shared area. 

 

To what extent do spiders feed on anurans? 

 

In the predation experiment, the selected spider species readily attacked and 

ate anurans, almost entirely; only a pile of bones was left. Ancylometes spiders 

consumed the largest number of frogs, followed by Phoneutria, which 

consumed slightly fewer frogs (GLMM, Estimate =-0.7, P= 0.0405), and 

Avicularia, which consumed significantly less frogs (Estimate =-1.86, P= 

0.0002). Regarding the prey, the toxic frogs were much less often consumed 

than the non-toxic frogs (Estimate =-1.26, P= 0.0001). Also, vegetation frogs 

(Dendropsophus, Scinax, Pristimantis, Osteocephalus, Boana, and 

Phyllomedusa) were more often consumed than ground living toads and frogs 

(Rhinella and Oreobates) (Estimate =2.01, P= 0.0074) (Figure 7). 

 

Discussion 

 

The frequency of reported attacks was differentially distributed across families 

of both predators and prey: a network analysis of specialization evidenced 

significant departure from the null hypothesis of random webs. The major 

spider groups involved in anuran predation events (Ctenidae, Pisauridae and 

Theraphosidae) possess large strong chelicerae capable of piercing the skin of 

vertebrates (Marshall 2001, Uzenbaev and Lyabzina 2009) and are equipped 

with powerful venoms containing hundreds of different neurotoxins, some of 

which are specific to vertebrate nervous systems (McCormick et al. 1993, Jiang 

et al. 2013). Also, wandering spiders are often bigger than most spiders and 

comparatively abundant, which could be related to intraguild pressure and the 

use of vertebrate prey (Lapinski and Tschapka 2013). 
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Specialization (H2) values found for the Bipartite analysis showed 

heterogeneous levels of association between spiders and frogs. There are frog 

species preyed on by a few species of spiders, indicating a global concentration 

of the associations represented in the network (Jordano et al. 2009). Clustering 

coefficient values found indicate a high nesting level, and therefore, high 

redundancy in spider–frog interactions (Peres-Neto et al. 2001, Blüthgen et al. 

2008, Morris et al. 2014). This redundancy seems to be related to the predator 

and prey abundance and overlap, because they are more likely to interact if 

predators face a wide range of prey species. Similarly, abundant prey is more 

likely to have higher predation pressures (Nielsen and Bascompte 2007). 

 

Field surveys revealed that spiders co–occur with themselves and with frogs in 

two general habitats and in a vertical segregation. First, semi-aquatic spider 

species (e.g. Ancylometes) were more often found in the low understory 

vegetation and in the immediate vicinity of water bodies; they probably avoid 

desiccation by spending the day in shelters or on wet substrates near the water 

bodies (Pulz 1983, Young et al. 2005). In those habitats A. rufus cooccurs with 

very high-water fidelity frogs, such as Dendropsophus; and litter frogs like 

Oreobates. Although data on spider predation are limited, I reported 4 natural 

predation events, with D. sarayacuensis and R. margaritifera. Second, 

Phoneutria and Avicularia were found at different heights perched on the 

vegetation.  

 

They frequented leaves and tree trunks where they overlap widely with 

potential prey such as different tree frogs. I found one natural predation event 

involving Avicularia and probably Scarthyla (Hylidae). Generalist predators are 

limited mainly by their tolerance to the environmental conditions of the strata 

or microhabitats (Lapinski and Tschapka 2014), and these species are likely 

to face a much more variable microclimate that potentially requires specific 

ecophysiological adaptations (Wise 1993, DeVito et al 2004, Entling et al 2007). 
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The wide ranges of height and distance to water found for the species studied, 

reflect such potential adaptations within the respective microhabitats.  

 

I found that spiders and frogs have a high degree of overlap in the study site, 

with shared areas used heavily and similarly by both predator and prey. The 

predominance of foraging activity throughout the core ranges and 

representative ranges of both groups suggests that predation rates by 

invertebrates represent an important feeding area in systems with large 

predatory invertebrate communities and abundant small vertebrate 

communities, such as frogs (Nordberg et al 2017). 

 

The behavioural experiments confirmed that, especially ctenid spiders, readily 

attack and consume frogs. An important source of information for many 

spiders is the vibration transmitted through water or solid substrates (Rovner 

and Barth 1981; Barth 1998, Hebets and Papaj 2005, Roland and Rovner 

1983, Quirici and Costa 2007). Frogs produce vibrational cues not only while 

walking or jumping, but also while males utter their advertisement calls during 

the breeding season (see Chapter 3). Also, spiders may be arguably well suited 

to feed on toxic frogs. The spiders in my experiment left carcasses of skin and 

bones after feeding on frogs, and frogs are known to store their noxious 

chemicals in skin glands (Daly et al. 2002, Nelsen et al. 2014). Although 

spiders may need to increase the prey handling time while consuming toxic 

frogs (Toledo et al. 2011), this ability would grant access to a significant 

biomass of prey that is rarely attacked by other predators. This study shows, 

nonetheless, that spiders avoid or less frequently consume poisonous frogs, 

suggesting that they have not completely overcome the deterrent effects of 

some frog alkaloids and peptides. 

 

Wandering spiders are considered to prey predominantly on arthropods 

(Nyffeler and Birkhofer 2017), but growing evidence suggests that small 
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vertebrates may significantly contribute to their dietary niche (Rubbo et al. 

2003, Nordberg et al. 2017, this study). Frogs have been speculated to 

represent a minor proportion of the diet of semiaquatic ctenid spiders (Menin 

et al. 2005), but I have witnessed many events of frog predation by semiaquatic 

ctenids in a single night; it occurred at several Amazonian ponds and 

invariably during the breeding season of anurans (see figure 1 in General 

Introduction and the cover of this chapter). Thus, anurans may well constitute 

a seasonal food source for ctenid spiders, perhaps overlooked by most 

researchers due to the short duration of massive breeding events in pond-

breeding frogs. Feeding on frogs may also be particularly advantageous during 

the mating period of spiders, when the elevated energy and protein 

requirements of gravid female spiders require increased food intake (Nyffeler 

and Pusey 2014). It would be interesting to evaluate whether spiders have 

developed adaptations to take advantage more often of this, probably more 

nutritious prey (Schmidt et. al 2012). 

 

The evidence obtained in this study is compatible with a strong ecological role 

of some spider clades as anuran predators. For the time being, the ctenid and 

theraphosid spiders are considered opportunistic predators of small 

vertebrates (for example, Rubbo 2003, Menin et al. 2005, Nordberg et al. 2018). 

Our results suggest otherwise, which could profoundly impact the population 

dynamics of the frogs they consume. For instance, synchronous 

metamorphosis may have evolved as a mechanism to satiate predatory 

terrestrial spiders, as has been suggested for hylid frogs (Donnelly and Guyer 

1994, Guyer and Donnelly 2005). Synchronous breeding and the selection of 

calling perches may have at least partially evolved under similar pressures (see 

Chapter 3). The species composition and demography of frog communities 

appears to be more influenced by predators (Magnusson and Hero 1991) than 

by the abundance of resources (Folt and Reider 2013). The ecological effect of 

spiders as vertebrate predators may be particularly important in the 



 

38 
 

neotropical forests (Hayes 1983, Guyer 1988, Folt and Lapinski 2017). The 

predation events I analysed here were indeed overrepresented in tropical areas, 

which may well be related to the tropical and subtropical distribution of many 

ctenid and theraphosid spiders (Nyffeler and Knörnschild 2013). 

 

Finally, the capture and consumption of anurans by spiders represents a 

significant departure from the average dietary patterns and predator–prey size 

ratios reported in the literature (Mayntz and Toft 2001, Mayntz et al. 2005, 

Schmidt et al. 2012). According to the optimal foraging theory, predators 

should therefore prefer foods that deliver the greatest value per unit of effort 

or time expended acquiring them (Schoener 1971, Westoby 1978). 

 

Thus, the ability to consume a wide variety of food types can have significant 

advantages for survival and persistence. Predators in a wide range of taxa, 

including invertebrates (Mayntz et al. 2005), supplement their mixed diet 

through selective predation in a restricted range of prey (Kolh et al. 2015, 

Potter et al. 2018). Even if frogs were just occasional prey items for spiders, 

they might represent a substantial nutritional value (Jensen et al. 2011). My 

results provide descriptive, correlative, and experimental evidence suggesting 

an ecological interaction with potentially strong effects on both spider predator 

and anuran prey. I need to further understand the physiological, ecological, 

and evolutionary implications of this relationship. 
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Table 1. Values of network metrics for the predation events association matrices 

of different spider–frog interactions. Significant values correspond to p <0.05). 

All metrics were estimated with the Bipartite package (Dorman et al. 2009). 

 

 obs null mean lower CI upper CI t P 

two-mode cluster 
coefficient 0.12 0.15 0.12 0.17 2.75 2.2e-02 
H2 0.23 0.13 0.11 0.14 -16.08 6.1-08 
t-m cluster.coefficient.HL 0.51 0.64 0.62 0.66 17.84 2.4-08 
t-m cluster.coefficient.LL 0.46 0.51 0.48 0.55 3.49 6.7e-03 
generality.HL 4.97 5.71 5.58 5.83 13.09 3.6e-07 

vulnerability.LL 3.96 4.34 4.25 4.44 9.33 6.3e-06 

 

 

https://bioone.org/journals/ardeola/volume-63/issue-1/arla.63.1.2016.rp7/Birds-in-Ecological-Networks--Insights-from-Bird-Plant-Mutualistic/10.13157/arla.63.1.2016.rp7.full#bibr32


 

Table 2. Summary output of the GLMM models fitted with a binomial 

distribution on the attacked/non attacked data. Spider and frog species, 

and toxicity were used as a fixed factor; and individuals were used as 

random variables. 

 Estimate 
Std. 
Error z value Pr(>|z|) 

(Intercept) 0.68 0.29 2.31    0.02* 

speciesAvicularia -1.85 0.49 -3.76    0.00*** 

speciesPhoneutria -0.70 0.34 -2.04    0.04* 

frogDen/Sci/Pris/Oste/Hyp/Phy 2.35 0.74 3.17    0.00** 

frogRhinella/Oreobates 2.01 0.75 2.67    0.00** 

toxicitytoxic -1.25 0.32 -3.87    0.00*** 

Signif. codes:  0*** 0.001** 0.01* 0.05" 0.1’ 1 

Residual deviance: 231.82 on 196 degrees of freedom 

AIC: 239.82 
 

 

 

 

 



 

Figure 1. Geographic distribution of anuran-catching spiders worldwide. The 

map depicts the locations were spiders were reported to prey on anurans (pink 

dots). The size of the dots indicates the number of reports originated from the 

same geographic region. 

 

Figure 2. Heat map depicting the relative frequency of predation reports with 

spiders as predators and anurans as prey. Each cell of the heat map represents 

the base-2 logarithm of the ratio of the estimated number of predation events 

to its prior expectation, for the spider families (x axis) and anuran families (y 

axis) branches. The included phylogenies denote evolutionary relationships at 

the family level. a) prey and b) predators. 

 

Figure 3. Vertical Bipartite Network visualization of reported predation events 

(N = 398) with spiders as predators (left) and anurans as prey (right). This 

displays the observed interaction strengths, modelled confidence limits and 

whether interactions are stronger or weaker than expected for one consumer 

species at a time. The colours represent the events of predation. The bands 

correspond to the number of links between prey and predators. The width of 

the band represents the strength or importance of the interaction between the 

pair of species. 

 

Figure 4. Distribution of anurans and predator spiders’ perches with regard 

to elevation and distance to the nearest water body. The distribution ranges 

are conservative, since they were obtained using the representative (95% 

kernel range) and 50% (core) fixed Kernel density estimates. 

 

Figure 5. Proportion of different anuran prey over the attack/non attack 12h 

trials. The bars represent the spider response to different prey items. shown 

as percentage volumes of major prey categories consumed. Data are based on 

predation trials of spider species (predator)× frog species (prey). I used 71 



 

56 
 

individuals of spiders: Ancylometes rufus (n=31), Phoneutria fera (n=27), 

Avicularia juruensis (n=18). Prey species comprise: Ameerega (n=20), 

Den/Sci/Pris/Oste/Hyp group (n=49), Phyllomedusa (n=10), Rhinella (n=28). I 

ran a total of 72 trials for Ancylometes, 44 for Avicularia and 84 for Phoneutria.
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Chapter II 

Chapter II: Substrate vibration caused by calling frogs and its 

role as a cue for predatory spiders 

 

 

 

 

 

Ancylometes rufus male preying on Dendropsophus sarayacuensis. Tanimboca 

Reserve in Leticia, Amazonas, Colombia. 

 

 

 

Photo by Patricia Torres 



 

Abstract 

 

The ability of spiders to identify and locate prey depends on reliable transfer 

of substrate-borne vibrations between emitter and receiver. Have been known 

that an increasing number of spiders take advantage of the anurans, being 

able to benefit from eavesdropping to seismic signals, a probable by-product 

of anuran calling. However, localization of a potential prey may be a difficult 

task due to complex transmission properties of substrate. In the present study, 

I investigated the vibrational information content of the frogs calls and the 

transmission properties of different substrates, by simultaneously recording 

audio and substrate vibrations along frog calling perches. I tested that seismic 

signals contain enough information to discriminate between three proven frog 

species (Dendropsophus sarayacuensis, Boana lanciformis and Scinax ruber) 

that were abundant and often co-existed with cursorial spiders in the Amazon 

Rainforest. The analyses confirmed that frogs calling from natural perches, 

produce seismic signals with a narrow frequency bandwidth (below 100-600 

Hz) and low dominant frequencies (250 Hz). They also revealed that the seismic 

signals contain enough information to discriminate between the three frog 

species. Because the content of the information is highly degraded along the 

propagation media, I played recorded substrate-borne signals through four 

natural substrates available for spiders and frogs, and tested if, consequently, 

spiders of the genera Ancylometes, Phoneutria and Avicularia select these 

microhabitats. Substrates have drastically different filtering properties 

depending on the distance. Green leaves and leaf litter passed all frequencies 

and were the most favourable signalling environment. Trunks strongly 

attenuated all frequencies with considerable variability between species. Soil 

showed bandpass properties; attenuating low frequencies. Despite this, 

spiders preferred the experimental microhabitats that best imitated their 

natural foraging perches. Altogether, the results support a scenario where 

spiders would exploit seismic cues not only to locate but also to identify the 
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frog species that calls. Because anurans vary greatly in the toxicity of their 

skin chemical defences, and spiders in our study cannot completely overcome 

them, sensory vibration exploitation could allow spiders to assess the 

profitability of their prey. Further experiments are needed to test whether the 

frogs really use this information. 

 



 

Introduction 

 

Predator–prey interactions promote an often-neglected arms race with regard 

to the sensory modalities used to detect and assess each other (Cronin 2005, 

Otovic and Partan 2009, Davies et al. 2012). The fitness consequences of 

predation, for both predators and prey, suggest that strong selective forces 

have acted to shape sensory exploitation (Moore and Biewener 2015, Schmitz 

2017) as well as the ability to decode the available information from the 

ecological opponent (Schmitz 2008, 2017, Sheriff and Thaler 2014). Mating 

signals are intrinsically conspicuous and often multimodal (Taylor et al. 2011, 

Higham and Hebets 2013, Preininger et al. 2013), which allegedly increase the 

probability to attract potential mates (Uetz G. Roberts 2002, Preininger et al. 

2013). However, conspicuousness and multimodality imply that more 

information is available to potential predators as well (Ratcliffe and Nydam 

2008, Halfwerk et al. 2014). Thus, communication signals, the collateral cues, 

and sensory capabilities, are probably under strong and opposite selective 

forces (Endler 1992, Zuk and Kolluru 1998). 

 

Spiders often co–occur at relatively high densities with anuran breeding 

assemblages (McCormick and Polis 1982, Wells 2007). Many anurans prey on 

spiders yet some spiders have been also reported to prey on anurans (Vitt and 

Caldwell 2014, García–R. et al. 2015, Das et al. 2012, Nyffeler and Knörnschild 

2013, Nyffeler and Pusey 2014) and other small vertebrates as the main mating 

signal (Wells 2007). A predictable by-product of anuran calling behaviour is 

substrate vibration and thereby substrate-borne cues (Lewis and Narins 1985, 

Lewis et al. 2001, Narins et al. 2018), that may well be exploited by these 

predators. Spiders have particularly well-developed mechanoreceptors that 

react to substrate vibration (Barth and Geethabali 1982, Barth 2002, Uetz and 

Roberts 2002, Elias et al. 2004, Hebets and Vink 2007, Uma and Weiss 2010), 

which makes them particularly apt to eavesdrop the seismic cues produced by 

https://www.barnesandnoble.com/s/%22Laurie%20J.%20Vitt%22?Ntk=P_key_Contributor_List&Ns=P_Sales_Rank&Ntx=mode+matchall
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frogs. Despite the frequent co–occurrence of spiders and breeding frogs, the 

sensory ecology of their predator–prey interactions, have been rarely addressed 

(von May et al. 2019). 

 

As in other predator–prey systems, the sensory abilities of the receiver and the 

properties of the propagation medium probably influence the ability of 

predators to detect and recognize their prey (Endler 1992, Elias et al. 2004, 

Devetak et al. 2007, Hebets et al. 2008). Natural selection might have favoured 

the sensory abilities in spiders that maximize the detection and decoding of 

collateral frog vibratory signals. Since frogs utter species-specific 

advertisement calls, spiders could also benefit from seismic signals by 

assessing the profitability of prey, e.g. in relation to body size or frog toxicity. 

To better understand the evolution of those abilities, we should study both the 

characteristics of the signal emitted by the sender, and the transmission 

properties of the substrates used by prey. 

 

Substrate use by spiders is often associated with their ability to perceive 

vibratory signals emitted by potential prey (Barth 1998, Hill 2009, Virant-

Doberlet 2019). One would expect that the ability to select habitats is 

influenced by the structural components of the habitat. Recent works have 

shown that spiders are able to aggregate information about their environment 

and adapt their behavioural responses to these conditions (e.g., prey 

availability -Szymkowiak et al. 2005, predation risk  - Blamires et al. 2007, 

shelter availability - Rypstra et al. 1999, and associated structural components 

to the prey - Lubin et al. 1993, Romero & Vasconcellos-Neto 2004). 

Understanding this process may then shed light on the problem of spider 

extracting information from vibrational signals produced by frogs. 

 

In the present study, I address three hypotheses with regard to the 

transmission of signal vibrations from calling frogs: (i) frogs emit collateral 

https://www.frontiersin.org/people/u/656731
https://www.frontiersin.org/people/u/656731
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seismic information that is available to potential predatory spiders; (ii) because 

calling male frogs probably generate stereotypical vibrations in plants where 

they sit (Lewis and Narins 1985, Caldwell et al.2010), I hypothesized that 

collateral seismic cues allow for the discrimination between frog species; and 

(iii) because information is usually degraded through the propagation medium, 

I measured the degradation of seismic cues through four frequent substrates 

for spiders and frogs, and tested whether spiders select microhabitats that 

benefit the transmission of seismic signals. 

 

Methods 

 

Study animals 

 

The frogs used in the present study were adult males of the species 

Dendropsophus sarayacuensis, Scinax ruber and Boana lanciformis. These 

frogs form nocturnal mating aggregations mostly on vegetation over 

Amazonian wet forest ponds. Males have been observed calling from slightly 

elevated perches (Toft and Duellman 1979, La Riva et al. 1995) and preliminary 

surveys have shown some spider attacks (A. Amézquita, personal 

communication June 15, 2013; this study). In order to better understand why 

these frogs are relatively frequent prey of spiders, I hypothesized that this 

courtship display generates a vibrational signal strong enough to be perceived 

by foraging spiders. Frogs were searched via active sampling at night along 

trails in Tamimboca Forest Reserve. All these sites were visited during the 

warmer, rainy months from December–January 2014, 2015, 2016, and 

January–February 2018. Each located frog was observed during 30–50 

seconds using a red-light LED flashlight in order to select the most active 

calling males for vibration measurements. 

 

https://www.sciencedirect.com/topics/immunology-and-microbiology/anura
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I used adults of three species of spiders selected from preliminary trials: 

Anylometes rufus, Phoneutria fera, and Avicularia juruensis. They are strictly 

nocturnal and active spiders in the rainforests of the Amazon basin. Phoneutria 

can be found on vegetation (frequently on palm trees) and on the leaflitter in 

primary forest areas (Torres–Sánchez and Gasnier 2010, Queiroz and Gasnier 

2017). Ancylometes forages on the ground and low vegetation mainly close to 

aquatic environments, although it can forage far from water bodies (Gasnier et 

al. 2002, Moura and Acevedo 2011). Avicularia is an arboreal 'tarantula' living 

on bushes, tree trunks, branches and palm trees in which it ‘nests,’ also 

inhabiting herbaceous and low growing vegetation (Stradling 1994). Spiders 

were collected 3 days before the trials and were initially housed in individual 

opaque plastic semi-outdoor cages (60×40×60 cm) enclosing moistened leaf 

litter, small plants and trunks as substrate (3-cm), and 1-cm depth soil layer. 

During this period spiders were not fed. 

 

Transmission properties of natural substrates  

 

To estimate the amount of information available from frog calls, I 

simultaneously recorded audio and substrate vibrations along the calling 

perch. I selected frog males that were actively and spontaneously calling, and 

recorded each of them until they left the plant or remained silent and 

motionless during 5 min. Recordings were made on different nights in 2014, 

2015 and 2016, between 19 h and 21 h 30 min. Predominant weather 

conditions in each year were for 2014(24± 2.51 °C, RH 89,9%); 2015 (25± 2.2 

°C, RH 89.1%); and 2016 (27± 2.81 °C, RH 87.5%). To record frog calls I used 

a Sennheiser K6-ME67TM unidirectional microphone attached to Tascam DR-

40 digital recorder (sampling frequencies 44100 Hz at 16-bit resolution), 

placed ~1.0 m in front of the frog. Simultaneously, I measured vibration signals 

along the substrates that were naturally used by frogs as calling perches. For 

this purpose, I used an AP19 accelerometer with flat frequency response from 
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0.5–18000 Hz and weighting 0.14 g (AP Technologies, Oosterhout, 

Netherlands) that was fixed to the calling perch with masking tape at 0.5–2.5 

m in height, and about 25 cm away from the calling frog. The transducer was 

connected with an amplifier/filter apparatus designed for the project, that also 

recorded any signals resulting from the males’ advertisement calls. After 

recordings I measured substrate temperature with an Oakton Infrapro 1 

infrared thermometer, and I captured frogs to measure body weight (Pocket Pro 

Balance; Acculab; ±0.01 g) and snout–vent length (SVL) (Vernier Calliper; 

±0.001 mm). 

 

The acceleration recordings were later digitized using MATLAB software (©The 

Mathworks, Inc., Natick, MA, USA), which were stored as uncompressed WAV 

files (8 kHz sampling rate and 16 bits amplitude resolution). Audio files were 

transferred to Raven Pro 1.5 software (Bioacoustics Research Program 2014) 

to be processed and analysed in sonograms and spectrograms. All frequency 

analyses were conducted using acceleration values of vibratory signals as the 

input parameter. I applied a bandpass filter (lower limit of 5 Hz and upper limit 

of 1.5 kHz; Blackman stop band) to decrease background noise. Before the 

vibration measurements, calls selected were individually normalized (peak 

−1.0 dB, given 0.05 seconds of fade in/out), in order to avoid biases related to 

variation on call unit intensity. 

 

The files generated were analysed in the time and frequency domains, allowing 

variables to be extracted from function of the ‘‘choose measurements’’ menu: 

"Low frequency (Hz)," "High frequency (Hz)," "Q1 frequency (Hz)," "Dominant 

frequency  (Hz)," "Q1 Time (s)," "Q3 frequency (Hz)," "Q3 Time(s)," "Agg Entropy 

(u)," "Average Entropy (u)," "Average Power (dB)," "Band With 90% (Hz)," 

"Centre frequency (Hz)," "Centre Time(s)," "Delta frequency (Hz)," "Delta Power 

(dB)," "Delta Time(s)," "Duration 90% (s)," "Energy (dB)," "F-RMS Amp (u)," " 

Frequency 5%(Hz)," "Frequency 95% (Hz)," "IQR Band With (Hz)," "IQR 
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Duration(s), " “Maximum Amplitude (u)," "Maximum frequency (Hz)," 

"Maximum Power (dB)," "Maximum Time(s)," "Minimum Amplitude (u)," 

"Minimum Time (s)," "Peak Amplitude (u)," "Peak frequency (Hz)," "Peak Power 

(dB)," "Peak Time(s)," "RMS Amplitude (u)," "Time 5% (s)," "Time 95% (s)". In 

addition, I calculated call duration, note duration and interval between notes 

from wave forms obtained. All acoustic recordings were obtained at 16 bits and 

44.1 kHz, and were directly downloaded to a Lenovo computer X240 (Realtek 

High Definition Audio sound card). The WAV files generated were filtered (high-

pass filter, cut-off: 250 Hz, Blackman stop band) using RAVEN PRO, 1.5 

software (Bioacoustics Research Program 2014). I extracted the same temporal 

and spectral properties used on vibration analyses. 

 

Although advertisement calls and breeding site selection of anurans are 

affected by environmental and morphological variables (Gerhardt & Huber, 

2002), given the substrate temperature did not change significantly during the 

measurements, I did not correct temporal variables by substrate temperature. 

Also, I did not consider it as a variable factor that could affect the vibration 

cues transmission. I assumed the results would have been similar to those 

without these control variables. When possible, at least three calls were 

analysed for each individual and the mean for each variable was calculated. 

Finally, I evaluated 39 advertisement calls from 13 individuals of D. 

sarayacuensis, 24 calls from 10 individuals of B. lanciformis, and 21 calls from 

8 individuals of S. ruber. The acoustic and the seismic signals were compared 

using a Discriminant Analysis of Principal Components (DAPC) to estimate the 

amount of lost information and to test whether species–specific frog signals 

could be discriminated on the sole basis of the seismic cue. The DAPC was 

conducted using the R (R Core Team, 2015) package adgenet (Jombart, 2008) 
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Substrate type and degradation of seismic cues 

 

To compare the degree of degradation of seismic cues among four types of 

substrate, I played back the vibrations obtained while frogs were calling (see 

above) and recorded them again at different distances from the playback 

source. Playback vibratory stimuli were generated with Matlab (The 

Mathworks, Natick, MA) using recordings from male D. sarayacuensis and 

male B. lanciformis signals acquired with accelerometry (AP19 APTechnology 

International B.V.) in natural substrates. Recordings were obtained from 3 

individuals of each frog species and transferred to a Lenovo X240 computer 

equipped with Audio Media hardware and software (Realtek High Definition 

Audio) to be processed as indicated above. All measurements were conducted 

under semi–laboratory conditions in January–February 2018 (25.7± 1.6 °C, 

12:12 light-dark cycle, ambient relative humidity 90.1%). Each test was 

conducted between 19:00 and 02:00 h., and was performed in a plastic board 

box (90×40×40 cm), which was filled with the one of the test substrates (green 

leaves, leaf litter, trunk/bark pieces, and soil). 

 

The playback frog stimuli were generated using a mechanical wave driver 

(Model 39-160 Pasco), that was fastened to an adjustable support so that the 

vibrator was suspended pointing down. The vibrator was oriented in the same 

way for recording all substrates, and in direct contact with the substrate to 

approximate the load applied to the mass of a male frog of D. sarayacuensis 

(1.3 ± 0.1 g, mean ± SD, n= 18). or of B. lanciformis (4.2 ± 1.7 g, mean ± S.D., 

n= 13). Audacity (Version 2.3.2; 2014) software was used to construct each 15-

s recording to looped mimicking the natural calling frog rate, considering the 

loop as the vibratory stimulus. I used each recording of 15 s repeatedly to 

simulate the natural calling speed of the frogs. Both the sound volume of the 

computer and the volume of the amplifier were on maximum during playback 

of call vibration cues. The resonant frequency of the wave element was 7 mm 
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peak-to-peak, vibrations to 200 Hz, and the resonant impedance was 8 ohms 

Ω. 

 

The vibration signals were transmitted by assembling a metal rod about 2 mm 

in diameter to the mounting bolt of the oscillator and connected to an amplifier 

designed for the project. I recorded the propagated vibrations through the 

mechanical vibrator’s pin positioned directly on the test substrate, following 

distances of 10, 20, 30, 40, 50 and 70 cm. Pieces of reflective tape (approx. 25 

mm2) were placed in sequence on the substrate, to serve as reference points 

for the accelerometer measurements. The orientation of these positions varied 

somewhat from assay to assay and was guided by the shape of the substrate 

type. For each type of substrate, three replicates per distance were obtained, 

the oscillator was repositioned for each sample, individual vibrations of a frog 

species were randomly presented, and fresh substrate material was introduced 

to incorporate some of the natural variability of the substrates. To measure 

the characteristics of vibration reduction through the substrate, the distance 

of 10 cm point (0 dB attenuation) was normalized as a reference, and the signal 

attenuation was measured by calculate transfer functions for each sample, 

averaging measure at each position using Matlab (The Mathworks, Natick, MA, 

USA) and present gain curves for vibration velocity relative to input signal). 

Signal attenuation was calculated as root mean square (RMS) amplitude of the 

signal (in dB) at different distances (Elias et al. 2010). The attenuation data 

obtained were analysed through analysis of covariance (ANCOVA) with 

substrate as the independent variable, RMS intensity as the dependent 

variable, and distance as a covariate. 

 

Substrate Choice 

 

For the habitat choice trials, a circular arena 1.50 m in diameter was 

constructed from plastic board, and radially divided into four equal segments. 
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Each segment was fortuitously chosen to be filled with one of the four 

substrates described above. Then, I collected fresh samples of the substrate 

material on which spiders were found: green leaves, leaf litter, trunk/bark, 

and soil; and placed them to a depth of ~3.5 cm. To begin each trial, I placed 

a spider under a glass vial in a neutral (i.e. no substrate) zone at the centre of 

the arena, and left it to acclimatize during 20 min. Then, the vial was slowly 

lifted, and the spider was allowed to wander freely around the arena during 2 

h. For each trial, spiders were chosen at random. The experiments were 

videotaped from above under very dim light (Sony Night–shot camcorder DCR-

TRV25, Sony Electronics Inc San Diego, CA 92127 U.S.A); and the videos were 

later used to note the first substrate visited by the individual, and the relative 

residence time per substrate during 2 h. All individuals were used only once, 

and the material substrates were replaced for each trial. All experiments were 

conducted under semi–laboratory conditions in 2014 (25± 2.81 °C, RH 93%), 

2016 (27± 2.81 °C, RH 87.5%) and 2018 (25.6± 4.6 °C, RH 92.5%). Tests were 

conducted between 20:00 and 03:00 h. 

 

I used Compositional Data Analysis CoDA (Aitchison 1986) to test the null 

hypotheses of no habitat selection among the four substrate types, and no 

behavioral differences between the spider species. The individual was used as 

the sampling unit. Only in one experiment did it occur that a particular 

substrate was not used at all by the experimental spiders. To include that case 

in the composition analysis, I rounded that zero with a very low positive value 

(0.0001), lower than the smallest recorded nonzero proportion (Aebischer et al. 

1993). Then, I converted the original compositional data into an 𝛼–

transformation (Alenazi 2019), and processed it through the “Compositions” 

package (Van de Boogaart and Tolosana–Delgado 2008) in R statistical 

environment, version 3.10.1 (R Development Core Team, 2018). 
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Results 

 

Signal Characteristics of the Frogs’ Calling Song 

 

Male frogs produced substrate vibration during calling on every perch surface 

where they were found. Acceleration values of the signals, recorded at a 

distance ~25 cm from the accelerometer, varied from -0.4 to 0.6 ms–2 in D. 

sarayacuensis, from -0.2 to 0.4 ms–2 in B. lanciformis, and from -0.1 to 0.2 in 

S. ruber. The three species showed vibrational patterns similar to the acoustic 

signals, characterized by periodic bursts of vibration energy, and separated by 

quieter periods, although not as clearly defined as the airborne samples 

(Figures 1, 2, and 3). In the three species, frog vibrations were typically striking 

and brief (average 34.9± 1.3 sec for B. lanciformis, 17.2±0,7 sec for D. 

sarayacuensis, and 1.6±2.5 sec for S. ruber), including a complex temporal 

patterning with repeated calls and frequent but short notes. Substrate 

vibrations produced by male frogs had intermediate bandwidths and very low 

frequencies (~0.05 – ~0.9 kHz). Vibrations from D. sarayacuensis males were 

narrower. In contrast, those of B. lanciformis and S. ruber were particularly 

intense with relative broad-band spectral properties.  

 

Regarding minimum and maximum frequencies, D. sarayacuensis averaged 

103.9 ± 32.8 Hz (ranging from 84 to 142.5 Hz; n = 22 calls) and 471.9 ± 28 Hz 

(ranging from 148.4 to 953.1 Hz; n = 22 calls), respectively. B. lanciformis 

averaged 387.2 ± 102.1 Hz (ranging from 281.1 to 851.6 Hz; n = 18 calls) and 

556.7 ± 113 Hz (ranging from 312.1 to 1007 Hz; n = 22 calls). Finally, S. ruber 

averaged 306.4 ± 52 Hz (ranging from 172 to 485.1 Hz; n = 17 calls) and 712.6 

± 99 Hz (ranging from 601 to 908.9 Hz; n = 17 calls), respectively. Power 

spectrum for S. ruber and D. sarayacuensis showed a group of peaks of slight 

amplitude and narrow band (100, 250, 500 Hz and 100, 350 Hz respectively). 

Meanwhile in B. lanciformis had one peak at 800 Hz. 
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DAPC analyses revealed substantial variation among species in main 

parameters measured (Table 1). In the vibrational DAPC, 67.9% of the variance 

is explained by ten first PCs of PCA, and two discriminant eigenvalues were 

retained. The three main components that summarized the variation in the 

traits measured had a significant effect; PC1 (peak frequency; F34.2 = 3.48, P < 

0.0001), PC2 (RMS amplitude; F42.21 = 3.09, P = 0.0005), and PC3 (the duration 

of call; F32,4= 128.27, p < 0.0001). The vibration signal was different enough 

to recognize each species of frog, with a slight overlap.). The first discriminant 

function (DF1) accounted for 73.81% and the second discriminant function 

(DF2) for 7.59% of the variance conserved. In Figure 4a, Linear Discriminant 

1 (LD 1) formed two groups, separating between Dendropsophus, Boana, and 

Scinax. Linear Discriminant 2 (LD 2) separated among species: above 

Dendropsophus, below Boana, and Scinax was roughly at the same level with 

respect to LD 2.  

 

As shown in Figure 4b, airborne component of the calling song DAPC showed 

10 axes that represented that more than 78% of the total variance was 

retained, and two discriminant eigenvalues were preserved. The first 

discriminant function suggests not separate information values among 

species. However, despite overlapping of acoustic traits, the species ellipses 

did not cross the centres. 

 

Frog vibratory signal efficacy on different substrates 

 

Transmission of seismic signals in D. sarayacuencis and, B. lanciformis 

showed best efficiency on green leaves and leaf litter as compared to soil and 

bark/trucks, in which they were scarcely detected. Post hoc analysis indicated 

no difference in attenuation between green leaves and leaf litter, but significant 

differences were found between leaves with soil and trunks; and leaf litter with 

trunks, but not for soil in both species (P< 0.05; Table 2). For each factor, a 
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significant interaction effect was found (substrate, distance; substrate × 

distance interaction). In general, attenuation depended on the frequency with 

overall attenuation increasing at higher frequencies for all substrates. 

Furthermore, substratum types behaved as low–pass filters, since attenuation 

was similar for all types at low frequencies (>300·Hz), and the average transfer 

functions calculated at different distances showed an attenuation increase at 

higher frequencies (Fig. 6a). For green leaves and leaf litter, the general shape 

of the gain curves did not change with distance. Although there was a moderate 

increase in attenuation frequently in leaf litter (Figure. 6b). 

 

Frog vibratory signal efficacy on different substrates 

 

Transmission of seismic signals in D. sarayacuencis and, B. lanciformis showed 

best efficiency on green leaves and leaf litter as compared with soil and 

bark/trucks, in which they were scarcely detected. Post hoc analysis indicated 

no difference in attenuation between green leaves and leaf litter, but significant 

differences were found between leaves with soil and trunks; and leaf litter with 

trucks, but not for soil in both species (P< 0.05; Table 2). For each factor a 

significant interaction effect was found (substrate, distance; substrate × 

distance interaction). In general, attenuation depended on the frequency with 

overall attenuation increasing at higher frequencies for all substrates. 

Furthermore, substratum types behaved as low–pass filters, since attenuation 

was similar for all types at low frequencies (>300·Hz), and the average transfer 

functions calculated at different distances showed an attenuation increase at 

higher frequencies (Fig. 6a). For green leaves and leaf litter, the general shape 

of the gain curves did not change with distance. Although there was a moderate 

increase in attenuation frequently in leaf litter (Figure. 6b). 
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Substrate Type and Habitat Choice 

 

Forty-two individuals of P. fera, 36 of A. rufus, and 22 of A. juruensis were used 

in the substrate choice trials. The distribution of the first substrate visited by 

spiders was significantly different from random for Ancylometes, 58.34% leaf 

litter substrate (𝜒2 = 0.34, P= 0.0025), and Avicularia 67.52% trunk/bark 

substrate (𝜒2= 1.73, P= 0.001; Figure 4). Phoneutria apparently does not show 

first choice for any of the offered substrates. When I pooled all individuals of 

each species, first choice did not depend on sex (female versus male, 𝜒2= 2.8, 

P = 0.36). Likewise, the microhabitat upon which individuals per species were 

observed most often also did not depend on the sex category (𝜒2 =5.92, P = 

0.69). 

 

Analysis of CoDA showed spiders exploited habitats in a non-random manner 

in all trials. Avicularia selected predominately bark/trunks substrate, 

Phoneutria chose mainly green leaves (vegetation), and Ancylometes occupied 

soil substrates (Figure 5). The 𝛼–ratio approach to regression analysis supports 

our hypothesis of strong negative association between Phoneutria and 

Avicularia with soil, as well as of strong positive association between Avicularia 

with bark/trunks, and Ancylometes with soil. Next, green leaves (vegetation) is 

significantly tied to Phoneutria but not to Avicularia, as expected (Table 3). 

Results of the previous regression also showed a negative but not significant 

relationship between Phoneutria and leaf litter. These data support the 

hypothesis that spiders are capable of recognizing different substrates and 

prefer those that transmit seismic signals more effectively. Finally, when I 

separated females from males to analyze potential effect of sex, I did not find 

significant differences in female relative residence time between substrates 

(F2,25 = 1.65, P= 0.041), even given the known low mobility of females 

compared to males (Salvestrini and Gasnier 2001). 
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Discussion 

 

In this study, I conducted an experimental test of whether spiders and frogs 

provide a model to understand how seismic signals from the prey (affected by 

substrate heterogeneity) have an effect on the receivers of these signals. The 

results of this work show that frogs produce notorious vocalizations that can 

be accompanied by vibrational signals transmitted by substrates where they 

unfold (Lewis and Narins 1985, Narins 1990, Narins et al. 2018). In this group 

of organisms, the propagation of sound in the air has been intensively studied 

(Kelley 2004, Christensen-Dalsgaard 2008, Köhler et al. 2017, but the 

components transmitted via the substrate have undergone relatively low 

studies. Some anurans exploit the forest floor as a relatively silent 

communication channel in which the vibrations derived from the acoustic 

signals propagate (Narins 1990, Lewis and Narins 2001). Although there is a 

selective advantage of producing both an airborne and substrate-borne 

component of an advertising signal (Narins 1990), the trade-off is to be more 

"detectable" as potential prey for predators. Spiders often use leaves, stems 

and leaf litter as substrates, through which they transmit and receive seismic 

signals (Hill 2009, Elias et al. 2010). Then, if a spider approaches a calling 

frog, it may perceive this signal, orient and attack. 

 

For a frog to be attacked by a spider, its cue must be sensed and recognized. 

In other words, it must have characteristics that are potentially interpretable 

as "something predable." Experiments in artificial wave stimuli using insect-

generated waves show spiders recognize signals characterized by their high 

frequency components (greater than or equal to 50 Hz), their irregularity with 

respect to amplitude modulation and frequency, and their duration, which in 

many cases exceeds 10 or even 60 s (Bleckmann and Barth 1984; Bleckmann 

1985). Results from the frog vibrational signals propagated through the 

natural substrates suggest that patterns in both of frequency and amplitude 
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components contain the necessary information to be sensed by a foraging 

spider. 

 

In this study, I observed vegetation, leaf litter, soil and trunks that represent 

the most common substrates in the natural habitat of these spiders. Because 

the seismic components of potential prey are critical for survival (Elias et al. 

2003, 2004), it follows that the transmission properties of the substrates are 

crucial. Therefore, the transmission properties entered were consistent with 

the selection of habitat. At distances where the spider is naturally capable of 

recognizing prey, the filtering characteristics of each substrate were different. 

Considering the signal bandwidth of the animal, leaves and litter are the most 

suitable for transmitting frequency information while signals on the ground 

and trunks transmit with significant distortion. Therefore, if this information 

is important, spiders should inhabit these substrates more frequently. 

Although my results show dependence on the substrate, with the sample size 

and the available information, I did not find statistical evidence for a substrate 

choice associated with the filtering properties. The spiders of the three species 

tended to prefer the substrates where they are habitually found, rather than 

the substrate that showed the best transmission properties of the vibratory 

signal of the frogs. This pattern could be consistent with a scenario where 

spiders choose substrates with both prey and shelter (Barth et al. 1988). 

Experiments on two Cupiennius species showed a significant preference for 

bromeliad plants, which included places to hide and where prey was present. 

Plants in this group not only offer hiding places but are also good conductors 

of the vibrations that are so important in a spider's life (Barth et al. 2002). My 

results suggest these spiders do not orient themselves by a single 

environmental parameter, automatically acquiring a whole set of factors that 

are associated with that parameter. Conversely, they perceive and take into 

account several factors at once. 
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Spiders as predators deal with the effects that the channel imposes on them 

(Bleckmman and Lotz 1989, Uetz et al. 2013, Chung and Elias 2014, Elias and 

Mason 2014). In more natural conditions, it is likely that there are many other 

environmental factors that influence the choice of microhabitats and 

movement patterns such as the presence/abundance of prey, predators and 

conspecifics, humidity levels, light levels, among others (Hebets et al. 2008, 

Wiley 2009). For example, the substrate may vary considerably through the 

season as conditions such as humidity and composition of the leaf litter 

(Hebets and Vink 2007). Given the sympatric occurrence of these spider 

species, several authors suggest differences in their use of habitat and limiting 

of resources (Gasnier et al. 2002, Torres–Sánchez and Gasnier 2010, Lapinski 

and Tschapka 2013). The differential use of substrates found, suggest that 

substrate–type influences communication and predatory behaviour in these 

spiders. Furthermore, the high diversity of prey found in these habitats, can 

make the recognition of cues more complex than in environments with lower 

diversity (Portela and Gasnier 2012). My experimental design did not control 

for odour and although it did not appear to pose a problem, future studies 

should attempt to control this variable. The choice of the right habitat is a 

process of fundamental significance for all animals, as it is one of the main 

factors determining their probability of survival. The performance of sensory 

systems, then, must also be evaluated in this context. In addition, further 

study is needed to understand the scale at which these predators respond to 

different habitat features. The question of whether spiders in the field can 

adopt strategies favouring opportunities for predation on particular substrates 

is open. Future work will address this possibility. 
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Table 1. Principal component analysis summarizing variation in collateral 

vibrational information of advertisement calls of three frog species analysed: 

D. sarayacuencis, B. lanciformis and S. ruber. 

 

Call vibration parameters PC1 PC2 PC3 

Peak Freq (Hz)  -0.05 0.11  7.43 

RMS amplitude -0.00   0.00   -1.8e 

duration of call -0.37  -0.55  -4.4e 

IQR BW (Hz)   0.00 -0.05 -1.2e 

Delta Freq (Hz)   0.00 -0.00   5.2e 

Delta Power (dB)   0.00 -0.00 -9.81 

Eigenvalue 3.60 2.30 1.12 

%of variance explained 35.60 32.60 31.84 

 

 

 

 

 

 

 

 

 



 

Table 2. ANCOVA analysis of the influence of variables on substrates 

attenuation (substrate and frog species are categorical variables). 

 

  Estimate Std.Error t value Pr(>|t|) 

(Intercept) 5.89 282451 26432     5.2e-14*** 

substrate 0.64 0.89 0.67     0.47** 

distance 0.68 0.84 1107     0.01 

RMS intensity  0.01 0.81 0.13     0.91 

substrate×distance -0.94 0.17 -5371     4.1e-05*** 

substrate×RMS intensity  -0.76 0.15 -3642     0.00*** 

distance×RMS intensity  -0.73 0.62 -1792     0.29 

substrate×distance×RMS intensity 0.63 0.54 0.78     0.83 

Signif. codes: 0‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘1 

Multiple R-squared: 0.7276, Adjusted R-squared: 0.6746 

 

 

 

 

 

 

 



 

Table 3. Summarized results from substrate type regressions with 

compositional response for spider residence time on each substrate type. 

Compositional data use the α-transformation to deal with presence of zeros 

according to Tsagris et al. (2011). Free parameter α = 0 corresponds to the log 

ratio transformation, and α = 1 corresponds to a linear transformation of the 

data. Significant regression parameters (at α = 0.01) in bold. 

 

Response log(litter): 

  Estimate Std. Error t value Pr(>|t|) 

(Intercept) 0.34 0.59 0.58           0.55 

Subject0avi -2.30 0.94 -2.45           0.01* 

Subject0pho -1.39 0.87 -1.5           0.11 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

Residual standard error: 3.734 on 96 degrees of freedom 

Multiple R-squared: 0.3498, Adjusted R-squared: 0.3363  

F-statistic: 25.82 on 2 and 96 DF, p-value: 1.0e-09 

 

 

 

Response log(soil): 

  Estimate Std. Error t value Pr(>|t|) 

(Intercept) 0.42 0.51 0.81        0.41 

Subject0avi -3.15 0.81 -3.84        0.00*** 

Subject0pho -2.77 0.76 -3.62        0.00*** 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

Residual standard error: 3.25 on 96 degrees of freedom 

Adjusted R-squared: 0.44 Multiple R-squared: 0.46 

F-statistic: 41.02 on 2 and 96 DF, p-value: 1.3e-13 
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Continue Table 3. Summarized results from substrate type regressions with 

compositional response for spider residence time on each substrate type. 

Compositional data use the α-transformation to deal with presence of zeros 

according to Tsagris et al. (2011). Free parameter α = 0 corresponds to the log 

ratio transformation, and α = 1 corresponds to a linear transformation of the 

data. Significant regression parameters (at α = 0.01) in bold. 

 

Response log(trunk): 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) -3.20 0.44 -7.18    1.4e-0*** 

Subject0avi 6.52 0.71 9.18    8.3e-5*** 

Subject0pho 1.32 0.66 2.00    0.04* 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

Residual standard error: 2.818 on 96 degrees of freedom 

Multiple R-squared: 0.59, Adjusted R-squared: 0.58  

F-statistic: 70.31 on 2 and 96 DF, p-value: < 2.2e-16 

 

 

 

Response log(veg): 

 Estimate Std. Error t value Pr(>|t|) 

(Intercept) -0.03 0.63 -0.05          0.95 

Subject0avi 0.89 1.00 0.88          0.37 

Subject0pho 1.76 0.94 1.87          0.02* 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

Residual standard error: 4.00 on 96 degrees of freedom 

Multiple R-squared: 0.27, Adjusted R-squared: 0.26   

F-statistic: 18.53 on 2 and 96 DF, p-value: < 1.5e-07 

 

 

 

 



 

Figure 1. Vibrational and acoustic signals of an advertisement call of 

Dendropsophus sarayacuensis from Tanimboca Reserve, those available for 

the spiders. (a) waveform of both signals, (b) spectrogram, and (c) power 

spectrum showing the relative amount of energy in vibrational signal. 

Spectrogram configuration with FFT size = 4,096 samples and 75% window 

overlap. 

 

Figure 2. Waveform of vibrational and acoustic signals (a), spectrogram (b) 

and power spectrum (c) of an advertisement call composed by a sequence of 

notes of Boana lanciformis, those available for the spiders in Tanimboca 

Reserve. Spectrogram configuration with FFT size = 4,096 samples and 75% 

window overlap. of a vibrational signal. (b) and (c) show just vibrational signals. 

 

Figure 3. Vibrational and acoustic oscillograms of of Sinax. ruber from 

Tanimboca Reserve (a). Vibrational spectrogram (b) and power spectrum (c) 

showing the relative amount of energy in vibrational signal. Spectrogram 

configuration with FFT size = 4,096 samples and 75% window overlap. This 

information is available for foraging spiders. 

 

Figure 4. Discriminant analysis of principal components DAPC (Adegenet; 

Jombart et al. 2008), including 39 temporal and spectral components of a) 

vibration and b) acoustic signals. The plots show the clustering patterns of 

three frog species: D. sarayacuensis (20 individuals), B. lanciformis (21 

individuals) and S. ruber (14 individuals). traits (dots) and species (coloured 

ellipses) are plotted within the orthogonal space defined by the first two PCA 

eigenvalues (inserts). 
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Figure 5. Mosaic plots associating spider species and first choice through 

habitat types in the habitat selection experiments in Tanimboca Reserve. 

Rectangles are proportional to observed frequencies and colour reflects the 

magnitude and significance of residuals from contingency table tests. Habitat 

types included are vegetation, leaf litter, soil, and wood/trunk of saplings. 

 

Figure 6. Proportions of individual spider relative residence time selection by 

substrate type. Habitats are arranged from most to least preferred for each 

species. Colour bars indicate habitat utilization by each individual, and is 

coloured by the proportion of substrate types used by spiders. Proportions are 

estimated from absolute numbers of individuals and the time spent by each 

spider in each habitat, not scaled by total cohort size. 

 

Figure 7. Root mean square (RMS) attenuation of D. sarayacuensis signals 

across natural substrates. Relative dB was calculated using the shortest 

measured point to stimulus (10 cm) as a reference (0 dB). Leaf and leaf litter 

transmit with significantly less attenuation than soil and bark/trunks. a) 

results for vibration (RMS) according to the distance are shown, b) overall 

attenuation at different frequencies 
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Chapter III 

Chapter III: Frog detection by predatory spiders: The role of 

chemical and seismic cues 

 

 

Ancylometes bogotensis female preying on hylid frog D. sarayacuensis in 

Tanimboca Reserve. January 5, 2016. 

 

 

Photo by Patricia Torres 



 

Abstract 

 

The ability of predators to identify and locate prey often benefits from 

eavesdropping the transfer of information between prey sender and receiver. 

Spiders are widely known for using seismic signals in communication whereas 

frogs are best known for the use of auditory signals in similar contexts. Spiders 

have been often observed preying upon frogs around and above the ponds 

where frogs aggregate for mating. I tested here the hypothesis that spiders 

detect, recognize, and approach the seismic cues produced during anuran 

calling. For that purpose, I used two experiments. 1) A Y-maze trial tested 

whether spiders climbed up a branch transmitting frog vibrations, compared 

to silent branches and to branches transmitting white-noise vibrations. 2) A 

two–choice experiment tested whether frogs prefer microhabitats with bimodal 

(chemical + seismic) cues from live frogs rather than microhabitats with only 

chemical frog cues. The spiders differentially approached the branches 

transmitting frog vibrations, and there was no effect of the frog or spider 

species involved. On the other hand, although spiders did not show any evident 

microhabitat preference with regard to frog stimuli, they spent more time 

where bimodal cues were available. Our results strongly support that spiders 

exploit the acoustic communication system of frogs, by eavesdropping the 

collateral seismic cues. They also suggest that this predator–prey interaction 

has been important in evolutionary shaping spider and perhaps frog 

behaviour. 

 

 

 

 



 

Introduction 

 

Many spiders identify and locate their prey using the seismic cues generated 

by them and transmitted throughout a solid substrate (Markl, 1983, Gogala, 

1985, Barth, 2002, Čokl and Virant–Doberlet, 2003). Seismic cues are often 

produced by potential prey during locomotion (Virant-Doberlet et al. 2006, 

Devetak et al. 2007), as collateral which renders prey detection more heavily 

dependent on the movement of prey than on the movement of the very 

predator. Several researches also show that spiders do distinguish between 

vibrations caused by their environment, potential prey, and mates (reviewed 

by Hergenröder and Barth 1983a, b; Barth 2002). Field studies prove that 

spiders receive seismic signals that widely vary in frequency and amplitude 

(Devetak et al. 2007), but the detection and recognition capacity of spiders is 

naturally constrained by the sensory properties of their receptors and the 

transmission properties of the propagation medium. Most evidence suggests, 

however, that prey capture is more often elicited by broadband seismic cues 

(Barth 2002). 

 

A number of experimental studies have demonstrated the ability of arthropods 

to accurately locate a source of seismic cues (reviewed by Virant-Doberlet et 

al., 2006; Hill, 2009), although the underlying mechanisms remain poorly 

known (e.g. Cupiennius salei, Hergenröder and Barth 1983a, b). Spiders possess 

vibration receptors on all of their legs, which makes them particularly suitable 

for directional detection of vibrations (Virant-Doberlet et al. 2006). Between 

legs (i.e. receptors) differences in the amplitude and arrival time of seismic 

cues represent the most evident source of directional information for receivers 

(Virant-Doberlet et al. 2006), particularly when they remain stationary (Barth 

and Geethabali 1982, Hergenröder and Barth 1983a, b). 
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Non web-weaving spiders are found in most terrestrial and many aquatic 

habitats, and therefore exposed to seismic cues propagated through diverse 

substrates; plants are however the most common substrate (Barth 1998, Cokll 

and Virant-Doberlet 2003). Plants are complex structures with regard to 

vibration transmission (Michelsen et al. 1982, Barth 1998, Magalet al. 2000, 

Cocroft et al. 2006, Polajnar et al. 2013, 2014), and degradation in both the 

spectral and time domains (Michelsen et al. 1982, Elias et al. 2004, 2010, 

Hebets et al. 2008). The loss of information during signal (or cue) transmission 

might compromise the ability of predators to detect, identify, and locate the 

potential prey, as has been observed in many other animals (Deventak et al. 

2007, Blamires et al. 2011, Virant-Doberlet et al. 2011). Given plants act as 

frequency filters for the signals traveling through them (Michelsen et al. 1982), 

we assume that selection will favour predators that integrate multimodal cues 

(Elvidge and Brown 2012) emitted by their potential prey. Multimodal signals 

may compensate for environmental constraints on communication, as signals 

in different modalities vary in efficacy. 

 

By integrating multisensory cues (Partan and Marler 1999, Uetz and Roberts 

2002, Hebets and Papaj 2005), spiders could improve their ability to detect, 

identify, and locate potential prey, thereby enhancing their ecological 

performance as predators (Duellman and Trueb 1994, Toledo 2005, Wells 

2007). While the integration of multimodal information has been studied in the 

context of courtship and mating by many spiders (Elias et al. 2010, Higham 

and Hebets 2013, Girard et al. 2015, Uetz et al. 2015, 2016, 2017, Stoffer and 

Uetz 2017), its role during predatory spider–frog interactions remains poorly 

known (Punzo and Preshkar 2002, Long et al. 2016). 

 

Spider foraging and predation involves multiple behaviours and multiple 

signalling modalities: vibration reception, perception of prey odours which may 

bear a chemical signal (Rypstra et al. 2018, Penfold et al. 2017). Many animals 
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release volatile chemicals into the aerial environment, or less volatile chemicals 

that adhere to substrates. If appropriate sensory systems are coupled, they 

become odours used for communication with conspecifics (Brunetti et al. 

2019). Many of these scents are designed to persist, and thereby provide 

collateral information that can be perceived by unintended recipients. Spiders, 

for instance, could eavesdrop chemical signals produced by potential prey 

(Allan et al 1996). Several studies have illuminated the effect of chemical cues 

from predators on foraging activity in spiders that do not build webs to capture 

prey (Punzo 1997; Persons & Rypstra 2001; Persons et al.2002). 

 

Although the literature on spider chemical communication is not nearly as 

extensive, spiders have well-developed chemical senses, and have long been 

known to respond to chemical cues and pheromones (Foelix 2011). Spiders 

use contact receptors or taste hairs found on the tarsi and pedipalps to detect 

chemical cues (Foelix, 1970, 2011; Trabalon 2013). These receptors are 

suspected to be tip pore sensilla (Barth 2002, Trabalon 2013). An adult spider 

can detect both volatile chemicals and substrate-deposited chemical cues 

through direct contact with the environment (Trabalon, 2013). The ability of 

spiders to detect kairomones allows spiders to detect prey from a distance, 

avoid encounters with predators, and select appropriate foraging sites (Nelson 

& Jackson 2011, Uhl 2013). 

 

In previous chapters, I have shown that frog males produced vibrational 

information while calling for mates; also, that the seismic information available 

for foraging spiders suffices to allow discrimination among frog species. 

Moreover, I found that plant leaves were both the most often selected 

substrate, and the one that best transmits the seismic cues. Here, I use 

behavioural experiments to examine the response of spiders to both seismic 

and chemical cues produced by (or mimicking) frogs. Specifically, my research 

questions are: a) Are spiders attracted toward seismic cues that mimic calling 
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frogs and propagate through vegetation? And b) do spiders integrate or, 

alternatively, prioritize a sensory modality (seismic or chemical) during 

detection and approach to frogs’ potential prey? The answer to these questions 

can shed light on how spiders extract and integrate multimodal information in 

its poorly known role of anuran predators. 

 

Methods 

 

Study Animals 

 

Adult spiders of Ancylometes rufus, Phoneutria fera, and Avicularia juruensis, 

were investigated in the vibrational playbacks, and in sensory modality trials. 

I searched for and collected spiders 3 d before the trials’ beginning, in a 

nocturnal survey on terra–firme forests at the Tanimboca Private Reserve. 

Each individual was housed separately in opaque plastic containers (96 L 

volume approx.) with leaf litter, small plants and trunks as substrate. Every 

morning they were moistened by sprinkling rainwater. Given the nocturnal 

habits of these spiders, I conducted all experiments during night time, under 

dim light and moist conditions. During this period, spiders were not fed. For 

each experiment set, spiders were randomly assigned to the treatments. I 

visited all these sites during the warmer, rainy months from December–

January 2014, 2016, and January–February 2018. 

 

In the study about the effect of chemical cues on spider predatory behaviour, 

I used adult males of the species Oreobates quixensis (Craugastoridae). It is a 

medium-sized brown toad with a granular back with scattered warts (Padial 

and De la Riva 2008). This toad is a terrestrial species of primary and 

secondary tropical rainforest and is found in clearings, open areas and banana 

plantations (Padial et al. 2012). In general, anuran species produce and detect 

chemical signals which are available to potential predators (Byrne and Keogh 
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2007; Woodley 2010; Hamer et al. 2011). In addition, my previous predation 

experiments showed this toad was consumed by all spider species. Frogs were 

searched for via active sampling at night along trails in Tamimboca Forest 

Reserve. All these sites were visited during the warmer, rainy months from 

December–January 2014, 2016, and January–February 2018. Each located 

frog was collected and was kept (maximum for three days) in a separate cage 

with leaf litter material and ad libitum food (Drosophila flies) and water. 

 

Spiders response to vibrations produced by frogs 

 

Because calling males probably generate stereotypical vibrations in plants 

where they sit (Lewis and Narins 1985, Caldwell et al. 2010), I hypothesized 

that this display generates a vibrational signal strong enough to be perceived 

by foraging spiders, given that plants are the most common signalling 

substrate or invertebrates (Barth 1998, Cökl and Virant-Doberlet 2003, 

Cocroft and Rodriguez 2005). Spiders in this research have been seen preying 

on frogs in different Amazonian plant species. In addition, in the previous 

chapter, I found plant leaves were the most efficient substrate to conduct frog 

call vibratory signals. Hence, I performed a Y-maze experiment to test whether 

spiders recognize and react to vibrational cues that mimic vibrations produced 

during calling by the hylid tree frogs Dendropsophus sarayacuensis, Sinax 

ruber and Boana lanciformis. In preliminary surveys and colleagues’ 

observations, it was checked that these frogs were indeed attacked by spiders. 

 

Frog vibration stimuli were obtained by recording with an accelerometer (see 

Chapter 2) the substrate vibrations produced during calling by each of six 

males per frog species. The obtained recordings were transferred to a Lenovo 

computer equipped with Audio Media hardware and software. Using sound-

editing software, each 15-s recording was looped mimicking the natural calling 

rate of the frogs, and the loop used as the vibratory stimulus. The amplitude 



 

111 
 

of the frog vibrations could not be increased to match the amplitude of the 

vibrations produced during calling, because of a loss of compliance between 

the leaf and the shaker at higher levels. Thus, the amplitude of the playback 

vibrations was about 3 – 5 dB lower than the naturally produced vibrations. 

Each of the six individual vibrations of a frog species was randomly presented 

to five pre-test spiders, to represent the natural variation in the signals used 

by mating frogs. 

 

The white noise vibration was selected as experimental control, because it 

represents a novel stimulus that should not elicit an adaptive response from 

spiders. A positive response to white noise would indicate that there is no 

specific information content within the frog vibrations, i.e. that spiders react 

to any temporarily patterned vibration. The white noise was generated using 

Raven Pro 1.5 software (Bioacoustics Research Program 2014). I created five 

white noise signals, and paired them with the duration of the vibration of a 

male frog. All white-noise stimuli were filtered out below 5 Hz (Blackman stop 

band) and given 0.05 seconds of fade in and fade out. To control for potential 

covariation in the stimulus amplitude, both the frog and the white noise 

vibrations were normalized to reach its peak amplitude at -1 dB. They were 

then saved as WAV files at 8 kHz sampling rate and 16 bits amplitude 

resolution in MATLAB software (©The Mathworks, Inc., Natick, MA, USA). 

 

I chose three plant species as substrate. This plant type is frequently used by 

P fera and A. rufus, and occasionally by A. juruensis (pers. obs.). In addition, 

the predation events that I (and other colleagues) have reported on the study 

site have also occurred in these species: Anthurium sp. (Araceae), Monotagma 

laxum (Marantaceae) and Bactris sp. (Arecaceae) with petiole diameters raging 

1.8± 0.7 cm for Anthurium, 2.1± 1cm for Monotagma, and 1.2±1.5 cm for 

Bactris. These plants present slightly different geometries, have large leaves 

and hiding places, important characteristics related to capacity to transmit 
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vibrational cues (Barth 2002, Torres–Sanchez and Gasnier 2010). In 

preparation for the Y-maze trials, each plant was denuded of all but two 

petioles and the associated leaflets; an asymmetric Y was thus formed by the 

two uppermost and fully developed petioles. One branch of the Y consisted of 

the lower of the two petioles, and the second branch consisted of the main 

stem and the uppermost petiole. The bottom of the stem was put in a plastic 

container, and filled with soil from the collection site to prevent withering. 

 

The container was then assembled flush with the center of a circular arena 

(~120 cm), and was placed on an elastic material to decrease the effect of 

vibration. To control for directional biases that might result during the 

experiment, each assay was repeated after rotating the plant 180°. Also, to 

minimize visual asymmetries between the branches, I placed white disks (17 

cm in diameter) around but not touching the petioles on each side of the plant. 

To better mimic the natural situation, one randomly chosen branch was 

“silent”, whereas the other transmitted a vibrational signal, either obtained 

from a frog or synthesized as white noise. Each spider was thus tested twice, 

once with frog vibration and once with white noise vibration that served as 

experimental control. In addition, to better mimic the natural variation in 

substrate that the spiders might find in the field, the plants used in the 

experiment, fortuitously vary in branch and limb diameters. 

 

To conduct the playback experiments, the output signal of the computer was 

transferred to a mechanical shaker (Model 39-160 Pasco), connected to an 

amplifier designed for the project, and then transmitted to the plant branch by 

resting a metal rod about 2 mm in diameter. Pieces of reflective tape (approx. 

25 mm2) were placed on the experimental leaf, to serve as reference point for 

the accelerometer measurements. The orientation of these positions varied 

somewhat from assay to assay in relation to species differences. A positive 

response was declared when a spider arrived to the leaf from where the 
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vibrations were played back. A negative response was declared when the spider 

arrived to the opposite branch. Lastly, individuals were declared non-

responsive, and included as such in the analyses, when they remained on the 

plant but did not reach the end of either branch during a maximum time of 10 

min. A different plant of each species with very similar characteristics was 

used for each replicate.  

 

All measurements were conducted under semi–laboratory conditions during 

December–January 2014 (24.7± 2.511 °C, RH 89,9%), December–January 

2016 (27± 2.81 °C RH 87,5 %), and January–February 2018 (25.6± 4.6 °C, RH 

92.5%). Each trial was conducted between 19:00 and 02:00 h. Finally, I tested 

35 individuals of P. fera, 34 of A. rufus, and 24 of A. juruensis. To test whether 

branch selection was predictable from the presence (vs absence) of the 

stimulus, the frog species, and the spider species, I built a generalized mixed 

linear model (GLMM) with a binary link function, using the identity of 

individual frogs and spiders as random effects. 

 

Influence of the interaction of chemical and vibratory cues in prey 

detection 

 

To test whether spiders integrate or prioritize seismic or chemical cues during 

detection and approach to frogs, I conducted two-choice experiments on a 

rectangular arena. The arena (120 × 60 × 40 cm) was built from opaque plastic 

board (AGRIPAK SRL, 1976), and divided into three compartments (Fig. 1). The 

central chamber was intended to contain the spider and was separated from 

the two lateral chambers by vertically sliding doors. In the lateral chambers, 

two alternative stimuli were randomly assigned: one consisting of vibrational 

+ chemical stimuli from an alive frog, whereas the other consisted of only 

chemical stimuli. The whole arena floor was enriched with substrate, leaf litter 

obtained from the habitat where spiders were collected of the spiders. To 
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provide directional seismic stimuli, the arena was mounted a piece of non-

conductive carpet foam and, in turn, on inflated tires. In this way, the main 

source of seismic cues should be transmitted through the substrate and 

originated in one of the lateral chambers. 

 

To provide chemical and seismic stimuli, I used adults of Oreobathes quixensis 

that were removed from their confinements 24 h before each experiment. Two 

frogs were randomly chosen and placed within hanging plastic cages, one per 

each lateral chamber. The thread supporting each cage had no contact with 

the arena, thus avoiding the transmission of olfactory cues from caged frogs. 

At the time to initiate the experiment, the spider was introduced to the central 

chamber, covered with a plastic container, and allowed to acclimatize during 

20 min. The trial began by releasing one of the frogs from its suspended cage, 

and then slightly lifting both doors, which allowed access of the spider to both 

lateral chambers. The caged frog released only chemical cues, while the free 

frog released both chemical and seismic cues, the latter due to hopping on the 

substrate. The initial purpose was for the frogs to vocalize, given the results of 

the experiments in the previous chapters. In this scenario it was necessary to 

include air-borne variable. Then, I collected individuals that generated the 

vibratory stimulus through their movement through the sand in this context. 

 

For each spider, I recorded the first selected chamber, as well as the latency to 

this first choice. The duration of each test was 120 min. To control possible 

biases from the emitted odours in each side, the arena might become saturated 

with the chemical released by the two frogs, thus impeding the spider to 

recognize the odour gradient. Therefore, I used an experimental arena that 

lacked a roof, which impeded excessive concentration of chemicals around the 

spider. 
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Both the frogs and the position of each stimulus were randomized for each 

spider. To remove residual odour cues, the test arena was rinsed with 80% 

ethanol between trials and fresh substrate was used for each test. To minimize 

cumulative effects due to the repeated experience, each spider was tested only 

once. Finally, I tested 37 individuals of P. fera, 43 of A. rufus, and 22 of A. 

juruensis. I used generalized linear mixed-effect models (GLMM) to test 

prediction of multimodal signal choice. Laboratory data were analysed as 

binomial-transformed proportions of choosiness, and the latency to first 

choice. The full model consisted of one fixed (treatment) and (identity of spider) 

as random factor. 

 

Results 

 

Characterization of prey vibrations on spider’s response 

 

The behaviour of responsive spiders included orientation, slow approach, and 

climbing up the plant up to the end of one of the branches. In general, frog 

vibrational cues evoked much more responses of the spiders than white noise 

vibrations (Figure 2). Among the spiders that responded, most selected the 

branch transmitting frog vibrations: 85% in Ancylometes, 70% in Avicularia 

and 63% in Phoneutria, Figure 3). The preference for frog stimuli was indeed 

statistically significant (Table 1). I did not find any evidence supporting that 

the three species of spiders reacted differentially to the vibrations of different 

frog species: A. rufus (𝜒2 = 2.626, df = 2, P = 0.757), nor Avicularia juruensis 

(𝜒2= 2.47, df = 2, P = 0.781), nor Phoneutria fera (𝜒2 = 2.26, df = 2, x1 = 0.732). 

Also, there were no differences in the response rates among the three spider 

species (table 1; 𝜒2-test, df. =1, P =). 

 

On the other hand, the latency of spiders’ reactions was much shorter when 

exposed to frog vibrations compared to control noise (𝜒2 = 18.03, df = 2, p < 



 

116 
 

0.01). However, white noise did not affect spider latency to respond to prey 

(White noise: 𝜒2= 5 0.99, p= 5 0.32). 

 

Cue use in prey location: Responses to the chemical and vibrational cues  

 

Regarding the eventual integration of seismic and chemical cues, the analysis 

revealed differences in the first selected chamber among spiders. In particular 

Phoneutria and Ancylometes presented significantly opposite behaviour. 

Phoneutria chose unimodal (chemical) stimuli more frequently, while 

Ancylometes preferred the chamber with bimodal (chemical + vibratory) 

stimuli. Avicularia showed no evidence of preference. In relation to residence 

time, all spiders spent more time in the chamber with bimodal stimuli (Table 

3). 

 

Discussion 

 

There is abundant evidence that spiders use multiple modes of 

communication, including seismic, that are restricted by distance, 

environment, among other factors (Parten and Marler 1999, Hebets and Papaj 

2005, Higham and Hebets 2013). The studies have also demonstrated the 

ability of spiders to localize the source of vibrations, although there is little 

information about the underlying mechanisms (for reviews, see Virant-

Doberlet et al., 2006; Hill, 2009). My results evidence that spiders not only 

locate vibrations but also recognize them as originated by potential prey and 

react accordingly. Lohrey et al. (2009) had already shown that wolf spiders 

eavesdrop cues from birds as substrate-borne vibrations and they can use 

them to distinguish between potential threats. One completely ignored aspect 

of these abilities is whether they are based on learning or instead inherited by 

the spiders. In any case our data support that frog vibrational signals could be 

associated with the availability of food by the spiders (Kondoh 2010). 
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Another important factor to consider is filtering properties of the various 

plants. My results indicate no effect of different species that I used. Indeed, a 

few authors suggested similar patterns (Barth et al. 1988, Cocroft and 

Rodríguez 2005), although this similarity was not clarified in detail. On the 

other hand, signals could adapt to transmit through particular plants. 

Although I did run playback through the plants spiders do not use, a study by 

Bell (1980) showed that artificial stimuli approximating the vibrational signals 

of tree crickets (Orthoptera: Gryllidae) transmitted with less attenuation 

through the stems of plant species used by calling crickets than through the 

stems of plant species the rickets did not use. 

 

The use of multimodal signalling for communication in some spiders allegedly 

reflects selection pressures for successful spacing or mating across a wide 

range of environments (Hebets et al. 2002). Spiders have also been found to 

use chemical stimuli to detect prey (Persons and Rypstra 2000, Hostettler and 

Nentwig 2006, Johnson et al. 2011). The spiders I studied here (Ancylometes, 

Phoneutria and Avicularia) inhabit tremendously complex environments on the 

spatial scale, which also change over time. Selection pressures might have well 

favoured individuals that combine several sensory modalities to detect and 

pursue profitable prey. In the present study I obtained convincing evidence 

that spiders are able to eavesdrop the collateral vibrations produced during 

frog calling. The relative importance of chemical versus bimodal (chemical + 

seismic) cues for the first choice, however, varied among spider species. This 

result is ambiguous to interpret. I cannot infer that most spiders use olfactory 

cues for prey detection. We cannot even declare that some genera prioritize 

chemical cues, while others require bimodal cues, because I did not replicate 

the experiment in several species of each genus. 
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On the other hand, our data show that all spiders significantly chose the 

chamber that offered bimodal cues (vibration+chemical). This result further 

supports the importance of seismic cues in attracting predatory spiders (see 

Chapter 2). It is known that environmental cues originated from prey playing 

an important role in the selection of foraging sites (Persons & Uetz 1996; Scharf 

& Ovadia 2006). Although our spiders were ambiguous with regard to their 

first choice, they spent more time in chambers where seismic cues were 

available. An explanation to be further tested is that spiders needed some time 

to evaluate the three chambers and then spend more time at the patch 

(chamber) where food appeared to be more abundant; the evaluation of patch 

quality (i.e., food availability) is particularly important for the not so mobile 

predators before selecting foraging sites (Uetz 1992). This is especially relevant 

in a complex environment in which the distribution of prey varies 

unpredictably in time and space (Persons & Uetz 1996). 

 

Finally, the variation inherent to vibrational cues is often large and, therefore, 

I need further experiments to disentangle how spiders decode the relevant prey 

information from the seismic background. As many other researchers have 

expressed, spiders provide an ideal model to study the sensory ecology of 

vibration, both as a communication signal and as a prey cue. I believe that the 

study of multimodal signalling will reveal different scenarios under which 

signals have evolved, and will help us understand the evolution of the form 

and function of these signals and complex responses 

 

.
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Table1. Probability of eliciting approach behaviour in A. rufus, A. juruensis, and P. fera spiders with 

vibrational stimuli from different frog species that differ in the peak frequency. P values test comparisons 

among frog species (last column) or among spider species (last row). 

 

Peak frequency (Hz) 

 D. sarayacuensis S. ruber B. lanciformis P-value within species 

A rufus (%) 54 44 37 0.78 

A. juruensis (%) 39 36 51 0.73 

P. fera (%) 35 33 43 0.76 

p- value between species 0.71  0.43 0.36  
 



 

Table 2. Summary of the binomial generalized linear mixed model (GLMM) 

with regard to the effect of frog vibrations (compared to white-noise vibrations) 

in eliciting spider approach in a Y maze experiment. 

 

Coefficients: Estimate Std. Error z value Pr(>|z|) 

(Intercept) -1.57 0.22 -6.87   6.3e-12*** 

stimulus frog 1.45 0.28 5.15   2.5e-07*** 

Signif.codes:0*** 0.001** 0.01* 0.05‘’ 0.1‘ 

Residual deviance: 328.89 on 281 degrees of freedom 

AIC: 332.89 
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Table 3. Summary of the binomial generalized linear mixed model (GLMM) 

with regard to the effect of stimulus modality (vibration; vibration+chemical) 

in eliciting spider first selection in a two-choice experiment. 

     

Coefficients: Estimate Std. Error z value Pr(>|z|) 

(Intercept) -15.40 0.25 -5.93      3.0e-09*** 

stimuluschemical 0.89 0.33 2.67      0.00** 

stimulusvibration+chemical 14.62 0.32 4.47      7.6e-06*** 

Signif. codes: 0 ‘***’ 0.001 ‘**’ 0.01 ‘*’ 0.05 ‘.’ 0.1 ‘’ 1 

Residual deviance: 367.50 on 303 degrees of freedom  

AIC: 373.5     
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Figure 1. Schematic representation of multimodal experiment design. Test 

arenas used in prey recognition trials (a) spiders were assayed in a partitioned 

container, which was cleaned of odours between trials. Each spider was given 

twenty minutes to acclimatize before the trial began. 

 

Figure 2. Proportions of individual spider responses to vibrational playbacks. 

Each vertical bar corresponds to the individuals that responded positively or 

negatively to the noise or frog stimulus. Width of each vertical column indicates 

relative abundance of each species, and height of each rectangle indicates 

relative frequency of response within frog and noise stimulus. 

 

Figure 3. Mosaic distribution representing the relative frequency of observed 

combinations of the number of spider responses to multimodal behavioural 

experiments. Proportions are estimated from absolute numbers of individuals, 

not scaled by total spiders. The area of boxes is proportional to the relative 

frequency of each spider × stimulus combination. 
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Concluding remarks 

 

 

 

 

Phoneutria fera female resting outside from individual cage 
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Spiders are well adapted to gather information from their environment using 

various sensory modalities. Perceiving and adequately responding to cues on 

prey are especially important since the failure of prey recognition can result in 

decrease in fitness and, ultimately death. Given that prey availabilities can 

vary stochastically, predators often exhibit behavioural flexibility and may be 

exposed to varying densities of nutritionally profitable and unprofitable prey. 

A predator should aim to capture the most profitable prey in the environment 

even if this prey may be costly to a predator. Spiders can consume vertebrates 

more often than expected. However, this interaction has not been properly 

studied. In this dissertation, I synthesized patterns of anurans trapped by 

spiders using an integrative approximation (Chapter one). I found that the 

events of predation are disproportionately concentrated in a few families of 

spiders especially ctenids and hylids, suggesting a potential adaptation to 

capture frogs beyond chance. The few reported cases of toxic frogs involved in 

depredation, matched the results of the predation experiments, since the 

spiders avoiding this type of frogs. I found that spiders exhibited spatial 

patterns of association with resident frogs in ways consistent with aggregations 

of conspecific attraction during study time that coincided with breeding frog 

season. In Chapter two my main hypothesis was whether spiders can detect 

prey relying mainly on vibratory cues, collateral vibration signals from frog 

calls could be available to them. Vibrations caused by prey contain a very 

narrow band energy spike in the spectra between 100 and 600 Hz. In addition, 

I found seismic cues propagate through the substrates spontaneously chosen 

by frogs with different characteristics associated to each species. Finally, I 

found that substrate composition influences the selection by spiders and 

affects the transmission of frog vibrations, being plant and leaf litter the 

substrates that best transmit these signals. This pattern seems to be 

consistent with the habitat choice results, under a scenario where spider 

receptivity is dependent on the relative spectral properties of frog signals, 

specifically low-frequency content and not overall signal intensity. In Chapter 
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three, I performed an experimental study to obtain the information on 

availability and spider utilization of frog vibrational cues. In playback tests, I 

found that a frog vibrational signal was an important factor influencing 

foraging and predatory behaviour of spiders as a directional cue and caused 

positive responses in the three spider species. Furthermore, I examined the 

role of chemical vs. vibration+chemical cues on spider predatory behaviour. 

The results of my behavioural experiments suggest chemical+vibratory cues, 

rather than only chemical, mediate prey recognition by spiders. Interactions 

between predators and prey are not only responsible for a significant amount 

of the current evolutionary diversity, but also drive the transfer of energy 

within food webs and the functioning of ecosystems. In a series of novel and 

innovative experiments, I have shown how an event that seemed isolated 

constitutes a complex dynamic and an interesting challenge for the 

understanding of how natural selection shapes predator–prey interactions. 

Accurate predictions require a detailed understanding of the complexity of how 

prey interacts with predators and the role that biological and physical 

background habitats play in these crucial interactions. 
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Ethics Considerations 

 

All animal handling was carried out in accordance with the current laws of 

Colombia, especially Law 84 of December 27, 1989, which adopts the National 

Statute for the Protection of Animals, creates contraventions, and regulates 

the procedure and jurisdiction.  The work carried out during this study was in 

accordance with the protocol for the use and care of the animals to CICUAL 

related to “Proyecto Semilla” (Universidad de los Andes). I provided an accurate 

description of all procedures used. All efforts were made to ensure the welfare, 

and reduce stress of the animals; with the addition of personal care. All 

persons who were in contact with animals have the general/manipulation of 

living organisms and involves minimal risk to researchers. Euthanasia was not 

planned, but was practiced on animals with loss of well-being for the purpose 

of the study. Possible complications such as bites, did not compromise the 

integrity or health of people who manipulated spiders. 


