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Abstract. Harvester species exhibit a diverse array of defenses against predators. In this article, we briefly cover chemical

defenses, coloration patterns, autotomy, aggregations, freezing behavior, bobbing, body vibration, and the production of sounds

that might be used to avoid predators’ attacks. Those defenses are not present in all harvester species and may not deter all

kinds of predators. We discuss how prey-predator interaction may shape the evolution of defenses. Here we focus on stud-

ies that have been done after 2007, and we aim to give a general idea of the knowledge about prey-predator interactions in

Opiliones to date, especially to the general public.
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Predation is a strong selective pressure, and lacking adequate

mechanisms to withstand it may mean death. Therefore, a range

of defensive strategies is expected to evolve, obviously limited

by constraints related to the morphological and physiological

characteristics of prey. Harvesters not only exhibit great morpho-

logical variation but are also attacked by a diverse array of preda-

tors, making them an interesting group for studies on prey-

predator interactions. We will discuss the diversity of defenses

(Fig. 1) that these animals have developed and present experi-

ments that demonstrate their effectiveness. We will give exam-

ples of predators such as ants, spiders, whip spiders, scorpions,

flatworms, onychophorans, toads, lizards, opossums, and bears.

Because the types of defenses vary among main groups within

the order Opiliones, we identify the suborder when appropriate

(Cyphophthalmi, Dyspnoi, Eupnoi, and Laniatores). This review

certainly does not exhaust the subject but is intended to give a

general idea of where researchers worldwide are in the knowl-

edge of prey-predator interactions in Opiliones. Here we will not

focus on studies that have been done before 2007, as there are

excellent literature reviews (Cokendolpher & Mitov 2007; Gnas-

pini & Hara 2007). Many of the defenses mentioned here are also

common to other arachnids, which were reviewed by Pékar &

Raspotnig (2022).

CHEMICAL DEFENSES

Chemical defense is possibly the most diverse way of avoiding

predation (Ruxton et al. 2004). This may be related to the fact

that chemical perception, through olfaction or gustation, is pre-

sent in most animal taxa, including predators (Stevens 2013).

Unlike other arachnids such as spiders and scorpions, harvesters

lack venom glands but produce defensive secretions, generally

referred to as irritants, from a pair of scent glands (Fig. 2; Gnas-

pini & Hara 2007).
Emission of chemicals.—In general, harvesters first emit an

aqueous fluid through the mouth, known as enteric fluid (mainly

water; Gnaspini & Cavalheiro 1998). This liquid travels through

external body channels by capillarity and reaches the opening of

the glands, called the ozopore. Here the chemical secretion is

emitted in liquid form and blends with that aqueous fluid (Hara &

Gnaspini 2003; Gnaspini & Hara 2007). In Laniatores, three

main discharge patterns have been observed so far (Fig. 2; Hara

& Gnaspini 2003; see also Pagoti et al. 2019 for harvesters that

apply chemicals on the aggressor with their legs): (a) emission of

a droplet on each side of the body that does not spread along the

body or emission of volatiles, (b) spread of the chemicals through

the body in different patterns, (c) emission in a directional jet. In

Dyspnoi, the surrounding structure of the glands’ opening is dif-

ferent from other groups of harvesters, at least for the species

studied so far (Schaider & Raspotnig 2009; Schaider et al. 2011;

Raspotnig et al. 2014). In this suborder, the ozopore is inside a cav-

ity; consequently, the types of emission may also be different

(Schaider & Raspotnig 2009). Some species are very resistant to

emitting it, suggesting that in these cases, the chemical secretion

may have other functions than deterring predators (Schaider & Ras-

potnig 2009) or that it is very costly (see below). In Paranemas-
toma quadripunctatum (Perty, 1833), the enteric fluid is believed to

be sucked into the gland reservoir before the diluted secretion is

emitted through the ozopore (Schaider et al. 2011). Another atypi-

cal example of secretion discharge was found in the species Trogu-
lus tricarinatus (Linnaeus, 1767), which releases an unknown

compound in solid form (Schaider & Raspotnig 2009).
Diversity of chemicals among species.—The class of chemi-

cal defenses seems to be tightly associated with harvesters taxa

(Raspotnig 2012; Raspotnig et al. 2017). Therefore, general

trends may be observed for each suborder. In Laniatores, the main

classes are benzoquinones, phenols, ketones, pyrans, alkaloids, and

terpenes (see Caetano & Machado 2013; Raspotnig et al. 2015).

Naphthoquinones, benzoquinones, alcohols, ethyl-ketone, and lac-

tones characterize the chemical defenses of Eupnoi (Raspotnig

et al. 2020), while naphthoquinones and anthraquinones are the

defensive compounds of Dyspnoi (Raspotnig et al. 2014).

Cyphophthalmi mainly produces naphthoquinones and methyl-

ketones (Raspotnig 2012; Schaider et al. 2018). Note that, although

the classes of chemical compounds seem more diverse for Lania-

tores (Fig. 3, Supplemental File S1, online at https://doi.org/

10.1636/JoA-S-22-054.s1), this might be a biased view because this

is the most studied group so far (Fig. 4). Two previous reviews

describe in detail the chemicals produced by each species (Gnaspini

& Hara 2007; Raspotnig 2012).
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Production of chemicals.—Among the classes of chemical
compounds produced by Gonyleptidae, three of them – benzoqui-
nones, phenols, and ketones – share a similar pathway of synthe-
sis. An enzyme called polyketide synthase (PKS), involved in
this process, is not produced by these arachnids, suggesting that
an association with bacteria that produce PKS might exist (Pan-
kewitz & Hilker 2008; Rocha et al. 2013a, b).
Costs of chemical defenses.—The effectiveness of chemical

defenses in arthropods (Roth & Eisner 1962; Pasteels et al. 1983;

Zvereva & Kozlov 2016) is widely acknowledged, but they also
come at a cost, including the resources required for producing
and storing the secretions (Ruxton et al. 2004). Although few
studies have examined the costs incurred by harvesters, they pro-
vide evidence that chemical defense is indeed costly for these
arachnids. For example, Camarana flavipalpi Soares, 1945 only
emits chemicals when subjected to high levels of disturbance.
Reluctance in emitting chemicals is widespread but varies among
species and the aggressor (see discussion below). Additionally, a

Figure 1.—Diversity of defenses against predators present in different suborders of harvesters. The bars indicate the presence of the defense in each

group.

Figure 2.—Patterns of chemical defense secretion in Laniatores. From the left to the right: emission in a droplet through the ozopore (gland open-

ing), emission flows in the lateral channels, (the direction is represented by an arrow), and emission in a fine jet. The chemical defense is represented

in yellow, but not all chemicals are yellow. Illustrated by Vı́tor Marques de Faria.
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study of Magnispina neptunus Mendes, 2011 found that the produc-
tion of benzoquinones is condition-dependent, requiring a good nutri-
tional state to produce a large amount of highly concentrated
chemical defense (Nazareth et al. 2016). The chemical defense of
Acutisoma longipes Roewer, 1913 females carrying eggs is less
effective against ants and spiders than the defense of females without
eggs, suggesting a trade-off between investment in reproduction and
defense (Nazareth & Machado 2015).
Effectiveness of the chemicals against predators.—The mere

presence of a chemical compound in a harvester’s secretion is not
enough evidence that it is a defensive mechanism against predators.
Therefore, experiments that assess the predators’ response to the
compound are necessary. Some of those studies were reported in a
review in 2007, and they have shown that harvesters’ secretion is
effective against ants, spiders, frogs, lizards, and hens but not
against opossums (Figs. 5, 6; Gnaspini & Hara 2007). However, it
is important to ponder that the effectiveness depends on both the
harvester species and the predator species. Several studies with

spiders have produced conflicting results, possibly due to differ-
ences in methods used (e.g., Machado et al. 2005; Souza & Wille-
mart 2011). There are various reasons why predators might still
consume chemically defended prey. Some predators might not find
the chemicals distasteful, while for others, the nutritional value of
the prey might outweigh the cost of consuming the chemicals (Bar-
nett et al. 2012; Skelhorn et al. 2016). The predator’s ability to con-
vert the chemical secretion into its defense mechanism (Saporito
et al. 2012; Wink 2019) might also play a role, although this has
not been observed in animals that consume harvesters. Addition-
ally, in low temperatures or when other prey options are nutrition-
ally poor, predators may choose to consume chemically defended
prey (Skelhorn et al. 2016; Marples et al. 2018).

Compounds with medical interest.—The alkaloid anabaseine,
found in the endemic species Holoscotolemon lessiniense Mar-
tens, 1978 from the southern Alps, has the potential in treating
cognitive loss caused by human diseases, as discussed in Raspot-
nig et al. (2011).

Figure 3.—Diversity of chemical defenses categories in the four suborders of harvesters, identified as of 2021; data collected from PheroBase. The

size of each subsection represents absolute numbers of how many substances belong to each category.
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COLORATION

The coloration of an animal’s body can serve various purposes,

such as helping them find food or mates, or protecting them from

predators (Cuthill et al. 2017). Among these, three strategies are

commonly observed and studied. The first is camouflage, where

the body coloration of an animal blends with the background to

avoid detection by predators (Stevens & Merilaita 2009a; Merilaita

et al. 2017). The background may include green or dry leaves,

twigs, litter, or rocks. The second strategy is aposematism, where

animals use bright colors such as red, yellow, and blue to warn

predators of their toxic or distasteful nature (Mappes et al. 2005;

Stevens & Ruxton 2012; Skelhorn et al. 2016). The third strategy

is mimicry, where non-toxic animals imitate the coloration of toxic

prey to deter predators from attacking them (Ruxton et al. 2004).
Camouflage.—Camouflage can take on different forms to con-

ceal prey. Some species of harvesters, such as Phalangium morio
Fabricius, 1779, Phalangium opilio (Linnaeus, 1758), and Lacinius
ephippiatus (Koch, 1835), present an anteroposterior stripe on their
dorsum that contrasts with the rest of their body. Similarly, Graph-
inotus ornatus Koch, 1839 has green edges on its carapace, which

can create confusion about the body’s boundaries (Fig. 7). These

patterns of coloration align with the concept of disruptive colora-

tion, which suggests that species with patches of contrasting colors

are harder to detect because they break the body silhouette. Thus,

the color patches may be visible to a predator but not perceived as

part of the whole body of prey (Stevens & Merilaita 2009b).

Unlike other forms of camouflage, disruptive coloration does not

rely solely on background color for prey to remain undetected

(Cuthill et al. 2005; Schaefer & Stobbe 2006). Although many har-

vester species are brownish—at least to the human eye—and

appear camouflaged, their coloration only works if they inhabit

habitats with similar colors, such as tree barks, dry leaves, litter,

and rocks. Another type of camouflage seen in harvesters is soil

crypsis (see references in Porto & Pérez-González 2020), in which

glandular secretions on the external parts of the body glue soil par-

ticles to the body and conceal the organism. This has evolved inde-

pendently several times in the group and is absent only in

Cyphophthalmi. Camouflage may also be conferred by association

with cyanobacteria; this was suggested by an observation of cyano-

bacteria in the dorsum of Prionostemma sp., in which the green

coloration blends with the background covered by moss (Proud

et al. 2012, see also Machado & Vital 2001).
Aposematism.—Although red or yellow coloration is uncommon

in harvesters, Leiobunum roseum Koch, 1839 and L. limbatum Koch,

1861 are notable exceptions. These adults exhibit color patterns dis-

tinct from other species from the same genus, with light red and light

orange patches, respectively. Such bright colors may serve as warn-

ing signals, as seen in other arthropods such as ladybugs (Mappes

et al. 2005), indicating to predators that the species is chemically

Figure 4.—Number of species whose compounds from chemical defenses were identified, from each harvester’s suborder until the present time.

Harvesters illustrations by Vı́tor Marques.
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defended. Bright colors can help predators learn and remember
unpleasant prey, distinguishing them from non-defended prey (Ste-

vens & Ruxton 2012). Moreover, L. roseum and L. limbatum are typ-

ically found resting on exposed, gray rocky walls (C. Komposch,

personal observation), which contrasts with what one would expect

from non-defended animals. In fact, they are distasteful, at least to
human taste buds (C. Komposch, personal observation).
Mimicry.—González et al. (2004) observed that the orange-

colored spots in Parampheres ronae (Mello-Leitão, 1927) were

very similar to yellowish quinolinic droplets that other species

discharge. They suggested that these bright spots on P. ronae
could be a form of mimicry, imitating the appearance of
quinone-secreting species that predators find unappetizing

(González et al. 2004), which repels predators. In this way,

predators would avoid any prey looking like the one they

learned to be distasteful. Interestingly, P. ronae is not the only
species to exhibit yellowish spots near the secretion gland open-

ing; Paranemastoma quadripunctatum and Gonyleptellus can-
cellatus (Roewer, 1917; see Fig. 8) also display a similar

coloration pattern.
Predators’ diversity of color vision systems.—Color vision

relies on photoreceptors in the eye that respond to different light
frequencies (Kelber et al. 2003; Jacobs 2012; Baden & Osorio

2019). There are four main ranges of frequency to which photore-

ceptors are sensitive: ultraviolet (UV), blue (B), green (G), and

red (R). While some animals have four types of photoreceptors,

this is not always the case (Kelber et al. 2003; Jacobs 2012;
Baden & Osorio 2019). Among harvesters’ predators, birds and

reptiles typically have all four types of photoreceptors, while

frogs and toads may have up to three types (B, G, and R) plus

two others that are more active in low light conditions (B and G;
Yovanovich et al. 2017). The opossum Didelphis aurita (Wied-

Neuwied, 1826) has two types (UV and G; Hunt et al. 2009),

insects (van der Kooi et al. 2021) and the spider Cupiennius salei

(Keyserling, 1877) (Trechaleidae) (Walla et al. 1996) have three

types of receptors (UV, B, and G; see Fig. 9). In addition to dif-

ferences in sensitivity, other anatomical features can affect color

perception, such as colored oil droplets, which act as spectral fil-

ters, found in birds, reptiles, and amphibians (Baden & Osorio

2019). Understanding the nuances of color vision across species

is critical for comprehending animal coloration and reducing

human biases in color perception. However, we currently lack

quantitative data on harvesters’ colors and predator vision, mak-

ing it challenging to make predictions. Despite this, the striking

colors of harvesters make them an exciting group to study the

role of coloration in defense.

AUTOTOMY

When grabbed by a predator, species of the suborder Eupnoi

often drop one of their legs and flee (Fig. 10). This strategy,

known as autotomy (see Roth & Roth 1984 for discussion on

autotomy vs. autospasy), increases the prey’s chances of survival
by freeing it from the predator and distracting the predator with

the detached leg’s movements (Emberts et al. 2019). Autotomy is

common in the family Sclerosomatidae, and from sampling in

five species, more than a quarter of individuals found had at least

one leg missing (Houghton et al. 2011; Escalante et al. 2013,

2020a, b). Although losing a leg seems harsh, especially consid-

ering that a new leg does not grow back, harvesters cope well

with the loss. For instance, Prionostemma Roewer, 1912 can

recover velocity after two days even when losing three legs

(Escalante et al. 2020a); Nelima paessleri (Roewer 1910) can

maintain the oxygen level after losing one leg (Escalante et al.

2020b); and Holmbergiana weyenberghii (Holmberg, 1876) can

still find food at the same velocity even after leg loss (Escalante

et al. 2013). However, there are costs associated with autotomy.

When the number of legs lost increases to three in N. paessleri,

Figure 5.—Effect sizes computed as Standardized mean differences computed from studies that conducted controlled behavioral experiments to

evaluate the effectiveness of chemical defenses of harvesters from the family Gonyleptidae against predators. Citations of each study are in the first

column (from the left), harvesters’ species in the second column, and predators’ order in the third column. The effect sizes are equivalent to the differ-

ence of survival between the treatment with chemical defense and the control without chemical defense.
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the consumption of oxygen also increases, and the ability to walk

continuously is reduced (Escalante et al. 2020b). The cost of a

reduced walking speed is consistent among different species

when individuals have autotomized legs (Guffey 1999; Houghton

et al. 2011; Escalante et al. 2013, 2020a; Domı́nguez et al. 2016;

Townsend et al. 2017). Climbing speed may also be affected by

leg loss: Leiobunum formosum (Wood, 1868) and L. politum
Weed, 1889 on vegetation occupy lower areas when compared to

their counterparts with all eight legs (Houghton et al. 2011).

Finally, foraging may also be affected by missing legs (Guffey

1999). According to anecdotal observations of neopilionid spe-

cies, it appears that forest-dwelling species are more likely to

autotomize their legs than their counterparts in caves. This obser-

vation could potentially indicate a lower level of predation pres-

sure in cave-dwelling species (Powell et al. 2021).

FREEZING BEHAVIOR

In the presence of a threat, some species of harvesters may

adopt a motionless posture with legs extended or retracted, which

seems to be a common behavior (Fig. 11; Gnaspini & Hara

2007). Freezing has been observed in some gonyleptids sharing

an arena with the scorpion Bothriurus bonariensis (C. L. Koch,

1842) (Albı́n & Toscano-Gadea 2015), in the presence of ony-

chophorans, spiders, and under human manipulation (Machado &

Pomini 2008; Pomini et al. 2010; Cook et al. 2013). Although not

common in Eupnoi, freezing was recently reported in neopilionid

species (Powell et al. 2021). Freezing helps prey to not be

detected by predators but imposes foraging costs (Chelini et al.

2009). Some factors may influence the frequency of freezing;

males of Mischonyx squalidus Bertkau, 1880 freeze less often

than females do, maybe because they can rely on other defenses

such as using spines that are absent in females (Segovia et al.

2019a). Individuals in this species also freeze more frequently

during the day than at night, likely due to the higher chances of

being detected in the daytime (Segovia et al. 2019b).

AGGREGATIONS

Harvesters can form aggregations of varying size and density,

ranging from small and sparse to large and dense (Machado &

Macı́as-Ordóñez 2007). Those groups can be found in hidden and

dim areas (Machado 2002; Chelini et al. 2012), or exposed,

depending on the species (Willemart & Gnaspini 2004; Machado

& Macı́as-Ordóñez 2007; Grether et al. 2014b). The groups may

even be composed of more than one species (Machado & Vas-

concelos 1998; Chelini et al. 2012; Escalante et al. 2022). Har-

vesters may rely more on the chemicals of other individuals of

the same species than on environmental cues to find an aggrega-

tion site, and these sites can be maintained for years (Grether

Figure 6.—Representation of some predators to which harvesters’ defenses have been demonstrated to be effective. The type of defense that is

effective for each predator is in the boxes. Predators from the upper right, clockwise: flatworm (Cephaloflexa bergi), toad (Proceratophrys boiei), ant
(Pachycondyla striata) and spider (Ctenus ornatus). The effectiveness of chemical defenses is usually tested in the absence of the harvester. Illustrated

by Vı́tor Marques de Faria.
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et al. 2014a, b). Advantages of aggregating include (a) increasing

the intensity of the chemical defense odor by summing the secre-

tion emitted by many individuals; (b) the possibility to flee rapidly

due to efficient alarm communication (see Machado et al. 2002 for

discussion of alarm pheromones); (c) reducing the chances of

being found by a predator, because the occurrence frequency of

aggregation is lower than the occurrence of many individuals sepa-

rately (although aggregations are more easily spotted); and (d) and

the lower risk of an individual being captured in a group due to

dilution/confusion effects (Machado & Macı́as-Ordóñez 2007;

Escalante et al. 2022). In aggregations with multiple species those

benefits might vary for the species involved, influenced by their

morphological and behavioral traits (Escalante et al. 2022). Areas

chosen for aggregation are not random; humidity and low light

may be important (Machado & Macı́as-Ordóñez 2007; Chelini

et al. 2011), as may the physical characteristics of the substrate.

For instance, Prionostemma sp. aggregates in trees with spines,

and when these spines are removed, they move to another tree

with spines if available (Donaldson & Grether 2007). The spines

may deter lizards, which were observed once consuming a har-

vester in a tree with no spines (Donaldson & Grether 2007). How-

ever, aggregations may not deter large carnivores, as evidenced by

the presence of harvesters in bear scats. Two out of 180 bear scats

had 62 and 123 individuals of Leiobunum Koch, 1839 (Jones et al.

2016). These numbers suggest these harvesters were aggregated.

Some possible costs of aggregation are (a) conspicuousness

reinforcement, (b) greater resource competition, and (c) higher

chances of infection by pathogens and parasites (Escalante et al.

2022). However, for Prionostemma sp. mite occurrence was

equal for solitary and aggregated individuals (Escalante et al.

2022).

BOBBING

Some Eupnoi species rapidly move their body up and down

upon disturbance, a behavior known as bobbing (Fig. 12; Gnas-

pini & Hara 2007). Researchers have hypothesized that this might

be a defensive behavior, misleading predators about harvesters’

body location, or a potential alarm communication because once

some individuals start bobbing in an aggregation, other individu-

als disperse (Donaldson & Grether 2007; Gnaspini & Hara 2007).

Bobbing was observed more frequently in the presence of a spi-

der than in the presence of whip spiders or onychophorans (Cook

et al. 2013). Harvesters also display this movement upon human

disturbance (Donaldson & Grether 2007; Escalante et al. 2013;

Grether et al. 2014a). However, there is no evidence to support

the effectiveness of bobbing in deterring predators.

PRODUCTION OF SOUND AND BODY VIBRATION

Gnaspini & Hara (2007) have reviewed the literature on the strid-

ulatory apparatus, which refers to body parts that produce sounds

when scraped against each other. These have been described in

Dyspnoi and Laniatores and involve mainly chelicerae, pedipalps,

and legs. Although some harvesters have been seen vibrating when

manipulated (e.g., Pomini et al. 2010; Townsend et al. 2019), the

efficiency of this mechanism has yet to be demonstrated.

DEFENSIVE STRATEGIES DO NOT PROTECT AGAINST

ALL PREDATORS

Historically, part of the literature on prey defenses seems to

imply that all the defensive mechanisms of a particular species are

functional against predators in general. However, prey often face

Figure 7.—Graphinotus ornatus (Gonyleptidae), Brazilian fauna. An example of possible disruptive coloration in which it may be hard to tell where

the edges of the carapace actually are.
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multiple predators with very different predatory strategies. There-
fore, it is expected that several defensive strategies occur, but they
should not necessarily protect against all or most predators. Distinct
selective pressures are expected to be involved in the maintenance

of distinct defensive mechanisms, and harvesters are interesting ani-
mals to study the subject because of their wide defensive repertoire.

A set of studies with Brazilian armored harvesters (suborder
Laniatores) and some of their predators nicely illustrates this

Figure 8.—Gonyleptellus cancellatus (Gonyleptidae), Brazilian fauna. Note the yellow spots next to the ozopore.

Figure 9.—Representation of spectral ranges that can be perceived by potential predators of harvesters. These ranges were based on the color vision

of six species with records of predation or behavioral experiments: opossum (Didelphis aurita; UV and red receptors), frogs (Rana temporaria and

Bufo bufo; blue, green, and red receptors), bird (Turdus merula; UV, blue, green and red receptors), spider (Cupiennius salei; UV, blue and green),

and wasp (Vespula germanica; UV, blue and green receptors). The purple wavy live represents the UV range.
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point. Researchers have shown that chemical defenses were not

used when harvesters were attacked by three species of spiders.

However, the harvesters almost always survived the attacks: 33

out of 33 attacked by the scytodid Scytodes globula Nicolet,

1849, 38 out of 40 by the ctenid Enoploctenus cyclothorax (Bert-
kau, 1880), and 29 out of 34 by the ctenid Ctenus ornatus (Key-
serling, 1877) (Souza & Willemart 2011; Carvalho et al. 2012;

Dias & Willemart 2013). The spiders had in common that they

did not bite specific areas of the body and most often ended up

biting the armor. The authors have therefore raised the harvest-

ironman hypothesis (Souza & Willemart 2011), which states that

the thick cuticle forms an armor that protects these animals

against some predators. They predicted that arthropod predators

that somehow manage to avoid that armor would kill and con-

sume harvesters. The recluse spider Loxosceles Heineken &

Lowe, 1832 supported this prediction by attacking vulnerable

parts of the armor such as the tips of the legs and articulations,

and being successful (only 7 out of 38 harvesters survived

attacks; Segovia et al. 2015a). A scorpion that attacked another

vulnerable part (mouth) also successfully consumed most of the

armored harvesters (23/58 harvesters survived; Albı́n & Toscano-

Gadea 2015). Harvesters with similar defenses but with a soft

exoskeleton should also be preyed upon by those spiders that do

not avoid the armor, as was supported by large but immature

harvesters, with thin cuticle (0 out of 9 survived; Dias & Wille-
mart 2013). Anecdotal observations with 10 pairs of spiders that
jump on the harvesters and do not select specific spots to bite
have shown that these are also usually not successful (RHW, per-
sonal observation). Taken together, these data corroborate the
harvest-ironman hypothesis.

Chemical defense, surprisingly, was not even used against
deadly recluse spiders (Segovia et al. 2015b) and was sometimes
used but ignored by scorpions (Albı́n & Toscano-Gadea 2015). It
was later shown, however, that chemicals are actually used (15/
32 observations) and successfully repel predatory flatworms,
against which the armor is useless (Silva et al. 2018). Other
defensive mechanisms, such as pinching with spines on legs IV,
have been observed against ctenids and recluse spiders (Fig. 13;
Dias & Willemart 2013; Segovia et al. 2015b). Spines may perfo-
rate the integument of the predator and startle it but do not kill it.
Pinching with legs IV (Fig. 13) was also successful in repelling
flatworms and sometimes cutting them into two pieces (Silva
et al. 2018).

In summary, the armor protects against some spiders, but
not all, and certainly not against flatworms. As for chemicals,
even if droplets experimentally applied to spiders may repel
some of them, chemical defense is seldom used against spi-
ders, even the deadliest ones (Segovia et al. 2015a). However,
it is usually used successfully against flatworms. Pinching with
legs IV is efficient against both, but also rarely used against
spiders.

Several questions on when/which context/against which preda-
tors harvesters should use their defense are still open. For exam-
ple, several species secrete chemicals when handled by the body
but not by the legs, likely because chemicals are costly and vola-
tiles may be inefficient. However, what about when the predator
kills the harvester in 82% of the attacks by biting its legs, and the
harvester species involved could have sprayed the defensive
chemicals (Hara & Gnaspini 2003; Segovia et al. 2015a)? Why
are the scent glands not used in this scenario? We can also con-
sider spiders that do attack the body such as Ctenus ornatus: It
killed harvesters in only 15% of the attacks, but dying is one of
the ultimate costs. Why did harvesters not use their chemicals? It
remains unclear how physiological features such as hunger, the
amount of secretion a harvester has stored, predator density (i.e.,
the probability of encountering future predators), or the stimuli
provided by the predator influence which defensive mechanism
will be used. While these questions are still unanswered, the
increasing number of researchers studying these animals is likely
to shed light on this scenario in the future.

Figure 10.—Harvester from the suborder Eupnoi with leg III

detached.

Figure 11.—Harvester in a motionless posture with legs retracted.

Illustrated by Vı́tor Marques de Faria.

Figure 12.—Schematic representation of a harvester from the subor-

der Eupnoi, moving the body up and down, behavior known as bobbing.
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