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ABSTRACT. Despite the great diversity of small insectivorous mammals and the use of scent gland secretions as a defense mechanism by harvestmen, 
there is no observation about the effectiveness of scent glands against predators such as small mammals. We report a remarkable harvestman defense 
mechanism against a small-mammal attack. When a harvestman and a mouse opossum confronted each other inside a cage, the harvestman knocked out 
the mouse opossum two sequential times before it could attack the harvestman. Although it is a unique observation and there is no information about 
its frequency in nature, this report stimulates the study of agonistic behavior between small, cryptic species, which are difficult to observe in the field.

KEYWORDS. Prey defensive strategy, escape behavior, counterattack, predator attack, Didelphidae.

RESUMO. A difícil tarefa de uma cuíca-de-cauda-curta (Monodelphis) para atacar um opilião (Arachnida: Opiliones). Apesar da grande diversidade 
de pequenos mamíferos insetívoros e do uso de secreções odoríferas como mecanismo de defesa por opiliões, não há registros sobre a eficácia das 
secreções odoríferas contra predadores como os pequenos mamíferos. Relatamos um notável mecanismo de defesa de um opilião contra um ataque de 
um pequeno mamífero. Quando um opilião e uma cuíca-de-cauda-curta se confrontaram dentro de uma caixa, o opilião nocauteou a cuíca duas vezes 
consecutivas antes que ela pudesse atacá-lo. Embora seja uma observação única e não haja informações sobre sua frequência na natureza, este registro 
estimula o estudo do comportamento agonístico entre pequenas espécies crípticas, difíceis de serem observadas em campo.

PALAVRAS-CHAVE. Estratégia defensiva da presa, comportamento de fuga, contra-ataque, ataque de predador, Didelphidae.

Harvestmen are arachnids that have several defense 
mechanisms, including camouflage, aposematism, mecha-
nical retaliation (with spiny legs, pedipalps, and chelicerae), 
autotomy, and release of chemical secretions (Gnaspini & 
Hara, 2007; Pomini et al., 2010; Souza & Willemart, 
2011). Even though there is variation in the chemical nature 
of the scent gland secretions released by different harvest-
man species (Hara et al., 2005), the chemical compounds 
can repel ants, spiders, small frogs, but not large opossu-
ms. Therefore, the success of the harvestman scent gland 
secretions in avoiding predation depends on the predator 
type (Machado et al., 2005). For example, harvestmen 
can defend themselves by producing chemical defensive 
compounds called benzoquinones. Unrealistic dosages of 
these compounds can be harmful to rats under laboratory 
experiments that use an amount thought to be much higher 
than that found in wild harvestmen (Gnaspini & Hara, 2007). 
In the laboratory, small horned frogs, Proceratophrys boiei 
(Wied-Neuwied, 1825), regurgitate crickets soaked with 
harvestman secretions in 80% of cases, but 100% of large 
opossums, Didelphis albiventris Lund, 1840, consumed 
harvestmen (Machado et al., 2005).

Marsupials are small mammals highly diversified 
in the Neotropics (Gardner, 2008) whose main diet is 
composed of invertebrates, such as arthropods. Many 
marsupial species are of small size (less than 100 g in 
body mass), mainly belonging to the family Didelphidae 
(Gardner, 2008; Paglia et al., 2012). Small-sized species 
are usually insectivores or have most of the diet composed 
of arthropods (Paglia et al., 2012; Santori et al., 2012). 
The most speciose marsupial group in the Neotropics is the 
genus Monodelphis, with mean body mass ranging from 11 to 
90 g, with a few species reaching 180 g (Paglia et al., 2012; 
Pavan & Voss, 2016; but see also Pavan, 2019). Species of 
Monodelphis are mostly diurnal and terrestrial, being found 
in forests, savannas, and grasslands (Gardner, 2008; Pavan 
& Voss, 2016). Monodelphis dimidiata (Wagner, 1847) 
(Fig.1) is one of the largest species of the genus (40 to 84g) 
and exhibits extreme sexual dimorphism, with males being 
50% larger than females (Chemisquy, 2015). However, the 
species is relatively small compared to the large-sized genus 
Didelphis (500 to 2,700 g; Paglia et al., 2012). Although its 
diet is poorly known, it relies mostly on arthropods (insects 
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and arachnids), and eventually on mammalian prey, such as 
small rodents (Busch & Kravetz, 1991).

The interaction between harvestmen and vertebrate 
predators is rarely observed, and the few reports are derived 
from laboratory experiments. Some laboratorial experiments 
manipulated secretions extracted from harvestmen, injecting 
it in possible offensive agents like other arthropods, 
flatworms, and rats (e.g. Machado et al., 2005; Gnaspini 
& Hara, 2007; Silva et al., 2018). Therefore, it is unclear 
how such secretions act in nature leading the harvestman 
to escape predation as its last line of defense (Gnaspini & 

Hara, 2007; Pomini et al., 2010). We report for the first time 
the interaction between a large Gonyleptidae harvestman and 
a small-sized mouse-opossum, M. dimidiata. Both animals 
were caught just before the manipulation on the nearby 
forest floor. The effect of harvestman chemical defense on 
small mammals such as M. dimidiata is unknown. Once 
Didelphis, which are larger than Monodelphis, had their first 
attack thwarted by the release of harvestman’s secretions, 
it is expected the effect of such secretions on Monodelphis 
to be even stronger (Machado et al., 2005; Gnaspini & 
Hara, 2007).

Fig. 1. The mouse opossum Monodelphis dimidiata (Wagner, 1847). Photograph by J. J. Cherem.

MATERIAL AND METHODS

Study area. The field observation was performed 
in the forest edge of the Rio Guarani state park (2,230 ha), 
located in the west of Paraná state, Brazil (25°26ʼ20.4ˮS 
53°08ʼ28.1ˮW). The area is covered by the Atlantic Forest, 
a biome with nearly 600 harvestman species, from which 
97.5% are endemic (Pinto-da-Rocha et al., 2005).

Field manipulation. Both the harvestman and the 
mouse opossum M. dimidiata were captured by hand on the 
same day (October 11, 1998) in the forest edges of the park. 
They were inserted in separated cages to rest for some 3 to 4 
hours before the manipulation. During this period, ad libitum 
water was given for both individuals and the mouse opossum 
was fed with fresh worms. The cages where the mouse 

opossum and the harvestman were placed (30 x 30 cm base; 
10 cm high; woody material) could be opened from the above 
(Supplementary Material Fig. S1). This cage architecture 
enabled the observer (NCC) to see clearly inside the cage. 
In the late afternoon, we introduced the mouse opossum in 
the harvestman cage keeping the door open for observation.

RESULTS

The agonistic interaction began just after the mouse 
opossum introduction to the harvestman’s cage. The opossum 
assumed an attack position, with legs slightly inflected 
and head downward oriented to the prey, staying around 
9-10 cm from the harvestman (Fig. 2). Both opossum and 
harvestman were facing each other. Suddenly, few seconds 
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after the opossum introduction to the cage, it staggered 
side to side and finally it fell sideways on the floor (Figs 
3, 4). Although not seen, we recognize that there was a jet 
of secretion probably on the face of the marsupial through 
its smell, as commonly succeeds in cases of jet secretion of 
harvestmen that is difficult to see (Acosta et al., 1993). After 
a few seconds, the marsupial got up and assumed the attack 
position again in the same place of the first attack attempt. 
Again, it staggered side to side and fell sideways to the floor. 
Just after, the opossum got up again and assumed the attack 
position. From the opossum introduction to the cage until 
the last attack attempt, less than 30 seconds passed by. Both 
recuperations of the mouse opossum from the knockout were 
quick – there was no time of unconsciousness on the cage 
floor just after the knockouts. The harvestman remained in 
the same place during all these mouse opossum’s movements. 
After the second scent-gland jet secretion (also recognized 
by its smell) and the quick recuperation of the marsupial 
by assuming the attack position for the third time, it began 
to attack the harvestman by biting its front legs one by one 
(Fig. 5). After the harvestman became immobilized, without 

most of its legs, the opossum attacked its body by biting it 
continuously and ingesting all harvestman’s body except for 
its detached legs (Fig. 6).

DISCUSSION

Although we did not photograph or film this behavio-
ral interaction (because of the lack of equipment for visual 
recording at the time of the manipulation), we could identify 
the harvestman by its characteristics. The harvestman used in 
the manipulation (large size, shorter and stronger legs, general 
coloration, and the pattern of spiny legs and carapace) was 
surely recognized as a species of the family Gonyleptidae 
(G. Machado, pers. comm.), which is commonly found 
in the Atlantic Forest (Resende et al., 2012). The family 
Gonyleptidae is one of the most diversified family of the 
order Opiliones (Kury, 2000, 2003), being usually found in 
scats of opossums D. albiventris and D. aurita (Cáceres & 
Monteiro-Filho, 2001; Cáceres, 2002). Another feature 
of some specific clades within the family Gonyleptidae 
is the ability to squirt the gland secretion as a fine jet,  

Figs 2-6. Agonistic behavior between a harvestman of the family Gonyleptidae and the mouse opossum Monodelphis dimidiata (Wagner, 1847). The 
interaction starts with the mouse opossum in an attack position, facing the harvestman (Fig. 2), then the marsupial staggers side to side (Fig. 3) and is 
knocked out (Fig. 4). This sequence of events is repeated two times, until the mouse opossum assumes its third attack position and attacks the harvestman 
(Fig. 5). The mouse opossum removes the harvestman’s legs one by one to then feed on its body (Fig. 6). Image edited in the Inkscape software.
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even forward, without mixing it with enteric fluid. Although 
this fluid is more effective because it is a pure secretion, it 
is costly to the harvestman (Caetano & Machado, 2013). 
Once not all harvestmen can squirt effectively a secretion 
jet from 5 to 10 cm of distance (Gnaspini & Hara, 2007), 
the fact that our harvestman was ~9-10 cm apart from the 
marsupial (i.e. offending agent) and how the subsequent 
behavior happened also points to its identification as part 
of the family Gonyleptidae (more precisely the subfamily 
Gonyleptinae; G. Machado, pers. comm.). In addition, it 
was very similar to the Gonyleptinae Geraeocormobius 
sylvarum, which is large-sized, found in the litter, uses jet 
secretion as defense behavior, and has distribution in the 
south of Brazil (including the Paraná state) and adjacent 
Paraguay and Argentina countries (Acosta et al., 2007; G. 
Machado, pers. comm.).

The staggering and posterior knockout of the mouse 
opossum two sequential times reveal the power of scent 
gland secretion of the harvestman. Although we could not 
see the secretion jet (as reported by Acosta et al., 1993), the 
literature indicates that some harvestman species throw the 
jet on the face of the offensive agent (Machado et al., 2005). 
The different secretion compounds are thought to be irritant 
to the offensive agent (Gnaspini & Hara, 2007; Pomini et 
al., 2010), repealing most of them (Machado et al., 2005). 
The first or second secretion jets from the harvestman’s 
glands happened without a previous attack of the mouse 
opossum. It suggests that the harvestman was prepared for 
the attack just after the mouse opossum introduction inside 
the cage. This indicates that the harvestman probably had 
experience in escaping predation using this defense due to the 
precision that it used the scent gland to throw the secretion 
on the marsupial.

Even after the two knockouts due to the harvestman’s 
defense mechanism, M. dimidiata stood up and interspersed 
with returns to the safety original distance and started 
to directly and accurately bite each anterior legs of the 
harvestman. Similarly to Didelphis (Machado et al., 2005), 
only the harvestman’s body was consumed by the mouse 
opossum. However, whereas Didelphis uses the harvestman’s 
legs as an aid to feed on its body (G. Machado, pers. comm.), 
the harvestman’s legs were detached one by one before M. 
dimidiata attacked its body. The fact that the harvestman had 
quite all legs detached from the body before the attack to the 
carapace suggests that the marsupial species is habituated 
to this harvestman defense mechanism and had a specific 
strategy to prey on it.

Due to the extreme sexual dimorphism in M. dimidiata 
(Chemisquy, 2015), and the experience necessary to prey 
on a large harvestman, it is likely the observed individual 
was an adult female (40 – 50 g, since males can weigh 84 
g; Paglia et al., 2012). Although large opossums (genus 
Didelphis) that eat harvestman reveal some discomfort 
when ingesting it (Machado et al., 2005), small mammals 
such as M. dimidiata are capable of preying even on small 
rodents like Oligoryzomys and Calomys (Brusch & Kravetz, 
1991). Even though rodents do not have secretions that cause 

discomfort for opossums, their body masses vary between 
15 and 22g when adult (Hodara et al., 1989; Paglia et al., 
2012), being relatively larger comparing to its predator body 
mass, what would be a disadvantage for predation. Thus, this 
mouse opossum is specialized in preying on relatively large 
prey (Blanco et al., 2013), such as rodents and arthropods 
which could be difficult to prey on, exhibiting different 
predatory strategies (González & Claramunt, 2000).

Most small mammals are insectivores and harvestmen 
have an effective weapon for defense against relatively 
large predators. However, the effect of such mechanism on 
small mammals as predators remained unclear until now. 
Although this report was unique and not replicated, it adds 
knowledge about how effective is the defense mechanism 
of harvestmen that uses jet secretion directly toward the 
aggressor, stimulating the study of agonistic behavior between 
small, cryptic species, which are difficult to observe in nature. 
Future research can answer how different species of small 
mammals behave to prey on different species of harvestmen 
and, from the prey’s point of view, how harvestmen have 
adapted to scape predation by different species of small 
mammals.

Supplementary Material. Fig. S1. Illustration of the cage where the 
mouse opossum and the harvestman relied. Image edited in the Inkscape 
software.
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