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Abstract Ricinuleids are considered one of the most enigmatic and neglected arachnid
orders. The low diversity and poor local abundance of several species, makes the study
of most aspects related to biology and behavior of this group very difficult. Most of the
current knowledge related to ricinuleid biology relies on anecdotal observations. So far,
no published studies exist that describe in detail ricinuleid behavior. Here we present
the behavioral repertory of a ricinuleid, the Neotropical species Cryptocellus narino.
Eighteen individuals (six males, six females and six immatures) were examined under
laboratory conditions to describe and quantify their behavioral repertory and its vari-
ation along the day. The behavioral repertory in males exhibited a higher number of
behavioral acts when compared to females and immatures. The most frequent
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behavioral categories were “resting”, “exploring” and “feeding”. “Resting” was the
most common behavior during the photophase, while “feeding” and “exploring” were
the most common during scotophase, suggesting this species is predominantly noctur-
nal. This study also provides behaviors previously not known for this group as well as a
description of the daily schedule. We expect this work will become a baseline study for
further research on ricinuleid ethology.

Keywords Ethogram . daily activity . neotropical . hooded tickspiders

Introduction

Arachnids of the order Ricinulei (hooded tickspiders) are a very peculiar group. They
exhibit unique morphological modifications such as the hood-like cucullus covering the
mouthparts dorsally as well as the sexually dimorphic third pair of legs in males which is
modified for sperm transfer (e.g., Platnick 2002). Most studies about this group,
including the most recent publications, have mainly focused on its taxonomy (e.g.,
Botero-Trujillo 2014; Valdez-Mondragón and Francke 2011; Tourinho and Saturnino
2010; Tourinho et al. 2014), ultrastructure (e.g., Talarico et al. 2006, 2008, 2011),
biogeography (e.g., Murienne et al. 2013) and ecology (e.g., Barreiros et al. 2005),
while other aspects remain unknown. Indeed, the behavior of ricinuleids relies mostly on
occasional observations without detailed analyses of the behavioral patterns.

The main studies about the behavior of ricinuleids have focused on general character-
ization of feeding and mating behaviors (Pollock 1967; Cooke 1967). Ricinuleids prey on
a wide variety of invertebrates such as dipteran larvae, enchytraeid annelids, nematodes,
spiders and termites (Platnick and Pass 1982). Although some species reject dead items,
others include carrion and feces in their diet (Mitchell 1970). Similarly, the observations
about mating behavior are scarce and focused mainly on the functional aspects of
ricinuleid genitalia. Ricinuleid mating occurs after the male encircles the female using
its leg and grasps it in a position similar to the “amplexus” of amphibians (Pollock 1966;
Legg 1977). This position enables themale to insert one of its copulatory organs (modified
metatarsus and proximal two tarsomeres of the third legs) for the purpose of sperm transfer
into the genital opening on the ventral side of the female. Descriptions about the defensive
behaviors of ricinuleids include the display of thanatosis and the production of anal
secretions by a rectal gland (Pollock 1967; Legg 1977; Talarico et al. 2011).

The behavioral catalogues or ethograms are important tools for biologists and
behavioral ecologists, since they allow standardizing the description and nomenclature
for a given set of behaviors of a particular species. Indeed, ethograms work as a starting
point for species-oriented behavioral research, (e.g., Lehner 1996; MacNulty et al.
2007; Fagen and Goldman 1977). The use of behavioral catalogues has allowed
unveiling some complex behaviors such as the division of labor in social insects
(e.g., Santos et al. 2005).

Among arachnids, behavioral repertories have been widely used in order to
describe the basic behavior of some poorly known groups. These include scorpions
(Mineo et al. 2003), schizomids (Alves de Oliveira and Lopes Ferreira 2014),
harvestmen (Osses et al. 2008; Pereira et al. 2004) and pseudoscorpions (Tizo-
Pedroso and Del-Claro 2011). The description of their basic behaviors turned out
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to be useful as background for further studies related to parental (e.g., Nazareth
and Machado 2009) and social behavior (e.g., Tizo-Pedroso and Del-Claro 2011),
systematics (e.g., Caetano and Machado 2013), as well as sexual selection (e.g.,
Willemart et al. 2009). Nevertheless, the current knowledge about the behavior of
many arachnid orders is still scarce and in many cases only based upon anecdotal
observations about specific behaviors.

Due to the evident lack of information related to the biology and behavior of the
ricinuleids, the aim of the present study is to describe the behavioral repertory of this
order. We carried out this work using the species Cryptocellus narino Platnick and Paz
1979, an epigeal Neotropical species that is widely distributed in Colombia (Platnick
and García 2008). We used individuals of different sex and age. Additionally, we
describe the activity schedule of C. narino based on the variation of the behavioral
repertory along the day.

Material and Methods

Field Capture and Rearing

Individuals of C. narino were collected between June and July of 2007, in a secondary
forest found in the urban zone in the city of Ibagué, Colombia (4° 25′ 52″N, 75° 11′ 19″
W). Eighteen individuals (six males, six females and six tritonymphs) were used.
Individuals of other nymphal stages were not used because of their low local abundance
on the collecting sites. Most individuals (n=12) were found associated to termite
mounds. The remaining individuals were found under logs and rocks. We used small
sample sizes for the behavioral observations because most ricinuleid species are
considered uncommon and only few species have been reported to be locally abundant
(e.g., Tourinho et al. 2014).

After collection, individuals were placed together inside a terrarium (20 cm
width × 30 cm length × 20 cm height) since C. narino has gregarious habits in
nature, and it is found in groups which include up to 26 specimens (García
2007). The terrarium was filled with previously sterilized soil, logs and rocks
collected from the sampling locality. Temperature (25±3 °C) and humidity (70±
10 %) were held constant during the study. Photoperiod was kept for a
12 h:12 h light:dark cycle. During the night, we observed individuals under
red light, since it is known that several arthropod species are not able to
perceive this light spectrum (Fleissner and Fleissner 2001). In order to distin-
guish each specimen, individuals were marked on legs and abdomen using
water paint, following methods used by Hagler and Jackson (2001).

We performed preliminary trials to test prey consumption before starting the behav-
ioral records. On these previous essays, several individuals of different arthropod
groups found in association to ricinuleids, namely collembolans (Collembola:
Symphypleona), termites (Isoptera: Termitidae) and thysanurans (Thysanura:
Nicoletiidae) were offered as food items. Termites were the only food item readily
accepted by all individuals, so we used them as prey in all further behavioral observa-
tions. Voucher specimens were deposited in the biological collection from the Centro
de Biosistemas, Universidad Jorge Tadeo Lozano.
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Analyses of Behavioral Repertory

To characterize the behavioral acts and units of ricinuleids we performed initially 60 h
of ad libitum observations (Stamp Dawkins 2007) using all available individuals at
different times of the day. After we had characterized the behavioral repertory, we
evaluated behavioral completeness. To do this, we randomly chose an individual and
observed it during one hour following the “all occurrences focal animal recording”
method (Martin and Bateson 2007). We repeated this procedure 15 times per each
group (males, females and tritonymphs) totalizing 15 h of records per group and 45
observations.

All individuals were recorded at least once and we observed them on different time
periods, namely photophase (10:00–12:00), transition photophase/scotophase (17:00–
19:00) and scotophase (22:00–0:00). Night observations were recorded using a Sony
DCR-TRV480 video camcorder in nightshot mode to improve visibility under logs and
other hidden places in the terrarium. To elicit feeding behavior, we placed 18 termites
inside the terrarium 10 min before each observation, and subsequently recorded all the
activity related to feeding.

Behavioral completeness was evaluated using the method suggested by Dias et al.
(2009) where new behaviors are recorded as a function of the observation period. This
method is particularly useful to describe the relationship between the sampling effort
and the behavioral observations, since the probability of adding new acts decreases
with the number of recorded behaviors, graphically the behavioral completeness can be
visualized by using asymptotic curves (Lehner 1996). The recorded proportion of the
behavioral repertoire is estimated as the ratio between the total number of observed
behaviors and the predicted number of behavioral acts, the latter parameter can be
obtained by using a non-linear regression on the data, which is fitted to the Clench
equation (Dias et al. 2009). Non-linear curve fitting and parameter estimation were
performed with the R statistical software version 3.1.1 (R Core Team 2014).

Behavioral Quantification

In order to quantify the behavioral repertory, we used the method suggested by Osses
et al. (2008), where the behaviors of specimens are recorded on different time points.
To register the individuals, one hour is chosen (between 0:00 and 23:00) and divided
into 60 intervals of one minute. For each minute, an individual is randomly observed
and the behavioral act displayed is recorded using the “fixed-interval time point
sampling” method (Martin and Bateson 2007). This method allowed us to evaluate
the change in the different behavioral categories along the day and the incidence of
each evaluated group on behavioral categories. This approach also reduces the
pseudoreplication, by registering randomly one individual at a time. All observations
including those related to mating, were carried out with all the individuals together.

We left a period of 24 h between two successive observations. At the end of each
observation period, 60 records were obtained. This procedure was repeated twice per
each day hour, so at the end of the study we had recorded the individuals for 48 h. Data
were analyzed using a generalized linear mixed model with a Poisson error structure
and a log-link function (Zuur et al. 2009), because individuals were recorded repeat-
edly. We used the behavioral category, group (male, female, immature) and day phase
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(photophase, scotophase) as explanatory variables and the number of behavioral
records as response variable. We evaluated the incidence of each explanatory variable
as well as all the possible interactions. Data were analyzed using R statistical software
version 3.11 (R Core Team 2014).

Results

Behavioral Completeness

After performing the ad libitum observations we found that the behavioral repertory
was composed by 15 behavioral acts grouped into seven categories (Table 1). The
highest number of behavioral acts was found in males (n=14), followed by females (n=
12) and immatures (n=12). Although some behaviors related to mating like the
courtship behavior or reproduction like egg laying were not observed, the behavioral
completeness percentage was high in all the evaluated groups being 90 % for imma-
tures, 91 % for females and 92 % for males. In all the cases, the most representative
fraction of the behavioral repertory was reached after 6 h of observation (Fig. 1). The
most frequent behavioral categories are illustrated in Fig. 2. The total number of records
for each behavioral act is shown in Fig. 3.

Behavioral Quantification

We did not found a significant interaction between the group and behavioral category
(χ22=2.79, P=0.24). Nevertheless, analyzing the grouped behavioral categories
revealed significant differences between them (χ25=1617.97, p<0.01). The most
frequent behavioral categories were “resting”, followed by “exploring”, “feeding”,
“interacting” and “mating” (Fig. 2). The category “grooming” was excluded from the
analysis because it had a very low frequency (<0.5 %) when compared to other
categories and occurred only in males, causing a bias in the data analysis. The
frequency of each behavioral act per category is shown in Table 1. The individuals
performing the three most frequent behavioral acts are illustrated in Fig. 4.

There was a significant interaction (χ25=625.57, p<0.01) between the frequency of
behavioral categories and the time of the day (Fig. 5). Individuals of C. narino, were
observed “resting” during most of the photophase, while other categories such as
“exploring” and “feeding” were significantly more frequent during the scotophase,
other categories such as “interacting” and “mating” did not show significant differences
along the day. These results, confirm that C. narino is a species with a predominantly
nocturnal activity. The daily activity schedule is displayed in Fig. 6.

Discussion

The repertory of the studied ricinuleid was smaller compared to other arachnid species.
For example, the social pseudoscorpion Paratemnoides nidificator presents a very rich
behavioral repertory composed by 95 behavioral acts (Tizo-Pedroso and Del-Claro
2011). Some solitary species such as the harvestmen species Neosadocus maximus, and
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Ilhaia cuspidata have a catalogue composed of 32 and 20 acts respectively (Osses et al.
2008; Pereira et al. 2004). Arachnids with smaller behavioral repertories include the

Table 1 Behavioral categories of the ricinuleid Cryptocellus narino based on the observation of 6 adult
males, 6 adult females and 6 immatures

Behavioral act Description

1. Exploring

Roaming The individual touches the substrate using the two first
pairs of legs and the pedipalps while moving.

Substrate exploration The individual touches the substrate using the two first legs
and the pedipals without walking.

Substrate manipulation The ricinuleid grabs small rocks with cucullus and
pedipalps without walking.

2. Interacting

Conspecific contact The individual touches conspecifics using the pedipalps
and the two first pairs of legs.

Fighting for food Two or more individuals grab the same prey and each tries
to push back the rivals using the second pair of legs and pedipalps.

Food sharing Two or more individuals feed simultaneously on the same
prey item, without pushing back conspecifics.

3. Cleaning

Grooming The individual puts the distal parts of the pedipalps or the
legs inside the preoral cavity and removes soil particles from
the surfaces with its mouthparts until the tips of the appendages
are reached.

4. Feeding

Walking with food The individual walks while carrying one prey item with chelicerae,
cucullus and pedipalps

Feeding on the same place The ricinuleid manipulates the prey using the cucullus,
chelicerae and pedipalps without walking

Overfeeding The ricinuleid feeds simultaneously on two prey items while
avoiding contact with other individuals.

5. Mating

Male mount The male ricinuleid displays an Bamplexus^ position, placing over
the female while inserting the modified tarsomeres of a third leg
into the female genital opening

Mount allowing The female ricinulei remains motionless while the male mounts her
in an Bamplexus^ position and inserts the modified tarsomeres
of a third leg into the female genital opening

6. Resting

Resting alone The individual remains motionless, with the legs folded against
the body, more than one body length in distance to the
closest conspecific

Resting aggregated The individual remains motionless with the legs folded against
the body, lesser than one body length distance to the
closest conspecific

7. Digging

Soil removal The ricinuleid moves soil particles using the cucullus and mouthparts
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schizomid Rowlandius portiguar (19 behavioral acts [Alves de Oliveira and Lopes
Ferreira 2014]) and the scorpion Tityus serrulatus (17 behavioral acts [Mineo et al.
2003]). The smaller size of the behavioral repertory of C. narino could be explained by
the fact that ricinuleids display fewer behavioral acts in some categories such as
“mating” and “feeding”, in comparison to other arachnid species. Nevertheless, a

Fig. 1 Cumulative number of behaviors of adult males (n=6), adult females (n=6) and immatures (n=6) of
Cryptocellus narino after 15 h of ad libitum sampling

Fig. 2 Number of records for each behavioral category of adult males (n=6), adult females (n=6) and
immatures (n=6) of Cryptocellus narino. The category BCleaning^ was not included because it presented a
very low frequency. Bars which do not share the same letter are significantly different (p<0.05). Bars
represent means; whiskers represent 95 % confidence intervals
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sampling coverage higher than 90 % indicates that most of repertory for all the
evaluated groups was completed (Lehner 1996).

The high frequency for the category “resting”, exhibited a similar tendency with
other arachnid orders such as scorpions and harvestmen (Mineo et al. 2003; Pereira
et al. 2004). The emphasized frequency of this category during daylight hours and its
gradual replacement by other categories (such as exploration, feeding, etc.) during the
scotophase suggests that C. narino is nocturnal. With regard to other arachnids, our
data of C. narino resemble previous observations about the daily activity rhythm of

Fig. 3 Total number of behavioral acts discriminated for each behavioral category in the ricinuleid
Cryptocellus narino. The category BCleaning^ was not included because it had a very low number of
behavioral records (n=4) and it was observed only in males
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other orders such as harvestmen (Osses et al. 2008), scorpions (Mineo et al. 2003),
schizomids (Alves de Oliveira and Lopes Ferreira 2014) and some spiders (Schmitt
et al. 1990). Like in some of the above mentioned groups, the nocturnal activity
preference could aid ricinuleids as a behavioral strategy to avoid dehydration, since
they are susceptible to water loss (Pollock 1967). The higher activity peaks during
darkness periods in C. narino indicates that light is apparently the main Zeitgeber
synchronizing the activity rhythm in this species, a fact previously observed in some
scorpions (Fleissner and Fleissner 2001) and harvestmen as well (Osses et al. 2008).

The exploratory behavior in C. narino is very similar to other species of ricinuleids,
such as Pseudocellus pearsei (personal observation by G. Talarico) and Ricinoides
afzelli (Pollock 1967), where the elongated second pair of legs is commonly used as a
sensory device, mostly while the animal walks, confirming its importance for ricinuleid

Fig. 4 Macro photographs of the most frequent behavioral acts displayed by the ricinuleid Cryptocellus
narino. a Adult and immatures resting in aggregation. b Adult male exploring the substrate. c Adult male
feeding on a termite. Body lengths of immatures rank between 5 and 6 mm, the length of adult males ranks
between 8 and 9 mm

J Insect Behav (2015) 28:447–459 455



orientation (see also Platnick and Pass 1982). We also found that the first pair of legs
and both pedipalps are used by C. narino to explore the substrate, especially when the
animal is not walking. These results confirm previous observations and morphological
studies that showed that the first two pairs of legs, as well as the pedipalps and the
chelicerae are equipped with numerous chemo-, mechano-, thermo- and hygroreceptors
which act as the main sensing devices in these animals (e.g., Pittard and Mitchell 1972;

Fig. 5 Interaction plot between the daytime and behavioral category of adult males (n=6), adult females (n=
6) and immatures (n=6) of Cryptocellus narino. Means which do not share the same letter are significantly
different (p<0.05). Points represent means; whiskers represent 95 % confidence intervals

Fig. 6 Daily activity schedule of the ricinuleid Cryptocellus narino. The sun- and moon-symbols indicate the
starting times of photophase and scotophase respectively
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Talarico et al. 2005, 2006, 2008). The continuous exploratory behavior exhibited by
this species also suggests that C. narino are active foragers, which roam around in their
environment and search for their food items. Our results on ricinuleid feeding behavior
also confirmed previous observations, where the forelegs, chelicerae and pedipalps
were used as the main organs employed during prey capture (Cooke 1967; Pollock
1967; Platnick and Pass 1982).

The mating behavior in C. narino is very similar to other ricinuleid species, where
the male inserts the modified tarsomeres of a third leg into the female gential opening
without any previous elaborate courtship, suggesting this might be a common pattern in
the order (Legg 1977). In contrast, we described for the first time the interactions
between individuals. The observed individual interactions were mainly related to food
and included sharing or fighting. Individuals of C. narino were observed sharing food
or fighting for it; nevertheless, the aggressive interactions never produced injuries or the
death of the rivaling animals. Among arachnids, similar behaviors are reported in some
groups that exhibit social or gregarious habits such as harvestmen, pseudoscorpions and
spiders (Viera et al. 2005; Pereira et al. 2004; Osses et al. 2008). Since previous records
suggest that C. narino is a gregarious species (García 2007), some interactions like
those linked to feeding behavior might be predominant in this and other gregarious
ricinuleids such as Pseudocellus paradoxus (Teruel and Cala 2007). Nevertheless, the
incidence of these behaviors might vary under natural conditions, influenced by the
density of individuals and the abundance and availability of food.

The “digging” behavior was also recorded for C. narino. Platnick and Pass (1982)
had suggested this behavior might occur among ricinuleids, based on preliminary
observations in Pseudocellus seacus which used its chelicerae on plasticine and tree
bark. In C. narino, the digging behavior might allow the animals to hide within the
substrate/soil in cases of adverse conditions (e.g., occasional events of flooding or
exceeding aridity). Anyway, some morphological characteristics of C. narino, such as
the navicular setae on its body surface, might support the assumption of a temporal
substrate-/soil-dwelling lifestyle of this species. The ricinuleid Cryptocellus adisi is
known to inhabit the organic and upper mineral soil layers of Central Amazonian
upland forests (Adis et al. 1999). Its hydrophobic surface sculpture, including navicular
setae, is thought to enable facultative plastron respiration due to a retaining thin layer of
air around the body surface of temporarily submerged animals. In our experiments, the
chosen substrate type as well as the constant humidity level might have caused the low
occurrence of digging behavior in C. narino.

Although the results obtained in this study still need to be compared with other
Ricinulei, the new insights provide information about previously unknown aspects of
the behavioral biology of ricinuleids. This is particularly applicable to the newly
described interactions between the individuals, which should be explored deeper in
further studies. Intraspecific interactions (e.g., mate choice, brood care, avoidance of
aggression, etc.) could be important regarding the observed aggregation of different
sexes and instars within this species. Given the gregary habits of these animals and the
newly observed interactions, further studies should explore if, like other arachnids,
ricinuleids have developed a particular social lifestyle.

It has been shown that the occurence and frequency of some behavioral acts may
vary along the year in some harvestmen species (Osses et al. 2008), therefore the
behavioral repertory of C. narinomight also be influenced by this parameter. In spite of
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this, the description of other aspects like the daily activity rhythm is particularly
important for further studies as it provides a timeframe for planning additional exper-
iments and observations to investigate behavioral patterns of these animals.
Considering the limited information about the biology of this amazing and beautiful
group of arthropods, we expect this study will promote new research on its biology.
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