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Abstract

Even though the Onychophora represent a whole phylum, observations of their activity pattern in nature are almost
non-existent. Here we report on the relationship between humidity and light and activity pattern of a new species of
velvet worm, genus Epiperipatus, from four years of field observations in the South Pacific of Costa Rica. We found
that most activity occurs during the driest and darkest nights of the year, in contrast with theoretical predictions.
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A relagao entre a humidade, luz e o padrao de atividade de um peripato,
Epiperipatus sp. (Onychophora: Peripatidae), de Bahia Drake,
Pacifico Sul da Costa Rica

Resumo

Onychophora constituem um filo de animais. Nao obstante, as observagdes do comportamento sazonal das espécies
de “peripatos” na natureza sdo praticamente inexistentes. Com base em quatro anos de observagdes em campo, nds
demostramos a relag@o entre umidade e luz, e padrdo de atividade diaria de uma nova espécie no género Epiperipatus,
do Pacifico Sul da Costa Rica. Descobrimos que a maioria das atividades ocorre durante as noites mais secas ¢ mais

escuras do ano, em total contraste com as previsdes teoricas.

Palavras-chave: Onychophora, Peripatus, ecologia, comportamento.

1. Introduction

Onychophorans, or velvet worms, are organisms with
an extraordinary biology that remain poorly understood
because of their cryptic lifestyle and rarity in the most
ecosystems, particularly in the tropics (Podsiadlowski et al.,
2008; Sampaio-Costa et al., 2009; Brito et al., 2010;
Rota-Stabelli etal., 2010; Lacorte et al., 2011; Morera-Brenes,
2012; Chagas-Junior and Sampaio-Costa, 2014). In fact,
most biologists never see them alive. The phylum
Onychophora has approximately 200 known species,
but there are almost no observations about their foraging
behavior under natural conditions. Consequently, any
data on hitherto unknown aspects of their behavior and
life history are urgently needed.

Onychophorans usually inhabit dark and moist
microhabitats, chiefly in forest litter, stones, moss, rotten
logs, soil crevices, ant or termite tunnels, and less frequently,
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bromeliads (Picado, 1911; Carvalho, 1941; Monge-N4jera,
1995; Grimaldi and Engel, 2005).

Out of hundreds of species, the foraging behavior
is known only for Macroperipatus torquatus (Kennel,
1885). This predator occupies the third trophic level in
the forest ecosystem and usually begins hunting just after
dusk, returning to its hiding place before sunrise (Read and
Hughes, 1987; Read, 1988). To forage, it sweeps its head
from side to side in slow steady movements, and potential
prey are inspected by gentle application of the antennae
(Ghiselin, 1985; Read and Hughes, 1987). In general,
Onychophorans feed on small invertebrates captured with
a proteinaceous adhesive net; the net is self-assembled in
a fraction of a second and is also expelled as a defense
(Bouvier, 1905; Concha et al., 2015). The animal then
injects digestive fluids into the prey (Read and Hughes,
1987; Morera-Brenes and Monge-N4jera, 2010). There is

Braz. J. Biol., 2018, vol. 78, no. 3, pp. 408-413



Humidity, light and the activity of Epiperipatus from Costa Rica

no information about the influence of climatic seasonality
on individual activities of any onychophoran species, a
knowledge that is not only needed to understand their
ecology and evolution, but also for their conservation
(Vasconcellos et al., 2006).

Recently, Barquero-Gonzalez et al. (2016) examined a
series of records of unknown Costa Rican onychophoran
species photographed while foraging, but no additional
information about their activity patterns was available. Here
we analyze some ecological parameters about the activity
pattern of one of those undescribed species, Epiperipatus sp.
(Peripatidae) from Bahia Drake, South Pacific of Costa
Rica, and associate behavior with ecological conditions
based on four years of field data.

2. Material and Methods

Data were collected from 2012 through 2015 by the
staff of The Night Tour with Tracie Stice, “The Bug Lady”,
a field tour in Bahia Drake, South Pacific of Costa Rica
(N 08.69420-08.69490; W 083.67421-W 083.67495)
(Figures 1 and 2). Counts were done mostly from
7:30 to 10 PM with head flashlights (a few started at
5:30 and ended at 10:45 PM). Most observations were
made near the Agujas River, 12 to 38 m above sea level.
Climatic data were kindly provided by the tour company.
A multiple regression indicated that moonlight and rain
were correlated but failed to find a significant predictor,
so we decided to apply individual non-parametric tests

instead (tests are detailed in figure captions for clarity).
Detailed statistical analyses and original raw data appear
complete in Appendix 1.

3. Results

On the average, about 20 counting trips were made
every month and, also on average, one onychophoran was
seen for every three nights of field work. The number of
observations peaked in the “dry season” (December-April)
and was lowest in the rainy days of June through September
(Figure 3). Note that, considering the high rainfall levels
in the Costa Rican Southern Pacific, the “dry season” can
be better described as “less rainy season”.

When the specific humidity at the site was analyzed,
it was clear that most sightings were made on dry nights,
with extremely few observations when it was raining at
the time of the tour (Figure 4).

Few individuals were seen active in the field when
moonlight produced bright or semi-bright night conditions.
Most sightings were made on dark nights (Figure 5).

4. Discussion

Tasmanipatus barretti and T. anophthalmus (Ruthberg et al.,
1991) [Peripatopsidae] from Tasmania have not been
reported to forage at night (Mesibov and Ruthberg,
1991), but M. torquatus, from Trinidad in the Caribbean
sea, forages every few weeks, or weekly in the case of

Figure 1. Sites of the field observations of Epiperipatus sp. foraging at night, Bahia Drake, South Pacific of Costa Rica
(based on Google Earth).
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Figure 2. Adult and offspring of Epiperipatus sp. in their
habitat, from Bahia Drake, South Pacific of Costa Rica.
Photograph by Gianfranco Gomez and Tracie Stice.
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Figure 3. Monthly number of Onychophoran individuals
foraging at night during four years (2012-2015), at the
South Pacific of Costa Rica. Chi-Squared 23.45 p<0.0001.
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Figure 4. Number of Onychophoran individuals seen according
to rain conditions, during four years (2012-2015), at the South
Pacific of Costa Rica. Chi-Squared 96.46 p<0.0001.

60 4

50 -

40 -|

30

20 4

10 o

Dark Semi Bright Bright

Figure 5. Number of Onychophoran individuals seen
according to light conditions in the forest undergrowth,
during four years (2012-2015), at the South Pacific of Costa
Rica. Chi-Squared 55.29 p<0.0001.
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smaller individuals, which may be unable to capture
larger prey and thus must feed more often. The behavior
of this Costa Rican Epiperipatus sp., which patrols its
home range at night in search of food, is thus closer to
the behavior of M. torquatus (Read, 1985; Read and
Hughes 1987).

Given the vulnerability to desiccation that is
characteristic of these worms (Hardie, 1975; Tait et al.,
1990), we expected a preference for more humid
environments and nights. This is the case of another
Peripatidae, Epiperipatus acacioi from Brazil, which
remains underground when temperatures are low or the
soil is relatively dry, but disperse on the surface when
conditions improve (Lavallard et al., 1975). M. torquatus
shows the same behavior: it is not seen foraging on the
surface until the start of the rainy season (Read, 1985).
In any case, the animals observed for this study show
the opposite pattern: they seem to avoid foraging on the
rainy season, and a possible reason is explained below.

Monge-N4ajera’s (1995) idea, i.e. that increased
moisture will increase onychophoran activity during
rainy periods, fit previous observations (Lavallard et al.,
1975; Read, 1985). Why is Epiperipatus sp. different?
The animals observed for this study were found near a
Costa Rican Southern Pacific river bed, where humidity
is high year round. Some small tropical invertebrates
reduce their activity on very rainy periods, apparently
to avoid the negative effects of being hit by the cold
raindrops, which to them are relatively large (Barrientos,
2016), and this might apply to Epiperipatus sp. (Zaidett
Barrientos, 2016, pers. comm.). A second possibility is
that velvet worms vacate the surface on periods of heavy
rain to avoid being washed away from their territories
into new and possibly unsuitable habitats (see Morrison,
1946). We recommend experiments on these hypotheses
as an interesting option for future research.

The animals seem to be less active on the surface in
nights with higher light levels, perhaps to avoid visually
guided predators (see Barclay et al., 2000). Most foraging
activity by M. torquatus occurred between 19:30 h
and 21:30 h (Read and Hughes, 1987), the same range
of our observations with Epiperipatus sp. A possible
explanation of why onychophorans only forage until
midnight is that if they capture prey, they still need
several hours to externally digest and later consume
it. If they hunted after midnight, they would still be
on the surface when the sun rises, becoming exposed
to desiccation and daytime predators (see Read and
Hughes, 1987; Monge-N4jera et al., 1993).

A few populations of velvet worms in Oceania may
be relatively abundant, but in the rest of the World
most species are extremely rare (a review of densities
appears in Monge-N4éjera, 1995). Their rarity and
secretiveness makes any information especially valuable
for conservation efforts. We hope this article will inspire
others to collect similar data and add to our knowledge
of this extraordinary group of invertebrates.
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Appendix 1. Detailed statistical analysis.

Cross tabulation of correlations, all variables. Pearson Correlations. N=63 cases.

Number of worms seen Rain Light level

per night (dry, light rain or rainy) (dark, semi-bright, bright) Moon (phase)
Number 1 -0.039 0.28 -0.029
Rain -0.039 1 -0.029 0.508
Light 0.28 -0.029 1 0.123
Moon -0.029 0.508 0.123 1
Multiple Regression: Correlation Matrix
X1 Moonlight (%) X2 Rain (present/absent) X3 Moon Phase Y
X1 1 -0.029 0.508 -0.039
X2 -0.029 1 0.123 0.28
X3 0.508 0.123 1 -0.029
Y -0.039 0.28 -0.029 1
Number of variables = 3 X and 1 Y. Observations per variable =63
Regression Coefficients for number of worms seen (Y):
Multiple regression equation Y =a+b X +b,X + - +bX .
b B Bxr
X1 Moonlight (%) 0.0013 0.0037 -0.0001
X2 Rain (present/absent) 0.1948 0.2886 0.0809
X3 Moon Phase -0.0005 -0.0666 0.0019
Multiple R?=0.0827
Adjusted Multiple R?> = 0.036
Standard Error of Multiple Estimate 0.2354
ANOVA Table,.

Source SS df MS F P
Regression 0.3098 3 0.1033 1.77 0.1627
Residual 3.4362 59 0.0582
Total 3.746 62

Codes: Light Conditions Dark 1 Semi-Bright 2 Bright 3 Weather Conditions Dry 1 Very light Rain 2 Rainy 3 Time 5:30-8:00 1
7:30-10:30 2 7:30-10:50 3 Moonrise AM 0-3:00 a.m. 1 3:00-6:00 2 6:00-9:00 a.m. 3 9:00-12 md 4 PM 12 md- 3:00 5 3:00- 6:00
6 6:00-9:00 7 9:00-12:00 8

Braz. J. Biol., 2018, vol. 78, no. 3, pp. 408-413 413



