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Abstract: Rainfall is a common phenomenon in tropical forests influencing the behavior of many animals, 
however, little is known about its post-occurrence effect on behavior. We investigated the effect of diurnal rain-
fall on the nocturnal activity of the wandering spider species Phoneutria reidyi in nights without rainfall. Our 
study included two different areas and periods: a coconut plantation, located 108 km from the city of Manaus, 
containing an area of 80 x 80 m with 105 palms, from July 2014 to July 2015; and an area of 80 x 80 m in a 
rainforest fragment in Manaus, from December 2015 to March 2016. Each night, we counted active spiders 
(found outside refugees) searching carefully on the vegetation and on the ground using a headlamp between 
19:00-00:00. Spiders were not captured to avoid the effect of disturbance, and were measured by approaching a 
caliper rule. We used an index to measure the diurnal rainfall effect (DRE) which was the percentage of change 
in the number of active spiders at night after a diurnal rainfall, considering 100 % the number of spiders active 
at the previous or following night, without previous rainfall during the day. This pairwise approach was used to 
avoid seasonal bias and included 15 pairs of nights in the plantation, and 15 pairs in the forest. A total of 2 243 
active spiders were counted. The number of active spiders was always smaller in nights after diurnal rainfall, 
with a mean reduction of 53.4 %. The abundance of active spiders reduced significantly in both areas after a 
diurnal rainfall, and the effect was not different between areas. Larger spiders (mostly adults) reduced their activ-
ity (-62.8 %) more than smaller spiders (juveniles, -48.5 %). The amount of rainfall during the day had no effect 
on the nocturnal activity, i.e., the effect of strong diurnal rainfall is similar to the effect of a weak rainfall. The 
air temperature did not change significantly at night after diurnal rainfalls. The seasonality of rainfall apparently 
has a weak or absent effect on the abundance of P. reidyi, which was approximately constant through one year. 
We believe that the moisture, which may affect the chemical cues of prey, is the major cause to reduce the active 
spiders after rainfall, but we discuss other potential causes. Smaller individuals are probably more active under 
less favorable conditions due to the stronger need of food for growing. If this effect of rainfall on the behavior 
is common for wandering spiders in general, the rainfall events may have important consequences for the entire 
community of arthropods and small vertebrates. We suggest that studies based on relative abundance of spiders 
should take in account this potential effect in collection and analysis of data. Rev. Biol. Trop. 65 (3): 1152-1160. 
Epub 2017 September 01.
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Rainfall can alter the foraging activity 
of animals by precluding the visual or tactile 
perception of prey or predators nearby, or by 
hindering the mobility of small animals (e.g., 
Gibbons & Bennett, 1974; Stamps, 1976; Hil-
ton, Ruxton & Cresswell, 1999; Wallace, 2001; 
Powell, Brightwell, & Silverman, 2009). Even 
after rainfall, foraging may still be influenced 

by excess moisture in the substrate with con-
cealment of chemical cues of prey and preda-
tors (Willians, 1987; Wilder, Devito, Persons, 
& Rypstra, 2005), however, studies on the 
posterior effects of rainfalls on the behavior of 
animals remain scarce. 

Studies on the influence of rainfall on 
the “activity-densities” of spiders have been 
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usually on long term temporal scale, weeks, 
months, rainy season versus dry season, and 
have made inferences on the effects of rainfall 
in the temporal variation of the abundance 
and mortality of the spiders, on the seasonal-
ity of resources or risks, and in the life cycle 
(e.g., Barth, Seyfarth, Bleckmann, & Schüch, 
1988; Wise, 1993; Gasnier, Höfer, & Bresco-
vit, 1995; Spiller & Schoener, 1995; Gasnier 
& Höfer, 2001; Romero & Vasconcellos-Neto, 
2003; Lensing, Todd, & Wise, 2005; Carvalho 
et al., 2015). As “activity-densities” are num-
bers of spiders obtained by censuses or traps, 
a variation in the short term in these numbers 
in a determinate area is more likely to indicate 
changes in behavior than in density (Gasnier 
et al., 1995). The behavior of spiders can be 
influenced by environmental variables, such as 
temperature, light intensity and moisture/rain-
fall (e.g., Barth et al., 1988; Wise, 1993; Zaller 
et al., 2014; Chai & Wilgers, 2015), however, 
we have found no study on the effect of diurnal 
rainfall on the nocturnal activity of spiders.

Wandering spiders are abundant in most 
habitats and are considered model organisms 
for population and community studies (Wise, 
1993). In the Neotropical and African for-
ests, the Ctenidae family has several medium 
to large species that are among the major 
nocturnal predators of arthropod fauna, and 
small vertebrates in the understory (e.g., Gas-
nier & Höfer, 2001; Jocqué, Samu, & Bird, 
2005; Rego, Venticinque, & Brescovit, 2005). 
Despite their abundance, the habitat complex-
ity makes difficult the study of some species 
in the natural environment. We have found a 
population of the species Phoneutria reidyi, 
a large wandering spider, in high density, in 
a much less complex environment, a coconut 
plantation in central Amazonia. In our prelimi-
nary observations, we noticed that the number 
of active spiders varied greatly from night to 
night, and it was evident that rainfall during the 
day could be a cause of this variation, which 
was the origin of this study. Later, we have 
found a second area with a very dense popula-
tion of the same species in a tropical forest, 

which allowed a comparison of the results of 
the plantation with a natural environment.

The spiders of the genus Phoneutria 
(Perty, 1833), known as “aranhas-armadeiras”, 
“banana spider” or “Brazilian wandering spi-
ders” belong to the family Ctenidae and are 
distributed over most of South and Central 
America (Simó & Brescovit, 2001; Martins & 
Bertani, 2007; Hazzi, 2014). They are large, 
dangerously venomous to humans, and are 
also common in anthropogenic environments, 
such as plantations, gardens and homes (Car-
doso, França, Wen, Malaque, & Haddad-Jr, 
2009; Torres-Sanchez & Gasnier, 2010; Hazzi, 
2014). Two species of the genus, P. reidyi (F.O. 
Pickard-Cambridge, 1897) and P. fera (Perty, 
1833) coexist in “terra firme” (non-inundated) 
forests in most Amazonia (Martins & Bertani, 
2007). They are nocturnal and can be found on 
vegetation (frequently on palm trees) and on 
the ground in primary forest areas, where they 
prey arthropods, mainly cockroaches, crick-
ets, moths and spiders. The abundance of the 
P. reidyi is correlated with the abundance of 
palms in the forest, which could be a strategy 
to avoid the intraguild predation by P. fera 
(Torres-Sanchez & Gasnier, 2010), and pos-
sibly makes P. reidyi more abundant in coconut 
plantations in the region. More details on their 
ecology are described by Torres-Sanchez and 
Gasnier (2010).

Our main objective was to test the hypoth-
esis that diurnal rainfall affects the number of 
active P. reidyi at night, and we also evalu-
ated: a) if the effect of the diurnal rainfall on 
the number of active spiders was different 
between large (adults and sub-adults) and small 
(juveniles and sub-adults) individuals; b) if the 
effect changed among different habitats planta-
tion and forest; c) if this effect depended on 
the intensity of rainfall during the day; d) if the 
difference could be related to a change in the 
temperature after the rain.

MATERIALS AND METHODS

Study Area: We conducted the study 
between July 2014 and July 2015 in a dwarf 
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coconut tree plantation at “Fazenda Jabuti” 
(2°43’21” S - 59°30’33” W), Rio Preto da Eva, 
and between December 2015 and March 2016 
in the forest fragment of the campus of the 
Universidade Federal do Amazonas - UFAM 
(03°04’34’’ S - 59°57’30’’ W) in the city of 
Manaus, both in the Amazonas State in Brazil. 
The cultivation area had 105 coconut trees in an 
area of approximately 80 x 80 m, with spacing 
between neighbor trees of 5 m. around the trees 
on the ground there was bare soil, grass and 
low undergrowth. Dead palm leaves remained 
close to the tree bases and were a common 
refuge for the spiders and other animals. The 
forest fragment of the Federal University of 
Amazonas is one of the largest urban frag-
ments of the world, with approximately 776 
hectares, relatively well preserved (Marcon, 
Crus, Menin, Carolino, & Gordo, 2012). In this 
fragment, we delimited our second study site 
with approximately 80 x 80 m in a swamp for-
est (or “baixio”) close to a small creek, which 
is a habitat where P. reidyi is more common in 
“terra firme” forests (Torres-Sanchez & Gas-
nier, 2010). In this swamp forest the palm trees 
“paxiuba” (Socratea exorrhiza) were abundant. 

Censuses of spiders: We made nocturnal 
(between 19:00-0:00) censuses of active spi-
ders with headlamps, always on nights with-
out rainfall during the censuses. We have not 
captured spiders during the censuses to avoid 
the effect of disturbance from one night to 
the next, and we considered as active all visu-
ally exposed spiders, i.e., out of their refuges, 
carefully searching for the spiders on all coco-
nut trees and on the ground around them in 
the coconut plantation; and on the vegetation 
below 2 m and on the soil in the forest. Prelimi-
nary collections showed that only the species 
of Phoneutria in both study areas was P. reidyi, 
but we always checked the identification in the 
field based on the palps and abdomen design 
pattern (Martins & Bertani, 2007), this method 
can be used effectively to identify juveniles 
and adults of P. reidyi in ecological studies 
(Torres-Sanchez & Gasnier, 2010). The species 
P. fera, which is also common in the region, has 

a different design pattern and was not found in 
both sites during the study. 

Considering the size of the smaller adults 
from a previous study in the same region (Tor-
res-Sanchez & Gasnier, 2010), we divided the 
spiders in two size categories: “Large” – with 
prosoma length (PL) ≥ 12 mm (sub-adult and 
adult) and “Small”, with PL < 12 mm (young 
and sub-adult). For each spider found, we 
recorded the type of substrate and the behavior 
at the moment of observation (stopped or mov-
ing, eating, interacting with other individual) 
and the size of the prosome, measured with a 
precision caliper (millimeters) positioned as 
close as possible (~1 cm) from the animal. 
The censuses were made searching carefully 
each of the 105 numbered coconut trees and on 
the ground in the plantation, and searched the 
plants and the ground of an area of approxi-
mately the same size, in both areas during 
about 3 to 4 hours, using a head torch (Bush-
nell-H250L). We deposited voucher specimens 
from both places in the invertebrate collection 
of “Coleção Zoológica” of Instituto Nacional 
de Pesquisas da Amazônia (INPA).

To test the effect of diurnal rainfall (during 
the morning and/or afternoon), on the nocturnal 
activity, we formed 30 pairs of consecutive 
nights. To evaluate the effect of rainfall in the 
natural habitat of spiders, we conducted 15 
pairs in both, an open area of coconut trees 
plantation and in a forest of “terra firme”. We 
made successive censuses until a pair was 
formed (e.g., wet, wet, wet, dry = pair), and dis-
carded the data of the nights before the pair in 
the pairwise analysis. The use of pairs for com-
parisons between subsequent days differing in 
diurnal rainfall, is a strategy to reduce unex-
plained variance (Quinn & Keough, 2003), and 
allows discriminating the immediate effect of 
rainfall, from the effect of confounding factors 
that change in a scale of weeks or months (e.g., 
amount of prey and predators, medium term 
climate situation, reproductive season, struc-
ture of sizes of the population). 

We calculated the Diurnal Rainfall Effect 
(DRE) with the formula: DRE = (NSwet-NSdry) 
*100/NSdry, where: NSwet is the number 
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of spiders in nights with previous diurnal 
rainfall and NSdry is the number of spiders 
in nights without previous diurnal rainfall. A 
negative DRE indicates a reduction in the num-
ber of spiders in “wet” nights compared to the 
respective “dry” night. The minimum number 
of spiders counted in a pair to calculate the 
DRE was 10. We used the “Accelerated Bias-
Corrected” Bootstrapping technique (Manly, 
2007) with 9 999 randomizations to generate 
confidence intervals (95 % CIs) for the mean 
DRE in the plantation and in the forest. Boot-
strapping allows the determination of CIs, even 
in the absence of normal distribution (Efron, 
1982). We considered that the effect of the 
occurrence of rainfall significant when the 95 
% CIs of the mean of DRE did not include zero. 
We used the Fisher Pitman Permutation Test 
based on 9 999 Monte Carlo randomizations (a 
resampling statistic equivalent to the Wilcoxon 
Mann Whitney Rank Sum Test, Manly, 2007) 
to compare the DREs in the plantation and in 
the forest, and to compare the DREs of “Large” 
spiders and “Small” spiders. We determined the 
mean and 95 % CI (by bootstrap) of the dif-
ference of air temperature between the nights 
after a diurnal rainfall compared with the air 
temperature after a clear day, to evaluate if 
this change in temperature is sufficient to be 
affect the behavior of the spiders. We used least 
square linear regression to evaluate the effect 
of the intensity of the rainfall during the day on 
the DRE. A descriptive evaluation of the tem-
poral variation in the rainfall and abundance 
of spiders during one year, was presented for 
the coconut plantation population from data 
of nights not preceded by rainfall during the 
day. Data to evaluate the annual variation in 
the abundance of spiders in the rainforest was 
not collected because the decision to include 
a second habitat was taken close to the end of 
the study. The air temperature in each night 
used for the analyses was the mean tempera-
ture of three moments: 18:00, 21:00 and 00:00. 
The rainfall during the day was the rainfall 
from 6:00 to 18:00. Statistical analyses were 
performed with the software program R (R 
Core Development Team, 2016), the bootstrap 

with the function “bcanon” from the package 
“bootstrap” (Leisch, 2015) the permutation test 
with the function “oneway_test” (two sample 
Fisher Pitman Permutation) from the pack-
age “coin” (Hothorn, Hornik, Mark, Wiel, & 
Zeileis, 2008), and the linear regression with 
the function “lm” from the package “stats” (R 
Core Development Team, 2016). The signifi-
cance level adopted was α = 0.05.

Rainfall and temperature data were 
obtained from the National Institute of Meteo-
rology (INMET) from a weather station situ-
ated on the “Rio Urubu”, located 30 km from 
the plantation and from another station located 
4 km from the study, at the Universidade Fed-
eral do Amazonas.

RESULTS

We made 2 243 observations of active 
spiders during all nights of the study, 1 821 con-
sidering only the nights used for the pairwise 
comparisons, 1 056 in the coconut plantation 
and 765 in the forest area. The temporal varia-
tion in the number of spiders counted by night 
throughout the year in the plantation was based 
on 29 nights without previous rainfall in which 
1 280 spiders were found and 29 nights with 
previous rainfall.

The number of active spiders during “wet” 
nights (preceded by rainfall) was lower than the 
number of spiders during “dry” nights (without 
diurnal rainfall) in all 30 pairs of nights; a 50 
% reduction in absolute numbers in the coconut 
plantation (704 vs. 352), and 56.7 % in the for-
est (534 vs. 231). The Diurnal Rainfall Effect 
(DRE) showed a strong and significant reduc-
tion in the activity of the spiders in both areas 
during “wet” nights (plantation mean DRE 
= -49.5 %; Lower Confidence Limit = -53.5 
%; Upper Confidence Limit = -46.1 %; forest 
mean DRE = -54.8 %; Lower Confidence Limit 
= -60.0 %; Upper Confidence Limit = -49.8 %). 
The difference in DREs between the planta-
tion and forest areas was not significant (Fig. 
1A: Fisher-Pitman Permutation, Z = -1.57; P = 
0.121). The larger spiders decreased their activ-
ity in nights after diurnal rainfall significantly 
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more than the smaller spiders (Fig. 1B: respec-
tively 62.8 % and 48.5 %, Fisher-Pitman 
Permutation, Z = 2.68; P = 0.005). Although 
the occurrence of rainfall reduced the activity 
of the spiders, we have found no relationship 
between the amount of rainfall during the day, 
and the activity reduction intensity measured 
with the DRE index (Least Square Linear 
regression: F1,28  = 0.58, P = 0.45; R² = -0.01).

There was no significant change in the 
nightly mean air temperature after rainfall. 
The mean difference in temperature increased 
slightly (0.1 °C) in the plantation (95 % CI: 
Lower Confidence Limit = -1.4 °C; Upper 
Confidence Limit = 1.1 °C) and decreased 
slightly (-1.0 °C) in the forest (95 % CI: Lower 
Confidence Limit = -2.0 °C; Upper Confidence 
Limit = 0.4 °C).

The temporal variation in the abundance 
of spiders was much clearer excluding data 

of nights after diurnal rainfall (Fig. 2). The 
rainfall was low from July to December 2014, 
and high from January to June in 2015, which 
is normal in Central Amazonia. The number 
of spiders observed in nights without previous 
diurnal rainfall, remained relatively constant 
during this period, except for some lower 
scores in September 2014, at the end of the dry 
season. Therefore, high rainfall apparently does 
not reduce the population of P. reidyi.

DISCUSSION

The reduction in the number of P. reidyi 
active outside refuges after diurnal rainfall was 
strong, but it may still underestimate the total 
indirect effect of rainfall. It is likely that the dis-
placement of the fewer active spiders will also 
be reduced in this situation. We did not measure 

Fig. 1. Effect of diurnal rainfall (DRE) on the amount of active Phoneutria reidyi spiders at night: a) in two study sites: a 
coconut plantation and a rainforest; b) comparing “small” spiders (prosoma length < 12 mm) and “large” spiders (prosoma 
length ≥ 12 mm). The DRE is the change in the percentage in the number of spiders active in a night after a diurnal rainfall 
considering 100 % the number of spiders active at the previous or following night without rainfall during the day. A negative 
DRE means reduced activity in days with rainfall. The dashed line represents the 95 % confidence interval of DRE. The 
effect is considered significant when the 95 % CI does not include zero.
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the direct effect of rainfall on the spiders’ activ-
ity, but we observed that the number of spiders 
is still lower during rains. Considering that 
rainfall is frequent in this region, we concluded 
that precipitation is an important factor in the 
ecology of this species.

Some spiders, including other species of 
the Ctenidae family, can sense chemical cues of 
prey and predators (Wilder et al., 2005, Portela, 
Willemar, & Gasnier, 2013), and the rainfall 
can wash these chemical cues, so that it can be 
more economic and less risky to decrease activ-
ity when the environment is humid. To us, this 
seems to be the cause of change in the activity 
of P. reidyi, but there are other possibilities. 
Humidity may change the substrate properties 
to transmit vibrations (Barth, 2002), potentially 
interfering in the foraging activity. The surface 
tension of water on wet surfaces can make the 
displacement more difficult and risky. Frogs 
are important predators of spiders (Teixeira & 
Coutinho, 2002), and there is greater risk of 

predation by frogs on rainy nights (Gibbons 
& Bennett, 1974). The reduction in activity 
varied according to the size of the spiders. Pos-
sibly the need for food for growing youngsters 
makes them more likely to be active under 
unfavorable conditions.

The forest tends to retain moisture for 
longer, so we expected to find a stronger and 
longer effect of rainfall on spiders in this 
environment. However, P. reidyi’s activity was 
not different between forest and plantation. 
This result suggests that the effect of previous 
rainfall does not depend on the type of habitat 
(open or closed). Temperature is a factor that 
affects the behavior of spiders in some habi-
tats (e. g., Barth et al., 1988, Chai & Wilgers, 
2015), however, in this tropical study, there 
were no significant changes in air temperature 
which could explain the change in the number 
of active spiders between the pairs of nights.

The abundance of P. reidyi in the forest 
is relatively low compared to the abundance 

Fig. 2. Variation in the number of active spiders at nights (gray circles) and monthly rainfall (bars) from July 2014 to July 
2015. The trend line connects the monthly average in the number of spiders found active in the nights without previous 
rainfall during the day (circles). If the data from nights with diurnal rainfall (dark triangles) were included, there would be 
much more noise in the pattern.
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of other sympatric wandering spiders; there-
fore, the behavioral variation observed prob-
ably does not strongly affect its potential prey 
populations. However, it seems unlikely that 
this change in behavior is restricting to one 
species. If a reduction in activity is an effect 
of the dilution of chemical clues, this dilu-
tion would also reduce the activity of other 
wandering spiders sensible to chemical clues. 
This change in behavior in many wandering 
spiders would have important consequences for 
the whole community of arthropods and small 
vertebrates that are their potential preys. Sev-
eral social insects, such as ants and termites, 
have a swarming behavior after heavy diurnal 
rains (Hölldobler & Wilson, 1990, Medeiros, 
Bandeira, & Martius, 1999). Winged termites 
are common prey of wandering spiders in this 
forest (personal observation), and post-rains 
swarms could be a way of reducing this pre-
dation. Other potential prey could also take 
advantage of a reduced spider activity to carry 
out higher risk activities, such as long displace-
ments, reproductive activities, and establish-
ment of new colonies.

There are absolute and relative methods 
to study factors affecting the abundance of 
animals. The absolute density estimated by 
distance sampling models is considered reliable 
for the study of spiders’ abundance (Jocqué 
et al., 2005), and it is presumably not influ-
enced by the weather, however, this method 
has some assumptions that are not always 
fulfilled (Thomas et al., 2010). Therefore, rela-
tive abundance estimates are still important, 
however, the potential effect of rainfall should 
be considered. In this study, the exclusion of 
data obtained on days with diurnal precipita-
tion allowed a drastic reduction in statisti-
cal noise in the analysis of annual temporal 
variation of abundance. If strong reduction of 
activity after precipitation is a common phe-
nomenon in nocturnal spiders, censuses after 
days with precipitation should be avoided or 
excluded from the analysis to allow a better 
evaluation in studies of the spatial and temporal 
variation of abundance.
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RESUMEN

Fuerte efecto negativo de las lluvias diurnas sobre 
la actividad nocturna de una araña errante en la Ama-
zonía Central. La lluvia es un fenómeno común en los 
bosques tropicales que influye en el comportamiento de 
muchos animales, sin embargo, se sabe poco sobre su efec-
to posterior en el comportamiento. Se investigó el efecto de 
la lluvia diurna sobre la actividad nocturna de la especie de 
araña errante Phoneutria reidyi en noches sin lluvia, duran-
te un año en una plantación ubicada a 108 km de la ciudad 
de Manaus, con área de 80 x 80 m y 105 palmeras y durante 
cuatro meses en un área de 80 x 80 m en un fragmento de 
selva en Manaus. En cada noche entre 19:00 y 0:00, con-
tamos a las arañas activas (encontradas fuera de refugios) 
buscando cuidadosamente en la vegetación y en el suelo, 
usando una linterna de cabeza. Las arañas no fueron captu-
radas para evitar el efecto de la alteración, y fueron medi-
das acercándo una regla de calibrar a ellas. Se utilizó un 
índice para medir el efecto de la lluvia diurna (ELD), que 
fue el porcentaje de cambio en el número de arañas activas 
en una noche después de una lluvia diurna considerando el 
100 % el número de arañas activas en la noche anterior o 
siguiente, sin lluvia durante el día. Este enfoque pareado se 
utilizó para evitar sesgo estacional e incluyó 15 pares de 
noches en la plantación y 15 pares en la selva. Se contó un 
total de 2 243 arañas activas. El número de arañas activas 
fue siempre menor en las noches después de la lluvia diur-
na, con una reducción media del 53.4 %. La abundancia de 
arañas activas se redujo significativamente en ambas áreas 
después de una lluvia diurna, y el efecto no fue diferente 
entre las áreas. Las arañas mayores (en su mayoría adul-
tos) redujeron su actividad (-62.8 %) más que las arañas 
menores (juveniles, -48.5 %). La cantidad de lluvia durante 
el día no tuvo efecto sobre la actividad nocturna, i. e., el 
efecto lluvias fuertes fue semejante al efecto de las débiles. 
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La temperatura del aire no cambió significativamente en 
la noche después de lluvias diurnas. La variación de las 
lluvias durante el año parece tener un efecto débil o ausente 
en la abundancia de P. reidyi, que fue aproximadamente 
constante durante un año. Creemos que la humedad, que 
puede afectar las señales químicas de las presas, es la prin-
cipal causa para reducir las arañas activas después de la 
lluvia, pero discutimos otras causas potenciales. Las arañas 
menores probablemente están más activas en condiciones 
menos favorables debido a la mayor necesidad de alimento 
para crecer. Si este efecto de la lluvia sobre el comporta-
miento es común para las arañas errantes, los eventos de 
lluvia pueden tener consecuencias importantes para toda la 
comunidad de artrópodos y pequeños vertebrados. Suge-
rimos que los estudios basados en la abundancia relativa 
de arañas deben tener en cuenta este efecto potencial en la 
recolecta y análisis de datos.

Palabras clave: Phoneutria reidyi, selva tropical, compor-
tamiento, censos, araña venenosa.
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