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ABSTRACT The orb-weaving spider Trichonephila clavata (L. Koch, 1878) (Araneae Nephilidae), com-
monly known as Joro spider, was recently introduced into North America and has been sprea-
ding in the invaded territory. Several studies have suggested potential negative impacts of 
this spider on native communities. The present study focused on risk-taking behavior in Joro 
spider individuals from their native range. A comparison between our behavioral experiment 
and a previous study investigating an exotic population in the USA suggests that spiders 
tend to exhibit more risk-aversive behavior in the introduced region. Although it remains 
unclear whether the observed difference is an adaptive or plastic change, knowledge on the 
adaptability of Joro spiders to novel conditions is crucial for assessing their impact on the 
ecosystem.

INTRODUCTION 
 

The impact of invasive species on native spe-
cies, communities, and ecosystems is now widely 
recognized (Lodge, 1993; Sala et al., 2000). Moreo-
ver, invasive species can cause severe negative ef-
fects on human health and the economy (Chinchio 
et al., 2020; Angulo et al., 2022). Numerous cases 
of rapid evolution in invasive species in response 
to novel environmental and ecological conditions 
have been documented (e.g., Phillips et al., 2006; 
Lankau et al., 2009). Such rapid evolution can lead 
to the range expansion of invasive species in their 
new environment, increasing the difficulty of their 
eradication and the mitigation of their ecological 
and economic impacts (Prentis et al., 2008). Under-
standing the potential for adaptive changes in inva-

ding species is important for conservation manage-
ment. 

The orb-weaving spider Trichonephila clavata 
(L. Koch, 1878) (Fig. 1), commonly known as Joro 
spider, is native to East Asian countries such as 
Japan and China (Pan et al., 2016; Suzuki & Asano, 
2022). This spider was recently introduced into 
North America likely through the transport of ship-
ping containers, and it has spread over approxima-
tely 120,000 km2 within about 10 years of its 
introduction (Hoebeke et al., 2015; Chuang et al., 
2023). Moreover, the suitable climatic habitat for 
T. clavata was estimated to cover the entire area of 
the USA (Giulian et al., 2024). This exotic spider 
was found to prey on a variety of arthropod species 
and build webs in environments similar to those of 
several native spiders in the USA (Chuang et al., 
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cm in front of it using a 20 cm long turkey baster. 
All spiders exhibited freezing behavior when they 
were blown, and the durations of freezing were re-
corded. To compare the difference between our re-
sult for the native population and the previous result 
for the exotic population, the Hedges’ d effect size 
and 95% confidence interval were calculated using 
the R package ‘metafor’ (Viechtbauer, 2010) in R-
4.1.1 (R Core Team, 2021). This effect size estimate 
corrects for bias associated with small sample sizes 
(Hedges, 1981). Significance of the effect size was 
determined by whether the 95% CI overlapped with 
zero.  

 
 
RESULTS AND DISCUSSION 
 

The Joro spiders from Japan exhibited shorter 
freezing behavior than those from the exotic po-
pulation (Fig. 2). The effect size of the difference 
between these populations was 1.28 (95% CI: 
0.41–2.14), indicating a significant difference. 
Although our experiment only treated the Japanese 
population of Joro spiders and the invasion of Joro 
spiders into the USA may have been from an Asian 
country other than Japan, little genetic difference 
was documented among individuals from Asian 
countries (Japan and China) and the USA (Hoe-
beke et al., 2015). This genetic close relationship 
is considered to reflect the orb-weaving spiders’ 
habit of ballooning dispersal, which likely results 
in little genetic structure across their distribution 
range in Asia (Bell et al., 2005; Lee et al., 2015). 
Therefore, the observed difference in freezing 
behavior is unlikely to be attributable to differen-
ces existing between the origin-population of the 
Joro spiders in the USA and the Japanese popula-
tion. Alternatively, the longer freezing in the exo-
tic population can be explained by plasticity or 
rapid evolution. Environmental and ecological fac-
tors, such as temperature, food availability and 
predation risk, are known to affect antipredator 
behavior and risk-taking in spiders (Cobb, 1994; 
Walker & Rypstra, 2003; Bell et al., 2006). For 
example, the composition or density of predators 
is likely to differ between the study areas in this 
and previous studies (i.e., between Sendai, Japan 
and Georgia). The Joro spiders from the USA po-
pulation may have experienced more frequent pre-
datory attacks before capture, resulting in 

2023; Grabarczyk et al., 2023). The number of na-
tive orb-weaving spider species was lower in areas 
where a Joro spider population had established ear-
lier (Nelsen et al., 2023). These findings suggest 
potential negative impacts on the native commu-
nity.  

Freezing behavior, in which an individual re-
mains immobile in the same position after recei-
ving a physical stimulus, is known to occur across 
a wide range of animal taxa, including spiders, and 
is often discussed in the context of anti-predator 
strategies (Humphreys & Ruxton, 2018). Freezing 
in Joro spiders was reported for individuals from 
the exotic population in North America (Davis & 
Anerao, 2023). Interestingly, the duration of their 
freezing behavior was exceedingly longer than 
that of many other spider species, which could 
lead to a high survival rate against predator at-
tacks. However, freezing behavior in native popu-
lations of Joro spiders remains unexamined, and 
the prolonged freezing may be an adaptive conse-
quence occurred in the introduced region. Here we 
examined freezing behavior of Joro spiders in their 
native range and discussed this possibility of adap-
tation. 

 
 
MATERIAL AND METHODS 
 

Our aim was to compare the results reported by 
Davis & Anerao (2023) with ours, and therefore we 
followed their experimental procedures. Adult fe-
male individuals of Joro spiders (n = 20) were col-
lected during the fall (October and November 2023) 
in Sendai, Japan, which is within the native range 
of the spider. Individuals from colonial webs were 
not selected because the influence of web type (co-
lonial vs. solitary) on risk-taking behavior in Joro 
spiders remains unresolved. After collection, each 
spider was placed in a separate 50 mL centrifuge 
tube and held at 10 ℃ overnight. The individuals 
were transferred to an experimental room and ac-
climated to room temperature (approximately 22 
℃) for 1 hour before the trials of freezing experi-
ment. 

Each individual was gently transferred from the 
centrifuge tube into an empty white plastic contai-
ner (40 cm × 28 cm × 15 cm) and allowed 1 min to 
explore the container. The individual was exposed 
to two rapid puffs of air from a distance of about 5 
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improvement in antipredator behavior. Alternati-
vely, strong predation pressure may have favored 
spider individuals with prolonged freezing beha-
vior in the USA. Further experiments are needed 
to clarify whether the behavioral difference 
between the native and exotic populations is an 
adaptive or plastic change. The distribution range 
of Joro spiders continues to expand in North Ame-
rica (Hoebeke et al., 2015; Chuang et al., 2023), 
and the first record from the Russian Far East in 
2023 suggests that range expansion may also be 
occurring in their native range (Fomichev & 
Omelko, 2024). Regardless of the mechanism un-
derlying the observed behavioral difference, 
knowledge on the adaptability of Joro spiders to 
novel conditions would be useful for assessing 
their impacts on ecosystems in areas where they 
newly establish. 
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Figure 1. The orb-weaving spider Trichonephila clavata 
(L. Koch, 1878).

Figure 2. Mean duration (± SE) of freezing behavior  
in Joro spiders. 
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