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Abstract
Obligate kleptoparasitic spiders (Argyrodinae, Theridiidae) live as thieves in the webs of larger hosts. Web size has long 
stood above all other variables in predicting how many kleptoparasites occupy a given web, best documented in the large 
orb webs of golden orb-weavers (Nephilidae). Yet no study has asked whether wind—a ubiquitous force acting on every 
aerial web—also influences kleptoparasite abundance. Prompted by the observation that exposed, wind-buffeted webs of 
Trichonephila inaurata in the spiny forest of Ifaty, southwestern Madagascar, appeared to carry fewer kleptoparasites than 
sheltered webs of similar size, we conducted a rapid, intensive survey of 60 webs along two transects in a single afternoon. 
We quantified wind effect as the maximum lateral sway of the web hub over one minute, controlling for web area. We 
found a strong negative effect of wind-induced web movement on kleptoparasite number; trumping the positive effect of 
web size. Wind effect thus emerges as a previously unrecognized axis structuring the distribution of spider kleptoparasites.
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go unnoticed (Brockmann and Barnard 1979; Vollrath 1984; 
Iyengar 2008). Optimal foraging theory predicts klepto-
parasites should balance seeking quality ‘hosts’ while mini-
mizing predation risk and competition. This optimization 
impacts the spatial distribution of kleptoparasitic organisms. 
Hence, many kleptoparasites, like spiders, are distributed 
approximately in accordance with the Ideal Free Distribu-
tion, predicting that individuals move among habitat patches 
(hosts in this case) to maximize individual fitness (Fretwell 
and Lucas 1969; Reding et al. 2016; Gregorič et al. 2024).

Spider kleptoparasitism—the theft of resources from 
the webs of larger spiders—is among the most elaborate 
exploitative strategies known in arthropods. Its textbook 
exemplar is the theridiid subfamily Argyrodinae, a group 
of small “dewdrop” spiders whose members glean trapped 
insects, steal wrapped prey bundles, feed on host silk, and 
in some lineages attack and consume the host, its offspring, 
or eggs (Vollrath 1979, 1984, 1987; Elgar 1993; Whitehouse 
2011; Agnarsson 2025; Agnarsson and Coddington, submit-
ted). The behavioural repertoire (Vollrath 1987; Whitehouse 
2011), host choice and specificity (Larcher and Wise 1985; 
Cangialosi 1997; Grostal and Walter 1999; Hénaut et al. 
2005), impact on host fitness (Rypstra 1981; Grostal and 

Introduction

Kleptoparasitic animals steal extrinsic resources, like food, 
from their hosts (Iyengar 2008; Agnarsson 2025). This for-
aging strategy is found across the animal tree of life, most 
commonly as an opportunistic complement to own foraging, 
but is sometimes obligatory (Brockmann and Barnard 1979; 
Iyengar 2008). Obligate kleptoparasitism typically involves 
animals that are smaller than their hosts and rely on stealth to 
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Walter 1997), and use of host webs as a model system for 
producer-consumer and patch-occupancy theory (Higgins 
and Buskirk 1998; Agnarsson 2003, 2011; Gregorič et al. 
2024) have all received sustained attention. Early studies 
noted that larger host webs had more kleptoparasites (e.g. 
Robinson and Robinson 1973) and the scaling of klepto-
parasite abundance with web size has been confirmed in 
several studies, especially in nephilid hosts (Grostal and 
Walter 1997; Agnarsson 2003, 2011; Kuntner et al. 2019; 
Gregorič et al. 2024). The relationship is so consistent, and 
host webs so discrete and easily measured, that individual 
webs have been adopted as natural “habitat patches” in field 
tests of patch-occupancy and ideal-free-distribution models 
(Agnarsson 2011; Gregorič et al. 2024). Among these fac-
tors, web size has emerged as the primary explanation of 
kleptoparasite abundance in spiders: above connectivity, 
isolation, host size, and host identity.

To our knowledge, no study, hypothesis, or even passing 
remark has considered whether wind affects kleptoparasite 
abundance. The omission is striking, the more so because 
wind demonstrably shapes the architecture and material 
properties of the webs themselves (Krink and Vollrath 2000; 
Liao et al. 2009), the very habitat patches the kleptoparasites 
occupy. Further, wind represents mechanical stress that may 
make it more difficult for small spiders to shelter and move 
about in the web, and wind may also make web discovery 
more challenging by rapidly diluting host pheromones.

During fieldwork in the dry spiny forest near Ifaty, south-
western Madagascar, we encountered dense populations of the 
golden orb-weaver Trichonephila inaurata (Walckenaer 1841) 
(Nephilidae), persisting in unusually open and wind-exposed 
conditions. Like in other Trichonephila, T. inaurata females 
are giants relative to males, and build large orb webs that 
capture a variety of prey types (Kuntner et al. 2019). Casual, 
unstructured inspection of these webs left a clear impression: 
among webs of comparable size, those swaying most vigor-
ously in the wind tended to carry fewer kleptoparasites than 
nearby, more sheltered webs. The pattern was suggestive 
enough to test the hypothesis that greater wind-induced web 
movement is associated with lower kleptoparasite abundance.

Methods

To test the hypothesis that wind negatively affects klepto-
parasite abundance, six observers, working for three hours 
over a single afternoon, surveyed 60 female (subadults and 
adults) T. inaurata webs spanning a wide range of sizes and 
degrees of wind exposure. The study was made in a coastal 
dry spiny forest near Toliara, southwestern Madagascar 
(23,2089˚ S, 43,6227˚ E, alt 3 m) on May 16, 2026, between 
14:00–18:00 (Supplementary Figs. 1–2).

Because wind conditions change from hour to hour and 
day to day, as do prey availability and the activity of the 
kleptoparasites themselves, our short, intensive snapshot, in 
which every web is scored within a single narrow time win-
dow, holds these conditions approximately constant across 
the entire sample.

We surveyed webs along two semi-linear transects, run-
ning in parallel ~ 10–20  m apart, scoring every encoun-
tered web above a minimum size threshold. Webs < 25 cm 
in diameter were omitted because fewer than 50% of such 
small webs hold kleptoparasites (Agnarsson and Coddington 
submitted). For each web, we recorded the maximum width 
and height of the capture area (cm), the dimensions of any 
barrier web, the number of argyrodine kleptoparasites pres-
ent, and wind exposure. Wind exposure was quantified as 
the maximum lateral sway of the web hub observed over a 
one-minute period (in cm), estimated using measuring-tape, 
a simple field proxy that integrates both ambient wind and 
the web’s exposure and compliance. Web capture area was 
estimated as an ellipse, A = π(w/2)(h/2) (Blackledge and Gil-
lespie 2002). The number of argyrodine individuals in webs 
at the time of inspection were direct counts (Agnarsson 
2011). Small and flimsy barrier webs were found only in less 
than 10 of the webs and were not considered in the model.

Across the 60 webs, kleptoparasite counts were overdis-
persed (variance/mean = 2.4) with 28% of webs unoccupied. 
We modeled counts as a function of log web area and hub 
sway using a negative binomial generalized linear model (log 
link), which had the lowest Akaike Criterion (AIC = 233.0) 
among candidate models (Poisson 246.0; zero-inflated Pois-
son 234.2), as the fitted dispersion (α = 0.45) already accom-
modates the unoccupied webs. The two transects did not differ 
in web area, sway, or count (Mann–Whitney U, all p > 0.1) 
and were pooled. All analyses were carried out in Python 3.12 
(statsmodels 0.14.6; Seabold and Perktold 2010), with coeffi-
cient uncertainty assessed by Wald tests and a 5,000-replicate 
nonparametric bootstrap (Davison and Hinkley 1997).

Results and discussion

As expected, web area had a strong positive effect on klep-
toparasite number (β = +0.78 per natural-log unit of area; 
p = 0.008). Independently of area, hub sway had a significant 
negative effect (β = −0.096 per cm; incidence rate ratio = 0.91 
per cm, 95% confidence interval 0.85–0.97; p = 0.003): each 
additional centimeter of web sway was associated with roughly 
a 9% reduction in expected kleptoparasite number, such that a 
web swaying 10 cm carried about 60% fewer kleptoparasites 
than an otherwise identical, near-stationary web of the same 
size (Fig.  1). A nonparametric bootstrap (5000 resamples) 
placed the probability that the wind effect is negative at 0.999.



1 3

Page 3 of 4     82 The Science of Nature          (2026) 113:82 

Wind-induced web movement thus emerges as a second, 
independent axis structuring kleptoparasite distributions, 
acting alongside, though slightly trumping in magnitude, 
the long-recognized effect of web size. Further, wind expo-
sure negatively impacts kleptoparasite abundance similarly 
across the observed web sizes (Fig. 1). Several non-exclusive 
mechanisms could generate this pattern: kleptoparasites may 
actively avoid settling on mobile webs, may be dislodged 
from oscillating webs more often, may forage less efficiently 
on a heaving substrate due to impaired locomotion and the 
disruption of vibrational prey-detection, or mobile webs may 
themselves capture or retain less prey and so support fewer 
thieves. A single snapshot cannot distinguish these, and we 
note the usual caveats of an observational study at one local-
ity: hub sway may co-vary with web height, canopy open-
ness, or host body mass and condition, and “movement” as 
we measured it conflates wind strength with web compli-
ance. Nonetheless, the effect is large, statistically robust, and 
recovered after controlling for the dominant known predictor.

Whereas web size and connectivity describe, respec-
tively, the resource value and accessibility of a patch, wind 
exposure introduces a distinct, abiotic axis of patch quality, 
a cost that can devalue an otherwise large, prey-rich web. 
The ideal-free distribution is a purely resource-based frame-
work, but can be extended to incorporate environmental 
costs, like wind. A direct future test of the impact of wind 
would be to examine the impact of alternating wind direc-
tion on static webs through time, predicting that the cost of 
wind would move among webs as different wind direction 
will expose differently angled webs.

Wind therefore deserves a place among the variables 
considered in the ecology of spider kleptoparasites — and, 
more broadly, in the patch-occupancy and ideal-free-dis-
tribution frameworks for which web-dwelling commensal 
systems have become a model (Higgins and Buskirk 1998; 
Agnarsson 2011; Gregorič et al. 2024). That a force as per-
vasive as wind should have gone entirely unremarked in 
this otherwise intensively studied system underscores how 
much basic natural history remains to be done, even in text-
book exemplars.
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Fig. 1  Kleptoparasite number per 
web of Trichonephila inaurata 
(n = 60) as a function of web hub 
sway (wind effect). Wind (hub 
sway) independently reduces 
kleptoparasite abundance after 
controlling for web size. Points 
are individual webs, colored by 
log web area (darker = smaller). 
Curves are negative binomial 
model predictions for small 
(25th percentile), median, and 
large (75th percentile) webs; the 
shaded band is the 95% confi-
dence interval for the median-
area prediction. Kleptoparasite 
abundance declines with wind-
induced web movement at every 
web size and wind has greater 
effect on abundances than web 
size. Web sway and web size do 
not interact (R2 = 0.03, p = 0.21)
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