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The environment is teaming with valuable 
information that helps animals make deci-
sions about where to find a mate, where to 
find food and water, and whether to escape 
imminent danger, among other things. The 
reproductive success and survival of animals, 
therefore, partly depends on how success-
fully they extract relevant information from 
their environment (e.g. detecting a court-
ship signal or a predator’s cue). However, 
environmental complexity, including back-
ground noise, can make it difficult to detect 
and interpret crucial information, affecting 
animals’ reproduction and survival, and ulti-
mately their fitness. While we have ample 
knowledge on how noise (e.g. traffic noise 
or rain noise) affects animals using acoustic 
information, we know relatively little about 
how vibrational noise affects animals relying 
on information from vibrations. 

Vibrations are used by a wide variety of 
organisms including hundreds of thousands 
of invertebrate species, many vertebrates and 
even plants. Vibrational signals and cues can 
be used across different contexts includ-
ing, courtship and mating, predator-prey 
dynamics, parasite-host and plant-insect 
interactions, male-male competition, and 
parent-offspring relationships. 

The purpose of this thesis was to inves-
tigate how noise and environmental vari-
ation affect the production, transmission 
and perception of vibrational signals and 
cues, and how that in turn affects species 
interactions.  To highlight the widespread 
use of vibrational signals and cues across 

organisms and contexts, this thesis covered 
different invertebrate species, and interac-
tions including, courtship and plant-insect 
interactions, and parasite-host dynamics.    

To address the questions of this thesis, 
I used a combination of environmental data 
collection, field work in the Neotropics and 
in the Netherlands and behavioral experi-
ments. Below, I outline the main findings 
of this thesis.

Noise affects the production and 

perception of vibrational signals  

and cues

Natural noise

We investigated the effect of wind, a natural 
noise source, on the production of vibra-
tional signals in a Neotropical katydid 
(chapter 2). Some katydids communicate 
using vibrations, they produce vibrational 
signals to attract mates. Their communica-
tion can potentially be disturbed by wind, 
because wind induces vibrational noise that 
overlaps in frequency range with their own 
signals. We measured wind levels in the 
Neotropical forests of Barro Colorado Island 
(Panama), and we then observed katydids 
throughout the night (under controlled 
non-windy conditions) to establish their 
signaling patterns throughout the night. 
Additionally, we experimentally exposed 
katydids to short wind gusts (using a fan) 
to understand how short-term fluctuations 
in wind levels affected their signaling. Our 
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results show that katydids can time their 
vibratory signaling both in the short- and 
long-term to favorable sensory conditions, 
either through behavioral f lexibility in 
response to short-term fluctuations in wind 
or as a result of an evolutionary process in 
response to predictable periods of low-wind 
conditions.
 
Anthropogenic noise

Human population growth and the activi-
ties that result thereof are quickly changing 
the sensory environment of many organ-
isms. In chapters 4, 5, and 6 of this thesis, 
I studied how anthropogenic vibrational 
noise from windmills and highways affected 
different invertebrates in different contexts. 
In chapter 4, we studied how highway-like 
noise influenced a parasitoid-host relation-
ship. We studied a parasitic wasp species 
that relies on vibrational cues for findings 
its host. We exposed these wasps and their 
hosts to vibrational noise of different levels 
and we observed how much time wasps 
spent searching for a host and how successful 
they were at parasitizing a host. We found 
that noise levels significantly influenced host 
searching behavior and parasitism success, 
with wasps exposed to high noise spending 
less time searching and being less success-
ful at parasitizing. Environments with high 
vibratory noise levels are likely to favor para-
sitoids relying primarily on other sensory 
modalities, such as olfaction or vision, to 
detect and localize their hosts. 

In chapters 5 and 6, we studied 
how vibrational noise induced by wind-
mills affected soil macro- and mesofauna, 
and how it affected plant development and 

plant-insect interactions. For the first part 
of this study (chapter 5), we visited several 
windmills located in agricultural fields in 
the Netherlands and we measured the vibra-
tional noise levels at increasing distances 
from the windmills. We then surveyed 
earthworm abundance and abundance of 
small-sized soil animals. We found that 
vibrational noise levels close to the windmills 
(at 2 m) were on average 23 dB higher than 
further away from the windmills (at 256 m), 
and that earthworm abundance decreased 
substantially with proximity to windmills 
(40% reduction on average). Abundance of 
small-sized soil animals, on the other hand, 
was not affected by vibrational noise levels 
or distance to the windmills. The potential 
impact of noise is likely to depend on the 
overlap between an animal’s body size and 
the spectral distribution of the vibrations 
that travel through the soil. Since most of 
the spectral energy in windmill vibrations 
is in the low frequencies, small soil animals 
will likely not be able to perceive, or even 
experience strain from these low-frequency 
waves. However, an effect on earthworm 
abundance might have important conse-
quences for soil structure and soil processes, 
for which earthworms play a crucial role. 

For the second part of this study (chap-
ter 6), we investigated how windmill-like 
vibrational noise affected plant develop-
ment. We experimentally exposed plants 
from seed stage to seed production stage to 
high and low vibrational noise levels and 
monitored them daily. We recorded germi-
nation, flowering and fruiting time, as well 
as daily shoot-length growth. Additionally, 
we tested the direct and indirect effects of 
vibrational noise on herbivory intensity by a 
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generalist caterpillar. We found that plants 
exposed to high vibrational noise grew 
significantly faster and taller than plants 
exposed to low vibrational noise, and that 
plants treated with high noise germinated, 
flowered and produced fruits quicker than 
those treated with low noise. We did not 
find, however, an effect on herbivory inten-
sity. An effect of noise on plant development 
could have consequences for both natural 
plant communities and agricultural crops 
by altering interspecific competition and by 
shifting growth-defense activation trade-
offs. 

Environmental variation affects the 

transmission of vibrational cues

Plants are the most widespread substrates 
to receive or transmit vibrational informa-
tion. However, plant species and plant parts 
can vary significantly, possibly affecting 
the transmission of vibrational signals and 
cues. To assess how environmental variation 
affected the transmission of a vibratory cue 
(chapter 3), we systematically measured leaf 
traits in four plant species, and we related 
the transmission of vibratory chewing cues 
from a generalist herbivore caterpillar to 
variation in leaf traits. We found that leaf 
traits varied significantly between plant 
species, and that some leaf traits influenced 
the transmission and possibly the detect-
ability of herbivore vibrational cues. Our 
findings are particularly interesting in light 
of the arms race between plants, their herbi-
vores and the natural enemies of plant herbi-
vores where vibrations have been shown to 
mediate orientation towards prey by insect 
parasitoids. 

Future directions

There is increasing evidence that noise can 
have cross-modal effects, indicating that 
noise in one sensory modality (e.g. vibratory 
noise) potentially has much wider implica-
tions, affecting the production or perception 
of signals and cues in other modalities (e.g. 
vision or hearing). Many animals rely on 
more than one sensory modality to extract 
information from their environment. There-
fore, addressing the effect of vibrational 
noise on different sensory modalities for 
animals sensitive to vibrations would provide 
a better indication of the wider implications 
of vibrational noise. Furthermore, noise 
can lead to community effects by directly 
affecting species, resulting in communi-
ties dominated by species resilient to noise, 
and by indirectly affecting species that are 
not necessarily affected by noise, but that 
are dependent on interactions with species 
affected by noise. Population effects can be 
examined by measuring breeding density 
and predation rates. Community effects can 
be investigated by looking at the commu-
nity composition of communities exposed 
to noise. Experiments using mesocosms 
exposed to different levels of noise would 
provide valuable information on biodiver-
sity and population changes in response to 
noise. Finally, evolutionary experiments 
are needed to understand whether and how 
animals adapt to quickly changing sensory 
environments.
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