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ABSTRACT 
 
To assess and understand the impact of anthropogenic vibration upon marine organisms we first 

need data on the detection capabilities of these species. Many marine developments involve 

techniques directly contacting the seabed, such as pile driving, and it is likely that benthic animals 

are being exposed to strong seabed vibrations during construction. There are few data available on 

their sensitivity to such stimuli. Vibration is likely to be detected by most marine invertebrates, and 

exposure to vibration may affect key behaviors such as the ability to escape predators and to forage 

successfully, but there has been little research in this field in recent years. Here, the sensitivity of 

macroinvertebrates (bivalves and crustaceans) to substrate-borne vibration was determined during 

vibration exposures. We investigated thresholds of unconditioned behavioral responses to a range 

of frequencies (5 – 410 Hz) under controlled conditions. Sensitivities and types of behavioral 

responses were related to measurements of seabed vibration taken in the vicinity of anthropogenic 

operations to determine critical exposure levels of macroinvertebrates. The data showed a high 

sensitivity of invertebrates to substrate vibration in a broad range of frequencies. The responses 

indicate that organisms are clearly affected by anthropogenic noise related to marine operations. 

 
 

1 INTRODUCTION  

 
Anthropogenic activities directly contacting the seabed, for example pile driving, drilling and 

dredging, produce vibrations which may travel great distances from source
1
 for example as shear 

waves, surface waves or compressional waves
2,3

. However, whilst recent governance initiatives 

have focused upon marine underwater noise, the inclusion of seabed energy (substrate-borne 

particle motion) within this is unclear. Further accentuating the issue is that the abilities of benthic 

and demersal marine organisms to detect vibration via the substrate are largely undescribed, with 

much of the data being made up of anecdotal observations after exposures to unquantified 

vibration; or focussed upon non-marine species
6,7

, with the topic only recently gaining interest in 

underwater noise review papers
8
, as reviewed previously

4,5
.  

In crustaceans and bivalves, detection of vibration is likely to involve a variety of external 

mechanoreceptors upon the body surface and an internal statocyst system
9-14

, yet data is largely 

restricted to semi-terrestrial or freshwater species rather than marine
12,15

, as reviewed by other 
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works
16

. In bivalves specific receptors are relatively undescribed
17-19

. For both groups the extent of 

sensitivity to vibration for marine species is not well understood. There is therefore a need for 

investigating the extent of sensitivity to vibration, the receptors and pathways used for the detection, 

and the effects of short term and continuous vibration upon marine organisms.  

Here, bivalves and crustaceans were exposed to substrate-borne vibration within fully controlled 

laboratory conditions in order to assess their sensitivity in relation to anthropogenically-generated 

seabed vibration. 

 

2 SENSITIVITY OF BIVALVES AND CRUSTACEANS TO 
VIBRATION  

2.1 Methodology 

Full experimental methods are described in recent work, currently in press
5,
 

20
. Two separate 

experimental periods were undertaken with hermit crabs (Pagurus bernhardus) and mussels 

(Mytilus edulis) using the same methodology and setup. The experimental tank (400 x 600 mm), 

was mounted upon a custom-made base, built to minimize external vibrations entering the tank. 

Animals were acclimatized overnight in the tank prior to experiments, and were free to move within 

an ‘arena’ (100 x 100 mm) at one end of the tank. At the other end of the tank, a stinger rod 

descended vertically to the sandy substratum, connected to an electromagnetic shaker situated 

above the tank. The shaker was mounted on a separate frame to the base. Sinusoidal signals of 7 

frequencies (spanning 5 – 410 Hz, 8 second duration with 1 s rise and decay time), 11 amplitudes, 

greatest in the vertical plane, were presented to animals via the shaker and associated amplifier. 

The order of frequency presentation was fully randomized.  

Vibrations throughout all experiments were recorded continuously in the vertical plane with a 

waterproof piezo-electric accelerometer (Bruel and Kjaer Type 4333, sensitivity 20.6 mV/g, Bruel 

and Kjaer Type charge amplifier 2635), and in all three planes using a tri-dimensional waterproof 

geophone (SM-7 370 ohm, IO, 28.8 V/m/s). There was no significant difference in ambient vibration 

levels across experimental sessions. All instruments were calibrated before use as described in 

previous work
5
. 

Thresholds were determined using the well-defined staircase method
21

. In short, the animal is 

presented initially with the greatest amplitude, with the amplitude being reduced or increased with 

every positive or negative response respectively. The threshold is calculated as the amplitude of the 

stimulus which the animals reacted to on 50% of the presentations, taken as an average of ten 

iterations. The presence of specific behavioral indicators was used in each case as a marker for 

stimulus perception. A camera above the tank enabled remote observations of the animals to allow 

the experimenter to monitor behavior without introducing additional disturbance. One animal was 

tested per day, with 10 – 20 minutes in between frequency presentations, and 2 – 5 minutes 

between amplitude presentations to allow recovery. Additional experiments within the tank exposed 

the animals to a short clip of vibration, with the time taken to recover (s) after a startle response 

measured.  

 

2.2 Responses observed and relevance to anthropogenic operations 
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In both species, behavioral responses to vibration exposure were prominent throughout 

experiments without any signs of habituation within trials, although there was some indication of a 

reduction in sensitivity after long periods (weeks) in the laboratory. Mussels exhibited full or partial 

closure of the valves at onset of the stimuli which were distinct from natural rhythms of feeding. 

Hermit crabs showed a wider range of responses including the onset or cessation of movement, 

clear antennae and antennule movement for the duration of the signal. There were no responses to 

control exposures. In terms of velocity, sensitivity of animals ranged from 0.00001 – 0.006 m s
-1
 

(crab, n = 45) and 0.00005 - 0.002 m s
-1

 (mussel, n = 15), 5 - 410 Hz (vertical plane), (full data in 

press). Greatest sensitivity for crabs was at 410 Hz compared to 10 Hz for mussels. Sensitivities fell 

within the ranges of sensitivities of other invertebrate species to particle motion, such as 

crustaceans and cephalopods
15,22-26

, but there are no existing data regarding M. edulis and P. 

bernhardus to allow direct comparisons. P. bernhardus and M. edulis appear to be less sensitive to 

vibration than benthic fish
27,28

, although it is difficult to make comparisons due to markedly different 

methodologies.  

A comparison of threshold values to those measured in the vicinity of anthropogenic operations 

contacting the sea or riverbed indicated that such activities are likely to be detectable by the 

animals, and to have behavioral implications even at larger distances from the source. For example, 

vibrations produced by dredging and blasting at 220 - 300 m from operation fall within the 

behavioral threshold range. Other activities such as drilling, pile driving and shell auger are likely to 

elicit responses at 30 – 70 m distance (full data in press). It is important to note that only three 

specific behavioral indicators were tested here. The threshold of other behaviors (e.g. withdrawal of 

crab into shell) may differ, as may the thresholds for physiological changes or injury (which was 

beyond the scope of the current work).  

In both species there was evidence to suggest that the duration of response varied depending on 

the strength of vibration exposure. In hermit crabs, duration in the laboratory prior to tests 

significantly affected results, with those fresh to the laboratory showing increased sensitivity 

compared to their more acclimated counterparts.  

 

3 STUDYING SENSITIVITY TO VIBRATION  

3.1 Universal methodologies 

Work in small laboratory tanks, with numerous reflective boundaries, makes the acoustic field 

unpredictable
29-31

. Methods to overcome this difficulty may include standing wave tanks which aim 

to control both particle motion and pressure
11,14,25

, or speakers positioned above the water surface 
32

. In studies aiming to excite predominantly the substrate, the extent to which these factors have an 

influence upon the test animals are largely untested. However, in the case of many benthic 

invertebrates there is no evidence to support the detection of pressure
9,10,16,33

 hence only water-

borne stimuli may be appropriate. Since the boundary between water-borne and substrate-borne 

particle motion in liquids is unclear, this too may not be of relevance, especially since the same 

receptors may be used for detection of both. Nonetheless, it is a necessity to measure the vibratory 

field within the tank using calibrated sensors to measure all three planes of motion (i.e.- by using a 

tri-dimensional geophone, or three piezo-electric accelerometers). Measurements should be taken 

across the experimental tank to understand the variation in exposure by area. In the current work, 

fully calibrated sensors were used to measure the vibration upon the substrate. 

The experimental tank itself must be built to minimize the influence of external vibrations upon the 

test subjects. This is important since there is a prevalence of background vibrations in the 



237

Proceedings of the Institute of Acoustics 
 
 

Vol. 37. Pt.1 2015 

 

anthropogenic environment, so much so that investigations of terrestrial animals sensitivity to 

vibrations is said to be hindered by ‘bioseismic’ pollution
34

. Experimental tanks may be isolated from 

surroundings using layers of hard and soft material such as dampeners and gaskets 
17,35

, or by a 

suspended structure
36

. Such measures are necessary since there is evidence that sensory 

thresholds of fish, for example, are affected by background levels of vibration
37

. The effectiveness 

of such vibration reductions must be measured, and as with all vibroacoustic studies background 

levels must be measured throughout experiments to ensure that there are no additional stimuli 

within the experiments, as in the current work.  

Shaker tables, constraining the bulk of the stimulus to one axis may be used to create a vibration 

stimuli
35

. Similar methods have been used in the exposure of semi-terrestrial crustaceans to 

vibration, by the use of a platform built upon a speaker cone
7,38

. Additionally stinger rods may be 

used to excite the substrate, as in the current work. In all cases, the stimulus must be measured in 

terms of frequency composition to ensure that the desired frequency is predominant as is necessary 

for auditory studies
39,40

, and the proportion of energy within each plane of motion. In the current 

work, an electromagnetic shaker was used to excite the substrate of the tank via a stinger rod. The 

coupling between the stinger rod and the substrate was adjusted to minimize wave distortion, 

measurements were taken across the tank, and there were prominent energy peaks at the 

presented frequencies. However whilst the vertical plane was the strongest component of the 

signal, the stimulus was not constrained to one axis fully due to the nature of the setup.    

Whilst restricting the mobility of the animal is preferable to ensure continuity of experimental signal 

between animals
7,38

, such restriction may impede natural behavior. The experimental setup is then 

a compromise between stimulus purity and a setup allowing the observation of natural behaviors. 

This trade-off has been addressed in various ways, from full restriction such as slings, clamps and 

harnesses
6,7,41

 to no restraint at all 
42

. In all cases, the ideal scenario involves laser Doppler 

vibrometry to measure the received stimulus directly on the body of the test animals
25,43

. In the 

current work animals were unrestrained to allow full movement. Animals were also allowed 

acclimation time within the experimental setup, both these aspects were deemed crucial to 

obtaining accurate thresholds. In the current work, animals were observed for natural behaviors 

rather than being conditioned to respond to the stimulus. Behavioral conditioning, whilst common for 

fish audiometry studies
40

  is more difficult for crustaceans due to, for example, naturally erratic heart 

rates
44

. The approach undertaken in the current work, using clear postural changes of the body has 

been successful in other studies
25,33,42,45,46

. 

3.2 Research directions  

The link made here, between sensory thresholds and actual anthropogenic noise data, highlights 

that the sensitivity of these species is sufficient to allow the detection of seabed vibrations produced 

by anthropogenic activities within the marine environment. The behavioral indicators observed here 

may be short-lived, however the implications of these changes may be far reaching, affecting 

energy budgets, and ‘distracting’ animals away from foraging, reproductive and anti-predator 

behavior as seen in acoustic studies
47-51

. In the case of mussels for example, disruption of natural 

periodic valve movements is likely to affect the energy budget of the animals, which may then have 

implications for the productivity of mussel beds; of commercial and ecosystem consequences. The 

energy budget and body conditions of mussels may be easily monitored within laboratory 

conditions, but was beyond the scope of the current study
52-55

. 

Now that a sensory threshold is documented for these species, further work could explore the 

extent to which behavioral, physical and physiological changes may be present after exposure to 

vibration, as well as repeating the method with different species. It would also be valuable to 
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investigate the threshold for injury. Further investigations would allow the translation of individual-

level effects up to the population scale, contributing to the limited understanding about the impacts 

of seabed vibration upon benthic organisms.  

As common for sensory threshold studies, the current work used a sinusoidal signal. Future work 

could use a similar experimental set up to investigate responses to other signals, such as short 

pulses, more continuous signals and anthropogenic recordings. Work to this effect has indicated 

responses to playback of shell auger piling which are likely to affect energy budgets of the animal
5
. 

Of most importance is a repetition of the current work within the field environment. Laboratory 

conditions cannot replicate the conditions these species encounter upon the seashore, in terms of 

physical and biological conditions, nor do they aim to. For example it is likely that behavior within 

the laboratory is different than in more natural conditions
56

, and background levels of vibration may 

affect thresholds as found in work with fish
37

. 

Finally, the comparison here of anthropogenic values and thresholds is somewhat crude due to the 

use of a relatively small set of measurements, hindered by a lack of publicly available data. 

Vibrations produced by marine constructions are likely to vary with, for example, seabed type, 

environmental conditions, type of construction method, equipment used and propagation conditions; 

However there are few data available for use.  

 

4 CONCLUSIONS 

Behavioral thresholds to sinusoidal substrate-borne vibration were found for P. bernhardus and M. 

edulis. The results are a valuable first step in understanding the sensitivity of these species to 

vibration, which may be produced naturally or by man-made activities. The short term behaviors 

documented here are part of a suite of behaviors exhibited upon vibration exposure, and the 

consequences of these in the longer term now need to be explored. As with all behavioral studies 

the results must be considered within the experimental context, including the stimulus type, 

exposure length and also biological conditions such as natural variation between individuals.   

When related to measurements of vibration-generating activities undertaken in the marine 

environment, the thresholds indicate that such activities would be detectable and induce behavioral 

changes. The thresholds obtained also provide an understanding of the levels of natural seabed 

vibration that may be detected by these species. 

The sensitivity of these common coastal species is of great relevance due to the increasing trend of 

marine developments around coastlines, and the growing concerns relating to their effect upon the 

environment. The current data are a first step towards understanding the impact of anthropogenic 

vibration upon these organisms. More tests are required to establish the sensitivity of these, and 

other species, within the natural environment. 
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