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Most reef populations are replenished with
recruits that settle out from an initially pelagic
existence. The larvae of nearly all coral reef
fish develop at sea for weeks to months before
settling back to reefs as juveniles. Although
larvae have the potential to disperse great
distances, recent studies show a substantial
portion recruit back to their natal reefs (1, 2).
Larvae are not passively dispersed but develop
a high level of swimming competence (3).
How they use these capabilities to influence
their dispersal is an open question. We show
here that recruits respond actively to reef
sounds, potentially providing a valuable management tool for the future.
Since the discovery that reef fish larvae are
accomplished swimmers, focus has shifted to
identifying cues that may influence their orientation. Sound has emerged as a leading
candidate, because it travels in water irrespective
of current flow with little attenuation and because
fish and invertebrates create a clamour that can be
heard for many kilometers around (4). We have
previously shown the attraction of settlementstage reef fishes from many families to reef
noise, using light traps and prerecorded sound
(5). Here we provide direct evidence that sound
enhances settlement of fish onto patch reefs.
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We used two experiments to study settlement
behavior in the presence of recorded reef sounds
(6). In November 2003, we built 24 patch reefs
from dead coral rubble on sand flats in 3- to 6m-deep water at Lizard Island on the Great
Barrier Reef (fig. S1). For six nights, we deployed submersible speakers broadcasting reef
noise (at 156 dB relative to 1 mPa at 1 m, mostly
the sound of snapping shrimp and fish calls) on
12 of these patch reefs, alternating the location
of the speakers each night. Most settlement
occurs at night, so recruiting fish were collected
from the patch reefs early the following
mornings. Of the 868 recruits we collected,
most were apogonids (or cardinalfish, 80%) or
pomacentrids (or damselfish, 15%). These two
families are key members of coral reef fish
assemblages around the world: The apogonids
contribute up to one quarter of all individuals on
reefs and the pomacentrids up to half of the total
fish biomass (7). Analyses showed no site or
date effects in our data, but both families settled
in greater numbers on noisy patch reefs than on
silent reefs (Fig. 1A). A preference for noisy
patch reefs was also seen in less common fishes,
with marginally more taxa (excluding apogonids
and pomacentrids) on patch reefs with broadcast
noise than on reefs without (Fig. 1B).
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In December 2003, the experimental field
site was used to compare the settlement of fishes
to patch reefs where we broadcast primarily the
high frequencies of reef noise (80% 9 570 Hz,
predominantly shrimp) or low frequencies of reef
noise (80% G 570 Hz, predominantly fish) with
settlement to silent reefs. This time, nearly four
times as many recruits arrived (3111 fish), but
the taxonomic composition was similar. Apogonids settled on high- and low-frequency patch
reefs in equivalent numbers, but pomacentrids
were preferentially attracted to reefs with highfrequency noise (Fig. 1C). Again, reefs without
sound received less settlement from rarer taxa
than reefs with broadcast sound (Fig. 1D).
This study provides direct field evidence that
settling reef fishes use sounds to orientate
toward and select reefs. Furthermore, there is
an indication that some fish groups may be selectively using specific components of the reef
sound to guide their settlement behavior. The
important use of sound at this critical life history
phase raises the possibility of potential adverse
effects of increasing anthropogenic noise pollution (e.g., shipping and drilling), but it may also
lead to the development of new tools for
fisheries managers for restocking fisheries or
newly established marine reserves.
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Fig. 1. Comparison of catches from patch reefs with different sound treatments (tables S1 to S3). (A and
B) Reefs broadcasting reef noise (black) or silent reefs (white). (C and D) Reefs with high-frequency
(black) or low-frequency (gray) reef noise or silent reefs (white). Statistical results are for (A) Chisquared analyses, (B) Wilcoxon’s matched pairs test, (C) pairwise Chi-squared analyses with Bonferroni
corrections, and (D) pairwise Wilcoxon’s matched pairs test with Bonferroni corrections (ms, P G 0.1; *,
P G 0.05; **, P G 0.01). All apogonids and pomacentrids were excluded from the analyses in (B) and (D).
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A passive acoustics method is presented that uses the ocean ambient noise field to determine water
depth and seabed sub-bottom layering. Correlating the noise field measured by two sensors one can
recover a function that closely resembles the two-point Green’s function representing the impulse
response between the two sensors. Here, a technique is described that is based on noise correlations
and produces what is effectively a passive fathometer that can also be used to identify sub-bottom
layers. In principle, just one or two hydrophones are needed—given enough averaging time.
However, by combining the cross correlations of all hydrophone pairs in a vertical array a stronger
signature can be obtained and this greatly reduces averaging time. With a moving !e.g., drifting"
vertical array, the resulting algorithm yields both a map of the bottom depth !passive fathometer"
and the locations of significant reflectors in the ocean sub-bottom. In this paper, the technique is
described and illustrated using numerical simulations. Results are also shown from two experiments.
In the first, ambient noise Compressive
is taken on a fixed array geoacoustic
in the 200– 1500 Hz frequency
band and using
the
inversion
ambient
second experiment uses a drifting array in the 50– 4000 Hz band. © 2006 Acoustical Society of
a)
America. #DOI: 10.1121/1.2227371$Caglar Yardim, Peter Gerstoft, William S. Hodgkiss, and James Traer
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(Received 25 August 2011; revised 24 January 2012; accepted 27 January 2012)
This paper applies Bayesian inversion to bottom-loss data derived from wind-driven ambient noise
measurements from a vertical line array to quantify the information content constraining seabed
geoacoustic parameters. The inversion utilizes a previously proposed ray-based representation of
the ambient noise field as a forward model for fast computations of bottom loss data for a layered
seabed. This model considers the effect of the array’s finite aperture in the estimation of bottom
loss and is extended to include the wind speed as the driving mechanism for the ambient noise field.
The strength of this field relative to other unwanted noise mechanisms defines a signal-to-noise ratio, which is included in the inversion as a frequency-dependent parameter. The wind speed is
found to have a strong impact on the resolution of seabed geoacoustic parameters as quantified by
marginal probability distributions from Bayesian inversion of simulated data. The inversion method
is also applied to experimental data collected at a moored vertical array during the MAPEX 2000
experiment, and the results are compared to those from previous active-source inversions and to
C 2012 Acoustical Society of America.
core measurements at a nearby site. V
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Surface generated ambient noise can be used to infer sediment properties. Here, a passive geoacoustic
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Using measurements of ocean ambient noise to produce an estimate of seabed properties is attractive for several reasons. 1) Since ambient noise results from wind and
rain interacting with the sea-surface the sound sources exist everywhere. 2) This sheet
source provides an angular spread of plane-waves that have interacted with the bottom
and therefore contain information about seabed properties. 3) Passive measurements not
requiring a sound projector greatly simplify the design of an experiment or survey technique. 4) With concerns over the impact of sound on marine mammals, an environmentally friendly geoacoustic inversion method that does not require a human-made sound
source is highly attractive.
Although the dependency of ambient noise on seabed properties has been widely
reported, only recently has a method been developed that uses vertical directionality of

Source: Buckingham et al. (1996)
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FIG. 5. Schematic of the ADONIS deployments below R. P. ORB. In practice, the various types of target illustrated in the figure were not deployed
simultaneously. To the left of ORB is one of the pier pilings.

wood, fiberglass, aluminum, or aluminum faced with neoprene foam. One panel was of corrugated steel 3.2 mm
thick..
The cylindrical drums were filled with wet sand
(density!1900 kg/m3), sea water (density!1000 kg/m3), or

Source: Epifanio et al. (1999)

Source: Johnson et al. (1947)
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Two species of these genera are shown in Figures

1 and 2.

Source: Johnson et al. (1947)
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over shrimp bed.

The snapping habit
Studies of most species of these two genera have been based on preserved speci
mens; consequently, the snapping has not been observed directly in many species.
The claw structure, however, indicates that all the species do snap to some extent.
The species range in size from about 2 cm. to a giant species, C. strenuus, attain
ing a length of 8 cm., but it is clear that size is not necessarily correlated with the
noise produced.
The few direct sound measurements available of isolated speci
mens indicate, for example, that Synaipheus lockingtoni may produce a louder snap
than its larger relative Crangon dentipes.
The average peak pressure level of
Crangon for a distance of a meter was 115 db above 0.0002 dyne/cm.2; whereas it
was about 124 db for Synaipheus.
While the difference may be real, the present
observations are too few, and the spread too great, to confirm this.
The habit of snapping is associated with defensive and offensive activities.
In closing the snapping claw, a vigorous jet of water is produced by means of a
plunger arrangement
described below. This sudden gush of water serves to

Source: Potter & Chitre (1996, 1999)
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The 3D volumetric data processing is highly computation intensive and it increases with
increase in volume resolution.

Figure 5.13. 3D visualization of underwater objects

Figure 5.13 shows one time instant of 3D visualization video where the target test frame

Figure 34:

!

HiDAQ in surface mounted configuration.

A number of deployments were also been done in a bottom-mounted
configuration, with the array attached on top of the 4-meter tall tripod. The
entire system was placed on the seabed as shown in Figure 35. The
electronics housing was attached at the lower end of vertical pole using a
customized fitting. With the tetrahedral array mounted 4 meters above the
seabed, we were able to map more than 20,000m2 of area centered at the
tripod.
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