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ABSTRACT: Structured biogenic habitats are biodiversity hotspots that host a wide range of soniferous species. Yet in deep-water systems, their soundscapes are largely undescribed. In September of 2016 we deployed 3 underwater acoustic recorders for approximately 4 d in and around a
glass sponge reef in the Outer Gulf Islands sponge reef fishing closure, British Columbia, Canada.
The 2 recordings from the reef (within and at the margin of the reef footprint) were significantly
louder in the mid- and high-frequency bands (100 to 1000 Hz and 1 to 10 kHz, respectively) than
the recordings made in soft-bottom habitat away from the reef. These frequency bands are known
to correlate with aspects of the biological community as well as benthic cover in shallow-water
systems; visual surveys conducted in the area confirmed the presence of several known soniferous
species. More fish sounds were recorded on the reef compared to the off-reef site. Our results suggest that this glass sponge reef has a distinct soundscape and that future work linking aspects of
the soundscape to the ecology of the ecosystem are warranted.
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INTRODUCTION
Soundscapes are an important yet understudied
trait of marine environments. A variety of marine organisms, from whales to shrimp, make noise either incidentally or for communication or navigation (Rountree et al. 2006). For example, fish use sounds during
courtship as a way to distinguish conspecifics (Danley
et al. 2012) and assess mate quality (Verzijden et al.
2010). Monczak et al. (2017) recently used the frequency and spatial distribution of fish calls and choruses to identify when and where soniferous fish were
spawning. Therefore, studying the biophony (sounds
generated by organisms within an ecosystem) can
*Corresponding author: stephanie.archer@dfo-mpo.gc.ca
**These authors contributed equally to this work

give us clues about the identity, relative abundance,
and behaviors of species present in an ecosystem
(Širovi et al. 2009). Additionally, soundscapes can
provide information on, and help to maintain the
health of an ecosystem. For example, the specific
acoustic signature of both coral and oyster reefs are
used by juveniles to gauge the quality of a habitat and
as a settlement cue (Simpson et al. 2008, Lillis et al.
2013, Butler et al. 2016). Consequently, analysis of
soundscapes may provide ecosystem-level information in difficult-to-study marine systems.
Sound is an important sensory cue for organisms
living in deep-water systems (Wall et al. 2014), but
deep-water soundscapes have received minimal
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attention (Rountree et al. 2012). Anthrophony (noise
from human activities such as shipping) is increasing,
and this can affect the behavior of benthic organisms.
For example, Solan et al. (2016) found that increased
anthropogenic noise altered the behavior of multiple
sediment-dwelling invertebrates and that this had
cascading consequences for benthic nutrient cycling.
Thus, it is important to study the soundscape and
contribution of anthropogenic noise in these deepwater systems.
Glass sponge reefs (GSRs) are built by dictyonine
hexactinellid sponges which have skeletons made of
glass fused into a rigid but fragile 3-dimensional
structure (Leys et al. 2007). Similar to coral reefs,
GSRs are built by larval sponges settling on the skeletons of previous generations of sponges (Dunham et
al. 2018). This process results in the construction of
large bioherms with live reef-building sponges at the
reef’s surface that support diverse communities of fish
and invertebrates (Cook et al. 2008, Chu & Leys 2010,
Dunham et al. 2015). GSRs have only been documented in shelf habitats in the Northeast Pacific from
Portland Canal to the Strait of Georgia, British Columbia, Canada (Dunham et al. 2018).
Here, we provide the first description
of the soundscape on a GSR including
a discussion of the anthrophony potentially influencing this system.

Chu & Leys 2010, Dunham et al. 2015). Two recorders were placed within the reef; one in an area of
high sponge cover (reef-center; depth = 87 m, deployed 28 September 2016 for 108.7 h) and the other
on the edge of the reef (reef-margin; depth = 94 m,
deployed 28 September 2016 for 118.5 h). A third
recorder was placed well outside the reef (off-reef;
depth = 185 m, deployed 29 September 2016 for
98.6 h; Fig. 1). The reef-center recorder was placed in
an area of > 35% live sponge cover. Both the reefmargin and off-reef recorders were not immediately
adjacent to live sponge cover: the reef-margin
recorder was approximately 60 m from live sponge,
while the off-reef recorder was over 500 m from the
nearest live sponge. The sediment consisted of softbottom sediments at the off-reef site and a combination of siliciclastic soft sediments and buried sponge
skeletons at the 2 within-reef sites. Sponge percent
cover was estimated for the reef-center and reefmargin locations using the data and methods described in Chu & Leys (2010) and confirmed using the
ROV. Each instrument recorded continuously
(96 kHz, 16 bit) on ‘high gain’ setting.

MATERIALS AND METHODS
Site description
We deployed 3 autonomous acoustic
recorders (SoundTrap 300 STD Model,
Ocean Instruments) on the Galiano
sponge reef within the northern portion of the Outer Gulf Islands fishing
closure (48° 54.70’ N, 123° 19.56’ W;
Fig. 1) (DFO 2015) on 28 and 29 September 2016 using Fisheries and
Oceans Canada’s (DFO’s) Phantom
remotely operated vehicle (ROV). The
recorders were attached to 1 m of rope
and suspended 0.3 m off of the bottom
with a buoy. This reef was surveyed in
detail by Chu & Leys (2010) and has
consistently been found to have high
average sponge cover (~26%) (Dunham et al. 2015, 2018). A total of 59
species from 7 phyla have been reported from the reef (Cook et al. 2008,

Fig. 1. Overview of protected glass sponge reef locations in (A) the Strait of
Georgia, British Columbia and (B) the northern section of the Outer Gulf Islands fishing closure, the footprint of the sponge reef, and the location of the
recorders. Contour lines in (B) represent 20 m contours
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Biological sounds
Trained bioacousticians manually analyzed all recordings looking for calls matching the characteristics of confirmed fish calls they were familiar with.
We amplified the recordings by 30 dB and then
searched for fish sounds by viewing spectrograms
(10 000 fast Fourier transform [FFT], Hann window,
50% overlap) in Raven Pro (Bioacoustics Research
Program 2017) displaying frequencies between 0 and
1400 Hz, in 10 s windows. We verified all fish sounds
aurally.

Ambient noise levels
We processed all acoustic recordings in PAMGuide
using MATLAB version R2016b (Merchant et al.
2015). All 3 recorders were calibrated by the manufacturer and had ‘high gain’ clip levels of 171.7, 172,
and 172.2 dB re 1 µPa. We measured power spectral
densities (PSDs) between 20 Hz and 48 kHz based on
1 min averages from FFTs of 1 s of data in 1 Hz bins
with 50% overlap using a Hann window. From these
PSDs, we calculated sound pressure levels (SPLs; in
dB re 1 µPa) in different frequency bands (20 to
100 Hz, 100 to 1000 Hz, 1 to 10 kHz, 10 to 48 kHz, and
broadband from 20 Hz to 48 kHz). We did not include
data below 20 Hz in SPL calculations because the
recorders used were not sensitive below 20 Hz. We
compared the SPLs using 2 data sets; the first was
restricted to the times when all recorders were deployed, the second used the full duration of deployment for each recorder. The results did not differ.
Therefore, the data presented here are from the full
deployment for all recorders. We examined PSDs for
each recorder based on exceedance percentiles. We
compared SPLs from the different locations and in
different frequency bands using analysis of variance
in R (R Core Team 2016), with band level, location,
and their interaction as independent variables.
We analyzed the influence of vessel traffic on SPLs
in each frequency band. We estimated the vessel
traffic in the area using an automated identification
system (AIS) receiver located on the Iona Island
Causeway (49° 12.96’ N, 123° 12.33’ W) operated by
Ocean Networks Canada. All received AIS messages
were decoded following the NMEA 0183 standard
(NMEA 2002) using a custom MATLAB script and
provided the unique identification (MMSI number),
position, course, and speed of each AIS-equipped
vessel in the area. Then we calculated the number of
vessels and the distance of the closest vessel within a

247

10 km radius around each recorder for each minute
of the monitoring period. We used linear regressions
in R to examine the impact of vessel traffic on SPL,
with the SPLs in each frequency band as the dependent variable, and number of vessels, distance to the
nearest vessel, location of the recorder, and all 2-way
interactions were the independent variables.

RESULTS
Biological sounds
We detected fish sounds at all 3 locations, but variability in the number of fish sounds between sites
was high (see Table S1 in the Supplement at www.
int-res.com/articles/suppl/m595p245_supp.pdf). We
counted 41 fish sounds at the reef-center location,
consisting of 19 grunts and 22 knocks. At the reefmargin site, we counted 120 fish sounds (36 grunts
and 84 knocks). At the off-reef site, we only counted
7 knocks and no grunts. Grunts and knocks were
occasionally isolated, but typically came in a succession of one grunt followed by multiple knocks
(Fig. 2). Grunts had an average peak frequency of
129.4 Hz (1st quartile = 58.6, median = 70.3, 3rd quartile = 143.6) and a duration of 0.37 s (1st quartile =
0.30, median = 0.36, 3rd quartile = 0.47) while the
peak frequency of knocks averaged 210.7 Hz (1st
quartile = 76.2, median = 175.8, 3rd quartile = 316.4)
and a duration of 0.16 s (1st quartile = 0.09, median =
0.11, 3rd quartile = 0.14) (Table S1).

Ambient noise levels
Ambient noise levels at all 3 locations generally
stayed between 60 and 100 dB re 1 µPa2 Hz−1 from 20
to 100 Hz, and then steadily decreased between
100 Hz and 48 kHz (Fig. 3). There were many small
peaks in PSD between 20 and 1000 Hz at all 3 locations, likely caused by shipping noise. The largest
peaks occurred between 20 and 40 Hz, which were
likely caused by propeller cavitation noise (Lourens
& du Preez 1998). An additional large peak, which
was also related to vessel noise, occurred at 400 Hz.
Shipping noise was visible on the spectrograms at all
hours of the day (Fig. 4). Large peaks in PSD between 10 and 20 kHz at the reef-center and reefmargin recorders were due to nearby surveys with
the ROV. These peaks were missing from the off-reef
recorder because ROV surveys did not take place at
this site. When statistically comparing median PSD
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re 1 µPa at reef-center, 103.6 dB re 1 µPa at reefmargin, and 100.6 dB re 1 µPa at the off-reef site.
An increase in the number of vessels within 10 km
caused increased SPLs in all bands and at all
recorder locations (see Tables A1 & A2 in the Appendix), with the largest effect at the reef-margin, followed by reef-center, and with the off-reef location
having the lowest effect. As the distance to the closest vessel increased, SPL increased in the 20 to
100 Hz band, but decreased in the 100 to 1000 Hz
and 1 to 10 kHz bands, and did not change in the 10
to 48 kHz band.

DISCUSSION

Fig. 2. Spectrograms of example fish sounds detected on the
glass sponge reef. Grunts and knocks are identified with
white boxes. Horizontal lines (blue line at ~550 Hz in the top
panel, red line at ~400 Hz in the bottom panel) represent
ship noise

levels, the reef-margin had higher levels than the
reef-center between 20 and 100 Hz (p < 0.01), and
both reef-center and reef-margin locations had
higher levels than off-reef from 100 Hz to 10 kHz (p <
0.001). All locations had similar noise levels above
10 kHz (p > 0.94). Median broadband levels (20 Hz to
48 kHz) were similar at each site, and were 103.0 dB

We showed that this GSR likely possesses a distinct
soundscape. The off-reef recording was quieter than
the on-reef recordings in the mid (100 to 1000 Hz)
and high (1 to 10 kHz) frequency bands. These bands
correlate with the presence of soniferous organisms
and benthic cover in shallow-water systems (Bertucci
et al. 2016, Butler et al. 2016). The 2 on-reef recordings had more fish sounds than the off-reef recording. We cannot identify the fish producing these
sounds at this point; however, over 700 species of fish
are known to produce detectable vocalizations, typically in the mid-frequency band (Kaatz 2002, Rountree et al. 2006). Previous visual surveys conducted in
close proximity to the location of our recorders have
documented 12 species of fish (Cook et al. 2008, Chu
& Leys 2010, Dunham et al. 2015, 2018). Of these, 6
are confirmed soniferous species or are from known
soniferous families: Sebastes elongates, S. ruberrimus, S. flavidus, S. proriger, Theragra chalcogramma, and an unidentified Cottidae species (Fish 1948,
Fish & Mowbray 1970, Nichols 2005, Širovic & Demer
2009, Wall et al. 2014, Mooney et al. 2016). The
higher number of fish sounds recorded on the GSR
suggests that this ecosystem has a different biophony
than the surrounding habitat.
Although we do not have visual observations
paired with our sound recordings, there is strong evidence that fish and invertebrate communities differ
between the on- and off-reef deployment sites. The
large sponges that form the reefs attract fish (Chu &
Leys 2010, Du Preez & Tunnicliffe 2011, Dunham et
al. 2018). Fish and invertebrate (hereinafter megafauna) abundance is higher on reefs than in the surrounding areas (Chu & Leys 2010), and both fishes
and decapod crustaceans are abundant on the
Galiano sponge reef, particularly in areas of live
sponges (Chu & Leys 2010, Dunham et al. 2015). The
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Fig. 3. Power spectral densities (PSDs) and spectral probability densities
(SPDs) recorded around a glass sponge reef at 3 locations (reef-center,
reef-margin, and off-reef). Exceedance percentiles and the mean (root
mean square [RMS] level) are displayed for each location. Analyses focused on levels above 20 Hz due to decreased sensitivity below 20 Hz
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megafauna observed during recorder deployment and retrieval support these patterns. No megafauna were observed during
the deployment or retrieval of the off-reef
recorder, while 6 species were observed at
the reef-margin site, and 13 species were
observed in close vicinity of the reef-center
recorder (see Table A3 in the Appendix). Although we cannot make quantitative comparisons of the megafauna that were present
at each of our deployment sites at the time of
our study, the published literature, our qualitative observations, and the patterns of fish
calls we observed suggest that megafauna
abundance (and therefore, likely the biophony) is higher on the reef.
The fish sounds we detected were likely
too quiet and transient to significantly influence the sound levels that we measured.
However, other biological activity may contribute to the 2 on-reef recordings being
louder than the off-reef in the mid- and
high-frequency bands. Many invertebrates
common on GSRs are from orders known to
produce sounds (e.g. decapod crustaceans;
Schmitz 2002). Invertebrates can generate
noise within the high-frequency bands
(Simpson et al. 2008). Additionally, increased SPLs in both mid- and high-frequency bands have been linked with
aspects of the benthic structure (Bertucci et
al. 2016). We need to investigate what
sounds are made by invertebrates in this
ecosystem to fully assess their contribution
to the soundscape.
Given the short distance between the
reef-center and reef-margin sites, the difference between the 2 recordings in the 20 to
100 Hz frequency band was initially surprising. However, this difference can be largely
attributed to vessel traffic, as both the number of vessels and the distance to the nearest
vessel increased SPLs in this frequency
range more on the reef-margin than the
reef-center recordings. Despite the large
difference in depth between the on- and offreef hydrophones (98 m), vessel traffic had a
similar effect on SPLs recorded by these 2
hydrophones. Our study area is just north of
Active Pass, an area of high ship traffic
including large vehicle-carrying ferries, and
based on vessel locations, at least one AISequipped vessel was within 10 km of the
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Fig. 4. Long-term spectrograms for 3 locations (reef-center, reef-margin, off-reef) on or near a glass sponge reef. Colors range
from blue (quiet) to red (loud). Vertical bars: sounds made from ships at their closest point of approach; high frequency noise
(~17.5 kHz) at the beginning and end of the recordings is noise from the remotely operated vehicle (ROV)
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recorders 85% of the time. We saw a significant difference in the influence of vessel traffic on SPLs at
the 3 locations across all frequency bands, with the
greatest influence in the low frequency band at the
reef-margin location. However, noise caused by vessel traffic does not explain the difference between
the recordings on the reef versus off the reef, since
vessel traffic always had a similar influence on the
reef-center and off-reef recordings.
Our results suggest that this GSR has a distinct biophony, thereby indicating that passive acoustics may
complement traditional visual surveys. Longer deployments combined with fine-scale community
mapping would allow us to fill knowledge gaps
regarding temporal changes in community structure
and habitat use. We also found that vessel traffic increased noise levels on the GSR. Further work is
needed to determine how vessel noise reaching the
reefs is impacting the community. Future work
should also allow us to identify fish calls recorded on
the reef to species level, bolstering our understanding of the fish community on the reefs. This pilot
study represents the first description of the soundscape of a GSR, and shows that further research into
the relationship between sound production, community structure, and ecosystem health is warranted.
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Appendix
Table A1. Counts of vessels within 10 km of each recorder and distance (m) of the closest vessel to each recorder for each
minute of recording
Location
Number of vessels
Reef-center
Reef-margin
Off-reef
Minimum distance
Reef-center
Reef-margin
Off-reef

Minimum

1st Quartile

Median

Mean

3rd Quartile

Maximum

0
0
0

1
1
1

2
2
2

1.9
1.9
1.9

3
3
3

8
8
8

14
19
8

3817
3983
3611

4952
5122
4800

5253
5355
5132

6785
6761
6795

9998
10653
10262

Table A2. Slope estimates (mean ± SE) for the impact of the number of vessels within 10 km and the distance to the nearest
vessel on sound pressure levels (dB re 1 µPa) in 4 frequency bands for each recorder deployed at the reef-center, reef-margin,
and off-reef of the Galiano sponge reef
Location
Number of vessels
Reef-center
Reef-margin
Off-reef
Minimum distance
Reef-center
Reef-margin
Off-reef

20−100 Hz

100−1000 Hz

1−10 kHz

10−48 kHz

1.01 ± 0.15
1.45 ± 0.16
0.8 ± 0.15

0.64 ± 0.13
0.89 ± 0.14
0.58 ± 0.13

0.79 ± 0.12
0.79 ± 0.12
0.79 ± 0.12

1.14 ± 0.14
1.44 ± 0.15
1.11 ± 0.14

0.59×10−4 ± 7.90×10−5
2.54×10−4 ± 7.30×10−5
0.23×10−4 ± 8.24×10−5

−2.72×10−4 ± 6.18×10−5
−2.72×10−4 ± 6.18×10−5
−2.72×10−4 ± 6.18×10−5

−2.80×10−4 ± 5.49×10−5
−2.80×10−4 ± 5.49×10−5
−1.56×10−4 ± 6.20×10−5

0.00
0.00
0.00

Table A3. Species observed during recorder deployment and retrieval at each
location
Off-reef

Reef-margin

Reef-center

No species observed Cribrinopsis fernaldi
Crossaster papposus
Hydrolagus colliei
Metridium sp.
Munida quadrispina
Pandalus platyceros

Editorial responsibility: Christine Erbe,
Bentley, Western Australia, Australia

Acantholithodes hispidus
Chorilia longipes
Gephyreaster swifti
Henricia sp.
Unidentified Lithodidae sp. 1
Munida quadrispina
Unidentified Osmeridae sp. 1
Pandalus platyceros
Peltodoris lentiginosa
Sebastes elongatus
Sebastes sp. 1
Sebastes sp. 2
Unidentified Asteroidea sp. 1
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