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Acoustic-based model estimation of snapping shrimp populations
and the effects of a sponge die-off
Jack Butler, Mark J Butler IV, Holly Gaff

Department of Biological Sciences, Old Dominion University, Norfolk, VA 23529

ABSTRACT

Human use of the ocean and its ecosystems continues to degrade coastal habitats around the
world. Assessing anthropogenic impacts on these environments can be cost and manpower
intensive; thus, developing rapid, remote techniques to assess habitat quality has become
increasingly important. We employed autonomous hydrophone receivers to record the
soundscapes of healthy hard-bottom habitat in Florida Bay, Florida (USA) and hard-bottom
areas impacted by sponge die-offs. We also recorded sounds emanating from individual
sponges of three species that were isolated in underwater sound booths, and then enumerated
the invertebrates (mostly snapping shrimp) dwelling within the canals of each sponge. From
these recordings, a modified cylindrical sound propagation model was used to estimate
distances to snapping shrimp snaps. Using the program Distance, which applies distance
sampling theory to cue count surveys, we estimated snapping shrimp population density and
abundance within both habitat types. More snapping shrimp snaps per unit time were recorded
in healthy hard-bottom areas as compared to degraded hard-bottom areas. In addition, the
average distance to a snap source was greater within degraded hard-bottom areas than within
healthy hard-bottom areas. As a consequence, the estimated density and abundance of

snapping shrimp were one to two orders of magnitude greater within healthy habitat than


https://doi.org/10.1101/056986
http://creativecommons.org/licenses/by-nc/4.0/

23

24

25

26

27

28

29

30

31

32

33

34

35

36

37

38

39

40

41

42

43

44

bioRxiv preprint doi: https://doi.org/10.1101/056986; this version posted June 3, 2016. The copyright holder for this preprint (which was not
certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is made available under

aCC-BY-NC 4.0 International license.

2

within degraded habitat. This study demonstrates the feasibility of using acoustic sampling and
modeling to rapidly assess populations of soniferous benthic indicator species, whose

vocalizations may yield indirect estimates of habitat quality.

Keywords: remote acoustics, distance estimation, Distance, habitat degradation, snapping

shrimp

1. Introduction

Humans rely upon ocean ecosystems for goods and services; unfortunately, extractive
use of marine resources (e.g., fishing and mining,) and the indirect effects of human habitation
(e.g., land-based run-off and climate change) have altered and degraded these ecosystems
(Jackson et al. 2001; Halpern et al. 2008). Worldwide, marine ecosystems are declining
(Suchanek 1994; Valiela et al. 2001; Waycott et al. 2009) and coastal ecosystems are
particularly vulnerable to anthropogenic disturbances (Vitousek et al. 1997; Limburg 1999;
Lotze & Milewski 2004), threatening their function (Solan et al. 2004; Worm et al. 2006; Diaz &

Rosenberg 2008).

Habitat monitoring and assessment are key to understanding how ecological
communities respond to habitat degradation (Kremen et al. 1994), yet monitoring presents
many challenges. It is often time-consuming, expensive (Harris et al. 2015), and prone to human
bias (Willis 2001); as when, for example, the avoidance of divers by fishes skews estimates of
their biodiversity (Dickens et al. 2011). So the development of accurate and inexpensive

monitoring techniques is becoming increasingly important as anthropogenic influences
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continue to buffet near-shore environments, including structurally complex coastal habitats

that are so important as nurseries and foraging grounds (Airoldi et al. 2008).

One promising technique, based on the burgeoning science of soundscape ecology,
relies on the measurement of sound to monitor ecosystems (Pijanowski et al. 2011). Although
pioneered in terrestrial ecosystems, the study of soundscapes has been extended to the marine
environment as a framework for environmental monitoring (Harris et al. 2015). Contrary to the
public perception that the sea is a quiet realm - as implied, for example, in Jacques Cousteau’s

Silent World - the ocean is alive with sound.

Underwater sound, whose sources are physical, biological, and anthropogenic, has been
studied for decades. Early studies by Tait (1962) and Cato (1976, 1980) were some of the first
to describe variation in underwater noise from rock and coral reefs off New Zealand and
Australia. Recent research has confirmed that many of those noises are of biological origin and
exhibit diel, lunar, and seasonal variation (Radford et al. 2008a, 2008b). There is also spatial
variability in the sounds that emanate from within and among habitats (Radford et al. 20083,
2008b, 2010; Lillis et al. 2014), but only a few studies have used acoustics to assess community
structure or habitat characteristics in the marine environment. For example, Lammers et al.
(2007) described how acoustic activity is correlated with the structural characteristics of
habitats, whereas Kennedy et al. (2010) determined that acoustic variability was positively

correlated with the density, biomass, and diversity of organisms on coral reefs.

Though many marine organisms produce sounds and contribute to the biological
component of soundscapes (Myrberg 1981; Versluis et al. 2000; Bouwma & Herrnkind 2009;

Schérer et al. 2014; Staaterman et al. 2014), few are as ubiquitous as snapping shrimps whose
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snaps contribute a significant portion of energy to the biological din (Au & Banks 1998; Radford
et al. 2008a, 2010; Bohnenstiehl et al. 2016). By rapidly closing the dactyl of its enlarged chela,
a snapping shrimp creates a cavitation bubble that produces a loud pop upon its collapse
(Versluis et al. 2000). Snapping shrimps occur throughout temperate and tropical waters (Au &
Banks 1998; Cato & McCauley 2002; Radford et al. 2010) and dwell in a variety of habitats, from
estuaries to coral reefs (Au & Banks 1998). One group of snapping shrimps within the genus
Synalpheus, a clade of ~ 100 species, all live within the canals of tropical sponges (Duffy &
McDonald 1999; Duffy 2002). Some species of Synalpheus live in colonies of several hundred
shrimps all living within the same sponge; a few have developed eusociality, the only
occurrence of this extreme form of social behavior known among marine animals. Many species
within this genus exhibit direct development in which eggs hatch directly into crawling juveniles

(Duffy 2002), which further reinforces the link between shrimps and their sponge home.

Large sponges that harbor snapping shrimps are particularly abundant and important
components of tropical hard-bottom communities, such as those found in the Florida Keys
(USA). Hard-bottom habitat covers roughly 30% of the near-shore environment of the Florida
Keys where dozens of sponge species dominate the benthic animal biomass with a mean
density of >80,000 / ha (Stevely et al. 2011). Many of those sponges, especially large sponges
like the loggerhead sponge (Spheciospongia vesparium), provide shelter and habitat for fish and

invertebrates (Butler et al. 1995), including those that are soniferous (i.e., “sound producers”).

However, the Florida Keys have undergone drastic ecological change in recent decades.
In 1991, 2007, and 2013 portions of the Florida Keys - especially Florida Bay, the bay lying

between the Florida mainland and the islands of the Florida Keys - were subjected to prolonged
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89  thermal stress and a major shift in salinity due to anomalous and persistent weather conditions
90  (Butler et al. 1995; Stevely et al. 2011). These physical stresses resulted in massive and
91  widespread blooms of cyanobacteria whose radical increase in concentration precipitated the
92 mass mortality of sponges within a 500-km? area of the bay (Butler et al. 1995). The
93  widespread loss of sponges resulted in a significant reduction of structural complexity in
94  affected areas, leaving barren expanses of open substrate where sponges were once numerous.
95  The ecological effects of such a dramatic shift in the character of these systems are still being
96 studied, among these being a significant change in the underwater acoustic signature of
97  affected hard-bottom areas (Butler et al. 2016).
98 Because of the close association between snapping shrimps and sponges, a reduction in
99  sponge density in places such as Florida Bay would also likely reduce snapping shrimp density
100  and abundance. Thus, the present study aimed to: (1) evaluate the efficacy of using remote
101 acoustic monitoring to estimate snapping shrimp density and abundance, and (2) examine how
102  sponge mortality might have affected the distribution of snapping shrimp populations in Florida
103 Bay.
104
105 2. Materials and methods
106 To evaluate the effect of loss of sponges on snapping shrimp populations, underwater
107  soundscapes were recorded at six healthy hard-bottom sites in Florida Bay outside of the area
108  impacted by the sponge die-offs and at five hard-bottom sites within the area affected by the
109  sponge die-off (Fig. 1). Butler et al. (2016) determined that the number of snapping shrimp

110  snaps produced in hard-bottom areas unaffected by sponge die-offs was greater than the
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111 number of snapping shrimp snaps produced in hard-bottom areas degraded by sponge die-offs.
112 Therefore, acoustic recordings made outside the range of the sponge die-offs were used as a
113 baseline to characterize the soundscapes indicative of healthy snapping shrimp populations to
114 which recordings made within the die-off area were compared.

115

116  2.1. Acoustic analysis and number of snapping shrimp snaps

117 Habitat recordings were made using submersible hydrophone (Fig. 2A). Each system

118  consisted of a manufacturer-calibrated Aquarian Audio H2a omnidirectional hydrophone

119  (Aquarian Audio Products: sensitivity -180 dB re 1V/uPa) connected to a Roland R-05 solid-state
120 WAV recorder (48 kHz, 16 bit) housed within a waterproof housing. The system was manually
121 calibrated using pure sine signals from a signal generator, measured in line with an oscilloscope,
122 and the recordings were analyzed in MATLAB 2014b software (Mathworks, Inc.) by code

123 written specifically for the calibration of hydrophone systems. Fifteen-minute recordings were
124  made at noon during either the first quarter or last quarter moon phase at each site, and from
125  these recordings five 10-second subsamples were extracted for further analysis. All recordings
126  were post-processed using MATLAB 2014b software (Mathworks, Inc.). Each 10-second

127  subsample was processed through a MATLAB script written specifically for this study. First, the
128  data were high-pass filtered to 100 Hz to remove extraneous low-frequency interference. The
129  data were then plotted for visual inspection and to determine a snap count threshold level. The
130  threshold is the level above which any transient spike in the data is considered a snapping

131 shrimp “snap” and varies from recording to recording. Using the threshold level, data for

132 individual snaps within the recording were located, extracted, and stored. Once data for
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133 individual snaps within a given subsample were extracted, the peak-to-peak pressure level for
134  each snap was calculated. A calibration factor was applied to the raw data to calculate absolute
135 pressure levels, which were converted to decibels relative to 1 microPascal (dB re 1 puPa). These

136  values were later used to calculate sound transmission loss, as described below.
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Figure 1. Map of study area showing algal bloom extent and acoustic recording sites
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Figure 2. A remote hydrophone system (A), and the in situ sound damping chamber (B)
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139

140  2.2. Estimating snapping shrimp snap rate and snap source level

141 To determine the cue rate (i.e., snap rate) and to estimate the snap source level, 15
142 individual sponges of three sponge species (loggerhead sponge, Spheciospongia vesparium;
143 sheepswool sponge, Hypospongia lachne; yellow sponge, Spongia barbara) in which snapping
144 shrimps can be found were acoustically isolated in situ using an underwater sound damping
145 chamber. The chamber was constructed of a tin washtub (54 cm dia; 26 cm ht) encapsulated
146  with 5 cm of closed-cell foam and set in a 15 cm thick concrete base to render it negatively
147  buoyant (Fig. 2B). A hydrophone attached to a WAV recorder (see description above) was

148 lowered through a 3 cm dia tube at the center of the chamber, permitting the recording of
149  sound from individual sponges in situ.

150 The effectiveness of the sound-damping chamber was tested in two ways. First,

151  simultaneous in situ recordings of the soundscape acoustic spectra outside the chamber were
152 compared to the acoustic spectra within the chamber (Fig. 3A). In addition, after recording the
153 number of snapping shrimp snaps as described above, only snaps whose power exceeded a
154  threshold that excluded quieter snaps recorded outside the sound-damping chamber were
155  counted (Fig. 3B). This was done to ensure the chamber was effectively quieting snaps external
156  to the chamber to reduce false snap counts from sponges recorded within the chamber. Once
157  the chamber was positioned over the sponge, sound levels were recorded for 15 minutes. The
158  sponge was then cut from the substrate and placed in a plastic bag for transport to the

159  laboratory where it was dissected so as to remove and count all of the infaunal organisms,

160  which were primarily snapping shrimps.
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For recordings of sponges that housed snapping shrimps, the number of snapping
shrimp snaps emanating from that single sponge was calculated as described above. Using the
number of snaps and the number of snapping shrimp found within each sponge, cue rate
(snaps/10-sec/shrimp) was calculated. For each acoustically-isolated sponge, a calibration
factor was applied to the recording and the peak-to-peak sound pressure level (dB re 1 puPa) for
individual snaps was calculated. The snap source levels for all individual snaps were averaged to

determine the source level used to calculate transmission loss.

2.3. Estimating snapping shrimp distance to hydrophone receiver
For each 10-second subsample of a recording, the previously calculated sound source
level (SL) and the received sound level (RL) for each snap (see above) was used to calculate the

transmission loss of each snap. The transmission loss (TL) of each snap was calculated as:

TL=SL-RL

Using the transmission loss for each snap, the distance (d) of each sound source to the
hydrophone receiver was calculated using a modified cylindrical spreading model. Sound
propagates cylindrically in shallow water habitats like the hard-bottom habitats (< 2m depth) in
which these recordings were made. A cylindrical spreading model predicts that the coefficient
of transmission loss should be 10 (Urick 1983), but to account for sound wave interference,
sound absorption and scattering at the sea floor, and sound scattering at the sea surface, the

coefficient of transmission loss was raised to 15:
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183

184 TL =15 logio(d)

185

186  From this equation, the distance from the sound source to the hydrophone receiver was
187  calculated:

188

189 d =10/

190

191
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195  2.4. Snapping shrimp population density and abundance estimation

196 Using the snap rate calculated within the sound-damping chamber and the estimated
197  distances to snapping shrimp snaps within each of the habitat recordings, snapping shrimp

198  population density was estimated using the program Distance (version 6.2; Thomas et al. 2010).
199  Distance sampling techniques for population density estimation are widely used (Buckland et al.
200  2005) and have recently been modified to suit point transects wherein distances to sound cues
201  (e.g., bird calls or whale songs) are used rather than distances to animal sightings. This

202  technique allows for easy and inexpensive remote sensing and density estimation of any

203  soniferous organism and has been successfully implemented within the marine environment
204 (e.g., Kusel et al. 2011; Harris et al. 2013). Population density estimation via distance sampling
205  uses a probability density function based on an underlying detection function; this detection
206  function represents the probability of detecting a cue of interest given its distance from the

207  receiver (Marques et al. 2013). It is assumed that all organisms (or cues) of interest that lie

208  directly on the transect line or point are counted with certainty, and the probability of

209  detection declines monotonically with increasing distance from the line or point transect. The
210  distribution of observed detection distances is used to estimate the average probability of

211  detection, and this in turn is used to estimate population density and abundance. In addition,
212 the cue rate (i.e., how often one organism makes one cue of interest) is used to convert cue

213 density and abundance to animal density and abundance (Marques et al. 2009) by multiplying
214  the cue density estimation by the cue rate.

215 Distance fits several detection functions to the sampling data and uses AIC to determine

216  which model best fits the data. Once a model is selected, Distance provides a summary of the
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217  analysis, including a density estimate and 95% confidence intervals around that estimation.

218  Thomas et al. (2010) suggest a half-normal detection function with a cosine adjustment for

219  most studies, and this detection function best fit the data from the present study. Distances

220  were truncated to 50 meters (that is, any snap estimated to be over 50 meters from the

221  hydrophone receiver was removed from the population density and abundance estimates -

222  about 1% of distance estimates) to avoid adding extraneous adjustment terms to the

223 underlying detection function (Buckland et al. 2001; Thomas et al. 2010). Because distances
224  were truncated, density and abundance estimates of snapping shrimp populations produced by
225  Distance are based on a circular area with a radius of 50 meters, thus resulting in a total

226  coverage area of 7854 m>.

227 Snapping shrimp population density (shrimp/m?) was estimated for each site, and the
228  difference in shrimp density between healthy hard-bottom sites and degraded hard-bottom

229  sites was tested using a nested ANOVA (site nested within habitat type). Pooled data for all

230  sites within either the healthy hard-bottom area or the degraded hard-bottom area were used
231  to estimate population density for healthy and degraded areas. Upper and lower 95%

232 confidence interval density estimates were multiplied by the coverage area to obtain upper and
233  lower snapping shrimp abundance estimates. In addition, number of snapping shrimp snaps per
234  10-second subsample and average distance to snap source were analyzed using nested ANOVAs
235  (site nested within habitat type) to determine differences in those estimates between healthy
236  hard-bottom and degraded hard-bottom areas.

237

238 3. RESULTS
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239  3.1. Sponge infaunal shrimp communities, snap rate, and snap source level

240 At least one individual of each sponge species harbored snapping shrimp of the genus
241  Synalpheus, but the occurrence and abundance of snapping shrimp varied among sponge

242  species (Table 1). Every loggerhead sponge housed snapping shrimp in high abundance (mean
243  number of shrimp per sponge: 28 + 24.15 s.d.), and 80% of the sheepswool sponges housed

244  snapping shrimps albeit at lower abundance (13.5 + 14.65); however, only 20% of the yellow
245  sponges housed any snapping shrimp, and then only in low numbers (1.69 + 5.72). The number
246  of snapping shrimp within a given loggerhead sponge scaled linearly with sponge volume

247 (r?=0.703; p < 0.001), but the relationship between sheepswool (r?=0.217; p = 0.244) and yellow
248 sponge (r’=0.034; p = 0.91) volumes and number of snapping shrimp within each sponge were
249  weak and non-significant (Fig. 4). However, these differences could be attributed to a wider size
250  range for larger loggerhead sponges compared to sheepswool and yellow sponges, which are
251  smaller with less size variability. The number of snaps per shrimp per ten-seconds was 0.014 +
252 0.023 (mean *s.d.), and the average peak-to-peak source level of all snaps was 130 dB re 1 pPa

253 over 100 — 24,000 Hz.
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257 Table 1. Summary of infaunal shrimp communities within individual sponges.
Sponge Sponge Number of Number of Number o‘f
Species Volume (cm®)  snapping shrimp  snaps 222ps/shr|mp/10-

509.55 4 2 0.0060
689.81 4 5 0.0069
764.33 4 19 0.0417
1393.31 32 7 0.0018
1672.97 7 6 0.0238
1758.76 7 4 0.0095
2212.02 2 3 0.0313
Loggerhead 2579.62 33 12 0.0076
2666.32 50 8 0.0021
2907.48 23 8 0.0031
3700.24 26 20 0.0142
6054.94 52 11 0.0024
6136.70 63 12 0.0023
7961.78 76 11 0.0012
8565.61 43 14 0.0039
499.36 1 7 0.1167
1137.18 0 0 0.0000
1472.61 0 0 0.0000
1619.35 20 27 0.0118
1720.46 28 8 0.0053
Sheepswool 2152.87 28 11 0.0073
2368.15 14 10 0.0132
2746.50 23 3 0.0024
2907.40 0 0 0.0000
3118.47 0 0 0.0000
3261.15 41 4 0.0020
3310.79 2 3 0.0357
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3621.50 1 2 0.0370
5231.85 31 1 0.0006
497.61 0 0 0.0000
522.37 0 0 0.0000
547.37 0 0 0.0000
669.59 0 0 0.0000
733.76 0 0 0.0000
736.54 0 0 0.0000
877.79 2 1 0.0093
Yellow 1012.42 0 0 0.0000

1040.45 0 0 0.0000
1204.54 0 0 0.0000
1325.89 2 0 0.0000
1910.83 0 0 0.0000
1960.51 0 0 0.0000
2421.97 0 0 0.0000
3002.75 23 5 0.0036

258

259  3.2. Number of snapping shrimp snaps and distance to snap source

260 Habitat type significantly affected the number of snapping shrimp snaps per ten-

261  seconds, as well as the average distance to a snap’s source. The average number of snapping
262  shrimp snaps per ten-seconds in healthy hard-bottom areas (241 + 26.67; mean * s.e.) was

263 significantly greater (F19 = 72.9, p < 0.001) than the average number of snapping shrimp snaps
264  per ten-seconds in affected hard-bottom areas (35 + 5.98). Conversely, the average distance to

265 asnap’s source in degraded hard-bottom areas (18.24 m + 0.86 ; mean * s.e.) was significantly
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266  greater (F1,9=57.38, p << 0.001) than the average distance to a snap’s source in healthy hard-
267  bottom habitat (6.94 m + 0.15).
268
269  3.3. Snapping shrimp population density and abundance estimation
270 Snapping shrimp population density estimates also differed significantly among habitat

271 types (F19 = 13.84, p = 0.002); those within healthy hard-bottom areas (2.68 shrimp per m? +
272 0.68; mean t s.e.) were greater than estimates of shrimp density within degraded hard-bottom
273 areas (0.057 £ 0.013). Abundance estimates varied among sites, but degraded sites exhibited
274  lower abundance estimates than did healthy sites (Table 2). The lowest abundance estimated at
275  degraded sites was 23 shrimp within the hydrophone coverage area (7854 m?), and the highest
276  snapping shrimp abundance estimated at degraded sites was 7,657 shrimp within the
277  hydrophone coverage area. The estimated abundance of snapping shrimp within healthy sites
278  was one to two orders of magnitude greater than estimates within degraded sites. The lowest
279  estimate within healthy sites was 471 shrimp, and the highest estimate was 341,248 shrimp
280  within the hydrophone coverage area.
281

282

283

284

285
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Table 2. Estimated snapping shrimp population densities and abundances

Densit Lower Upper Lower Upper

ensi

Site Type . Y ,. Density Density Abundance Abundance

(shrimp/m?) . ) . .

Estimate Estimate Estimate Estimate

AO6 Degraded 0.101 0.011 0.975 86 7,657

A07 Degraded 0.055 0.006 0.525 47 4,123

Crane Point Healthy 4.602 0.487 43.449 3,824 341,248

Burnt Point Healthy 3.856 0.408 36.418 3,204 286,026

Bamboo Healthy 1.219 0.128 11.601 1,005 91,114

Lignum

. Degraded
Vitae 0.033 0.004 0.317 31 2,489
Old Dan
Degraded
Bank 0.027 0.003 0.257 23 2,018
Rachel
Healthy

Bank 0.566 0.060 5.337 471 41,916

Rachel Key Healthy 1.865 0.197 17.669 1,547 138,772

S70 Degraded 0.069 0.007 0.651 54 5,112

Vaca Key Healthy 3.968 0.421 37.388 3,306 293,645

Healthy - 2.167 0.23 20.408 1,806 160,284

Degraded - 0.063 0.007 0600 54 4,712

4, Discussion

Habitat degradation disproportionately affects coastal marine ecosystems (Vitousek et al. 1997;

Limburg 1999; Lotze & Milewski 2004), and Florida Bay, where this study took place, is no different.

Extensive, persistent cyanobacteria blooms have repeatedly decimated hard-bottom sponge
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communities (Butler et al. 1995; Stevely et al. 2011), resulting in markedly different soundscapes
including fewer snapping shrimp snaps within degraded hard-bottom areas (Butler et al. 2016). The
present study confirms that there are indeed fewer snapping shrimp snaps per ten-second subsample
at degraded sites. We also estimated distances among individual snaps and found that the distance to
a snap’s source (i.e., the distance from a snapping shrimp to the hydrophone) was greater on degraded
sites than on healthy sites. This increase in distance to a snap source coincides with a reduction in the
number of large, canal-bearing sponges in which the majority of snapping shrimp can be found.
Furthermore, shrimp abundances estimated using distance-sampling techniques indicate that
degraded hard-bottom sites harbor fewer snapping shrimp, and that these populations are less dense.
Many snapping shrimp species within the genus Synalpheus dwell commensally within a diverse
array of tropical and sub-tropical sponge species (Duffy 1992). However, living within sponges has
some consequences on the shrimps, most notable is a limitation on shrimp size imposed by the canal
structure of the host sponges. Duffy (1992) found no evidence of shrimp-induced canal excavation
among the four tropical sponge species in which snapping shrimp were found (including the
loggerhead sponge), and thus concluded that shrimp size must be limited by the canal size of the host
sponge. Of the four sponge species Duffy (1992) dissected, the loggerhead sponge exhibited the
greatest variability of canal widths (Figure 1 in Duffy 1992). Though we did not measure the canal
structure of the three sponge species we dissected for this study, we observed that the loggerhead
sponges had more well-developed canals compared to either the Sheepswool sponges or the Yellow
sponges. This difference in canal structure could likely affect the numbers of snapping shrimp found

within individual sponges (Table 1 & Fig. 4).
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4.1. Passive acoustics and distance sampling as monitoring tools

As the world’s ocean ecosystems — particularly coastal ecosystems — continue to degrade
(Jackson et al. 2001; Lotze & Milewski 2004), effective monitoring to determine the health of a target
population or habitat is becoming increasingly important (Kremen et al 1994; Watanabe et al. 2002;
Airoldi et al. 2008). Passive acoustic monitoring provides a suite of tools to answer scientific and
management questions and avoids many downfalls of other surveying methods (Willis 2001; Dickens et
al. 2011; Harris et al. 2015).

Monitoring of marine mammals and fishes via passive acoustics has increased in recent years
(Moore et al. 2006; Mellinger et al. 2007; van Opzeeland et al. 2008; Luczkovich et al. 2008). Many
species of marine mammals and fishes produce distinct sounds. For example, whales are often not
amenable to visual survey methods, but can be monitored using passive acoustics. Antarctic blue
whales produce characteristic long (~20 sec) tonal calls that downsweep from 28Hz to 18Hz (Sirovi¢ et
al. 2004, 2009), whereas Antarctic fin whales produce short (~1 sec) calls downswept from 28Hz to
15Hz, often with a short following call around 89Hz (Sirovi¢ et al. 2004). Combined visual and passive
acoustic surveys have shown that the passive acoustic surveying techniques detect as many as ten
times more cetaceans than the visual surveys (McDonald & Moore 2002; Sirovi¢ et al. 2004; Barlow &
Taylor 2005). In addition, passive acoustic monitoring can continue throughout the night and through
conditions that would make visual surveys impossible (Mellinger & Barlow 2003; Mellinger et al. 2007).

However, if passive acoustic monitoring is to serve as a robust monitoring technique, it must
also provide information such as population density or abundance. Several studies on cetacean
abundance have combined line-transect surveys and passive acoustics to estimate the population

density of the species-of-interest within a given geographic area (McDonald & Fox 1999; Barlow &
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Taylor 2005; Moretti et al. 2006; Mellinger et al. 2004; Marques et al. 2009). Marques et al. (2009)
extended distance sampling techniques (i.e., estimating a detection function based on an animal-of-
interest’s distance to a point or line transect) to point transects of cue counts of Blainville’s beaked
whale (Mesoplodon densirostris) and estimated the detection function using digital acoustic tag (DTag)
data from a previous study (Johnson & Tyack 2003). Extending the work of Marques et al. (2009),
Kisel et al. (2011) estimated the population density of Blainville’s beaked whale using a single fixed
hydrophone rather than an array of hydrophones and estimated distance to each whale call from the
hydrophone by estimating the detection function and enlisting the passive sonar equation (equation 2
in Kisel et al. 2011). The density estimate of beaked whales in the Kisel et al. (2011) study was nearly
three times higher than the estimate of Marques et al. (2009), however, re-analysis of the Marques et
al. (2009) estimate based on one hydrophone (rather than an array of 82, as was in the original study)
brought the two estimates closer together.

Similar to Kiisel et al. (2011), we used the passive sonar equation to estimate distances to the
source of each snapping shrimp snap. Unlike Kiisel et al. (2011), who had available previous estimates
of beaked whale population density based on an accurate method of estimation (Marques et al. 2009)
with which they could compare their methods, we had no comparable data on snapping shrimp density
with which to compare our estimates. To estimate distances to snap sources more accurately, and thus
estimate the detection function more accurately, we could in the future employ hyperbolic localization
techniques. For that method, multiple hydrophones are deployed in an array and arrival-time
differences of a sound of interest are determined among hydrophones so as to more precisely
ascertain the sound source (Spiesberger & Fristrup 1990; Spiesberger 1999, 2001). In this study we

used a single hydrophone receiver at each site and the passive sonar equation to estimate distance to
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a sound source. We could not localize that source, which would have been possible with an array of
four or more hydrophones and hyperbolic localization techniques. However, the cost of obtaining and
deploying a multiple hydrophone array was beyond the limits of the present study.

Because of the association between snapping shrimp and sponges on hard-bottom
communities, employing multi-hydrophone arrays and hyperbolic localization techniques to find
clusters of snap sources and mapping these resultant clusters onto a 2-D coordinate system— rather
than just counting snaps — would allow for a conservative estimation of sponge biomass and location
within a hard-bottom area. For example, using the shrimp number and sponge volume data collected
while determining cue rate and fitting a simple linear model, we can predict sponge volume (a proxy
for sponge biomass) on a given site. This method might work particularly well for estimating
loggerhead sponge biomass, given the significant positive relationship between loggerhead sponge
volume and number of snapping shrimp found within a sponge (Fig. 4), as well as the significant
positive relationship between total loggerhead sponge volume on a given site and the number of
snapping shrimp snaps produced on that site (Fig. 5). These predictions would, obviously, lack the
resolution and accuracy of diver surveys in which sponge species and size were mapped on a site. In
addition, sources of error for the hyperbolic localization of sound sources (e.g., variations in the speed

of sound due to water temperature) would increase the variance around source position estimates.
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Figure 5. Total loggerhead sponge volume on a given site versus number of snaps per 10
seconds

The use of rapid acoustic monitoring techniques to estimate snapping shrimp abundance and
sponge biomass also provides insight into the structure of the habitat in an area. Few studies have
linked acoustic metrics to habitat structural complexity and biodiversity (Lammers et al. 2007; Kennedy
et al. 2010). Because of the close association between snapping shrimps and sponges, mapping the
clusters of snapping shrimp snaps, and hence the sponges in which they dwell, might provide a rapid
method to determine the sponge biomass and the structural complexity of that site. Furthering our
understanding of how physical and biological characteristics interact with the acoustic environment

may provide even more benefits. For example, the larvae of some marine fishes and invertebrates
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respond to habitat-associated sound cues (Tolimieri et al. 2000, 2004; Simpson et al. 2005, 2008;
Stanley et al. 2009, 2011, 2012; Vermeij et al. 2010 — among others), and integrating small-scale
acoustic and structural variation may help in identifying and predicting patterns of larval recruitment.
In summary, we estimated how the loss of marine sponges from near-shore hard-bottom
communities affected snapping shrimp populations by employing remote acoustic recording
techniques and distance sampling theory. Areas that suffered sponge die-offs exhibited fewer snapping
shrimp snaps and, as a consequence, the estimated snapping shrimp population density and
abundance estimates were lower in these areas. This method can hopefully provide rapid assessment
of habitat structure and quality, particularly for habitats in which soniferous organisms are associated

with structure-forming species.
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