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Abstract

Fish sounds are important components of Azoreandsmapes. Therefore, unraveling
their patterns can contribute to a better assedsohércal biodiversity dynamics.
Passive Acoustic Monitoring (PAM) is a cost-effgeti non-intrusive method providing
long-term information regardless of weather or dtigi conditions, which can be
especially useful when monitoring remote areas.n@ PAM, we assess temporal
dynamics of fish vocal activity in a protected seamt and validate PAM as an
important tool for biodiversity assessment in deep- fish communities. Thus, we
evaluated the annual, seasonal and diel patternardtion of putative fish sounds
identified in an Azorean protected seamount, thedoo €a.190 m depth). Here, 3
years (2008, 2010 and 2012) of acoustic data watected and analyzed for diversity
and abundance of the most prevalent fish sounds. cdfepared abundance and
diversity of fish sounds before and after the dithiment of the marine protected area
in 2010, to assess its initial protection effedfge also compared abundance and
biodiversity measures (richness and Shannon dtyensdex) of acoustic data with
fishing data from deep-water longline surveys, &rify if acoustic diversity and
taxonomic diversity show a similar trend. Additilgawe estimated a likely distance
range of fish sound sources from the acoustic kdagers for local background noise
and typical fish sound levels. Estimated detectistance of different fish sounds,
considering Condor background noise level and teddrsh sound source levels, were
typically larger than 10 m and could reach hundrefismeters in some species
suggesting that this study potentially targetednsiguof the deep-sea fish fauna. Fish
acoustic activity was prevalent at dusks and nigiftall years, while no overall
seasonal pattern was detected. However, one saguetisce (#1) was dominant in the

autumns of all studied period decrease in abundance and richness of sounds was
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observed from 2008 to 2012 in line with the resuwtsfishing surveys. Although
unexpected, these consistent trends suggest thdtgPdvides a reliable representation
of fish biodiversity dynamics. Taken together, thtsidy shows that monitoring fish
sounds with PAM is a valid and promising tool fahf biodiversity assessment in deep

Azorean seamounts.

Key-words: Fish sounds, passive acoustic monitorifigh sound detection distance,

biodiversity, temporal patterns, deep-water fishes.

1. Introduction

Finding effective ways to measure ocean biodivwersihd health is paramount to
monitor the effects of pressures such as climaa@@h, pollution, coastal development,
and overfishing ramp up. Registering sounds emagdtiom aquatic organisms by
using Passive Acoustic Monitoring (PAM) is a colfeetive, non-intrusive toadihat is
becoming invaluable for long-term oceanic survdyar{mers et al. 2008). PAM takes
advantage of programmable autonomous recordingersgsthat can be deployed at
chosen places and depths, which is especially aptefor deep-sea studies, since it
allows to collect large datasets in real time a@éraed temporal and spatial scales, even
in remote locations (André et al. 2011). It allot@sestimate community composition,
population density of different species, as welltasporal and spatial patterns of
species distribution and behaviour (Marques eR@L3; Ruppé et al. 2015; Parsons et
al. 2016; Desidera et al. 2019). Acoustic data @aapn be used as biodiversity proxies
(Browning et al. 2017). Thus, PAM can be an impurtaomplementary tool of
traditional biodiversity assessments, since acoustieasurements may provide

continuous information impossible to gather by ottmethods, like visual censuses or
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fishing surveys. For example, it is capable of ditg species that are visually cryptic
but acoustically active like toadfish, cusk-eeboapping shrimps, or aquatic organisms
that are acoustically active at night (Staatermbamle2017; Picciulin et al. 2019).
Therefore, this tool can play a major role in timepiementation, monitoring and
management of marine protected areas and in momgtoegmote areas such as deep-sea
environments.

In addition to detecting vocal species, PAM maydis used to characterize the
overall biophonical component of marine soundscapgdistening to sounds that are
by-products of animal activities such as locomatifmmaging, and breathing (Sueur &
Farina 2015). Recently, fish sounds have beenedudh an ecological framework to
tackle biodiversity, ecology and conservation issa the population and at the
community level (Desidera et al. 2019). However, nrarine environments and
particularly in deeper oceanic waters, it is stiiclear whether acoustic diversity
correlates with fish diversity (Bolgan et al. 20I3sidera et al. 2019). Likewise, the
effectiveness of PAM in monitoring marine protecteas needs to be established
(Picciulin et al. 2019).

A significant number of fish species signal acawaly in social contexts such
as during reproduction, agonistic interactions (Aima2006; Ladich 2019), to maintain
group cohesion (Van Oosterom et al. 2016) or wéglegooling (Larsson 2009). Because
acoustic communication in fishes may be influenogdeveral factors, such as predator
avoidance, foraging opportunities, reproductivavagt or environmental constraints,
fishes may concentrate their calling effort in atigalar time of the day or period of the
year in association with the prevailing acoustid anological contexts (Helfman 1986,
McCauley 2012, Ruppé et al. 2015, Rice et al. 20Tfg documentation of temporal

patterns of abundance and diversity of fish souadberefore paramount to interpret
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acoustic data in terms of biodiversity and oceasltheand to establish vocal fishes as
indicator species for marine environmental staRiddrio et al. 2018).

Seamounts are submerged mountains that rise frerseififloor but do not reach
the surface. Despite being widespread throughduwicalans’ basins, their biodiversity
remains still largely unknown (Pitcher et al. 2Q0W) the Azorean waters, several
seamounts have been identified and studied duketontreasing recognition of their
importance as biodiversity hotspots (Morato e2808, Morato et al. 2010, Morato et
al. 2016). These areas are considered among thaime pristine places on earth
(Pitcher et al. 2007). Seamounts bring togethersiohy conditions, like nutrient
upwellings, but mostly an increase of primary araselary productivity seems to be the
main mechanism driving a high biodiversity (Pitcle¢ral. 2007, Morato et al. 2010).
Indeed, many fish species aggregate on seamoufegedmr mate. These include many
acoustically active fish species which are comnadlscor ecologically important, such
as the dusky groupdEpinephelus marginatus, the sunfishMola mola, the redfish
Sebastes norvegicus, the tarpon Megalops atlanticus, the Atlantic herringClupea
harengus and the haddocKkvielanogrammus aeglefinus (Fish and Mowbray 1970;
Hawkins & Amorim 2000; Bertucci et al. 2015Y.herefore, acoustic monitoring may
help to unravel the presence of sound producirgdecies at seamounts bringing new
insights on fish communities inhabiting these ddeeand pristine locationsThe aims
of this study were to test the utility of using astic data to (1) assess fish biodiversity
in deeper waters (validated with data from fishsogveys), (2) detect temporal patterns
of fish vocal activity including (3) changes drivéy the shift in marine protection
status.

In Carrico et al. (2019) we uncovered an importhwersity of fish sounds from

two Azorean seamounts. Here, we report on the anseasonal and diel patterns of
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occurrence of fish sounds recorded by acoustic lajgers at ca. 190 m depth on
Condor seamount, near the 200 m depth upper lilmih@ bathyal and mesopelagic
zones (Priede 2017). Taking advantage from tooth sas biodiversity indices, we
compare bioacoustic data with longline fishing gyrdata collected in the same site
(150-950 m depth; Menezes & Giacomello 2013). Asnddws seamount became
protected in 2010 (Giacomello et al. 2013), we eatd changes in the abundance and
diversity of sounds and fish fauna before and pf$ér the establishment of the
protected area. Finally, we estimate the attenonatoge of fish sound sources to local
background noise using typical fish sound levelsstwaluate if our dataloggers are
targeting sounds of the deep-sea fish fauna amtigsBthe advantages and limitations of

PAM to monitor deep-water areas.

2. Materialsand M ethods

2.1 Study site
The Azores is an archipelago composed of nine natdalands and several underwater

seamounts. The Condor seamount is located abdkmIsbuthwest of Faial island (Fig.

1). In 2010, an area of 242 En@ZZ km x 11 km) encompassing the entire Condor

seamount until ca. 1000 m depth, was designated psotected area for scientific
research through an agreement among local autgyritesearchers, fishermen and
other stakeholders (Giacomello et al. 2013). Mostmercial fisheries became
forbidden in the area, and, activities such asmedspole-and-line tuna fishing, big
game fishing, bait fishing, and scientific or rearenal fishing are allowed under a

special authorization (Giacomello et al. 2013; Re®scao & Giacomello 2013).
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Fig. 1. Location of the deployment sites of the EBAR the Condor seamount.
Recordings were analysed from deployments 1 (38982N, 29 02.753 W at 190.8 m),
2 (38 32.395 N, 29 02.617 W at 193.3 m), 7 (38 @2.M, 29 02.627 W at 193.4 m), 8
(38 32.381 N, 29 02.604 W at 193.1 m) and 10 (38&2N, 29 02.615 W at 193.3 m).

The maximum distance among all 5 deployments used2&7 m.

2.2 Acoustic recordings

Ten deployments of Ecological Acoustic RecorderaRE, Lammers et al.
2008) were made between 2008 and 2012 in the Casdonount (Fig. 1). The EAR is
an autonomous acoustic recorder with a Sensor Démim SQ26-01 hydrophone and a
response sensitivity of —193.14/-194.17 dB re i1R& (varying between deployments).
The frequency response from 1 Hz to 28 kHz varighiv+ 1.5 dB. EARs were
bottom-moored at an approximate bottom depth of m9@hile the recorder was kept

at 8-10 m from the seafloor. Each deployment rembridr approximately 6-7 months.



160

161

162

163

164

165

166

167

168

169

170

171

172

173

174

175

176

177

178

179

180

181

182

183

184

From these, we selected data from deployments basedecordings availability
throughout the year and quality of the recordirf¥08, 2010 and 2012 were analysed
and 2009 and 2011 were discarded. These differeatsyallowed to assess the
abundance and diversity of fish sound sequencesdahd after the protection status
was implemented. Fish sound sequences are sequirsmgeral isolated sounds of the
same type, repeated in a close, stereotyped patterging from 1 to several sounds
(average 2-16 sounds per sequence and with angavecaind interval of 0.16-0.75 s),
as described in Carrico et al. (2019).

The location of each deployment varied in a ranfe&.o7-217 m, since the
deployment process did not allow an exact placenretiie exact same location (Fig.
1).

The programming (sampling effort) of the data laggeas different in different
deployments: deployments 1 (2008) recorded 0.5(sampling duration) every 10 min
(sampling period); 2 (2008), 7 and 8 (2010) recdrde5 min every 15 min at a
sampling rate of 50 kHz, while deployment 10 (20dorded 60 min every 210 min,
at 2 kHz. Considering the different sampling eBdretween the three deployments, the
daily number of sound sequences (number of sourglesees per day) was
standardized according to the respective weightadge for each sampling effort (i.e.
each value was multiplied by the ratio between demgperiod and sampling duration),
so they could be comparable. However, the diffesampling efforts may affect the
probability of detecting a sound. The cycle of relaegs may be mismatched with the
cycle of vocalizations (duration, repetition ratgerval) which can contribute to miss
some sounds and consequently underestimate thmirreace (Stanistreet et al. 2016).

All the recordings were converted to 8 kHz.
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2.3 Temporal patterns of acoustic data

Eco-acoustic indices, like the ACI, are matheméaticactions which characterize
variation of acoustic energy in the time and fregyyedomains of the soundscape
(Browning et al. 2017, Sueur 2018). These indidlsvafor a holistic approach which
evaluates the global acoustic environment as aypobxspecies assemblage diversity
(Sueur et al. 2008). In marine habitats, howeverthedological validations (such as
manual inspection of acoustic tracks) are requitrdunderstanding which kind of
information are highlighted by acoustic indexegath specific environment (Belghith
et al. 2018; Bolgan et al. 2018). Bolgan et al1@0showed that the ACI is sensitive to
variation of fish sound abundances (i.e. humbesafnds) as well as of fish sound
diversity (i.e. number of sound types) but it canmiiscern between these two
parameters. In the light of the above studies, seduhe ACI as a tool for quickly
exploring our large dataset to identify the acausacks with highest abundance and/or
diversity of fish
sound sequences. The ACI was calculated on fourthmoaf recordings collected
during three different years. In particular, the IAGas computed on data from 2008
(April, May, August and November), 2010 (April, &JnrAugust and December) and
2012 (March, June, August and November). For tha d&2008 and 2010, the ACI
was computed for two bandwidths, 15-2000 Hz and020@00 Hz (bandwidths in
which fish sounds are more likely to occur and hanast of their acoustic energy); for
2012, the ACI was computed only in the bandwidthl@B0 Hz (because here the
sampling rate was only 2000 Hz), using the plug@oundscapeMeter (FFT window
size: 512, frequency resolution: 8 kHz, temporabhetion of the ACI algorithm: 0.5 s,
noise filter: 0) in the WaveSurfer software (Pi@ret al. 2011). For each month of

recordings, a subsample of 5 days was chosen fouahapectrogram inspection within
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the days with the highest ACI values (Pieretti &t 2011). Manual spectrogram

inspections allowed for a quantification of the ren of sound sequences for each
sound sequence type (as most sounds occurred uersssg), which could have not
been achieved by application of acoustic indexesea(Bolgan et al. 2018).

For the temporal analysis (annual, seasonal ank, dwe selected the most
common sequences. Manual acoustic analysis measbuedlance and diversity of fish
sounds sequences.

The four most common fish sound sequences weré4{1#5 and #10 (Fig. S1;
see also Carrico et al. 2019). The remaining sosegliences, due to their lower
abundance (abundance range: 1-21 sounds founck ianhlysed dataset (20 days per
year, 3 years)) were included in a single categoailed ‘Others’. These sound
sequences could not be attributed to a particydaciss. The analysis considered day
and night periods. The diel patterns were analgseticompared between years (2008
and 2010) and seasons: spring (April-May); summaiiné-August) and autumn
(November-December). 2012 was excluded from theahalysis because the sampled
duty cycle did not allow a balanced sampling of thHerent periods of the day.
Although in the winter months there was also thesence of fish sounds, they were not
included in the analysis since there were no rengsdfor all years.

To evaluate diel variations in the fish sound piiaun the diel light phase times
for our study site were retrieved for each day gitimcalc package in R (Agafonkin &
Thieurmel 2018). Dawn period was defined as the tetfapsed since the beginning of
dawn until the end of sunrise (mean duration: di5range for the sampled days: 0.52-
0.58 h); day time was defined from the end of therise until the beginning of the
sunset (mean duration: 12.8 h; range: 9.35-14.78usk period was defined from the

beginning of the sunset until the end of dusk (mearation: 0.54 h; range: 0.50-0.58

10
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h); and night time was defined since the end okduil the beginning of dawn (mean
duration: 10.46 h; range 8.08-13.55 h).

To evaluate acoustic diversity, we adapted traddticdaxonomic biodiversity
indices (see below) but used sound sequence typtsad of species. The sound
sequence richness (number of sound sequence tgpesihe Shannon index were
calculated and compared between seasons and Yéaes.that, all sound sequence
types included in “others” category were considenedividually to calculate acoustic

diversity.

2.4 Detection distance of vocal fishes
To estimate the distance of fish sound sources filtenEARS we used known (or
estimated) sound levels of seven fish speci@ssanus tau, Pomatochistus pictus,
Chromis chromis, Sebastes pauscipinis, Argyrosomus japonicus, Pempheris adspersa
and Halobatrachus didactylus (Barimo & Fine 1998, Sprague and Luczkovich 2004,
Vasconcelos & Ladich 2008, Codarin et al. 20099\8a & Demer 2009, Locascio and
Mann 2011, Parsons et al. 2012, Amorim et al. 2&R&]Jford et al. 2015). Assuming
spherical loss with no sound absorption by the oradihe source level (sound level at
1 m) was calculated for each of these speciesgub&equation:

SL = 10 10g1o(RLinear 7)
Where, SL, Source Level (dB); Riear Received level converted to linear scale and
the distance from the fish to the hydrophone asrted for each species. The
transmission loss was calculated with:

TL = 10 log,,(d?)

Where, TL, Transmission Loss (dB); adddistance to the source. The attenuation was

obtained by subtracting the Transmission Loss fiileenSource Level for each distance.

11
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For background noise level we used mean and raaiees as in Romagosa et al.
(2017) for ambient sound pressure level (based @nn$PL values from 2010 in Fig. 5

cf. Romagosa et al. 2017) of Condor seamount iri&#&000 Hz frequency band.

2.5 Patterns of fish assemblages

Data on the temporal and spatial patterns of vanaif benthic and benthopelagic fish
assemblages on the Condor seamount were obtammdafipreviously published study
(Menezes & Giacomello 2013) that collected longaenples in the 151-1200 m depth
interval, from 2003 to 2012 (between September odember). These samples were
conducted in autumn: 19 and 20 of November 200328 %f September 2009; 25
September 2010 to 1 of October 2010; 22 of Septenab& of October 2011; 29 of
September to 15 of October 2012; according to TaleMenezes & Giacomello 2013.
From all the species in Table 2 from Menezes & Giaello (2013), we selected the
species that were caught with the fishing gear5&250 m, whose depth range was
within the presumed detection range of the hydroph@ee results) and noted the ones
that were vocal or potentially vocal (species bging to the same genus or family of
other confirmed vocal species; Carrico et al. 20B%hough some fish species could
theoretically be detected several hundred meteesyave chose to select fish with its
upper catch distribution limit ranging from 150-2B6Q to be conservative. The years

2009, 2010 and 2012 were considered for the fisheys.

2.6 Biodiversity metrics
For the fish assemblages (fish species) and foustitodata (sound sequences), we
calculated the relative abundance and two biodiyemdices (Species richness and

Shannon biodiversity index). The species richnegshe number of species present in a

12
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community and is a good indicator of diversity,c&na community with a higher
number of species is characterized by a greaterslty (Magurran 1988; Willig et al.
2003). The Shannon Index is also a diversity fumctivhich conjugates the number of
species present in a community with the relativenalance of each species present in
the sample (Magurran 1988; Willig et al. 2003). Hwer, it should be considered that
this index condenses two variables into a singl&imeas especially sensitive to small
samples and does not adequately reflects rareespecisound types (Sandoval et al.
2018), which eventually may underestimate a pathefdiversity. Also notice that for
the comparison of the biodiversity metrics betwdes acoustic data and the fishing
surveys, data were not available for the same yeaafrse period prior to the protection
establishment. For the acoustic data only 2008 avadable, whereas fishing surveys

were only made in 2003 and 2009, and only 2009cmasidered.

3. Results

A total of 19300 (SD= 625.1) sound sequences, lggignto 9 different sound

sequences types, were found in the 2008 datasz2§; (D= 183.5) sound sequences
belonging to 8 sound sequences types were foutltkiR010 datasets and, finally, 347
(SD=18.6) sound sequences of 5 different soundesegutype were found in the 2012

datasets.

3.1 Annual patterns

There was a marked decrease in the total numbesgiétered sound sequences (i.e.
sound sequences abundance per day) from 2008 Bo(E@l 2a). This decline in sound

sequences abundance was accompanied by a deaneasend richness (number of

sound sequence types, Fig. 2b). Interestingly, drigralues of the Shannon Index

13
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concerning fish vocalizations were observed in 2(Hf. 2c). In Fig. 2d, e and f we
report the variation in fish abundance (d) sped@mess (e) and Shannon index (f) of
fish species sampled by longline fishing, betwe®802and 2012, including all fish
species considered (total - all the species presetite depths closest to the EARS) or
the potentially vocal (vocal and potentially vosglecies within the same depths) (see
Fig. S2 and S3 for the comparative abundance df species). Fish species abundance
(total or potentially vocal) decreased from 20026042, following a pattern similar to
the acoustic data (Fig. 2d). Total species richneseeased in 2010, with a slight
decrease in 2012, while potentially vocal specielBness was stable in the different
years (Fig. 2e). The Shannon Index for taxonomiemity increased slightly from
2009 to 2010 and then decreased in 2012, espetoalpyotentially vocal species (Fig.
2f). In summary, the fish abundance and diversiégrdased in 2012 compared to
previous years. The only exception was in specdmess (especially of the potentially
vocal fish)that was stable in all the three years.

In terms of annual pattern of the occurrence ofdifferent sound sequences,
there was an increase in number of sound sequdneergss the years and a decrease
in the number of sound sequence #10 (Fig. 3). Tund sequence #4 and ‘Others’
mostly occurred in 2010. Sound sequence # 5 demtaasabundance in 2010 and then

increased in 2012.
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Fig. 2. Annual patterns in fish sound sequences feid assemblages sampled by
longline fishing (from Table 2 in Menezes & Giacdln013), including a sub-sample
of species present at depths within putative atoustection range from the EARs
(Total) and a sub-sample of these species inclualithg the vocal and potentially vocal
fish species (Potentially vocal). Sound abundarmerépresents means of the total
number of sounds per day (logarithmic scale) aaddstird deviation (represented by
error bars) (N=20 days per year); Richness (b)esgnts the number of unique sound
sequence types that were detected in the recordiagulated yearly; Shannon Index
(c) represents the number of sound sequence typegigated with the relative

abundance of each sequence type, calculated yelyndance in fish species (d)
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represents total number of individuals reportedenghrichness (e) represents the
number of species collected in the fish surveys gear) and the Shannon Index (f)
represents the number of species conjugated wathetlative abundance of each specie

(per year); for total and potentially vocal species

N total = 19300 N total = 3220 N total = 347
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Fig. 3. Annual patterns in fish sounds: proport@nsound sequences types per year.
Average abundance based on 20 sampled days per fe@ number of sound
sequences for each year indicated above the bats.tNat in 2008 “Others” occurred

only 0.5% and are not noticeable.

3.2 Seasonal patterns

There was a higher number of fish sound sequentepring and autumn 2008, in
summer and autumn 2010 and in summer 2012 (Fign4ther words, there was no
consistent seasonal pattern over the studied yéarterms of the occurrence of a

particular sound sequence, sound sequence #1 wamald in autumn in all three
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years, whereas sound sequence #5 and sound sedtightad a higher incidence in
spring and summer 2008 and 2012. Sound sequena@gt4trongly present in spring

and summer 2010.
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Fig. 4. Seasonal patterns in fish sound sequemncdkd three years (2008, 2010, 2012):
diversity (proportion of each sound sequence, &mpian) and abundance (total number
of sound sequences, bottom section). Average albgedaased on 5 day sampled per

month.

3.3 Didl patterns

A higher abundance of sound sequences was obsatvhkaék and night for both 2008

and 2010 (representing 69,2 % and 79,5% of obseswadd sequences respectively),
with the sound sequence #1 and #10 being the mesgalent (Fig. 5). Sound sequence
#1 occurred in all periods but less during the (fg. 5B). Its presence at dawn and
dusk increased from 2008 to 2010. Sound sequerzev&sd infrequent at night. It was

predominantly present from dawn to dusk in 2008 dmiy at dusk in 2010. Sound

sequence #5 was present in all the periods of élyeedcept for dawn in 2010. Sound
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372 sequence #4 seemed to be restricted to the dagdpefi 2010. The others sound

373  sequences were mainly present at dawn and dudkiéf 2
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375 Fig. 5. Diel patterns of occurrence fish sound2008 and 2010. A - Bars indicate the
376  proportion of occurrence of sound sequences (surallosequence types per hour)

377 according to different periods of the day, whilegidepict the proportion of sound
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sequences occurring in each period of day (N=2Qpkathdays per year). B — Meat (

S.D.) abundance of the most abundant sound seq#hctroughout the day (24 h).

3.4 What isthe detection distance of vocal fishesin this study?

Attenuation of vocalizations of seven fish specegzorted in literature to ambient noise
level characterising our recording site are degiateFig. 6. Sounds from these species
can propagate at different distances, with someispéheoretically being heard over
great distances (Table S1). The sound receivedsl@ighree species (out of the seven
considered) would be higher than the mean backgraynto a max of 20 m distance,
while the sounds of two species could be detectachrfurther, up to 1 km. In contrast,
P. pictus source level is below minimum ambient noise lewdlich make it hard to be
heard at more than just a few centimetres Wlilgauscipinis received level are above
the ambient noise level only up until to a distanté to 8 m. SimilarlyH. didactylus,

O. tau andC. chromis received levels are above the ambient noise lgvéb a distance
of about 10-20 m. In contrast, in two speciesadspersa andA. japonicus, the source
level is so enhanced that the received levels laogeathe mean ambient noise level up
to a distance of 1000 m, allowing these specidgtdetected at much greater distances.
These calculations are theoretical and, furtherm@esdo not know the source species
responsible for the recorded sounds; however, gkescise highlights that the EARs
located at about 190 m depth may have record éishds from some species vocalizing
at depths greater than 200 m, allowing it to poadigttarget sound of the deep-sea fish

fauna.
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Fig. 6 — Attenuation of several fish species’ vaaions which source levels are
reported in literature psanus tau (Barimo & Fine 1998),Pomatochistus pictus
(Amorim et al. 2013),Chromis chromis (Codarin et al. 2009)Sebastes pauscipinis
(Sirovic & Demer 2009)Argyrosomus japonicus (Parsons et al. 2012Rempheris
adspersa (Radford et al. 2015) anidalobatrachus didactylus (Vasconcelos & Ladich
2008)). Average and range ambient sound pressuet heeasured at Condor for the
frequency band 18-1000 Hz by Romagosa et al. (21l@)so depicted. Distance is

presented in logarithmic scale.

4. Discussion

The development of new tools to assess the statcadystems and anthropogenic
impacts is a priority to establish effective mitiga measures. Passive acoustic
monitoring can contribute to the collection of innfamt data from deep, dark and
remote areas of the ocean with a minimal impathéoecosystem at large geographical
and temporal scales (Staaterman et al. 2017). Mer@resent the first study addressing
temporal patterns of the vocal fish community intinh deep waters around a

seamount habitat. Data collected over an extendsedpdral scale allowed the
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443

characterization of annual, seasonal and diel rhgtbf fish sound production and the
comparison of the observed acoustic patterns wahation of fish assemblages
surveyed by longline fishing for a similar timerfra (Menezes & Giacommello 2013).
During the sampled period, there was a change enptiotection status of Condor
seamount which was closed to fishing in June of02fait conservation and research
purposes (Giacomello et al. 2013).

Annual patterns for the most abundant fish souggieseces recorded in Condor
seamount were investigated. There was a decredlse mean abundance of sounds and
in sound richness (the number of sound sequenas)ypom 2008 to 2012, while a
higher biodiversity was only observed in 2010. Teserved acoustic trends were in
line with the variations in fish assemblages ed@tidy fishing. The decrease in the
fish assemblages may have caused a reduction muthber of sounds, since fewer fish
will produce fewer sounds. Abundance and the bty Shannon Index presented
similar annual trends for both fish assemblagesauulistic data, validating PAM for
monitoring fish biodiversity in underwater seamauaind at relatively high depths.
Consistently, in 2013, the fish community from Condvas also surveyed visually
using remotely-operated vehicles (ROV) which sash{dle species in common with the
species recorded by longline, for a total of 5lataggistered by the ROV and 48 by
longline fishing. Fish species sampled by both meshincluded some potential vocal
species with commercial value likeagelus bogaraveo (Perciformes),Helicolenus
dactylopterus, Pontinus kuhlii (ScorpaeniformesPhycis phycis (Gadiformes) (Meneses
& Giacomello 2013, Porteiro et al. 2013). This Hights the importance of combining
different sampling methodologies for the validatiohone particular method. Other
studies have pursued such validations. Desideah €2019) found a strong association

between acoustic and visually assessed fish diyersirocky Mediterranean shallow
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habitats. Positive relationships between visualeys and acoustic diversity (measured
by the ACI index) were found in Bertucci et al. {B) and Harris et al. (2016) in
shallow marine environments. The fact that fishamgl acoustic surveys seem to obtain
similar results, leads us to consider PAM as usafud effective instrumental for
monitoring fish communities or target vocal specdiegonservation projects, not only
in shallow marine waters but also in deeper ansldesessible ocean environments.

To the best of our knowledge, this is the firstdgtuhat relates fish sound
abundance and diversity with direct surveys of eeafer fish fauna. Few studies have
reported sound production by fishes from the desp{8onaparte 1832, Cato 1978,
Mann and Jarvis 2004, Rountree et al. 2012, Mc@a&l€ato 2016, Wall et al. 2017,
Parmentier et al. 2018, Rieira et al. 2020). Moegpbeyond the scarcity of recordings
of vocalizations from deep-sea fish, a few anataihrstudies have reported the presence
of muscles attached to the swimbladder (Marshal71®]guyen et al. 2008, Ali et al.
2016, Parmentier et al. 2018, Fine et al. 201&pramon feature in several fish that
produce sounds (Fine and Parmentier 2015). Whdastics may be the preferred mode
of communication for fish active at night (Ruppé at 2015) and/or in a dark
environment like the deep-sea (Mann and Jarvis4gQfntil not long-ago technology
did not allow us to record at those depth for Igagiods of time (Wall et al., 2017,
Bolgan et al. 2020).

The change in the protection status of Condor seamm 2010 afforded an
opportunity to observe changes in fauna biodivergitthough we expected an increase
in fish sound sequences abundance and diversigy 2610, as a result of fisheries
interdiction, neither an increase in fish speciésingance/biodiversity nor in fish
acoustic abundance/biodiversity was observed. Hewekis may be explained by the

amount of time needed for the ecosystem to recawvertherefore an extended period of
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observation would be essential to see the resdfeet® in fish and, consequently,
acoustic biodiversity. Moreover, due to the systesilience, the observed decrease in
the abundance and biodiversity of both sounds g@ediss, may be due to negative
impacts from previous years, that take some timtgetame visible (Holling 1973), like
the fishing pressure or marine pollution that hasrboccurring in the past years. In
addition, some current fishing practices outside flotected arealsoassociated with
some non-compliance observed inside the reservea(R@rsonal communication) may
also have a significant impact in biodiversity netexl in the area and impact the speed
for the system’s recovery. Hence, the reduced aifter the reserve establishment (2
years) may have not been enough to produce positiservable effects in species and
sound abundances as reserve effects typicallyneke than 10 years to get established
(Edgar et al. 2014). Indeed, more recent data flemersal longline fishing in Condor
revealed an increase in the abundance and bionidke sommercial speciBagelus
bogaraveo (Giacomello, personal communication; Rosa et &18}, which is a
potentially vocal species (Carrico et al. 2019)tuFel studies comparing acoustic data
with fishing surveys from more recent years, areessary to ascertain the relation
between the acoustic and the fishing data obsearvedis study and its relation with
MPA effects.

Regarding finer-scale temporal patterns of fishnsisuat Condor seamount, we
found a higher number of fish sounds in spring antbmn for 2008, in summer and
autumn for 2010 and in summer for 2012. Althoughdigenot find an obvious seasonal
pattern in fish sound abundance, sound sequenegitypvas consistently present in the
three sampled years and occurred more frequentytitnimn/winter months. Studies on
fish sound occurrence in deeper environments haen bhe subject of few studies

(Wall et al. 2013; Wall et al. 2014), but severavd described seasonal patterns in
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shallow water (< 40m depth; McCauley & Cato 200@nitle et al. 2015, Rice et al.
2016, Pine et al. 2017, Sanchez-Gendriz & Padow®de). Differences in water
temperature, seasonal movements or migrations, &adability and changes in fish
behaviour like reproduction may explain some of Heasonal patterns of the fish
calling activity in deep waters (McCauley & Cato02Q Nguyen et al. 2008, Rice et al.
2016, Sanchez-Gendriz & Padovese 2017). Radfaal £008) found that the ambient
noise was more intense in summer in a shallow teapeeef in New Zealand due to
crustaceans and fish chorus. For daily variatioves,observed a higher incidence of
sounds at night and dusk, in line with other stsdlencascio & Mann 2008, Parsons et
al. 2016). McCauley & Cato (2000) and Rice et &01(7) also found nocturnal
dominant patterns in fish chorusing. Various spea@é fish exhibit diel behavioural
cycles (Helfman 1986), including in sound product{®arsons et al. 2016, Rice et al.
2017). Acoustic communication seems to follow theaterns (Ruppé at al. 2015) as it
Is associated with behaviours that present daiblesysuch as foraging and agonistic
interactions (Amorim 2006; Macaulay 2012). Additdlyg, since a significant part of
the acoustic communication in fishes is relatedhwaproduction activity, which occurs
mostly at night (Macaulay 2012; Rice et al. 201faagrman et al. 2017), this may also
influence daily rhythms and seems to agree withotheerved patterns for Condor. The
production of sound at night and in periods witksldéight can also be a way to avoid
and minimize predation risk and a better way td fimates than visual displays (Wilson
et al. 2014). Note that, although at the studigatidé¢a. 190 m) there is only dim light,
it still has slight daily changes in light intensithat associated with other factors like
vertical migrationgin turn also related with light level changes) éley 2014; Afonso
et al. 2014, Cascéo et al. 2017) might influeneeptesence and vocalization of certain

species, contributing to the observed diel pattepfihough the behaviour of deeper-
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water fishes is far from being well understood, PAdduld potentially provide
information about the environmental quality and itetbhealth by monitoring fish
sound patterns. Sound production is typically assed with particular behaviours and
fish behaviour is the first endpoint to be affedmostressors (van der Sluijs et al. 2011,
Sharma 2019). Examples are noise pollution, ovéogapion, habitat fragmentation or
diseases that can contribute to changes in theacteaistic of a soundscape from a
given area (Laiolo 2010).

Fig. 6 highlights the fact that some fish specias e monitored at larger
distances than others. For example, Gobiidae speaie only be recorded very close to
the hydrophone (few cm; Lugli & Fine 2007; Amorirh a&. 2018), thus having no
potential to be monitored with PAM. The remainingesies, however, could be
detected > 10 m away, and some, like Pempherida&c@enidae (Sprague and
Luczkovich 2004, Parsons et al. 2012, Radford .e2@l5), are expected to have much
higher propagation distances, being good candidaté® monitored with PAM over
large spatial scales. The fact that most specesietected at 10 m or more support the
idea that the EARSs could have recorded fish soenu$ted at depths below 200 m, i.e.

from deep-waters.

5. Conclusions

In conclusion, this study highlights the presentaliel periodicity (more sounds at
night), as well as seasonal and yearly variatiarfssh calling activity in a seamount at
ca. 190 m depth. However, seasonality appears toebe flestricted in time than in
shallower water. The comparison of the acoustionstngs with traditional fish surveys
suggests that data from both approaches vary iallphiover the years, strongly

indicating that ecological changes are thereforlected on both datasets; this
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approach, to the best of our knowledge, has nesen lapplied before. We suggest that
passive acoustic monitoring can play a fundamenadael in assessing deep-water fish
abundance and diversity dynamics. Studies of timsl lat even greater depths are

therefore strongly encouraged.
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Highlights

 Diel patterns of fish sounds were detected a8 m depth.
 Highest abundances of sound sequences were edsardusk and night.

» Trends of abundance and diversity of vocalizatimere similar to catch trends in
fishery surveys.

» Acoustic monitoring is a useful tool to assesxlhiersity in deep seamounts.
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