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Tropical marine ecosystems hold major biodiverbibyspots and provide a signi cant share of global sh

catch. Meanwhile, they are increasingly threatened by anthropic pressure including over shing, global change,
invasive species introduction, habitats destructiongoillition®. In particular, on-going global ocean warming

is expected to severely a ect species distribution, abundance and extinction rates but also trophic interactions
and entire food weldsalancé®. ese threats are critical especially for human populations that rely heavily on
marine resources and depend on small-scale sheries (SSF) or tourism for their livelihoods such as tropical
developing states or small tropigsand$=S.

Tropical coastal environments form a mosaic of interconnected mega-habitats extending from the shoreline
to the open ocean. is complex structure greatly in uences the dynamics oassfemblagésn recent years,
mesophotic reef ecosystems (MRES) have gaitteation'®! not least because their depth may o er pretec
tion from anthropicstressor¥*5. MREs occur in tropical and subtropical regions and are characterized by the
presence of light-dependent corals and associated fauna at depths below 30-40 m extending to 150 m in ares
with high waterclarity*>*3'6, MREs are known hot spots of tropical sh diversity and host sh communities
ecologically distinct from shallow wateefd’. e mesophotic zone usually encompasses the shelf-break, a
transition area from shelf to ocean characterised by a rapid change in the topography with a steep slope. e
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sti ness of the slope is associated with turbulent mixing enhancing primary productivity and therefore attract
ing prey andpredatord®=°, It concentrates diverse shing resources over a relatively narrow area, sustaining
important multispeci ¢ reefsheries?4 However, so far few study actually quanti ed the relative importance

of mesophotic reefs for sh and/or in comparison to euphotic reefs, in particular because consistent observations
extending from the shoreline to the shelf-breakiacking?®.

Oceanic islands and shallow seamounts also act as topographic anomalies that trigger complex physical pro
cesses increasing primary production and concentrating higher trophic levels. is phenomenon, known as the
Island Mass E eciME?9) is originated by the turbulence created by the island bathymetry, which upli nutrient-
rich water into the photic zone, enhancing primargductior?’. Oceanic islands and shallow seamounts are
important environments for maintaining local biodiversity and non-resident migrating top predsgecje®.

IME aggregative e ect on top predators supports commercial, artisanal and recreaten&s’**°, which

play an important role in the local socio-economic life of inqubgulations®. So far, most studies on the IME
focused on physical-biogeochemipabcessed®®, ey showed that primary productivity is most enhanced

on the leeward side @flands®** However, since fewer studies focused on higher trophic levels, the response
of shis generally depicted as symmetrical aroistahd$’. No studies, for instance, determined if sh follow

the pattern of primary productivity and concentrate downstream of islands.

Yet, this kind of knowledge is essential to assist decision making in conservation policies to protect biodi-
versity and the sustainability of shing and diverse marine uses. Protective management is generally achievec
through the creation of Marine Protected Areas (MPAS) delineating permitted and non-permitted zones accord-
ing to pre-de ned managemeuwbjective®. However, in some cases, the consequences of establishing MPAs
are not adequately thought out, and a poorly planned MPA can be detrimental for local populations that rely on
marineresource¥. Indeed the decision support tools used to design MPAs rely on available data. To coherently
manage the use of maritime space and achieve ecological, economic and social objectives, Marine Spatial Pla
ning (MSP) is increasingly used as a strategic alternative aiming at integrating MPAs in acbriar®&t MSP
is a complex process requiring the use of optimization solvers that ultimately requires large quantities of spatially
explicit cross-disciplinary knowledge and data (ecological, legal, social, ecéh@nie)of the main challenges
to improve knowledge of tropical ecosystems and their resources and implement MSP is thusoheafimia®.

Comprehensive monitoring is required to provide ground information for sustainad@agemertf*. Fish
assemblage data are o en used to help understanding how human activities in uence enasystent$*
or as a measure of ecosystesalttf* and as a basis for managedatision®. A variety of methods is used
to assess tropical sh populations, including shing gears or visual observations, each presenting its own pros
and cong®. Fishery-dependent methods provide long time-series, wide spatiotemporal coverage but are biased
by, among other, geaelectivity’. Scienti ¢ sh catches are more reliant but have a limited spatiotemporal
coverag¥. Tropical reef sh communities are also classically described via direct in situ observations through
diver-based underwater visual census (U C3cuba diving is constrained by a set of limitations including
underwater time and maximal diving depth ansibility*>%, As a result, most UVC-based studies are restricted
to near shore shallow waters and provide punctual small-scale information whereas species richness and patterr
of distribution is heavily in uenced by the range of the sampdiregt. To overcome part of these limitations
and bias, underwater video techniques are increasingly used, whether stationary or towed, remotely operatec
or autonomous, baited arot®>. e use of video increases sampling range and is more time e cient than diver-
basedobservatioff but each technique has di erent limitations and combining underwater video and other
sampling methods is thereforecommendet.

Active acoustics, in particular multi-frequency, is a powerful tool allowing simultaneous and continuous
observation of the distribution of a variety of marine communities and aluiogiacteristic$°8. Acoustics
range of observation reaches several hundreds of meters below the surface, which allows prospecting the pelac
domairt®. However, the ability to discriminate acoustically among taxa remains coarse and works best in relatively
low-diversity temperate systems with a few well-de ned and acoustically digtowgis$®. Acoustic species
discrimination remains challenging in highly diverse tropical ecosystems. Moreover, acoustics methods needs to
be coupled with other observational methods to perform species identi cation, classically extractive one such as
trawls anchet$®. But trawling can be destructive and is not always possible to operate in topographically complex
environments or inMPAS1%3 To |i out this lock, the combination of acoustic methods with non-extractive
optical methods has emerged. ese methods were mostly applied in tempeat&**° whereas to date, only
few studies focused on tropivehters®2

In this context, we combine multifrequency acoustic and video observation to provide a comprehensive vision
of sh distribution around a tropical oceanic marine ecosystem. e study area, Fernando de Noronha Archi-
pelago (FNA) located350 km o the coast of Brazil (Fitj, is a typical low productivity and high biodiversity
syster®*374, representative of tropical ecosystems. Like many other tropical small islands, the local population
of FNA relies on artisanal sheries for protéfiitome’® and the economic activity is mainly based on tourism.
Tourism generates demographic pressure and all its externalities, amplifying the demand for sh but also enhanc-
ing marine related activities such as recreational shindiving’®’”. Beside, FNA is protected by a series of
legal instruments regulating the uses of the marine environment and marine resources. Indeed, FNA is bathing
in an Environmental Protection Area (EPA) where sustainable use of marine resources and tourism is allowed.
e EPA includes a smaller no-take MPA, the “National Marine Park of Fernando de Noronha (PARNAMARY)",
covering about 70% of the main island and the coastline from the shore to thediathg®.

On the base of three surveys combining multi-frequency active acoustics and underwater videos, we propose
to address the questions identi ed above. Speci cally our work includes a series of objectives. First, we aim a
providing a comprehensive description of the distribution of the acoustic sh biomass and sh assemblages in
FNA. Second, we propose to perform the biomass estimation of the most observed sh, the black trigger sh
Melichthys niger. ird, we propose to quantify the relative importance of mesophotic reefs for sh in comparison
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Figure 1. Fernando de Noronha archipelago (FNA) (0385B82°2%5\). e blue line delimits the no take MPA
PARNAMAR. Acoustic transects are depicted by light grey (FAROFA 1), dark grey (FAROFA 2) and black lines
(FAROFA 3); video transects by red dashed lines and video stations by red dots. e black dashed lines depict
the 50 and 300 m isobaths. e insert on the main map show the PARNAMAR hatched in blue and the black
solid line separates the leeward side (L) and the windward side (W). Map was created by the authors using
Matlab R2018b (https://fr.mattawks.com/) and m_map mappipgckagé.

to euphotic reefs. Four, on this background, we propose to complete the portrait of the IME. Finally, we propose
to discuss how the comprehensive information gained by such approach can be usable to implement scienti c-
grounded MSP.

f-%"<fZ fot «f-S8 s
Data were collected during three ‘Fish Acoustics around Fernando de Noronha (FAROFA) surveys performed on-
board a 10-m-long sport shing boat (see Supplementary Fig. S1 online) in September 15(EARXDERT),
April 17-23, 2018FAROFAZ% and April 15-22, 201FAROFA3Y). e rst survey was conducted during the
dry season (August to January) while the two others during the rainy season (March to July). Data were collectec
during daytime while prospecting over the continental shelf, shelf-break and near o shore area Ykigol
annotations and a degraded resolution of acoustic raw data are published in SEANOE opgtesiound@?2,

<t t* T f-Tpdadentify species and bottom habitat characteristics, four dierent optical systems were
deployed: (i) a towed video camera; (ii) a video camera xed on the transducer support close to the surface;
(iii) a video camera deployed vertically; and (iv) a remotely operated vehicle (ROV) (see Supplementary Fig. S
online). e towed video camera and the video camera xed on the transducer were used to capture videos along
transects. Both provided a view of the water column and allowed for substratum identi cation in shallow water.
e towed video was set on a downrigger to deepen the camera, which looked downwards and dragged with a
15 m long rope at a vessel speed of 1s5.ne videos captured from the camera xed on the transducer sup-
port were especially useful in very shallow waters. Vertical videos and ROV were deployed during stations whost
location was driven by observations of important quantity of sh on the echogram with the purpose of species
identi cation (Fig.1). Vertical videos were made using a camera tted on a shing line. e ROV was operated
from the vessel with live stream video.

Towed, xed and vertical videos were captured with a GoPro TM Hero3+ operating in HD at 1080 p and
30 frames per second during FAROFA 1 and 2 and 60 frames per second during FAROFA 3. ROV videos wer:
performed using a Blue Robotics BlueROV2 system operating in HD at 1080 p and 30 frames per second. Tt
synchronize acoustic and video observations form the towed video, a delay of 9.7 s was subtracted to the vide
time to adjust with the echosounder time. Each video was annotated using the SolomosoGueaie?® to
identify and enumerate observed species and sediment characteristics classed over nine typasdTedze
Supplementary Table S1 online). For the species censuses, we used the maximum number of individuals (MaxN
of a given species present in a single Viideoe®. In video stations, the MaxN was directly used on each frame
to avoid double counting of individuals. In video transects, the MaxN over 3 s of record was used. To estimate
the abundance of each taxon observed by video, we used the sum of the maximum values of the MaxN of eac
video (TMaxN).
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Composition Code

Sand Sa

Large rock + algae LrAl

Sand +unknown Saun

Sand + algae SaAl

Sand + stone + algae SaStAl

Sand + large rock + algae SalLrAl

Sand +rhodolith + algae SaRhAl
Sand + coral + rhodolith + algae| SaCoRhAl
Sand + stone + coral + rhodolith| SaStCoRhAl

Table 1. Sediment composition description and code.
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Figure 2. Di erence between the mean log10¢dl) of di erent surveys in the selected pixels of 100 Jn, (a
between surveys, and)@ithin a given surveg, in m? nm?; F1, F2, F3: FAROFA 1, 2 and 3, respectively.

‘— e — ... Acdustit data were collected continuously throughout the survey with two SIMRAD EK80
echosounders connected to two 7° split beam transducers centred on the frequencies of 70 and 200 kHz an
operated simultaneously in narrow band (continuous wave) transmission. Transducers were attached with a
stainless-steel pole to the port side of a 10-m-long sport shing boat. e ping rate was set to ‘maximum’ for
a maximum acquisition range of 100 m (over the continental shelf) and to $'pimghe continental shelf,
where the maximum acquisition range was set to 400 m. Vessel speetlSuas® during acquisition of
acoustic data and pulse duration was set at 1.024 s. Acoustic data were converted to HAC les using Herme:
so ware?”:88 Processing was completed using the Matémhi®® and Movies33s0 ware®. Details on acquisi-
tion and calibration parameters as well as on acoustic pre-processing steps from data acquisition i.e., data cor
version, bottom detection, Itering and manual cleaning are available in Salvet®t et al.

Acoustic data processindlo discriminate sh echoes from other organisms, multifrequency approaches, gener
ally rely on the property that swimbladder-bearing sh have, well beyond the resonance of their swimbladder,
high and homogenous backscattering respondestiuency™. To discriminate between scatters attributed to

sh (' sh-like) and those originated by other organisms (no- sh), e.g. gelatinous and crustaceans, we developed
an approach based on thresholds on (i) volume backscattering strength Sv (Sv, imdB seé for acoustic

de nitions), (ii) the bi-frequency sum of Sv, and (iii) the variance of Sv. See Supplementary methods and Supple-
mentary Figs. S2 and S3 online for a detailed description of the methodology. To study the horizontal distribu-
tion of sh-like and no- sh echoes, we used the Nautical Area Scattering Coe cient (NASCiom? nm?)%,

an index of acoustic biomass, for each ping integrated over the water column. Since sh-like and no- sh data
were highly correlated at the two frequencies, only the 70 kHz echograms were used for further analyses.

Combining surveys. e three FAROFA surveys were conducted at di erent seasons and years. To determine
whether the surveys could be combined to provide a more comprehensive picture of sh distribution, we veri-
ed if, locally,s, values were su ciently similar between surveys with regards to the natural variability observed
within surveys (see Supplementary Fig. S4 online). Punctual comparisons were not possible given that observe
tions of the di erent surveys were not located at the same geographical points. We thus selected the pixels con
taining observations from di erent surveys at a pixel sizes of 100 m2jFig.inter-survey comparison was

based on the di erence between the mean log#(¥ of di erent surveys in the selected pixels. Meanwhile,
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Figure 3. Horizontal distribution of the log10{% 1) of sh-like (g and no- sh (b echoes along transects.
Geostatistical interpolation of sh-like Yand no- sh (d echoes. e black dashed lines depict the 50 m
isobath. Maps were created by the authors using R (https://www.Rtrajé) and RGeostamckagé

the intra-survey variability was computed by selecting records at least one hour apart within the same grid cell.
e inter-survey di erences of sh-like log10(g+1) were centred on 0 (Figa) whatever the pair of surveys
considered or the pixel size, and were comparable to intra-survey ones. Based on these results indicating a stror
spatial stability in the horizontal sh-like log1Q(s1) distribution around FNA over years and seasons, we com-
bined the data from the three surveys to provide a comprehensive spatial coverage.

"f—<fZ Tc<o="<Jointerpelate the horizontal distribution of sh-like and no- sh acoustic biomass
outside acoustics transects around FNA, we applied a tailored geostatistical approach. Spatial interpolation wa:
adapted to face the fact that the domain area was elliptical with radial transe&,Kfrige geographic refer
ence system was thus irrelevant to describe the orientation between observations. For instance, North—South dit
not mean the same thing in di erent parts of the survey area. e relevant orientations to consider were rather
parallel or perpendicular to the coast, which required projecting the data in a system conformal to these two
main orientations.

To unfold the sampling area, we covered the domain by a series of trapezes that were then aligned and resize
one by one so that the distance perpendicular to the coast ranged from O (coast line) to 1 (o shore border of the
trapezes), and the distance parallel to the coast ranged from 0 (beginning of the rst trapeze chosen convention-
ally) to the sum of the length of the bases of the trapezes (Supplementary Fig. S5 online). is projection was
bijective so that we could move back and forth between the geographical space and the unfolded space. In pa
ticular, thes, and the kriging grid cells whose coordinates were de ned in the geographical space were projected
in the unfold space to compute their variogram and their kriging values. To avoid border e ects at the edge of
the unfolded system, the starting and ending trapezes were duplicated prior to kriging. So, the interpolation of
the le side of the rst trapeze was made taking into account the data of the last trapeze also. Interpolations were
performed over regular cells of 55 m longitediel m latitude.

<*S foeedte, z f Bspiteiithe simultaneous acquisition of acoustic and video, except for two trigger sh
species, it was not possible to allocate each sh-like echo to a given species. However, consistent sh assemblag
with characteristic echotypes were observed on echograms ZJabte attribute each sh-like acoustic scat-
ter to an assemblage, we labelled all sh-like echoes. Label assignment, herea er called “labelling”, was base
on video observation and the presence of characteristic structures in echograms. Video footages made it pos
sible to identify the species observed simultaneously by the cameras and the echosounder. is experience was
then used to label the echograms not monitored by videos. For the three cruises, 70 kHz sh-like echograms
were labelled manually by the same operator using the soMaiechd®, which allows drawing polygons to
encompass scatters corresponding to a given assemblage. All sh-like echoes inside a polygon were allocated
a given assemblage. In total ten assemblages were de ne®{Tabkddition, two species, the black trigger sh
Melichthys niger and the ocean trigger sh Canthidermis su agmrd be identi ed on echograms due to their
characteristic shoal shape. e black trigger sh forms large loose shoals occupying the whole water column
distributed over the shelf from 6 to 40 m depth exhibiting di erent body orientations. Ocean trigger sh form
smaller looser shoal generally found on deeper defti {& 70 m) close to the shelf-break. e sh-likg of
each label corresponding to the 10 assemblages and the two trigger sh species was echointegrated over the wa
column by 25 m-long elementary sampling distance unit (ESDU).
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Label name

Characteristics

Species observed in
video

Other potential species

Example of echogram

Bottom small sh
school

Fish school laying on the bottom.
e corresponding sh species
are hardly visible on video foot-
age since sh quickly hide in the
sediment

alassoma noronhanum
Halichoeres radiatus

Xyrichtys martinicensis (1)
Heteroconger camelopard#li$
Halichoeres dimidiatu@)
Xyrichtys incandescens (3)

Crypto-benthic species
Entomacrodus vomerini3)
Ophioblennius atlanticu8)
Scartella cristaté3)

Bottom weak sh : ’ Gobiidae sp. h
- in layer of benthic sh p Bathygobius soporat(8)
detection Bothidae sp. Coryphopterus glaucofraenum (3]
Gnatholepis thompso(8)
Lythrypnus sp. (3)
Priolepsis dawso(8)
C. suamen Loose shoal of sh, distributed Canthidermis su amen

close to the shelf-break

Individual demersal
sh

Individual sh on the bottom or in
the water column over the shelf

Lutjanus jocu
Sphyraena barracuda
Caranx lugubris
Caranx latus

Continued

<Fe—<co ..,

| £ "(@022) 12:8787 |

S——'ed T'¢cA""% WVAWVY~ szW{s~&@VXXEBWXZVeaE*




Label name

Characteristics

Species observed in
video

Other potential species

Example of echogram

Loose school

Loose school of unidenti ed sh
over the shelf

Large loose shoal with sh exhibit-

M. niger ing di erent body orientations, Melichthys niger
distributed over the shelf
Abudefduf saxatilis Sparisoma axillare (2)
Chromis multilineata S. frondosum (2), S. radians (4)
Melichthys niger Anisotremus surinamensis (3)
Sparisoma amplum Haemulon parra (3)
Acanthurus coeruleus, AHaemulon chrysargyreum (3)
chirurgus Rypticus saponaceus (3)
Stegastes rocasensis | Dermatolepis inermis (3)
Fish schools and shoals over com<Cephalopholis fulva Mycteroperca bonaci (3)
Mix reef sh plex bottom structure formed by | Kyphosus sectatrix Epinephelus itajara (3)
coral or rocky reefs Cantherhines macrocery®omacanthus par{B)
Lutjanus jocu Holacanthus ciliaris (3)
alassoma noronhanum | Myripristis jacobu$3)
Haemulon chrysargyreunMulloidichthys martinicus (3)
Balistes vetula Pempheris schomburgki (3)
Paranthias furcifer Centropyge aurantonotus
Pseudupeneus maculatu€haetodon striatus (3), C. ocellatu
Holocentrus adscensionig3)
Dactylopterus volitans
Sand sh Fish school over at sand bottom | Hypanus americanus
Aetobatus narinari
Continued
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Label name

Species observed in
Characteristics video Other potential species Example of echogram

Shelf-break large sh

Sphyraena barracuda
Caranx lugubris
Seriola dumerili
Elagatis bipinnulata
unnus spp.

Caranx spp.
Carcharhinus falciformis

Individual large sh in the water
column over the shelf-break

Shelf-break school

Mix of reef sh

Paranthias furcifer

Kyphosus sectatrix

Caranx lugubris
Mycteroperca spifl)
Menophorus dubius (1)
Ginglymostoma cirratum (1)
Prognathodes guyanensis (1)
Lujanidae

Demersal sh school associated to
the shelf-break

Small pelagics school

Fish in dense large school chara¢-Decapterus macarellus | Harengula jaguanb)
teristic of small pelagic sh school$Harengula sp. Harengula clupeol¢8)

Small pelagics and
predators

Sphyraena barracuda
Caranx lugubris
Seriola dumerili
Loose shoal of small pelagic sh inElagatis bipinnulata
interaction with predators unnus spp.

Caranx spp.

Caranx crysos
Carcharhinus falciformis

o ¢Fe—<o . | %

Table 2. Description of the sh assemblages and two sh species de ned from echotypes (surrounded by a
blue dashed line{¥Barros (2020§. @Sazima et al. (2008)®Soto (200%5. @Krajewski and Floeter (20P%)
®)Sazima et al. (2006)

Zf..o ="<%ho%ot"meS ,<'ef e blacktrigdersh wés particularly abundant in observations.
e availability of target strength measurement for thépecie¥ opened the eld for estimating its biomass. To
account for the strong dissymmetryspfhistograms, we used a non-linear geostatissigadoaci®-°° Obser
vations were reduced to 5 classes of acoustic biomass, i.e. null, small, medium, large and very large densities, ¢
responding to the classes 0, ]0—-33%], [33—66%], [66—95%)], [95—100%], respectively. Each interval was coded |
an indicator variable, the rst one being nothing but the presence/absence. is coding translated the univariate
approach of, into a multivariate approach ( ve disjunctive indicator variables, that reduced to four as they sum
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to one). is became a real issue given the very large numbsy déita available. To solve this problem, the ve
spatially mutually correlated indicators variables were transformed into ve factors called Min—max Autocor
relation Factors—MAFL ese factors are linear combinations of the input georeferenced variables, and are
uncorrelated at null and at short distances. Assuming that MAFs were also uncorrelated for larger geographical
distances, allowed using them independently from the others. In this context, we performed the global estima-
tion of each of the ve MAFs over the study polygon by glkiging®® and then recombined them to get the
kriging estimates of the mean ovegaltogether with its estimatiovariancé®

Using all black trigger sh labels, we delineated its area of main presence, concentrated in the east side o
FNA. In this area, based on the estimation of the mean overall acoustic value described above, we estimated tt
biomass by Eqlj:

@

where the Surfaamrresponds to the total surface of the delineated are®)iV is the trigger sh mean weight
estimated at 485 g for 27.8 cm long black trigger sh anid T target strength of the black trigger sh at 70 kHz
(TS= 39.3dB for 27.8 cm long black trigger sh, the mean size duringutivey£).

e“¢"teete—f7 17 Ndihwebtigated the relationships between the sh-like and no- sh acoustic bio-
masses to a series of categorical environmental variables:

* Wind/current exposure: FNA was categorised in two sides, leeward and windward, according to the exposi-
tion to main winds and currents. Indeed, FNA is under the trade wind regime and washed by the central
branch of the South Equatorial Current (cSEC) that both ow from ease$6°3104

* Depth strata: data were classi ed in two euphotic (upper euphotic: 0—-20 m; lower euphotic: 20-40 m) and
three mesophotic (upper mesophotic: 40—60 m; mid-mesophotic: 60—80 m and lower mesophotic: 80-100 m)
depth strata using the acoustically-detected bottom-depth.

* MPA: data were compared inside and outside the PARNAMAR in the same depth range (0-50 m). e area
outside the MPA belongs to the multiple use Environmental Protection Area (EPA).

* Sediment type: the nine sediment types extracted from video observationljTable

We used both univariate and multivariate statistics to relate the distribution of the acoustic biomasses
log10(s +1) of sh-like and no- sh data as well as the acoustic biomasses of the ten assemblages plus the twa
trigger sh species to the environmental factors. To seek for signi cant di erences in acoustic biomass according
to each environmental factor, we used a non-parametric Kruskal Wallis test followed by pairwise Wilcoxon tests
since the distribution of the data did not follow a normal distribution.

Classi cation And Regression Trees (CARTwere used to explore the relationships between the sh-like
acoustic biomass and the sh assemblages (plus the two trigger sh species), and environmental variables. In the

rst case, we used the rpgrackag¥® while we used the dipackag®”in the second case. e diet package,
originally designed to study diet composition, allows a non-parametrical exploratory and predictive approach
for identifying complex relationships between environmental variables and assemblages composition. Classi ca-
tion tree using the diet package uses a bootstrap technique sinBlaittari®® and Kuhnert et al®®. e diet

package also allows visualizing the bagged predictions by mappimgdietions'® Both trees were pruned

to the smallest cross-validated relagveor'®.

In addition to the categorical environmental factors, we added two continuous explicative variables, the no-
sh acoustic biomass and the bottom local slope (absolute value of the di erence between the rst and the last
depth in a given ESDU relative to the length of the ESDU expressed in %). All statistical analyses were performe
with RL

All statistical analyses were performed twice, including and not the sediment types. Indeed, the sediment
types were extracted from video observation and were thus not available for all ESDU but mostly restricted to
the shallow areas where videos observations are available and the sediment observable.

:t o/ —o

<t $* t f-iftétal, 49h51 of video footage were acquired. Complete information on species identi cation
and sediment classi cation are available at https://doi.org/10.17882/76019. Video footage allowed the identi ca-
tion of 47 taxa (Tabld) from 29 families including one turtle (Chelonia mydase dolphin (Stenella longiro
strig, six elasmobranchs including four sharks (Carcharhinus falciformis, C. perezi, Sphyrna lewini and Gingly
mostoma cirratumand two stingrays (Aetobatus narinarid Hypanus americanjuaVe identi ed thirty-four
osteichthyes sh species at specie level, four at gender level (Hasmgbéaiola sppCaranxspp., unnus
spp.) and three at family level (GobidpeBothidaesp.,Ostraciidaesp.). For 12 species, only a single individual
was recorded. 49,189 sh were recorded using the TMaxN. e most abundant specie, HagmgiaaxN
23529, 47.8%) was observed forming large schools in 2 videos, while the second most abundant species, the blz
trigger sh Melichthys niger (TMaxN 21416, 43.5%) was the sh observed in more videos (48). A er those two
species, the relative abundance falls with only three species with abundance above 1% of the total abundanc
the sergeant major Abudefduf saxatilis (TMaxN 1495, 3%), the brown chromis Chromis mul{limeatil
636, 1.3%), the ocean trigger sh Canthidermis su anj€hlaxN 540, 1.1%). A er M. niger that occurred in
48 videos the species observed in more videos were the barracuda Sphyraena lpdB@athdaceanic trig-
ger sh Canthidermis su amen(39), the black jadkaranx lugubrig22), the blue runne€aranx crysos (13), the
sergeant major A. saxatilis (12), and the dog snapper Lutjanus jocu (12).
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Class Order Family Species TMaxN | Video type
Beryciformes Holocentridae Holocentrus adscensionig 1 TV(1)
Clupeiformes Clupeidae Harengula spp. 23,529 | TS(2)

. Acanthurus coeruleus 8 TV(2),VP(1)
Acanthuridae -
Acanthurus chirurgus 21 TS(1)
Caranx crysos 189 TV(7),VP(5),RV(1)
Caranx latus 53 TV(6)
Caranx lugubris 88 TV(10),TS(1),VP(10),RV(1)
. Caranx ruber 51 VP(3),RV(2)
Carangidae
Caranx spp. 57 TV(2),RV(1)
Decapterus macarellus | 266 VP(1)
Elagatis bipinnulata 124 TV(3), VP(6)
Seriola spp. 7 VP(5)
Gobiidae Gobiidae sp. 1 TV(1)
. Haemulidae Haemulon chrysargyreum 149 TV(1)
Perciformes - - S
ITSiophoridae Makaira nigricans 1 TV(1)
Kyphosidae Kyphosus sectatrix 182 TV(3), VP(1)
. Halichoeres radiatus 1 TV(1)
Labridae
alassoma noronhanum | 43 TV(2), VP(1)
Lutjanidae Lutjanus jocu 25 TV(6), VP(5), RV(1)
. . Malacanthidae Malacanthus plumieri 4 TV(2)
Actinopterygii .
Mullidae Pseudupeneus maculatus 1 TV(1)
Abudefduf saxatilis 1495 TS(3), TV(5), VP(4)
Pomacentridae Chromis multilineata 636 TS(2), TV(4),VP(2)
TSegaTSes rocasensis |17 TV(1), VP(1)
. Cephalopholis fulva 18 TV(1), VP(2)
Serranidae - -
Paranthias furcifer 57 TV(2)
Pleuronectiformes | Bothidae Bothidae sp. 1 TV()
Scaridae Sparisoma amplum 3 TV(1), VP(1)
. Acanthocybium solandri | 11 TV(2),RV(1)
Scombriformes .
Scombridae unnus albacares 1 RV(1)
unnus spp. 35 VP(1)
Sphyraenidae Sphyraena barracuda 106 TV(18), VP(23), RV(4)
Scorpaeniformes | Dactylopteridae Dactylopterus volitans 2 VP(2)
BaliTSes vetula 2 TV(1)
BaliTSidae Canthidermis su amen 540 TV(18), VP(20), RV(1)
Melichthys niger 21,416 | TS(1),TV(26), VP(19), RV(2)
Tetraodontiformes . Aluterus scriptus 21 VP(8)
Monacanthidae -
Cantherhines macrocerug 9 TV(4), RV(1)
Lactophrys trigonus 1 VP(1
OTSraciidae P “y 9 ()
OTSraciidae sp 1 TV(1)
e Carcharhinus falciformis |1 VP(1)
o Carcharhinidae - -
Carcharhiniformes Carcharhinus perezi 1 VP(1)
Sphyrnidae Sphyrna lewini 1 RV(1
Chondrichthyes Py - Py - ()
. . Dasyatidae Hypanus americanus 2 TV(1), VP(1)
Myliobatiformes - - —
Myliobatidae Aetobatus narinari 2 TV(1)
Orectolobiformes | GinglymoTSomatidae | GinglymoTSoma cirratum| 2 TV(2)
Mammalia Cetacea Delphinidae TSenella longiroTSris 1 TS(1)
Reptilia TeTSudinata Cheloniidae Chelonia mydas 3 TS(2)

Table 3. List of species observed in video footages. TMaxN sum of the maximum number of individuals of
a given species present in a single video framéow&tl video, T&ansducer support, VP vertical pro le,

RV ROV. e numbers in parenthesis associated to video types indicates the number of videos in which each
species was observed.
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Figure 4. Regression tree on values of the sh-like acoustic biomass (Ipg 10 performed on the complete
data set (pand the dataset limited to the locations where sediment was obsexrved/éiues inside the each
leaf is the mean sh-like acoustic biomass (logl013) and the corresponding percentage of ESDU.

Beside the sh species, we observed gelatinous (salps, siphonophores and ctenophores), sh larvae (includ
ing leptocephalus) and fragments of pelagic algae. ese, and likely crustaceans that could not be observed in
videos, are the main components of the ‘no- sh’ acoustic data.

<eSa@Z<«et feot o' neS f .. '—eygeostatisticdldrfierpdlation of sh-likes, reveals a hetero-
geneous distribution with the presence of several hotspots, mostly on the windward (east) side of FNA, in the
vicinity of the shelf-break (Fi@c). e lowest sh-like acoustic biomass was observed on the north-western
side, in particular at the mid-shelf. e pattern was di erent for the no- sh acoustic biomass that was concen-
trated o the shelf-break with a main aggregation on the leeside (Fig. 3d).

e regression tree relating the sh-like acoustic biomass to the environmental parameters without con-
sidering the sediment (Figa) reveals that the main driving factor is the wind exposure with much higher
acoustic biomass per ESDU windward (logd®8()=1.2m? nm?) than leeward (0.582 nm?). A second
split occurs in the windward side with higher acoustic biomass (1.3 vennd®? ) when the slope is greater
than 0.08% meaning that sh-like acoustic biomass is very low in at areas. When considering the reduced
database (restricted to the neritic zone) containing sedimenthigthe rst explicative variable is the sedi
ment. e most complex sediment (SaStCoRhAIl) encompasses a much higher biomas$ i3 ) than the
others (0.93n? nm?). For sediments other than SaStCoRhAI, the next splits are wind exposure, sediment types
and no- sh biomass with the highest sh-like biomass (h?2nm?) distributed windward where the no- sh
acoustic biomass ranges between 2.3 and?nén? and over the more complex sediments (SaCoRhAl, SaLrAl,
LrAl, SauUn).

Univariate analyses provide some additional information (see Supplementary Fig. S6 online). Fish-like and
no- sh acoustic biomasses signi cantly varied according to wind and current exposure, protection levels, sedi
ment types, and bottom depth strata. Indeed sh-like acoustic biomass was signi cantly lower on the leeward
even if some ESDU encompassed very high acoustic biomass {ed)0(s to 6.8n%> nm?) in presence of
small pelagic schools distributed in the upper mesophotic zone (40-60 mirigeassemblagg@sOn the
opposite, the no- sh acoustic biomass was slightly (but signi cantly) lower windwarch{hin?) than lee
ward (2.2m? nm?).

e type of sediment encompassing the highest acoustic biomass was by far the most complex one, SaSt-
CoRhAI (mean log10(s- 1) = 2.16n? nm?), followed by SaCoRhAI (1.t nm?), SaLrAl (1.1in? nm?), LrAl
(1.06m? nm?), SaStAl (0.982 nm?), SaRhAI (0.952 nm?), while the less complex habitats Sa (%8m?),

SaAl (0.7 nm?) and SaUn (0.762 nm?), presented the lowest mean acoustic biomass and a strong domi-
nance of zero values. e no- sh acoustic biomass did not present any clear association with the sediment com-
plexity since the higher acoustic biomass was associated to SaUn (meap+dg£X(94m? nm?), followed

by SaStCoRhAl (1.982 nm?), SaCoRhAl (1.86? nm?), SaStAl and Sa (1.@? nm?), SaAl and SaRhAl
(1.66m? nm?), SaLrAl (1.32 nm?), and LrAl (0.69n% nm?).
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Figure 5. Violin plot containing boxplot representing the median (horizontal line), interquartile range,
whiskers and outlying points of the acoustic biomass of individual assemblages (in tog){g ESDU, their
cumulative sum (red triangles) and the percentage of ESDU with presence of each assemblages (blue diamonds

Fish-like acoustic biomass was signi cantly higher (mean logtQ(s= 1.14n?> nm?) in the mid-mesophotic
zone (60-80 m) that encompasses the upper edge of the shelf-break than the lower euphofia @27
followed by the upper mesophotic (0r82nm?), the upper euphotic (0.8% nm?) and the lower mesophotic
(0.85m? nm?2). e no- sh acoustic biomass signi cantly increased with the bottom depth. It was higher in the
lower mesophotic strata (mean logl0%4)=2.49m? nm?) where dense and strong layers of gelatinous were
observed, than in the mid-mesophotic (2r@5nm?), followed by the upper mesophotic (2r@8nm?), the
lower euphotic (1.8%? nm?), and the upper euphotic zone (1r87nm?).

Finally, sh-like acoustic biomass was signi cantly higher inside (mean lgg#Qfs=1.18n?> nm?) than
outside (0.46n° nm?) the no-take zone. Although less marked, the same trend was observed for the no- sh
acoustic biomass (1.8% nm? vs. 1.75n% nm?).

<eS feete, z f Bishtliké echoes were assigned to ten assemblages and two trigger sh specis (Table

Video observations allowed a good identi cation of the species present for most of the groups. However, the
composition of four groups (bottom weak sh detection, sand sh, loose school, shelf-break school) could not
be fully validated by the videos.

Small pelagic school presented the highest total acoustic biomass, followed by the black trigges)sh (Fig.
e percentage of ESDU with presence of a given assemblage also mostly followed the trends in acoustic biomass
with some notable exceptions. Small pelagic sh school that encompassed the highest acoustic biomass wa
only observed in 1% of ESDU (F3j.indicating that they were concentrated within some large schools. On the
opposite M. niger was the most frequently observed assemblage (in 9.9% of ESDU) followed by bottom weak
sh detection (9.4%) that ranked eighth in terms of total acoustic biomass.

Fish assemblages presented speci ¢ spatial patterns of distributio8) (Four assemblages (bottom small
sh school, bottom weak sh detection, individual demersal and mix reef sh) presented the most comprehensive
distributions over the shelf, all around FNA. e other assemblages associated to the shelf were loose school and
sand sh, mostly distributed close to the coast Ehdiger, mainly distributed on the windward side of FNA.
Small pelagic schools were distributed both over the shelf and at the shelf-break. e other groups were mostly
associated to the shelf-break, with shelf-break schools and shelf-break large sh distributed all over FNA while
small pelagic and predators ands@ amen were mostly distributed on the windward side.

e regression tree relating the sh-like acoustic biomass to the environmental parameters without censider
ing the sediment (Figa,c) reveals that the main driving factor is depth strata, discriminating between areas shal-
lower (upper and lower euphotic, upper mesophotic) and deeper than 60 m depth (mid and lower mesophoatic).
Bottom depths shallower than 60 m correspond to the shelf where neritic assemblages dominate: bottom small
sh school, mix reef sh, bottom weak sh detectid, niger. Pelagic assemblages logically dominate in deeper
areas: small pelagics and predators, shelf-break large sh and shelf-break school. Over the shelf, the next spli
of the trees are depth strata, wind exposure, MPA protectios,amal sh. Mix reef sh constituted 79% of
the assemblages on the upper euphotic strata, it was also the dominant group (27%) in the lower euphotic anc
upper mesophoatic strata on the leeward side outside the MPA. Mdpigémates (37%) on lower euphotic and
upper mesophotic strata on the windward side with low no- sh acoustic biomass. On the pelagic side, shelf-break
large sh dominated (29%) on the mid-mesophotic zone 60-80 m and small pelagic and predators (47%) on the
lower mesophotic zone 80—-100 m. When considering the reduced database containing sediment information
(Fig.7b,d), the rst explicative variable was the sediment. On SaStCoRhAl sediment, M. niger dominates (73%).
For sediments other than SaStCoRhAl, the next splits of the trees are sediment, no- sh acoustic biomass, winc
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Figure 6. Spatial distribution represented by coloured points of the sh assemblages. e black dotted line
depict the 50 m isobath. Maps were created by the authors using R (https://wwweRepgdjeandygmag™s

exposure, MPA protection and depth strata. On the sediments LrAl, SaAl, SaRhAIl, SalLrAl, SaStAl 52% of the
assemblages belong to mix reef sh.

Univariate analyses showed that the percentage of space occupation was substantially higher on the windwar
side for half of the assemblages (C. su amen, bottom weak sh detection, shelf-break large sh, shelf- break
school, small pelagics and predators, M. niger) (Supplementary Fig. S7 online). e highest acoustic biomass of
all groups corresponded to small pelagics school in the leeward side, followed by v timgeindward side
and mix reef sh in the leeward side.

All assemblages (Supplementary Fig. S7 online) varied substantially according to the bottom depth strata.
e acoustic biomass percent of presence were higher in the upper and lower euphotic strata for mix sh and
M. niger, respectively. e acoustic biomass and percent of presence of demersal assemblages, sand sh anc
mix reef sh, decreased with depth. e opposite occurred for pelagic groups shelf-break large sh, shelf-break
school, small pelagics and predator, C. su amen that peaked at mid and lower mesophotic depths, except for
small pelagic school that presented highest acoustic biomass in the upper mesophotic zone (40—60 m). Botton
weak sh detection and bottom small sh school, individual demersal sh were distributed and presented higher
acoustic biomass either on the lower euphotic or upper mesophotic.

Sediment identi cation was only possible on shallow water and represented a small portion of the data. In
this dataset, some assemblages presented clear association with one sediment (Supplementary Fig. S7 onlin
In particular mix reef sh were strongly related with SaLrAl, M. niger with SaStCoRhAl and bottom small sh
school with Sa. Mix reef sh and M. niger, although showing a higher occurrence on a particular substrate, were
the two only groups that appeared on all sediment types.

e no-take MPA e ect was clear on sh distribution as six assemblages (bottom weak sh detection, shelf-
break large sh, bottom small sh school, shelf-break school, small pelagics and predators, M. niger) were more
present and had higher acoustic biomass inside the MPASJF{g. su amen was virtually absent outside the
no-take MPA. e ve remaining assemblages (sand sh, loose school, individual demersal sh, mix reef sh
and small pelagic school), were all more present and presented higher acoustic biomass outside than inside th
no-take MPA.
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Figure 7. Regression tree @ and associated prediction magdjcperformed on the acoustic biomass (in

log10(g +1)) of sh assemblages according to the environmental parameters with the complete daja set (a

and the dataset limited to the locations with observed sedimeiit @ sh assemblages identi ed at each

terminal node are those with the highest proportion composition in percent. e composition in assemblage
percent for each terminal node is represented by the histogram beneath it. Covariates used to develop the
tree were depth strata (up_eu upper euphotic, lo_eu lower euphotique, up_meso upper mesophotic, mid-meso
mid-mesophoticjo_meso lower mesophotic), position (wind exposure: windward or leeward), protection level
(MPA: in or out) sediment (see Tabléot sediments codes), sh-like and no- sh acoustic bionfgds Fish
assemblages abbreviations were, lBf#6m small sh, BWF: bottom weak detection, IDF: individual demersal

sh, MNI: M. niger, MRF: mix reef sh, SBS: shelf-break school, SLF: shelf-break large sh, SPP: small pelagics
and predators. Trees were made by the authors usingadieag€”. Maps were created by the authors using R
(https://www.R-projet.org/) andggmap®.
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Figure 8. Barplot representing the percentage of ESDU with presence of each sh assemblage according to its
position regarding the no-take zone and the mean acoustic biomass of each group, /dj) @er ESDU
(i.e. the total sh acoustic biomass normalised by the number of ESDU inside and outside the no-take zone)

(diamonds).

Figure 9. Interpolated distribution of the black trigger sh distributed in 5 classes of valsgs @black
dashed lines represent the acoustic transects. Map was created by the authors using R (https://wetw.R-proje
org/) and RGeostasackag€ Created with Adobe lllustrator so ware (https://www.adobe.com) by graphic

designer Pierre Lopez.

z fo.e ="<%o%ot e () blacketfiggeéish, the second group in terms of sh acoustic biomass, was
mostly concentrated in the East side of FNA. In this areaqfigs actual biomass was estimated to 700 tonnes
(19 gm?) with an estimated CV of 40%. Its distribution inside the area was heterogeneous and organised in

patches.
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By combining acoustic and video observations, we provided for the rst time, a comprehensive vision of tropi-
cal sh distribution from the near-shore line to o the shelf-break with a description of (i) sh diversity, (ii)
horizontal sh-like and no- sh distribution, and (iii) a focus on the black trigger sh. e data gathered also
provided important evidence to (iv) revisit the Island Mass E ect (IME), and (v) give some insights for Marine
Spatial Planning (MSP).

<*S t<«"1"dr-abdut 50 h of video footage, we recorded 47 sh species of 29 families3jTaisle
is only a small fraction of the ichthyofauna of FNA that, with a total of 250 species and 77 families, harbours
the greatest richness of marine sh among the oceanic islands of theAHantit®®'4 Indeed our objective
was not to perform an exhaustive description of the sh diversity but to capture the sh composing the bulk
of the biomass. Still, compared with other visual census techniques we observed a similar number of families
(27-28%1151% but much fewer species (50-86}>115 Only, Sotd® depicted much more families (68) and spe-
cies (167) but his inventory included pelagic species combining visual census, sheries surveys and literature
records. e most diverse families (Serranidae, Labridae and Pomacentridae) are underrepresented in our study
since we focused on pelagic and demersal species that can be assessed with acoustics and did not put e orts
Iming benthonic and cryptobenthic communities.

In our study, two species, the tropical sardine Harengpuland the black trigger sh M. niger accounted
for more than 90% of the sh recorded. is con rm the fact that the biodiversity in FNA is represented by few
very abundanspecie¥’. M. niger was the second most abundant and the most o en observed species. Such
results di er from other studies in FNA. Indeed, mestdie$§51'5*8report alassoma noronhanumHaemulon
chrysargyreum and Stegastes rocasensis as dominant species. e di erence between our and other studies is like
due to our extensive depth coverage compared with other that mostly focused on shzllow (waters. Only
Schmid et at*®observed a dominance of M. niger but their study was performed using baited remote underwater
video stations and black trigger sh are voracious Isplecie¥®. Even if far form exhaustive, our video records
likely provide a robust picture of the main pelagic and demersal species present in FNA and a robust information
to complement and identify acoustic observations.

Fish echotypes are known to provide a heuristic description of sh species, assembltageLmitied20*2%
Combining video observations with the scrutinising of acoustic echograms allowed for the identi cation of con-
sistent sh assemblages (TaBJeWe acknowledge that, in some cases, some sh echotraces may not have been
correctly assigned to the proper sh assemblage. However, since these assignations were stifiheaf by
video footage we are con dent that potential mis-assignation should not have signi cantly impacted our results.

‘o't Steec™t —" ... fZ neS Tealgotithmwe applidd on acoustic data allowed discrimi-

nating between sh-like and no- sh echograms. e access to simultaneous video observation and the care
taken to validate the algorithm with these images makes us con dent that the sh-like echograms do indeed
correspond to sh.

e strong stability in acoustic sh biomass distribution between FAROFA surveys #righrough years
and seasons that allowed merging the data from the three surveys, suggests a bottom-up structuration of sh
assemblage. Most sh observed by video and acoustics are demersal and pelagic. Demersal sh are classica
associated with typical habitat in terms of sediment, benthic composition, structural compleripgtet22124
(see alsoRevisiting the Island mass e ect (IME)”), which may explain site- delity. In the same way, except for
Harengulasp., the pelagic sh species were concentrated at the shelf-break, a known hotspot fospélagic
Seasonal variations (e.g. rainy vs. dry season) do not imply signi cant environmental changes. Indeed, the sea
sonal variation gradient sea surface temperature is minimal (varying from 26.5 té*288GJoes not seem to
signi cantly impact the distribution of the sh as observed by acoustic. A similar result with no change regarding
the season was found in sh predatiet s

e comprehensive spatial coverage we achieved allows providing the rst map of sh acoustic biomass
around FNA (Fig3). Such a picture cannot be completed with classic methods based on visual census or shing
operations (in systems where shing activity is allowed). More generally, this is the rst comprehensive high-
resolution map of sh distribution of a tropical system from the near-shore to the shelf-break. To our knowledge
at least one example of map of tropical sh biomass was produced from acoustic data covering a fraction of the
U.S. Virginlsland$2é However, this study did not use simultaneous video observation limiting the skills of
species identi cation. By combining acoustics and video, we provide the spatial distribution of all acoustically
detected sh (Fig3) but also of a variety of sh assemblages @igOur results reveal a strong heterogeneity
in the distribution of sh acoustic biomass with the presence of hotspots. is reinforces the fact that punctual
observations may miss hotspots in comparison with our extensive continuous sampling. e comprehensive
maps we provide have several bene ts since they can help de ning areas for further sampling strategies, and ar
key elements for management in particular for implementiigf®38"7.

Zf ..o ="<% %t "0eSA [ %> InpHdse wifhAided pbskilations, the black trigger sh was
the second most important species in terms of acoustic biomass and the one occupying most space. In its mai
zone of distribution, we estimated the black trigger sh biomass to 700 tonnes (i.@.2)9M. niger is one of
the very few reef sh with a circumtropiagistribution'?’. It is known to form large shoals of more than one
hundred individuals and has been reported to exhibit high densities around remote oceanic islands such as
Ascensiorisland?®1?? ClippertonAtoll**°, TrinidadIsland®%, Johnson atoll and PorRicd?” or St Peter and St
Paul'sRock$®>133 M. niger thrives at colonizing and maintaining high population levels at rdowtgont?’.
is is probably due to its long pelagic phase that enables its settlement in remote location and its high plasticity
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in resource use. Indeed, niger broad omnivory gives him the potential to forage opportunistically on a variety
of prey, including pelagic algae remains or dolphin vomitfaade¥. In addition, isolated oceanic Islands such
as FNA, are impoverished and the functional richnekswi¥:134135M. niger has the ability to take advantage
of an empty niche as demonstrated by Mendes'étatl St Peter and St Paul Archipelago where it endorses the
functional role of opportunistic grazing herbivore. FNA lacks of large herbivore that are represented by few small
Scaridae of the gender Spariséthand roving herbivore represented by few Kyphosidae and Acanthuridae. In
our study we observed one species of parrot sh Sparisoma arg®lodividuals in 2 videos), one species of sea
chubKyphosus sectatr{£83 individuals in 4 videos) and one surgeon sh Acanthurus chir(tdguadividuals
in 1 videos). ose species are found with higher abundance in southern location of the Brazilian coast such as
Abrolhos, Bahia for parrot sh and surgeon sh, or even higher latitude such as Arvoredo Island, Santa Catarina
and Arraial do Cabo, Rio de Janeiro for clezbs®

e black trigger sh is mostly distributed on the northeast side of the Island. is windward pattern of dis
tribution is facilitated by its high swimmirapilities®. e windward side of FNA also concentrates the more
complex sediment, containing reef algal-vermetid barriers along rocky shorelines. M. niger directly bene ts
from this sediment complexity as it lays its eggs in the sand, feeds on epilithic algal matrix (EAM) and sleeps in
rocky reet®”. Adult, M. niger is strictly reef-associated as it sleeps in the same hole every night, which attests to
a high level of site- delify?® If the bulk of the M. niger occurred in the selected area for biomass estimation, we
also observed M. nigen the leeward side close to the shore where large rocks occur. In this case wéraiger
juvenile associated with other reef sh (e.g. surgeons sh, sergeants). Although abundant, easily catchable, edible
and appetent, the black trigger sh is not a commercial species and is only consumed occasionally.

T coc—<e% —St eZfet eofeeelNE deseribes wéll the higher primary and secondary
productivity on the leeside due to turbulent mixing and advection created by eddies on theislakdd3f-14!
However, the IME on tertiary productivity remains quite unknown or is described as isotrope around the
island”. Our data allows us to better describe the IME and propose a new conceptual gu8)(®ith an
asymmetrical response of the sh distribution.

Horizontal sh distribution patterns were very di erent regarding the position of the archipelago face to the
main wind/current ows (windward vs leeward). Overall, sh were much more abundant on the windward side.
is is true for most assemblages, especially for pelagic sh and trigger shes. According to the IME, an overall
increase in island-related production is expected. is e ect is expected to be more marked on the leeward side
due to hydrodynamic retentioprocesse$?°34142143 @ no- sh acoustic biomass, mostly composed of zoo-
plankton (including gelatinous) was indeed higher on the leeward, in particular o the shelf where dense layers
of gelatinous were observed. Lessa étaddserved a more important concentration of larvae on the west side
(leeward) of FNA. us, leeward side primary productivignhancemerit (see also vertical pro les of chlero
phyll concentration performed during the FAROFA surveys showing higher concentration in the leeward side;
https://doi.org/10.17882/70647) may participate in sh larvae recruitment where the leeside ful Is the conditions
of Bakun triade: (i) nutrient enrichment, (i) concentration of larval food distributions, and (iii) local retention
of eggs and larvaéti+,

If the IME is well described in terms of turbulent processes and further prmpraadyctivity®, there is a lack
of ne scale information on the consequences in terms of sh distribution. We reveal that most pelagic sh are
concentrated windward facing the main ow, where the productivity is expected to be lower. is study does
not allow concluding about the mechanisms explaining this feature, but we can propose at least three hypoth
eses. First, the current ow reaching the island topography likely concentrates thepartioes*®including
zooplankton, favouring the feeding behaviour of medium size planktivorous pelagic sh (e.g. C. suamen) or
intermediate predators that feed on small sh, shrimps or invertebrates (e.g. Caranx crysos) and are targeted b
top predators (e.g. large Scombridae and Carangidae, Istiophoridae and sharks). e aggregation of planktivo
rous sh on the windward side of island has been observed by Hamnét®¢hat.described a “wall of mouth”
composed by planktivorous sh picking up zooplankton before it reachesaf&4”. Second, the water is much
more turbid leeward than windward where visual predators concentrate. ird, a behavioural pattern consisting
in facing the current (reotrope) to keep associated to the island and avoid advection may also play a role.

Interestingly, most demersal assemblages were also more abundant on the windward side. Structural habita
complexity is known to be an important factor for sh richness almehdancé&*484°and higher acoustic bio
mass was associated with the more complex sediment SaStCoRhAl, a mosaic of di erent substrates. is may be
a consequence of turbulent processes. Indeed, on the windward side, the strong oceanic ow ush so sediments,
favouring the development of complex habitats that concenstaté®. On the other hand, so sediments deposit
leeward, forming sandy habitats that are pegmilated*® Wind and current exposure in uence the underwater
landscape with the windward side, characterized by extensive reef barriers along rocky shorelines, and the leewal
side, mainly composed of descending slopes along a rocky shoreline with large scattered boulders and small ree
scattered on sandyabitatd®®. is di erence in sediment between the windward leeward due to the wind and
wave exposure is a common feature observed elsewhere. e.g., in the Maklipietagd®.

IME e ect is thus not just an enhancement of primary productivity though physical process in the leeward
side of islands but it also drives the sh distribution by shaping the habitats. Wind and current cause erosion
and a transformation of the shoreline and sediment distribution which also impacts the distribution of sh. is
results in an anisotropic distribution of sh with schools of small pelagic and associated predators ourishing
at the shelf-break on the windward side taking advantage of the vertical mixing, the current and the clear water.

1’ —S - fFish &coustic biomass and assemblage composition varied according to the depth strata. e
highest overall sh acoustic biomass was observed on the mid mesophotic zone (60—-80 m) that corresponds tc
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Figure 10. Synthetic representation of the island mass e ect as illustrated by the case of Fernando de Noronha.

the shelf-break. By providing a cross-shore along-depth acoustic biomass estimations of demersal and pelagi
sh, we con rm the importance of thbathymetry®! and quantify and rank the sh distribution among depth
strata. Speci cally, the shelf-break was a hot spot for ve assemblages).(Fideed, at the shelf-break, we
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observed the steady presence of shelf-break schools as well as small pelagics and predators. It is in this area
particular at the windward, that SSF targeting both demersal and pelagic cpeoédraté® With our results,

it is di cult to determine whether the depth and associated light conditions (euphotic vs mesophotic) or the
structural characteristic of the vertical zones are the main drivers of diversity and abundance. Indeed, in our case
the mid mesophotic zone matches the shelf-break. is zone has speci ¢ characteristics. It presents a steep slope
associated to high structu@mplexity®. In addition, by being at the interface of neritic and oceanic domains it
concentrates organisms from batbmaing®3 Mesophotic reefs associated to the shelf-break are thus hot spots
for marine life. However, our result do not con rm that mesophotic reefs per se (independently of the shelf-
break) concentrate more life than euphotic ones. Despite their importance, shelf edge reefs are seldom includec
in marine protected area network, in particulaBrazifP®. Shelf-breaks should thus be considered as important
area for biodiversitgonservatiof.

e %S —e "' ef"cet o f_<MBP L naturdbeiitension of practices including integrated
coastal management and multi-use MP@nagemerif. MPAs are regarded by many marine scientists as a
major management tool needed to tackle sheries collapse and regular loss oftioafiversity>-15¢ Data
and analysis should be central to decision-making. e data we provide here have the advantage of being com-
prehensive. We show that sh acoustic biomass was signi cantly higher inside than outside the no-take zone
(Supplementary Fig. S6 online) indicating a potential e ect of the MPA. Such positive e ect was withessed by
llarri et al}*>on shallow-reef sh communities. Here, by providing a comprehensive covering of the entire FNA
we provide much more robust estimates. If most assemblages had higher acoustic biomass inside than outsid
the no-take MPA, it is di cult to fully unravel between protection e ects and habitat characteristics. Indeed the
no-take zone encompasses the entire windward shelf that is characterised by higher bottom habitat complexity
while the no-take MPA area encompasses the area close to the port that is susceptible to enhance the producti
ity through the eutrophication and the presence of rocks and structures. In all cases, with the objective to protect
sh biomass and assemblages, the no-take zone seems overall well designed. It covers most of the shelf, prote!
ing reef sh that exhibit high densities in near shore shallow waters areas that classically su er great anthropic
pressure linked to multiple use activities including artisanal and recreational shing. However, the no-take zone
stops at the 50 m isobaths and thus leaves the shelf-break unprotected. As an important zone for biodiversity
foraging and spawning, protecting the shelf-break could favour species reliant on shelf-break mesophotic reefs
However, since most SSF operate at the shelf-break it is important to let a su cient portion of the shelf-break
open to sheries, in particular for those targeting pelagic species that temporally use FNA as a shelter during
their long journey.

‘o . L—0octe
By combining multifrequency acoustic data and video, we provide the rst comprehensive description of demer
sal and pelagic sh distribution of a tropical ecosystem. We also provide the rst biomass estimation of the black
trigger sh Melichthys niger, a key tropical player. More generally, we pictured the distribution of a variety of sh
assemblages and related their spatial patterns to biotic and abiotic environmental features. Comparing the e ects
of euphotic and mesophotic reefs we show that more than the depth, the most important feature is the topography
with the shelf-break as the most important hotspot. Beyond, this approach allowed us to revisit the IME. We
completed the IME portrait and revealed that it is an asymmetric process regarding sh distribution. Indeed,
while primary productivity is mostly enhanced in the leeward, higher trophic levels concentrate on the windward
side. We also tested for the impact of the no-take MPA of Fernando de Noronha Archipelago on the distribution
and acoustic biomass of demersal and pelagic shes. is MPA protects the most complex habitats that shelter
the highest sh diversity and biomass. Still, an important hot spot, the shelf-break, currently unprotected could
be partly included given that su cient space is le for shing activities, in particular for pelagics. Maintaining
pelagic small-scale sheries in FNA is indeed socially and economically important. More generally, describing
sh distribution and associated environmental features is the rst step toward understanding how sh commu-
nities are spatially structured and is a necessary step to conduct MSP and operate relevant protection policies.

f_f f~f(zf11<Z<_)
Video annotations, CTD data and a degraded resolution of acoustic data are available online on SEANOE Se:
scienti ¢ open data publication site (httpsifi.org/10.17882/7601&ttps://doi.org/10.17882/71024tps://
doi.org/10.17882/7064.7
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