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Abstract :

The composition and spatial variability of ichthyoplankton assemblages were investigated at three shallow
seamounts between latitudes 19°S and 33°S in the South West Indian Ocean (SWIO) — La Pérouse
(60 m), an unnamed pinnacle south of Madagascar, referred to hereafter as MAD-Ridge (240 m), and the
Walters Shoal seamount (18 m). In all, 299 larvae (23 families, 54 species) were present at La Pérouse,
964 larvae (58 families and 127 species) at MAD-Ridge, and 129 larvae (9 families, 24 species) at the
Walters Shoal. Larvae of mesopelagic fish in the families Myctophidae and Gonostomatidae were the
most dominant at all three seamounts. All developmental stages were present at each seamount,
suggesting the larval pelagic phase of certain species occurs at the seamounts. A ‘seamount effect’ was
detected only at MAD-Ridge where larval fish densities were significantly higher at summit stations.
Overall, MAD-Ridge had much higher densities of fish larvae (157.0 larvae 100 m-3) than La Pérouse
(31.1 larvae 100 m-3) and the Walters Shoal (9.6 larvae 100 m-3). Our study demonstrates that
ichthyoplankton communities at shallow seamounts in the SWIO are more influenced by their location
relative to a landmass, and to oceanographic features such as currents, mesoscale eddies and water
masses than the seamount latitude and topography itself.

Keywords : Larval fish assemblages, Seamount effect, Latitudinal differences, Larval developmental
stages, Habitat association, Mesoscale dipole eddy
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1. Introduction

Seamounts are important marine habitats that sudtanthic and pelagic communities
(Morato et al., 2010; Clark et al., 2012; Garcialet2013; Kvile et al., 2014; Rogers, 2018),
but the pathways and underlying mechanisms arelypomderstood and mostly based on
theory. There is therefore a need to examine fadtwat influence seamount communities,
and importantly, how these differ between seamo(Mtsrato et al., 2010). Diekmann et al.
(2006) points out that biological investigationssaamounts are difficult because of their
remoteness, meaning that sampling is often restiidboth spatially and temporally.
Nonetheless, many aspects of seamount ecology ddwxanced over the past 25 years, but
given the large numbers of seamounts, estimatdaetaround 14 000 globally, there are
many that remain unknown or poorly understood (Reg@018). Stocks et al. (2012)
suggested that, to gain a better understandingeaineunt communities, research should
focus on environmental driveadfecting species composition and diversity, and hbese
affect different seamounts.

In a review of seamount plankton dynamics, Gemd ®ower (2007) reported that
despite an abundance of adult fish species oven@aas, little is known about the early life
history stages of those fish, and whether theydss®nct communities or an extension of
typical oceanic assemblages. Yet the number ofléislae studies is steadily growing. For
example, larval fish assemblages have been expliredme seamounts in the north Atlantic
(Nellen, 1973; Belyanina, 1984; Gordina, 1991; Bleland Ruseler, 2004; Diekmann et al.,
2006; Arkhipov and Mamedov, 2008; Hanel et al., @0¥inogradov et al.,, 2014), the
Central East Atlantic (Arkhipov et al., 2004), tBeuth West Atlantic (Bonecker et al., 2006;
Stocco and Jeux, 2015), and the Central North iea@@oehlert, 1988). However, in the

Western Indian Ocean (WIO), only one published wi fish larvae at seamounts has been
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undertaken, namely by Belyanina (1993). This fodusm the Saya de Malha Bank
(Mascarene) and the Walters Shoal seamount in\W©S

The dispersal of fish larvae is not only affectsdspecies traits such as spawning mode
and pelagic larval duration (PLD), but also oceaments and other mesoscale features such
as fronts and eddies that advect or retain fiskakailLeis et al., 2013). For fish communities
at isolated seamounts to be self-sustaining,assential that there is larval retention around a
seamount. In the biological realm, a ‘seamountcgfie defined by higher or lesser species
density, species diversity, or habitat associatibithe seamount summit relative to farther
away (Boehlert and Mundy, 1993; Dower and McKas96t9Sobrinho-Gongalves and
Cardigo, 2006; Stocco and Joyeux, 2015). Thesddaststudies reported that this seamount
effect can be attributed to factors such as retardf zooplankton and/or fish larvae above a
seamount by processes such as a Taylor column, llimyéenhancing local primary
productivity), disruption of diel vertical migratiopatterns by the topography, and habitat
preferences. A Taylor column is a semi-stationatglyethat develops around a submarine
topographic feature such as a seamount under rteatabient current conditions, and is
capable of retaining zooplankton around the sun{Buehlert and Genin, 1987; Boehlert,
1988). However, the situation is more complex. Evample, Dower and MacKas (1996)
found that biological factors such as differenggabwth, reproduction, mortality, predation
and migration of the zooplankton community alsoyptha role in the seamount effect near
Cobb Seamount. Not all seamounts have Taylor cadyuntimough, because the physics
depends on factors such as seamount shape, deatér wolumn stratification and the
ambient current (Chapman and Haidvogel, 1992).

In the context of the global ocean, the biodiwgrsif seamounts in the Indian Ocean is
particularly poorly known. This provided motivatiofor the Southern Indian Ocean
Seamounts Project in 2009, the first large-scapeedition of its kind (Rogers et al., 2017) in

the region. The 2009 campaign explored the physiceahnography and its influence on the
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pelagic communities of six seamounts distributesh@lthe South West Indian Ridge. In
2016, a further substantial seamount investigattas launched in the SWIO in the form of
the French-South African MAD-Ridge project (Robeetsal., 2020). Based around ship
surveys using the R/VAntea and Marion Dufresne the work focused on three shallow
seamounts across a latitudinal gradient from 19383S with a range of dynamic
environments (Vianello et al., 2020a). Two of tearmmounts, the Walters Shoal (18 m) and
an unnamed seamount just south of Madagascar (24eneafter referred to as MAD-Ridge)
are on the Madagascar Ridge a 1 300 km rocky extension of the Madagascar lasdm
The third seamount, La Pérouse (60 m), is east addgascar on the Madagascar abyssal

plain.

This study, as part of the MAD-Ridge project, exaesi the biophysical coupling in
relation to the composition and spatial variabibfyichthyoplankton assemblages around the
Walters Shoal, MAD-Ridge and La Pérouse seamoiniéstest the null hypotheses that (a)
there is no difference in larval fish compositiomdaspatial variability between the three
seamounts (i.e. no latitudinal effect), (b) ther@® seamount effect with respect to larval fish
densities, species diversity, developmental stagek habitat association groups (OFF/ON

the seamount), and (c) mesoscale eddy activity doemfluence larval fish density patterns.

2. Material and Methods

2.1 Study sites

The three shallow seamounts in this study, La B&rdq60 m), MAD-Ridge (240 m) and
Walters Shoal (18 m), are distributed between 1@ 38°S with very different dynamic

environments. The La Pérouse seamount is locatetOat3'S, 54°10'E some 160 km



97  northwest of Réunion (Fig. 1a). It has a crescaéapsd summit around 55-60 m and is 10
98 km long with steep sides (Fig. 1b). La Pérouse wlaano rising from the Madagascar
99 abyssal plain in the subtropical region that i®rsgty influenced by the South Equatorial
100 Current (SEC). Mesoscale activity (eddies) thenel t® be low (Pous et al., 2014; Vianello et
101 al.,, 2020a) (Fig. 1a). The MAD-Ridge seamount i8 R south of Madagascar at 27°29’S,
102  46°16’E, and has a conical summit at a depth off340ith north-south dimensions of 33 km
103 and 22 km east-west (Fig. 1b). That region has hgsoscale activity with regular eddies
104  originating from where the East Madagascar Cur(&MC) separates from the shelf (de
105  Ruijter et al., 2004; Vianello et al., 2020a) (Flg) The MAD-Ridge seamount is included in
106  the Southern Madagascar Ecologically or Biologic8lignificant Area (EBSA) because the
107 waters are highly productive and critical feedingpbunds for migratory seabirds and
108 cetaceans (CBD, 2016). Walters Shoal is much fagbeth on the Madagascar Ridge, some
109 855 km south of Madagascar at 33°12’S, 43°54' tamperate region. That feature too has
110  a circular summit with an area of some 400°kihe centre has collapsed forming a caldera
111 at an average depth of 50 m and a highpoint of 18eep on the one side. Mesoscale
112  dynamics as reflected by the sea level anomaly |Sité low and consequently currents are
113  weak in the region (Pollard and Read, 2017; Vianell al., 2020a) (Fig. 1a, b). Walters
114  Shoal has been exploited by fisheries in the p&kbtton, 2006) but is now part of the
115  Walters Shoal EBSA (CBD, 2016), because certailisktavater fish fauna are endemic to

116  some parts of the seamounts (Collette and Pard,)19
117
118 2.2 Field sampling and laboratory analysis

119  Oceanographic cruises using the French Riteawere undertaken to La Pérouse (doi:
120 10.17600/16004500) between 15 and 30 September 28016 MAD-Ridge (dois:

121 10.17600/16004800 and 10.17600/16004900) betwedov@mber and 14 December 2016.



122 The Walters Shoal cruise (MD 208, doi: 10.176000P7M0) was undertaken using the R/V

123 Marion Dufresne Iifrom 26 April to 18 May 2017.
124
125 2.2.1 Hydrological Stations

126  The locations of all stations for each of the thmsmmamounts are shown in Fig. 1b.
127 Temperature (°C), salinity (g Ky fluorescence and depth (m) were measured using a
128  SeaBird 911plus CTD rosette system equipped witNedlabs ECO FL fluorometer. This
129  was lowered to a depth of ~1000 m for each cr@$dorophyll-a (Chl-a) concentrations (mg
130 m™ ) were calibrated using High Performance Liquid d@@hatography (HPLC) samples
131  measured at discrete depths. The Integrated Cbheeatration was calculated as the sum of
132 Chl-a at each 1-m depth bin in the upper 200 mtiDepthe deep Chl-a maximum (DCM, in
133  m) was calculated from CTD data. The mixed layqtkéMLD) was determined according
134 to de Boyer-Montégut et al. (2004), using a chaofy®.08 kg n?* from a depth of 10 m.
135  Temperature-Salinity (T-S) plots of water masseshan upper 500 m were produced using
136 Ocean Data View software (ODV V5.1.5) (Schlitzer018; Ocean Data View,
137  https://odv.awi.de, 2018). The T-S characterisbteach water mass were obtained from de
138  Ruijter et al. (2004), Read and Pollard (2017), Efatkarim et al. (2019), and are represented
139 in Fig. 2. A seven-day sea surface level anomabAj$roduct at ¥4° resolution was used to
140  monitor the eddy activity in the region of the MARelge seamount during the period prior
141  to, during and after the MAD-Ridge cruise (Vianedtpal., 2020b). Variations in SLA values
142  correspond to anticyclonic or cyclonic eddies, eesipely. Eddies were tracked using the
143  algorithm developed by Chelton et al. (2007), baseda SLA closed contours threshold

144  (Vianello et al., 2020b).

145 Mesoscale eddy classification was only appliedht&® MAD-Ridge seamount, because
146  only that feature experienced strong dipole agtiditiring sampling: ‘Cyclone’ (abbreviated
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C) included stations 2 and 4 within the cyclonentigyclone’ (abbreviated AC) included
stations 8, 9, 10, 12, 16, 18, 19, 20, 21, 22,243and 25 within the anticyclone; ‘Transition
dipole’ (abbreviated T-D) included stations 6 andlocated between the cyclone and
anticyclone; ‘Transition—AC’ (abbreviated T-AC) inded stations 14 and 27 on the eastern
border of the AC (Annasawmy et al., 2020). All &tas were also classified according to
water depth with appropriate abbreviations: sun{®u, <350 m), slope (SL, 350-1500 m),
and deep-sea (DS, > 1500 m). ‘ON’ category referSW and SL (i.e. within 10 nautical
miles - nmi - of the summit), and ‘OFF’ to ‘DS’. €ldeep sea/OFF stations were the control

stations in terms of testing a seamount effect.

2.2.2  Larval fish sampling

At each seamount, ichthyoplankton samples werecel at the same location and time as
selected CTD stations. Hence, the total samplimgdpan ranged from 7 to 9 days, i.e. La
Pérouse (21-27 September 2016), MAD-Ridge (14—22cMber 2016) and Walters Shoal
(4-13 May 2017) - see Table 1. For all samplespagB net comprising 500m mesh and a
flowmeter to measure the volume of seawater sampéedtowed obliquely from the surface
to 500 m at an average speed of 1-2 knots (Fig. Béing shallow, the Walters Shoal
seamount was only sampled around the outside dafdaluera (on the slopes). Also, owing to
ships’ time constraints, there were no OFF (coptethtions at the Walters Shoal. All
ichthyoplankton samples were preserved with buffédoemalin to a final concentration of

4%.

In the laboratory, zooplankton samples were poumtmia measuring cylinder and left to
settle for 24 h, after which the settled volume weaorded (ml). Settled zooplankton volume
was then expressed as mPray dividing the settled volume with the volume ssfawater
filtered. Fish larvae were then separated from ghmples and identified to species level

8



172

173

174

175

176

177

178

179

180

181

182

183

184

185

186

187

188

189

190

191

192

193

194

195

196

where possible using a Zeiss Stemi 305 stereo suope. For identification purposes the
following references were used: Moser (1996), Okiga(1988), Olivar and Beckley (1995,
1997), Olivar et al. (1999), Leis and Carson-Ewa&00). ‘Unidentified’ larvae were either
damaged or at early preflexion developmental stagesept for the family Myctophidae,

where such larvae were classified as ‘Myctophidlents’.

Body length (BL — snout to tip of notochord) ofvyae was measured to the nearest 0.5
mm using the microscope graticule. Developmentajestwas noted according to Leis and
Carson-Ewart (2000) with the following criteria: @reflexion) = hatching to start of upward
flexion of the notochord; Fl (flexion) = upward lebng of the notochord tip; Po (postflexion)
= formation of the caudal fin to attainment of fekternal meristics. For leptocephali, the
larval forms of eels in the families Elopiformesngduilliformes and Notocanthiformes
(Smith, 1979), the abbreviation ‘Le” is used. Malkd (sunfish) do not develop a typical
caudal fin, but rather a “clavus (pseudo-cauddlgig, 1977). Hence, the following criteria
were used in this study to describe the developahesthges of those larvae: Nh (newly
hatched) BL = 1.0 — 1.7 mm, similar to a late fislge embryo; Dg (differential growth
phase) BL= 1.8 — 3.8 mm, during which the jaws,usnand posterior clavus develop
(adapted from Leis, 1977).

Larval densities were calculated as the numbéarefie per 100 f(larvae 100 i), and
represent the larval fish assemblage in the up@® & of the water column. Each
family/species was placed in a habitat associataiegory, according to the adult preferred
habitat (Smith and Heemstra, 1986; Moser, 1996hate Oceanic = beyond the 200 m
depth contour (epipelagic, mesopelagic, benthop®lageritic = continental shelf up to 200

m (epipelagic, reef, benthic).

2.3 Data and Statistical Analyses
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2.3.1 Univariate

Species diversity was determined using the PRIMER (V7.0.13) PERMANOVA
software package (Anderson et al., 2008; Clarke @odey, 2015), with the Analyse >
DIVERSE menu. Data were pre-treated with a foudbttransformation of the species data.
The indices S (total number of species in each Engmd the Shannon-Wiener Diversity
(log base e) (H' = X (pi In (pi)) were calculated. The non-parametric test Kru§Kallis test
was used to test for significant differences in thenber of species (S), Shannon-Wiener
Diversity (H’), larval fish density, developmentthges (preflexion, flexion and postflexion),
and habitat association groups (oceanic epipelageanic mesopelagic and benthic, neritic
reef, epipelagic and benthic) between the threenseats (“latitude”) and at ON/OFF
stations (“seamount effect”). This was followeddpgost hocDunn test using the software R
(version 3.6.1). As Walters Shoal only had ON (slapd summit) stations, it is not included

in the OFF vs. ON stations statistical comparison.

2.3.2 Multivariate

Multivariate analyses were similarly undertaken ngsithe PRIMER V7 (V7.0.13)
PERMANOVA+ software package (Anderson et al., 2008; Clarkd &worley, 2015).
Environmental data were log (x+1) transformed adicwy to Draftsman Plots, which indicate
which environmental variables require transformatithen normalised so that all variables
have comparable scales prior to further analydi® @nvironmental variables assessed were
bottom depth (m), DCM, MLD, mean temperature in thp 200 m (T200) (°C), mean
salinity in the top 200 m (S200) (g Ky integrated Chl-a 200 m (mg ¥ and settled
zooplankton volume (ml /). The top 200 m of the water column were used lEE&most
open ocean biomass, including phytoplankton, zadéa, and nekton, is found within ~200
m of the ocean surface” (Sigman and Hain, 2012)ddtermine which variables to include in
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further analyses, we used the Spearman Rank Cuworelom the Draftsman Plots. This
determined which variables were strongly correlatgith each other (R> 0.8), and
consequently, were excluded from the analysis.v@mables were selected: Bottom depth,
DCM, MLD, T200, integrated Chl-a 200 m and zooplamnksettled volume.

Prior to multivariate analysis on the biologicatal unidentified larvae and those taxa
contributing to <5% of overall density were exclddeom the analysis. Data were fourth-
root transformed prior to further analysis basedSirade Plot’, a feature in PRIMER V7 that
illustrates where there is sufficient representatiof rare species with each level of
transformation (as indicated by the level of shgdiight to dark according to low to high
densities, respectively). Non-metric multidimensibsacaling (nMDS) ordination displayed
groupings of stations according to the factor tlate’, based on the resemblance matrix of
the biological data. Similarity percentage analyS$VPER) was then used to determine
which species contributed most to the observec et

A distance-based linear model (DISTLM) analyseel tblationship between the species
patterns (nMDS) and key environmental variablesyioling P-values for testing the null
hypothesis (Anderson et al., 2008). A distance-thasdundancy analysis (dbRDA) graphic
was generated from the DISTLM to visualise the giweodel.

A one-way Analysis of Similarity (ANOSIM) non-pareetric test was done to test the
significance of the effect dipole classificatiom fdAD-Ridge only (9999 permutations). The
Canonical analysis of principal coordinates (CAB)tine was used because it discriminates
groups from the resemblance matrix that are idendtiby the ANOSIM significant factor,
with canonical correlations indicating the strengtithe association between the multivariate

data and the group differences (Anderson et ab8R0

3. Results

3.1 Oceanographic conditions
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Detailed descriptions of the physical environmehisng the MAD-Ridge, La Pérouse and
Walters Shoal seamount surveys are given by Viaretllal. (2020b), Marsac et al. (2020)
and Demarcq et al. (2020) respectively. T-S ploisws) in Fig. 2 provide information on
possible sources of water masses at each of the fgamounts during the study period. At
La Pérouse, the upper 100 m consisted of tropigdhse water (TSW) with temperatures of
22-23°C, some 4-5°C warmer than the deeper (100+8pOsubtropical surface waters
(STSW) (Fig. 2a). MAD-Ridge similarly had both TS#Whd STSW water masses in the
upper 300 m, but surface temperatures were warnaer at La Pérouse, reaching ~25°C. In
addition, higher salinities in the temperature mrh-20°C at stations 22, 23 and 24
signalled the presence of the anticyclone (AC) p&d dipole eddy (Fig. 2b; see Vianello et
al., 2020b, for dipole details). Walters Shoal wd&erent from the other two seamounts with
the absence of TSW, and was instead influencedlti86and South Indian Central Water
(SICW) in the upper 300 m with lower temperaturEs-20°C) and higher salinities (35.5 vs.
~35.2 kg ) than La Pérouse and MAD-Ridge (Fig. 2c). Betw@@® and 500 m, the water
column was characterised by Antarctic Intermedidger (AAIW) at all three seamounts.

As shown in Fig. 3, an intense dipole eddy paskedugh the MAD-Ridge seamount
study area between 29 October to 24 December 20i6,a negative sea level anomaly
(SLA) of [1-20-50 cm for the cyclone and positive SLAL6#+20—40 cm for the anticyclone
eddy. As shown in Vianello et al., (2020b; Fig. l4bis is near the maximal limit of eddy
intensity. As a measure of eddy activity, the E#ayetic Energy (EKE) in the MAD-Ridge
study area is on average greater (2.8 — 3.bsdjnthan to the north at La Pérouse (2.2 - 2.4
cn’s?) and to the south at Walters Shoal where the EKgenerally low (1.6 — 1.8 ¢rs?)
(see Fig. 1a, Vianello et al., 2020b). The high E&EEMAD-Ridge indicates that dipole
eddies are a frequent feature of the oceanograptiys area.

Environmental variables measured at each of thenseats are presented in Table 2.

Bottom depths were greatest at La Pérouse witmgeraf 550 - 4203 m, compared with

12
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MAD-Ridge (255 — 1964 m) and Walters Shoal (32104 ). Mean MLD and DCM depths
were similar at both MAD-Ridge (58 and 116 m, respely) and La Pérouse (62 and 107
m, respectively) whereas Walters Shoal showed shait MLD and DCM depths (37 and
38 m, respectively). The mean temperature withettdp 200 m was similar at MAD-Ridge
(22.66 £ 0.90C) and La Pérouse (21.94 + 0.X7), but lower at Walters Shoal (18.21 + 0.37
°C). Walters Shoal was more saline and had a higitegrated Chl-a concentration within
the top 200 m, relative to La Pérouse and MAD-Ridgettled zooplankton volume was
twice as much at MAD-Ridge than at the other twanseunts, with a mean of 0.056 (+

0.021) ml ni.

3.2 Composition of larval fish assemblages

In all, 964 fish larvae, representing 58 familiesl d.27 species, were present at the MAD-
Ridge seamount (Table 3). Fewer larvae were celteat the La Pérouse and Walters Shoal
seamounts, with 299 (23 families, 54 species) aBd © families, 24 species) larvae,
respectively. As anticipated, the larvae of oceamesopelagic fish in the families
Myctophidae and Gonostomatidae dominated at adlettseamounts, although interestingly
the larvae of neritic taxa were present at MAD-Rid#6.2%) and La Pérouse (3.8%) (Table
3). At MAD-Ridge these neritic taxa were either epgagt (8.9%), reef- (6.2%), or benthic-
(1.1%) associated. Myctophids (lanternfish) coostil 46.9% of the catch at both La
Pérouse and MAD-Ridge, and 35.7% at Walters Sldahostomatids (bristlemouths) were
more abundant than myctophids at Walters Shoalyevtieey made up 37.8% of the total

catch.

The most abundant myctophid species at La Pérawse Symbolophorus evermanni
(3.9%), andDiaphussp.2 (3.4%). At MAD-Ridge, the dominant specieseiiaphus mollis

(2.2%), Lampadena luminosgl.9%) andBenthosema suborbitald.4%). At Walters Shoal
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it was Hygophum proximun(il5.8%) (see Supplementary Material AppendiceB ,AC). The
most abundant mesopelagic gonostomatid at La P&rand MAD-Ridge wa<yclothone
alba (23.7% and 7.1%, respectively), bQyclothone pseudopallidé36.5%) was more
abundant at Walters Shoé&lther families representing5% of the total catch at MAD-Ridge
included the neritic taxa Bregmacerotidae (8.®x&gmaceros atlanticud. macclellandii

B. nectabanus at La Pérouse it was the Phosichthyidae (8 @8#giguerria lucetia) and at
Walters Shoal it was the Melamphaidae (11.MéJamphaesp.1l) and the Sternoptychidae
(5.8%:; Argyropelecus lychnu#\. sladen). The second most abundant family at MAD-Ridge
was the oceanic (epipelagic) Molidae, representethb speciefRkanzania laevigslender

sunfish), with a total of 109 specimens constiith2.5% of the total catch (Table 3).

3.3 Spatial variability of larval fish assemblages
3.3.1 Latitudinal patterns

Overall, MAD-Ridge had much higher total densitaésfish larvae (157.0 larvae 100
than La Pérouse (31.1 larvae 10)nand Walters Shoal (9.6 larvae 100°)n(Table 3).
Larval fish densities at La Pérouse were highestagte stations 24 (6.8 larvae 100)nand

6 (5.3 larvae 100 ), with only 0.44 larvae 100 that deep-sea station 1 about 10 nmi north
of the summit (Fig. 4). MAD-Ridge similarly had higarval fish densities at shallow summit
station 8 (15.7 larvae 100 thand 22 (16.5 larvae 1003 but the greatest density was at
station 18 (17.8 larvae 100 which is a deep-sea station 20 nmi south obthemit. Very
low densities of fish larvae were collected at \Wi@tShoal relative to La Pérouse and MAD-
Ridge, with station 8 located to the east of tharmit having the highest density of only 2.4

larvae 100 .
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The nMDS ordination in 3D indicates some groupeofgarval fish communities with
latitude, i.e. seamount (stress level of 0.12) .(B@). The SIMPER analysis shows that the
main species discriminating between La PérousevihiD-Ridge wereR. laevisMyctophid
unidents andC. albg between La Pérouse and Walters Shoal seamouitddtitude) it was
C. alba, C. pseudopallidaand H. proximum and between MAD-Ridge and the Walters
Shoal it wasR. laevis C. pseudopallidaandH. proximum(Table 4, Fig. 5b). Note that the
average dissimilarity (aveDiss) value in Table 4the best indicator of which species
contribute the most to the differentiation of theups shown in the nMDS (Fig. 5a) analyses,
e.g.C. albahas a Diss/SD value of 2.23, indicating that i igood indicator for La Perouse

relative to Walters Shoal (but not MAD-Ridge), mst particular study.

3.3.2  ON/OFF seamount patterns

The number of species (S) and species diversity\lds significantly lower at Walters Shoal
than at MAD-Ridge (KW and Dunn test, p < 0.001)t Wwas similar between La Pérouse and
MAD-Ridge. No significant differences between Olgedp sea) and ON (slope and summit)
stations at La Pérouse and MAD-Ridge were found.(Ba, b). MAD-Ridge, all stations
considered, had significantly higher larval fismsi¢ies than both La Pérouse and Walters
Shoal (KW, LP vs. MR p < 0.05; MR vs. WS p < 0.0Q&ig. 6¢c). AtLa Pérouse there was
no significant difference in larval fish densitiestween ON and OFF (KW, p = 0.327), but at
MAD-Ridge there were significantly greater deresitof fish larvae ON the seamount (KW,
p = 0.028, Fig. 6¢). Preflexion, flexion and pastibn developmental stages were not
different between latitudes, except for Walters @hehich had significantly less of all three
stages than MAD-Ridge (p < 0.001) (Fig. 6d, eTHis is directly a consequence of the total
number of fish larvae being significantly more aABDtRidge (Fig. 6¢). Only densities of

preflexion larvae were significantly higher at Otdt®ns (26.5 Pr larvae 100 3relative to
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OFF stations (22.3 Pr larvae 100°nat MAD-Ridge (p < 0.001) (Fig. 6d). When considgr
habitat association groups, only oceanic mesopelagbenthic group had significantly

greater densities at ON stations at MAD-Ridge (Bgy.h, i) (p < 0.001).

3.4 Environmental variables influencing larvalifispatial patterns

The distance-based linear model (DISTLM) margimsts, which analysed the relationship
between the six key environmental variables andpeeies patterns (nMDS; Fig. 5), showed
that four of the six environmental variables in thedel, i.e. DCM, T200, integrated Chl-a
200 m and zooplankton settled volume, when constierlone, explained a significant
proportion of the variation in larval fish patter(® < 0.05) (Table 5). However, when all
variables were combined, the best fit model couly produce an Rof 0.28.

The distance-based redundancy analysis (dbRDAplises the DISTLM model with the
first two axes capturing 76.6% of the variabilitypé&ained by the fitted model, but only
21.8% of the total variation in the data (Fig. @n the first dbRDAL axis (17.7% of the total
variation), Walters Shoal (ML) was clearly groupedether, and opposed to MAD-Ridge
(ST). La Pérouse (T) was not well discriminated thg first axis, but showed slight
differences from the other two seamounts on therseabRDA2 axis (4.1% of total
variation). The first dbRDA1 axis explains 62.3%tlé fitted model and is strongly related
to T200 and DCM at La Pérouse and MAD-Ridge, whelegegrated Chl-a 200m impacts
the mid-latitude/Walters Shoal seamounts (FigThe second axis explains just 14.3% of the
fitted model, with bottom depth and zooplanktontledt volume seeming to be the main

opposing factors affecting this axis.

As seen in Fig. 8, distinct groupings of fish kevare evident at MAD-Ridge when the
mesoscale eddy classification is used as a fa&thNIOSIM one-way test significant, R =

0.64). The first axis of the CAP1 shows that thedhfish assemblage in the cyclonic eddy
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(C, stations 4 and 6) is distinguishable from #tlep stations, whereas the second CAP2 axis
distinguishes the larval fish assemblages in tlaasition zones (T-D, T-AC) from the
stations in the anticyclonic (AC) and cyclonic gai€). The canonical correlations for CAP1
and CAP2 are high, indicating a strong associalbietween larval fish groupings and the
different areas of the eddy dipole featuse£ 0.92,56, = 0.80). The species that characterise
the differences among groups (Spearman Rank cbomela 0.3) are displayed as vectors in
Fig. 8, with the neritic epipelagB. atlanticusandB. nectabanubeing more abundant in the
cyclonic part of the dipole eddy. The myctophidalatuscharacterises stations 6, 7 and 14,
which were in transition areas of the eddy. Theamiyj of the anticyclonic stations are

characterised bg. albaand Myctophid unidents.

4. Discussion

4.1 Larval fish assemblages at seamounts

This study has shown that the composition of lafisdl communities at all three seamounts,
La Pérouse, MAD-Ridge and Walters Shoal, is charesd by general oceanic assemblages,
with the mesopelagic families Myctophidae and Gomositidae dominating. Interestingly,
despite a 14° difference between the Walters ShodlLa Pérouse, a latitudinal gradient in
species diversity of the fish larvae was not evid@hese are not unusual findings. Many
ichthyoplankton surveys in the vicinities of seamisuhave shown general domination by
typical oceanic mesopelagic taxa in the families cddphidae and Gonostomatidae,
regardless of their latitudinal position (e.g. Bleet) 1988; Belyanina, 1993; Boehlert and
Mundy, 1993; Nellen and Ruseler, 2004; Diekmanmalet2006; Sobrinho-Gongalves and
Cardigos, 2006; Arkhipov and Mamedov, 2008; Hartehle 2010; Stocco and Joyeux,

2015). In fact, only a few studies have found lare& topographically associated species to
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be more abundant at seamounts than in the surmgirmtiean, indicating that specialized
ichthyoplankton assemblages are not common aroeaochaunts (Boehlert, 1988; Boehlert
and Mundy, 1993)Moreover, at the MAD-Ridge seamount, larval stageseritic reef-
associated species were present (e.g. Acanthuridéa&sosp., Apogonidae -Apogonsp.,
Labridae —Cirrhilabrus sp., Lutjanidae, Serranidae Anthias sp.), which can only be
explained by a strong connection to the shelf veabvéMadagascar, because this seamount is
about 240 km from the coast. Other seamounts nkelf @areas have found some
representation of neritic reef-associated spe@as (Nellen and Ruseler, 2004; Bonecker et
al., 2006; Stocco and Joyeux, 2015). In the casgbeoMAD-Ridge project, Crochelet et al.
(2020), using a Lagrangian model, demonstrateeatgr connectivity between the east coast
of Madagascar and the MAD-Ridge seamount than lestwéauritius/ Réunion and the La
Pérouse seamourt- hence explaining the greater species diversityisf larvae at the
subtropical MAD-Ridge than at the tropical La Pé&®useamount. The Walters Shoal
seamount, on the other hand, is the most isolatedreflecting only a typical oceanic
community with low species diversity of fish larvakéhis would imply that ichthyoplankton
at seamounts is more influenced by its relativeitiposto continental shelf areas than to
latitudinal position.

Of the three seamounts studied here, only MAD-Ridgd a significantly greater density
of fish larvae, particularly preflexion developmanstages, at the summit and slope (ON)
stations relative to the deep sea control statib$, suggesting a seamount effect. This is in
contrast to the findings of a comprehensive revigwBoehlert and Mundy (1993), who
found that the abundance of ichthyoplankton diyectler seamounts is usually lower than in
the surrounding oceanic waters. Even more-recemwlies do not provide clear evidence of
fish larvae retention at seamount summits (e.g.ifand Dower, 2007), or the results are
inconclusive owing to the limited number of sampleg. Hanel et al., 2010). It seems it is

only at the Great Meteor Seamount (central Nortlarkic) that a distinct ichthyoplankton
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community exists, and that there it is most likieiked to a strong retention potential around
the seamount (Nellen and Ruseler, 2004; Diekmaah,e£2006).

In the present study, no clear evidence of a seatedtect, or a lack thereof, was found at
either La Pérouse or Walters Shoal, although thiddcbe due to limited sampling at those
seamounts. To clarify this, more intensive studiesrequired that simultaneously examine
vertical (discrete depths) and horizontal patterhfish larvae, diel influences and physical

parameters.

4.2 Physical and environmental factors influendisy larvae at seamounts

The dominance of the TSW water mass at both MADgRidnd La Pérouse is reflected in
the more diverse species composition of larvaltien at Walters Shoal, which lacked TSW.
The most abundant myctophid larvae at La Pérousd BMAD-Ridge were D.
brachycephalusD. mollis, S. evermannL. luminosaand B.suborbitale all with tropical
and/or subtropical distributions (Olivar et al.,999. Various studies have shown that larval
stages of certain fish species are good indicabbra/ater masses, such as mesopelagic
myctophids that occur on shelf regions in the S\@var and Beckley, 1994; Harris et al.,
1999), North West Africa (Olivar et al., 2016), W&rs Australia (Holliday et al., 2012;
Beckley et al., 2019), and South West Taiwan (Hsieal., 2017), but also clupeiformes off
south Brazil (de Macedo-Soares et al.,, 2014), aabrilae and Stomiidae in the East
Australian Current (Matis et al., 2014). Rogersakt (2017) reported on the important
influence of water mass types and major currentesys on the pelagic communities of six
seamounts distributed along the South West IndiggeR influencing the ecosystem more
than the seamounts themselves. Our study also sthasvs

As mentioned above, the neritic-associated taxandoat MAD-Ridge indicate a

connection with the shelf waters of southern Madaga This connection is most likely
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attributable to cross-shelf transport of biologicakterial from the Madagascar shelf,
potentially feeding into the mesoscale eddy fieftsltwre (Noyon et al., 2019; Vianello
2020b). The transport of fish larvae from nearbgstal waters by mesoscale features can
have a major influence on the larval fish assenddagamounts (e.g., Bonecker et al., 2006;
Hanel et al., 2010). Mesoscale eddies retain ptanknd larvae for some time, and because
eddies are often more productive than surroundiatgss, they can contribute to enhancing
survival (Condie and Condie, 2016; Demarcq et28l20). Condie and Condie (2016) found
that differences in retention capability with dephggest that cyclonic and anticyclonic
eddies will support different plankton communitiégesults from our study support this
statement too, because distinct groupings of astale were evident in the different areas of
the dipole eddy at MAD-Ridge. Other studies supgpgrthe influence of mesoscale eddies in
larval fish assemblage composition are in the Megthhean (Culttitta et al., 2016), Gulf of
Alaska (Atwood et al., 2010), Australia (Hollidaya., 2011; Matis et al., 2014), southeast
USA (Govoni et al., 2013) and the Canaries (Rpthz et. al., 2004).

Another physical process hypothesised to explajgregations of zooplankton and
ichthyoplankton above seamounts is the Taylor coluifhis essentially is a stationary
anticyclonic eddy formed above a shallow seamohat tends to trap plankton (Genin and
Boehlert, 1985; Boehlert and Genin, 1987; Chapnmhéaidvogel, 1992; Diekmann et al.,
2006). However, evidence of Taylor columns in thedfis sparse (Genin, 2004). Indeed
Annasawmy et al. (2020) and Demarqc et al. (202@) balculated that Taylor columns will
probably not be found at the MAD-Ridge seamountictviwas also supported by the field
measurements of Vianello et al. (2020a).

Nonetheless, environmental variables that had Sofuence on the structuring of larval
fish communities at La Pérouse and MAD-Ridge weeamtemperature in the upper 200 m
and DCM. At Walters Shoal, integrated Chl-a in tipper 200 m was also a factor, but with

little of the total variation explained (see Table DistLM Best model R= 0.28). Certainly,
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literature on ichthyoplankton surveys worldwideigades that, depending on where the study
is located, either physical processes (upwellingsescale features, boundary currents)
and/or environmental variables (temperature, sgliturbidity, Chl-a) play a lesser or greater
role in explaining variations in larval fish patter In this regard, mid-ocean, seamount, and
continental slope regions have been observed aiftbe strongly influenced by water masses
and boundary currents (e.g. Diekmann et. al., 2Bl2iel et. al., 2010; Holliday et. al., 2011,
Matis et. al., 2014; Cuttitta et. al., 2016), arehrshore coastal regions by upwelling, river
run-off and environmental variables (e.g. Laprisel &epin, 1995; Harris et. al., 1999;

Rodiiguez et. al., 2015).

4.3 Life history strategies and larval dispersal

The origin and retention time of fish larvae aareeunts is a key question, because this
affects local recruitment success. It is feasilflat tsome young larvae of neritic reef-
associated taxa found at MAD-Ridge originated fribia southeast coast of Madagascar. A
quick calculation shows that larvae transportethen\SEMC at a mean speed of 0.¥921)

m s* (Ponsoni et al., 2016) would take approximately.B-days to reach the MAD-Ridge
seamount (i.e. 86-45 km ddy The estimated ages of some of the young (priefténeritic-

reef associated taxa at MAD-Ridge were betweenddéasiaysDiodontid sp.1,Cirrhitid sp.1

and Anthiassp.2 (Table 6), and therefore most likely not adreeunt origin. In contrast, a
few neritic-epipelagic specieS¢omberomorusp., Thunnussp.,R. laevi were <3 days old,

so are clearly spending their larval pelagic phasie vicinity of this seamount. The same
can be said for La Pérouse and Walters Shoal, wioeneg larvae were present. Conclusions
of seamount self-recruitment were similarly madeOnwer and Perry (2001), who found
great abundance of young rockfisbepastespp.) larvae near Cobb Seamount, and by Hanel

et. al. (2010), who found young larval stages dfigis, scorpaenids and eels at the Senghor
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seamount. In the case of MAD-Ridge, it might also gossible that in addition to local
spawning by adult fish, the anticyclonic circulatiof the eddy could have contributed to
retaining newly hatched larvae on the seamounteltyeincreasing the likelihood of local
recruitment success. Such a situation was obsdayé&xboley (1984) where high recruitment
of haddock larvaeMelanogrammus aeglefinuen Rockall Bank took place in years when an
anticyclonic eddy existed over the bank for a sightly long period to retain the larvae
during their entire planktonic phase. However, @ligh this is plausible, Crochelet et al.
(2020) found that local retention at La Pérouse,MRidge and Walters Shoal was low,
peaking at 10% for short pelagic larval duratiobhP and decreasing with increasing PLD.
However, to keep the modelling modest, those asthssumed passive larval dispersal, so
their results may be an underestimation. Of coutse,well documented that late stage fish
larvae are active swimmers and can modify theitribigtion patterns (Leis and Carson-
Ewart, 1997; Wolanski et al., 1997; Fischer et 2000). In fact, Faillettaz et al. (2018)
suggested that fish larvae with strong directios@mming abilities would increase their
likelihood of successful settlement, without beinfuenced by mesoscale oceanographic
features.

PLD is species-dependent and can range from 9 ttags for reef fish communities (Stier
et al., 2014). In our study for example, the acanthNasosp. specimen collected at the
MAD-Ridge seamount has a PLD of 84 dayabrid spp. has a PDL of 26-28 day§yogon
spp. 18-34 days, arfBlynodusp.42 days (Stier et al., 2014). PLD can influencedtale of
dispersion, with shorter ranges for larvae withrslii.Ds and greater distances with longer
PLD (Hobbs et al., 2012). Crochelet et al. (202@mdnstrated great ichthyoplankton
dispersal between the three seamounts and theatsgstems of the region (e.g. 1 014 km

with a PLD of 360 days for Walters Shoal).

5.  Concluding remarks
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This study, as part of the MAD-Ridge project, set to examine the biophysical
coupling of ichthyoplankton assemblages aroundWradters Shoal, MAD-Ridge and La
Pérouse seamounts. We established three null hggesghOur results indicate no significant
latitudinal gradient effect to explain the compsit abundance and spatial variability of
larval fish assemblages at the three seamountsafasunt effect was not detected at either
La Pérouse or Walters Shoal. However, at the MABgRiseamount, we did find a great
abundance of larvae at the summit stations relatovethe offshore control stations.
Nonetheless, our analysis highlights the fact ¢ila¢r factors, such as oceanographic features
(mesoscale eddies), proximity to landmass andréiftewater masses, all seem to have more
influence on the ichthyoplankton found at thesersmants in the SWIO. Finally, in support
of this, Kvile et. al. (2014) and Rowden et al. 3P report that the varied morphologies,
depths at peak, base and elevation, and locatibssamnounts, will consequently have very

different local environments and hence differeninfa compositions.

Appendix. Supplementary data

Supplementary data to this article can be found inenl at https://doi.

0rg/10.1016/j.dsr2.2020.......
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Figure legends

Fig. 1. (a) Location of the three seamounts La iBs@pMAD-Ridge and Walters Shoal, in
the Southwest Indian Ocean. Oceanographic mesodgabamics indicated by Mean Eddy
Kinetic Energy (EKE), 1995-2015, with SRTM bathymyetverlay (Vianello et al., 2020a).
Schematic ocean currents: AC, Agulhas Current; M@Bzambique Current Eddies; SEC,
South Equatorial Current; NEMC, Northeast MadagasCarrent; SEMC, Southeast
Madagascar Current; EMRC, East Madagascar Returme@y SEME, South East
Madagascar Eddies (Vousden, 2016). Shaded areasE@oigically or Biologically
Significant Marine Areas (EBSAs) (CBD, 2016). (byddation of the sampling stations at
each of the three seamounts La Pérouse, MAD-Ridge Walters Shoal. Dots,
ichthyoplankton stations; triangles, CTD stations.

Fig. 2. Ocean Data View (ODV) temperature-salipikyts of water masses in the upper 500
m at (a) La Pérouse, (b) MAD-Ridge, and (c) Walt8imal seamounts: TSW, tropical
surface water; STSW, subtropical surface waterVBISouth Indian Central Water, AAIW,
Antarctic Intermediate Water (de Ruijter et al.020Read and Pollard, 2017; Makarim et al.,
2019). For MAD-Ridge, the anticyclonic eddy (AC)arwith stations 22, 23 and 24 are
indicated by the red circle.

Fig. 3. Sea Level Anomaly (SLA) showing the tragegt(black lines with dots) of the dipole

eddy passing over the MAD-Ridge seamount betwee®@®ber and 24 December 2016.
West-East and North-South transects of the cruisasnrements are indicated by black
intersecting lines with the seamount location ie tmiddle. White crosses indicate the
position of the cyclone (C) and anticyclone (AC)aMello et al. (2020b).

Fig. 4. Larval fish densities (larvae 100%mat each station, for each seamount: (a) La
Pérouse; (b) MAD-Ridge; (c) Walters Shoal. Stati@is- (DS, deep-sea >1500m) and ON
(SU, summit < 350 m and SL, slope 350-1500 m) rdecated.

Fig. 5. (a) 3D Non-metric multidimensional scaliGgMDS) ordination of groupings of
stations according to latitude. (b) nMDS of the diaminant species contributing to the
groupings at each seamount. SIMPROF (slack 10%yifignt grouping for larval fish

densities at all three seamount stations definedabyude. T, tropical (La Pérouse); ST,
subtropical (MAD-Ridge); ML, mid-latitude (Walte&hoal).

Fig. 6. Box plots for a) Total number of specie} (§ Shannon-Wiener diversity Index (H’),
c) larval fish density (larvae 100'?},1 d) Preflexion (Pr), e) Flexion (Fl), f) Postflexi (Po)

developmental stages, g) Oceanic Epipelagic, h)aficeMesopelagic + Benthic, and i)
Neritic Reef + Epipelagic + Benthic habitat assbera group, for OFF and ON seamount
stations. OFF, deep-sea (DS) >1500 m; ON, Sumnti) (8350 m) and slope (SL) (350-
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1500 m. The lines in the box plots are: error 9% confidence interval; the bottom of the
box is the 25 percentile; the top of the box is the 75th peritenthe line inside the box is
the 50th percentile (median), and any outlierssh@vn as dots. LP, La Pérouse; MR, MAD-
Ridge; WS, Walters Shoal.

Fig. 7. Distance-based redundancy analysis (dbR@dination, showing the structuring of
larval fish densities in relation to the six keweonmental variables at each seamount with
latitude as a factor. T, Tropical (La Pérouse); Suibtropical (MAD-Ridge); ML, mid-
latitude (Walters Shoal). T200, mean temperatutbiwitop 200 m; DCM, deep chlorophyll
maximum; MLD, mixed layer depth.

Fig. 8. Canonical analysis of principal coordinat€éé&\P) for MAD-Ridge and the groupings
of fish larvae assemblages with eddy dipole as ckoffa Cyclone, C; Anticylone, AC;
Transition anticyclone dipole, T-AC; Transition dlp zones, T-D. Vectors for species most
responsible for groupings are shown.

Table Legends

Table 1. Details of ichthyoplankton sampling atRé&rouse, MAD-Ridge and Walters Shoal
seamounts.

Table 2. Mean + standard deviation (and rangeheirenmental variables measured for each
seamount.

Table 3. Larval fish families, numbers, density(ie 100 rif), and percentage contribution
to the overall catch at each seamount, La Pértwia®-Ridge and Walters Shoal.

Table 4. Summary of species identified by SIMPE&{abuting >3% to the nMDS pattern
in Fig. 5), Ave.Diss, average Bray-Curtis dissimilg Diss/SD, ratio of the average
contribution divided by the standard deviation (S@&f) those contributions, Contrib%,
contribution percentage.

Table 5. DisttM marginal tests using the® Relection criteria, between larval fish
assemblages and six environmental variables sdleetged on Spearman Rank Correlation.

Table 6. Estimation of days old for selected speateeach seamount. The value of mm/day
is calculated from Connell (2012) grow-out work.
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Table 1. Details of ichthyoplankton sampling at LaPérouse, MAD-Ridge and Walters Shoal seamounts.

La Pérouse

MAD-Ridge Walters Shoal

Total number of stations

Control stations (>10M
outside the seamount)

Seamount stations

Depth sampled (m)

Average (+ SE) seawater
sampled from Bongo net
samples (100 )

Day/night

9

8 (West), 10 (East), 2
(South), 1 (North)

4,6,9, 23,24

500 m at all stations

1059.66 (279.86)

Daytime

19 9

2,4, 6 (West), 10, 12, 14 (East), 16,

18, 19 (South), 24, 25, 27 (North) none

7,8,9, 20222 5,7,8,9,11, 12, 13, 14, 15

500 m at all stations except the 500 m at all stations except the
shallower stations (8, 21, 22), where shallower stations (9, 11, 15) where
the oblique tows were from as close tdhe oblique tows were from a depth
the bottom as possible of 200 m

691.45 (254.25) 1445.27 (435.39)

Daytime, except station 18, which was

sampled in the early evening Daytime

870

871
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Table 2. Mean + standard deviation (and range) ofrevironmental variables measured for each seamount.

La Pérouse MAD-Ridge Walters Shoal
Bottom depth (m) 1936 + 1322 (550 - 4203) 1276 & 6265 - 1964) 545 + 162 (321 - 704)
Mixed layer depth (MLD) (m) 62 + 22 (34 - 106) 54 (21 - 100) 37 +11 (24 - 63)
Deep Chlorophyll Maximum (DCM) (m) 107 + 30 (5496) 116 + 30 (54 - 196) 38 £9 (22 - 52)
Mean Temperature upper 200m (T200) (°C) 21.94%7 (R2.19 - 21.09) 22.66 £ 0.90 (19.55-23.44) .21& 0.37 (17.54 - 18.69)
Mean Salinity upper 200 m (S200) (g8g 35.31 + 0.03 (35.26 - 35.35) 35.32 + 0.05 (35.26.46) 35.56 + 0.01 (35.54 - 35.57)
Integrated Chl-a 200m (mgTjr 30.73 + 3.26 (26.43 - 35.80) 31.58 + 5.15 (25.38.60) 62.05 + 13.37 (44.12 - 82.54)
Zooplankton settled volume (mIHh 0.028 + 0.015 (0.007 - 0.053)  0.056 + 0.021 (2.08.119)  0.026 + 0.015 (0.008 - 0.054)

* Sum of Chl-a in the upper 200 m
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Table 3. Larval fish families, numbers, density (lavae 100 m°), and % contribution to the overall catch at eachseamount, La
Pérouse, MAD-Ridge and Walters Shoal.

La Pérouse MAD-Ridge Walters Shoal
Family Habitat Association No. larvae 100 rii % No. larvae 100 nt’ % No. larvae 100 n? %
Acanthuridae neritic reef 2 0.350 0.24
Acropomatidae oceanic mesopelagic 4 0.545 1.81 8 0961. 0.75
Ammodytidae neritic benthic 4 0.722 0.49
Anguilliformes neritic reef 6 1.035 0.71
Apogonidae neritic reef 2 0.315 0.21
Astronesthidae oceanic mesopelagic 2 0.169 0.56 5 6770 0.47
Aulopiformes oceanic mesopelagic 2 0.264 0.88 0.677
Bathylagidae oceanic mesopelagic 1 0.189 0.13
Blenniidae neritic reef 1 0.088 0.29
Bothidae neritic benthic 4 0.407 0.28
Bramidae neritic epipelagic 4 0.604 0.41
Bregmacerotidae neritic epipelagic 7 0.604 2.00 87 11.849 8.07
Bythitidae neritic reef 2 0.310 0.21
Callionymidae neritic reef 3 0.735 0.50
Carangidae neritic epipelagic 3 0.466 0.32
Carapidae oceanic benthopelagic 1 0.074 0.25 1 50.15 0.11
Caristiidae oceanic mesopelagic 1 0.074 0.25
Chamsodontidae oceanic mesopelagic 2 0.157 0.11
Chauliodontidae oceanic mesopelagic 3 0.517 0.35
Cirrhitidae neritic reef 3 0.451 0.31
Coryphaenidae oceanic epipelagic 5 0.582 0.40
Derichthyidae oceanic mesopelagic 1 0.171 0.12
Diodontidae neritic reef 1 0.189 0.13
Diretmidae oceanic mesopelagic 1 0.075 0.25
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Evermannellidae
Exocoetidae
Gempylidae
Gobiidae
Gonostomatidae
Hemiramphidae
Idiacanthidae
Labridae
Lutjanidae
Macrouridae
Melamphaidae
Melanocetidae
Melanostomiidae
Molidae
Mullidae
Muraenidae
Myctophidae
Nemichthyidae
Nomeidae
Notosudidae
Ogcocephalidae
Ophidiidae
Paralepididae
Pempheridae
Perciformes
Percophidae
Phosichthyidae
Pomacanthidae
Priacanthidae
Samaridae
Scaridae
Scombridae
Scopelarchiidae
Scorpaenidae

oceanic
oceanic
oceanic
neritic
oceanic
neritic
oceanic
neritic
neritic
oceanic
oceanic
oceanic
oceanic
oceanic
neritic
neritic
oceanic
oceanic
oceanic
oceanic
oceanic
oceanic
oceanic
neritic
neritic
oceanic
oceanic
neritic
neritic
neritic
neritic
oceanic
oceanic
neritic

mesopelagic
epipelagic
benthopelagic
reef
mesopelagic
epipelagic
mesopelagic
reef
reef
mesopelagic
mesopelagic
mesopelagic
mesopelagic
epipelagic
reef
reef
mesopelagic
mesopelagic
epipelagic
mesopelagic
mesopelagic
mesopelagic
mesopelagic
reef
reef
benthopelagic
mesopelagic
reef
reef
benthic
reef
epipelagic
mesopelagic
reef

75

18

0.088

7.854

0.176

0.132

0.159

0.074
14.118
0.125

0.833

0.818

2.428
0.125

0.075

0.334
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4
1
3
7
26.072 8
1
7
8
1
2
4
1
0.53 4
109
5
46.85 2 40
1
16
2.76 2
1
3
2.72 12
1
3
3
8.06 15
2
1
1
3
15
1.11 6
1

0.614
0.117
370.6
1.145
13.065
0.146
0.997
1.219
0.189
70.37
0.588
0.236
0.595
18.588
0.634

68.913

1220.
2.991

010.3

0.255
0.236

2462
0.193
0.500
0.532
2.224

0.267
0.171
0.074
0.576

2.046
0.885
0.122

0.42
0.08
0.43
0.78
8.70
0.10
0.68
0.83
0.13
0.26
0.40
0.16
0.41
12.66
0.43

46.94
0.08
2.04
0.21
0.17
0.16
1.53
0.13
0.34
0.36
1.52
80.1
0.12
0.05

0.39

1.39
0.60
0.08

50 3.461
3 0.252
15 1.026
1 0.140
38 3.215
4 0.294
1 0.051

37.84

2.79

11.38

1.56

35.67

3.27

0.57
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883

884

885

886

887

888

889

890

891

892

893
894

Serranidae neritic reef 4 0.681 0.46

Sphyraenidae oceanic epipelagic 3 0.729 0.50 1 0.096 1.07
Sternoptychidae oceanic mesopelagic 0.899 2.98 17 2.091 1.42 7 0.527 5.85
Synodontidae neritic benthic 3 0.389 0.26

Tetraodontidae neritic reef 1 0.079 0.05

Trichiuridae oceanic benthopelagic 2 0.364 0.25

Unidentified 22 0.984 60 9.869 9 0.535

Grand Total 299 31.114 964 156.980 129 9.598

Total No. families 23 58 9

Total No. species/taxa 54 127 24
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Table 4. Summary of species identified by SIMPER ¢mtributing >3% to the nMDS pattern in Fig. 5), Ave.Diss, average Bray-Curtis dissimilarity,
Diss/SD, ratio of the average contribution dividedy the standard deviation (SD) of those contributins, Contrib%, contribution percentage.

LP MR WS LP vs MR LP vs WS MR vs WS
Species (izel%%nrsr;%, Ave.Diss Diss/SD Contrib% Ave.Diss Diss/SD Contrib%  Ave.Diss Diss/SD Contrib%
Ranzania laevis 6.08 1.38 7.16 7.18 1.39 7.60
Myctophid unidents 0.22 0.62 5.30 0.85 6.25 5.97 0.78 6.32
Cyclothone alba 0.82 0.54 4.23 1.13 4.99 7.91 2.23 8.30 4.61 1.05 4.88
Cyclothone pseudopallida 0.69 6.80 1.45 7.13 6.01 1.55 6.36
Hygophum proximum 0.59 6.42 1.29 6.74 5.14 1.32 5.44
Melamphaesp.1 0.42 4.57 0.86 4.80 3.91 0.97 4.14
Myctophid sp.1 0.22 0.08 3.28 0.61 3.44
Bregmaceros 0.39 3.26 0.87 3.84 3.84 0.88 4.06
vinciguerria lucetia  0.38 0.20 2.95 0.96 3.48 3.23 0.85 3.38
Argyropelecus sladeni 0.29 0.16 2.89 0.92 3.03 2.88 0.91 3.04
AVE Dissimilarity 84.86 93.35 94.51
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900

901
Table 5. DistLM marginal tests using the R selection criteria, between larval fish assemblage
and six environmental variables selected based op&irman Rank Correlation.
Variable SS Pseudo-F p % explained
Bottom depth (m) 6084 1.664 0.499 4.5%
MLD (m) 5242 1.424 0.130 3.9%
DCM (m) 19497 5.597 0.001* 14.6%
Mean temp. above 200 m (T200) 2283 7.204 0.001* 0%7.
Integrated Chla-a 200 m (mg3¥n 19050 5.798 0.001* 14.2%
Zooplankton settled volume (mi' 8772 2.450 0.009* 6.5%
Best model R= 0.28 (all variables)

* Significant (p < 0.05)

902

903

904
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905

906 Table 6. Estimation of days old for selected spesieat each seamount. The value of mm/day is calcuta from Connell (2012) grow-out
907  work.

Connell (2012) Estimation
Species No. sizerange dev stage sizalays old mm/day daysS?Llj%;/n this
MAD-Ridge
Neritic-reef
Diodontid sp. 1 1 2.5 Pr 2.3 5 0.46 54
Cirrhitid sp. 1 3 4.01t06.0 Pr, Po 3.2 4 0.80 50to 7.5
Upeneusp. 5 431t09.0 Pr, Po 2.5 3 0.83 5.2t0 10.8
Pomacanthusp. 2 3.5t04.0 Pr, Po 2.9 5 0.58 6.0t06.9
Priacanthussp* 1 8.0 Po 2.2 3 0.73 10.9
Scarid spp. 3 4.0to6.0 FI, Po 2.8 4 0.70 5.71t0 8.6
Anthiassp. 2 3 4.0-9.5 Fl, Po 2 2 1.00 4.0t09.5
Pseudanthias* 1 5.0 Po 2 2 1.00 5.0
Synodus (lucioceps) 2 85to11.0 Fl 3.4 5 0.68 12.5t0 16.2
m;sgh'”ocepha'us 1 8.0 Pr 3.4 5 0.68 11.8
Neritic-epipelagic
Scomberomorusp. 4 40to5.0 Fl 4.5 3 1.50 2.71t03.3
Thunnussp* 10 4.0-6.0 Pr,Fl,Po 45 3 1.50 27t04
Sphyraenap. 1 3 35t095 Pr, Po 3.5 4 0.88 4.0t010.9
Ranzania laevis 109 1.0-3.8 - 2.1 3 0.70 14t05.4
Cubiceps pauciradiatus 13 3.0-11.0 Pr,Fl,Po 19 28 0.68 4.41t016.2
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La Pérouse

Neritic-reef
Pomacanthid sp.1 1 4.2 Pr 2.9
Scarussp. 1 4.8 Po 2.8
Oceanic-mesopelagic
Macrourid sp. 1 15 Pr 3.8
Vinciguerriaspp. 18 40to16.0 Pr,Fl,Po 3
Walters Shoal
Sphyraenap. 1 3.0 Pr 3.5

0.58
0.70

1.27
0.75

0.88

7.2
6.9

1.2
5.31021.3

3.4

* Used another species in the family as an estirf@@oanell, 2012)
908
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909  Supplementary Material

910 Appendix

Appendix A. Summary of families and species, densit(larvae 100 ni®), minimum, maximum
and average size, and developmental stages recordsdhe La Pérouse seamount.

Size (mm)
Overall No.  Jarvae 100nf Min Max Ave Dev
rank stages
Acropomatidae
Howellasp. 10 5 0.621 30 50 33 Pr, Po
Astronestidae
Astronestid sp. 2 1 0.084 10.0 10.0 10.0 FI
Astronestid sp. 3 1 0.084 80 80 8.0 Fl
Aulopiformes
Aulopiform sp. 2 0.264 55 6.0 538 Pr, F
Bregmacerotidae
Bregmacerosp. 7 0.604 20 30 25 Pr
Carapidae
Encheliophissp. 1 0.074 36.0 36.0 36.0 Pr
Caristiidae
Caristiid sp. 1 0.074 30 30 30 Pr
Coryphaenidae
Coryphaena hippurus 1 0.088 120 120 120 Po
Diretmidae
Diretmid sp. 1 0.075 50 50 5.0 Pr
Gempylidae
Gempylid sp. 1 1 0.088 65.0 65.0 65.0 Po
Gonostomatidae
Cyclothone alba 1 65 6.882 40 180 9.1 Pr FHl, Po
Gonostoma elongatum 4 0.449 65 80 74 Po
Gonostomasp. 6 0.523 45 8.0 57 FI, Po
Labridae
Labrid sp. 15 1 0.176 15.0 15.0 15.0 Po
Macrouridae
Macrourid sp. 1 0.132 15 15 15 Pr
Melanostomiidae
Tactostomap. ? 2 0.159 7.0 30.0 185 FI, Po
Muraenidae
Muraenid sp. 1 1 0.074 58.0 58.0 58.0 Le
Myctophidae
Benthosema pterotum 3 0.375 45 58 51 Po
Benthosema suborbitale 2 0.175 30 38 34 Pr
Benthosemap. 1 3 0.375 45 55 438 Po
Bolinichthyssp. 1 0.088 13.0 13.0 13.0 Po
Centroscopelusp. 7 8 0.701 40 65 48 Pr, Po
Diaphus brachycephalus 8 3 0.653 50 80 6.0 Po
Diaphussp. 1 2 0.352 45 50 438 Fl, Po
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Diaphussp. 2 5 5 1.000 45 65 51 Po
Diaphussp. 3 6 10 0.845 30 55 41 Pr,Fl,Po
Diaphus theta 5 0.408 60 70 65 Po
Diogenichthysp. 1 0.264 55 55 55 Fl
Hygophunsp. 1 9 5 0.639 40 50 42 Pr, Fl
Lampanyctusp. 1 3 0.410 30 40 35 Pr
Lampanyctusp. 2 2 0.175 40 45 43 Pr
Lampanyctusp. 3 3 0.351 40 650 46 Fl
Lobianchia gemellani 1 0.125 38 38 38 Fl
Lobianchiasp. 1 1 0.264 40 40 40 Fl
Myctophum brachygnathum 1 0.088 6.0 6.0 6.0 Po
Myctophum nitidulum 6 0.565 30 55 41 Pr, Fl
Protomyctophun? 1 0.176 80 80 8.0 Fl
Symbolophorus evermanni 4 9 1.149 30 80 50 PrH,Po
Taaningichthys sp. 1 0.074 55 55 55 Pr
Myctophid unidents 2 50 3.715 30 70 46 Pr,Bl,P
Nemichthyidae
Avocettinasp. 1 0.125 80 80 8.0 Le
Notosudidae
Notosudid sp.1 4 0.310 11.0 15.0 12.3 Fl, Po
Scopelarchusp. 6 0.523 50 80 6.3 Pr
Paralepididae
Lestidiopssp. 1 3 0.222 65 70 6.7 Pr
Lestidiopssp. 2 1 0.264 80 80 8.0 Pr
Paralepid sp. 1 2 0.257 55 90 73 Pr, Po
Sudis atrox 1 0.075 95 95 95 Po
Phosichthyidae
Vinciguerria lucetia 3 18 2.428 40 16.0 85 Pr, Fl, Po
Pomacanthidae
Pomacanthid sp. 1 1 0.125 42 42 4.2 Pr
Scaridae
Scarussp. 1 0.075 48 48 48 Po
Scopelarchidae
Benthalbellasp. 3 0.249 95 18.0 128 Po
Scopelarchus guentheri 1 0.084 21.0 21.0 21.0 Po
Sternoptychidae
Argyropelecus lychnus 3 0.528 65 80 7.2 Pr, Po
Argyropelecus sladeni 4 0.371 70 90 76 Fl, Po
Unidentified 46 3.756 15 80 40 Pr,Fl,Po
Grand Total 299 31.114
Total no. families 23
Total no. species/taxa 54
911
912
913

41



Appendix B. Summary of families and species, dengit(larvae 100 n), minimum, maximum
and average size, and developmental stages record#dhe MAD-Ridge seamount.

Size (mm)
Or\(/;]rs I No. larvae 100nm® Min Max Ave Dev stages

Acanthuridae

Acanthurid sp. 2 1 0.180 40 40 40 Po

Nasosp. 2 1 0.170 40 40 40 Fl
Acropomatidae

Howellasp. 12 1.585 25 40 35 Pr, Po
Ammodytidae

Ammodytid sp. 4 0.722 55 100 7.8 Po
Anguilliformes

Anguilliform sp. 1 6 1.035 6.0 11.0 84 Le
Apogonidae

Apogonsp. 1 0.236 30 30 30 Pr

Pseudaminasp. 1 1 0.079 55 55 55 Po
Astronesthidae

Astronestid sp. 1 5 1.198 10.0 17.0 127 Po
Bathylagidae

Bathylagidsp. 1 0.189 6.0 6.0 6.0 Pr
Bothidae

Engyrosopon 3 0.236 40 6.0 47 Pr, Fl

Perissiassp.? 1 0.171 50 5.0 50 Pr
Bramidae

Bramasp. 4 0.604 30 40 35 Pr
Bregmacerotidae

Bregmaceros atlanticus 4 35 5.318 20 13.0 39 Pr, Fl, Po

Bregmaceros 5 27 3.826 2.0 80 41 Pr, Fl, Po

Bregmaceros nectabanus 8 25 2.704 3.0 120 6.9 Pr, Fl, Po
Bythitidae

Brosmophycis marginata 2 0.310 35 7.0 53 Pr
Callionymidae

Callionymid sp. 1 2 0.465 25 40 33 Po

Callionymid sp. 3 1 0.270 40 40 40 Po
Carangidae

Carangid sp. 2 0.344 30 35 33 Pr, Po

Trachurussp. 1 0.122 13.0 13.0 13.0 Po
Carapidae

Echiodonsp. 1 0.155 9.0 9.0 90 Pr
Chamsodontidae

Chamsodorsp. 2 2 0.157 45 48 4.7 Fl
Chauliodontidae

Chauliodussp. 3 0.517 19.0 24.0 21.0 Po
Cirrhitidae

Cirrhitid sp. 1 3 0.451 40 6.0 48 Pr, Po
Coryphaenidae

Coryphaena hippurus 5 0.582 30 65 47 Pr, Fl, Po
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Derichthyidae

Derichthys serpentinus
Diodontidae

Diodontid sp. 1
Evermannellidae

Evermannellid sp.
Exocoetidae

Exocoetid sp. 1
Gempylidae

Gempylid sp. 1

Gempylus serpens
Gobiidae

Goby sp. 1

Goby sp. 6

Goby sp. 7
Gonostomatidae

Cyclothone alba

Cyclothonesp.

Diplophossp. 1

Gonostoma elongatum

Gonostomasp.
Haemulidae

Haemulid spp.
Hemiramphidae

Hyporhamphusp.
Idiacanthidae

Idiacanthussp.
Labridae

Cirrhilabrus sp.

Julidin sp.

Labrid

Labrid sp. 1

Labrid sp. 8

Xyrichthussp. 2
Lutjanidae

Lutjanid sp. 1
Macrouridae

Coryphaenoidesp.
Melamphaidae

Melamphaes sinus

Melamphaid sp. 1
Melanocetidae

Melanocetus sp.
Melanostomiidae

Melanostomiid sp.1

Tactostomasp.
Molidae

Ranzania laevis
Mullidae

Upeneussp.

PR NRNPR

109

5
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0.171

0.189

0.993

0.117

0.382
0.255

0.122
0.465
0.558
10.496
1.132
0.463
0.125
0.557
0.500
0.146
0.997
0.266
0.157
0.171
0.310
0.079
0.236
0.189
0.377

0.391
0.197

0.236

0.472
0.123

18.588

0.634

30.0
2.5
4.0
4.5

5.0
5.2

6.5
3.5
4.0
3.5
5.0
10.0
8.0
55
2.0
55
6.0
3.5
4.0
4.5
4.2
10.5
8.0
3.5
3.0

8.0
5.0

2.5

4.0
55

1.0

4.3

30.0

2.5

7.0

4.5

5.0
5.2

6.5
5.5
4.0
17.0
20.0
21.0
8.0
10.0
5.0
5.5
30.0
3.5
4.0
4.5
6.5
10.5
8.0
3.5
5.5

8.0
5.0

2.5

9.0
5.5

3.8

9.0

30.0

2.5

4.9

4.5

5.0
5.2

6.5
4.5
4.0
7.2
12.4
15.5
8.0
7.8
3.7
5.5
11.9
3.5
4.0
4.5
5.4
10.5
8.0
3.5
4.3

8.0
5.0

2.5

6.2
5.5

1.8

6.6

Le

Pr

Pr

Po

Pr, F
FI

Po
Fl, Po
Po
Pr, Fl, Po
Po
Pr, Po
Po
Po
Pr, Po
Po
Pr, Po
Fl
Fl
Po
Po
Po
Po
Pr
Pr

Po
Po

Pr

Pr, FI, Po
Pr

n/a

Pr, Po



Myctophidae
Benthosema suborbitale 10
Bolinichthys sp.
Diaphus brachycephalus
Diaphus diadematus
Diaphus pacificus
Diaphus mollis 6
Diaphussp. 1
Diaphussp. 2
Diaphussp. 3
Diaphussp. 4
Diaphussp. 8
Diaphussp.
Diogenichthys atlanticus
Hygophum proximum
Lampanyctus alatus
Lampanyctus nobilis
Lampanyctinae sp. 1
Lampanyctusp. 3
Lampadena luminosa 7
Lampadena urophorus
Lobianchia gemellarii
Myctophid sp. 1
Myctophid sp. 2
Myctophinae sp. 1
Myctophum
Myctophum nitidulum
Myctophum selenops
Notolychnussp.
Protomyctophunsp.
Stenobrachiusp.
Symbolophorus
Taaningichthys sp.
Triphotorus nigrescens
Triphotorussp. 1

Myctophid unidents 1

Nomeidae
Cubiceps pauciradiatus 9
Psenes pellucidus
Notosudidae
Notosudid sp.
Ogcocephalidae
Zalieutessp. (elater)
Ophidiidae
Brotulasp.
Paralepididae
Lestidiops (ringens)
Magnisudussp.
Paralepid sp. 1
Pempheridae
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2.026
1.955
1.932
0.189
0.600
3.230
0.189
0.189
0.566
0.377
0.266
0.765
0.642
0.449
1.000
1.030
0.377
0.266
2.769
0.079
1.840
1.311
0.620
0.109
0.170
0.414
0.236
0.189
0.079
0.074
1.289
0.302
0.384
0.074

42.916

2.292
0.699

0.466

0.255

0.236

0.463
0.508

1.274

3.5
4.0
4.0
10.5
3.5
3.0
11.0
9.5
4.5
4.0
55
3.8
4.0
3.0
2.0
3.0
3.0
3.5
3.0
2.5
4.0
3.0
3.0
3.0
3.0
5.0
4.0
7.5
9.0
16.0
4.0
6.5
5.0
10.0
2.5

3.0
4.5

9.0
2.0
5.5

6.5
55

5.0

14.5
12.0
10.0
10.5
9.0
6.0
11.0
9.5
5.0
7.0
5.5
4.6
8.0
8.0
4.5
4.5
3.5
3.5
6.0
25
6.0
6.0
4.5
3.0
3.0
7.0
4.0
7.5
9.0
16.0
8.5
20.0
10.0
10.0
7.0

11.0
5.0

9.0

2.0

8.0

16.0
9.0

12.0

59 Pr, Fl, Po, Ju

6.0 Pr, FI, Po
5.9 Pr, FI, Po
10.5 Po

4.2 Pr, Fl, Po
4.0 Pr, Fl, Po

11.0 Po
9.5 Po
4.7 Fl, Po
55 Pr, Po
55 Po
4.1 Fl, Po
4.7 Fl

54 Pr, FI, Po
3.3 Pr, Fl, Po

3.4 Pr, Po
3.3 Pr, FI
3.5 Pr
4.2 Pr, FI, Po
2.5 Pr
4.8 Fl, Po
5.0 Pr, Po
3.8 Pr, Po
3.0 Pr
3.0 Pr
57 Pr, Fl, Po
4.0 Pr
7.5 Po
9.0 Po
16.0 Po

5.9 Pr, FI, Po
13.3 FIl, Po, Ju
7.3 Fl, Po
10.0 Po

4.3 Pr, Fl, Po

4.6 Pr, FI, Po

4.8 Fl
9.0 Pr
2.0 Pr
6.3 Pr
10.5 Po
6.7 Pr, Fl
7.3 Pr, Po



914

915
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Pempherid sp. 1 1 0.193 30 30 30 Pr
Percophidae

Osopsarorsp. 2 0.377 55 65 6.0 Fl, Po

Percophid sp. 1 1 0.155 70 70 7.0 Fl

Acanthaphritissp. 1 0.155 70 70 7.0 Fl
Phosichthyidae

Phosichthyidsp. 1 2 0.249 55 7.0 6.3 Fl

Vinciguerria lucetia 13 1.975 45 160 84 Fl, Po
Pomacanthidae

Centropygesp. 2 0.267 35 40 38 Pr, Po
Priacanthidae

Cookeolus japonicus 1 0.171 80 80 8.0 Po
Samaridae

Samarid sp. 1 1 0.074 6.0 6.0 6.0 Pr
Scaridae

Scarid sp. 1 2 0.406 40 40 40 Fl

Scarid sp. 6 1 0.171 6.0 6.0 6.0 Po
Scombridae

Auxissp. 1 0.255 50 50 5.0 Fl

Scomberomorusp. 4 0.315 40 50 45 Fl

Thunnussp. 10 1.476 40 6.0 5.0 Pr, Fl, Po
Scopelarchiidae

Scopelarchusp. 1 6 0.885 40 100 6.4 Pr, FI, Po
Scorpaenidae

Scorpaenid Morph Bp.2 1 0.122 65 65 6.5 Po
Serranidae

Anthiassp. 2 3 0.415 40 95 7.2 Fl, Po

Anthiinesp. 1 0.266 50 5.0 50 Po
Sphyraenidae

Sphyraenap. 1 3 0.729 35 95 6.7 Pr, Po
Sternoptychidae

Argyropelecus lychnus 3 0.222 75 200 118 Po,Ju

Argyropelecus sladeni 9 1.171 50 90 75 Fl, Po

Argyropelecusp. 5 0.698 6.0 90 73 Fl, Po
Synodontidae

Synodus (lucioceps) 2 0.310 85 11.0 97 FI

Trachinocephalus myops 1 0.079 80 80 8.0 Pr
Tetraodontidae

Tetraodontid sp. 1 1 0.079 80 80 80 Po
Trichiuridae

Trichiurid sp. 1 2 0.364 65 70 6.8 Pr, FI
Unidentified 62 5.062 29 75 46 Pr, Fl, Po
Grand Total 964 156.980

Total no. families 58

Total no. species/taxa 127
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Appendix C: Summary of families and species, densit(larvae 100 m®), minimum, maximum
and average size, and developmental stages recordedhe Walters Shoal seamount.

Size (mm)
Overall  No. larvae 100 Min Max Ave  Dev
rank stages
Gonostomatidae
Cyclothone pseudopallida 1 49 3.306 6.0 20.0 123 Po
Gonostomasp. 1 0.155 42 42 42 Fl
Idiacanthidae
Idiacanthussp. 7 3 0.252 9.0 17.0 120 Pr
Melamphaidae
Melamphaesp. 1 3 14 0.921 30 60 39 PrFlPo
Melamphaesp. 2 1 0.104 80 80 80 Po
Melanocoetidae
Melanocoetid sp. 1 0.140 40 40 4.0 Fl
Myctophidae
Benthosema suborbitale 1 0.140 35 35 35 Pr
Diaphus brachycephalus 1 0.111 6.0 6.0 6.0 Po
Diaphussp. 2 1 0.140 85 85 85 Po
Diogenichthys atlanticus 2 0.192 30 45 38 Pr,Fl,Po
Hygophum proximum 2 20 1.430 30 6.0 48 Fl, Po
Lampadenasp. 6 3 0.261 50 95 7.2 Po
Lampanyctusp. 1 1 0.104 35 35 35 Pr
Lampanyctusp. 2 1 0.104 40 40 40 Pr
Lampanyctusp. 3 3 2 0.201 3.0 3.0 30 Pr
Lampanyctusp. 9 9 3 0.216 30 58 48 Pr, FI
Myctophidsp. 1 0.104 50 50 5.0 Fl
Myctophum nitidulum 1 0.104 45 45 45 Fl
Scopelopsis multipunctatis 1 0.104 50 50 50 Fl
Notosudidae
Scopelosaurusp. 5 4 0.294 40 140 7.1 Pr, Po
Phosichthyidae
Vinciguerriasp. 1 0.051 70 70 70 Fl
Sphyraenidae
Sphyraenap. 1 0.096 30 30 30 Pr
Sternoptychidae
Argyropelecus lychnus 8 3 0.220 80 9.0 87 Po
Argyropelecus sladeni 4 4 0.308 6.0 90 7.8 FI, Po
Unidentified 9 0.535 30 50 41 Pr, F
Grand Total 129 9.598
Total no. families 9
Total no. species/taxa 24
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