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A predatory opidiid fish community may be more common globally than thought



Abstract

Baited landers were deployed at 83 stations at four locations in the west Pacific Ocean from
bathyal to hadal depths: The Kermadec Trench, the New Hebrides Trench, the adsainthg

Fiji Basin and the Mariana Trench. Fesgven putative fish species were observed. Distinct
fish faunal groups were identified based on maximum numbers and percentage of
observations. Both analyses broadly agreed on the community structure: A bapfogg at
<3000 m in the New Hebrides and Kermadec trenches, an abyssal group; (@632 m) in

the Kermadec Trench, an abyskaldal transition zone (AHTZ) group (Kermadec: 4068

m, Mariana: 450@ 6198 m, New Hebrides: 25786898 m, South Fijidin: 4074; 4101 m),

and a hadal group of endemic snailfish in the Kermadec and Mariana trenches¢(@860

m and 68318143 m respectively). The abyssal and hadal groups were absent from the New
Hebrides Trench. Depth was the single factor that bestiaégmed the biological variation
between samples (16%), the addition of temperature and average surface primary production

for the previous year increased this to 36% of variation.

The absence of the abyssal group from the New Hebrides Trench and SdBé#siRijvas due

to the absence of macrouridsCoryphaenoidesspp.), which defined the group. The
macrourids may be energetically limited in these areas. In their absence the species of the
AHTZ group appear released of competition with the macrourids amdéband far shallower

at these sites.

The fish groups had distinct feeding strategies while attending the bait: The bathyal and
abyssal groups were almost exclusively necrophagous, the AHTZ group comprised predatory
and generalist feeders, while the hadalailfishes were exclusively predators. With increasing
depth, predation was found to increase while scavenging decreased. The data suggest

scavenging fish fauna do not extend deeper than the hadal boundary.
1. Introduction

The abyssal zone (30006000 m)accounts fori KS Yl 22NAdGe 2F GKS ¢
(Vinogradova, 1997¥ith the average global ocean depth-64200 m(Danovaro et al., 2014;

Thurber et al., 2014)With the exception of some small, isolated basins (é&gthe
Mediterraneanseg parts ofthe IndoWest Pacific and the Guatemalaadh) deep water
corridorsarefound SG 6 SSyYy (GKS YIF22NA(Ge& @Bione8& 8., 26ONI RQa



It is assumed thatbyssal fish specigmssessarge geographical rangesimpeded bydepth
barriers(Vinogradova, 1997)

Despite assumed wide distributipthe bathymetic and geographic extent @byssal fish
species i®nly known at the resolution ovhich sampling has occurrd@arney, 2005)The
abyssal, and in particular the lowabyssal to abyssdladal transition zon€éAHTZJamieson
et al., 2011) are seldom studied due to the techniczhallenges of sampling at increasing
distance from the vessghnd hydrostatic pressuresFurthermore, the geographic exteot
the abyssal zone such thateven geographically wide studies are performed in relatively
small areas and there are fethat unequivocally define geographic boundarié&hisis
especially the casin the Pacific Ocean due to its immense iz@5.2 milion km2, mean
depth = 4280 m)The expense of sdane has led tca tendencyfor research to be carried
out in relativdy closeproximity to land massefintisch, 2013)specificallyaround ndions
actively involved in deepea research (g. Japan, New Zealand, A)SStudes seldom
addres®d the distribution of fshes ongreater geographicscales and across areas of
contrastingenvironmental conditionsFish beyond the layssalhadal transition zone have
rarely been studied (Fuijii et al., 2010; Jamieson et al., 2010; NielsE¥64)although the
bathymetric range of fishes iknown to exceed8000 m(Linley et al., 2016; Yancey et al.,
2014)

In addition tothe geographic and bathymetriexpanse the deep Pacific Oceasedloor
underlies highly variable surface productivity, wittwo very large oligotrophic gyres in the
northern and suthern hemisphers. The distribution and community structure deep fishes

is often observedo changen response to variation in overlying surface productivésulting

in a norhomogeneous distributionThis effect is usually explored through comparison of a
high and low productivity locatiofe.g. Cousins et al., 2013a; Priede et al., 2003; Sulak,.1982)
Determning the drivers of community structure artlereby disentangling the effects of
depth, location, food supply and other envirmentalparametersrequiresstandardised data

over largeareas and greater depth ranges

Conventional sampling @byssalfish using trawls is problematidt is very time consuming
and requires specialisednd expensive vessels aeduipment whichreduces opportunity
and restrictsaccesgKintisch, 2013)Thesechallengs haveprompted extensivaise of free

fall baited landers as an alternative to trawishich offe increasedopportunity for access



from vessels of a wide rang# size and capabilitieselatively unrestricted by depthWith
baited landers the results are limited to scavenging species and species that prey upon
scavengerg¢necrophagivoresO2 f £ SOGA @St & INBFSWRBSRIGR® | & Wol

The baited lander methodology emulates a natural proceasge food fallgften in theform

of the carcasses of shallower livifaginabut also including wood and macroalgaepresent

a local and highly coeatrated organic input to the deep sea. The scale of such food ¢alfs

range from fishes and birds (mesocarrion ~1 kg), to seals and dolphins (macrocarrion ~100 kg)
and the largest cetaceans (megacarrion >100 00@Bajley et al.2007; Britton and Morton,

1994 Higgs et al., 2014; Kemp et al., 2006; Smith et al., 2015; Stockton and DelLaca, 1982)
Particulate material from surface productivity decreases rapidly with déipite et al., 2007)
whereas carriorfalls should in theory occurrespective of depthlt is hypothesisedthat

direct scavengingd 2 NJ A Y RANB Ol LINBRE & widayhyamaain@arsngly Wo I A
important role in maintaining deewater fish communies with increasing deptfYeh and
Drazen, 2011)

The current study examined trends in the species composition and function (whether
scavenging or predatory) of baattending fish communities in three hadal trench systems in

order to explore

1. Theoccurrenceof distinct fish conmunities from bathyal to hadal depths
2. If the samepatterniscommon to all trenches.

3. Drivers of community chang®athymetrically and/or geographically

2. Materials andMethods
2.1. Study sites
Thefour studylocations(Figurel) in the west Pacifican be characterised as follows

1. The Kermadec Trench (Kerima deep(10,047 m)cold trench which underlies the
most productive surface waters within this studyhe trenchis formed by the
subduction of the Pacific Plate under the Australian Plateltieg in a trench 1500

km long and on average 60 km wi@kngel, 1982)



2. The New Hebrides Trench (NHeb)1B00 km to he northwest of the Kermadec
Trench It isa shallower trench of ~7156 nRelative to the other trenches in this study
it is the warmestand underliesntermediate productivity.The trench is formed by
the Australian plate subducting normastwards under the overriding Vanuatu
archipelago resulting in a trench1:200km long.

3. TheSouth Fiji Basin (SF@rtitions the Kermadec and &v Hebrides trenchesThe
basin isauniformabyssal plain (~4100 m) with similar water temperature and average
surface productivity as the New Hebrides Trench.

4. The Marianalrench(Mar) islocated soutleastof the island of Guam in the Central
Pacific It is of intermediate bottan temperature It underlies the lowest surface
productivity of the areas studiedt is the deepest trench in the world, with a
maximum depth of ~1,000m (Gardner et al., 2014ndis 2550 km long with a mean
width of 70 km(Angel, 1982) The trench idormed as the Pacific Plate subducts

beneath he Mariana Plate to the west.

When discussed in the text the names of the trenches refeartarea wider than just the

trenchand include the surrounding bathyal and abyssal depths.

2.2. Euipment

Data were collected by he 6000 m rated Abyssalander, and the full-ocean depthHadat
lander, part ofthe Oceanlab fleet of autonomous landaasthe University of AberdeerThe
systems are negatively buoyant on release from the vessel anddhge the seafloor. Upon
acousic command from the surfacéallag is jettisoned via duaacoustic releasesnd the
systens returnto the surface byirtue of a positively buoyanmhooredglass spheré\autilus,

GermanyJ)loatation arrayabovethe landes.

TheAbyssalanderisdescribed irLinley et al(2015) TheAbyssalandeiQ B megapixel digital
still camerais suspended 2 m above the seabattas optimised to this focal length. The
camera facewertically downwardsto a steel ballast clumpa scale cruciform (50 cm axis
length, 10 cm mikers) andb00 gof bait, resting on the seaflooAll systems were baited with

a locally sourced unguttedily fishh mackerel §omberspp.) or jack mackerg[Trachurusspp.).



Thearea of seabedecorded by theAbyssalanderwas 2 x 1.5 mandanimage was taken

every60 secondshroughout the deployment

The Abyssalander also includeda Seaguard recordinglatform (Aanderaa, Norway)
equipped with a Doppler curremheter (RDCM) and conductivity, temperature and pressure

(CTD) probes recording at 30 second interve?s5 m above the seabed.

TheHadalander(described inlamieson, 2013andsdirectly onto the seabegdresting on the
frame feetand record video in a neahorizontal orientaton. A 120cm long tubular arm
secured the bait within view of the cameaad included dorizontalscale bar at thgoint of

bait attachment The field of view was approximately 40° giving ~75 cm scene width at 120
cm in front of the cameralhe basic delery system was the same e Abyssalander, but

rated to 11,000 m operational deptffhe scientific payloadompriseda 3CCD Hitachi colour
video camera (800 TV lines), controlled and logged autonomously by a custom built control
system (NETmc MaringK). llluminationwasprovided by twd_ED lampwithin glass vacuum
spheres The cameravas pre-programmed to take 1 minf video in every 5 minand was
powered by a 12V lead acid battery (SeaBattery; DSRE. An SBEB9 pressure and

temperature senso(Sea Bird Electronics, USoggedat 30 sintervalsthroughout.

Trapping systems were deployed alongside the imaging landexlectvoucher specimens
to verifythe image identificationsTwo traps were used both were deployed and recovered
using thesame method as the imaging landeFieSmall Fish Tap; was described idamieson
et al. (2013) ThelLarge Fisflrap was a 1x 1 x 2 m netting covered frameTwo entrance
configurations were usedour tapering 20 crifunnel entrancesr two wide openings 70 x
15 cm close to the seabed and four 15 x 30 cm on the alternate. $itksh size was 1.5 cm

at widest point in albystems
2.3. Data processing

EachAbyssalanderimageand Hadatlandervideo wasanalysed manually andlabserved
fish were identified to the lowest possible taxonomic levalderson et al. (1998)rovided a
general overview dbathyalspecies known in the New ZealaBrclusive Economic ZofteEZ)
which helped in identificationsSpecific taxonomiexts were consulted for each of the major
groups. The macrourids were identified followiG@ghen et al. (1990with Jamieson et al.

(2012)allowing distinction betweerCoryphaenoides armatuand C. yaquinadrom in situ



images. The ophidiids were identified following Nielsenlefl#®99) and Nielsen and Merrett
(2000). Additional sources consulta@ttluded Anderson(1994); Castle(1968); Froese and

Pauly(2016); Gon and Heemstrél990); Iwamoto and Ssonov (1988; Karmovskaya and
Merrett (1998); Sulak and Shcherbach@®997).

TheHadaHandeQ&d K 2 NJA | 2 ydameraimagedisidin & yaieraiew that provided
more taxonomic detailDeinterlacedstills were taken from the videosing VLC media player
(VideoLAN, 2013When the target animal was best positionedlhe gen-sourceimage
FylFfeara a2 FiosehNdlin edall POLHaS usktto measurerelative body
proportions of distinct individuals (identified through differences in colouration, size or
scarring) If the animal waparallel tothe scale bar and at the same distance from the camera
as the scale bar, length estimation was also possifitecell counter pluginDe Vos and

Rueden, 2015 as used taount fin ray and scale rows.

The video recorded by thdadatlanderallowed for the observation of feeding behaviour. A

feeding event waslefined as eithesuction feeding directed abra¥ A a KQa 2 lte Of 2 a A
bait (necrophagydr another animalpredation) No distinction was made between successful

and unsuccessful strikeas thiscould not often be determinedMultiple feeding events by

the same animal were all counteBlish suction feeding at treurface of the bait would often

take bait into their mouthalso. hese feeding evas were considered necrophagal&/hen

being comparedthe feeding events were standardised to events per (aflthat speciesper

minute.

In addition to the environmental data from the Seaguard platforine, biological pump model

outlined in Lutz et al. (2007provided anestimate of particulate organic carbon (POC)
transport to the seabed tathe sampling locations. The Ocean Productivitgtadets

(Behrenfeld and Falkowski, 199¥&re used to estimate surface primary production at each

location during the month of the deployment and an avggavalue for the previous yearhe

time of day thatthe lander arrived at the seabdd SELINB&&a SR | & WIj dzZl NI SNJ
from midnight)was includedo detect anydiurnal variation In the absence of samples the

seabed sediments were interpreted from lander images using a modified classificateoh bas

on Wentworth (1922)and Folk,(1954) Six categories were identified: bedrock, cobbles and
pebbles, muddy gravel, gravelly fugeained sediment, slightly gravelly firgrained



sediment, and fine grainedediment. It was not possible to categorise the 5254 m site within

the Kermadec Trench as the seabed was not clearly visible in the image.
2.4. Analysis

All non-permutation basedstatisticalanalyss was producedusingR (R Development Core
Team 2005) figures wee produced usinggplot2(Wickham and Chang, 200Relationships
between teding typeand location and depth were exploratrough fitting of generalised
linear nodels (GLM) using the Gaussian family. The significance of explanatory variables,
residual plots and Akaike Information Criterion (AIC) values were referenced to adjust the
models to best fit the data. The resulting modelsre assessed through Analysis\ariance

(ANOVA) fests using typdl sumof squares

The two landers are not directly comparable due to their different §altiview and sampling
frequenciesData collected by thé\byssalanderlendsitself better to statistical analysis du
to its fixed field of viewdiscrete sampling methodnd larger suit of environmental sensors
Two metrics are commonly extracted from lander défarnsworth et al., 2007; Fleury and
Drazen, 2013)1) The time of first arrival £F) is the time from the arrival of the lander at the
seabeduntil the first arrival of eah species; an@®) The maximum number (MaxN) of
individuals of each species observed simultaneoUshycan be difficult to work with due to
its high variaility and inverse relationship with fish abundan@@arnsworth et al., 2007;
Priede et al., 1990MaxNis a morereliableproxy of local fish densityhan Tar (Stoner et al.,
2008; Willis and Babcock, 2000; Yeh and Dra26t1) The MaxNdata from the Abyssal
landerformed theinitial basis of theguantitative multivariate analysisA secondipercent of
observationsg (%Ob)datasetincluded both the Abyssalanderand Hadatlanderdata: Each
image or video sequence was considered a single observatnuh fish species were
characterized by wdit proportion of observationsthey were presentin, for each camera
deployment. In orderto validate combining the data in this way oneway analys of
similarities (ANOSIM) folocation and landewith up to 999 permutations was performed on

the %0Ob dataset for the depth range sampled by both landers.

Community structure analysis was performed in Primdr. B4 (Clarke and Gorley, 20063
square root transformation was applied to the MaRlyssalanderdataand the %Ob data

from both lander systemd$Before proceeding a RELAEEt using Spearman rank correlation



on 999 permutationsvas ugd toevaluateif the duration of the deployments had a significant

effect on the biological data.

Bray-Curtis similarity was applied pairwise to diploymentsto produce aresemblance
matrix of fish community distance between deployments CLUSTER (hiechical
agglomerative/bottomup clustering) group average analysis was then performed. The
structure formed through clustering was assessed with a similarity profile analysis (SIMPROF)
test of 999 permutations at the 5% significance level. This was usgmbtp deployments

into statistically distinct groupdased on their community structurgvhich were then
displayedusingnon-metric multidimensional scaling (MDSimilarity percentages analysis
(SIMPER) was perfoed to quantify the similaritydissimilarity among the identified groups,

and to identify those species most responsible (up to 90% cumulative vgtbump similaity)

for defining those groups

Environmental predictors were pairwise plotted against each otiaftsman plos), to
identify any skew or intecorrelation A heavy rightkew to temperaturewas corrected
through naturallog transformation. All environmental datarere then normalised to make

the differentmeasurementcales comparable.

Distancebased linear models (DISTILAS)part of the PERMANOY®orley and Clarke, 2008)
expansion to PRIMER 6 were used to explore the relationship between fish community
structure and the potential environmental predictors. BEST procedure (all possible
combinations of prdictors) was performed withAkaike Information Criterion (AIC) and
Bayesian Information Criterion (BIC) selection critefine two measuresdiffer in their
WWISY It GeQ G261 NRa (AKCHas b IaviRApéraldy vnis tha@refordNdsrB A O (i 2 NE
generous in the addition of predictotisan BIC(Gorley and Clarke, 2008)jarginal tests were

used to remove predictors not significantly € 0.05) correlated with the biological data.
Heavily intercorrelated and therefag interchargeable predictors were explored. Variables
were selected over theirorrelatesif they had more significantalues and explained more

of the biological variation when combined with other variables. The models were then

visualised using Distance Based ethncy Analysis (dbRDA).

Across all study locations, 83 lander and 84 trap deployments were achieigecel). Full

deployment details are included in supplementary material (lander deploym@iatseS],



trap deploymentsTableS2d. When specific deplments are referred to it will be by their

region and depttas defined in the supplementary material
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3. Results
3.1. Environmental characteristics

Thedepth related trend®of the recorded or estimated environmental valblesat each of the

study locationsare illustrated inFigure 2
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Figure2: Estimated surface primary production for the previous year (PPYr), the month of
the deployment (PPMo) arfiLix to the seabed (Bottom POC) in mg @thay, Salinity (Sal)
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3.2. Species diversity

Of the 83 Abyssalander and Hadalander deployments 77 included fish observations
(SupplementrableS)). A total of47 fish Operaional Taxonomic Units {{s) were identified.
Nine categories could only be resolved to fanelyel five were resolvedo genus leveand

the remaining categories (3&ould be given a likely species identificatidrwelvespecies

were confirmed through the capture of voucher specimens from the trap systems

(SupplementrableS2. A full speciesst is presented iTablel with example images iRigure

310 6.

There are two known species of thgenus Spectrunculuswhich are not possible to
differentiate visuallySpectrunculusrassushave not been recordeftom the Central or South
Pacific.The otolith morphology and the ratios of dorsal fin rays to vertebras captured
specimens appear to conform ®. grandigseeUiblein et al., 2008) The observed species

are therebydesignatedS. grandis

Thezoacid OTUs known to contaifPachycaranoelleri(Shinohara, 2012)sspedmens were
capured in the South Fiji Basin andew Hebrides Trench d4tL00 m depth. Specimerfisom
the Kermadec Trenchracurrently under assessmeandinclude one specimen éfyrolycus
cf. moelleriAnderson, 2006Visually distinckzoacidsin the lander images support that there

are multiple species which cannot be resolved from imggegire3).
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Figure3: Examples of the Zogidae recorded af) the Kermadec Trench at 3940 B), The
South Fiji Basin at 4074 @), the New Hebrides Trench at 6056 m d)dhe Mariana
Trench at 6142 m.

Identifyingeelsin the FamilySynaphobranchidaean be extremelydifficult as they are very
similar (Sulak and Shcherbachev, 199Mp more than two species of this family are known
to co-occurwithin a single bhymetric or geographical zon&uak and Shcherbachev, 1997)
llyophis robinsaevas captured in the &lv Hebrides Trencht 5180 m depthHowever, it is
very possible that other species are preselnt.the southern Kermadec Trenchgren,
Histiobranchus australiand H. bruuni have been recorded, the latter from 308074 m
depth(Roberts et al., 2015TheO¢ | & [Syn&hHoBranchidaée ¢ A f f diffSrendaieS R
the largedeeperoccurringeels(Figure4) from the visually distincDiastobranchus capensis

Simenchelyparasiticaand Synaphobranchus brevidorsgfégures).

g2
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Figure4: Large Synaphobranch) 5254 m Kermadec Trench, B) 4100 m South Fiji Basin, C)
4123 m New Hebrides Trench.

A large cuskelfeatured prominently in the observefish fauna Discussion witld.G. Nielsen
indicated that the fish was member of thegenusBassozetusThese were never caught in
the fish traps which precludedspeciesidentification When viewed laterallyneristic and
morphometric measurements suggest&ahssozetus robustusnd B. levistomatugFigure5)
however it was not possible to distinguish between these tentative identifications in most

imagesHence, they wereategorised aBassozetuspp.
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Figureb: Variation within theBassozetusbserved Bassozetusf. robustus(A¢B), Bassozetus
cf. levistomatugC;D). All images were taken at 5254 m depth in the Kermadec Trench.
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Study Site
Family Species Kerm SFB NHeb Mar
Myxinidae NeomyxinecaesiovittaStewart & Zintzen, 2015%n Zintzen 997 - MM
et al.(2015)
Chimaeridae Hydrolagu<f. affinis (de Brito Capello, 1868) 1527 - 2503 2087 - 2578
e Centroscymnusf. coelolepiBarbosa du Bocage &
Somniosidae de Brito gapello, 1864 P g 997 - 1971
Centroscymnus owstor@arman 1906 1527 - 1980
Etmopteridae Etmopterus baxterGarrick, 1957 1473 - 1554
Rajidae Amblyraja hyperboreéCollett, 1879) 1527 - 1554
Arhynchobatidae  cf. Bathyraja richardson(Garrick, 1961) 1971 - 2503 2087 - 2578
Halosauridae Aldrovandia affinigGunther, 1877) 4078 - 4078
Halosauropsis macrochiGinther, 1877) 1473 - 1473
Congridae Bassanago bulbicep&hitley, 1948 997 - 1527
Synaphobranchida¢ Diastobranchus capendsarnard, 1923 997 - M (pT M
llyophis robinsae
Lérge Synaphobranchidae Sulak & Shcherbachev, 19¢ 3039 - 6068 4074 - 4100 2087 - ponn
Simenchelys parasiticaill, 1879 997 - HpNoO
Synaphobranchus brevidorsal&inther, 1887 2087 - 2087
Alepocephalidae  Alepocephalid spp. 1554 - 1554 2578 - 2578
Macrouridae Bathygadussp. 1473 - 1554
Coelorinchusp. 997 - 997
Coryphaenoides armatifsiector, 1875) 3039 - nc dH
Coryphaenoides ferrigfiRegan, 1913) 1527 - 3975
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Moridae

Carapidae
Ophidiidae

Psychrolutidae
Liparidae

Zoarcidae

Coryphaenoidesf. filicaudaGunther, 1878
Coryphaenoides lecoint@ollo, 1900)
Coryphaenoides leptolegi&inther, 1877
Coryphaenoides longifilsinther,1877
Coryphaenoides rudisiinther,1878
Coryphaenoides yaquindamoto & Stein, 1974
Trachyrincus longirostri&tnther, 1878)
Macrourid 1

Macrourid 2

Macrourid 3

Macrourid 4

Macrourid 5

Antimora rostrata(Gunther, 1878)
Lepidion microcephaluSowper, 1956
Mora moro(Risso, 1810)

Echiodon cryomargaritddarkle, Williams & Olney, 1983

Barathrites irisZzugmayer, 1911

cf. Bassogigasp.

Bassozetuspp.

cf. Bassozetus glutinosiiélcock, 1890)
Bassozetusf. compressugGunther, 1878)
Bathyonus caudaligGarman, 1899)
Spectrunculus grand{§&unther, 1877)
Psychrolutes micropordgelson, 1995
Notoliparis kermadecensfblielsen, 1964)
Mariana snailfish
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Figure 6: Fish speciesecorded attending theAbyssalander and HadaHander in the
Kermadec (Kerm), South Fiji Bags#B), New Hebrides Trench (NHabd Marianalrench
(MAR) 1) Neomyxine caesiovittéKerm, 997 m),2) Hydrolagucf. affinis (Kerm,1527 m) 3)
Centroscymnusf. coelolepig(Kerm, 1971 m)4) Etmopteruscf. baxteri (Kerm, 1473 m)5)
Centroscymnus owston{Kerm, 1527 m)6) Amblyraja hyperborea(Kerm, 1527 m)7)
Bathyraja cf. richardsoni (NHeb, 2578 m)8) Aldrovandia affinis(SFB, 4078 m)9)
Halosauropsis macrochir(Kerm, 1473 m)10) Bassanago bulbicep&erm 997 m),11)
Diastobranchus capens{&erm, 1527 m)12) Simenchelys parasiticgkerm, 1527 m)13)
Synaphobranchus brevidorsali¢Heb, 2078 m)L4) Alepocephalid gp. (NHeb, 2578 m)L5)
Bathygadussp. (Kerm, 1554 m)16) Coelorinchusp. (Kerm, 997 m)17) Coryphaenoides
armatus(Kerm, 3655 m}18) Coryphaenoides ferrigfiKerm, 127 m),19) Coryphaenoidestf.
filicauda(Kerm, 4194 m)20) Coryphaenoides lecointéferm, 4953 m)21) Coryphaenoides
leptolepis(Kerm, 3665 mR2) Coryphaenoides longifil{lHeb, 2087 mR3) Coryphaenoides
rudis (NHeb, 2087 m)24) Coryphaenoideyaquinae (Kerm, 3940 m)25) Trachyrincus
longirostris(Kerm, 997 m)26) Macrourid 1(Kerm, 1527 mR7)Macrourid 2 (Kerm, 4138 m),
28) Macrourid 3(Kerm, 1527 m)29) Macrourid 4(Kerm, 5281 m)30) Macrourid 5 (Kerm,
4953 m),31) Antimora rostrata(Kem, 1554 m)32) Lepidion microcephalu&erm, 997 m),
33) Mora moro(Kerm, 997 m)34) Echiodon cryomargaritg&erm, 1473 m)35) Barathrites
iris (Kerm, 5254 m)36) ?. Bassogigasp.(SFB4100 m),37) Bassozetusf. glutinosus(NHeb,
2578 m),38) Bassozetusf. compressugMar, 4506 m)39) Bathyonus caudaligkerm, 3039
m), 40) Spectrunculus grand{&erm, 3039 m}1) Psychrolutes micropord&erm, 1527 m),
42) Notoliparis kermadecensi@&erm, 5879 m)43) Mariana snailfish(Mar, 6198 m),44)
Ethereal snailfisiiMar, 8078 m).

The number of fish species declingidnificantly withincreasingdepth in the Kermaded¥ =
0.732, k2 =81.755 p < 0.001) and Marian&%(= 0.391 F 3 =14.771, p < 0.001) trenches.
The New Hebrides Trench apprbad significanceRe= 0.541, F5=5.88 p = 0.059) but was

potentiallyrestricted by sma#ir sample siz€Figure 7.
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91
92  Figure7: The number of fishpecies observed by thebyssalanderand Hadatlanderlander
93 systems at different depths each of the study area#\ lirear model with 95% cafidence

94 interval has been fitted

95

96 3.3. Community structure

97  Prior to analysis, potential influences from thepeximental design were explored RELATE

98 test indicated that the duration of the deployment did not have a signifiefact on the

99 alEb 6" I nonwOpE LI I'n dabmyoX 0LANNSIMIGaogdetect R G &4 S
100 significant effect of lander type in the %Ob dataset (R096,p = 0.36).

101 Significantly distincish communitygroupsare presented in greater detail in supplementary

102 TableS3 In the Kermadec Trench three significant fish community groups in the MaeNeda

103 (Figure &) and five in the %OHatasetFigure ® were detected Within the MaxN dataset a

104 bathyal fish community from 9971971 m depthwas detected. Over 70% of the bathyal

105 IANR dzLIQa ¢ A G KAY 3 NP dByhaphbbrahdhideldBiastdbraadhus caBetists (2 0
106 andSimenchelys parasiticRhere wasnabyssal fish communitydm 3039¢ 4185m where

107 Coryphaenoides armatu€. yaquinagSpectrunculus grandand the Large Synaphobranchid

108 accounted for more than 90% of the within group similarittirdly, aa Abyssal Hadal

109 Transition Zone (AHTZ) fistnemunityoccurredfrom 4707¢ 6068 mwhere Bassozetuspp.,
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C. yaquinaeand Large Synaphobranchid accounted for over 98% of the within group
similarity. The %0Ob datasefenerally agreed in these groups, differingone deployment at
5295 m The same spees accounted for the majority of the within group similarity with the
exception of the Large Synaphobranchitieseeels have shorstaying times at the bait and

as such are likelo be underrepresented in both datasets, but more so in the %0Ob dataset.
A greater depth resolution in the %0Ob dataset improved the community boundaries; bathyal
997-2503 m, abyssal 3039692, AHTZ 4766068 m.In addition, he %Obdataset included
data from the deepercapable Hadatllander and so includedwo deeper groups:(1) A
shallower hadal community (including5295 m deployment that fell within the AHTZ
community in the MaxN dataset) from 528&191 mwith Bassozetuspp. accounting for
100% of the within group similarity2) A deeperhadal grou750;7669 mwith the endemc

snailfishNotoliparis kermadecensacounting for 100% of the within group similarity
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Figure8: MDS plot of the Kermadec Trench deployments in the a) MaxN and b) %0b
datasets Resemblance has been overlai20% (solid line) and)46 (dashed line).

Signifcant groupgSIMPROF, p<0.0&)e Bathyal (circle), Abyssal (triangle), AHTZ (square),
shallow hadal (cross) and deep hadedtérisk.

The South Fiji Basin possessed no detectable contynwstiucture in either dataset
Bassozetuspp., Zoarédae Gen espp.and Barathrites iriswvere responsible for more than
85% of the similarity between deploymenisboth datasets. The MaxN dataset also detected

the Lage Synaphobranchid eel as contributing 15% to anityl between deployments

The New Hebrides Trench possessed no detectable community structure. Both datasets
suggested that the shallowest deployment at 2087 m had greater dissimiiantythe other

deploymers (meandissimilarityof 2078 m fromother deployments in the New Hebrides
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Trench:72% mean between all other deployments 43% in the MaxN da)dset this was

not significant This deployment is distinct as it contains thacrouridsCoryphaenoidesudis
andC. longifiliswhich werethe only macrouridsdetected in the New Hebrides Trench. Both
datasets identifiedBassozetuspp. as the QU responsible for over 75% of the similarity
between deployments in the New Hebrides Trench and was observed in every deployment.
The MaxN dataset additially identified the Large Synaphobrancliid%similarity) while

the %Obdataset identifiedZoarcidae Gen etpp.(9%similarity).

The Marianalrench showso community structure in the MaxN datasetowever, he larger
and bathymetrically broade¥Obdataset detectedwo significant fish communitie@igure
9): An AHTZ communityrom 45066189 m with Bassozetusspp. and Coryphaenoides
yagquinaeaccounting for more than 99% of tharslarity between deploymentsand adeeper
hadal communityfrom 68318143 mwith the undescribed?a I NA | y |
98.93% of the similarity between deployment3he deepest deployment contains only the

he¢! RS a atiEkedl sndilfsigeelLinley et al., 2016)hich was also detected at 8007

m alongside the Mariana snailfisiThe deepest deployment therefore possesses greater

dissimilarity yet is statistically paof the hadal group.
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Figure9: MDS plot of theMarianaTrench deployments in th&Ob datasetResemblance
has been overlaid at 20% (solid line) afd@l(dashed line). Significant groups ATZ
(square) and Hadal (cross).

Despie the wide geographic range there are similarities evident in the fish communities.
Quster analyss on all deploymets detected similar groups and revealed structure the
New Hebrides Trench and South Fiji Bésigure 10. Four significant fish commity groups

were detected in the MaxN and five in the %0Ob dataset. The MaxN dataset contained two
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significant bathyal groups; a shallower (§2%27 m)clusterof deployments in the Kermadec
Trench region (the only location to include such shallow deployments)Dgistobranchus
capensisand Smechelygarasiticaaccounting for 8% of the within group similarityand a
deeper(1971¢2087 m)bathyal groupof Kermadec and New Hebrides Trench deployneent
containing only thenacrouridsCoryphaenoidesudisandC. longifilisand the elasmobranchs
Amblyraja hyperborea Bathyraja cf. richardsoniand Hydrolaguscf. affinis. Other clusters
were an abyssal groufound only in the Kermadec Tren€B033%4158 m) with 96% of the
within group similarity due tdoryphaenoidesarmatus C. yaquinagectrunculuggrandis
and Large Synaphobranchidn AHTZ grougontaining deployments from all locations,
covering a wide athymetric range (2578898 m) as it contained all New Hebrides Trench
deployments but the shallowest. Bassozetus spp., Large Synaphobranchid and

Goryphaenoideyaquinaeaccounted for 96% of the AHTZ within group similarity.

The %0Ob dataset combingtde MaxN shallow and deep bathydeployments as a single
bathyal group(997-2503 m) with Diastobranchuscapensis Smenchelysparasitica and
Antimorarostrataaccounting for 7%of the within group similarityBoth datasets agesd on

a Kermadec Trenchbyssagroup(303%4692 m) with 966 of the within group similarity due

to Goryphaenoidesarmatus C. yaquinagand Spectrunculugrandis As observed previously
Large Synaphobranchid was not detected in this dataset. Both datasets also agreed on the
AHTZ group. The deeper range of the %0Ob dataset identified two groups of endemic hadal
snailfis1; one n the Kermadec Trenci{6750;7669 m) containing only Notoliparis
Kermadecensisand a second ithe Mariana Trench (6838143 m) with theWlariana

snailfistaccounting for 99% of the within group similarity.

FigurelO: MDS plot of all studgleployments in thed) MaxN andB) %Ob datasets.
Deployments are labelled with their deptBimilarity boundaries haveeenoverlaid at 2%



