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ABSTRACT

Me mb e r sf aonfii Ityh eohfa dvkod ii rdawemg | ob al di stribut

to temperane tlgy ocarmigsnhadaa@acgo migmnagtion in
Paci fi cMoOdpmpdasny squae uendol ogi c al rol e as pr e
zooplankton in the food web. Due to their
i mportant to know Molidae trophic ecology

of effective managceineesn.t Tshter aotveegriaersc hainndg pgoola
is to explore the migration patterns, habi
electronic tagging, stomach content anal ys
i sotopic data (S| Ageam. tHier sme,stteren tPaggifng
mol i ds made norward movements from Tai wan
from Taiwan to the sidSutnhiegrrna nih emidsepnnoenrset.r aT |
habitat utilization patteummsentlisnsttlaae mdr
movements of molid cohorts exhibit extensi
movement patterns are associated with majo
water GSebpmdsotope data sugigestedundat nsoa
and Tai whaanv emingihgto mt ede war m pool region and
Cal edonia might have migr ataeade | flndm Taigvwga m,t

Coupled with the captured ti mi ngeroifod hefs e

molids in Taiwan and Japan, it IS suggeste
warm pool i s l i kely r dlhatreld tao copmpwrihreg s
description, breadth and overl|l ap oddeach s
by |l iterature ré@bwhieew,it@rAtuaerdr B8CaAreen r ev e

predators of gedxahiibniotusb rpd aadekrt odni ebtust t han p
as predators of gel atinous plankton al mos

sunfi sh, and hoodwi nker sunf i sh reportedly
\)



environment s, while sharptail sunfish and
epi/ mesopel agic environments and benthic &
bumphead adunsfiinsihl ah and relatively narrow
sharpt a, | whsiumH aes bhriolmidtedd Idiikeet ot her moi |l des
feed on scyphozoans, sharptai.Mheudiiesh opr
shargpumftihamsgiegdni fi cantly with sizeneawnd seas

i nssigghto t he movement and feeding ecology o
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CHAPTERI ntroduction and Research Rati:i

11l ntroducti on

The Family Molidae (kihlongeenas amahndddg) vei s
(oceanMeluaf mpmpheadM.s uanlf d xhdonoddrwinnik,er. sunf i s
t ecsthaa,rpumMidsh ur us havicend aRRasgrafmiiahdraeevi s)
di stributed worldwide from tropical to ten
word dheavi edvt. mdrey 2nidsiG,om®e s eira)et palay 20:
an i mpoed¢a@lhogi cal role as predators in the
regarded as obligate gel ativo-Beanaerd L9pLco:
Hooper et al. 1973). Molids comprise a | ar
andrawling fisheries in the Mediterranean
mol i ds are capfiuste ds paeveisaPagdeinf ifdoeQlc ean ( Pop
2010) . Given these anthropogenic pressures
del ine gtbbatdaenc ades idsueowm ogrtohwe h rate and
abundliainaste a(l . 2015, PhiKiInloiwp srgett halir 2023 hi
the regions will explainhédownviceammsumnf us
di st ance ma gtdhaet | doenvse | aonpdme n t of effective m:
policies.

The spatiotempor ald. gmodMa dalsdxamgdgreismins hey
under gibi dtoanrgce mi gr ati ®On fifrertelne eBacinf ise¢ z@c e
of bot hhasvpee cheeesn documeeNt)ed Jiang\Bha a(mwa3nst If e 2 3

Southern Heenbp MostespeZB8 mens found in Taiw

l ength (~1.6 m) (Chang et al . 2018). The i
Australia were both small m)< (Bawmat,oeal al er
Nyegaand 208 ti ming of | arge sunfish occur

1



occurriaAay no fAp rTialtAwagmu san d fXullJyaNakhatdadbAust
et alNye@adan)d T0i18 ti mi ng idihf ftehree mpae,s ecnccep |
mature sunfish off Japan suggests that sun
Southern Hemi sphere during summer for for ai
Coupling tagging technology, stomach con:
st wdy mi gration patterns and trophic ecol og
techniques includi nagupcosnavteenitliiotnea |a rtcahgisv aa n dt

to track the movement behavior and migrati

okeh migrate |l ong distances in abeossebdhenn
| i fe hi sttoor ifeosr,agliinngk,edspawni ng, or sbehavi ol
(Bl ock et al. 2011). Several el eatdri mmgi ¢ tr
M. meon al exanddernmgosestlammge seasonal mi grat.i
2016 a, b; Thys et al. 2016, 2017, Chang et

across different ocean basins.

1.2 Background

Tagging technigueonailndlagdi,ng mpdmpdrmabl e a
satellite archival tags (PSATs) , acoustic
provide valwuable data to study the physio
structure of anirmalme nitmlr evla@ ¢ uadod retso & eRWivpliesr ot
2005; Neilson et alPSATX0G9;anBlrufdk pedeccaits.ep nps
as wel l as archiving information on ambi en
approxi mate dandypgeskoceti(dep)jh) via the /
However, electronic tagging is |imited to s
to reveal the movement patterns and habita

ecol ogy of afnuirmahlesr craensobeed and studied
2



(electronic and conventional tags) and int
otolith composition, genetic marker s) ( Gr a
Tagging studiaebidanebehesedsubtsg from stabl
a comprehensive perspective on species mo
environments.

Stable isotope analysis (SIA) of bul k ti
and migrataleniof-wabymtoaddes (Hobson et al
2010, Madigan et al. 2012¥N aihde) sotfa balnei niaslo
ti ssues can be regarded as intrinsic tags t
and tromphesx dafynfai ghly migratory species ac
¢ttt a'MdN) in predator tissues reflect thei
the previous (Mebdlsosnt d9@ONtNh&al past acel &r gq
used timeexamphic dynamics and trolpMic posi
val uesa difas2bsLken observed with each troph

Rasmussen 2001 NPas@ waODIOLRes dfhet he base of

vary greatfloywysaduess orsgver al factors inclu
composition, nutrient sources, and biol ogi
2008li,gman & Casciotti 2001) . These spatial
propagate swpetrs tvhe domaging. Thus, the is
predators reflect the values of | ocal prey
may hi'dNveait® values very different than 1| oc

Madi gan efThabk, Ob4)yructing maps of the s

producer isotope values (i soscapes) and co
predator and | ocal prey can be used to und
(Logan et alet 2a0l2.0,2 OMadd,i g2abn1 6) . However, it

the vaillNeash@ofahbease of. food web
3



Composmeci fic i sotope and&dlAysiis af naemw nwod
overcomes the | i mictaamt idorhdtewdeaith ulalti e Sthikgaado!
trophic et@Newtad.ue¥hdn source amino acids
phenyl al ani ne, serine, tyrosine) change |
N values of the base of f otolde wterbsp hiwh ea mi:
acids (e.g., alanine, glutamic acid, | eucir
and reflecéd manophigani emeltN Daffieseowméesoiunc
trophic amino acids can Ehsssbéousasedreei de

mar i ne enwarda gmemntet al . 2014, 2016) .

1.3 Research objectives and structure

The overarching goal of this research is
use and feeding ecology of smoolmadecsh ucsoinntge née
i sotopic analyses in the western Pacific O
and habiM.atrmoonlMee salod xamadigi el ectronic tags. S

the migration patterns opfr onacdllBenssc aze 1,g @S ic4

AA, and Bayesian mixing models. Third, I di
species in the Family Molidae wusing a rev
contents analysis (SCA). Lt a scto, mntone fsfpeeecd iensg

eastern Tsahiawapmt aMialst smuuwmg i dlasncea b at ned usi n
combination of ®B3AA, TEEAsanmdyCPrAvides i mpo
the trophic dynamics and-dhabianatei msghaoi om
western Pacific Ocean.

Chaptexrpl2o0res the mlgraltexadepmiheier ababdbf on
of environment atupvasraiteblled eusirchiwvap tags

Paci fic Okean.exHoidnTian wan hr egpqooprscad ce | wWii t e ar
4



t agad01290 2TO0 i ndi vi dual s moved northward and
Kyushu, Japan and two moved southwards,; cr

and New Calie&domiga .anfTlse dMd mointsd tr autei Idii £ d teir @m |

|l nstead of using prevailing currents, the
use of mesoscale eddies. Sout hward movemen
currents and ther mal stratedulctas i pmeoént hier
insights into different habitat-diusteanpcaet t eI
mi grations of mol i ds. Chaipe etri f2i ch aRse pboer et ns
(Chang et al. 2021).

I n Chaptweea Gombinebulslkhstiaglerg e vainGddBIBlayesi a
mi xing models to elucidate migration patte
ThegN values of molids sampled from Japan, T
Zeal and (NZ) are measuredNandalcompabasdedoo
an isodidNapeabdifeparticul atwhe iygpamnihesmaetet.h
tNmoival ues of resident mol i dfNmesih@wmud damd d;9n
di screpancies could indpopuéaaipaomssihhitl htay
el sewMeste. molids found in Japan and Tai war
individual$N wiat mebBi gnh ght be the recent mic
regi ons. The NC amas iNde nmosl iftdhaanr eme ggoreart £ dwi
si mitiNaval ues.

Chaptreevidew the diets of each species in
the | iterature. Wi eatd db it e @ach@mmosnged seymmprak a p c
spedMes mdll a al examhdi Inancddlraotulgsh st omach coc
analysis (SCA) and stable isotope analysis
Tai wan. The I iterature review retvkhahed th

generaly Resuwiginsg zabout thbree esg m@aatdr ind chp
5



suggested resource partitioning and niche
sunfi sh, and sharptail s u Cfhiagpht er n 2 wahtaesr sb
submi tEmed rtomment al .Bi ol ogy of Fishes

Next, intCiteappegect5and seasonal shifts in
M. | ancienoleasutsern Tai wan are examArned usir
Sharptail sunfish mainly consume tunicates
epand mesopel agi chi ccohaashtiatlat sandT hkee ndi et o f
changes significantly at ~80 c¢cm standard |
into the trophic dynamics of sharptail sun
varies hcsoosytiist@egesnsa,n possibly reflecti
and different habitat wutilization than oce
Marine Ecol ogy HRrl@@(/€ban eOPi3eal 715:

Fi nalClhyw,ptient h& | ast ehapteonoprohisdgedi son
i mplications of this research. Additional/l\

future reissraumwhe thire chapter.
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CHAPTERWa&Zt er col umn strudt srnteanicref |l méendeadil
mi gration patterns and hawil taaata ldwesren itoli e b u mp
Paci fic Ocean
CTChang, WC Chiang, MK Musyl , BN Popp, CH

Chen (2021) Scientific Reports 11:

2.1 Abstract
Satetlrladkei ng of aduMob|l Bumppeaedenahidsh, on

di stance lattiidmudpantatlerrmmsgrcovering thousands

vertical movements of four bumpheag sunfi s
satellite ar@bRkval Twagsndnvkdulls moved no
Okinawa | sl addpandaKgusWwa, moved sout hwards
to Papua New Guinea and New Cal edoni a. D
descended below the thermocline and ascend
ni ghtti m@. miTdhreanN s, howdvefer addretmohabriraated
patterns. |l nstead of using prevailing currt

cohorts exhibited extensive use of mesoscal

occupied deeper habitatisessheseatac¢chobaebina

On northward excursions, fish spent most o
oxygen concentrations. Sout hward movement
currents and thermal st hatgihfliycatiran i défi etdhe

stayed below the theredctond®dMLBndufreqgudayt
to warm muscles or repay oxygen debts. The
i mportant Il nsights intotdeffadbneént yhali tuaatd e

di stance migrati damreasmpovearl warayliersg ampa tfiealt ur

11
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2 I ntroduction

BumpheadMsesluaf abk taxeaendwiidneil y di stributed t}
nd temperate regions. Sawdriaslh spteelileist e atv
ompleted in the North Pacific and Atl anti
010, Thys et al. 2015, Sousa et al. 2016a

hat bumphead sunfish apparendtltyo pgrheefiagr cwa

ocean M umioil(sshgwai et al. 2011, Chang et al
re | imited (Chang et al . 2020, Thys et a
orridors and behaviors in rtihzeedP.a cHrfiiocr GCscaet

agging data indicated that bumphead sunf i :

guatorial front and dove into mesopelagic
Thys et al . 2017). A cl esardedsicerli bveedr twhcearle
ish descended to the mesopelagic zone dur
one during nightti.me (Thys et al . 2016, 2
Oceanographic characteristics including
tructurned, pededyi easvaa | abi |l i ty; drive the mo\
el agic fishes (Aspillaga et al . 2017, Gal
unfish i ndicated seasonal mi gration patt e
referredrwbhtueestemgeor areas with high pr
010, Sousa et al. 2016a). The shift of te
he vertical movement of fishes. The ther
urface fr oaooodeeerpewataend l i miting oxygen |
her mal structure and gradients. Results o
ave the ability to descend at depth for ex
ut need t® gswentfuame ttoo twarm muscl es and/ o
Nakamura et al. 2015, Tolotti et al. 2017

12



ML

Fu

mo

Br

in

di

20

ch

D due to temperature and concomitant phy:

rukawa et ail mor2dd,14mesduadalhe eddi es and

vement behaviors for many pelagic fishes
aun et al . 2019) . Mi xing processes of é
fluenceaacdn oe rotpricagrtleilaotne aenndhanced foraging

fferent sized predator and prey species
17) .

Correlating vertical movements and t he
aracteristics protildiesatiinen gihth st het mi ¢prad
ny pelagic fishes amndp sshaatreklsl.i tHe raericnh,i vwae
study the horizont al and vertical movem
fluence of watermattiefmpeataitam,e, ditdheolmae d sd x

vement patterns and habitat uses of bump

.3 Materials and met hods

. 3.1 Satellite Tagging

Four tags were deployed on bumphead sunf

omt®enber 2019 to January -2 29atodlIf| iTtae wamc
gs ( PSATs; mi ni PAT, Wil dlife Computer, Re
release after 150 to 240b dagst M®M&EANIEI We
d sttae enll edkasr tss ( Chang et al. 2020). Befor
bfspaeecct rum anti biotic to prevent i nfecti
rsal fin. Round body weight was estimate
t i maime dwelfi egrhgt h relationships (Chang, un

onverted to depth) and temperature were

mperature and profiles of depth and temp
13



Two tags wereecoplkysedcalnldy provi ded archi val
(632,840 records) for fish 195550 and ever
195549.
2.3.2 Geolocation Estimates

Afterofpop PSATs transmitted archived dat
sunanhnhsesunset, pressure (depth), temperatu
were &estimated using Wi dbalsiefde sCd mpvatr er s( WE

Computers 2019) on the transmitted data fr

data remcoedofeoed tags. The GPES3s psaocfet,war e
hi dden Markov model that includes ambient |
and Argos |l ocation to estimate most probab

using tbéswisnpmreicnigesspeeds (Nakamura & Sato 2
tracks were created with QGI'S (QGI S Devel o]
2.3.3 Environment al parameters

To better understand the movement patter
vari abl es, ele asemdalsieaas | (eSL A, gl obal, 0.25
currents, SST (global, O0.01A resolution),

ERDDAP seatver /| /(coast wat ch. pfkgeshwo amx yepen e

concentration (DO) was estimated from Worl
resolution). The DO data IpiromsiiOf@en -ninon 2161 vy
bins 00 MO0 amAd bti men-1f,505 05 0 Mesoscale ed
i deadi from SLA (Gaube et al. 2018, Chel ton
Dat a Bank of t he Mi ni stry of Science an

(http:// www. pdb Titeu .deecpu .ht wo/f tehei MLDhea nwatte

column were used to characterize and inves

tagged fish. The e&eptsiotrhaedegne s altidtéwene waz0 us
14


http://coastwatch.pfeg.noaa.gov/erddap
http://www.odb.ntu.edu.tw/

represent the approximate depth range of t|
2.3.4 Data analysis

Day and night differences in temperature
usingpam@ametri-WWal Ki sska!l |gpmd a nmeotmsiamp | tewo
Kol mogSomiovnov tests (-Adlreptb9 agutde nipheeneatt iume

dat asets were calculated from time series

| ocal sunset and sunri se by t he N
(https:// gml.noaa.gov/ grad/ solcalc/). Di el
frequency hi stogr ams. Depth and temper at

anticyclonic/cyclonic eddies and different
and chlmhaseméwt behavior and water column wus
and temperature distributions, maxi mum and
thermocline were used to generate similar

hi erarchicalscl(Cthnekeag&alGprl ey 2006) .

Generalized additive mixed models ( GAMMs
were used to determine potenti al factors
GAMMs were fit separately to daily maxi mu
nihg ti me mean depth and tagged individuals

t he effects of water col umn structure on

vari abl es were set as fixed effects includi
MLDand thermocl i ne. Each variable was inclu
del ta Al C, and Akai ke weights were calcul a-

by | owest Al Cc and highest Akai ke weights.

model svewdr gdi tted (Wood 2013) .

2.4 Results
15



2.4.1 Horizont al movements

From 2019 to 2020, four PSATs were depl oy
1620 cm tot al l ength (Table 2.1) and PSAT:
l'i berty. Fi sh ntoovee8d8 naomrd hiva5 %5149 from the t a

travel eldi me¢ r dii gthances of 1,079 km and 542

7 kmidayspectively (Fig. 2.1A). Fish 6658
moved to Okinawa ,| aalnand,hehapan KiyrusMay | sl an
and September (Fi g. 2.1C) . Fish 195549 mo
January (Fig. 2.1A). Both individuals expel

from &€.t dad h0 mi grator yf gplaltdwatyh ea pRpywkyu Troe:

Two smaller individuals, fish 195550 and
from tagging | ocations to Papua New Guinea
35 km, dagspectively. These i nciawitduoal st hneo
Philippines in January and February, and tl
May, and finally to New Caledonia in August

experienced water temmg&ratures ranging fro
2.4.2 Vertical habitat

Tagged individuals exhibited diel vertic
individuals dove deeper i -Wa ldlpsy@t..i0nde) twhhaenr en
individual s stayed mainly i n tanme/ oarn da bboevieo w
the thermocline during daytime (Fig. 2.2) .
moved northward spent rRIOr%) tciommp amrear ttohd nsd
t hat moved -3%WuthHhwarmhd 195550 & 195553) . A
t empteur es (SST) visited by f iNS8B nSDvi nfg srhor |
195549 :C)28wer e significantly cooler than fi

280N @; efish NOIG)PM3N.5238
16



Fish 66588 spent mo s t of its time withi
temperature rad@gebdhot homayS5ime 2%d nighttim
about 73% of time above 200 m during nightt
Fish 195550 and fish 195553 both spent 40
daytime with €empdrf8f6dmes >25@® m during nig
«€) .

2.4.3 Environmental wvariables influencing

Results from the GAMM models (Fig. S2.1
bet ween depth and environmentakdvaasaeldl es.
Akai ke information criterion (Al Cc) and AKk
depths visited were significantly influenc
concentration ¢(D0Q) ,moadned ?=S SBT@ Ndbset s&@1d s\ Rol ved
had a negative effect and the thermocline
visited by tagged i ndividual s (Fi g. S2. 1/

northwards, dayti me MOW mevetr s Sadgjnust ed nkR |

DO, sewae | anomal i es (SLA), ML D, ther mocl i
movements were mainly influenced b’ ther mo
37 %) . Both DO and MLD had negative effect

nighttime depth (&Fegpl &82s 1 Bshhoatppedd & eed pacte 0 n ¢
bet ween depth and SLA, with shalldowem.dept!
For tagged individuals that moved sout hwar
SLA, thermocline?= Bowh)GISTt ( me j depeB4®adj ust
was highly related with dissolved oxygen,

was positively correlated with the depth o
2.4.4 Movement behavior and oceanography

Tagged bumphehd sbowed di stinct mo v e ment
17



oceanographic characteristics. During nort
not travel with the Kuroshio Current for
periphery of mesAycal prrassdéieahddi gddizes (T
MLD and thermocline were schoalel)owehrani nancyccly
eddi escqmay.m Fi sh 66855 spent 6% and 9%

anticyclonic eddies,nte6wectivesyti meshnlot

eddi es. Both individuals showed different
anticyclonic and cyclonic eddies (Fig. 2.
di stributions i n cyclongc dagdi ment aayc Inongit
( Kol mogmirmwov0. 05). When occupying cyclonioc
frequent vertical movements and spent mor e

daytime and nighttime with w&¢(Ergtehpé&Bat G)
I n the proximity of anticyclonic eddies, t
surface and went to greater depths (~600

ranging fg€am 10 to 32

By contrast, the s outbhOweasntd nio9v5es5nbe3dn twse roef n
associated, but instead appeared to be inf
moved southward in the North Equatori al Cur
a southwest course in thei nEqMartohl i(@$3)Couan
moved southward in the South Equatorial Cur
individuals mainly stayed below MLD. I n S1
maj or currents), MLD and t heatmod |winteh weeurer «
(Fi g. 2.5). Tagged individuals spent most

with water temped€atiurensngfdamtilhed80dm™Moccup
stratae)l8duroi 2gb ni ghtti me. Moarn ch gf if malm y hte

the SEC; t her mal stratification increased
18



Tagged individual-20mamntdyrishgyepdglatt il@é® an
400 m with watereL teeunpiem@atdaytsi me.1@uring [
ni ghttime, tagged individuals made frequeni
Il n the ECC, fish 195550 speh mM% eotf nitgh ttti
with a shallow MLD (33 m). The depth and t
and ECC regions were similar (Fig. 2.48B) .
2.4.5 Dissolved oxygen

Di ssolved oxygen concentration was rel at
was the highest in the MLD and decreased wi
that moved nwopedermiwvanmaded tD@yr a&ntghdgt hegmspent
most time (> 90%) aboSemt40Bi snh ah@5wH® ha DO
whi ch moved sout hwar d, dxpeheéyensepaentDO3 ®ft d
their time in higshemt DODueinvgronhenendyhi( 4and

in 2'DnMD elnvironments during the day.

2.5 Discussion
This study docuwmndrstteachctehd aftiinutdi n@ah g mo v ¢
bumphead sunfish. Two bumphead ennhfieht mev:

southern hemisphere and traveled 6, 952 km ¢

New Gui nea, respectivel vy, and undertook th
Despite being released a month apadgk , t hey
similar movement paths along the coast of
April and May. Thys et al. (2017) recorded
to the equatori al front and suggested equ
fomaging areas. Two | arger individuals in o

nort hward ane sexitii mitteadd beechcaw i or whi ch to o
19



observation of the species wutilizing meso
underisntgambvement patterns and effects of o
detailed investigation along |l atitudinal
vertical and horizont al habitat requiremen:
2.5.1 Northward movement

Two ndividuals (fish 66588 and 195549) m:

paralleling the direction and course of th
the current. Both individuals migrated to
catch raewcaor dest (a8 . 2018, Sawali & Yamada 202
(Chang et al. 2020). Tagged individuals al s
where similar routes were reported for sKkip
food atvwi (Kbyodéfujia et al. 2019). The high
in the Kuroshio Current, the continental s
reported (Fujioka et al. 2018, Kobar. et a
sufhtcfeod availability for pelagic fishes
studiMes nobhewar et al. 2010, Sousa et al. 20
2010) , and | eatherback sea turtle (McMahon

movemts during summer where movements to h
t her mal preferences and food availability.
northward migration and the September occut

by r epmrnaduMattiure female sunfish were found

Japan (Nakatsubo et al . 2007, Sawali et al
ground. Comparabl e spawning migration patte
tuna (Asbilda ¥®¥watal.e2 al. 2018).

When fish 66588 moved northward, it spent

a narrow range of amiiceh)tBwaplread esnprefias ur d
20



similar preferences -2aAaC wan ef&Liiweanp eetat alr e 2 (
and fR2dat @Df I ndonesi 8y( ThyW renofigaht MO0 §T7) .
ti me near the surfadeCwibhthemperaheast fAD
et al froWLB&H&N, Japan (DewarmelZEali.n 270ali wWa,n a
(Chang et al . 2020) . Based on fisheries r
occurwatdei & -2f6r oeMlaémdd aur red i n water from
(Sawai e.t Taolg.et2hOelrl )t hese findi hgsmagupgpgesert
hi gher temmMer amolraes t han

Sunfish generally stayed below the ther|
above the thermocline Rmuiromagcni ghhidgieyaee .t ubBnl
(Thunnus) ,obaensdu sXwphidhigalgs @ddemonstrated sim
movement patterns that exploited resources
et al . 2010, Musyl et al . 2003, 2011, Lin
mirrored those of vertiecadeegp ms gatatt @ mign go r |
enhanced foraging opportunities.

Bumphead sunfish exhibited different vVer

utilization bet ween sout hwar d and nort hw
movements, fish mainldyaysti aneedanalbonviegh2 @0 me
associated with mesoscale eddies. Pel agi c
macker el , skipjack tuna, and sea turtles u
behaviors in anticycloniad .an®96yc lGanibe eedd
Bruan et al . 2019). Anticyclonic eddies en

cyclonic eddies due to the warmer temperat
densities (Waite et al . PO1A)h.e EXdpianss i ance
contraction of t her mal structures whi ch n

movement behavior of sunfish (Gaube et al
21



2.5.2 Southward movement
Unli ke northward migrations, bumphead su
dips ay distinct wvertical movements in or n

geostrophic currents where depth distribuf

shall ower than other regions. Similar move
(Pol oevti nal . 2004) . Bumphead sunfi sh of ten
thermocline and ascended to MLD in highly
regardedofals lmaet wae®e physiol ogi cal i mitatic

dove deep laweri eempergature and oxygen dur
excursions and ascended to the surface to
Many oceanic predators have similar strat
temperatures nedrithd oour frecseouarmcesexapg deep
et al . MNO1IMoNakRkRomur a et al. 2015), the ther

(BA2C) was | ower than t he-1a8 g r a ¥bdbhoodbye dhye atte mp «

transfer coefficients were | arger during t
The | arge body size and surface area and
al |l ofwisnlg to i ncrease foraging time in cold
were found in sharks (Kohler et al. 1995,

foraging excursions and surface rewarming
behavi or.

Bumphead sunfish spent more time near t he
by wimduced upwelling and shallow thermocl:i
nut rriiecnht water to the surface attracting |
suindh to feed at shall ower depths.

The I imitation of DO on the vertical mo v

has been demonstrated where oxygen minimum
22



and habitat wuse (Brildl es at. ak003P15jr amt
reported that many pelagic fishes tend to
with minimum oxygen d@OBrcielnt ra®994ns Al t2h du gv
sunfish displayed a wide rangd ta stayical:!
with high DO-x omlcewhirahiion gi4mil ar to other
e.g., dolphinfish and billfish (Lam et al

During northward migr atmosrns ,ofbunrphead isnen fi
environments wher e wat er temperatur e and
concentrations (Schlitzer 2004, Thomsen et
a wide range of DO c o'ameln tdruartiinan sfiorgat b Wia otng
fish remained in | ow DO Mepmboltaheryi npgr otblad |
experienced | ower DO concentrations as the"
results suggested that sunfish cdn btacslier at e

for feeding or to escape predator s, al so a

2.6 Conclusion

Satellite studies of b8mphgadtsanfpaht de!
Pacific Ocean. Gener allatyegd vtea ttihcea |d ehpatbh toaft
and MLD. Tagged fish stayed beneath the th
thermocline or close to MLD during nightt:i
habitat utilizati on pat ttehrwnasr d b entiwgereant i s 08t
nort hward movement behaviors showed an aff
preferences while the southward movements v

and t her mal stratification of t he water C O
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Tabl eu@mdr y St ag Mol ar mdeEgxaemdaciumir ent and earlier studies

El ect Body wei Taggi Dur at Distancc¢
I D L oact i ¢ Tagging | Pop off Pop of Refer
devi c |l ength date (day speed Bk
1,079 |
PSAT 6658 450 kg, Taiwa 2019/ 24/K04 1281 29MR0 18D 2019/9 178 Thi s
6. 06d&yn
542k m
PSAT 1955 290 kg, Taiwa 2019/122/K82 1283 26A§5 12 2020/ 2 78 Thi s
6. 95d &yn
5, 1k8n3
PSAT 1955 240 kg,1 Taiwa 2019/ 122/A80 122 00AB2 18§ 2020/t 150 Thiwdy

34. 55 akyr

6, 9k5n2
PSAT 1955 225 kg, Taiwa 2020/ 22A5R5 122 21ABA4 1B58 2020/ ¢ 240 Thi s
28. 9 dakr

404050 k 54 m Chang
PSAT 4592 Taiwa 2018/ :24/503 128 24AW6 1ML 2018/ 4 18

> 200 « 3k md aly al . |
Ultrasonic 31 7-3 Gal apze 2011/ 1 4 2,740 | Thys

9865 ciI 2011/ ¢ - -
tag, GPS 3174 I sl an 2011/ 1 53 51k md aly (2017
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Table 2.1. (Continued) Summary tag informatiomMafla alexandrinifrom currentand earlier studies

El ect Body wei Taggi Dur at Distancc¢
I D Locat Tagging | Pop off Pop of Ref er
devic Il ength dat e (day speed Bk
8 Adsa 0 A8 4 8 .-744 7 Kk
52091 8 Ad@sB Aane, Thys
PSAT 10050 ¢ Indon: 20@H40 114E0U2 14 20@H0¢ 7188 0.20kHM
8929 115 @216l 5 ée2 (201¢
E d aly
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Tabl e &n 2dayMedept h, night dept h,

Mo épt Al eamagéeyi and

temperatur e

Fi sh Day demt Ni ght ( thg Depth(mai Temper at (@@¥)e Ref eren
. . 3 This st
66588 21 NL 24 . 2 143838 . 3 3670 6 .-280 (1BM7 1
N 3 3 This st
195514 32N118. 7 17 MN9B 0 .-662 3 725 (I ™ .94
. . 3 This st
19555 38MWN.139. ! 16 N74. 8 41, 100 4 -P0(86I6P 3
B 3 . This st
19555 32316 2. . 16 N.74 1-1, 052 5.-31@ 1814p 7
. 5 3 Chang et
45923 23 N1®D6. ! 93N&3. 5 0-4 8 7 .-374 (161422
Thys et
31739 - - -1, 112 4 -53. 2
Thys et
52918 - - 0-450 10.27.5
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Tabl e SZx.el.i neolrataince of each environment al
including Akai ke( An€Co)y madigal I a cAalin®le Akamn ke w
(wAl C) .

Al C Al C wAI C
Maxi mum depth
Ful | 9467.9 0 0.56
No DO 9475.5 7. 62 0.01
No SLA 9468. 5 0. 65 0. 41
No MLD 9478. 7 10. 88 0.00
No thermc9585. 9 118. 06 0.00
No SST 9474.5 6.59 0. 02
Nort hwardt mowWMemendayti me depth
Ful | 2173. 7 0.00 1.00
No DO 2204. 0 30. 24 0.00
No SLA 2195. 8 22.05 0.00
No MLD 2185. 4 11. 70 0.00
No thermc2213. 4 39. 72 0.00
No SST 2220. 2 46. 43 0.00
Nort hward mowWemanthi ghtti me depth
Ful | 2128. 3 0.00 0.58
No DO 2129 .7 1. 32 0. 30
No SLA 2132. 8 4. 46 0. 06
No MLD 2141. 8 13. 43 0.00
No thermc2166. 9 38. 56 0.00
No SST 2133.1 4. 76 0. 06
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Tabl e( G@ntliRe luveetl )i mportance of each
final model , i nciladianrgi tAkraii krd IACH@Qa

Akai ke weights (wAI C).

Sout hward mowWementdayti me depth

Ful | 6452.1 0.00 0. 55
No DO 6486. 8 34. 72 0.00
No SLA 6460. 8 8. 70 0.00
No MLD 6452. 4 0.39 0. 45
No thermc6512. 6 60. 50 0.00
No SST 6465 13. 42 0.00

Sout hward mowWementhi ghtti me depth

Ful | 5804.0 0.00 0.94
No DO 5815. 6 11. 64 0.00
No SLA 5809. 7 5. 71 0.06
No MLD 5843. 9 39. 87 0.00
No ther mc5986. 8 182. 79 0.00

No SST 5817. 7 13.69 0.00
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Tabl e ex20.r2d.s R f-@aanndt icoyyedloonn ¢ eddi es of

occurred. Center SSHa represents sea

Fi sh Type Radius Amplit Center
(cm) (m)

66588 anticyclonic 101.7 16.5 0.45

66588 cyclonic 48.6 6.4 -0.05

66588 cyclonic 83.8 21.3 -0.2

66588 anticyclonic 100.9 6.4 0.3

66588 cyclonic 82.6 7.3 -0.15

66588 anticyclonic 126.2 16 0.4

66588 cyclonic 70.7 14.6 -0.15

66588 cyclonic 127.6 20.1 -0.1

66588 anticyclonic 236.1 27.1 0.5

66588 cyclonic 69.2 24.4 -0.5

195549 anticyclonic 191.2 6.9 0.2
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Fig.M®2s.tl.probalbdleatalaekx&AdpfiTnacks of fish 6
195549 hwinieht rbyat ( B) Tracks of fish 195550 ¢
(C) Track of acloldeidn dhigv. imkBal Kua wlscdhri o Curr en:

Equatori al Current. ECC: Equatorial Count e
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—&— Dissolved oxygen (ml/L)
—@— Temperature (°C)

1 2 3 4 5 1 3 3 4 5
5 10 15 20 25 30 5 10 15 20 25 30
0 — Fish 67&:. — Fish 195549
100 — Sr— -
200 — = - -
300 — ' —
400 — 7 —
500 — —
600 - :
— 700
= 30 20 10 0 10 20 30 30 20 10 0 10 20 30
A
§ 1 2 3 4 5 1 2 3 4 5
Q 5 10 15 20 25 30 5 10 15 20 25 30
0 — ¥y Fish 195553
200 —
400 —
600 —
800 —
1000 —

25 0 25 30 20 10 0O 10 20 30
Percent of time (%)

Fig. epth. pMof al al e namdaryitnime (white bar) an
gray bar) with ambileen)t awad edri stseompveerda touxryeg e(nc
bars in profile indicate standard deviat:i

Shaded areas show approxi ma#eC) taenndp ebroatturne (:

€) .
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Fig 2.-8defgtmedi stribution of fish=-2606588 1in
N2: -3025N3:1;5/N2B; 8NHA:5.9/(1A)) The most probab
66588 and the presencecbé) aandcggkcbonccedd
circle). ( B) vertical movements and the
anti cyacnldonciyccl oni ¢ e-dtdepsh @CytiThbuti me in
periods. -IWhiet er ehbaselsent srmbel dept Bnthaeengeéed df

represents the depth of mixed | ayer depth.
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A 200; Northward movement B 400, Southward movement
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A Fish 195550 B Fish 195553
Date Date
110 111 12/28 12/29 12/30

Temperature (°C)

Depth (m)

517 5/18 5/19 4/12 4/13 4/14 4/15

Fig. fi6al Vemovement of fish 195550 (A) and

periods with water temperature.
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CHAPTERUMBder st andii atgamhoeagmi gration patter ns
western Pacific Ocean using isotop:¢

3. AMlbstract

Combining isoscapes with bulk tissue, com
aci ds-AAGCSI Amnd a Bayesian mixing model can
pel agic fishes at a popul ation | evoerlal EI ec

size distribMolsgpps) ofugoésdsibewnnocedenni go at
in the western Pacific Ocean. This study
ofmolids in the western Pacific OWean usi:r
hypotzed WtNnhnavtal hes of resident molids shou
itNmoii s0o0scapes; discrepancies could indicate
that had been Thee ¢ir i@ dno @iltseo@bwchaeprees. was r econs
N values at the base &fN vlaé uffsodfwelll i Olse
from Japan, Tai wan, New Cal edonia (NC), an
t he prikMhbiovtaeldues of i soscapes, shows that 1

andC bverl apped with the predicted values.

n Japan (29%) and Taiwan (6% with distin
suggesting they arevpotsavenbhemmeabsmedr ace
of moliind NZ did not edewladpewithndheapradi
nomesi dent s. Results of mul tivariate analy
sour ce almilwel wecs dprovi ded evidence that die

and Taiwan had a higbycobtefbubiopofeomi ab

hi @MNmoirvaal ues in Japan and Taiwan are consi :
warm pool prey, Il ndicating they Moilghts mi gr
found in waters of NC taen df rNeZm caorud ads pwittem tii sa
di stinct from the | ocal food web Dbase. Thi

45



mi gration patterndhefy Mmokegdentliswgogegtahng

regions in the western Pacific Ocean.

32l ntroduction

TeFamily Moli dae, known as ocean sunfishe
from tropical to temperate regions, pl ayin
gel ati nous izoceo pdaanryk thdamg.hlly mi gratory fi sh,
oeanic sharks, mol i ds travel l ong di st ance
throughout their | ife histories, related t«
prefe¢(Bhoek et TaHhes e Ohlilghl yt rnawgerlabasy ospeaa

basins and are frequently targeted by comm

Mol i ds a-f esm dpedi es in the Paci fic Ocear
proportion of bycatch in the Mediterranean
Chaety al. 2018). Given these anthropogenic
decline is ex@Bect ®odv ue wttdh maltied and hi gh b
Therefore, gaining insight into the migrat

environmentdidsurainncge Ilmomgg ati ons can help th
management strategies and policies.
Observed spatiotempor al var i anbahl@.ty 1 n s

al exapdef aer Me tkeptpa as mol itdlsathetrleey -swrgdyeersg o

di stance migration in the western Pacific
and weaker swimming abil i tisecsal earnei g reastsi olnis
contrast, medium to | argemmiohg ds acpaanhii Iciht ihe

under gdi dtomnce migrations (Dew®dn féteraihce?0:
in size distributions have been document ec

including Taiwan (~23eN), Japan -40-68%)e.N) an
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Most specimens found in Tai want cntaalh al emedlti a
(TKXChang et al . 2018). The individuals fou
varied in size, with some being smal/l (Il es
(Sawali et al . 2011, Nyegaard 2018) . Addi t i
occurrence differs bet vieaegn orfdgiTan sw,ano d cClthram
2018) aprAdugiumstJ wlfyf Japan (Nakatsubo et al

2018) . This timing difference, coupled wi
suggtelsats mol i ds migrate amon@gnaeiceamaWwmisnags,
Tagging techniques, I ncldupdisrmag ed dnventaircma
can be wused to track the movement behavi o
i ncludiindgs nfoSi bert & Nielsen 2001) . Sever a
revealed that w®@olsiianncenderngd®dewangnegr at i om”R¢
Sousa et al . 2016 a, b, Thys et. aln 2bBbé&6,
nort hwest eremnRadiwMil vrg@Bsianalol 133 c¢cm TL) wer €
Japan and then migrated along the coast of
temperature and prey availability -(pewar e
satellite arfdhiTvaalwatnag howed different mi g |
2021) . Two | arge individuals moved northwa
Kyushu, Japan and two moved sout hwards; cr
and New Cal eS8omam@mtrs ThemdNnstrated different
patterns. Instead of wusing prevailing curreEe
extensive use of mesoscale eddies. The mov
associated wit hi nnialjuoern ccewdr rbeyn ttsh earnnda | strat
col umn. These studies provided i mportant i
mi gratory patterns in molids and demonstr
undergo-dngt &vpog namg adti oals. HoAe20e,r , 2 2 le)c.t r o
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tagging is |Iimited to studying individual
cost prohibitive to tag enough animals to
habitat use at the popul ation | evel

Stable isotope analysis (SIA) of bul k ti
and migration of animals 2@6HbbsonMadi gan @0DI(
The stable i s(OiNopB@lcwanpwess )t iowfn ani mal ti ssu
as intrinsic tags that can be used to eluc
of highly migratory I|sspoetcoipeef trdactaibukds) (oicrean b
predator tissues reflect their diets and f
mont hs, depending on the tisBNevalpes (&Hobd s
frequently wused to extamomlei c¢rp@di tci adny n@afmi
incre2@sdbha$ been observed with each troph
Rasmussen 2001, Post 2002) .

| sotopic turnover ratecamstahnaindaile tt,i snsiuger ac
pattamashabitdtmésvexopoveover heoswagmeaklbye
i sotopic compositions i neddomsawmenr sr atre irep
expressed alsi fies,otwhpiicch hiaslrft 58 %t omet héeé takes
composition dio&breenfalme ota ha pmeewy wi t h di stinct
valsud aomew envitiseensmequatgdual |y i ncorporate
composfirtoimonpr egctantdher epl eyovesrot epY @sa/lal mes
(Hessl ein et al 200893 MaMagAvwo yntieglar laatli 21 X))t .u

both 50%%andr novleirvae(dey3pihcaallfl y used to est.i

orga@®i 6§ ms s ues ashtaersed rteea cvhietdh t he i sotopic co
environment . -ITibfédNii st bpwssu bradrfy pel agic fis
been studied, includiTrhannhhe Bvehd id feii euBkcu eef, |

50 %: 167 1By3 ,d&adoi f or SBeai 9 e b(l vdhoittaea lmuss c | e,
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50 %: 181 déaysdawmah:S8andi or hi hplsash® %l aBbs

135 0&aWws/,6 dagsd smal BEpompeefpgs(bhbedapt®i i
65 day23909&6&yMadi gan et al. 2012, Kim et al
et al Al 2B & 6'Wh ntower rate of molid white mus
studi ed, we e5s0t% mand %S%attheuschrealreut 300 and
days, r gsVmaeldtgiame leyt &Clr.uz2 Cclt ¥ an e R2Pl&gden et
2015). A previmdisc ataegdg i tnlga ts tmadlyi ds spend al
mi grating from Taiwan to Japan and the war
2021). Thutshfei-astemi mgacti dN t at eowemli s md
white muscle tissbeuldd metcaeint ani gt aast S o
composition of theieénvgrlhaite dvio ufodivaive wie ndh
much the migrant fed allibhh gvalhwee smiofr agrieyn al
route. For exampl e,onmwehsdpeordn t BNt hnmbgreatodd
143 6hrough an envithhbo nvmeelnue tshiamillhjead ttawr Tai w.
180 days wvioNulvda|lhuaevieo faWki IL 8. 6 leixst reexmeemp lig issh o
t hat t hseh omilgadriafhetty @i mcetaecrhiasrt i ¢ of m lwhierhvi r or
it migrated. Conversely, the iS%tofpi theomp
N value of the hk@Mhgegsvi Conmenhgi nhagging d:
turnover rates can ecent dEoi agimghtamadt mi gno
over several mont hs/ year s.

The&N ath@ values of the base of the food we
due to many factors including phytoplanktor
and biol ogimaal otnr @amst he nutrients (Altabet
These spati al gradients in stable i1isotope
propagate up to thelheonsomepscvicamposiagi ol

predat or s ureesf logc tl otchaed waley whereas recent
49



may Wbd&vealrh® values that can be very differer
2010, Madi gan et al . 2014) . Thus, constru
primary UpMadd€erval ues (isoscapes) and cor
di fferences between predator and | ocal pr e
ecology of animals (Logan et al. 2020, Mad

challenging t wedda"dd ranitiin eatt htehevablase of f oo

understand how those baseline values propa
of the | ocal food web (Arnol di et al . 2023

Composmeci fic i sotope anARAysis alfantami hoot
overcomes some of the I imitations of bulk
effects. I n-Aparsiogséehul €8fFAunderstanding F
(i1 .e., foraging across i sotopically di sti
spati otempor al shifts in trophic Il evel) T

consumers (Popp et alMatxWuMh7a,y aMahd iTihden adt. a2l0

values in source amino acids (source AAs:
tyrosine) change | ittl e wilthh vian cureesa soifn g hter
of food webs, whereas other amiAnso aacliadnsi,n et,h
glutamic acid, |l euci ne, proline, val i ne) C
orga®i $smophic |l evel!N Daffiesenéesouncehand
aci ds can thus be used to i denmaf ynani gr a
environment (Madigan et al . 2014, 2016) .
The available tagging data confirms mol.i
western Pacific Ocean. This study aimed to

western Pacific Océamppsoaghascombichatdi og
AA, and Bayesian mixing model s. Our object

i sotope i soscaiphev alowre smodti dishef rboarse of t he f
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measuwMNedal ues of samplediMolviadset baskedi on
i sosanp@gedesixiaimi ne the migratory and tfyophic e
AA and Bayesi an enxipxe cntge dnotdheats .moWei ds fr equ¢
western Pacific Ocean and demonstrate si mi
tagging studies at the population | evel
3.3 Materials and methods
3.3.1 Sample collection

We coll ected mauassureed itstksau et atnal l ength (T
to the end to thM. craondea | alf éxadnmdf Taniowards( i =
6&57 cm TL), XROplarcm MLy ,1NewdlCal edonia (NC
and New Zealand2fNZm MOFE 2 02m2A2 f or bul k S
CSI-AAA (Fli)g.. We oMo mbaoniMad al exlkamdaovwmoisgsp. or
molids) in this study because they share s
and movement behavisoges,), faodnt her £f eamr en cneos
composi ti ons -wafy PINBrVaéesgseOn p40oh,e528) Rnd car b«
9F= 2.pF2®, 131). The muscl8eC skmenfpd rees SvleAk ep rf ad we
ScyphAzodhpg®k. ), a major prey item of molids,
9) were also collected during 2019 to 2021
3.3.2 Bulk tissue stable isotope anal ysis

Muscl e tissue and prey wiatt ems avdan € dreicmee d
48h-58tThe dried tissue was ground into a ho
0.-M.8 mg of powder-cwasanpddheea apasitud eaasi.d r a
N were determined using ais d&l0dMe rEtleelmean a
Combustion System using a Zero Bl ank Autos.
(Thebenlot a V Advantage or Delta Plus XP). TI

stanadaodati on relative t o -PMBe)n nfao @Precca rlbeoen |
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at mos phfeari cniNt r ogen. The analytical error
reference mattte rathddl sva®oBeltatulse | i pit@ls have
values relative to other ani mal ti ssues, a
af fitk®evtal ues (Focken ®€Beakees 1808myuystche (C:
invertebrate prey i t ems (C: N > 3.8) wer e
algorithms for musclBhdmmoum Atbganuet baluef 2
and from (t&SypPanaktan& Rautio 2010), respec
3.3.3 Nitrogen isotope analysis of individ
We select AA fsomeCS$SInAli vi dual svedemobnt hed
(i ncluding the smal/l and |l arge size 1 ndi\
it Nmot @B d pr@Niocwaldues, and poteantricadtsiindiygr an
l arge individualthny ivwailtube s medassuriencct |y di ff e

predicted fromeoprepanasiklapialflooweCdS|tAhe met

Hanesdet al. (200®N)MmE Aogpfp rhooxmorgaet reil zyed whi t e
were hydrolyzed, then esterificatitdn and tr
values of individual amino acids were anal

i ntaerefd to a Trace GC gasUdhwvamategwaph. cdhi
using the Il inear regression of the measur
analysis of 14 AAs with known isotopic conm
tripli@dhNtebrThacine andfarkinmavandii Bio¢ ogpdicd co
and-iopected wietrlre wsusmepl easss a measure of ac
Standard deviation for triplocag®a@a)dmjectio
and rangedlf®b&am 0.03 to

3.3.4 Reconstructing iIsoscapes of particul
3.3lsé6acape map of POM

We constructeditNersoacthe mapseoh Pacific
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sampling data and dat a3bpdw&maeld &g oummgtiitcrm:
made during the construction of the isosca
di scrimination factor (TDF) between each t |
assumed the i1isoscapes of PON mend thelriedor @i
coll ected data from various time points tc
assumed thpostheonhr opR)cof POM waBNTP 1 anoct
values at the base of the food web, in eff.

The da'tNaoviofoscapes were exfttNaowtaddiefsr cmm
nitrate, POM, zoopl aBk)Fon,thednfiobobrage tash,

that the nitrate was compl et dlly wvuatliueisz edf b

nitrate cadtNrepteesntoft POM in the oligotro
Tai wan). We UcNo nvpaal rueeds tohfd mo s & a¢ €t iamat ed f or
forage fish (see method below) in the ol i g«

N values of nitrate and esti mated POM wer
the size odfm)POMN( <« HhIR0 z oeo psl ealnekcttoend dcaat pae, p owd
collected in t200e0 emyp hdtni ¢ hzeonfea s(hO dat a, we
< 4, habitat depth < 200 m, and no diel ve
The ecol ogi cal informathi oof dfi sthheveTR amd | |
Fishbase.

For the data of zooplankto#Nawd!| es agé
primary producers (i . ebubkePtOWM)e nb yt hseu bctornascut me
phytoplankton using the equation:

70 70 YOO YO YO (1)
whettldrom epresent sitNheaksesihatreB@Mr esent s th

N values of consumers (i.e. zooplankton @

revi ewsirke o DEmsee nd isf fter é'rNc ev aldl autevse eof a consum
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diet. The pvxbuiesdof nTOBENH .cro FsG@iradroPF a b | e
the trophic positions of consumers and POM
val uéadroeffrom ROMeati mated values from nitra
i n t he regi ons wi t h similar | atitude and
observations more than 2.5 standard devi at
because the outliers appear wunrealistic
3.3.4Db | solsht aipre mumalpi s

A constantiN nvwaleuaesse bhient ween a consumer a
const r u Nionigis d heapelil Mo mmoshape. We built t
ma p sit Mmfi bay additNgvalhees bet ween B®Mvand mol
i soscapes using the equation:

10 10 YOO YO YO (2)

whettdmoin@€presents the predicted wodilsauweasof mo

calcul atgd® Vamadbmeshef amino acids using the

~

"YU p (3)

I n thistRgqaumdNsare,present the weighed averag
aspardaadi d, glutamic acid) and source (glyci
acibfs3a;8radley et al. 2015) r enpirfe sveanltuse st he
of trophic and source amianp5aa ¢ iBdrsadilne yp reitmac
2015represent &Nt vea | UK fodr ttrtbgphi ¢ and sour
trophic | evel
3.3.4¢c Generating isoscapes

We generndbeanidNne i soscapes using Ocean Daf
5.0.0 (Schlitzer 20183t iwonal danal yoiter (pbIl \A

DI VA parameters for-qualietrypoe aattii mant ¢ ©. gWda hg
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( x
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of

h a

12

, y) = 28, 21. Largei dlewhyitlhe scmdlels Iresgt h
eserve mo&s estorf ue theeu adlaitfeyn | i mit was set t
nsidered problematic i f +{leidcwalwdtycdl i mi

asures the quality of the datTaher edeapttihv e

I sosur f2akfe, wespesetngothe depth at which
uch as temperature, salinity, or density)
. 3.5 Comparing the'Npoiedi cted and measured

After gernldnaitsé ogcapes, i'Ne weelswmamsp loefd pot en
bitats for mol HdlsdN4 i-h4Bdud,i nDa r2vaged n( A B 7

11 242EB, war meNpb4s!, {I1RSEP, NGC 2eh8. 659 . 8

l166eE, and-48Z, (HO0B8&ELH, fromng healsaenpliin i so
using an iterative bootstrapping &pproach
generated a sampling distribution by repea
samplinghval a¢d owed us to genrnvdrdet e eesd tdiemd:
molid SIA values for each r e NenvalTuheesn, we
from i soscape s Nhoovatlhuee sneefapgtiomidd dl s i n each r e
The comparison all ows us to i dlenas fpyotrerstiida
regions where the migrants travelieNd fr om.
values of resident molid p'&Np wladtuiesn sb astedu |
i soscapes,; di screpancies could saggkad a p
been feeding el sewhere.
3.3.6 Statistical anal yses
3.3.6a Multivariate analyses

To assess whether residents wutilize | ocal
(LDA, lzenman 2018&Nsrwasuappbifedreyi dor mol
rei dent species in Japan (Japanese horse n

55



(jellyfish, smal/l sharptail sunfish), the
training data. Then, we applied multivari a

whetthlee groupings were significl@aNstdfy diffe

residents shoullMsrebfe Isoicnaill aprr etyo otrheot her | oc
residents useifNéveal aeal oprpel | Vhesh in Tai\
this study, and the values of other | ocal

NZ were obtained from previous studies (Lc¢
Sabadel et al . 2022, Chang et al. 2023, Xi
phenyl al anine) were used when we set prey a
(Tawlleé Since not alll source AAdhevetrestiep@r t
results (grouppaglOa@Luy ashowéed %t hat most J

Tai wan residents UGvNsrealgues pefd prigy drhce ot he

species from Japan and Tai wan, respectively
grouped UvWNstvha |l tulkees o f ot her | ocal resi dent
rgi on. The NC group fell bet ween the Tai wa

groupedNswiwvahues of Taiwan and Japan resid
suggested that Japan and Tai wan residents

thatredpitm Japan and Tai wan might use the p
on the testing results, we applied LDA and
molids (no prey here) usi @Eumodibe; «xiasmd opi ¢
itNse( gl ycine, serine, phealyysaisanused bymiha
based on Euclidean dild asitcaetsi 4toi occdla stsa §tys m
using R version 4.0. 4.

3.3.6b Bayesian mixing model

Bayesian mi xi ngt onogdwed st ivfeyr ei nupsuetds of r egi ¢

regions for potenti al mi grants and resident
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including Japan, Taiwan, warm pool, and NZ.
diet inputs fogrpatentinadl rmel de d'fisu,;xk | n t he
WNbuyk @amM\dr ¢ phenyl al ani ne) v33l)ue sT haes etnrdaneenbse
were thel®aldiNews« aiNd;t or potential residents
Japan, Tai wakhqgr NtChe adidetNZ.of potenti al resi
Tai wan, and NC, we used 3 regional prey gro
as input data based on the LDA results and
(Chang ettale. d2@23%) ofl molids in NZ, we usec
pool region, and NZ). The prey from Japan
the NZ molidsa¢sdbheawmn) smark t odiusntdaenrctea k e
mi gration acr osasr oecte aanl Ub&2s@EMmE@N. ( WMl e s o f

jellyfish from Taiwan and JA®aaniiue measul
val ues of jellyfish in WP and NZ were cal
reference papeu(ioy= a2dgbidn ¢ ADAr om | abor at c
experiment of jellyfish (Lorrain et al. 201
Sabadel et al . 2022, Kol odzey et al . 2023
uninfor mat pufeo.r Tohuelek§ DiFsh at we wused varied a
32). We assumetiengbbl @abFnetors O due to the
source atfaanlm micxideg model with 3 Markov <cha
of 25000 i tierr a=t i1dnOSOO{ baonr ng rate = 10). Al

undertaken using R version 4.0. 4.

3.4 Results
3.4.1 | sibM»ova p@Nmoioif
The pr@briomn@dmoiidsoscapes showed clear s

in the western 3Paci SpecODteanl (¥j gthe warm
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hi ghest UWadvwureanopd fr odan {®m.I3 otwedl d.y9 val ues ¢
( 0-5 &9 Japraald) ,( ONe/w CaitbeaBo,niand ONedw -Zeal and
843l n pr édihcit®&adscapes, mol i ds -f tagdmatdhe war
the highe®BN walewWeé ,t efdol | owe.dd 4ay)6,t MNocs o 7i. M T
12a)3, NZL 568, 1and -1a@8®dhhg 4mé&an value of boo
HNmorwas aqQ.N6 0. 4 S. D23 (Ni mi.bgpanvaanN 0..44)6 i n
warm poo(l &0.3) i10.N®, Oarmd in NZ.
3.4.2 Coonipaprriesddnct et N nvda | nueeass ur e d

The values of prdddiweee aodpaeaduiredeach
33A). ThetMrawaulrieeds of individuals sampl ed
to d429.%1 .39 showing a wmpgaredahgelitiNme ipredi ct
values for thimneasi@giNedyal Mest ionf Jtatpean (10 of
~71%;2031 cm TBBB) Fbyger | apmpreadd iddhintahddatl ue s ,
suggesting they wer e ilfdcal arse diapeamtin® aisrh dleanf
Some | arge individualcaptuY &®&i ©im, KJiru@ i %Me & 1 U «
M Nmorvaal ues (A)di5d ometrlRa@gp we d B*Niéobda |l ue s,
indicating they werg&apabhemigaédntecent migr .

Thmeasumeag®BNwfval ues in Taiwad X¥pamhned 9.
1.a4a2 Most molids overl apped with predicted v
257 c¢cm 33B) ,Fisguggesting they were ildemnal res
over mon®%mgle vi dual s (>150maan,| y~6@ ptiuroend Thae
April andhl)hneghNme aslued ( &3Pt Watt oovier.l7appe
wi t h t hevaplrueedsi cftreodm t he war m pool s, suggesHt
mi grants from thiovregegijpomthBai wan mi gr ant

The me@Bdwrvead ue of one specimen collected

9.46 ( Ic3me TL) , and this value fell within the
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suggesting itdemtghdaf beOVENG IMPMEWLEB
The me@a8uwroefd i ndi vi duNaZr angapt ireé ilda. 6 toC
12Na.a3 Al l metNwirs@dnp | i ngl 2d7a tcam (TAL2) wer e hi gl
predicted values f or -rNeZs,i siseungng eNsZt iamgl tweeaye wn
from somewhé™Ne vail wlke shoivgel® dmoou h s
3.4.3 lIsotopic composition in AAs of | ocal
Potenti al molid residents and recent mig

C$S MA based on the 8bpveTlheapysensti(dbbl eca

recent migrants in Japan, Taiwan, NC, and I
Tai wan migrants, (ir1) Japan residents, (1i]i
NZ group. The potenti al mi grants in Japan

i solated group fro3)other three groups (Fi
I n LalIAl five groups of potenti al residen
based @fbufhMNdi;Ns.c The groups included: (i)

which clustered with other Japan residents

group, which clustered with Taiwan prey; (1
cl uesd ewi t h | ocal residents from the warm p
gr oup35;Figor.oupi ngpacGuodaty: OwLéor all, LD1 ( 4
residents of Japan and Taiwan, and the NC g

the rNoZupg. This separ atilh nofwapsh emayiInd lya rdirn ev.e nl
separated the NZ group and Japanhairwan.dent s
This separationit@wasaf@dfi velny diyneb,ul Xédrei ne, a
NC group fell bet ween t hiewa9n5 % ecsoindfeindtesn ceen d
resident . The NZ group showed some overl aj
mi gr &ndm . (

3.4.4 Bayesian mixing model
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The mixing model results indicated the r

| ocal residemat sraceénpomeigrant.s Jianp aena crhe sa rde
showed high foraging on | ocal prey from Je&
regi onal prey input from Taiwan (42%) than
the warm poolnt(ila9%)r.e cTehnet pmitger ant s i n Japan
foraging on regional prey from the warm po
Japan (22%). The potenti al mi grants in Tali

hi ghest regi onale pmaeym ipmopdt (f5r8c0%m . Hi gh <cor
prey from warm pool to the recent foraging
Tai wan, suggesting they might migrate from
showed a high cahtpidedwtfimeomoTairwan on4d9 %) ar
NZ group had higher regi onal prey input fr

regions.

3.5 Discussion
This study provides insight into the migr

to underdtiske@ ImMmbmgg ati ons across ocean basin:

but for which Ilittle data exist. The evi de
Tai wan and Japan are | ocal residents and s
from warm pblbd melgidsnsoccurring i n waters
potentially migrate from areas with isotop
webs.

3. 5.5]38025]1[?\@@\/8 rold Nmo 1 i d
Th@&N i soscapes of POM vary skatwiblbg #aor
the various olieageo@acleriicalanglrocesses affe

across(BfemesnstThael wazlinl @o.dalher ey eslthasd
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of POM. SimilariMWaasatersanBOMfamd gherhge fi sh

equat or compared t eN)nehiagh tbereinn g brseegiveerds i (nl

(Houssard et al. 20h&mkiefwsanli undos kel eal t 0 2104 91
from sinking and remineralizatitomatod \wiatrh i
higWN values (Rafter et al. 20dB;vakebeanaofe

POM were found near t he dioNasvtadluewsa tweerrse oofb sJ
in the offshore regions, simdlaguitd pnevap
(Takali et al. 2000, 2007, Tambhkawateabk. o206
Tai wan and New Cal edoni-bi mreedhandcaeei de i
di azotropfhi,x imigt rboagcetner i a GhLeent Balk gn20&9, aLi n
2022 Thei stogeam fi xation process G&MNserved i
values of POM, consistent with Royraebveinkuws st
201H8u,nt et allN 2@&@l1mes Dlie POM in New Zeal and
similar to those in a previous study (St
avid abilities and nitrogen cycl estNecmomes et
across the western Pacific are sufficientl
from the | ocal residents in the studied re
The i1 soscapesdotpawoil aldsvahioavtei ons acr os:¢
region, and dbe war déidNainga s OdMna@afn dndlllfied s .
hi gh pitdNdivatt eaees of molids in the warm pool

it NpoM Ssoscapes neaprr etdnite®teegaulanteosr .o fT mol i ds i n

hi gher than other regions, except for the
i nconswi ¢ higdNetoM soscapes. The inconsgaodstency i
mol i ds. Ihne ARt snwldyedt in each reagimon, wit
Tai wan, and these wvariations may be rel ate
foweb Il.enfghteh avail ability of nutrients dete
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further influedatogstthPo3IP BOO0ODY . -ARecent s
indicated that heterotrophic protists play
oligotrophic food webs, | eading to an incr

D®ci ma 2017, )Shekasdteranl .Taz wad , along with

considered a region with | ow nutrient conceée
area, protists play i mportant roles in tr.
t hrough t hei cpor/endaantoi polna nokft opn ( Chan et al . 2

the molids in Tajd wheadbdght gihie rvgail@ure sp rferdoinc tt

i soscapes.

3.5.2 Migrations pathway of molids in the
The isotope results provide evidence of

western Pacific Ocmiaatiamfif ar phgusnbl ghexph

their migratory behavior at a popul ation |

Il n this study, most molids found in Japan
small and | arge mol Uds v awittdlis isdsoons ¢ ap e sne aWeu
observed that certain | arge molids (>150 <c¢n

(i) hightNmesaad wreesd t hat were different from t

(i1i1) 1 sotopic compositions of soura@le amino
prey and dissimilar to those of | ocal mo | i
from the warm pool prey. Several factors mi

ontogenetic shifts and verticaln omolhari zol
revealed dietary ontogenetic shifts might .
of Il arge and small molids (Syv2ranta et al
the vertical mi gration of moéildar gne gmiteda&ts
with stronger swi mntiongd eaebpielri tdyengctoliug gla rdi vfee e

prey, whigWidhaakues (Choy et al. 2015, Gloe
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l'ittl e ontogeneMbbgwar i(aCthianrg eerti ewl)e tasn do ft h e
of CAMA A n this study suggested that hori zor
vari abitNi mpref I n the resident groups, mo:
i sotopic compositions t oesssmaalflf encotleidd sb,y idn dei
in ontogeny or vertical movement in this ¢
di ssimilar isotopic compositmiogsatafTleasn®st |
findings suggest these snofrdmm wmaymbpo@lot e
Additionally, the spawning period of molid

in Taiwan (Sawai & Chang 2018, Chang unpubl

in Japan (Nakatsubo et al . PBhO7hj sbabedi «
observation of gonad tissues. The captured
with the occurrence of | arge mature mol i d

mi gration may be related to spawning behav
The molid colll3e6c tcemd T Ln) -N€isg dtenbe basmed o
i sotopic compositions of source AAs, Bayes

results alCha&m® 19t deBNival iuésf melaisng edi t hi

bound of the predicted values. Mol i ds acc
bycatch i nl itkuenas peciteusnaf rom | ongline fisher
Pacific Oc9%d4an of r200n0 91 (Cl arke et al ., 2014);
not common species in those regions. The i
NC molid were grouped together with those ¢

had a highewoncowtnnitls di et than prey from
possibility that the molid in NC might hav
similar isotopic values such as the centr a
one molid t(Ha&t0 mimgrrdatyed from Taiwan to NC

of NC for a mont h. This finding was consi s
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captured in NC and provides further evider
Tai wan to NCtuMoes bagogbhgds would better r
and prey from a greater geographic range w

Our results suggest that mol i ds sampl ed
may be potenti adn rtelccenngh ntilge aM4 spr ew had a
the diets of NZ group in the Bay-45i am mi Xi
TL) in NZ had similar isotopic composition

sized individual st(in@ armd di 2% aom) ,0 nst wEPEa et

size range. Thus, the inconsistency betwee
driven by the ontogenetic shift in diets o
of Bayesian andallysdsesd aore telsd i snatiece i nput s
source inputlsudrmnove @n ltahgeeathf maweoan!| Yy nus éE
from two regions (the warm pool region and
of NZ molidsubhadonki §lhoenmohobciab prey. I f we |
ot her potenti al habitats of molids (i.e. A
i soscapé&Nmapp Tafi wan, the warm pool region

higohedildt ewd&ls comparable to the measured
indicating potenti al habitats for these mi
the northwestern Pacific @lcle3anc m nTdLi)c autnedde rtt
seasonal mi g rcaotaisdnso falJamEent mend di d- not apy
scale migrations (Dewar et al. 2010). Thus,
be the potenti al habitats for NZ molids du:
Conversely, arcy oddata,g mwol ifds hwere found in
and New Zeal and tNyreguahadutZiGttdB8eNZ emo!l i(ds p
mi grate from Austral i ai'thrb acekgg roonusn dvivtahl use smi

the Iisoscapes and the fishery data.
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Thi s study has potenti al l' i mitations.
reconstructed from different sampling mater

fish) without considering the ®#Nmeabkuastes.

of P@an vary temporally due to changing ni
( McMahon et al . 2013, Kodama et al . 2021,
predicted values of isoscapes might be infl
valoafesi soscapes in the study were construci
on the tagging studies (Chang et al . 2020
mi gration pathways or habitats of molids t
futureg tsaqgiirers could identify. For exampl
potential habitat for NZ molids, especiall

N values of the NZ gr oupiNo wearlluaepsp eidn wTiatihw
|l nst eada mMiughtr abe the potenti al habitat fo
i sotope values and the reasonabl e distance
reviews (including fishery data, spati ot emg
combi hhose ecol ogical studies into the stu
mi grations are not considered when constru
movement behaviors (Dewar et al. 2010, Thy
antdheir vertical migratitfnvaluoue ngi f otr megii mgt
to t hiéN hvaglhues of mesopelagic prey (Choy ef
The influences of horizont al and vertical

i Nmoti S0scapes can be -AeAx plesiunead .bylitNhvearGatA

values of the small molids and | arge mol i ds
the isotopicibNoomposiargensanidnsmall molids
together in cluster analysis or LDA. Lar gt
togetheircating thaitNmdihesosanpabiliistynoofe i nf
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horizont al mi grations than vertical mo Vv e me

i npmitght
mi XxXi ng
and the

|l ead to variabilities across the d
model . For example, there -AA, a disc
Bayesian mixing model results rega

CSI-MMAresults suggested that NZ molids may

Bayesian mixing model indicated them as re:
to the source inputs of the Bayesian miXxin
pot entti atls hfadr mol i ds may <cause biases in
(Parnell et al. 2013; Stock et al. 2018).

3.6 Conclusion

Thi s
Paci fic

Bayesi a

from Ta

study revealed that molids frequent

Ocean using ancdmnmdiimgt iidAscfap@pspr «C

n mixing model . | sotopic data indic
Japan may migrate from the warm pool regio
i wan. These findisgefataggnhn@gstedi
rated | arge molidsdgsiwéneaecebmegvadi on

demonst
sout her
mi grat.
mi grato

under st

fisherdi
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Tabldadid3erature cited in dev#Noopmeni

Type Ref erence

NitratLiu et al . (1996) , Yoshi kawa
Kienast et al. (2008), Rafter
& Sigman (a0 1le6t) ,alFkr i(p2iI021)

POM Wada & Hattor.i (1976), Shadsk
Al t abet & Francois (1994), Ya
Kang et al . (2003) , Gaston &
Usui et al . et2m®m06) ,( 20a0Dr8g s s adwr
Gl ew et al . (2021), YTYiguez &€

Zoopl aSchell et al . (1998) , Mi | | el
Mat subayashi et al . (2020)

Fi sh Takai et al . (2007) , Taaln.a k(a2 G
study
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Tabl &hADP mol i desiikan @ a€ BIFhree gvi dolmese. i n
parendfhekDiEpresents the standard error.
Region TRaof m TD#fuikReferences

Japan 3.3 2.8 (Madigan et al . (
Tai wan 4 2.43)(Philips et al. (
War m p 3.3 3.(2 Post (QI0sOd2n) ,et a

Lorrain et al . (
New 3.3 3.(2 Post (QI0sOa2n) ,et a
Cal edo Lorrain et al . (
New Ze 3.3 3 4) (Post (2002)
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Tabl d sdctdpompositionBN,E€Encaddvagubes! kfrom phenyl al anine),
t he Bayesian mixing model
Species 1 e of N of
Prey o WN of bu , Réerences
Nscval ue ti ssucphenyl ¢
Chum sal
Japanese - . . This study, Mi y ac
Japan 7.8 1.1 -20N61. N2 _
mackerel , Mat subayashi et al
anchovy
. Jel l yfish . - - .
Tai wa _ 8.2 1.0 -17N40. NL 2 Ths study, Chang
sunfi st
War m . - ~
0ol Yel | ow t 1N 1 -16 N3O0. N4 3 Schaub et al (202
Ne w Sabadel et al (20:
s eal a POM 7.88 2.3 -21.N22. K6 1 Kol odzey et al w @2
(2021)
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Tabl &h®. 4 sotopic compositions of poteAAjalnitNeamd@gos bhuldk migs sné

it N oldtami acid, glycine, serine, phenylalanine, and lysine.

Group n @ N _ of e , of TN oillitamg: N glycine G'N eefine @ N 0, : N tydine
ti ssu ti ssu acid phenylalanine

JP resident 6 9316 -19.0+ 1.3 21.3+15 1.7+15 74+1.6 47+1.6 41+0.8

JP migrant 3 11.9+0.2 -17.4+£0.9 23.4+0.8 5.4+0.6 9.4+ 0.8 9.1+22 6.7+0.2

TW resident 4 11.9+1.9 -171+1.1 26.3+ 2.0 44+0.9 3.6+0.3 44+ 1.3 6.5+0.9

TW migrant 2 15.6 £ 0.2 -17.2+£0.3 299+ 15 82+12 7.1+11 74+19 8.1+1.0

NC group 1 9.6 -19.1 23.3 2.4 3.6 4.8 4.3

NZ group 5 12.2+0.5 -209+0.4 21.7+05 34+1.1 49+1.8 7.1+12 6.2+0.8
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Table 8plc tsmpositions of | ocal prey or other
Species Regi o !N phenylalanine N glycine Referenc
Japanese hol Japan 5 -1.9 Xing et al
Japanese anit Japan 1.3 -1. 8 Mi yachi et
Japanese anit Japan 2.4 0.6 Mi yachi et
Jel l yfish Tai wa 2. 06 4. 91 This stu
Il I yfish Tai wa 6. 83 5.39 This stu
Sharptail S 1 Tai wa 2. 82 3.37 Chang et a
Sharptail S 1 Tai wa 4. 78 3.73 Chang et a
Yell owfin tut Warm p 5.3 -7 . 4 Lorrain et
Yell owfin tut Warm p 11. 6 2.1 Lorr ai(n2 Oeltt
Yell owfin tut Warm p 11. 4 4.9 Lorrain et
POM New Ze 6 5.5 Sabadel et
POM New Ze 7.9 6. 8 Sabadel et
POM New Ze 5. 8 6. 3 Sabadel et
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CHAPTERDi4et breadth and overlap in the
Chang CT, Drazen JC, iHlilxioms MAD, N@lrigamg dWOI,

Popp BN (2023) EnviroinmempalbnBi ol ogy o

4.1 Abstract

Marine sunfishes (al so known as mol i ds)
di stributed from tropical to tempdraadtoa swat
of gelatinous plankton al most exclusively.
behavior s, the trophic ecology and potent
remain | argely wunknown. We reviewed |iter:
conducted diet analyses of three species
examined di et separatiiomc eaanmo n&jo hshyinephalt & i c

bumpheadMasluaaf abbxamdr isrhia rMatsa iulr usu nifainsche ol a-

t hrough omttemaclranad stable i sotope anal yses.
the Family Molidae exhibits brMaldermdliaet s
M. al exad&dldditaoedacntsau me prey from epi/ mesopel ag
M. | ancaedo| at esdeRanszuiamfiiasthhaames prey from

epi/ mesopel agic environments and benthic h
the st oRaclkhaseQdiffs M.ai meariid. al earddrsiimmi | ar an
relatively naprowmadily beedidbhdson scyphozo
trophic nichMeslahdeckhpatbyest a broader diet,

tunicates and augmeandnmesbhpepelradgiiet doaom &

habitats. Di ettvaeM.n diafnfcearadl nactleuss beher speci e
l inked to morphol ogical di f f eod mmc emeod sauc h a
M. al examdritwmi have | arger gapes and eyes a

forage -vinzddhrmteegrantder dept hs.
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42l ntroducti on

The marine Family Molidae (often known as
three genera (Mol a, Masturus, aMod aRammozlaani a)
bumpheadMsuafeghmdoidmwi nMerctaushiharspt ai | sun
Masturus ,| aanédolsdatelRderasiuaflimdwiare distr
worl dwide from tropical to temperate water
bycatcmet n Isengline, gillneddi taemrdr d m@aavl | S1ga

At l anti c Ocean NyPeogeearedt eal .al20120020) . Addi

targeted fishery species in someCheaeggons o
et al. 2018). Due to the inmpadtl yofs |foiws hgirnogw
(Liu et al . 2009) , their popul ations are e
Phillips et al . 2023) . Documenting the e

information for managing t hee nmbapsoepdu Ifa tsihoenrsy
management ( FrEsnsciinsgtean afl .PWwnOt0 7201 1) .
Mol ids are typically considered to be ge

scyphozoan jellyfitsamegs,at Bispuhdreddo@®®reds ,etor

al .  N®KBneutr aal,So 29d 5etChaaln.g 201 6al . 2023) . R ¢
have indicated a wider dietary range, 1incl
as megal ops, amphipods, anHlargsopui dest (aSly.v2a?z2

Nakamura &PBatbi g§Cldangl et28RP0 2023) .

Mol i ds share similar physical and behavio
mor phol ogi es, i ncluding a round body shap
(rudd&re caudal fin)ar Thmeyemkabdb daspkapssin
at deep depths during dayti me abdwaeaett he

al . ,egpaong et al . 2020, 2021) . With simila
92



behavior s, how speci esh ooft hmol iadisd ipnotsesriadd ty

esources remains unknown.

]

When organisms share the same habitat or
i f those resources are in short suppl y. V

separate their aerctoiltoigoincianlg nriecshoeusr cheys .p Resou

sympatric organisms may reduce the intensi
(Schoener 1974). The species might develop
resources (i .etihbvhapitiame) dodooidncoeasae t he
(Roughgarden 1976). Arostegui et al . (202

separated geographically in Mhenmeriddatern NO

al exapdef arr edegtiecompstirvanialnecen @l al meefisrr ed

subnd tropical regi ons. However, sever al f
al l-occcourred in the same re@hang ¢eBawadi W0
Therefore, the meaxctanp esanse ¢ ho foumgdl iwhs wi t h
traits and movement patterns interact and g
Thus, more diet studies are required to un

whet her they wpracesti on food reso

Mul ti ple approaches have been used to qua

content analysis (SCA) and stable isotope
provides detailed insightterimmtadi edti eitrsf. orSMaA
cosnumers from hours to days/ weeks and i deni
possible taxonomic | evel (Cort®s 1997). SC/

including frequency of occurrence (%FO), [
abundaph®N) , and index of relative I mportan:t
estimate the diet br eadst h( Loefv ienasc hl 9s6p8e)c iaensd,

Wi ederdi versity measures (Smith 1982), as
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(Hurl ber.t SIA78pr-oni edg@satteidnei nf or mati on on
(Peterson & Fry 1987). Stable isotope rat

commonly wused to explore the trophic dynan

are integrat eldonogveerr tthhame SCAl(eMsandeyr Zander
Post 2002). Diet breadth and overlap can b
et alJacclDoan et al . 2011) complementing SCA
Il n this study, we expl ored otdher etsroouprhci ec
partitioning among species of molids. First
diets of molids and determine whether dif"
Second, we used SCA and SI A tonexgl @ame® nwhe
three molids occurring in the same region

species provide evidence of diet partition

43Mat erials and met hods
4. 3ixerature survey

The |l iterature review of diseitn gs t@aa gelse o
Schol ar and Web of Science search engines
specimen statwus (i .e., collected from fi s|
fishery region, sample size, and pdretts comp
(i ncluding this study) focused on the diet
or DNAbard¢da@adi ng of stomach contents. For t
include diet studies using stablue e 9atedpe ¢
from those analyses cannot provide direct
4. 3.2 Sample collection and processing

For our diet study, muscle tissue from t

samples for SCA were col liecst,ed Mfcrl midili enhge mo s
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al exand®idlianceat atush markets in eastern
We could not collect stomach contents from
contents were removed and .diSanapldeesd obfy tfhies
common prey (based on cumul ative %l RI > 95
scyphoagbahfsp.() , t uni c aRyerso sgo®eel p, dpeermampods

amphi Podses msi(ppa Laxntdrisgpgpnis wereteohl dati evani r

during the same periods. Scypnheotz.oaUn(dni g=e s8t)e
tunicates (n = 1FBhr,ompipnear oproidess { M gcprMd§ n
= 6) were collected directly $rwer st omaght

of f easter meTtaiawadn |boyn gslditne faindh errioausgg h(t Fiba.c
fish market on ice for sale on the same da:

Four physical features of molids were me
the tip of osfnocuatu dtaol tfhien)e,ndst andard | ength
to the flexible crease of the caudal fin),
analyses because caudal fins of some speci

fishers.

For SCA,acthhse osft omol i ds with prey items we
identified to the | owest possible taxon in
wei ght were measured. Cephal opods were 1ide

preserved ianf t%5 % neetahsaunroelment s .

For SI A, white muscle tissue samples of 1
prey items were rinsed witehO dhet drli ed WwWates
was ground into a homogen®.0& s mgvwdvdre pwa Appr

packed -theanuttnacapg€l et Wadreevaetuesmionhed
an el emental analyzer (Costech ECS 4010 EI

Bl ank Autosampler) coupl eleltbaaVmaldhseaspagey)
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i sotope values wer@&@nekpteenedel atistantdar &
bel emnARDOB) (fVor car bonxfaond nattmogpemer iTheN ana
derived from multiple anal yit€e saitdf wrasf er en
<0. 2a.

To quantify diet partitioning of these s
t 0o s pectioecsc utrhraetd @ad the same ti me, capture
fisheries or-nehg, daptdhl| otatsiean (referred
Adidt i onally, we controlled -16%@ cmz®L ofr & fthe re
to asestrected data) to minimize any body
captMremolél N 27 cm, MO6atexXdawér dNmi Oa wan, ¢

to 8@l were | argkr thmd®dhalt @4dzempf 42 to 1F

(7]
Q

mpl e size and size range ofresatchicpedi @a:
for SCA and SI A a4le diehsec rriedead iiom sThaibplse bt w
gape width and body l ength were examined
Di fferences of eye |l ength and gapk6@®i dt h a
cm SL) of body | engvaly WMANO&At ested using on.
4. 3.3 Stomach content analysis

Cumul pteyecurves were used to deter mine
number of stomachs analyzed to describe t
unrestricnegt rainadt esd zccat a. Four di et i ndi ce

occurrencenasf ppopdrat oo st omachs contai ni

numeri cal abundance as the proportion of ¢t
of all prey (%N), gravimetric i mportance a:
in the tot arleyweiitgehms o(f%Vvd)l,l apnd t he index o

combination of these 3 metrics (expressed

di et compositions (%N and %W) among three ¢
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similarities (ANO®SIOM,s)9 WG9 hp geramu-Q/u rstei ¢ est s

similarity matri x.

To estimate diet breadth and ovedsl ap amo

me a

197

wh e

% W)

spe

t he

rep

sure (B,Krelws nE99d4®)68and a percent si mil

8) wer basaldcohatdldand %W:
n B_ p

03)Bi EN (2)

re B is the diet breadth, PSI is the di
of prey i found in the diets of a cons
alues (which can range from 0 to 1) ¢cl c
ource use. The PSI ranges from 0 to 10C(
ater resource overlap in the diet betwe:
.4 Stable isotope analysi s

ielmr regression was used to tik&tandr sic
values and SU€ alfiNf fvearl eurecse samiomg speci es

ngvagn ANOVA ws t plodddu kteggst s i n bot-h unr est

t ri cTtheed dd eetta.breadth (a corrected stand
rli ap among species were calculated usi n
kson et al . 2011) riestbochedndastri &t 8ay
el wasstismalt ¢ ot he rel ative contribution
cies in both data sets. The most common
nd in the stomach contents were analyze
di et compiosi thios ¢$€MWdy because the gr e
resents the total mass Ofr energy trans
criminati(gt f=at2t 3dinghal=udxs 28hi |l |l ips et a
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2020) were used.g Weodredn wdaadh 3miMarnkov chali

simulations of 2B06010060aandnsh{ borng rat e

Rubin (Gel man et al. 2013) and Geweke diag
for model convergentepi Al dietatiretaidt &l, Lo St
mi xi ng model were undertaken using R versi.

4. 4 Resul ts
4. 4.1 Diet composition from |Iiterature rev]
The | iterature review oM. diBauwendiB89di es of
Nakamura& Sato2 0 IMa kamur a geBakelnhazQ e8r a& ,Kn0i1g6h t
Sousa eftt hails. NRtOulddly ¢ X & rhd rsi Msit U @GGMYeagaard et a
2018) ,l an¢&abeBhg®bdhast &r ay ,RdDgpht et al . 20
Chang €3t) ,aRa.nldia@lva rsc,Da@ovani&Ringtorl 8 OSBeenstrup
& Lutken 1898 Barnard 19271935 Fitch 1969 Robison 1975Smith et al. 2010
Purushottama et al. 2018yegaard etal. 20}7 ( 4d B l. e Di et compositi or
in the laist eerxaatmirneedw by st omach-baorctoemtihgana
analysi-spgghdgbdevices. I n theseM.strmodiaes, t
was-23B M.m,al e x&nd2 iMnm,tcest 9@ M.m,|l ande-&l at us
250 cmR, 4B@ETims
Overall, the l|Iiterature survey on the di
including species ranging from tMel @api / mes
molwere collected mostly from fi shenrei es, on

used odfdloygga nbgi adevi ce. MThmoerraep ccrotmgpd sceide tod @

variety of prey from nearshore (i.e., seadg
environments (i .e., scyvphoz@Gandasiophesnwehe
common pM.eymofd@or ded i n most di et studi es,
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sample size of 1 (Reuvens 1897) or -with st
Gray 2016) . Nak amurlao gegti nagl .d e(v2 Ocle5s) tuos eodb sheir

beharvi M ¥roflfa Japan and found that 4 of th

gel atinous plankton (e.g., siphonophores, ¢
estimates (i .e., %F O, %N, %W, %l RI , or by
(Gammarstdaegohbhedace), macroal gae and fishes

M. moNak amur a & a%ketnd axsd e@r a& ,RMWilghtst udy) . T
stomach coMt emotisat otveb @ caught by set net o
identified-bbycDbDNAnme( &ousa et al. 2016) . M
the highest percent occM.r r @o3c/@%)i,n ftond osmedn
bony fishes (24%), and hydrozoans M.15%). M
molwas foundi e t Mok amwmdSo ks e&Sadto a&2l10.142016) w
individual s had a more pelagic di et (i . e.
individuals had a more benthic diet (i.e.,

Only our study M.xeaana mcrdVatrinieo udsi eptr eoyf cat eg
found, i ncluding scyHyhpoezadadhesatamidg cammpdad g)o,d s
pteropods, tunicated2 ansleadiildedies nfPOWatiimnT:
3.3).

A single study Nentfeaawtneell ohe stieanoéd spe
fresh specimens <collected from fTihehersi es (
vaganRlyr ospmg and nekt omiec fsoiupnhdo nionp htohree ss twe
three speci mens.

Two dietMstluanesoledofisstranded speci mens,
studies were based on fisheries sampl es. T
benthic habitats (1 .aer.i,ouansdalniidhsg, asp amad ey

epi/ mesopelagic habitats (i .e., tunicates,
99


https://www.marinespecies.org/aphia.php?p=taxdetails&id=1205

val ues ( BakenGQraasyt 2todd86gKritgratt . 2023), tunic

i mportant prey (55%V-Grya 2BBlk6BBWhaet €Ehag&g Kat g

2023). Notably, some remaiM.s loan deolraemsdas i al
(Sawali et al . 2019) .
Most dietR.stlwmeivesretorded in the early 1

one study from.sfThanmde & asepd ciomposed of pre
nearshore (i .e., seagrass), benthic (i.e.,
cephal opods, fishes, S 0me crustaceans) . |
composition®. of (@®lvlj scve nTiLl)e c o wWad cetre d rbaywl a ir
t he eastern Paci fic Ocean, revealing t he
amphipods in their stomachs. I n a subsequert
and cephal opods wer e niadén tpR feiyedamtis satende ipmr e
deep water off eastern Australia. The 1inve
2010) found thaR. tlheeswitsamaels oaof s4ndy beac
Australia, containdgcdcrumilddmwt7i%d ibegyd vail gganet) ¢ d
and invertebrates (1%). Il n contrast to ot he
or tunicates) were R.eploaetveids in the stomach:
4. Re2 ationship between eye |seynngpaht/rgiacp emoniidc
Di fferences in the morphol ogical traits
related to their dietary differences. The
l ength of each specpesO.waspRADOBE NS e avnidz ¢é i
range, the BvelragdedgBaRusem) was skl ler th
mo | (a6 N8)1 amh.d al e x(a6nNi8rl FK = 25 .pk860,. 001). The
relationship between eye |l ength @madatbogdy I
posipd vie. 54RB) (. FiTcth.e aver al.e leyreddd®Baths o f

was smalleM.t metMt hadvha fal e X &MNGrLi{FmMiF:
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18. 330. 001) .
4. 4.3 Diet composiitn ommadarsry mpaaitw i ¢ mol i ds

A total of 159 stomachs wit hM.p rleayn cietoelnmast us
3 M. nondM4 0al eXdmatdlieniSCumul ati ve prey curyv
sampl e Mizmgl daolrexaaMdr | anadeolbattths unrestric
size restricted data were 42yf.f iOwvieamtl It,0o tce
of the three species showed significant C
unrestrictpd: 0O ROGle@ tstiTzcet edp:i< R .H0Q) 2%dd %V
(usteictedp<RO=0@1lesa8iizcet epls (R 0=010)..30I12n, pai
tests Mdinaridh ob | exwaenmaer isnimi | ar pandeks26,) ct e
%W:p= 0. 180estsriizgced: 4%bd= 0WW01), and both o
were differenM. flraomg eionlreatsdi seit c todpdk: 0%N 0dnd %
si-zestricted:p<%N.®HMAd ) %W:The most abundant
st oma dh s meni Mh al exwanmcer isrciyphozoAne( bidg.t he ¢
43, d42hl. ThM. di ebhveaebdl 2tdduswi dely, including
gastropods, crustaceans, and M.i slhersc e cFlua tt ths
were tunicates, f ol43qg weTd2b)b.ye Altlertolpoaeles g pe
fredwemtn hyperiidean amphipods (high %FO)
and %N wMa®t drows peanmapi Byused on amphipod
Phroni mh®r egeenMa al ex@amdnoinhiy fed on amphipo
genluesst r { dhadRu)s.

The dietMbreeadtawnb&tsus isc tBed %NeviOnel 0, %W:
si-zestricted: %N: 0.26, ®MW: n(Ounrr2e s twaisc twa d:e r
0.01, %W:r és tOr0i;ctse d:e %N:M.0. al2e X @omlreii®mtice0d): a n
%N : 0.01, %We s Or 00t ed i z®N: 0.02, % W: 0.00)

( Tadb3)e. Di et owWer ImopMab eatlweexganrsd mii gih  (unr estr
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%N : 98. 2, Y%WesOBi Bt edi z 8N: 97. 9, % W: 99. 7
beéam. meorl | anowas!| dtows (unrestricted: %N :
restricted: %N: 1.0, MW: alOe@ayNdraisa waeo It ahtau s
(unrestricted: GN:sta.i Xt eddW: 9%3N.:2401.)s8i,z €W: 0.
4. 4. 41 d sodmposition of sympatric molids in

A total of 264 tissue salMplleanwedatcos!| e
mol|l aand. 681 e x(almddlien.iS Li near regressions of
i ncrease UtAh are weas ucefs Mwi t la n & Efvipm t W.sO 0 2,
HEpP= 0.049) but there waM. nadiNper €a866wi t h
HtEep= 0. 4M9)aloeXaMds i i 88®p5 @®@W. 091) across tr
size raniges BPithIINI(weg ANBEVAzZs148 p8365,
0.0018€ B{n dz619 .pX1D,. 001) had significant diff
molid specesesrt #ifNedviadanes were di fFf egoent an
= 14pd8M.,0GE) valtuesFowas2.p&®D, (( 8)N. vRhea es
oM. neoriMa al ewamer ismimi | ar and significantly
M. | and@o lbastt Ussed@BE VIichleMe sneonia | an oweaoleat us
| ower thanMt hel eabnébwieoniinr esdtdr)i.ct ed dat a (

Il n both MdatmbddetBe | argest Il sot dMpic diet
al exaadd Mhelnandé&gt4dat ughe di etMovranldap bet
M. al exwarsdmiigih (unrreesdtriicdcteadd:andl %) zewher e
M. | anceaal atoutsmourar estrictredtr B8teW.:si 36 %) ;
alexahdmni @stri cit eigdectre3dB:%;3 &6%)zewas rel atively
4. 4.5 Bayesian mixing model

Mi xi ng model resul ts i ndicated that pr e
sympatric 4&bpeciTehse (nkoisgt. i mpo Mt a morihr ey ( me.

al exawdrenscyphozwanhoei ibabdthlke tglem. umobkatri c
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1000, al exadd%) maensdt rsiicztédd.d el XHedlseXandri ni
100%). In unmMrreod8mrtadddamphiPhbooddi2d@fb)t he (e
had high cont rM.beaiatla rochrsU mMoi kdeorida s adfex andr i ni
the most I mpMort anwepleay ufhrorcates i n both th

and -rseszteri cted data (92%).

4.5 Discussion
OQur Jliterature review reveal edprtehyatf ogrel at

four of the five molid species, yet they a

—

axRanzanidi d arvoi sfeed on gelatinous prey,

artitioning from the other spétiebe East el

©

coast oM. Teerdh n ,al exsd&mdvreidnigr eat di et over|l

di eM. of anowac!| astigsni ficantly different. l nst
t hil. | ancfeeod amas nl y on tuni cates mand aug
epi/ mesopel agic and benthic habitats. Thu
partitioning in diets of these sympatric s|

4. 5.1 Diet composition

OQur |l iterature review and diet seudy fur
broad diets and are not necessarily obliga
studies of diet composition suggested some
studies were not conducted at the bBame tim
our dietary study was able Mol ar,ioi de) . C
al exandavia it ®otsapp. ) reportedly consumed mo
epi/ mesopel agic Mnviiamaemd@ndtdyase wbh s med pr ey
items f rponmt mestolpeéagi c and benthic habitat

dietary analysis (i.e., %F O, %W, %N, %N,
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di fferent &momegrnMpeaxli @examdmuimeid mostly scyp
and hyperiiMd 4dramhmepsotdlsy, t uRJ c hraest,Isyangdqui d
and seagrasses. For thaalhdtitan i ypecitag, eat
crustaceans as prey, including crab me g a
crustaceans, nameleyr eh vy preproiritda nampfhoirp adhse, ow h
are parasites of the gelati noM.s nponMan kt on, ¢
al examaéi nhiy consume gel atinous prey (Cros
gel atinous planktohswast |,faeevwiasn i inn tthlee sd toundi
speci mens were freshly collected from fish

| t remai ns uncl ear whet her di fferences i

are due to ecological resourceepar oirt ipamitn
competition (Connel |l 1980) . Dat a i mitati
specimens (1 .e., fresh samples from fishin
sample size, could I ead to spurioafs diffe
speci mens would affect the precision in di
rates of di fferent prey, especially gel ati

studiedl)(,Tavbdbme speci mens were mdl Itehcetieed f
stomachs were processed i mmediately after c
by -bog@gi ng devi ebeasr coord i IMJA mentda ot her studi e
speci mens. Gel atinous plankton were mainly
fishery alcoggygingedevibcdar comdd n@QNA smgtgae st in
with a rapid digestion rate are better doc
the stranded specimens. Prey in the diet of
from hard parts (e.g., crustaceans, fishes
st omachs possibly coming from stranding o

provided very | ow detection of gel atinous
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sugqesttihat gel atinous prey are rapidly di
from stranding sampl es. Shesdieemadat pcall y sumd

documented problem in diet studies based o

Additionally, ssmdlflecsammpmlee i 1t ze pretati or
|l iterature review, the sample size was son
smal | sample size obviously makes it di ffi

(Tirasin & JBrgensepreclmefn) stBduesd aond tstaenp |

composiM.i oomdeaf documented more comprehensiyv

-

Cl ea Y, more study i s needed on the diet

particuw.arall e ataided r i, @dvioa ch only one sampl e e

Nonet hel ess, our data are consistent witdt@t
composition of molids is related to resour
spati otemporal segr epgraetviioonu so fs tmuod yi d( Asrpoescti eeg

suggested that di et composition might di f 1
sources in different habitats. Additionall
Il inked to their di et erye fsepreecniceess. almo n gt upc
guantitatiM.e mihll aaelse x atddded il min comnlsatmes most |y
gel atinous plankton and augment their di et s
& SatgBa2ldmhast e@Gr ay ,Kenbidgehgt 2e0t2 331.. Not abl vy,
evidence sRggetatrtedpteéddat ors of gelatinous
data, they consume most Dgnovane&Riviagtod BddBs an d
Barnar,Bi L6BRd®6Lo,Nyegadaard et al. 2017) .
4. 5it® of sympatric species in eastern Tai
Both SCA and SI A of three sMmp@abMirac spe-
al exandawd il anceexohliabtiuts f ood resource part.i:

species Mai monk.Boahexahrmdweidhiilea w ovew. |l ap wit
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| anceolHitguhs di et M v ereoliMap ableetxwaenednd iynif eedi ng
scyphozoans (high %W and %l RI) suggested t
occupying siMasktaruksabadaeosbantvamd ydicetnsuma ng
tunicates and augmenting their diet from e
habitats, consistent with LGrawi, @Ddmgt edi es
al . 2023) . Results from SI A amse diBayagisart
Mol a anod.a al e handd WiNgihial ues and high diet c
scyphozoans, suggesting that t heyNconsume
values. Mn kandta@aabk&at hs gh di et conrtircihbuti on
are filter feeditNgvalgasi Z@Phwi teh ladw

The occurrence amMd gsmeordMa dail setxrai nbaweiti moirnss off f
Tai wan are similar (Chang et al. 2018). A r
rangae)l omited interaction between these tw
and high oMoelrad sapodda et € eaxmperiirrinced wi de ge
and temperature ranges yet have slightly d
2020,, 2pPerihaps all owing them to reduce co0mg
Anot her explanation for these two speci e:
competition may be weak Mor nmmrbd e xail setxeanntd.r i Thh
i n watersarod fl dwi w&h akigs heetr iaels. A&y 2022
all owing both species to obtain swW.ficient
| ancenoksahugh, so this sympatric species me
di fferent footdheesbhecemot hds.

Mor phol ogi cal traits play an important r
fish species (Wainwright & Richard 1995).
sympatric molids off eastern Tsaiwant meight

mor phol ogical traits such as MpapmnMa ze and
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al exaamde imot abl y |M.r glean a ehcaltnh & tlhsossmme odody s
This | arge dapewdhz ealad ¥ anwsroingiemept ay, sucl
as scyphozoans ( M®nard et al . 20MM6) . Con\
| anceoésatuiscts it to smaller prey | i ke tun
foraging devptla amdd.mod liedksandt iamigtelhrs Btyhean eng
| anceolsauqgeblolisgpe ctileast f orage at deeper dep
WarranWarO0O8&dt & Locket 2004). Kr°ger et al
of twelve | arge predatodisvi nihefiasashe bha
swor dXiiphi as, gtlreedi bs$ Qleyrenutsynaded ud he esco
Lepidocybium, fhadobaugeea@yne | engths, helpir
These morphol ogi cal W®b fsfpeercea necse sa rseu gagdeasptt etdh ¢
on | arger prey and potbMntliahtgobetgreabern tae
consuming smaller prey in shall ower waters
4. 5.3 Diet breadth in SCA vs. SIA

SCA and SI A detected differences in diet
i mpoceaof integrating both approaches in s
o fM. ma h . al exweerrcer imar r oweM. tlhamc etohhaatl esf
i sotopic dMet mbrikkaddlhe xwerrcer ibnrioadeM. t han t |
| anceolS@suskts provided contemporary diets
consumed items from hours to days or weeks
term assimilated prey of predators that re
space (&L eRreyr soh87) . Il n SCA, we couM.d easi |
mo | aan M. al exwaenrder i Iness divekMsel amhaea dlhahtousse
di screpadeyi vadStHdAet breadth might have r1 e:c
compositioamwsoie peteyal( N M00T7)@andkeaecidadxgs noml e

a variety of prey with similar i1isotopic cor
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Al terndt i meedy, al exmamrydrciomisume similar prey
habitats e(pet.hgs.), twhaatterhadve di fferent i sotopi
in a | arge isotopic dGlede dkleardShit p(ldBéuyr gt 8 |¢
2019) .
4. Tadeat s

Our study has sever al l i mi t atel oansss utnmeadt s |
t hat prey availability was similar across
variation in diet due to the @Mabhhi@isampl e
val uds arfoh . al exmangdhrti nbe r el at edpinmt onl
compositions of prey sources but also to t

tagging studiMes moehkhe abhbkdxdntdrtrigroi bot h hori .

mi grations and di el verticabDewerveenenals. (Z@
Chaeg al . 2021) . During the migration, t he
with distinct baselines of isotopic values
values. Third, the diet contributions esti|

thwvei de raNgait@®fval Mesalodxanhdei miey contribut

not fully eMpl ailextamerdinet of

4. 6 Conclusions

Our | iterature review and diet studies i
traditi onaanldy ndoetsacbhrl Ryb etbippaetvnasli Ipabdty f eed on
prevw.l a Mol al examhdi tdcntsaumed more prey frc
environmeMt sl awkmaeodlsautmesd prey from both pel
habiRanzsani ahdweddiissti nct di et t hat mai nly
benthic species, and no gelatinous plankto

coast of Tai wan exhibited partialMfood re
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| ancewdaatsiisgni fntcafnrtd M. tdhednideafal ex awldr ¢ hi

overl|l apped greatly in diet. Overall, t his
role of a family of understudied, yet gl oba
i ncrease ectodmdgiinag.l Tuhmedseer si nsi ghts coul d i
sustainable fisheries management, especial
mol i ds across their broad geographic range
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Tabl &sudmmhry of diet studies of the Family Molidae fr omg hte

most I mportant (highest %l RI), abundance (%N), weight ( %W)
Sample Body size Specimen/Data source
Species Region Diet composition Reference
size (total lendh)
Mola mola Taiwan 40 138279 Collected from fishery  Cnidaria: scyphozoa This study
activities Crustaceanamphipoda, decapoda

Mollusca: cephalopoda
Tunicate, Algae
Florida Atlantic 1 149 Collectedfrom stranded Algae: Ectocarpussp., Epiphytic diatoms Bakenhaster & Knight
coast specimen Crustacean: amphipoda, copepoda, decapoda Gray (2016)
polychaeta, osctracoda
Fish: Actinopterygii

Seagrasddalodule wrightii
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Tabl € Chnlt .Somend)dy eaf studies of the Family Molidae

from the

identified as the most i mportant (highest %l RI'), abundance
Sample Body size Specima/Data source
Species Region Diet composition Reference
size (total length)
Southern 57 37-110 Collected from fishery ~ Cnidaria: scyphozoa, hydrozoa Sousa et al. (206
Portugal activities Crustaceanmalacostraca maxillopoda
Fish: Actinopterygii
Mollusca: cephalopoda, gastropoda, Bivalvia
Iwate, Japan 4 125200 Recorded from bidogging Cnidaria: siphonophore Nakamura et al. (2015)
device Ctenophora
Iwate, Japan 10 <50, >200 Collected from fishery ~ Cnidaria: scyphozoa Nakamura & Sat¢2014)
activities Crustacean: amphipoda
Mollusca: Bivalvia
Dutch coast 1 184 Collected from fishery  Algae:Fucus vesiculosyZostera marina Reuvens (1897)

activities Fish:Limanda limanda
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Tabl d Chnl . Somend)yy of diet studies of the Family sMotlhied aper efyr o

identified as the most i mportant (highest %l RI'), abundance
Sample Body size Specimen/Data source
Species Region Diet composition Reference
size (total length)
Mola Taiwan 34 79322 Colleded from fishery ~ Cnidaria: scyphozoan This study
alexandrini activities Crustaceanamphipoda, decapoda

Mollusca: pteropoda
Fish, Tunicate
Mola tecta New Zealand 3 65-169 Collected from stranded Cnidaria: siphonophore Nyegard et al. (2018)

specimen and fisheries Tunicate

activities
Masturus Taiwan 105 57-193 Collected from fishery ~ Cnidaria: scyphozoan Chang et al(2023)
lanceolatus activities Crustaceamamphipoda, decapoda, euphausiac

Mollusca: cephalopodateropoda, gastropoda,
heteropoda

Fish, Tunicate, Algae, Sand
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Tabl d Chnt . Somend)yy of diet studies of the Family Molidae fro

identified as the most i mportant (highest %l RI'), abundance
Sample Body size Specimen/Data source
Species Region Diet composition Reference
size (total length)
Japan 1 112 Collected from stranded Sand, Leaves Sawai et al. (2019)
specimen
Florida Atlantic 2 245, 250 Collected from stranded Crustacean: decapoda Bakenhaster & Knight
coast specimen Mollusca: cephalopoda, pteropoda, gastropod:Gray (2016)

Seagrasdg;ish, Tunicate

Japan 2 3.7, 7 Collected from fishery ~ Annelida, Sponge Yabe (1950)
activities
Ranzania laevis Australia 1 58 Collected from fishery ~ Mollusca:cephalopoda Nyegaard et al. (2017)
activities Crustacean
Mumbai, India 1 52.5 Collected from fishery ~ Empty stomach with green mass, and white  Purushottama et al.
activities spongy materials (2016)
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Tabl d Chnt.Somend)y y of di etl ystMaoliiedsae ff rtchre tFhaemil i t er ature rev
identified as the most i mportant (highest %l RI'), abundance
Sample Body size Specimen/Data source
Species Region Diet compaition Reference
size (total length)
Western 4 30-70 Collected from stranded SeagrassPosidonia sinuosaP. australis Smith et al. (2010)
Australia specimen Unidentified invertebrates, Sand
Between 7 1011 Collected from fisher Crustacean: copepoda, ostracoda, amphipoda Robison (1975)
California activities
Current &
Eastern North
Pacific
California 3 26-30 Collected from fishery ~ Crustacean: natantian shrimp, hyperiid amphigFitch (1969)

activities
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megalopa, zoea Mollusca: pteropoda
Fish: Trachipterus altivelismyctophid larva,

unidentified larva



Tabl d Chnl . Somend)yy of diet studies of the Fami Mol i dae fro
identified as the most i mportant o(rhivgpheaste %I¥R/1))., abundance
Sample Body size Specimen/Data source
Species Region Diet composition Reference
size (total length)
South Africa 1 Collected from stranded Crustacean: crab megalopa Barnard (1935)
specimen
Dassen Island, 1 Collected fronfishery Seaweeed Barnard (1927)
South Africa activities
Swansea, UK 1 65 - Shells, Decomposed matter Steenstrup & Litken
(1898)
Cornwall, UK 1 - Collected from fishery ~ Crustacean: crab Donovan (1803)
activities
- 1 - - Seaweed Plancus (1746)
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Tabl &thenr. cont ents of t hr eeMoclod | neocltae,d Moyl ndyasedt tr @ xca ssdpteedndesso | daiteuts i nd |
were calcul at ed: %FO, frequency of occurrence; %N, numpereegymdlt abul
relative to the sum of all wvalues of the index oftrehaetfubkl i mpoel

(unrestricteesdat ay eandasiazerespectively.

Masturus lanceolatus Mola alexandrini Mola mola
Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI
SCYPHOZOA
Atollidae - Atolla spp. 11.8(9.1) 1.2(0.5) 3.2(0.04) 0.6(0.1) 90.0(84.2) 95.0 (93.5) 99.9 (99.8) 98.1 (97.4) 88.2 (82.4) 93.2 (91.6) 99.7 (99.5) 96.7 (95.6)
MOLLUSCS
Cephalopoda
Ommastrephidae (beak) 8.2(9.1) 0.4(0.5) 06(.1) 0.1(0.1) 59(5.9 0.1(0.1) 0.1(0.1) 0.0(0.0)
Onychoteuthidae (beak) 29(59) 0.1(0.1) 0.04(0.1) 0.0(0.0)
Gonatidae (beak) 1.2 0.1 0.01 0.0 29(5.9) 0.02(0.1) 0.02(0.1) 0.0 (0.0)

Pen of unidentified cephalopoda 2.4 (9.1) 0.1 (0.5) 0.0(0.0) 0.0(0.1)
Eye lens of unidentifie

10.6 (27.3)1.6 (4.3) 0.1(0.1) 0.2(1.5)
cephalopoda
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Tabl d Chnad.Shoeach

contents

of

thMeé aconbl act /o | Mpchp @tk misd.l afpd

di et indices were calculated: %FO, frequency of occurteone
aprey item relative to the sum of all valwues of the regers
size range (unr esetsrtircitcetde dd adtaa)a ,a nmde sspiezcet i vel y.
Masturus lanceolatus Mola alexandmi Mola mola
Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI
Hook of unidentified cephalopodi1.2 1.8 0.1 0.03
Pteropoda
Cavoliniidae- Diacavolinia
34.1 (54.6) 16.0 (13.4) 1.2 (0.2) 6.5(9.1) 25(5.3) 0.1(0.1) 0.0(0.0) 0.0(0.0)
longirostris
Cavoliniidae- Cavoliniaspp. 9.4 0.8 0.1 0.1
Cavoliniidae- Diacria costata 4.7 0.2 0.0 0.01
Creseidae Creseis conica 30.6 (27.3) 13.1 (13.4)1.0(0.1) 4.8(4.5)
Cliidae- Clio pyramdata 2.4(18.2) 0.1(1.1) 0.0(0.01) 0.0(0.2)
Carinariidae Carinaria spp. 23.5(27.3)5.8(4.3) 0.6(0.1) 1.7(15)
Atlantidae 15.3(9.1) 1.5(21) 0.1(0.) 0.3(0.2)
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Tabl d Chn2.iShoemdrh contecte®dosympiee acomelpbaci Mot dMacdt ax ans d.t amad
di et indices were calculated: %FO, frequency of occurteone
a prey item realat ivvael uteos tohfe tshuem ionfdex of rel ative i mportan:i

size range (unr esetsrtircitcetde dd adtaa)a ,a nmde sspiezcet i vel y.

Masturus lanceolatus Mola alexandrini Mola mola
Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI
Gastropoda
Benthic gastropoda (unidentified 2.4 0.1 0.01 0.0
Heteropoda
Heteropods radula 10.6 (9.1) 4.7(8.0) 0.2(0.01) 0.6(0.9)
TUNICATE
Salpdae 63.5 (45.5) 15.3 (8.6) 31.0(5.8) 32.5(8.0)

Pyrosomatidae Pyrosomaspp.  56.5 (45.5) 16.0 (32.6) 55.6 (92.3) 44.7 (69.8) 2.5 (5.3) 0.02(0.1) 0.0(0.0) 0.0(0.0) 29(5.9) 0.1(0.1) 0.0(0.0) 0.0(0.0)

Pyrosomatidae Pyrosomellaspp. 1.2 0.1 0.04 0.0

Pyrosomatidae Pyrostremmaspp. 29(5.9 0.1(0.2) 0.0(0.00 0.0(0.0)

CRUSTACEANS
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Tabl d Chn2.iShoemdrh contents of thmMeéacombol act Mo | & e psa K vEINNCCresdpla
di et indices were calculated: %FO, frequency of occurteone
a prey item relative to the sum of al | dvealauneds ionfs itdhee tihned epx
size range (unr esetsrtircitcetde dd adtaa)a ,a nmde sspiezcet i vel y.

Masturus lanceolatus Mola alexandrini Mola mola
Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI
Amphipoda
Phronimidae Phronimaspp. 47.1 (45.5)10.3(48) 21(1.1) 65(33) 25 0.1 0.0 0.0
Hyperiidae- Hyperiaspp. 47(9.1) 0.2(05) 0.0(.00 0.01(0.2)
Lestrigonidae Lestrigausspp. 70.0 (68.4)4.8(6.3) 0.1(0.2) 1.9(2.6) 88.2(88.2)6.4(8.0) 0.2(0.2) 3.3(4.4)
Euphausiacea
Euphausiidae Euphausiids 2.4 0.5 0.03 0.01
Decapoda
Gnathophausiap. 1.2 0.1 0.2 0.0
Pueulus sp. 29 0.02 0.0 0.0
Caridea 2.5 0.02 0.0 0.0 59 0.12 0.0 0.0
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Tabl d Chn2.iShoemdrh contents of thmMeéacomblact Mp| Mpcdp @k mis d.l afpa
di et i ndices FPwWer e rceagluceunicayt eodf: 0% currence; %N, numeri cal abi
a prey item relative to the sum of all values of s$éde i apee
sa2e range (unresnestcniedt eldatcgt andr ssgecti vely.
Masturus lanceolatus Mola alexandrini Mola mola
Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI
Shrimp (unidentified) 16.5(18.2) 1.9 (1.1) 0.3(0.1) 0.4(0.3)
Crab megalopa (unidentified) 1.2 0.1 0.01 0.0
Scyllaridae phyllosoma 12.9 1.8 0.6 0.4
Crab zoea (unidentified) 3.5(18.2) 02(1.6) 0.01(0.03)0.01 (0.04)
FISH
Scombridae 1.2 0.1 1.4 0.02
Lutjanidae 1.2 0.1 0.8 0.01
Lutjanidae (teeth) 25 0.1 0.01 0.0
Exocoetidae (egg) 14.1 (9.1) 4.7(0.5) 0.04(0.0) 0.7 (0.1)
Fish (unidentified) 1.2 0.1 0.9 0.01 25(5.3) 0.02(0.1) 0.01(0.02) 0.0 (0.0)
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Tabl d Chn2.iShoemdrh contents of thmMeéacomblact Mp| Mpcdp @k mis d.l afpa
diet i ndices WeEOe takqukactgdof occurrence; %N, numeri cal a
a prey item relative to the sum of all values of s$éde i apee

size range (unr esetsrtircitcetde dd adtaa)a ,a nmde sspiezcet i vel y.

Masturus lanceolatus Mola alexandrini Mola mola

Prey item %FO %N %W %IRI %FO %N %W %IRI %FO %N %W %IRI

Otolith of unidentified fish 1.2 0.1 0.0 0.0

Bone of unidentified fish 4.7 1.0 0.03 0.1

OTHERS

Algae 29 0.02 0.0 0.0
4158 4268

TOTAL 85(11) 343 (187) 0.7 (0.7) kg 40 (19) 60.5 (25.2) kg 34 (17) 60.3 (26.8) kg
(1816) (1911)
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Tabl &®&i4et3.bre&ddtBh) ((clae ciumated by %N and %W o

specModsa: mol a, Mo | dMact ex asd.t alnlcee oM aaltwess o wu't
and inside the tphaa efnulhle skecsd v epirzees ernange (un
si-zestricted dat a, respectivel y.

Diet b Masturus | Mol a alex Mol a m

%N 0.102 (0O 0.010 (0 O0.013 (

%W 0.145 (0 0.000 (O O0.001 (
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Tabl eitdoverl @ap calcul ated by stomach conten
and stable isotope anal ysviod a( SinoA)a, o fMotl har e e
al exand#adtur us .|l alnhceeoValtwess out side and in
represent itzhe rfaidnde b(odnyr ssestctetledatta) aand

respectivel y.

Diet overl ap SCA i rSCA in SI A

Mol a &Mdlaa al exandr98.2 (99.8 ( 71 (7

Mol a &vwdsat urus | anc 7.7 ( 3.3 ( 38 (

)

Mol a al &Marsrduus nliant 6.2 ( 3.2 ( 38 (

1)
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Tabl e Spil.el .s iSzaem

par en)t hefs etshr ee

body si

Z e

range,oudrmsd dev d rjegagn ay iszaidamamelsba |he it gtt ha

§Mmpat mbtasp®b®mnddaat axansdifamrc elod tahtlutshbedy si ze r ar

(unrestrict edr edsattrai)c taendd dfaotra ,siazned f or Dboth the stomach content
Masturus | anceol atus Mol a mol a Mol a al exandrini
SCA n Szie ra Size a° n Size r Size a° n Size r Size a-
(cm) (cm) (cm) (cm) (cm) (cm)
67.93 113 N 13879 194 KN 7B22 189 K
Ful | si ze€ 85 34 40
(4251) (91 N (12@89) (161 N (63801) (161 N
13893 164 KN 15597 177 N 15703 173 N
Sizested 11 17 19
(1461) (133 K (14a%48) (145 K (14489) (142 K
SI A
67235 125 K 8@30 178 KN 6857 180 K
Ful | Si z€ 176 28 60
(4220) (101 N (6809) (145 N 6@®35) (151 N
13490 165 K 14300 181 N 14B92 173 N
Sizestric 41 18 33
(1480) (133 K (1460) (144 K (12449) (141 N

132



25°N|

24°N

23°N

22°N

Fi g.Madp. lof t he
operations in

Masturus

121°E

122°E

Taiwan Strait

Pacific Ocean

0 50 100 km

I

fishing
eastern

d anceol at us

133

gr owmred s a(mahred shs ghha tncgh e

TMowankibba aherandyimpi




12.51
== |Mola mola
Mola alexandrini
10.0- Masturus lanceolatus
€
O
~ 7.51
=
R
2
)
o
@ 501
O]
254
50 100 150 200
Standard length (cm)
B
12.51
== |ola mola
Mola alexandrini
10,0 Masturus lanceolatus
5
~ 7.51
=
[e)]
c
k)
()]
= ]
AT 5.0
»
254

50 100 150 200
Standard length (cm)

Fi g. ndea. rleil ati onships between gape width
eye | ength and bodytrliecngphe aiBe@ltoar t hree sy
al exanddadgt ur us .| abhacem |l datuas point i ndicates
Solid |Iline is the regression |ine and the

interval

134



Unrestricted data -%N Unrestricted data -%W

100 100
80 80
£ 50 60
5
&)
E 40 40 Tunicate
m Scyphozoa
20 20 = Pteropoda
- m Heteropoda

Percent (%)

0 0 u Gastropoda
Masturus lanceolatus  Mola alexandrini Mola mola Masturus lanceolatus  Mola alexandrini Mola mola Fish :
uFis
Size-restricted data -%N Size-restricted data -%W m Euphausiacea
100 100 m Decapeda
m Cephalopoda
80 80 Amphipoda
. - m Algae
= 60 < 60
S =
[ Q
2 2
S 40 S 40
20 20
0 0
Masturus lanceolatus  Mola alexandrini Mola mola Masturus lanceolatus  Mola alexandrini Mola mola

Fig. 4der3i.c NuuN) and grawmpmoest tii @ nS%WYf diVotta ,Bhghaaalr ¢ xMagreiomnias

| anceioflart ussl | sampl ed fishes e(sunriestterdi cdtaeeda.dat a) and for si ze

135



B 16

A 18 & Molamola N 7] e Molamola .
Mola alexandrini Mola alexandrini
Masturus lanceolatus Masturus lanceolatus
e 0
14 — 14 —
124 . [ 12 .
Elg.’ L ] L 2 é L] L]
pd & Z & 2® *
ﬁlo . ,_Se¥es ..' Elo g* '8
10 ¢ 154 B . 10 - ¢ oy -
ARt 57 : 3
ese 8o S 6 = 8
N @ o
E : é % 6
g 4 £
- Hii =N oL
“gﬂ 2 —_— !':: 2
@ s L—=—"1
6 Unrestricted data MM MA ML 6 Size-restricted data Mm MA ML
I I I I | I I | | I I I I | I I
-21 -20 -19 -18 -17 -16 -15 -14 -21 -20 -19 -18 -17 -16 -15 -14
B513C (%o) 3'3C (%o)

Fig. Boti®Bathd val ues from t hirMod as,ywhop at ail ¢ xsMmed ijumsus 1famrc emlllat us

sampl ed fishes (unerreessttrriiccttdeddc ddaatd @t dABp camd S inTIdB & ad ®lsoranan eas vi eprac
i sotopic diet breadthsmbobt phetshrepregybhpuatssceonopeaendapddSbrichgs
t hree symploIr a c(m\NpMeocl iae sa:l € MaA) dMadaamtidu r us ( B i(creeod ad outs: mean | sotopic

50Wredi bl g meldieglvtal solcorre doiobxl:g 705a% kr oatsedbbkle. BBtwer val s

136



Diet contribution (%)

Diet contribution (%)

Fig.
Masturus
i sotope
me d i

an,

At odpm. ,

100
|

80

60
\

20

[ ]

(o]

Mola mola
[e]

I
—

Mola alexandrini
[e]

7 Masturus lanceolatus

= [e]
o]

=) Qo —_

\ T T T T
ATO LES PHR PTE TUN

T T T T T
ATO LES PHR PTE TUN

T
ATO LES PHR PTE

T
TUN

40 60 80 100
! I

20

o]

Mola mola | 7|

Q

e}

Mola alexandrini

—_

R

| Masturus lanceolatus

]

—

\
ATO

s4.i%atked

LES PHR PTE TUN

contri

but

\
ATO L

on

ES PHR PTE TUN

of

common

\
ATO LES PHR PTE TUN

pr é@éMolsp edolead & loe X ared rdii reit s

(0

i1 famrc eanll et s8] ddinr estri ct erde dtartiagt asdp pceat |l (olt sWwe ra ngl &ti

mi

X i

and

ng

da&t a; qwhr s keéees

mo d e |

S .

Il nfor mat

\

e

pr

oépresent

1.

or s

51

LESLesampigippad PHR P=h raomspgppap,0 dP T E

137

wer e

t he

pteropods,

basedh,on

di

interquart.i|l

TUN

et

e

c

(0]

ran

tuni



14 u Mola mola (6 publications)
Mola alexandrini (1 publication)

12 u Mola tecta (1 publication)
10 u Masturus lanceolatus (4 publications)
m Ranzania laevis (10 publications)

Presence in publications (Number)
A O o
S
>N TR

o O & < Gjo “b 6@ (%) O
&b‘é 0\\0 \?-’&@ \}{\\ ‘;'\& '29‘0 < 0‘5\\ (\0\\ Q \Q\‘b 6\& %(b(\
O ) R &
o\ S
&
Q

Fig. ®4nu.mbeh af seépdiesdithferent prey types in diet composition

138



12| memEsEEe 12 mm—m oo ======
© [ T © - I
X P x
5 Ve 5
> > 7
21 / 2 11 7
[+% a
ks ks ’
w w
2 z
£ 10 € 10
= p=
= =z
Unrestricted data (%W) / Size-restricted data (% W)
9 9
0 20 40 60 80 0 5 10 15 20
Numbers of stomachs Numbers of stomachs

121 12 m——m=——==== = .
o [ ‘,--"’_ - - e
X x
8 8
> 7 > -
21 211 4
Q. Q
k] S
@ @®
& 2
e 10 e 10
z 3 /
Unrestricted data (%N) Size-restricted data (%N)
9 9
0 20 40 60 80 0 5 10 15 20
Numbers of stomachs Numbers of stomachs
— — — Mola mola —— Mola alexandrini  ------- Masturus lanceolatus

Fig. ®wWrul2atiCve prey curves (%N aMdadl &Who lod, t Mo ledda dsty enpad d T fecanrs geas Icla te

sampl ed fish (unrreessttrdiacttteedd dat a) and si ze

139



A ® Mola mola ¢

Mola alexandrini ~

14 Masturus lanceolatus
2 27 s, S
> .
L ]
2 104 ¥ % o*
1o ™) ° g °
[ ]
8 —
| | | |
50 100 150 200

Standard length (cm)

B -15 - e Mola mola
Mola alexandrini
o Masturus lanceolatus
é —17 ] .’.
o N ® ® 3 ® . N
ﬂ -18 ] ] o
o
[ ]
-19 - (] ° ¢
[ ]
®
-20 < ¢
® L ]
| | | |
50 100 150 200

Standard length (cm)

Fig. LS#rex.el ationships bet wé&dn(A)andaddbbddy
l engtth a(nBl) of threéMslympkolkacals@eandrsi ni
Masturus 1famrc ealllatsusmpl| ed .f iEsalc h( Wrar es tproii mtt e

indi cates an individual fish. Solid |Iines a

140



CHAPTEROMmt ogenetic and seasonal shifts in
Masturus | anceol atus in waters off
Chang CT, Drazen JC, Chiang WC, Hwauwi gan DJ

HH, Ho YH, Popp BN (2023) Marilrdg.Ecol ogy

5.1 Abstract
SharptaiMasswmfuisshsaaceolaatcusr cumgl obal di
ocean Malhéiarmwd aare typically regarded as g

Botphecsi es are frequently captured as bycatc

are often targeted and heavily harvested
sharptail sunfish remains poorly describect
trophami cdsy nof sharptail sunfish from water
content analysis (SCA; n = 162), bul k tiss!
compoesupnedc i fi ¢ I sotope anadAAsi sn of 1amMi.n oR eas

demonstrsaha&dpttaialt sunfish mainly consumed
proportions of -dainvde rnsees opred ya gfircam ceopmist al , e
The diet of sharptail sunfish changed sign
| owitM atd@lval ues and fed on more pteropods a
(>80 c¢cm) fed on more Pyrosoma spp., cephal
sandy substrates, with | arger individuals
and trophilci epo sciotmpoorgst.t ivaalisueandl so showed
variations across body si ze, suggesting th
mi grations with changing availability of f
i nto the tr ogphharcptdayinlamsd wrsf iosfh and suggest t

varies -acsbessyl stages and seasons.
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5.2 I ntroduction
Member s of t he f akol MasMaurieBeade z)d meme r a

di stributed worl dwide from tfraompil yali ntcd ude
wordd dheaviest bony f iMohl,a tahlee xbauhnipchhenainde i sguhnsf i
to 2.7 -Rer(eGormeeset al. 2023). The Molidae pl
predators in the gelatinoud Mmosd Meba (Sp ®o
were regarded as obligate gelativores tha
(FrB8semner 1951, Hooper et al . 1973) . How
content analysis (SCA) and bul kevesated at a
wi der range of prey it emd ac,onmidnaaniewdd ibnyg opceela

and neritic prey such as c¢crab megal ops and

et al. 2013, Nakamura & Sato 2014) .- Using |
specific isotope andAlAysi seskaamheosadc¢iodsd(
ontogenetic shift I n t-shiez edd eitrsd iovfi doucael asn wseul

have a mixed diet of both benthic dand pel a:

hi gher trophic positienrerdamnwdedf ed eyr i(Maruislay ¢

Phillips et al. 2020). These observations
could be related to seasonal mi g.r a2d 2In) pat
and variability in foraging behaviors acr o:

ocean sunfish off Japan stayed near the s

moved back and forth between surfidye and d

SharptaiMassgwumfuisshsaaceolaatcusr cumgl obal di
ocean sunfish (Caldera et al. 2020) . They
behavioral and movement patterns, includi ng¢
(&itz et al. 2002, Dewar et al. 2010, Chang
as bycatch globally (Nyegaard et al . 2018,

142



human consumption regionally (200260 09T,ai wan,
Fi sheries Agency 2020) . Whil e the I nternat
(Il UCN) assessed the conservdteiasn d@tantces no f
2015, this was | argely based upon | ack of
|l imited data are available on sharptail S

Bakenhast &r a KrRiOdil6t) noted that remains of

were found in the stomach content$SAf) .2 sha
I n addition, sand and | eaves were discover
sunfish in Japan (Sawai et al. 2019), altho
during stranding. Overall, fitshsdidetf fdwoweltc

of data and the highly digested nature of
studies are required to understand the tr
partitions the environmenth.with the closel"

Coupling SCA and SI A provides insight int

across ontogeny and habitats. SCA provides
that reflects recent foraging (i1 .ean hours
provide information on the sources of prin
their trophic relationships integrated oVe

t€te amMdN;i*€ awmdN) in predator ti sstuhees refl
previous weeks, mont hs, or >1 vyr, dependin
i ncorporation rate (MadigldM wadl uals. ih&2Zlk)a
signi fli2e-avmit)ttty each trophic | evel (Vander Za
2008nd as a result are frequently wused to
position of ani mal s. However, it can be

i mportance of ar ivatliuers iof Wearsxelfioib® web fr

associteht dceewdii ng at hi gAhAeri st rao prioirce Irevwelng .l y
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tool that overcomes t hedlshe viailndaeisedhigmonse of b
acids (e.g. lysine, phenylal anine, serine,
wi tdhr emsing trophic | evel and reflect the b
acids, i n dgorao@annticnloaractihdes (e. g. al anine, 0
proline, valine), which exhibit&dhitglphsot o
| evel (McClelland & Montoya 2002, Popp et
Therelithdrweal ues of amino acids retain inforr
trophic isotope fré@d&tivahatisomf Biofufferee mmas
acd dcan thus be uselldN twaldedas ran nteh e ol s & hef
and trophic positions of animals (McClell a

I n this study, we usA&gA tSCArnewadlk tSHEA,t ramp

of shaumpftiash. We aimed to explore (1) whett
Scyphozoa, other gelatinous taxa, Or on mot
or seasonal shifts in sharptail sunfish di e
trophic ecology of sharptail sunfish in oc:

5.3 Materials and methods
5.3.1 Sample collection

We collected tissue and stomach sampl es |
eastern Taiwan from 2017 tgh2oOoaif Abhbteharf
by -,ett and | ongline fisheries (Fig. 5.1), i
fish markets for sale on the same day. Tot :
end of the caudal fin)haend it aonfdarhde Isenmoaqtth
front of the caudal fin) were measured. We
caudal fins had been removed and discarded

and white muscle sampm dshe( mbdodnkd, ovelrlee ccto
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muscle sampl eiS$AEer St bomazédncantents were pr
due to the rapid digestion of gelatinous p

Prey items for SIA were colle¢dbeddt o nmat
stomach contents of sAtaodpt@ai)l (urf i89h.weS ey
wi t h-nrearsd from a boat during the summer i n =
and the whole body was processedl eommedi at e
from fish markets in eastern Taiwan from t#h
sunfi sh. Mantle tissues ofiS8AE€Epbhat opbopdsowes ¢
UndigesteBytosppat and( Sal pi daRhprnnsnap 16), a
(n = 7), and pteropods (n = 10) were <col |l
sharptail sunfi8®&W faonrd pprroecseesrsviendg .a t

5.3.2 Stomach content analysi s

I n the | aboratory, prey items amar & hiedent i
abundance and weight were measur ed. Cephal
measur ement , the prey items were preserveol
categorized into 9 functional grouphse based

Suppl ement -rets. avaviw/. amti cl es/ suppl / m715p113.
items, sand, and plastics were not include:t
and a stomach without any prey was counted
5.3.3 Bubketisotoepetanal ysi s

Sharptail sunfish muscle tissue and prey
dried for 48 h at 60AC and then ground int
OiG.Mg (depending on the species)eadh fpiomwde
capsul es. Pheospmpds wenmrde weighed i nto sil v
with 10% HCI for removing the carbBénhte, al

at 6B Caltd values were determined using an
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ECS 4010 El emental Combustion System using
spectrometberd t@TWe Ao ant age). The bul k i sot

standdaotation relative to-PMDBe)n nfao rP ecea rCbeoen

at mos phfeari cniNt r ogen. The analytical error
reference maitte ralhddl sva®oBeltatulse | i pit@ls have
valuegerebabother ani mal ti ssues, and the v

af fik€tval ues (Fockenit® WBalckes dflosshar gtheaei |
(C: N > 3.5) and invertebrate prey 1items (

nor mal atgobrobhhms for muscle from Atlantic

(Logan et al. 2008) and from zooplankton (.
5.3.4 Nitrogen isotope analysis of individ
Ten sharptail sunf i shl eacctreods s-Adsri zEBECA as s

preparati oAA ffool | ©OSvieAl t he met hods of Han
Approxilaingl wf homogeni zed white muscl e ti
esterification and tri fl ufoNn ovaacl euteysl doufm binn dwe
amino acids were analyzed using a Delta V P
GC gas chromatograph. All sampl esitNwer e ana
values were correct@hl vaelaesvefta mhhoel &no
reference. Standard deviation fo0G.85aplica
(N@&)8nd rangedlfo@&dr@e03rtophic amino acids
glutamic acid) and 3 source amino acids (g
to calculate a weighted average for trophi
et al. (2015).
5.3.5 Data analysis

To classify sharptail sunfish into ecolo

LOESS smoothing and a ©piektbtewinseR Ivieresaironr ¢
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(TOANCO¥Ad e g mééma eldages) (Cleveland et al. 19
breakpoints in the relationship between i s«

The di scont ithtu oaihdd v anlpu ¢ £ didmet hahgseshanpt ail

across size, with breakpoints fd&ndanat app
itNvalues (Fig. S5.1). Thus, sharptail sunf
Class | (<80( &@D2dBl )SL)CI asnsg SAARO®s € ml ISL) . Sub
di et compositions and isotopic values of sl
classes. The analysis did not include the
the assumption of sismiylear sprey availabilit:

For SCA, 5 diet indices were calcul ated:

proportion of predator stomachs containing
as the proportion of the weight ofs;a prey
numer i cal abundance (%N) as the proportion
number of all prey; the index of relative i

of these 3 metrics (Pianka 1973)i;t eaeammdi n%l RI

the sum of al l I RI val ues. The indices f
functional prey groups among each size <cl e
calcul at ed. Diets (%N and %W) among si ze ¢
a pent similarity index (PSI, Hurl bert 197

determine whether there was a sufficient n

seasons to describe the diet of sharptail

of gd4rmadp sunfish across all si ze ealagsses ar
nested analysis of similarities (ANOSI M, 9
based up-€@ortai Braymilarity matri x. This ana
soft wairen (&,erBl ymouth Marine Laboratory; CI

For bulk SIA, nonlinear regressit&n was us
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anitN values and SL for shé&€ptaddidl valmfiss h.
bet ween body si ze uasnidn gs eAaNsCoVAs (wne xee dt eletse dy n
1997), with size class atd posasdhmcag efsitx e a
4.0.4. The Uk fafiledk evnacleuse si namong prey catego
sunfish wer-wayeANOWAkusdy trpigo sltu hoc HMe Dt &4 i n R

TPbul k uBWNngalbweé k was estimated using the e
N ¥N

— TP + consumer baselinE( 1 )
Ik b

e TDF

wheit@dconsumerpr es edthiM svalhuee of shaiipdaadilinesunt i

represents théNbasbtluiese ¢Reak 6res lnds)e d
zooplankton from tihNeaswaithnde ra torfdp iaéc wlaev als
forpraeeng et al. 2015). The trophic discrin
mus¢Bayyas used (Phillips TePt aaxlr.osx0 Xx0)z.e [Ril fafs
testedwayi ANOMA in R version 4.0. 4.

Due to the higtWNvenl absl bfyzbopbahkton a
webs, -ABSwAS used to estimate a mome accur a

usithhy vadfueami no acids was estimated using

dlsNTr - 2fNSrc -
TR, =1 + ™ @)
TDF,,

wheidrran@Nsrare the weighted averages of se
amino ba8i ®@fiadley et al. 2015) repithesents t
values of tr omhiaac iamsd isno wprrd endasyi B@araad wecger s .
et al. 2015) r epirfe svean tuse st hoef TtDFo pfhoirc t(hael ani
acid) and source (glycine, phenyl al ani ne, |

The Bayesi an tnidedkixmiSgplaRolded e i St ock & Se mme

was applied in R version 3.6.0 to estimate
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sharptail sunfish size class. The most comr
of sharptail s w i Fhgrho mipmpeae (B8 ed PA)rrocstoumai c at
spp. and Sal pidae, n = 16)Atodgdg. pteaerep8is w(
selected because Scyphozoa are regarded as

Py r o ssopnpa and Salapi desseotlgpd csivmillues and eco

were weighted equally in calculated tunica
because the proportion of cephal opods in tt
with size, refl batiog tocndéa&sedd ec¢sntorfi | ar
Gravimetric i mportance (%W) represents the
t o sharptail sunfi sh. We constructed t he

compositions (by %W)hiod sthudy.t aliHe siumffdrsraf
scaled to have a total wei ght equal to the
used bulk tissue TDF v@€ued2 BdingdMdcean Sunfi
1.2@Phillips et al. MAOCXBD). chari nmdibealt ei rCmutl
nor mal l engtidRubBpopt f G&Eemaman et al . 2013) an

(Geweke 1991) were used to test for model |

Stable | sotope Bayesian EIlIIlipses in R ve
wasedisto calcul ate the isotopic niche widt
estimated trophic niche metrics including
corrected standard ellipse area (SEAc), an

(Jackslon 2011, 2012).
5.4 Resul ts

5.4.1 Diet composition across size classes

A total of 162 stomachs of sharptail sSul
empty (35%). A wide wvariety of prey taxa
gel atinous wslganicmsst anméedns, and fishes (T
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samples was excluded from analysis because
of flying fish eggs compared to other stc
influence of obhhiovesahigl @i éit sesti mates. Tu
pyr os oPnmerso)nsi pnpa. amphi pods, and pteropods w
consumed prey. Pteropods (35%N) and tunica
abundant . Based on wdiognh th a nédnnyd pnmeeseogieolrasg if
tunicates (Pyrosomati dae: 4 8 %W, Sal pi dae:
weight and 75% in %Il RI of the prey.

Cumul ative prey curves indicated that sa
ang&ddl2dm r eachyetptaont iac rel ationship (Fig. S5

were sufficient to describe the diets of st

of sharptail sunfish >120 ¢cm were probably
Sharptailcempdsisthi @metby %N ( ANOSI M: R = 0
(R = 0.009, p = 0.017) showed significant d
The diets were more similar across all si ze

(Table 5. 2A)i.shSh<a8rOptcam | f esdunrhai nl yvaond prey
mesopel agic habitats, and sharptail sunfi s
and-aenpdc mesopel agic habitats (Fig. 5.2). Tu
di et s of Ssharmrptsasi | sizwenfgrsdupsa . Wi t hin t hi
Imesopel agic tunicates), smal | sharptail s u
%W) compared to(BB2@mr 40d%W, dah2@ c m: 5 %
primarily fea802@mM:Py3X& s®Wac m: 79 %W) (Tabl e
wei ght proportions ofPhptoesi mgao d ¢ e @in/dmeasnopphei l
crustaceans) in diets decreased with incre
and abundances of crustacadamnfj cvearmi lzoe awe m

of sharptail sunfish >120 cm and were main
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mol a <80 c¢m. SDa2z@emaifled swmofrieshon fish (Sc
Lutjanidae) than those <80 c¢m sahnd>801l2dm c m.
individuals foraged more on cephal opods th
only a minor component of the diet. A | ar g
sharptail sunfish >120 ¢cm (20% FO, Tabl e S!

5.4. 2 Seasonacnpasrietnidon nacdricests csi ze cl asses

Cumul ative prey curves indicated that sat
summer, and spring were sufficient to descr
of all sharptail sunfbys h%oMN h(oRved GehBon@l =v
%W (R = 0.18, p = 0.001) (Table 5.2B). Sun

with high PSI val ues ( %W: 72.5; %N : 63. 3),
crustacean juveniles and céphagl odbdds8)t haMo s
the flying fish eggs were consumed i n summi
sample with a | arge abundance of eggs. Autu

of %W (ANOSHMSspai rRwi=se@ . 235, p328,0.007)0.ad@

and sand was found in the stomachs of shar

Seasonal wvariation in sharptail sunfish
composition of sharptail sunfishcml2® cm d
= 0.32, p = 0.005, 120 cm: R = 0.16, p = 0.
R = 0.15, p = 0.039) whereas that of mol a
%W, R = 0.1, p E£)0. 2&1)sh@Tegldlad |5 .9@8lrfei sh <8
di stinct among seasons ( %N, R = 0.316, p <
5.2C). The proportion of pteropods was | ow
terms of %N ( Fi g. 5. 3) . Few crustacean | u\
found i n summer and aut uPrhir odsipapas , waasn df cau nhdi
winter diets. | n 8d)1 2ddns, osfp rsihmg pdiaatls ssuing nisf
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from autumn diets in terms of numemical i nct
numerous tunicates in spring and shifted t
Numerous cephal opods and fish were also fo
The %W of Scyphozoa was higher i n summer,k ¢
5. 4e@8s ®nal variation in bulk isotope val ue:c
| sotopic compositions of carbon and ni't
related to body size of sHBrFERH.I07sumpfiEsh. (
itN: 2R 0.14, p &NOv@OL)les Tlhe sharptail sur
sigenanftily higher than thosezohdrp=m@]. &1480 cr
and values did not, do2fl fpg7 Da Brédlygs wd @ ehs ;mros i (n
bet ween size, a0 pFgéasb&7yBlIiGes significant
across size groups, 2i recade pls6id0 g0 W7 v Al besy s
also differed signd fsfoehn@¥ ¥0 .a0t@lo)s.s!| lseesa siom s
spring were the highest and thosesesn. aut un
Seasonal Uptatvtaelruness oifn sharptail sunfish eve
significant seasonal vari a4, i=os@dsp&HonD .,.iOn0d5i;vi di
8012Om:3, F143.0=010. 034) . | €mwlad u¢® Qi ave,s pr
significantly higher thanpthé. @4 ueswheaer aa
mo |8ad1 2 6 m, none of the pairwise tests betw
di fferences.
5. 44 vial ues of amino acids and TP esti mate
Similar tpatolkes eV dvral metBRN wmalames of troph
source amino acids in sharptail 238n6ash sli
and fromapLBepawtivel yaandcTrabbd € Hi. Bg . clTPsses
sunfish twenmt wmeisldiBRhtes. Mola >120 cm had

Size CclB®IsXfns aonfd <80 cm ( hakkhewédd 331 gMefainc
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di fferences
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. 4.6 Mixing model s
Mi kg model results indicated that prey c
f sharptail sunfish (Fig. 5.5). The most

uni cat es,
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typically feed on scyphmpoabhanttgei adait easuwe

diets of sharptail sunfi sihN ivnaltuheiss isnt ubduyl.k T
and amino acids slightly increased with th
ontogenetic shift in their diet.
5.5. lofDisehtasr pt ai | sunfi sh

Sharptail sunfish principally fed on gel

which corroborates sparse prior observatio
targeted predators (Har bi sonGr& yJ a2n0slsée)n. 1T9h8i
feeding strategy is similar to other mol i
sunfish (Pope et al. 2010). I n our study, s
but also salps and pyrosomepjcas!|l gemdonsett al
water content, gel atinous species have | o
unf avorable foods i n pel agic food webs (1
(Davenport & Balazs 1991, Davenport 1998,
|l eat herbadlrsnea htel naisr|l ee sarbileec dad consume enot
daily to maintain sufficient energy intake
huge quantities and biomass of gelatinous
energy source.

Sharptail sunfish mainly consumed gel ati
various ot hearndp rneeys ofpreolma geipci, coastal, and b
they search for prey sources eadivimg i miush é.a
Similar di etary observations were reportec
Atl antic coast of FI ori da, which fed on p
habitats (various iIinveGrahraoéesh. dBakagkagt
habitatstdqfmemopelagi c, and from pelagic t

t he -wamdegi ng vertical mo Vv e ment behavior of
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track prey on the seafl oor, sur feawcaer, eatnd d
al . 2010) . These vertically variable foracg
molids and in other consumers ofCgeétat @anous

caranmndal eat herback sea turt|l eat,s t(hkha u ghetaonc

et al. 2006, Marshall et al. 2012, Nakamur
Whil e both sharptail sunfish and ocean
habitat uses across ontogeny differ. Notab

in the shamptasl ofusfish across size group:
sunfish, which are dominated by this prey
2014). There are 2 possible explanations foc

haveeatseée preference for other gelatinous

potenti al resource partitioning from ocean
found i n t Melssptpo.maccahpst uorfed i n the same | oca
Chaogpubl . dat a) . Anot her reason might be
st omach content s. Systeimatdi edl| Ipyr eyndesr eat
documented problem in diet studies based o

prey are r ezgeud airn yocoeamgwunfi sh st omachs,
present in sharptail sunfish stomachs i f t
contribution of Scyphozoa from Bayesi an
i mportance of Scyplddozrota iso shar paakl oS uBEtYyE
mi ght not be due to poor preservation but

5.5.2 Size effects

Sizel ated changes in sharptail sunfi sh
partitioning. ilen acwmpessudyontloé dharptail
increasing -emobebki fyomréyw(e. g. smal | i nvert

active prey (e.g. cephdl mpesdpebndi ti bapj t h
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bent hi c, and coavtbapesegrend.i kéhgse el at ed
swimming performance of sharptail sunfi sh.
(Gregory 1933), and prey availability is
( M®nard et al. 2006l)i.t yl nocfr efai ssehd nsawyi nermmi anbgl ea |
various habi-mabsl iory opHaehryngg§qredenzc hetz al . 201"
increasing body size may increase competiti
thus expanding thki dbabandtscod ptedlaghabhi baeing
can forage. Similar patterns were found inr
targeting a mixed diet in nearshore waters
broad depth rangeesforpemagpicp eloaagisc (tNa k@ mu r
Sousa et al. 2016, Phillips et al. 2020).
Despite these slight but significant <cha
predominately fed on tunicates. Little wvar
size groups al so suggested high similarity

stages,’tNamwé| ukese suggest they feed from the

turtles, which have been shown tesfpaead mair
(Pate & Salmon 2017). This high wutilizatio
also demonstrated in mixing model di et es
tuni cates across sizes. Large sharpaPail sur
andpuyiP athMrry al ues than small i ndividual s, v
ability to capture sl imghitlytlyi ghery ooaimtigt
5.5.3 Seasonal effect

Seasonal shifts in diets and 1isotopic <c
observed, suggesting that sharptail sunfi st

or particoulahlprenpewhbegn they @&fevaVaebabfe

mol a were highest, and the verymallghmmlaa)p cC
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suggests that t-hegdifreg pmneythmeadkudtyil'ietey hs g

season (Gonz8lez et al. 2000, Czudaj et al
seasonal bl oom of tunicates g@¢pcruordsu can vtih e
season, suggesting that sharptail sunfi sh
prey when available (Kuo et al. 2015, Fr anc
of mesopelagic fishes (Caill hatptt@irk) subdur
had ®bwal ues, suggesting feeding in differ
available resources. This difference was ¢

feeding on more pelagic preyali,n bwinnttherc, am

pel agic prey in summer and autumn. Additio
were found in summer and autumn diets is f
on pulses of avail able prey absedaeadei;n sg me
tur€Chelsoni af imy daiswan, which fed -oar eggts du
seasons ( Ng et al . 2 0plrdg d u cWei vpirtoyp ossesa stohnast
winter), sharptail sunfish (depeatal leynetagy

from tunicates f r epm opdeul catgiivci trye gsieoansso.n sl n( sl vom

t hey might move c¢closer inshore, where prod
2007) , or move back and forth theteepgpand he
avail able prey resources.
Additionally,it€eaalbmast eshisharpmnail sunfi
by the seasonal variability in the carbon

prey or particul ated®&r yaniue smatit eLrOM BOM)w.e d
vatians due to different oceanographic proc
(Lin et al. 2014, Ho et al. 2021). The sea
propagate to the consumer, i.e. mola, via I

5.5.4 I ntegratesntgi nsaCGA moh dd iSdtAs iaaf sharptail
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There were some discrepancies between S
di fferences in dietary resolution between
integrating them in studyi ntgunfiocraatge sn gi ne cdil e
sharptail sunfish were shown i n both appr
cephal opods or benthic organisms were sho

provide a snapshot oft edrine tdsi ebtuatr ys aptreeoyy . prreof |

%N or %W) because of wvariability in digest
i ndi ces (number, wei ght , occurrence, I RI
combined and used to fully describe the d
vabibhity of gut contents between individua

sunfish, dioemesghadpli gh/ | owi B8I fhetangi gnmnif f i
i n ANOSI M. It may seem counterintuitive th

(wWooverlap) would not have a significant d

to inherent differences in both approaches.
groups wusing overal/l %N or %W values (Hur/l
daa, including the variability, in a stati
gradaupdi ets has | ow PSI val usisgmiutti ¢ et y eist |
a |l arge variation in diets withimltuukes)gr ou,

may not accurately reflect the diets.
SI'A resul tsi ngregwiade dt iimd or mati on on ass

energy contribution (Peterson & Fry 1987).

contributed Ilittle t oantdhe%W)i eotfs | (abragsee ds hoanr p
because they were only occasionally obser:
results indicated that <cephaleapmddsi ewwe roef nhoe
sharptail sunfish than ampparbentwefernons| RACA.N
was also found in the trophic niche widths:s

158



decrease in trophic niche widths with body

our study. |l nstead, | arge i :ah adripftfaeirle ng u rhfaib
Newsome et al. (2007) mentdeornievde d hmaitc hteh ei sl
smal | niche width of a consumer woul d res

resources that have simil ar sicsroetpoapnicci ecso nmpao

also been described in studies of apex pre
Thus, integrating the SCA and SI A provides
of sharptail sunfi sh.

There are some | i mkFitmasti onwei di d hnet séexply
variation in diets due to the smal/l sampl e
are similar across years. Second, the samp

groups were unbadaleamead olmad a wwcecuofr ence of

waters off Taiwan. However, an unbalanced ¢
and the robustness (Anderson & Walsh 2013)
i mprove the robustneisosnadfl yt hsomet gad. chAad

identifiable because they were highly dige

cope with unidentified prey and i mprove th
wor k. Last, similar | dotpdpeiropodbueaexndf i lu
uncertainties of the mixing model resul ts
well when prey sources have dissimilar i sof
pteropods, which have combi med i Smeée Dplitci va |
prey sources), the contribution of tunicat e
sources due to the increase in the percent

in the present sombdyne wehed®@s2 popeytosowr ce

di fferences in their trophic niche and tax:
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5.6 Conclusions

We found t hat sharptail sunfi sh predomi
increasing diet diversity withdiientcrseuaggd ensgt
the possibilitgndfs preeadirufciicn gc oimnmptertai ti on f or
Sharptail sunfish dietaoscdurffiemgdouam@ax pechtk
they did not feed extensivel yoronr esscoyuprhcoez ooa
trophic niche partitioning among Mol idae.
resource use and ecological role of the po
understanding of trophic inteUWmdcdn Dthan difn d

pel agic predator feeding strategies hel ps

across ontogeny and seasons, identifying Kk:¢
be integrated i nt o mor e hol i sttiionpamul at
management initiatives.
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Tabl ePre.yl.i t ems

indices were ca

of

|l cul

coll ected

at ed:

%F O:

sharptail

%W: gravimetric i mportance; I RI [

of a prey item relative to he sum
Prey item %FO %N %W IRI %IRI
SCYPHOZOA
Atollidae - Atolla spp. 10.48 1.03 3.10 43.35 0.52
MOLLUSCS
Cephalopoda
Ommastrephidae (beak) 7.62 0.38 0.51 6.77 0.08
Gonatidae (beak) 0.95 0.05 0.00 0.05 0.00
Pen of unidentified cephalopod 1.90 0.09 0.00 0.18 0.00
Eye lens of unidentified cephalopoc 12.38 1.60 0.12 21.23 0.26
Hook of unidentified ephalopod 0.95 1.46 0.09 1.47 0.02
Pteropoda
Cavoliniidae- Diacavolinia

36.19 13.91 1.02 540.45 6.54

longirostris
Cavoliniidae- Cavoliniaspp. 10.48 2.30 0.16 25.78 0.31
Cavoliniidae- Diacria costata 6.67 0.42 0.01 2.87 0.03
Creseidae Creses conica 27.62 11.00 0.82 326.22 3.95
Cliidae- Clio pyramidata 2.86 0.14 0.00 0.41 0.00
Carinariidae Carinaria spp. 23.81 5.50 0.61 145.46 1.76
Atlantidae 17.14 1.60 0.08 28.76 0.35
Gastropoda
Benthic gastropod (unidentified) 3.81 0.23 0.02 0.96 0.01
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Tabl d Cont Pnegd)tems of coll ected sh
Five diet indices were calcul ated:
abundance; %W: gravimetric i mportar

proportion I RIvefta pheysumemfrel bt

Prey item %FO %N %W IRI %IRI
Heteropoda

Heteropod radula 12.38 4.28 0.18 55.18 0.67
TUNICATES

Salpidae 60.95 15.55 32.81 2948.11 35.67
Pyrosomatidae Pyrosomaspp. 52.38 13.67  48.02 3231.48 39.09
Pyrosomatidae Pyrosomellaspp. 0.95 0.05 0.03 0.07 0.00
CRUSTACEANS

Amphipoda

Phronimidae Phronimaspp. 47.62 11.56 3.56 719.82 8.71
Hyperiidae- Hyperiaspp. 4.76 0.23 0.00 1.12 0.01

Euphausiacea

Euphausiidae euphausiids 1.90 0.38 0.02 0.76 0.01
Decapoda

Gnathophausiap. 0.95 0.05 0.16 0.20 0.00
Shrimp (unidentified) 14.29 1.79 0.26 29.25 0.35
Crab megalopa (unidentified) 0.95 0.09 0.01 0.10 0.00
Scyllaridae phyllosoma 10.48 1.46 0.49 20.39 0.25
Crab zoea (unidentified) 3.81 0.23 0.01 0.95 0.01
FISH

Scombridae 0.95 0.05 1.19 1.18 0.01
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Table 5.1(Continued)Prey items of collected sharptail sunfish with stomach contents. |
diet indices were calculated: %FO: frequency of occurrence; %Nerical abundance;
%W: gravimetric importance; IRI: index of relative importance; %IRI: proportion IRI of

prey item relatre to the sum of all IRI values

Prey item %FO %N %W IRI %IRI
Lutjanidae 0.95 0.05 0.68 0.69 0.01
Lutjanidae (teeth) 1.90 0.09 0.01 0.19 0.00
Exocoetidae (egg) 12.38 4.79 0.39 64.23 0.78
Fish (unidentified) 1.90 0.09 0.73 1.58 0.02
Otolith of unidentified fish 1.90 0.19 0.00 0.36 0.00
Bone of unidentified fish 4.76 1.08 0.03 5.28 0.06
OTHER

Sand 1.90 - 4.49 8.55 0.10
Plagics 6.67 3.95 0.05 26.68 0.32
Unidentified organisms 5.71 0.66 0.32 5.61 0.07
TOTAL 105 2128 821¢g
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Tablerxteht Be milarity index (PSI) values a
and seasons; measured in teargmNnadf dasédeshur
wei ght s ( %W, above diagonal dashes) . Comp

%N

organisms, plastics, and sand.
< 0.05) between groups in terms of
(A) Size class (ANOSIM: g 0.05)
<80 cm 801120 cm >120 cm

<80 cm T 76.6* 33.4*
80i 120 cm 58.9* T 44.3*
>120 cm 59.8* 51.2* T
(B) Season (ANOSIM: p < 0.05)

Spring Summer Autumn Winter
Spring i 37.9 55.9% 26.9
Summer 64.7 T 72.5 57.3
Autumn 50.5* 63.3 | 60.0*
Winter 388 48.3 50.3 i
(C) <80 cm (ANOSIM: p < 0.05)

Spring Summer Autumn Winter
Spring T 66.4 61.7* 37.4
Summer 22.4 T 81.5* 36.8
Autumn 43* 29* T 40.5*
Winter 23.7 21.5* 30.1* T
(D) 801 120 cm (ANOSIM: p < 0.05)

Spring Summer Autumn Winter
Spring | 447 38.9 63.6
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Table 5.2. Percent similarity index (PSI) values among size classes of sh

sunfish and seasons; measured in terms of prey numbers (%N, below di

dashes) and weights (%W, above diagonal dashes). Comparisons do not

unidentified organisms, plastics, and sand. *represents significant differenc

ANOSIM results (p < 0.05) between groups in terms of %N and %W

Summer 26.9 T 78.5 63.2
Autumn 44.6* 56 T 57.3
Winter 40 45.9 57.7 T
(E) >120 cm (ANOSIM: p > 0.05)
Spring Summer Autumn Winter

Spring T 12.4 5.7 T
Summer 12.9 T 76.1 T
Autumn 3 56.9 T T

Winter T T
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Tabl Memn3 NSWDal ues(WNf)pt anghsour ¢@sadcmi no aci
and trophic positions (TPs) e smiinnoa t a@ai dosy i

(TABW and buldu)d acssoes ¢$iTPe classes of sharp

Size class 0N ( 8) U*Nsrc( &) TPaa TPouik

<80 cm 214914 351+0.2 35+£03 35+x04
80/ 120 cm 22.00+ 2.0 3.48+ 3.8 36+£04 3.7£0.3
>120 cm 2441+ 10 452+1.1 3.9+£0.2 3.8+£0.3
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Tabl eH&bBI. tlat

and

functi

onal

groups f

Species

Habitat

Functional group

Atollidae - Atolla spp.

Ommastrephidae (beak)

Gonatidae (beak)

Pen of unidentified cephalopoda

Eye lens of unidentified cephalopoda

Hook of unidentified cephalopoda

Cavoliniidae- Diacavolinia longirostris

Cavoliniidae- Cavoliniaspp.

Cavoliniidae- Diacria costata

Creseidae Creseis conica

Cliidae- Clio pyramidata

Carinariidae Carinaria spp.

Atlantidae

Benthic gastropoda (unidentified)

Heteropodsadula

Salpidae

Pyrosomatidae Pyrosomaspp.

Pyrosomatidae Pyrosomellaspp.

Phronimidae Phronimaspp.

Hyperiidae- Hyperiaspp.

Euphausiidae Euphausiids

Gnathophausiap.

Shrimp (unidentified)

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mespelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesoglagic

Epi- and mesopelagic

Epi- and mesopelagic

Benthic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagi

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

Epi- and mesopelagic

175

Epi- and mesopelagic scyphozoa

Epi- and mesopelagic cephalopoc

Epi- and mesopelagic cephalopoc

Epi- and mesopelagic cephalopoc

Epi- and mesopelagic cephalopoc

Epi- and mesopelagic cephalopoc

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Epi- and mesopelagic pteropoda

Benthic organism

Epi- and mesopelagic pteropoda

Epi- and mesopelagic tunicate

Epi- and mesopelagic tunicate

Epi- and mesopelagic tunicate

Epi- and mesopelagic crustacear

Epi- and mesopelagic crustacear

Epi- and mespelagic crustacean

Epi- and mesopelagic crustacear

Unidentified shrimp

or

pr ey



Tabl e(G&dnttHabedpt and functional gr

sunfi sh

Species Habitat Functional goup
Crab megalopa (unidentified) Coastal Crustacean juvenile
Scyllaridae phyllosoma Coastal and offshore Crustacean juvenile
Crab zoea (unidentified) Coastal Crustacean juvenile
Scombridae Epi- and mesopelagic Fish
Lutjanidae Coastal Fish
Lutjanidae(teeth) Coastal Fish
Exocoetidae (egg) Epipelagic Fish

Fish (unidentified) Fish

Otolith of unidentified fish Fish

Bone of unidentified fish Fish
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Tabl e &p.t2ablPes for stomach contents of sharptail sunfish across
Size clas <80 cm 80-120 cm >120 cm

Prey item %FO %N %W IRI %IRI %FO %N %W IRI %IRI %FO %N %W IRI %IRI
SCYPHOZOA

Atollidae - Atolla spp. 5.8€0. 2t0. 242. 8¢0. 0¢ 13.11. 6€6.5€108.1. 2¢€ 10.C0.540. 0%5. 7C0. 07
MOLLUSCS

Cephalopala

Ommastrephidae (beak) 8.820.370.174.8C0. 0E¢ 6. 5€0. 3E0. 9€8. 720. 1C 10. C0O.540. 0€6. 0CO. 07
Gonatidae (beak) 0.0CO.0CO.0CO.0CO.OC 1.640. 0¢0.010. 1€0.0C 0.0C0O.0CO.0CO.0CO.OC
Pen of unidentified cephalopoda 0.00 0.0CO.0CO.0CO.OC 1.640. 0¢0.0C0. 150.0C 10.C0O.540. 0C5. 4C0. O€
Eye lens of unidentified cephalopoda 8. 820. 5C0. 1¢6. 0¢€0. 07 11.41.940.1223. €0. 2¢ 30.(C4.3C0.0€130.1.5€
Hook of unidentified cephalopoda 0.0C0O.0CO.0CO.0CO.OC 1.642. 730.1¢4. 7¢0.0¢€ 0.0CO.0CO.0CO.0CO.OC
Pteropoda

Cavoliniidae- Diacavolinia longirostris 3 5. 214 . €1 . 7€577 .6. 5¢€ 32.713.41.21482.5.61 60.00 13.44 0.19 817.80 9.74
Cavoliniidae- Cavoliniaspp. 11. 74. 95039 62. €0. 71 11.40. 7¢0. 1E10. 70.13 0.00 0.00 0.00 0.00 0.00
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Tabl e( G&nkiPayetdables for stomach contents of sharptail sunf

Size class <80 cm 80-120 cm >120 cm

Prey item %FO %N %W IRI %IRI %FO %N %W IRI %IRI %FO %N %W IRI %IRI
Cavoliniidae- Diacria costata 17.€0.9¢€0. 0318.C0. 2¢C 1.640. 0¢0.00 O. 1Et0.00 0.00 0.00 0.00 0.00 0.00
Creseidae Creseis conica 23.E514.41.8Et384.4. 3¢ 29. E8. 11076 261.84 3.05 30.00 13.44 0.12 406.83 4.84
Cliidae- Clio pyramidata 2.940.120.0C0. 3E0.0C 0.0C0O.0CO. OCO. OCO.00 20.00 1.08 0.00 21.60 0.26
Carinariidae Carinaria spp. 26.46. 1¢1.63207.2. 3E 21. 352 0.45 120.40 1.40 30.00 4.30 0.10 132.00 1.57
Atlantidae 17.€0.9€0. 1€20. 60. 23 18.Cl. 940. 0€36. C0.42 10.00 2.15 0.04 2190 0.26
Gastropoda

Benthic gastropods (unidentified) 8.820.370.0E3.7C0. 04 164 018 001 0.31 0.00 0.00 0.00 0.00 0.00 0.00
Heteropoda

Heteropods radula 17.€5.570.5€108.1. 2: 9.842. 7230.1127. ¢€0. 33 10.(C8.0€0.0180. 70. 9¢€
TUNICATE

Salpidae 67.€16.356. €493E56. C 60. E16. 239. £E338€39. 4 40.(C8.0€4.9C518.6. 17
Pyrosomatidae Pyrosomaspp. 41. 1750 27.C€1402315. ¢ 59.(C15.237. €E313€36. & 50.(C32. €78. €E558466. ¢
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Tabl e( G&nkiPayetdables for stomach contents of sharptail sunf
Size class <80 cm 80-120 cm >120 cm
Prey item %FO %N %W IRl %IRI %FO %N %W IRl %IRI %FO %N %W IRl %IRI

Pyrosomatidae Pyrosomellaspp.

CRUSTACEANS

Amphipoda

Phronimidae Phronimaspp.

Hyperiidae- Hyperiaspp.

Euphausiacea

Euphausiidae Euphausiids

Decapoda

Gnathophausiap.

Shrimp (unidentified)

Crab megalopa (unidentified)

Scyllaridae phyllosoma

0.0C0O.0CO.0CO.0CO.OC

50.(C10526. 8€870.9. 8¢

2.940.120.0C0. 3t0.0C

0.00 000 0.00 0.00 0.00

0.0CO.0CO.0CO.0CO.OC
11. 7136 049 2176 0.25
294 025 005 0.88 0.01

20. 2. 6C1. 4783. €0. 9¢

1.640. 0¢0.070. 2€0. 0C

45, €613.43.6¢€783.9. 18

328 071 004 246 0.03

1.640. 0¢€0. 3€0. 740. 01

1475 220 026 3629 0. 4

N

0.00 000 0.00 0.00 0.00

6. 5€0. 880. 327.940. 0¢

179

0.00 0.00 0.00 0.00 0.00

50.(C4.840. 8¢€286.3. 41

10.CO. 540. 0C5. 4C0. 0¢€

0.00 000 0.00 0.00 0.00

0.0CO.0CO0O.0CO.0CO.OC

20.(C1. 0€0.0¢€23. 40. 28

0.00 000 0.00 0.00 0.00

0.00 0.00 0.00 0.00 0.00



Tabl e( Go&nRkiPayetdabl es

st omach

contents

Size class

80-120 cm

Prey item

%FO %N

Crab zoea (unidentified)

FISH

Scombridae

Lutjanidae

Lutjanidae (teeth)

Exocoetidae (egg)

Fish (unidentified)

Otolith of unidentified fish

Bone of unidentified fish

OTHERS

Sand

Plastics

<80 cm
%FO
2.94

0. 0CO.
0. 0CO.
0. 0CO.
11. 73.
0. 0CO.
2. 940.
0. 0CO.
0.00

5. 8€8.

(82

(2]

1.64 0.09

0.00 0.00

8.20 1.50
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13.20 0.15

sharptail sunf
>120 cm

%FO %N %W %IRI
20.00 1.61 003 3280 0.39
0.0C0.0C0.0CO.0CO.OC
0.0C0.0C0.000.0C0.O0C
0.0C0.0C0.0CO.0CO.OC
10.C0.540.0C5. 4C0. 0€
0.0C0.0C0.0CO.0CO.OC
0.0C0.0C0.0CO.0CO.OC
10.C2.150.0C21.E0.2€
20.C - 14.5291.3. 47

0.00 0.00 0.00

0.00



Tabl e( Go&dnkiPayetddbl ss oimach contents of sharptail sunfish acr
Size class 80 cm 80-120 cm >120 cm

Prey item %FO %N %W IRl %IRI %FO %N %W IRl %IRI %FO %N %W IRl %IRI
Unidentifiedorganisms 5.8€0.370. 384 .410. 0E¢ 6.5€0.970.519.710. 11 000 0.00 0.00 000 0.00
TOTAL 34 808 1881 61 1134 380.2 10 186  252.8
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Fig. 8meBicdMdndl %Nnavi metric (%W) di et cCom
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