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EXECUTI VE SUMMARY

Hawaiian Electric Company, Il nc. 6s (Hawaii an
Generating Statioonomumeh@€dcpii momist ouicégon of
CIP facility. Moni toring was aolfs achaPa rcroindgd naiwe
t o mocnhiatnogres i n biologica20s@mmunoptoésthel ewe
facility at CIlI P, B&rewermsnalodaIntr,epg @motip Elied WOd althae
the years 200fFet bupouygitto22@M@gsSegel g httheem t hi s ser
The CIP Generating Stationbés wastewater i s pe
injection control (Ulrc) wells onsite; no eff|
reef fish community motnemmntoramd ltemefiintuetso atsh a
community. Sixteen permanently marked monitor
sout heast to Nanakul i i n the northwest, a di
monitoring statioaswaeer bomatedsi tmiiepiiBsdbf e
I n 2019, the number of monitoring stations wa
bi omass (mean standing crop) of fishes, abund
number ocfi efsi,shsisnpiel arity of habitat, and spat.i
monitoring stations was reduced to 12 due to
The monitoring stations are | ocated ewi tamidn f
Nanakuli) within the nearshore and are analy
dat a. Four moei gltatyisn gveea e rctdn dMecyt ,e dJ ume ,2 0Q@ct o
November, with averages reported from the po
Hawaiian El ectric has coll ected data on fish

t he Kahe Generating 8199&t0i6en -t(lek &S )dlastimgsceet tdhoec umm
severe changes foll owing st oerrnast iaonnd ohfu rkr@ Sc. a nEel
KGS monitoring stations (Kahe group) overl ap
monitoring to provide a robust record of tren
environment al anenemes eorol ogi cal i nfl u

Fish abundance, biomassd community compositian 2025 were generally consistent with
patterns observed in recent survey years and exhibited strong spatial structuring with limited
shortterm temporal variability. Differences among locations and transects were more pronounced
than differences amortge four withinyearsurvey periods, indicating that persistent-sipecific
conditions continued to be the primary drivers of reef fish community patterns.

Fish abundance varied significantly among locations, with the highest values consistently
observed at the KGS discharge pipe. In contrast, standing stock biomass showed greater
variability and weaker correspondence with abundance, reflecting strorgjrazered dynamics
and the influence of a small number of biomdsminant species.

Species richness and diversity did not differ significantly among locations or survey periods in
2025, indicating that overall fish community composition and evenness remained stable despite
spatial differences in abundance and biomass. The total numée@és recorded in 2025 was
within the range observed during recent survey years.
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Trophic structure in 2025 was similar to previous ydangertebrate feedeend herbivores
comprisedmost of theiish abundance across réetations while invertebrate feeders and
zooplanktivores contributed most to standing stock biomass. Elevated fish densitigs@&the
discharge ipe (Outfall)were driven primarily by invertivores and zooplanktivores, whereas
herbivore densities were more evenly distributed across reef locations.

Comparisons between 2024 and 2025 indicated an overall decline in fish abundance and
standingstock biomass across the study area, with the magnitude @é¢hee varying by

location. Despite these declines, species richness and diversity remained unchanged, indicating
that observed reductions reflected changes in abundance and size structure rather than species
loss.

Food fish analyses showed variable and locadiecific responses between 2024 and 2025.
While no consistent regional shifts in food fish dominance were detected, increases in food fish
abundance at some locations were not consistently reflected in bisuggesting that gains

were driven primarily by smallegizedindividuals rather than biomasminant food fishes.

Transectlevel variability remained high in 2025 and frequently exceeded loeckei@h patterns.
Adjacent transects often differed substantially in fish abundance and biomass, particularly at Kahe
and Nanakuli, highlighting the importance of figeale hhitat heterogeneity in structuring reef

fish communities.

TheKGS dischargeipe transect remained ecologically distinct from all reef sites, supporting
substantially higher fish abundance, biomass, and species richness despite declines from 2024.
Assemblages at the Pipe were dominated by schooling and aggregating species #tiptess mu
trophic groups, consistent with localized aggregation associated with artificial structure rather
than evenly distributed reef production.

Fish popul ations are heavily influenced by sp
t he KiGsSc hiappegeprpovi des protection from predator
to be highly correlated with fish populati on
|l ack of spatial relief through bréakagdsandh
poorly devel oped benthic communities at the
compar ed tdoe vimldoe eviett Hos as f o WKnGdsl ias c Hidpreg eK opd O i
st atMoornesover, sandy haWG®aschaspgpppprmet ynetrth
fish communibioide ®dand alisa gigrd ssfuirsshagpsod.d adomgd a t

hydr odycmmanmf t peasence and biiondwearitciadoraecd iavnd ipel
fi skhlesctuati ons i n abundance, bi omass, and tr«
natural wvari abi jtihteys eo ft rfeinsdhs pw peld adtamna nifsrud e rteo r

S
e
K

Additional ly
are observed
bl acktip sha
survey.

, nu meRioaulsd),shhg mneen 1 tdwrl tplhe ;n,s and He
t hr ou g hdoiustc htahreg es uwri veey samadio mielaae iblg/G
rk and r eet hREamea at rraanys emetr ed wrbisreg vt

ClP Generating Station Project 2025 Community
Reef Fishes Monitoring



Overall, the 2025 surveys found no significant changes in reef fish community structure,
abundance, or biomaasiributableto the operation of the KGS or CIP Generating Station.
Observed patterns are consistent with natural spatial variabilitystsizetured population
dynamics, and persistent habitat differences across the study area.

Key Points

1 Reef fish communities in 2025 were strongly spatially structured and temporally stable, with
fine-scale (transedevel) differences exceeding seasonal effects.

1 Fish abundance was highest at k&S discharge pipéut standing stock biomass showed
greater variability and did not consistently track abundance, reflecting strorgjrsizeeired
dynamics.

1 Species richness and diversity remained stable across locations and survey periods, indicating
changes were driven by abundance and size structure rather than species loss.

1 Spatial differences in abundance were driven primarily by invertivores and zooplanktivores,
while herbivores were more evenly distributed across reef sites.

1 Abundance and biomass were frequently decoupled, with elevated fish numbers often driven
by smallersizedor schooling taxa rather than biomaksninant fishes.

1 From 2024 to 2025, overall fish abundance and biomass declinedheittagnitude
varying by location; food fish responses were variable and often reflected changes in smaller
individuals rather than biomass.

1 The Outfall (Pipe) remained ecologically distinct, supporting substantially higher fish
abundance, biomass, and species richness than reef sites, consistent with localized
aggregation arounahn artificial structure.

1 No significant changes in fish communities were detected that can be attribbit@gadoan
E | e c KBS oc @RGenerating Stationperations.
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Plaovtad i B n

Fieldh “Splnnea @mmmmsmmm¢maswag site

Augr932

| NTRODUCTI ON

Rationale and Historical Background for the

The Hawaiian Electric Company, | nc. (Hawai i a
Generating Station begmeemasvartvwi eMW)n cd0mbQ swii to
and two auxiliary 2 MW diesel engi nreatgiemgr at
Stati oRi ¢ K&ESJRPRhathee 2CI P Generating Station doe
ocean. l nstead, the CIP Generating Station i
600 gallons per minute [gpwm])ntoomwbhepepmobdu
wells onsite. This eliminatesomhegadpatbgnted
near shore marine envitbhem€h®r &T hkepdevaledman
environment al maorciutseerdi mon pdrea ggrpasam ngl t e mpogek

communiift ieeyhe spatial extent of the quarter]l
(Barbers Point) in the southeast direction t
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mi lée.s9 kil ometers [km]). Eight of the monitol

surveyed since 2008. The remaining stations

El ectricds KGS monitoring program.. )Thes e st a
meters [m]) Befdhed cfotnstCuuZtm)p.n of the CI P C
baseline surveys were conducted in 2008, fol
constihiuwmct2i0®® (Brock 2019). Quarpdgleanty waoniftwlr
operati onal i'n 2010 and has beenanSevseed ntoi ve
2042 . This stati-sermali skecmoudi bdr lassg ghcaust e ncr
events, including storms, hurricanes, temper
events, havkehoxahnendder st anding of the i mpact
communi tyulasnelquderst recovery along this coast|
monitoring stations imetval Keahefantda shawe aibm
comparable surveys conducted by Hawaiian EI e
providing over five decades of information o
fac¢toirscluding biomass, abundancea,ccturapgtlilgy |
assess popmeltetcitorch asnrgeesi mer oS8 r @eoy sbsecnoenf & rtn ut e

commu

nt hg Wast side of Obébahu.

Field AFhet Kahe Genesaloogt&datnoa short vall
and NUnUkuli on the Wai anae coast of the |Is
Honol ulu (November 2022).
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Toe mga@mali fyyo wrbseod udfe wa
mely | arge sample size
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tative -fWmeesrcird plt iddaet,a)nonnurveys by subj e
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Mre archivable to review data or confirm

To avoid comparability issues with this data
(Brock 2019), adapted from the belt transect
t hi ssstamdgi ng survey. This is conangoenrlsy used a
throughout the State of Hawai 6i. Tkig impcl ud
and an area of 239 square eyar)PhoibOOS8 mquhbodo
records fish species and estimates | ength an
community factors of abundance, biomass, tro

size class can be derived.

This species abundance method maxi mi zes dat a
l ength to biomass conversions, and avoids |
met hod includes two measures of abmassance: n
(weight of fishes). These are both i mportant
aspects of fish community structure. Unlike
estimates do not require addbtiomatosaocuevey. t
transect | ine is spooled out as the survey i

Field3Photo Conducting fish transect surve
Transect |l ength of 164 ft. (56( 2% bmCaBumh,
extends to the $Hurface (November 202
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Size structure of fish populations can be an
communities both spatially and temporally. V
production, transport, settl ementuceadndsinzoer t a
cl asses. Lack of recruitment can | imit popul
explain variation in site attached fishes. T
provide clues to causal me cth@ams s mGeratnai n i nks
ant hhropogenic impacts can be detected, inclu
by quantifying absence or highly reduced abu
(Fi el d )Phmhtsxemce or overabundance in certain
structure and species composition. Size cl as
and shifts in community structure.

Fiel d4Platl 6 hy pdpaukastet dhesi Gafl GuagekaoRdaOhi na
(Oc t 02b0BRr.
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Field5bRhdbroken branch in tWPeocmildoblpeoraf garmnAn
continues to provide homeDafsocry |el nugdse i cb i Hsaew al i ai
Bl acHaiwkeHRarsahci r r h(Lte &4 hfedr?Z E€tp2b0BRr iats bkifd r e

t he cdoalmbangye ( Ri ght, August 2023).

Trophic | evels and endemism for fish species
trophic categories used by Brock (2019) were
omni vores, and corallivores. Trophic categor
i nvteebrate feeders, zooplanktivores, and pi s
functional groups used by Brock (2019) but a
over a similar temporal scale. Bitshhcdugemblsa
dependent more on | ocal than regional condi't
susceptible to | ocal disturbances of fishing
sedi mentation, which can causeapm)y opr edcadtfdrss

(piscivores) are the most highly evident whe
Hawaiian | sl ands (PMhla)h Unsa uaomrkpdirkeedh wint t he No
Hawaiian | sl ands ( NWHI ) . Large apeixse rocewert or
hal f of the total bi omass in the NWHI (54%),
(3%) in the MHI (Friedlander & DeMartini 200
t he Hawaiian I slands is high gemmaragditco itstod
that restricts gene flow and favors speciat.
species of fishes in Hawai éi, 2d2F%edrde)Pdrod emi5
The overall marine environment has an averag
20% for algae, fishes, and moll usks, and 40%
echinoderms and very |l ow endemism of pelagic
resicted to the species and subspecies | evel
genera. There are no single island endemics
species), missing many of the gesmusndeminad el
species in the HKrawalid pMhh oltar iGoentfraassnig a terre
Hawai Oi has approximately 100 endemics. Ende
examining fish assembl ages. I't relates to co
and spati al pat.tedrimsst oafi craddryyi temellemi ¢ compar
on presence/ absence data due to |l ack of quan
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more statistically meaningful when incorpora
all ow for inclusio

n of spati al patterns (Fri

| el ta 0 ge oﬁhl.eesn d)»d-itetl C[ocrtﬁé pr_(jvi d'.e protec
inverteb at es Camao mi Ise uishmbdiad8y kdbfiridowts esl ael o,a, Eas
Aug 293 .

|l ntroduced species have become common on ree
Hawai 0i have historically beehrihgtgihdomaoirdesd
fil amdind pasklsp aRrai msbmheliobfi@hhlRechy Esredp mer

corugqaomay)gga antdlaLbed Red snapper inBabte dépth

Hawabi wissi on of Aquatic Resources originally
introduced three shall ow water Bnapﬂémﬁdfrom
and early 1960s in hopes of stimulating the
demersal speciesyeat rpdujcedu dtiakohaspmehiea Bl ue

stri pe slnapftebryp satnidet Billacknapper have become v
whil e t he L.higridotbdumse Hiuenpback red snapper, i s
common ofhatheenlsmakhpe@i®dapweas i ntroduced from
in 195B, fWhbhaswas i mportaegd tewmr |l i er in 1956.
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L. Kka(sbhiureast r t pé)apwearpgp errel eased on the island

increased their range to include the entire

Cephal oph(wdi snargdsced by the state for comm
Moor ea, French Polynesia, originally had mor
Ssnappers I'ts attractiveness as a food fish

i ncrdeasldhi s opportunistic felkedes as pesakeved
and in direct competition with them because

popul ar beli ef, Dierking ertoipeéacoéRr®RO0d)obtpeni
relatively safe to consume, with approxi mat e
cause ciguatera poisoning. However, 20% of s
Al t hough ®#petcndmng <iotr eielhattihoen ha cgchuersmt®dp ew c e nt
found on theijshaadl pfaHBwaf 6t he 28 | ocati on
contained fish that tested positive for <cigu
of ciguatoxin, numerous efforts to cull this
thgbucommunity projects including AK-i Il Roi

upo on the island of Hawai éi, and AKauadi no
introduced species has been widel yomcaxrepted

become successful i n the commercial fisherie
only recently been realized. Histological re
hal f Laf ktafsemd)a peex ami ned from Odbébahu was infect
protozoan. Furthermore, 26%| w&kreeoirgfa@ac send wwit
potential transmission tto &ra@®eeda@errcn fHiflic hve:
found to hoSpitbeamainh éFooda iasntdi Rli grbryi 2000) .

goatMulslhgi des (WekgoVeéelnleaws tsrPiapreu pgeonaetufsi spho rapnhdy

(kTml, Whitesaddle goatfish, which lar ek gsomiurl ar
(t ad)agme&ll uestripe snapper has al so eR.panded it
filam@dtpakmptatke Pink snapper reside. Friedl a
patterns of habitat use to determi.n&aprmdat.i
t adapeand sever al native species within Hana
ecol ogi cal relationships.

ity plays an i mportant role in many ec
ed in this report. It can be a signifi
S Reductions in diverssgintcye dan chaen isredie
pecific species. Other anthropogenic
talono result in phase shifts that i
rmi ne diver swawe A&meragy Ssthavd epreayv if o
to maintain higher fish popul ations
waiian | slands (Friedlander & Parrish 1998
reduced habihteamatergoympgelne/x irtoyn memthi.g Seasonal
acts cramefstphixgsiuoger aphy, reducing habitat
ough the dominance oftFeetduPhonhg Tpr al mo
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Field Phgthocdral cover of maundaogsaaddbvaens
fishes of wvarying sizes and specild)®Oct baeri s
2 059 .

This annf8taémhap GR©B5EB@erv ey ) | ncl uadneasloybsiigshant i t
popul ations aKodh@KiaitiNe nkakludel cmmaeear shore corrid
comparison with previous yearly surveys

Natural Events and Human | mpacts to Hawaii an
Largeal e weat her changes and glomdedn phenomen:
temperatur dhpattaei ms c Decadadst ©OsHli hnMiafkoe on (P
pattern ttheatbadkKgercassnd state obéegbseaabucfamat:t
variability pri marMalnyutian atnhde HwWorret h? OFda2cti fWam g
two major eras over the 1724924 ceaenlturi6yg 4 7acnado |

warm regimes froml®29D8.tHAheu®®DOt B7e5s minddt s, n
19980,i nci dded Wihdhle nc haemag esurifnracé SS@dmpéehatures
HawieAddi t isoorH|é yNSodfhern Oscillation (ENS@vent s in the Ea:
and CentratePaci fwicth PDO Wudtah20B)a aamdd Har e 2
enhance regional war mWhmigl eana maé¢ ime s roaf e gyPrxCGla lwia
has occurred stiwnwteed 99185 c v & sheashitntneatr i mel t i pl e
heat waves have over whe32nelde MMPO& Rudnick,2023ns si nc

ClP Generating Station Project 2025 CEmmunit
Reef Fishes Monitoring

r
0
I



Ren et al.2023; Cluett et al2025) Mo d e | projections indicate th

Hawai 6i may increase, with notable historica
2019, potenne-annuwalr eraichk niga tWhre nt HLias Nd €mt wrnyd

coincide, rainfall and storm activities are

Hawai ai . Environmental and meteorological sh
wi despread cor al b Ine & dhleii rdgp wév e hti pet agior ead 20
2015, an unprecedented 15 major storms were

mortality following severe bleaching events

(Friedlander etefalstrue?2&yrye lcasns hafver @evastat
assembl ages.

Whi | e agnldo breelgi amamoéakef eci $i cal t o tahded rmeasisn |
Hawaiian |Islands cannot be ignored. These pr
include invasive species, sedimentation, nu

Both physical and biological processes contr
aspects of commuhatgesscakcéesyrephysical facto
scal ébs ol ogi cal i nteractions may control spec
environmental stress/disturbance, climate, w
depth, temperature, salinity, | lgdée and oxyg
predator/ prey relati onshuiptsmerctompedn u moer, / Ire:
interactions, and food availability.

Fishing Pressure

An expansion of commercial and recreational

met hods and increased economic pressure have
fish stocks are RBAbluowascet afnblbltd peVvalgsc an
declined ext.enkiiwhilryg ggroédbsad Urye hasl cad aslo fciasuls ¢
st ock’ksecent research provides overwhel ming e\
MHI (Friedlander et al . tabha)e. olfft iits kasdd i m
from over 25,000 surveys and assembled and a
Laboratory. Among the | ocal pressures I mpact
primary force for tiwieem dooldinesh Pleulliank omes
is strongly evident while fishes not targete
areas Even reefs off | ow popul ated regions

Mol okaodi have omfl yf cao & nfaild h es atchamnat remot e
Compared with PapahUnaumokuUkea in the NWHI s
of f O0ahu. Total catch is considerably | ower
towards smaldli ei dupdsnged amway from | arger, p
on the trophic | evel are targeted, it is onl
coastal fish populations have decreased to |
( Frliaendder and DeMartini, 2002) .
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This report describes the fishing pressure a
by examining the ratio -beddvefeinsddoud( df@)ye.sour c

The dynamic nature of coral reefs and associ
environment in a constant state of flux. Cha
trophic |l evels occur frequently, craasulntg acfom
|l ohgrm i mpacts or stochastic events. The 11k
event than from a chronic event. Chronic cas
ant hropogenic or natural cdlr esrsobisolceqiseal ae!
have not been altered (Connell, 1997, Erftem
I nfluenti al Factors Controlling Reef Communi
Stratification of cor al reef organisms i s co
complexity, and wave regimes. Accretion, gro
reefs in the Hawaiian I slands aregori:ma8j |y
Rodgers 2005) The dominant wave regimes sho
wave periodicity, intensity and seasonality
and have a profound i mpact edn arleef 20dr59!1. dav
and strong currents in exposed areas flush <c
i mpacts can dominate in environments where w
factor To develop a measrrd 0&6f) mnesefd ddBndi tfif
understand what the most i mportant factors w
Parametric (multi-ppdreametgries sgtoat)i |atnidc amlonanal
components ameltydics megdmdadianecal i ng) were use
which environmental factors were most i mport
Coral reefs involve multifaceted interaction
of the resporvyervaiinabbloemdj nmowon these facto
the variability. Both natural factors such a
ant hropogenic factors such as human popul at]i
vari abshesyand €tbr al (Figure 1).
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Influential Indicators of Biological Communities

Influential Biological and Environmental Variables]
Fish assemblage parameters| Coral community factors

Biomass .Nur'nl?er of Diversity Coral cover
individuals
Coral cover .

Coralline algae 5
“
Coral cover
Diversity

Management status 'I:urf
Coralline algae

Negative relationship

Management Status

FigaPei mary forcing functions driving reef f
cor al cover and richned3éese tbe marnaHbhwesi aa
influential to fish and cor al popul ati ons. I
coral parameters are colored red. For examp
the | ower the faigsels.and coral assembl

These influential factors can be |l ess signif
have been documented as a major influence on
Hurricanes can have devastating effects (mec
but have also been documented to ameliorate
Hurricanes absorb eneonfgyt hedatrmhugmhb eervlagpoea aan
cooling They can cause upwelling byabdingin
a reduction in irradiance | evels through <cl o
in shallow waters, hurricanagecamddests®ymaerm
recruits through sand scour. As the frequenc
Hawai 0i i s experiencing more seveargeFarnd i nte
exampl e, bleaching events were unknown to sc
bl eaching event in the MHIs occurred in 1996
mortality was | ow because temperORudel20Qui ck
the corals in PapahUnmemoknud&d amajnornt hkel eNaMmHhH i
escaped the major bleaching that was occurr.i
Cl P Generating Station Project 2025 Cb2imuni t
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reefs for the next decade due to our ge
e 1998. I't wasnot until 2014 and 2015 th
chi,nguevamgtvehecmortal ity occurred. The ¢
coast and nearly 35% statewide (Kramer
ching event would i mpac30thweaHaw@Moraa ¢f
) Morreed ircetcievnet nppodel i ng banad Ad motsipdhreNa tci
nistration (NOAA) CéyadntWarnvcvdal ddalhat weserd o
spread bl eaching events (Eakin et al. 20
awemoonmned scientistrsedeaermtm yovaeannddnaced ntt re
d on tens of thousands of scientific pap

not made within 10 years, 99% of the wor
ratifameérl Maoyw coralor akdrsewibdse dprnodniveec t i o n
ators and f@Eoel d8pmmd wyd i ;npme wibds gat e cor a
very process following these bleaching,

mented. The CIP and the KaheoMpoi neniMbine
ol l ow coraHurecoaeaey fwhl awdngni ki ( Noda
essional patterns of recovery have been

nds (Bl umenstaolc.k 1e96 7a,1 .P elrokSititnpsd @aanf di EEnP06s9
gos et al. 1973, Grigg and Maragos 1974,
h 1983V,i vHernmelnidn Laboute 1986, Done et al
ving et al. 2019, Rodgers ¢et0Oan), 2020L) ow
recovery of a gemaal peeebdsyosli émwowngr aachbd
mentation from a stochastic flood event.
m ¢ wrof fraemsdwater flood events occurred t
em to prior conditions. W th increased f
|l ines are expected, preventing return to
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Field Bhotto(mlriktse ddtrsacomalcloewmegdesr {fodi ed
Bl einy]oat JPaorrgieb ¢ ®(Kalkeael oa, Ba&xRt 3, August

Hawaiian Electricds Biological Communities M
The comsnstening of benthic and fish communi
of spatial and temparsdlruchamgoe o fdduriendKathlee Ge
Compliance with the National Poll utant Disch
all ow thermally el evated seawater discharge
t hroughout t huec tpieorni oadn do fo pcear gsbtere nbe e hl ¢ and
within the zone of mixingreadjeasenttsanmactehaow &

comparisons over space and time. The sampl e
sur vmayksehi s program one of the |l ongest and mo:
| sl ands.

Fish popul ations are highly variable, requir
of fish communities. A | arge sample size is
assembl ages. , Mamy modi ¢ e cpepicead edahebpownde

etect absolute fish abundances ¢
o di ftfoermneanauasali f Awied iubgpipli iotays | ayrweh b
y spaobdl eensasesrgbédnhsmbl yAmt ho

attributed

accurately d
t
in temporall
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vary considerably both spatiallytamé tasmpor a
additional dattaher@l Rcmanirteadr,i mg dat aset . Wit
data, the power to detect differences increa
met hodol ogi cal compatibility are maintained
assurance and control

Il n {t@emgn monitoring programs such as this pro
crucial. Coral and fish survey procedures an
this consistency annually wusi ngtamariotronr imeg h
of fish surveys was determined through stat:i
surveys between observers. |l n additgii ol a s
surveyor is selected to cbohhteauprétshngommun
changes observed, it is vital to have qualif
surveyor var teetrino moinn ttolriisngl aregcord i s | mper 8
variability c¢amndf tpean teelrsncsure trends

Hi stori cal Surveys to Date

KGS began operation in 1963. The | ater expan
required an environmental 1| mfRaogterst dtnementn (1
The EI'S included prior baselineAdoendiorisons f
(1964), B. K. Dynamics (1971), and URS Resear
and relocation of the shoreline outfall to t
marine monitoring reports deeawvi bocd meme KLoe
and McCain, 1973; Coles and Fukuda, 1975, 19
McCain, 1977; Coles, 1979, 1980; Coles et al
1987; Hawaiian EIl ectr i c -2Bnlv9i e podnintesn)t.a |l uerpvaer yt s
detected a decline of 20% in the coral commu
1973 to 1977 (Coles 1979). Once full KGS ope
settl ement and growth was riespolretde dt oi nt hper oaxsism
that the construction of the outfal!/l and not
mortality. Fish censusing showed no change a
except on peripher@% oetffasl nowhdreasthefabdhrd
species declined once the outfall was operat
increased where affected by the ther mal out f
since the onitahl opéshbren in 1976 show fis
(Coles 1979) The fish-l1pdpuivasi mhndmalenskat
change following the 1980 Kona storm. Col es
coral schovpeorpulfati ons, and sand redistributior
seven years previous.

With the addition of the KGS Unit 6 in 1981,
increased by 33% above (tThe frladvw rodt €4 ofwo rwaldn
million gallons per day (mgd). Theblmént hic t

Cl P Generating Station Project 2025 Cbhmunit
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mainly |Iimited to sand areas offshore. Cor al
previous surveys |ikely due to the | oss of h
The CI P Generating Station began constructio
been conducted in 2007 and 2008 (Brock 2019)
2007 and sixteen stations in 200GY. thee tkGS dd
survey and analyzed separately based on the
the artificial structure providedeliabbpatd an
fish community. During thkeishnsarwueys owepdacs
all sixteen stations. Operation of the new p
Generating Station has no direct input into
guarterly survey?2 088 er ama? 0B @lcekh a(o20gihr)om 201
2024 in Rodgers.and Severino (2024)

Hi stori cal | mpacts (Storms, Hurricanes | wa &
The monitoring program for KGS encompasses s
November 1982, June 1992, November 2003) and
1992). The major storm in 1980 had a | arge i
due to wave energy of up to 6 m rceélryasreraanlty
19% foll owing this major storm event (Col es
extensive sand scour and deposition resultin
Hurricane | wa, two years | ater in 1982, had
occurred revealing substrate previously buri
maxi mum wave heights of 9 m ( Nodan 18 8n3,) wlheislte
sparing cor al communities closer to shore (C
validated the observations made shortly afte
algae, and fishes occurrwaves wegeogseaheste
1985) Coral cover offshore from the Kahe f a
declines of 18.7% attributed to the 1980 sto
The i mpact waves have on a reef depends on c
topographical relief, and substrate bathymet
2005). A wave shadow is creatsesdtihattlcan! aeamed
the influence of these waves on reefs (Storl
during north Pacific swells on the south sho
refraction does occucroaosnt .t hlen ecxotnrternaes te,n dtsh eo fy
where the KGS is |l ocated, i's vulnerable to w
does not fall under this wave shadow. Wave d
of i mpact mgcargstorgmduTabl e 1).
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Tabl e Waves influencing the main Hawaiian | sl ;

Typical Extreme

Hei ghtPeric Hei ghtPer i Direc

Wave Type (m) (ft)(s) (m) (f) (s) Mean Range

NE Trade witad?2 4
waves 3.7 12 5-8

Sout hern swl. 2 14 1207

-0 1¢

.5 18 912 NE A5 094
2.-4 & -9 16
0.-3 -5 SSwW 2 3-6
. 1510 145 19%0 1 4A7

0.-9 -8 2 5-8

4
5
4
North Pacif 4.6 15 1a7 7.6 25 185 NW 3A12824
1
3
1
3

Kona storm 1.5 35 810

m=

No
t h
an
ea
t h
di
ev
re
we
an

No
br
no
mo

So
Ha
Ph
s o

Re

. 1610 1114 SW A1l @ 447

met er s, ft=feet, s=seconds

rtheast Tr afOepiwd ald twaavke :wi nds weaken at ni
roughout the morning with wind speeds at t
incredsevien waneés. Offshore waves break a
st salolr eisslodnds. |l sl ands act as a barrier f
ey funnel through breaks between islands p
stinct boundaries. The November 20a&8We storm
ent due to wave heights well above nor mal
sulted in a 43% reduction in cor al cover w
re reported on the northeastSahdgi Bgasho(do
d Brown 2004) .
h Pacafecgs&wet &ased in the North Pacific
king inshore waves of over 15 m. This wa
h shores of islands where species of hig
lgales exi st (Storlazzi et al. 2005, Rodge

rt
e a
rt
r

po

ut hermar 8wgleherated by winter storms in the
waiian |Islands a week following(Fgehdearati on
otolQ)armkese storms weaken due to the spreas
uth swells do not typically reach the heig

t orcma nWaovcecsur anytime of the year, but
ugh April. Waves are generated by southe
h wi-medser TWaee heights can be generated
cbesisbaand of Hawai 6i experienced 6 m w
% to 10% foll owing a Kona storm in 1980 (D

Q wn
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Hurri caner aValvess frequent and highly unpredi
foll owed trajectories that have |l ed to direc
and | ess of an effect on the other islands (
typlixadriginate near Central America or sout|
over cooler water they | ose energy or encoun
further development. Hawai O0i 6sv ehnubrerri.c athuer rsiecae
I ni ki (1992) generated powerful waves that f
Kauaéi. Terrestrial objects swept- onto the r
colonization and recovery ofcadcer almnogc awrerfed
returned to their prior condition. Hurricane
declines in coral cover from 15% to 11% (Dol
O6ahu (Brock 1996) with slhoesss of rugosity and
Storms and hurricanes have been documented t
O6ahu (Brock CIP reports) and el sewhere in H
i mportant in separating these st ocpoageanicc eve

factors.

FieldoBroto al br olkwenr ec dpraailh dmil d oye abdujrai ceedn ti nt os &
t KeGS di sichearfgewpdays after tthtad loAxucguesdrieaut h s
2025.
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Fi el d 1PBHxd av a teexdp ossa hndg taht ada miibebleKahe
1D observadtfeewt day $eawregrnet sionl 1Au RUsetd 19

METHODOL OGY
Survey Stations

Eight stations were established in the 19700
were added in 2008 prior to the construction
established to assess the fishecoGemuenriattiiensg i

Stations at Kal ael oaofafnsdhtokaeh @IfPF&Genes-bai ngns
10 m depths and seven stations are adjacent
monitoring station aldng ddewe K&)St pBoe |l t we £ 6

stations are | ocated nort hwest of the Koo6Ol i
1andkK860l ina | agoons at 7 m and 9 m depths.

i s located outside the influence of KGS zone
(Coles et al. 1985) and acts as ea adonthreolo tthece

stations.

Si xXteen survey stations | ocated along the we
have been surveyed quarteFbyl swnog 206@8obyga
surveyor's departure in 2019, the number of

stations East 2 (2) and RaRé (bembtpr)] amndsth
10C) (Figure 2). This was based on an analys
site similarities. El'i mination criteria incl
similar fi,eamdccmompsairtaibon i ty. Mean standing ¢c
fi stheebsundance), and mean fish species within
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four sets of groups (Ko
ti

Ol i na, Cl P, Nanakul i
|l ocati on were the ini [

0
a foundation for sep

V. Ka h Generatmg Station

j
fre

Google Earth

Data SOEST/UHM
Image © 2025 Airbus
Data LDEO-Columbia, NSF, NOAA

Fi gaMap showin t he southwest coa
Nanakul i Bepcht Pagkl ocati ons of t
moni t @2r0e2d i n

Survey Methodol ogy

Transect | ocations were originally stratifie
Generating Stations, and hard bottom habitat
t hrough Gl obal Positioning System (GPS) navi
is deployed to account fomhexatt duims hgl anah

i
| ocat ead pfrroraocmmnent geol ogic feature, and/ or su
direction of the tramdoéedowwadstphprodgheonumi nde
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A modified visual transect (linel/lbelt/strip)
empl oyed to quantify fish communities. The f
transect | ine while recording,s s[pcene]i)esanditzhee
number of individual fishes to 7 ft. (2 m) o
wi dt h) This eliminates €hahgeées equifisbrheéekbka
activity, in contr atshte tsourlvaeyyi.n gAla ttira@nnsseecctt sb
shore except the Kabhesdpsecpendecpipe, tohi bl
34 ft. (10.5 m) in |l ength. The surveyor reco
paper, the fish species, ,siumdedghntcan,h n@acd num
under water breathFngldppPhbABin@A({ SCUBA | i near
yardas00 squafle metamrsectmfrom the benthos to

t g b § 2. X . » » a
Fi el dlBMhioteor s cal i brate prior to surveys for
(Ma ¢ 052E a s t& KEa4bdp .

Bi omass estimates are derived through tot al

field and converted to bi omawsesi gehstt ifmattteisng( t o
parameters I n estimating fish Dbid&dmass nigr om
parameters are obtained from the Hawai 0i Coo
which is consistent with previous analyses.

parameters are obtained fr om FwesihgbHata teri ¢ nvsvhwi p
is derived from over 1,000 references. Conge
used in those rare cases | acking information
l ength types (e.g. fork | éwegethh[eFlul]s)e odntl ainre
regressions and ratios from Fishbase | inking
measures of fishes are standard | ength (excl
snout to tail tip), anedepesk henghhof(ftbm tia
predictive |inear regression of |l ogM vs. 1| og
parameter s-wef ghherkebkangtbnship. Visual l ength
using the fJdwmeta M = masslLin grams (g), L =
millimeters (mm) and a and b are fitting par
calculating a rough estimate for a given bod
(cm) fish dfustdwapge mmboaul d be approxi mately

are replaced with values from the alternate
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evels for fish species have histori
ategories include: herbivores, plan
et consists primaricloyl vonin ad ng adee t rpil tat
on, omnivores are described as fi sh
nvertebrates and include corallivor
fish and irnovcekr thbeabsreadt etsh e(sBer ofcukn c2tQi 109n)
sburg (1960), Hobson (1974), Brock e
categories and for comparability wit
tegompitesd haove ebderctadde trophic | eve
This data is a compilation of over 2
d
c
I
e
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bet ween 2000 and 2018. The Hawai 0i
ossortium of managers and researche
ectively contribute monitoring and
f s in Hawai 6i. Trophic categories in
zopd anktivores, and piscivores. These categor
Brock (2019).
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Target fish species were selected to include
fishing pressure. The genera selected were A
Scarus, Chlorurus, Seriola, Sar goacamternceru,s Pr

and Decapterus.

Statistical Met hods

Statistical analyses were conducted to evaluate spatial and temporal patterns in reef fish
assemblages while accounting for repeated sampling anddate spatial variability.

Analyses combined descriptive summaries, migidcts modeling, and multivate

community analyses to characterize fish abundance, biomass, diversity, trophic structure, and
species composition across locations and transects.

At each scale, summary metrics included mean
relative contributions (%) where appropriate
heterogeneity among transects andtil omcali ons
grokpsh density (individuals m | ), standing
(number of species) Shannonés diversity index (HNj), an
summarized at three spatial levels: overall, by location, and by transeict ivitiation. A

total of five | ocation groups include the Ea

group (KO 1 and KO 2), the Kahe group (1D, 5B, 7B, 7E), the Nanakuli group (NANA 1 and

NANA 2), and theQutfall P i )(®able2) These grouphpongse dif Bepockr
(2019) to better alighhei2®18 heat a amseent Bl oc
rgrouped, and descriptive statistics were coO
comparreeaenth dat a. Each transect walMeasur veye:
and standard errors were calculated by pooling observations across survey periods unless
otherwise noted.
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Linear mixedeffects models (LMMs) were used to evaluate spatial and temporal variation in
fish assemblage metrics while accounting for repeated sampling of transects. LMMs were
applied separately to overall fish density, standing stock biomass, thsityivedex

abundance and biomass ratios of food to-fomd fishesas well as to fish density and

standing stock biomass for major trophic groups (invertivores, herbivores, and
zooplanktivores)The assemblage metrics fascivores were not analyzed ngian LMM
because atheir extremely low abundandglodel assumptions were evaluated using standard
residual diagnostics.

Fish survey data were also analyzed using multivariate techniques that enable simultaneous
comparison of entire communities, rather than examining individual species one at a time.
These methods summarize complex community data into ordination plotscimseimples

with more similar species compositions appear closer togéthtterns were visualized using
non-metric multidimensional scaling (NMDS), with ordination dimensionalgyermined by
stress values and solution stability. Associations betweamemity structure and

explanatory factors (location, survey period, transect) were evaluated using perrhdagdn
environmental fitting. Differences in community composition were tested using permutational
multivariate analysis of variance (PERMANOVAecause these tests can be influenced by
differencedn variation within each groygnomogeneity of multivariate dispersion was
evaluated to aid interpretatiofhis combined approach enables both pattern detection and
robust interpretation of the procesgkat drive fish assemblage structure.

Tab2The | atitude and | ongi t wndoeniaotforli2n gp esrtnaatn eon
surveyed in 2025.

St at Name Groug Latitu Longi't Remar ks
No.

1 East 1 East 21U18. 23] 157.02{0f fshore CI P
3 East 3 East 218.55 1587 . W3|Of f shore CIP
4 East 4 East 298. 40¢ 15@7. w8 |Of f shore CI P
5 Koo6Olina|Koo6Ol 21U19. 724 15@7.58|0f f shore Koo6Ol
6 Ko6ORina |[Koo6Ol 21 9.904 1587.69|0f fshore Koob6Ol
7 Station 1Kahe 2120. 76 15@7. 7701l d Hawai i an E
8 Station §HKahe 2121. 14 15@7.81|0l d Hawai i an B
9 Station7FEKahe 29”21. 23 1587 . 85[0l d Hawai i an B
12 |Station 71Kahe 2®”1.277 15°7. 97|01l d Hawaiian H
14 |[Nanakul i Nanal 2%22.32 1588. 44|01l d Hawai i an BE
15 |Nanakul i Nanal{ 2%2. 35 158. 46 Control statig
16 |Pipe Outfg 2%21.19 15°7. 86| North side of
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RESULTS AND DI SCUSSI| ON

A total of 68 survey peripaksidewd bt ® coraled f
presented herein along wi4dhataa.c olnhpea rcaotmpvl ee taen
dataset from the four 20@Rpbe sdbiuvmeMm.rpesi ol spr e
surveys airre BarvmdKd'ah|-20A8r asdf on ROAGer s' s r e

2024.

Four swerroveemyp lient e2d0 2 5. Each of the s#Wrayeys we
peri od: May 28-14ndO8dpbadamdg aNe2s&@®@benumBer of

fish shecinesmber of fish individuals, biomass
significantly between nsiuevdd yecgeasr imodle,] sasanidn d
community analyses; therefore, the asmudvey pe
summari es

OVERALL

Themumber of fish species, danrde tnhuembbeiro noafs sf ivsenr
summanrmiczeds transdectaf gwhud®8&8ci es were record
surveys, across al/l 12 transekxts Bmel nmombet i
species present i n t me a2uwOn2bde rs uorfv efyiss hwassp elcli8e
at hCutfafldl | owe dK dlyreaksat 6, Olainfdd&E,iIN@ur&lmé it ot al nurt
of unique spe&@¢ehCurteftdl rlalte dKkavlnes, 53 at East,
44 at Nanakuli acrossShammoeredd sdiawnmar siutrw eiyn @
significantly amompyg 0o0t@4) ocoos $&Ervey =plri08ds
0.754) according to the result of the mixeffect model. Pairwise contrasts among locations

indicated no significant differences in diversity after adjustment.

Thevemahh f i sihn diemisdatrags s@nsectspwais N2 1. 6 anigi ng O
7. 1 mf.i) sThh d e h @xhibitgda spatial distribution similar to that tife mean

number of species, with the highest valuthaiOutfall (6.2 + 0.8) and the lowest at Nanakuli

(0.4 £ 0.4) (Figurd). Results of mixeekffect models indicated thésh density varied

significantly among locations( F p= 0.00@), whilethe survey period was not

signi fi canp=001%). Estimatedmafipl lebns indicated that densitytlae

Outfall was significantly higher than all other locations(TukeypO 0. 009 for al |
comparisons). No significant differences were detected among the remaining locations.

Mean standing stock biomass in 2025 was 88. 4
m | across all transects. Biomass was consi s
exceeding values observed at K0G.Od igroam (]6)9,. 5
Nanakuli (46.7 N 44.0 g m |95, amhid | East an3l3 .ng
bi omass did not vary significantlyfdmeng | ocC
mo d e | (Location: F . = 2.A77 0.BEadpd7modeler
estimates indicated that biomass at the Outf
roughly 18 ti mes, greater than at the other
pattern was consi stentaacompansadpbynhi gbrva
transects, which | imited statistical power f
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period from the mosipécidi idc neftf adt eest iomat € ®n
di fferences in biomass were consistent acros
indicate a strong spatial cocaumptproadti nign sfuibsh am
hi gher standing stthseackrbuochasg rekédtiaveaso
Mean species richness by location
601
1

_§40A
£
220 == L T
0.

EAST KOOLINA KAHE NANAKULI OUTFALL

Location

F i g 8.Descriptive summary of mean fish species richness by locgtarsect group)

Values represent the mean number of species per survey (x SE) pooled across all survey
periods in 2025. The outfall site exhibited substantially higher species richness relative to other
locations.

Mean fish density by location

: n

=y

Individuals (m %)

.

EAST KOOLINA KAHE NANAKULI OUTFALL
Location

F i g d.Descriptive summary of mean fish density by locafioansect groupgxpressed as
individuals per square meter in 202&lues are pooled across all survey periods, with bars
showing means and error bars representing £1 standard error. The outfall site exhibited
substantially higher densities relative to other locations.
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Mean fish biomass by location

400+

Biomass (g m_2)
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o
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EAST KOOLINA KAHE NANAKULI OUTFALL
Location

F i g 6.Mean fish biomass by locatidtransect groupgxpressed as grams per square meter
(= SE), summarized across all surveys in 2@msistent with patterns in fish density,
bi omass was greatest at the Outfall site and

Overall fish density exhibited a strong spatial signal, driven primarily by elevated densities at

the Outfall location In contrast, standingtock biomass and species diversity exhibited
comparatively weak spatial and temporal structure. The divergence between density and

biomass patterns suggests that differences among locations were primarily driven by

numerical dominace rather than increases in body size or biomass accumulation. Similarly,

the absence of strong s p a divesity indicatestthatregecdes al e f
richness and evenness remained relatively stable across sites and sampling periods.

The strong location effect observed for overall fish density highlights pronounced spatial
heterogeneity in fish abundance across the study area. Elevated densities at the outfall site
likely reflect localized environmental conditions that support highbarsof individuals,
potentially through increased resource availability, structural habitat features, or altered
disturbance regimes. However, the absence of corresponding increases in biomass suggests
that smalletbodied fishes, rather than larger orgmninate these assemblages.

In contrast, standing stock biomass exhibited high variability among transects and relatively
weak locatiodevel differences, indicating that biomass may be more sensitive tedaie
habitat structure or stochastic processes than to broad spatiahgsa@imilarly, the

diversity remained relatively consistent across locations and periods, suggesting that
community composition and evenness were maintained despite substantial differences in
abundance.
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Trophic Groups
Inver td omirreat epde r c emrutmbeefr todt alndi vi dwall. 2% nd t
abundad®d%eébi omass) foll owed by 3héuObi wonaess ) (26
zoopl anktivor esl g%u@5b.i ddmasbsyndearsda pu stddvoe es |
L

bi omaée) greater mean percentages of individ
invertivores and herbivores overall in 2025
and zoopl anké6tain®orhe s (pPRitgemrensaagedi thabhlalr 20?4
3, when théiwajerinyewntfi vores (44.,7% alblumwead
by herbivores (31.8% abundance, 3.7% biomass
bi omassd) pi scivores (1.0% abundance, 1. 3% bic
Percent individuals by trophic level across transects
Herbivores Invertivores
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Figure 6. Mean percent of reef fish individuals by trophic group across trang&estsls show
herbivores, invertivores, piscivores, and zooplanktivores separately. Points represent mean
percent values for each transect pooled across survey periods, with error bars indicating +1
standard error. Colors denote locati¢inansect group)This figure illustrates withihocation

and amongransect variability in trophic composition.
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Percent biomass by trophic level across transects
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Figure 7. Mean percent of reef fish biomass by trophic group across tranBentds show
herbivores, invertivores, piscivores, and zooplanktivores separately. Points represent mean
percent biomass for each transect pooled across survey periods, with error bars indicating £1
standard error. Colors denote locati¢inansect group)This figure illustrates finscale

spatial variability in trophic contributions to standing stock.

T a b3. (8) Mean proportion of fish individuals and (B) biomass contributing to each trophic feeding
level in 2025. (C) Mean proportion of fish individuals and (D) biomass in each trophic level in 2024.

A. 2025 Trophic LevelsMeanNumber of Individuals (%)

Transect Groug Herbivores Invertebrate  Piscivores Zooplanktivores
Feeders
East 38.6 36.0 12 24.1
Kod Ol 324 62.5 0.7 4.4
Kahe 37.0 41.1 09 21.0
Nanakuli 40.2 58.6 0.3 0.9
Outfall/Pipe 16.1 57.8 0.7 254
Total 354 47.7 08 16.0
B. 2025 Trophic Levels: Mean Biomass (%)
Transect Group Herbivores Invertebrate  Piscivores Zooplanktivores
Feeders
East 55.6 39.0 4.2 12
Ko 6 Ol 40.2 58.8 0.4 0.6
Kahe 47.7 36.7 1.3 8.5
Nanakuli 38.2 59.6 1.3 2.1
Outfall/Pipe 17.4 50.1 0.7 31.8
Total 44.3 45.9 1.6 6.2
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C. 2024 Trophic Levels: Number of Individuals (%)

Transect Grour Herbivores Invertebrate  Piscivores Zooplanktivores
Feeders

East 40.1 30.0 1.7 28.2

Ko 6 Ol 58.0 32.0 1.0 9.0
Kahe 43.5 37.2 1.2 18.1
Nanakuli 51.0 41.0 0.9 7.2

Pipe 14.7 60.1 0.6 24.5

Total 31.8 44.7 1.0 22.6

D. 2024 Trophic Levels: Mean Biomass (%)

Transect Groug Herbivores Invertebrate  Piscivores Zooplanktivores
Feeders

East 75.3 19.2 4.8 0.7

Ko 6 Ol 73.4 25.6 0.0 11
Kahe 62.3 29.6 3.6 4.5
Nanakuli 58.2 40.0 1.2 0.6

Pipe 10.1 58.9 0.6 30.5

Total 3.7 63.1 1.3 31.9

The results of the mixedffect models showed thatvertivore density differed strongly

among locations( F = 18.72, p = 0.0008). Rel ati ve
invertivore densities wergubstantially higher atthe Outfall (Field Photo 12 and 13\hile
thesurvey period had no effect (F |, = 1.29,

Outfall supported significantly higher invertivore density than all other locations(Tukey
O 0.0025) .
and Nanakulilnvertivore biomass showed moderate spatial structure, with a marginal overall

adj ust

effect

ed p

of

N o

significa@mtOl,dinfaf er e

4.10l p a 0.@19 Inver{ivbre hiomass at the Outfall wasslightly

higher thanKahebased on model coefficients (p = &7), whereas biomass at Kahe,
Kod O ,ianmd &lanakuli did not differ significantly from East. Survey period had no

signi f

i cant

effe

ct o

n

i nvertivor e

bi

omass (F

was substantial, with transdetvel variance comparable to residual variance, inidigdirm

smaltscale spatial heterogeneity in invertivokensity andstanding stock.
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Fi el d Z2Commonly sken invertivorgy e k e, Yéllowfim Goat fish Mulloidichthys
vanicolensiy atthe KGS dischargeipe transect
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Field photo 13. The major abundance and biomass contributovasiveinvertivoretachpe
Bluestripe Snappet ut j anugatkakoid @lai na, Nanakuli, and O

Herbivore(Field Photo1ld ensi ty showed no significant ove

2.90, p = 0.10) or survey period (F , = 0.
higher herbivore density at Outfall relative to East, pairwise comparisons were not aligtistic

significant after T ubHesiyoredidmasssalsode nat differa | | p O
significantly among | ocations (F = 0.82,
variatonacr oss survey periods (F , attheGCutfalDnas 3, p =

higher than at &stbased on model estimates, this difference was not statistically significant.
Transectievel variance exceeded residual variance, indicating that local differences among
transects accounted for a large proportion of variability in herbivore density anddsip
independent of locaticlevel effects.
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Field photo 14. Mixed group ofherbivoredncludingn a ' e(A@a et hur u,s oorldnwge e u
band suymaiagkdnisqir bt uel i ned mdlu rkgrdéldanf d sgha r eainuds
whitebar surge@Ndvemhenrnt2®Kahe 1D

oy WY

Zooplanktivore density varied strongly by location( F = 14. 77, p = 0.0C¢
of survey period (F |, = 0. 80, zogplanktivale. 51 ) . P
density at Outfall was significantly higher(Field Photo 15jhan at all other locations

(Tukeyadj usted p O 0.0035). No significant di ff
Ko@a Ol i na, @ooplanktivne biknadsexhibited strong spatial differentiation,

with ahighly significant effect of location( F p=< 0.p(&)Bi8rbass at Outfall was

dramatically higher than at all other locations (p < 0.001), while biomassath e, Ko & Ol i n
and Nanakuldid not differ significantly from East. Survey period did not affect
zooplanktivore biomass (F |, = 0.22, p = 0.

transecllevel variance for zooplanktivore density and biomass was relatively small compared
to residual variance, suggesting that spatial variability was dominated by |eleatibn
differences rather than firgcale transect effects.
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Reef Fishes Monitoring



Field photo 15. Cryptlc zooplanktlvorel, d(Mynprlstls kunteeepaulette soldierfish)
surveying inthewater column athe KGS dischargeipe (October 2025)

Across all three trophic groups, location was the dominant driver of fish dansltstanding
stock biomasswhereas temporal variation among survey periods was comparatively weak.
Elevated densities at the Outfall were consistent across invertivores, herbivores, and
zooplanktivores, suggesting that tlasationsupports consistently higher fish abundance
across multiple functional groups. The limited influence of the survey period indicates that
seasonal or quarterly variability in fish densatyd biomaswas relatively small compared to
persistent spatial differences among locatidime magnitude and significancelotation

varied by trophic group, reflecting differences in how standing stock responds to local
environmental conditions.

The strong spatial signal observed in fish density across trophic groups highlights the
importance of local habitat conditions and sipecific drivers in structuring reef fish
assemblages. The consistently elevated densities at the Outfall may rdfeatezhhabitat
complexity, localized food availability, or altered environmental conditions that favor higher
fish abundance across multiple trophic levels.

The relative stability of fish densities across survey periods suggests that, during the study
interval, trophic structure was not strongly influenced by steonh temporal variability.
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Instead, spatial differences among locations appear to represent persistent patterns, potentially
linked to longstanding differences in physical habiaidhydrodynamics.

Differences among trophic groups were most pronounced in magnititdenvertivores and
zooplanktivores showing greater relative spatial contrasts than herbivores itH2@@%sore

density andiomass showed comparatively weak spatial differentiation, indicating a more even
distribution ofabundance anstanding stock across locations. This suggests that herbivore
density andiomass may be regulated logal habitat structure, grazing pressure, or

behavioral factors rather than siéxel environmental gradients captured by the location

factor.

In contrast, zooplanktivore biomass was strongly concentrated at Outfall, indicating a highly
localized accumulation of pelagiimked biomass at this location. The pronounced

concentration of zooplanktivore biomass at the Outfall suggests enhancedmpkarditability

or hydrodynamic conditions that favor pelagic feeding strategees p| ankt i vor es, me
akulSel ar c¢r umieiregypehdt),hsad adosr,i si ng 64. 3% of t he
93. 7% of theshjothamsnated axatt hdemaudrf atld op Mmi
While no large schooladd k waes recorded directly onthetransec
strong spatial signal detected in zooplanktivore density supports the interpretation that the

Outfall location represents a distinct energetic environment relative to other locations.

Invertivore biomass exhibited intermediate spatial structure, reflecting both elevated biomass at
the Outfalland strong variability among individual transects. This pattern likely reflects patchy
benthic food resources and microhabitat differences that influence invertivore distribution at
fine spatial scales.

Overall, these results demonstrate that biomass patterns do not always mirror density patterns,
underscoring the importance of analyzing both metrics. While density highlighted broad
differences among locations across all trophic groups, biomass resp@neasore trophic

specific, with zooplanktivores showing the strongest location dependence and herbivores
showing the weakest.

Speci es

Over 7t6h &b todt al number of indmostduabpedars co
i n r ankmoonrgd earl IThter amms ¢ c tadtumed ah@ 2 5 i msthir diimdis was
(15. 1% individwal i gfd ob elwmuema s qad dn ftirsam)s ead rsc
(Fi ®ur 8i ncre0i2p0R2002,4: 14.0%, 2023: 12.7%, 2022:
2020: 19.5%) has been theThersecondskrcghdsmor
bundanthofniUslhe awalsa 8 wid P6i Ti madli avsi sdaurad sdaudbde)r & ewr a s s
ol l owetdab@p@o2% | hdiyiaduwuadl|&uaessna pripag,ed s n

| ackfi lChalrmami sy a(d @ e 2 Poi i Thwdoi vgi odautaflwse)hk e s peci es,
(Mul I oi di cht hysyeflllaowosl})irnnvaesdt evu & tavfains,hc oyled 1 oiwd i n
goatf,i ®wcupied fifth and siAddi tiikooddelel w,anki n
(Ctenochaet,ugodtdrrii gnags wvau rgemanmdé sthdef duf, vaigie
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Relative Abundance of Fish Species
Top 10 species (descending order) and remaining species combined
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Figure 8. Relative abundance of the ten most abundant fish species across all survey samples
(n=48), expressed as the percentage of total individuals obs&pedies codes are ordered

from highest to lowest abundandexon names of the top 10 speciassociated with species

codes on the-axis,includeAc ant hr us (MG NFEyod wrs cusITdhead rafsissohma
dupe(H®dWY, svaddlswet j anuslL KkdAmueatri,€fadromagper)
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remaining species are combined into an AOt he

contribution of less abundant taXgpendix B provides species codes and associated taxon
names for reference.

Relative Biomass of Fish Species
Top 10 species (descendmg order) and remaining species combined
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Figure 9. Relative biomass contribution of the ten most dominant fish species across alll

samplegn = 48) expressed as a percentage of total biomass. Spedesare ordered in
descending contribution, with all remaining
Taxon names of the top 10 species, associated with species codes-axithenclude) ,
LutjanusLbBiedmueatri Mal soapgpeh) (MBFLE, avol i nea
yel l owstr,i pebuydaftd (ABMAarnda einfsi csAsangbot us
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species account for approximately tiyords of total biomass, indicating moderate biomass
dominance distributed across multiple ta&kppendix B provides species codes and
associated taxon names for reference.

Fi €ammunGotmp osi ti on

Abundance

The threedimensional solution was considered an adequate representation of fish assemblage
dissimilarities (stress = 0.16). Repeated model runs confirmed a stable ordination
configuration. Twedimensional projections of the ordination revealed consistettal

patterns across axis combinations (FeyL0).

Fish assemblage structure showmeddetectable differencescross sampling periods,

consistent with the LMM results. Fitting sampling month to the NMDS ordination showed

no significant association (r2 = 0.014, p = 0.9)mmunities sampled in different months
overlapped extensively, indicating that overall species composition remained relatively stable
over the sampling period. This suggests that seasonal effects were minimal during the study
window and that observed diffences in fish communities are not driven by stesrh

temporal variation.

In contrast to the lack of temporal effeypng spatial structuring was observed.

Locations differed significantly in fish community composition (r?2 = 0.30, p = 0.001)

indicating broaekcale spatial variation among study ar8aansects showed even stronger
differences(r? = 0.80, p = 0.001)with fish assemblages varying markedly among individual
transects, even within the same location. These results indicati¢hatale spatial

variability plays a dominant role in structuring fish communit@s$terences among

locations largely reflect the combined effects of heterogeneous transects rather than uniform,
locationwide community patterns.

Tests of multivariate dispersion revealed significant differences in wgtoap variability for

both location and transect (p < 0.0Ihe resultshowed that some locations and transects had
highly consistent fish assemblagesvhile others exhibitedreater variability among

samples. Locations and transects with tight clustering represent relatively homogeneous fish
communities. More dispersed groups indicate patchier or more heterogeneous assemblages,
likely reflecting local habitat complexity or vari@benvironmental conditions. This finding is
important because it shows that differences among sites are influenced not only by average
species composition but also by the variability of communities within each site.
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Figure 10. Spatial grouping of fish communities by location

Ordination of fish community structure showing spatial grouping by location (stress = 0.164).
Each point represents a survey sample, colored by location. Ellipses outline the typical range
of variation in fish community composition within each locatiomvating a visual summary

of how similar or variable communities are at each site. Greater overlap among ellipses
indicates more similar fish communities, whereas greater separation indicates stronger spatial
differences.

Species vector fitting identified a limited subset of taxa that strongly aligned with the NMDS
ordination. The ten species with the strongest vector magnitudes and levedst P

accounted for much of the separation among samples (Higuréhese species showed clear
directional associations with ordination axes, indicating that variation in their abundance
disproportionately contributed to differences in fish assemblage structure across locations and

transects.
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NMDS of Fish Community Structure
Top 10 species vectors (envift)
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Figure 11. Fish community ordination with key species drivers

Two-dimensional ordination of fish community structure based on similarities in species
composition (stress = 0.164). Each point represents a survey sample, with colors indicating
sampling location. Arrows show the ten fish species that most stronglgrnioéd patterns in
community compositionncludinghumuhumunukunukuap#gaRHRE, Rhinecanthus
rectangulusreef triggerfish, kole (CTST, Ctenochaetus strigosugoldring surgeonfish and
blackfin chromis CHVA, Chromis vanderbiltiblackfin chromi}. Thedirection of each

arrow indicates where that spec{€sld Photo 1pbecomes more abundant in the ordination
space, and longer arrows indicate stronger influence on overall community patpgresdix

B provides species codes and associated taxon names for reference.

Field phot 16. Abundance ohumth u mu n u k u n @tk alaelpaaradkbke at Kodolina
and Nana 2 as influential fisestructuring the fish community

Cl P Generating Station Project 2025 C®Mmuni

Reef Fishes Monitoring

t



Overall, the multivariate analysis indicates that reef fish communities in the study area are
spatially structured but temporally stable over the sampling period. Differences in fish
assemblages are driven primarily by local spatial factors, particutahg &ransect scale,
rather than by seasonal changes. The dominance eddale spatial variability suggests that
local habitat features, exposure, and-sgecific conditions strongly influence fish
assemblages. As a result, management and moni&fforgs should recognize that

conditions can vary substantially even within a single locafibe identification of a small
number of influential species further suggests that changes in the abundance of key taxa may
serve as useful indicators of spatial differences in reef conditmrexamplek 6 k Uk a p u
(Chaetodon multicinctysnultiband butterflyfish) is a coral feeder and more associated with
areas with relatively high live coral cover than reef dominated by pavement with turf alga.
Theseinfluential species reflect persistent spatial patterns rather thantshorfluctuations,
they may be particularly relevant for loitgrm monitoring and assessment

Biomass
Biomass ordination revealed clear spatial patterns in fish community structure. Samples from

the East group, Kahe group, Kod&aOlina group,

(Figure 12) indicating similar biomass structure within these locations. In contrast, samples
from the Nanakuli group were widely dispersed, indicating high variability in biomass
composition across sampling periods.

Location
NANAKULI

Location

NMDS2
L

EAST
® KAHE
@ KOOLINA
® NANAKULI
OQUTFALL

NMDsS1

Figure 12. Biomassbased NMDS ordination showing spatial patterns in fish community
structure Confidence ellipses (95%) are shown fasEKahe Ko & O | anah@atfall groups
indicating relatively consistent biomass structure within these locafibe$Nanakuli group
is represented by a convex hull due to high witbcation dispersion, reflecting substantial
variability in biomass composition across samples.
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Biomass ordinatiomlsorevealed clear spatial patterns in fish community structure. Samples
from East, KodaOIl i na, Kahe, an d(Figome 13) a | | f or me
indicating similar biomass structure within these locations. In contrast, samples from Nanakuli
were widely dispersed, indicating high variability in biomass composition across sampling

periods. Statistical tests confirmed that biomass structure diegedicantly among

locations. All pairwise comparisons between locations sllosignificant differences,

although the strength of these differences varied. The largest differences were observed

between Outfall and other locations, while differences involving Nanakuli were moderate but
consistent.

Analysis of withirgroup variability showed that Outfall and Nanakuli had greater variability

I n biomass structure than other | ocations, w
biomass composition. In contrast, variability among sampling periodsinéarsacross

seasons, suggesting that spatial differences were more pronounced than temporal differences.

Several higkbiomass species, suchlkade (Ctenochaetus strigospgoldring surgeonfish),

honUl edTd uapuewiriseiayd de) mU wghiad isn i g ha foavene g &)o,n fd rsch
nade@aode®!| iowameess,t r i pwere sissacigted avithfolbsenred patterns in
ordination space, but no single species dominated biomass structure. Instead, multiple species
contributed to gradual gradients in biomass compaosition.

{ Location
L 7 EAST
/ KAHE
/ o
o 0/ e® ® KOOLINA
®
[y ®  NANAKULI
OUTFALL

NMDS2

NMDS1

Figure 13. Ordination of fish biomass composition showing similarities among samples by

location Arrows indicate species whose biomass patterns are most strongly associated with
differences among samples, includkale (CTST, Ctenochaetus strigosusonvict tang,

honUl edT HaW,avii p &,r rseapd ch)ses(ei ANiICNIR, ni gr ofmuscwmus
sur ge)o,n ndawdde AEOA, 0l i vaceuangestrFpel duPbgebdonf i3
Appendix B provides species codes and associated taxon names for reference.
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Field photo 17. N a 6 e at Kaaeloa, antigh\Uleal a u watiPipe and Kahas influential
fishesstructuring the fish community biomass.

Biomassbasedmultivariateanalyses revealed patterns that complemented, but did not exactly
mirror, abundancéased results. While most locations exhibited relatively stable biomass
structure, Nanakuli group showed pronounced variability, suggesting shifts in dominance by
transientor passing ofiggregatingpecies rather than consistent changes in species
composition.

Significant differences among locations reflected both differences in average biomass
structure and differences the variability of biomass compositievithin each location.
Variability at Nanakuli group indicates that biomass structure there may be less predictable
over time.

While abundance reflects the number of individuals present, biomass highlights the energetic
importance of larger species and reveals patterns of dominance and variability within
communities. The high variability in biomass observed at Nanakuli suggasthithlocation
experiences episodic changes in biomass composition, potentially driven by fluctuations in

large-bodied species or changes in habitat or resource availability. In contrast, more consistent

bi omass structur e at sufgesisgreatenstabilaynncecnemetib er | oc a

composition, even when species counts vary. Spatial differences in biomass structure were
more pronounced than seasonal differences, indicating that losgtaific factors play a
stronger role in shaping biomasatterns than temporal variability. Overall, incorporating
biomassbased multivariate analyses alongside abundance metrics provides a more complete
understanding of reef fish community structure and strengthens interpretations of spatial
variability and ecltgical processes.

2024 vs. 2025

Linear mixedeffects modeling indicated an overall decline in fish density from 2024 to 2025
(p < 0.001). Density differed significantly among locatiops(0.001), and the magnitude of
yearto-year change varied by location€¢ 0. 00 1) . East, KodaOIl i na,
showed greater decreases in fish density than Kahe and Nanakuli groups. Theffabted
modeling also revealed an overall effect of year on standing stock biomass, with biomass
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significantly lower in 2025 relative to 202g € 0.001). The biomass also generally declined

across locations; the magnitude of this decline varied modestly among locations. The greater
decline in the biomass was found at the East and Outfall groups than other groups, which were

not statistically sigficantt Acr oss al | | ocations, variability
as reflected by a |l arge random intercept var
significances for changes in the mean number
and 2025 among al l |l ocati ons.

KALAELOA (Barberés Point, EAST)
| n R2@0ast group had an aver agpreroft dlorcbs e n\t e6dl . :

with 19.1 Nhe.dbvesmpaegd elsi omadBEawtasl 38r &§nNed6. |
hi ghest estimated stand#éfdaiBzgm’p whEabht!| 3 Easd
the |l owedtO NBi7oRga/snsEa(st 4 had i nBsENmedht.at e bi o
At the East stations, mean fish density decl

Cl:0531.11) to 0. 62 1fid9%;p=0m00p).THe meal iBidndss &lsd . 3 3
declined from approxi matel y p6®00aB)Crman)siisn ezl 24
with the past four survey years, fish abunda
bl a c khfrionnCihs o(mi s VY, m0dEr. dinli lgir o ucwmu sshugmBloamd i s h
| auWihlail assoma dadeklra dwr{(@esesme) ¢ haetdu gy od tdrrii gr@s u
sur gedrrfiigsih)e

Top 10 Fish Species by Mean Density: EAST

CHVA

ACNF 4

0O
._'
[0}
i
L

0.10 0.15 0.20
Mean density (individuals per m?)

Figadleop 10 f i sh fsipdedrnise st yosgartmetphne E
Bars show the mean density (individuals m |])
across all survey pergroadsprapdastsambeéage ast ni

e
o
e
o
o
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domi nat ed bpartthiec wll ar€kiW ICrh r © mri e miy s0 0@ CHIF], t i
A. nigrobfbuswmnssamgienolhlfeidgd MxaW,wal as s oma sadeklra e

wr a swshei)cch t ogether account for a | arge propor
additional species occur at subsobéantially | o\
numerical dominance and suggesting thiaktkyover:

by a few highly abundant utaixcan raact rAmsslixBhpaenc iae st
provides species codes and associated taxon names for reference.

Similar to 20m200,2t4260 2B o&@8L8,at East transect ¢
na'elAa'el jvacenmge bagmdi €Niddgne ognrfoifsulswm ssur geon:
mani{Ani triosbegihgtn Ul @fH aaluars s d ma sdadpklrea ewr as s
anikko(Céd enochaet,ugodtdrriigqu@gs surlgeonfi sh) (Figure

Top 10 Fish Species by Mean Biomass: EAST

ACOL ¢

ACNF

ACTR 4

THDU 4

o
L]

a 5 8
Mean biomass (g m~2)

Figableop 10 fish speci e s sgiryaBngerasn rbeiporneassesn ta tmete
bi omass (g m | ) edfomnihnea ntte nf insohs ts pbeico neass,s aver a
periods and dgtanpsect $natonheakt to numeri cal
strongly dominated biynca uoddlfeffgeaC,.t clujbvsaede P e
orange band amad gAeTN&,.i sthr icoosntveigputs ,t madgcating t|
smal | number bodieldat iaxal wclcauge for the maj
b i o mappendix B provides species codes and associated taxon names for reference.
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Kal ael oa East 1

I n 20Fast 1 transe37t56/Nd d sdn i apdernv atgreaadsse clt
documented, wi t3N5 &6p eV erdahged nafofis ¢th9a bundant f i s
survey pbeatkhfrionaiss Qh30.nB%, Yhader ey 2ka uwid, | i
Thal assoma sdaddclrelewdihdisd® Y%,ni gr obnueswmnssur geonf i
mani(ak.AL%,t ri osbeaegus baatdagregst r i p(e8 .sAubagnet ohnuf ri ussh
ol i v)aRieluigPdrauidhites arcatusarceye hawkfish)mako (Acanthurus nigroris

bluelined surgeonfish), Hawaiian whitespotted toBgir{thigaster jactatgr, palani

(Acanthurus dussumigreyestripe surgeonfish), andl @ h(Hadichoeres ornatissimysrnate
wrasseaccounted for the 10 most observed individuBle average standing stock biomass

of East 1was 42.6 +224ginThe hi ghest rel at i v er an goersatsrsi paea
surgepo8biAxctant hurusiel i dvpbetbtsl ihdwiedid b %,
triostegnesipdttl utkta@ gikédar us rubroedbl pcpasrotfis
mUi d6dA%, ni grofuswm sslum g& oché $ s dndilkd(Acagthuros der |,
nigroris, bluelined surgeonfishiy u mu h u mu n u k uRhindcanthys veatahguluseef

triggerfish),h u mu h u mMeleehthysenigerblack durgon)pualu(Acanthurus blochiji

ringtail surgeonfish)palani (Acanthurus dussumiereyestripe surgeonfishandh ¢ n Ul e a

| auWihlail assoma dadgdklimeews atshsee )10 most fish cont
bi omass

Fi eePhotl® Reeﬁamg/ssrprovide-sétieldt é%‘}es.bﬁulmmls)wexgﬁly
clear day for Kalaeloa East 1 transect (Augu:

Kal ael oa East 3
The average number of f i6sIN&L i @ldo vg durad ss evé tt hE
aver algbeNbod2peci esi mf20 S mielsar to the previous
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3mUi @i9aiA%, ni gr obueswmssurgeonfish) was one of
abundanatc rfoissshessur vey e\ 28 dCst%,nfooclhlacewteuds bsyt r i g
gol dri ng ,s Fri gd anhfPimah @ 41194aTaWa,ll d s s o ma sdaidklra ey
wr asasngd) ackfi B.%26hoomiss (V.@nkaebrubnitllateih s peci es

[ ncI udeyle bd airdsled cftirsohg I (y p hi d)Hbhwaiangregbrm st oni anus
ctrogl yphi)dHadadan whitespotied toCanihgyaster jactatqr

k(p UQCelnpnuatodon ,mull tibc & me it fels \gfhitd h )Peewdasbei (i
oct ot)aammaa(saethOJul|l$elbt&)sb'ﬂheaﬂrtrmesa;n standing st
of Easlt9 .36 gWifsirThes four fishes responsible for
across suweegkdfleeeli.C8% nochaet usgodtdriiq@s wur geo
mUi 6R69honUl edl IugTutwa |l ds s o ma sdaidpcelr @ d&wir kalsksaep)u, a
Q9 % Chaetodon ,oromranatse i,bnuststneirifa dydfitiosihg)@a |l vy
humuhu@®uf &l amenl ebiu rtsacaiieg@aadifarsms) , & | bHoatwaaei niiaant u s
h o g f Hasvdiian,gregoryP| ect rog !l y p hi )dkoodkolhiCdmaae tgo ch@n u s

mul ticimehkuisband beayd eddnixjddicfsimsohg I(lylpiné dodon
johnst)oniraat@dshal ophl bslspuost rtgeuds gr ouper ) contrib
bi omass in total

/\

FieldPhItaoeIoa Kaosate 2 s:fhce\asning station by a
Wr aslsaebr oi des pihn ythi amphiagascorals (May 2025)

Kal ael oa East 4

The average numiRekd & fhumhe 8 pEIS TR iSpli@sent al
transects,38N®Bdgih?) omhsBEaét 4 had no significal
acrowsrsvey.Thher imobdss abundant fish across surve
(43.Chw,omis YmbOdEPR BiAB %jni gr ob ucswn sshugmB@lomd i sh)
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| auwRLiTeh%,l as s oma sadpclraielyi(als.cRaacirrhites arcatus

arceye hawkfish)and or angest (2 p&&dasrutr lglerondHdawmlian vaceus
whitespotted tobyGanthigaster jactatgr, moano(Parupeneus multifasciatusanybar

goatfish)y@ma (Sa et hoj u,l i Ise Ibtap d Cehwidaisosres ornatissimysrnate
wrasse)and Hawaiian cleaner wras@d abroides phthirophagysanked as the 10 most

abundant fishMajor contributors of the biomass included angestri p84s 0fgeonf
Acant hur u)smUoildilvBasded,si gr o neswmu sshuggBlodd i Isd) w
(13.Th%,] assoma gdadpceirervenyn as e i 4 uMBe®W]iec ht hys vi d
pinktail rdaiiBg8é@phabadhl lbslspuoet rtgeuds gr ouper ) acro
periods. Additional <contributors to the stani
h umuhumu n u k WRhinécanthys veatahguluseef triggerfishh u muhumudel edel
(M. ni goelrac bl diwckd n )G hatormd mi s a(nhadendbli d a(Geda ks | ol o
gai marycel l owtail coris).

KO 60OLI NA

The Ko 060l ina group incFuded PDREsacesa® 1 :
number of fondiwi dudnvasatlirOn 4gdNoBGpwidnE ezmh. 0 N
4.7 sPereimeamdi ng st 6Ok 5b iNoMadK 7 dgafisn n a
density declined ilraoamh) Oi B0O20R4hi)N2@A . A bsh
(p=0.0069) The biomass W&k @lmo] ) etskanni 202624 (
change was small and not statistically significanh t he Ko 6Ol i na group, t
fi sheko@eretyrigolsdsi ngt sdirpeloand hisagstri pe sne
mUi Ai.6ini g,r of nswm ss u rhgdenolhl fei g3 il pajuansi 8l d ma sdaidkire e
wrassand bl achfriioen cvlama@middbbc@ti ng a community
by a small number (dfi dhirgehl y abundant taxa

Fi eehdR26A | arge | &aip& UChmaelt odmoch ,@m matties si mus
butterflyfish), (KOB] nhlapenreabh.
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Top 10 Fish Species by Mean Density: KOOLINA

CTST+

LUKA 1

ACNF -

THDU 4

CHWVA -

Species

ZEFL ~

ACOL

PLJO 4

CAJA -

CHMU -

0.10 0.15
Mean density (individuals per m?)

(=]
o
(=
(=}
[=}
(%)}

Figableop 10 fish specieesdGymadB@agnsdeepiregeat i
fish density (individuals m ] ) ionfcltikhdel Btge n mo
(CTET, strigmolsdirsi ngt asdialpeekbAn, f kg b yhjlruastri pe sna
mUi 6AGNFE, ni gr ofuswm ss u rhgdenolhl fei g RINDWeanl da s s 0 ma

duperrseayddl e wrasse), acktirbmaskfyamdebbpeoethit s ( (
across all survey ped®I|gidm@ppandx Btprovwdassgeciess at t
codes and associated taxon names for referen

Bi omass is stroad@hpe dagmibhil uteesd rbype snapper) w
substantially more biomasskolfnsanygobkdsirngp
surgeamfdasbaha' el j vacange bagpHI g0irgeonfi sh
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Top 10 Fish Species by Mean Biomass: KOOLINA

LUKA o

CTST 1

ACOL 4

MENI 4

10 15 20
Mean biomass (g m~2)

(=
o

Figadleop 10 fish species by meBaanr sbisohmaws smeaatn tf
biomass (g m ]J]) of the ten species contributi
across all survelynypa&sadidfepiddKAn dk 4 s hihm@ect $1 pe
snapper) contributed the ¢Apperaix B @dvides speciea s s at
codes and associated taxon names for reference.

Koo6Olina 1

The average number of fishes along transect |
average of 16. 8N 3. Bhmaosetciceosn torfi bhuutsibnegs sophe c2i0e
indi vwealuead@d @.L8 %,k g s rhil ruae st Fii pe ds PPhp@ 29 .20L%,

C. strigwolsdisi ngh @mullges hlddTlwd)ll,ds s o ma daipklra ey
wr asnstki)p, L ®iA0.%,ni gr obuswmssurgeonfish), and bl a
Chromi s Yaonrdesdid u.ri vhedyd ipteironoadls cont hebuopngoOf
number of i ndmyModnuoatl asx iisn cd ruadrgdely ®u leimper or )
humumude (Medalbdgack @Ok dmet odon ,munhutlitciibnacntdu s
but t er Hawaiidniwkitespoited toby@nthigaster jactatograndb | -e g e dams el f i st
(Pl ectrogl yphi dpkl@®@In HhH ad ntshheo nmeaannusst andi ng st o«
g 2across rsiuaTesadya pel8 %,k a s rhilruae st rainpde ( 8 a p poe r )
C. styciogpaswmsued t o biebh hdeo ntinpa nlt 0 srpeerckaesgtr i ayg ¢ 0
of btihcema d 0| | houneudmubnyu de | endl Hlee Kk d umidgorna)n docul i s
bi geye ,etdpiéN.6rni gr obuswm ss urhgderdid {@ias Ma,per F ey
saddl e,nar6egsasd)e v.ocamgestripkedlsliiCorewatiskbi mus
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ornat e b umutn@rafrluyfeinshu)s, dionusbull eabrai r& ugnouaht uf musl he)i, a
(Suf fl amenl ebiurtsrai gger fi sh) .

Sy . s A . o
= . ‘.- /N S . S <
g~ ; ez - 4 o ¥ e %.,j’\*ﬁ

il " ) X

¢ B

$ e 'Y Pl R e 2% L3
Fi ePhd2dSmad il 2edpaeggr e g Kadl ngiGaetb 20 2 5

Ko 60Ol ina 2

I n 2025, the average number of individual fi
23.3 N 3Aclr specs teralle § i2@eMdiYonisg,r of uswm ssur geon
was the highest contributindgofillomEed®%Btyot al n
stri,gogalsdr i ngh Gsrullgedl Htmani)d,6r rseaydd!|l e wr asse),
| afup g 11& .Z1e%,r as o ma, fy alvleBiweelnd nRhrodacd edi2a &40,

ol i vaceunuangebanB!| & eg € amnisjiea Hig ssthotawasan u s

whitespotted tobyGanthigaster jactatork ¢ k U(Comet odon ,@mr mattiessi mus
butter f | yefyies hd)a, nPsbenhpfg hsthp eenmd sb | a ckhfrionmicshr o mi s
vander brialntkied f i fth t hr oWdgdh atde ntthhe nmoesatn asht uanndda
bi omasls. 0fiN 2Atr®ss sufhey mpgorodsesntributions
nadeNa®d Alo%,i vacamg,estri pedlclikne8/b,oshhtissi mu
ornate bukiot(ebr%/Cy f $ s)hm @iosButsA %, ni gr o uswm s
surgeonfliafumyI8a d8d f | avegedtémdadt angphally,
humumumu@le!| eabdlgleek ,0ngobeHT.lpaunridsjiadd| e wr asse
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humuhumuM.vdiukwa ien k t ahiul mudhuur(Bguofné)i,a me nl ebiur s a
triggerdd@dGr)nit hemdi nedadumar ifliiliefi sh) ranked
contributors in total bi omass at KO2.

}?7 2P A R 4 i N

hd2@Rugose tapdghapghycoral cowwah sapport c

UCamud t i ci mekuisband baut@.rafdryifmadive asatmudso p
t erd.1 ygfuiasdhr,j mBout 8 p asa rodu t hteeir I id Vy di dfsneg| a

(Zebr asoma, fyalklasnwdatdgerigad e vawocamgyg,estri pe surge

(KO2 ©benz25).

o X T

Q
u

KAHE

The Kahe group encompasses (Fioallrd tRBMtsec2>: 1
202henetnmumber of ihiiG\B@ldS’BaﬁEisﬂvwiahbmbEr of
species averaaogrlmsgs 19u r4v ey 5p €I i e da vaenrda ¢ & afnissetc
(indi vhAduwealss Om7 N 0.4 in 2025s,t asnidninligars ttooc k2 C
bi omass iens t2i02&0 evdr sNs?Whe® @O0m@m4 was2Mean 9 N 13
density at Kahe decl i ned0.snn8)ghitnl y2 0f2rdo mi 00 .05.35
(0.26'0.76) in 20251 = 0.62) with no statistical significancéhe biomass also declined
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bet ween 2024 and),uthatStatigtiGalby signdicarl 8 t fomgh t he
species cowmaotslertda wghh cdwats t he past few iyears,
202Me most abun dedd tAi.foiirsihg,rwodisu stwmesshig m@loamd i s h)
l au@i.l du,pessacd!| andavrlalsael i nvahdé&migsil @ ie
standing stock bi omasns diefdAad®@2vVbameawsy.e ®mi n@aé¢ e d
sur geohnufmushhuymu(Me | & d gbel ea ¢ kh gdnulk I geodT )|, aduwmpi el rir ey
saddl e wm8s fePinigrodbbucwmss ur gebBheyi ssrhd t(Hhd sgeu r

domi nant taxa, remaining species contribute
a steepfdiopnumerical abundance. Tshtirsucptautrteer
at Kahe is characterized by a smal/l number o
numeri cal contributionSdvemal hepdcioadewi tsipem
abundance contribute disproportionately to t
bodied individuals in structuring standing s
bi omass at Kahe strdctuvea mbaep bymserizeal dom

Top 10 Fish Species by Mean Density: KAHE
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FigaBleop 10 fish species by. mean density at t
Bars represent mean fish density (individual
species at KAHE, averaged across all survey
strongly ddmipmGiilk,.d miygr obncwnsshgmg@lomd i Isdy wi |
(THDU, dupesgadcdl e wrasse) CHYAd bha)dlefvomilathr on
together account for a | ar de cpaAmpeadxB i on of t
provides species codes and associated taxon names for reference.
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Top 10 Fish Species by Mean Biomass: KAHE

ACOL A

MENI ~

THDU 4

ACNF 4

SUBU

Species

o
(XL
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ACTR 1

ACNR 4

PAMU 4

MYKU 4

ABVA 1

Mean biomass (g m—2)

FigadBleop 10 fish species byMemelan ibsiho rba sosmaasts |
for the tewWomonNntanhi ecpaess es observed at the K
periods and transects. mBaobeaasG@icanshuongly d
ol i viacamumeuhumubMEMéei eht hysfol gewed by ( THDL
Thal assoma sdaidpddreaaid § ACMF,ant hur us, nbirgorwonf uscu
s ur g e oApdgendxBiprovides species codes and associated taxon names for reference.

Kahe 1D

I n 2025, Kahe 1D transect had number of fi sh
individuals 201. Omé&las@ 5.n i fnigs s t prceks ebri tomaTstse wa
across suffheyfpsehiesdshat contri brudre@ ero slta u v
(28.T8 %,du,pesadcd| mUi(rdazs.8%%,ni gr obuswmussurgeonf i :
bl ackfi n ¢ hC.o nviasn)dfedr@ei(llBeHic60%,i v dcawmng,estri pe
sur geon fhiusnuh,u ma(d@dDM.6 en iegbel ra ¢ kMadnui(Agioh Yy i ost egus
convicko(Cangl) rigwolsdisi ngmaiyka eaoxingsbb bl i ned

S ur g e oHawadias Wwhitespotted tobyGanthigaster jactatgr andmoano(Parupeneus

multifasciatus manybar goatfish) additionally ranked among the ten most recorded total

number of individualsThetop 10 species contributing total biomassveredominated by
humuhumu(31 .8%.,né goelrack dur gmanden 2@odsl%, wed by

ol i vocawmg,.estri preorslirgae aladTbwid)u,p esadkdl, e wr asse
mUi (8. 8%, ni gr ofnucswm ss u rngaeno(néfiiBsoh,)t,r jaonsdb @ g il & t
tang). The smaller fraotirbymaiti@io rono igsablll iunieadma s

CIP Generating Station Project 2025 CH3muni't
Reef Fishes Monitoring



surgeonafupshéabr asoma, fyavleswidygmpmurpena zebr
zebra mo(Cay it rigolsdsi ng dwrmuda(®fuif£H)ameaand ur s
' ei tr.iThger fsislmdigino no fhtaen vi sidpdar atywplmecand dt oo a-
attaq@grnregati ng ihmdnuwiuadw,a lerdeesmde [ttethreg 1 n hi gher
bi omass than t hleo®md.thieond ransects and

Kahe 5B

On aven&lgeslpeci es were meémtehr deed@oNaBfi 8Bi vi dual
fish. The mean st a3n2d.i2n gN $H Borceks 9 i Duravsesy wmer i 0
fishes that contributmdi (nBo3s.ifA3%,0i §,i sthu@awm s dan
sur geohnofnilslhe)d @LYAT.widu,pesacdl el aclabise )3®bhr omi s |
C. vanderoxei@ladieo!l | vaoocawmg,estripe noano(f78p nf i sh) ,
P. multifasciatusmanybar goatfishBri ght eye ®&dmseélrbDgshphi dodon
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