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Supplementary 1: Hawaiian Language Glossary

Other than group names, definitions are drawn from Wehe?wiki? Hawaiian Language
Dictionaries with slight variations. As Hawaiian words have multiple meanings, the definitions
presented here are specific to the context of this article.

Hawaiian English
Land division usually extending from the uplands to the sea; the landlord or owner of
ahupua‘a an ahupua‘a might be a konohiki
‘aina Land, earth, to feed
‘auamo Pole or stick used for carrying burdens across the shoulders

Love, affection, compassion, mercy, sympathy, pity, kindness, sentiment, grace,
charity, greeting, salutation, regards, sweetheart, lover, beloved, loving, kind,

aloha compassionate, charitable, loveable

Aloha ‘aina Love of the land or one’s country, patriotism, nationalism
hoa‘aina Tenant, caretaker, as on a kuleana

ho‘ailona Sign, symbol, representation, omen

haumana Student, pupil, apprentice, recruit

i‘a Fish or any marine animal, as eel, oyster, crab, whale

to see, know, feel, greet, recognize, perceive, experience, be aware, understand,
‘Ike knowledge, comprehension, learning, sense, vision


https://hilo.hawaii.edu/wehe/
https://hilo.hawaii.edu/wehe/

kahea
Kahuna

kalo

Kanaka ‘Oiwi
kapu

keiki

kia‘i loko i‘a
kilo

kokua

konohiki

kuleana

kdpuna

kupuna
lawai‘a
limu
loina

loko i‘a

makai

makua

mana
mana moi

mauka

Mohala Na
Konohiki

moi
moi li‘i

moku

to call, cry out, invoke, to summon; a call, alarm
priest, sorcerer, expert in any profession

Taro, staple food of the Kanaka ‘Oiwi

Native Hawaiian, Native born, Indigenous

Taboo, prohibited, special privilege, sacred, forbidden
Child, offspring, descendant, progeny

Fishpond caretakers, guardians

To watch closely, observe, forecast

Help, aid, assistance, relief, assistant,

Land agent, Headman of an ahupua‘a land division under the chief; land or fishing
rights under control of the konohiki; such rights are sometimes called konohiki rights

Right, privilege, concern, responsibility, reason, function

Ancestors, grandparents, relatives or close friends of the grandparent's generation

Singular of kiipuna (above)
Fisher; fishing technique; to fish, to catch fish

Seaweeds; a general name for all kinds of plants living under salt and freshwater
Rule, customs, manners, code, precept, law, principle, statute, ordinance
Fishpond

Ocean, seaward, toward the sea

Parent, any relative of the parents’ generation, as uncle, aunt, cousin

Supernatural or divine power, authority; to give mana to, to make powerful; to have
mana, power, authority; authorization, privilege; miraculous, divinely powerful,
spiritual; possessed of mana, power.

Mature male life stage of moi
Inland, direction opposite to the sea

Mohala Na Konohiki is an initiative that was co-created by Uncle Mac Poepoe and
Keéhau Springer and catalyzed by Conservation International to support the
blossoming (mohala) of the next generation of lawai‘a and konohiki apprentices.

Threadfish Polydactylus sexfilis
Small threadfish, juveniles, first stage of moi typically under six inches

District, island, islet, cut, severed, broken


https://hilo.hawaii.edu/wehe/?q=call
https://hilo.hawaii.edu/wehe/?q=invoke
https://hilo.hawaii.edu/wehe/?q=alarm
https://hilo.hawaii.edu/wehe/?q=divine
https://hilo.hawaii.edu/wehe/?q=privilege

mo‘okd‘auhau

na‘au

Na Kai ‘Ewalu
(NK8)

ndpepa
‘ohana
‘Opelu

‘Opio

Pae ‘Aina o
Hawai'i

pala Moi
pilina

pono

Wahi kdipuna

wahine

Genealogy

Intestines, bowels, guts, mind, heart, affections; of the heart or mind; mood, temper,
feelings

The eight oceans was a name given to our group to honor our connection to all the
oceans and to demonstrate how the oceans and currents are like a lei that string all of
us together.

Hawaiian language newspapers
Family, relative, kin group, related
Decapterus pinnulatus

Youth, juvenile, youngster, junior

Hawaiian islands, archipelago

Hermaphroditic growth stage of the moi
Association, relationship, union, connection
Goodness, upright, morality, proper, equitable
Ancestral sites, location, place

Woman, lady, wife




Supplementary 2: Examples of /RL QD O [Kamlaka\‘Diwi Fishing Customs.
7 KHVH FXMIRP V DSSO \R DOVSHAHY IGFOAQ) P RL DQG SURYIGH [P SRUBQWFRQM WRUKRZ + DZ DIDQ
7 UDGMRCDCB UDRWFH 1V FDUIHG RXWRUBDUQIQ) DERXWDQG WWZ DUEQ) P RL

/ RIQD ( QK 7UIDQVOMRQ

( ALLNANDKL | ( DWDQG KDIYHWIXQID RX DUH IXO@®IG 7DNH RQD Z KDW RX FDQ HDWZ W FRQFHLQ IRUWH

HN-S'L ZHEBHQ R IXWMUH JHQHIDIRQY DQG DELOW \R P HHVWBUHVHQWRRG QHHGV Z MRXW

NHNDKL FRP SURP IMQJ WH DELOW R IXWUH J HOHUIDMRQY \R P HHWKHUGHHGY

/ ANDKL 71P H VSHQMWKIQ) FXGYDWMV IQIP DR\ DQG KDUWP RQ. Z MY \WH RAHDQ DQG XQGHIABQEQ)
HOYILRQP HQICSURFHWHY |, WDOR VMIHQI \WHQV UHDMRQUKISV Z W P DUQH FUHDWUHY \KDWDUH
D SDWR + DZ DIDQ IGHQMY DQG VSILMDDV

0-@PD 7R QXUMUH DQG UHVSHAVWDOLYIQ) \IQTV DQG WH UHOMRQUKISY EHE HHQ NDQDIND DQG \WH
HQYILRQP HQW

+DDKDD +XP IOW ZH DU D SDWWR D &IQ) Z RU DQG QRAWXSHURUR WA H FOIAQ) SHRSBI IURP
QDWUH RQD VHYHV \R IXUKHUDOHQDW KXP DQV IURP RKHUNQ) UHVRXUFHV DQG WXV |URP
WHUUHVSRQUEIDIV

. X6DQD 5 HVSRVEIMY DWXP H RZ GHIKIS IRV RXUDPMRQY Z KHQ IQMIDAMD Z W \KH HQYILRGP HQW|

AP LANH 6 HHNNQRZ BIGIH \WH WDQVHUR NQRZ BIGIH IURP RQH J HOHUDWRQ \R WH QH WE\ WDIQIQ)
DSSUHQUFHV RQ WH VXEV®! DQG P DRUFRQAMIRQY RN \WH P DUCH UHVRXUFHV DQG HQYILRGP HQWY

( KRAKRALND | 5 HMUOQ \WH [LAWWVK FDXJKWDQ DPWRI UHFISURAW Z MY \WH IQMQIRQ R JIYIQ) EDFN R \KH

OP XD RFHDQ VR VXMBIQ UHVRXUFH DYDIDELID 1Q SHSHMIMW

0 DD %UDQDD ' RQWEUQ EDQDQDV \R WH RFHDQ3,Q—KH P RHP DD P DNHKHZ D H KH®! LND
Oz DD

3DDNDZDKD| &E®VHWHP RX\WW GRQVABOI Z KHQ IVKIQ) \R DYRIG BN 11VK

0 DLAOM " RQVWAMS RYHU\ RXUZ RN UHVSHRW RXUIIVKIQ) 1P SBP HOW

+RBKR® 7RAXIVH DWP XVHG R FRFHDO RXUIIWKIQ) SOQV ILRP RIWHLY DQG DYRIG VFDUQ) 11VK
ZKR ZIONQRZ \ RXUIQMQIRQY UHVXED) 1Q IDICIH

0 DLNXKINKKL | RQVSRIQADWD 1IVK \ RXYH VI K\WWG R DYRIG GIDZ 1Q) W DWHQIRQ

ARBIQAND | ' ROWEUQ) \WRP DQ \WIQIV R \WH RFHDQ \R EHWHUIRFXV \ RXUHIRW RQ D VSHALLE \BUJ HW

VSHARV




Supplementary 3: Dedication to the late Kanohowailuku Helm

We sit in gratitude for ALL the kdpuna, lawai‘a, konohiki and aloha ‘aina who have paved the
way so that we may continue this work. We are humbled to be a single ‘aho, a strand in the
weaving of knowledge, ‘ike and mana that binds our past to our future. This research and
publication is dedicated to Kanohowailuku (Kanoho) Helm - son of Adolph and Corene
Keéhaunani Helm, brother to Kekama Helm and nephew of aloha ‘aina leader, George Helm -
whose lives embody the enduring spirit of aloha ‘aina, lawai‘a wisdom and Molokai pride.

Kanoho Helm was the beloved kane of Lindy Helm and proud father of Kealohanui, Kekumu
and Kaua Helm. A fisher, farmer, paddler, singer-songwriter and cherished friend, he inspired
so many of us with his aloha, charisma and dedication to his ‘ohana, ‘aina and lahui. A true son
of Molokai, he spoke fearlessly for what was pono, standing for ‘aina, kai and our kiipuna with
humility and conviction. Kanoho'’s brilliance as a “kanaka scientist” placed him far ahead of his
time. His understanding of the ocean and its rhythms surpassed data or degrees; he connected
to the realms of the seen and unseen, communicating with the natural world through deep
ancestral knowledge. Among his greatest gifts was his ability to teach and embody the
principles of traditional Hawaiian resource care. From his early days at Mo‘omomi, he trained as
a lawai‘a dedicated to pono practice and stewardship. His voice and presence bridged
generations, reminding us that aloha ‘aina is lived through action - with every throw of the net
and every respectful step upon our shoreline.

Kanoho was also a gifted poet and songwriter whose music carried the principles of aloha ‘aina
and resource care. His album, nominated for a Na Hokd Hanohano Award (2012), revealed his
rare ability to blend melody with message, as heard in songs like Lei Alana ‘Opihi Mama
Cellana, where his words honor the intimate relationship between people, place and sea.
Through his compositions, teachings, and aloha, his legacy continues to guide us towards
balance and kuleana and deeper connection to ‘aina. E ku‘u hoa &, pau ke kaumaha, ke kui ana
ka lei Poepoe ma Na Kai ‘Ewalu, a noke mau, e hele ‘oe, e hele a e moe malie.

Some of his words that continue to inspire and carry forward:

“Please don‘t change Molokai, let Molokai change you...Be a part of the solution”
- | Aloha Molokai (IAM)

“We were born into the sea. E ho’i mai, e Lonomakahiki. We were taught to love
this land. It’s not so hard to understand.” Lyrics: Homestead Farmer

“What would you do with a billion dollars? I‘d buy a fish, a billion dollar fish.....
Lyrics: Billion Dollar Fish



Supplementary 4: +DZDL<«<L ([WHBWKHU (YHQWYV
This table documents extreme weather events affecting Hawai‘i, providing a holistic view of
environmental observations starting five years prior to our documented out-of-season moi
spawning. It offers valuable insights into long term climate fluctuations and their potential
impacts on moi and other culturally important species.

Year/ Location Event Environmental Impacts Potential Impacts
Month on Moi
2014 - Hawai'i Hurricane Iselle Flash flooding increased Increased turbidity
Aug Island - made landfall as a | sedimentation in nearshore influences foraging
Southeast, | Tropical storm on | habitats and reduced water success and
Statewide | Southeastern part | quality elevates exposure to
of Hawai'‘i Island terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats
2014 - Statewide | El Nino - strong Elevated seawater Shifts in ocean
2015 temperatures caused two current strength and
consecutive coral bleaching direction influences
events during the summers of | larval recruitment
2014 and 2015 throughout the | and population
Hawaiian archipelago connectivity patterns.
resulting in widespread loss of | Physiological stress
live corals in shallow reefs from exposure to
elevated seawater
temperature affects
sensory and
reproductive
development, growth
rates, spawning
behavior and cycles
2018-20 | O‘ahu - Invasive Limu Die | Reef and estuary habitats The reef and
20 Kawahaok | Off available for colonization by mudflats were clean,
amano other benthic species freeing the substrate
of invasive algae.
Honu (green sea
turtles) were
observed hungry and
starving and forced




to forage very close
to shore

2016 - Hawai'i Hurricane Darby Flash flooding increased Increased turbidity
Jul Island - made Landfall on | sedimentation in nearshore influences foraging
Southeast | southeast of habitats and reduces water success and
Hawai‘i Island quality elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats
2016 - Hawai'i Kamokuna lava Elevated seawater Habitat destruction
July to Island - flow reaching the | temperature, widespread and widespread
2017 Puna ocean marine species mortality and | mortality of marine
extirpation of coral reef species (covering of
habitat poho moi “moi holes”
by lava) Warmer
waters may also
alter growth rate and
spawning cycles
2017 to | Statewide | King Tides and Seawater inundation into Altered salinity
present Coastal Flooding | coastal environment causes stress on
increases urban runoff and moi, impact to
salinity levels spawning habitat
2018 - Kaua'i - Tropical Storm Flash flooding increased Increased turbidity
Apr Ha‘ena Lane sedimentation in nearshore influences foraging
habitats and reduces water success and
quality elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats
2018 - Hawai'i Lower East Rift Elevated seawater Habitat destruction
May Island - Zone eruption, temperatures, widespread and widespread
Puna fissures opening marine species mortality and | mortality of marine

in Leilani Estates

extirpation of coral reef

species (covering of




w/ multiple ocean
entries

habitat

poho moi “moi holes’
by lava) Warmer
waters may also
alter growth rate and
spawning cycles

2018 -
Aug

Hawai'i
Island,
Maui

Hurricane Lane

Flash flooding increased
sedimentation in nearshore
habitats and reduced water
quality

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2018 -
Sep

Maui,
Lana‘i

Tropical Storm
Olivia

Flash flooding increased
sedimentation in nearshore
habitats and reduced water
quality

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2018 -
Sep

Lalo, FFS
Papahana
umokuake
a

Hurricane Walaka
- Cat 3 Completely
destroying East
Island

Flash flooding increased
sedimentation in nearshore
habitats and reduced water
quality

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2019

Statewide

El Nino - strong

Elevated seawater
temperatures caused coral
bleaching throughout the
Hawaiian archipelago
resulting in loss of live coral

Shifts in ocean
current strength and
direction influences
larval recruitment
and population




cover in shallow reef habitat

connectivity patterns.
Physiological stress
from exposure to
elevated seawater
temperature affects
sensory and
reproductive
development, growth
rates, spawning
behavior and cycles

2019-20 | Statewide | “The Blob” Marine | Elevated seawater Shifts in ocean
20 Heatwave temperatures caused two current strength and
consecutive coral bleaching direction influences
events during the summers of | larval recruitment
2014 and 2015 throughout the | and population
Hawaiian archipelago connectivity patterns.
resulting in widespread loss of | Physiological stress
live corals in shallow reefs from exposure to
elevated seawater
temperature affects
sensory and
reproductive
development, growth
rates, spawning
behavior and cycles
2020 - O‘ahu, COVID-19 Reduction in disturbances for | Increased fishing
April Maui Pandemic tourism overuse allowed for pressure and moi
revitalization of valued mortality due to a
resource species of algae and | general rise in
fish including limu lipoa leisure engagement
(Dictyopteris plagiogramma) by recreational
and nenue (Kyphosus anglers, coupled with
bigibbus) decrease in overall
tourist visitorship
which reduced
anthropogenic
disturbances
unrelated to fishing
in moi habitats
2021 - Statewide | Kona Low Storm Flash flooding increased Increased turbidity
Dec sedimentation in nearshore influences foraging




habitats and reduced water
quality

success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2022 -
Nov

Hawai'i -
Mauna
Loa,

Eruption
contained to high
elevations

Increase in sulfur dioxide, and
vog affects air quality,
resulting in acidification
reducing seawater pH levels

Habitat destruction
and widespread
mortality of marine
species (covering of
poho moi “moi holes”
by lava) Warmer
waters may also
alter growth rate and
spawning cycles

2022 -
Dec

Hawai'i
Island,
Maui,
O‘ahu

Tropical Storm
Darby

Flash flooding increased
sedimentation in nearshore
habitats and reduced water
quality

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2023 -
Jan

Moloka‘i

Tropical Storm
Calvin

Flash flooding caused erosion
and silt runoff into loko i‘a and
estuaries, increasing turbidity
in nearshore marine habitats

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2023 -
Aug

Maui

Hurricane Dora
passed south of
islands producing

Flash flooding increased
sedimentation in nearshore
habitats and reduced water

Increased turbidity
influences foraging
success and




strong winds
which caused Fire
Storm in Lahaina

quality

elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats

2024 -
Aug

Hawai'i

Hurricane Hone

Flash flooding increased
sedimentation in nearshore
habitats and reduced water
quality

Increased turbidity
influences foraging
success and
elevates exposure to
terrestrial based
pollutants,
pathogens and
parasites from storm
water discharge into
moi habitats




Supplementary 5: $GDSWLYH ODQRRBONHIWG 2BWKRQMG E\ WKH 1—

«(ZDOX PRL FROOHFWLYH

0 DQDI HP HQWTRRYY ([ DP SO 2 XWRP HV
&KDQIHV \R 6 DP ST 0 DUCH &RSV %DVH + DZ Did &%6) $ DUH DE®I \R FRQGXFWH UMMVHDUK
3HP WD IRUEYS) $V YDQNHEHP W IRUMIZ DUEQ) UMVRXURHV Z IWRXVWKDYIQ) \R
JRWURXIK BIQIM SHUP IMBUIRFHWHV
) DVATUDFN RSWIRQ + +DZ Dld, QMMM R 0 DUCH %RBI\
| DWMUSURFHMQJ ) DVWARDFN SHUP IW
YDCNHVBHIP IWRSURQ +
QR QHHG IRUBHQHZ DO
/ DZ DD GDWB BVSHRWG DV | 0 IBRBL&%6) $ / DZ DiD JLYHQ UHVSHPWDV FR P DQDIHWY IRU
\WH EDVIV IRUP DQDUHP HQW| . "SDKXX( &%6) $ P DUCH DUDV @ DD GO DQG LOLI KW
DGWR HOW +—HD&YB) $ XVHG R GHMUP IQH P DQDI HP HOWBRIR
0 DUCH P DQDUHP HOMBDQ | . SDKXXX &96) $ 3OQFDQZHIK WH QHHGV R \WH GFDO
IQFOGQ) PR SHRS®! DQG HARA WP H J VXEVMMQAH
QHHGV FXGMUDO) DWHUQ) QHHGV 1MWK
SRSXOMRQ SROMRQ \RXUMP
&KDQIH NDSX P RQKV 0 RRP RP L&Y6) $ 3URSRVHG5 XBV | ,QFUHDVHG FKDQFH WDWP RLVSDZ QQJ Z 1@
PXUHQ® - XQH $XJ EH VXFFHWIXO UHVX@Y 1Q P RUH RIVSUQ
. SDKXX &%6) $ |RUIXWMUH J HQHUIDIRQY
. DSXIURP 0 D\ 6HSWP EHU
6 BWIP W IQAMDGR . SDKXE&%6) $ , QPUDVHG FKDQRH WDWP RLVSDZ QQJ Z IO
PIQP XP VI H " XUQ) \WH RSHQ VHDVRQ B/ \WDQ EH VXFFHWIXOUHVX@QJ 1QP RUH RIVSUQ)
IGFKHVRUP RIH\WWDQ  IQFKHV BQJ IV | |RUIXUMUH J HOHIIRQY
NDSX RUSURKIENMG IURP J DIWHUKY
. DSX OUHWHP DBV . SDKXX &%6) $ 0 RLRI QUHUM] HV IHFEXQG IHP DBV DUH
DE®I\R VSDZ QP RUH DQG FUHDWM P R
YIDEGI RIVSUQ) \R UHSBIQVK WH QH W
JHQHIDIRQ
/ 1P MEMMUEDQRH 1Q +—HD&YH) $ 0 RL@OZ I@EH DEGI \R [HHG DQG VKHIMU WXV
QUMY JURXQEY IQFUDMQ) \WH UDW R VXILYDAQR OUH
0 RRP RP L&%6) $ 3 URSRVHG5 XBV | UHSURGXPIYH P RL
. DZDDBD YD\ 1 XWHY
5 HVUIEWIVKIQ) JHDU 0 RRP RP L&Y6) $ 3URSRVHG5 XBV | 7R SURP R WDAMRCDCDQG VXEVMMQAH
0 RLFDQRQD EHVINHQE\ IVKIQ) SUDPFHV

KRR\ DQG @H VSHDU RUWNURZ GHW

.D



Supplementary 6: 4XDOLWQ®ILFMHWLRQV RI ORL 6SDZQLQJ

i L]

6H * RQDG & KDUDFWUMAEY 2 EVHYDARQ

) HP DB &RBU TXDOV 2 DQUH \HBZ EWKWRBUJWDIQ IQDWMG

) HP DB 60H / DU H UHDMYH \R \WH V] H R \KH VK

) HP DB 3UMVHQH R 9HQV 5HG \MEN YIVE®!

) HP DB 3UVHQHR (JIV 9 IME®I [P P HADWO RUZ KHQD VP DODP RXQWR SUHWXUH IV
DSSIHG

) HP DO (JJ TXDOV / DUHDQG K\ GDMG [QOWG HIJV YIMEBIE\ H H

0 DG &RBU TXDOV . KW FUDP  SION EWKWARBU WP RRK IQOWG

0 DG 60H / DUH UHDWYH \R \WH V] H R \WH VK. D@ D\ V \KIQGHUWKDQ \WH
JRQGV

0 DG 3UMVHQFH R 9HQV 5DUHD EXWL VR WLV IV DOR D SRVMYH IQGFDURQ

0 DG 3UMVHQHR 6 SHP 9 IME®I [P P HADWO RUZ KHQD VP DODP RXQAR SUHWXUH LV

DSSTHG




Supplementary 7: SDUDPHWHUV IRU TXDQQDNMOL\WDWRY I RADMSID ZQLQJ 3t

DQG ORL 6L]H DW 6H]

PRL

4 XHWRQ 1 X@+\ SRHVLV | 6RXUFH | ' DMMEXWRQ | 0 HDQ DQG $WXP HG VSUHDG WBIQGDLG
+ P RGHIY 6 SUHDGRI GHYIDWRQ Rl SXEQVKHG LDQIHV
H SHAWG
GD\D WEBHY WEeHY | WeHY
/ HDWV 01G3B | 0 RW
FROVHYDWYH FROVMWYDUWH
"RPRL OR\VSIZQIWRP | +DZDY| ) HTXHQR R | 0 IGSROWR 1 1 1
VSDZQ -XQH WEXIXWN 6 \BW VSDZ QQJ WH VSDZ QQJ
RXMCH \WH 6 SDZ QQJ 5HIXOW PRGHBGDVD | RO X
NQRZQ RXMCH \KLV IRQV 1RP DO N N_X(DQG_U
SHIRG' SHIRG LV AVIEXUIRQ
HITLE® W-XEQ
D 7KH
VSUHDG IV
AV
$SWHPRL ORW RUDY/ | 3RHSRH| 5DQIHR 0 IGSRQMR 1 1 1
EHRP 1QJ FKDQIH\RPDB! | HWWDO | PDBIPRL P DBIP RL
PDBVDW | EHEHHQ M] HV M] HV XQEHU
OUHURU PP PRHBGDVD | + IV PP
\P DU PP WDQH 1RP DO 7KHVSUWDG LV
M] HV' 2 X\WMCGHR! \KLV AVEXIRQ PP
W] H WDQIH IVK
DUH QRWP DBV
$SWHPRL 0RW RUDQ/ | 3RHSRH| 5DQIHRI 0 IGSRIQWR 1 1 1
EHRP 1QJ FKDQIH\R HAMDO | IHPDBIPRL IHP DBIP RL
IHP DBV DW | IHP DBI IURP M] HV M] HV XQEHU
OUHURU PP PRGHBGDVD | + IV PP
P DU PP WDQH 1RP DO 7KH VSWHDG LIV
M] HV' 8 QGHUMAV V] H QAVEXIRQ PP
WQIH IVK D
QRWHP DB 2 YHU
WLV ] H lDQIH
D@D IHP DB
PP IV\WH
OUHWHREGHG




Supplementary 8: 'HWDLOHG $S SIXRQMKLVRMBLYPIDO\VLY ORL 6SDZQL
3HULRG DQG ORL 6L]H DW BH]

We performed statistical analyses using RStudio version (2025.05.1+513) and R version R
4.5.1. We used the R base package for calculations alongside the dplyr and ggplot2 packages
for data manipulation and visualization.

ORL 6SDZQLQJ S3HULRG

Null Hypothesis (HO): Current State of Hawai'i regulation assumes that the vast majority of
spawning activity occurs within the protected June-August window. Spawning activity outside
this window is negligible or non-existent. We aimed to compute the probability of observing
our sample results based on HO.

Step 1: Find the Probability (p) of observing spawning fish (our data) outside the protected
period from June 1 to August 31. For the mean, we chose the midpoint of the spawning season
under HO, July 31st, which is the 212th day of the year (+ = 212). We modeled three scenarios
where the published range (i.e the 92 days from June 1 to August 31) comprised either 1, 2, or
3 standard deviations from the mean.

Step 2: Find the probability of observing (k) spawning fish out of (n) sample. In some cases we
observed that only a fraction of fish were spawning capable at a particular date. To account for
this we used the Binomial Probability Formula P(X=k) = C(n, k) * p*k * (1-p)*(n-k) to compute
the probability of observing our specific data, where n is the total number of fish in our sample; k
is the number of spawning fish observed, and p is the probability of a single fish spawning in
October (from Step 1). C(n, k) is the number of combinations ("n choose k").

ORL 6L]H DW 6H]

Null Hypothesis (HO): Previous studies record that male moi mature from 200-250mm and
female moi from 300-400mm. We aimed to compute the probability of observing our
sample results based on HO.

Step 1: Find the Probability (p) of observing males and females (our data) outside the recorded
ranges (200-250mm for males and 300-400mm for females). For the mean, we chose the
midpoint of the size range for males and females under HO, for males (¢ = 225) and females (*
= 350). We modeled three scenarios where the published range (i.e 50mm for males and
100mm for females) comprised either 1, 2, or 3 standard deviations from the mean.

Step 2: We compared the mean and observed fork lengths (males and females treated
separately) to calculate a Z-score (absolute), to which we applied the probability density function
for the normal distribution. From this result we derived the two-tailed p-value for the moi sizes
from each sampling trip.




Step 3: Linear mixed models

We modeled fork length using a normal (gaussian) distribution since this distribution was
created to model continuous data such as height and length, and models from this distribution
were well fit, resulting in a closely matched QQ plot, and without indication of over or under
dispersion, and no warnings according to DHARMa package model fitting tests.

Our fixed effects were: Sex (factor), Island (factor), Year (factor) and Month (integer). Our
interaction effects were: Sex*Island, Sex*Month and Island*Month. Our data coverage was not
appropriate to model a 3-way interaction effect. Models with different combinations of variables
were selected by keeping any effects that contributed significantly to explaining fork length
variation, and according to AICC, which is a model selection metric suitable for data with small
sample sizes.

Ultimately the selected model for interpretation included all possible fixed and interaction effects.
The AlCc for this model was 1174.7. The r-squared equivalent was manually calculated using
an R-modified version of the python code shared here
(https://stats.stackexchange.com/questions/477598/equivalent-of-r-squared-in-generalized-linea
r-model-regression-results) and resulted in 0.7504138 for this model. We used a chi-squared
test (drop1(model, test = "Chisq")) to examine whether removing any of the model fixed or
interaction effects would impact the model fit. We used the function eemeans() to determine the
mean and upper and lower confidence levels for Male and Female moi fork lengths across
different islands.

Additionally, we fit linear models to test the specific hypotheses of whether (1) Female moi on
Maui were smaller than on other islands and (2) Male moi on O’ahu were larger than on other
islands. Taking this approach allowed us to model the temporal variables of month and year as
random effects. Month was modeled as a factor instead of an integer to more accurately reflect
that months are not linear and the ‘first’ month follows the ‘twelfth’.

Our statistical approach was reviewed by Etaash Katiyar (Stanford University), Wesley Bian
(Stanford University), Louis Reeve Stanley Davis (Stanford University) and Jules Wyman
(Washington University). For full details please see the RMarkdown file in Supplementary 9.


https://stats.stackexchange.com/questions/477598/equivalent-of-r-squared-in-generalized-linear-model-regression-results
https://stats.stackexchange.com/questions/477598/equivalent-of-r-squared-in-generalized-linear-model-regression-results

Supplementary9: 5 PDUNGRZQ ILOH |IRD W R DSEVDIOMDIWL YORRL 6SDZQLQ
3HULRG DQG ORL 6L]H DW BH]

File type: RMarkdown file

Required: RStudio version (2025.05.1+513) and R version R 4.5.1. and Input and Output data
files which are provided in the Supplementary 10 excel workbook. The sheets of the workbook
should be downloaded as .csv files to run with the code.



Supplementary 10: 'DWD FOHYV DG @ L ] DAXIDRQQVIRMDWLYH 'DWD $QDO\
ORL 6L]H DW 6H[ DQG E ORL 6SDZQLQJ 3HULRG

File type: Excel workbook

Required: Microsoft Excel software.



Supplementary 11: $XWKRU ,QWURGXFWLRQV DQG *URXS SLFWXUH

KUPUNA (Grandparent Generation)

. HYRQ*8 QF®I10 DF 3RHSRH

,DP DOZDDIRP 0 RRNDL , IMK\WWHZ D\ P\ N SXQD\BXJKWP H ) DP 1@V @H P ICH IHHD VHOMH R
UHVSRQUELDV \R WMZ DUG Z KDVWKH RFHDQ JLYHV XV 2 XUDFRQY DUH EDVHG RQN® + FDUHXCREVHYDURQY |,
DP KDSS\ R SDW RQP\ NQRZ BIGIH W WH QH W HQHIMRQ YXWRUWDVWAKDUQ) R NQRZ BIGTH R VINH
SOFH \WHUH ILIAKDV \R EH BAVSHPWRUIQE HQRXV NQRZ BIGIH 2 YHUWH SDWW  \ HDWY ,<YH EHHQ Z RINQJ
Z W \WH QH W HQHUIDIRQ R OZ DD DQG VMZ DUBV IURP DFURW + DZ Dl EHFDXVH \R SDW WHVH WDGMRQY
DQG W IQVSILH @7 DD SRR SURSHU P RIDOHTX\DE®!

. HDA.$ @SDA

, DP DOZDIDIRP WH DKXSXDD Rl +—HD . DXD@. 5 DIVHG DQG WIXJ KVWKH WDGMRQDCSUDRIFHY XVHG E\
N SXQD DQG WH O\ 7KRP DV + DVKIP RR Z KR Z DV WH VR \KH P DWMUDZ DD [URP +—HQD 0\ RKDQD
@MV RIWHOQGDQGVHD : H QHHG\R SDW RQ RXUINH R RXUFKIGUHQ VR \WH FDQ FDUY RQ RXUJ DWHUKQY
WDAMRQY DQG NQRZ BIGT H\KDVWE DV SDWHG RQ\R XV

MAKUA (Parent, Aunt and Uncle Generation)

. « KDX 6 SUQIHU

1R. DIP XN 2 KX P DLDX DN—QRKR Z DX P HNXX (RKDQD P D. HDDX 3XQD +DZDid @ IURP . DIP XN
2 OKX EXW QHZ W P\ 1DP 1O 1Q. HDXDX 3XQD +DZDid ,<YH EHHQ IRWYCDWM \R Z RN 1Q RFHDQ
FROMYDIRQIRURYHU  \ HDWY DQG KDYH KDG \WH KRQRUR| FRIDERUMZY Z W 8 QF®I 0 DF 3 RHSRH IRU

DV KLY WXGHQMKHSIQ \R GHYHBS SURJUDP \/ \KDWSURP R WDGMRGDCH D7 DIDQ UHVRXUFH P DQDJ HP HQAO \
GRARIDAHVHDURK [REXVHV RQ. DQDND <, 1Z LUHSUAVHQIBMIRQ [Q + DZ Did9y RFHDQ J RYHECDQRH

+ABL. DZ HR
, DP DI\ JHQHIMRQ Z DKIQH ZRP DQ OZ DD IURP . DZ DKDR\DP DQA . —GHRKHYD. DQG \ HDWDVD
NDLENR [IVKSRQG JXDUEDQ FDUMINHU R + HHD) IVKSRQG 0\ RKDQD URRW DUH 1Q . DODHD DQG . DKDOX

DKXSXDD DQGJUWHZ. XS BDRIQ) R J DWHUDQG KDIYHWY DOGLHHQNQGY Rl RFHDQ UAVRXUFHV ILRP RXU
ED\

1-NRD* RR

, DP D P DUGH VAHQIMDQG OZ DID IURP 3XQD + DZ DI FXUHQW® Z RINQJ DVKH + DZ DLL, QAMAM R 0 DUCH
WRBI\ 0\ GRARDAMHVHDUK LV IRFXVHG RQIRIDIIQ) HFRBJ\ DQG WH FX@MUDOWI QUEFDQFH R QDWH IRWDIH
IVKHV 1Q HXDUHY WURXI KRXW DZ D $V D P HP EHUR! \WH $NDX JRKDQD IDPI® P\ KHUABIH IV \VWRQI®

@NHG\R WH . DZ DIKDH WHJ IRQR! + DZ DYLIMDQG , FXWHO® FRIERDM Z W FRP P XQUAV \WURXJ KRXW

+ DZ DL VR VXSSRWBLRWPW |RFXVHG RQ P DQDI HP HONDQG MZ DUBVKIS Rl P DUCH UHVRXUHV

3H\HR/ 1QG

2 3HHR/ IQGNRX IQRD +HQRKR SDSD DX P D. "SDKX(X 0 DXL + DZ Did-P H NRX (RKDQD , Z DV IRWWCDM \R
JURZ XS XQGHUWH ZIQIVR P\ OW IDNHU - RKQ. P R\HR/ IQG Z KRVH P RRBIBR. BM/ARQV DQG P DAMY
PROHGP HIQRZKR, DP \R@D\ D QHBQ VXEVIMMQFH OZ DD KXQMU J DWHUHU DQG IDUP HU $\WD\ RXQJ
DIH , BDHG WH [P SRMIQFH R N®& DQG EHI DQ DSSOIQ) VYR DB RAHYHY DVSHAWR P\ @H 7 KURXIK \WH
SWAIFH R N® , Z DV DEG! R QRIFH FKDQJ HV 1Q RXUQHDWKRUH VSHAHV DQG GRAXP HQNSOFH EDVHG

VSDZ QQJ SHURGY R VSHFLLE DQG WL QUIEDQAYSHAHY \WDWQVSIUHG VRP H Rl WH LXBV IQWH . “SDKXXX

&RP P XQW %DVHG 6 XEVMMQAH ) IMKIQJI $ UHD 8 QF®I 0 DF 3 RHSRH KDV GHHSHQHG P\ XQGHIABQAQ) DERXW



NDQDND VAHQFH Z KHQ IWARP HV \IR \WH P RLAHR FOI DQGKRZ Z H FDQ XVH LY VFHQFH R XQEHYABIQG \WH
YDURXV FKDQIHV RFFXUIQ) , DP SDVWIRQDWM DERXWIDIMQJ DZ DUHGHW R SOFH EDVHG N® DQG P RQWRUQY
JURXQEHG IQ LQALIHQRXV NQRZ BIGTH W IQUSILH DQG HP SRZ HULQAYIGXD® DFURW RXUSDH—QD R P DNH D
P HDQQI I XOALIHHGFH LQ WHUFRP P XQUHV

. —QHKRDQL/ LG

, DP D @QHDOGHVFHQGDQWR! 0 DXL+ INGQD  + DZ DIIDQ SUDRMRGHU VXEVIMMQAH IIVKHUP DQ ND® IDUP HU
KXQMU I DHU DQG FRP P XQW P HP EHUIQWH WXUWDOA@IH R . "SDKXA , KDYH LOKHUWG NQRZ BIGIH IURP

P\ IDNHU-RKQ. IP R\HR/ IQG \WH WM . RQRKINLR! . "SDKXGX 0 RNX LQVSILHG \R P —®P D RXUIIVK DQG RAHDQ
UHVRXUFHV [Q SHSHMWV

: 10 DA + XIKXL

0\ COPHIV: 1@DP 0 DH +XIKXL ERQIQ+ LB DVHG QD FRP P HIADAKIQ) IDP 1O , IMKHGIURP 3 RKRIN.
+I® . DZDKDH . RCD DOKHZ D\ W0 LRQL , GDUHG WH IVKIQ) SIDRIFHY Rl HDFK FRP P XQW WIURXIK
RKDCD WAV \R \WH DD $V, JRWRTHU, QRIFHG D GHREH [Q1IVKIQ) DG Z DQMG R KHS P DNH D GLIHHGFH
\R P —@P D RXURFHDQV , DP KRQRUHG\R KDYH P FVWXFK DP D] Q) SHRSBILQP\ RXUOH \KDWZ DO KHS
UHSBIQVK RXURFHDQ UMVRXUFHV 8 QGHUWH WAMDUH R XQF®I 0 DF 3 RHSRH DQG 0 RKDD 1 — RQRKIN.
DSSUHQIFHP HOMBURIWDP , Z DV DEGI R MO \WHVH DP D] Q) OZ DD \R VKDUH RXUFR@IFIYH NCRZ BIGTH Z W
WLV 0 RL& R®RYH RKDCD , KDYH GDUHG CRAVRQD P RUH DERXW) RLDQG WHUQH R FGI EXVWDOR WKHU

FRUHOMRQ EHE HHQ WH RXHU+ DZ DIIDQ , VOQG

/ DI . DXSX

Q ZDXR/DID@. DXSX 1R2 P RADDP DLDX 1 RKRDXP D+RASI @D 0 IB@L , DP / D@. DXSX ,&@ IRP
2 PR\DD , OHI1Q+RASI BDO IBRQL , DP D W JHQHIDMRQ ASHX ' HFDSWMXV SIQQXOWY OZ DD
SIDAMRGHUR! 0 LB@L D MZ DG R RKDQD D 1DP 1® OQG 2 P R\DD DQ DSSUHQIEH IRUO RKDD 1 —
. RQRKINLO IBX@L DQG KDXP —€D VWMGHQWR! 1— DLq Z DO ERW XQGHUWH NHHQ I XICDGFH R 8 QFGI0 DF
3RHSRH

0 DNDQL* LH1J

, DP RWIQD® IRP . DIBD DQG: DIP —ED® 2 KX DQG QRZ MNQJ IQ3RKRIN. +DZ Dl , DP DBKD D
SDNRWSUDRMRCHANDWDRW XSRQ ®YH R @QG  DQG SUDRWFH DG HHQAKIQIV P DXND 1QDQG \R P DNDL
RFHDQ 0\ FRP P XQW \KDW P RA® VHYH IV &Z HU3 XQD 3 RKRIN\R . DDSDQD EXW GRNANKD KHS 1Q
RIWHUFRP P XQUAV DFURW + DZ Did_

. DORH$ @SDA + DVKIP RWR
$@KD , DP ERWDQDQGWDIVHGIURP . DXDL P RNX GVMMEWR! + DBIBKD + —HQD $ KXSXDD * UDQGVRQ W \KH
OW 7KRP DV + DVKIP R DQG WYGHQR + DZ DIDQ WDGMRQDQ) DWHUQ) SUDRIFHYV

$YHY . DKRARNDX@QD

, ZDVERQDQGWDVHG IRP . DSRKR\R. DDSDD +DZ D, HQR IRRG KDWYHIQ JDWHIQ) DQG
SURFHWIQJ P DXND\R P DNDL , DOR VHYH \WH B&Z HU3 XQD FRP P XQW QRZ 1URP 3 RKRINL\R . DDISDCD
EHFDXVHR WH ©YD ZHGRQWR\R. XP XNDKLDQG. DSRKR DV P XFK DQ P R

$Of &RQUHD

@ IR . RRDX 3RN\R 2 OKX DQG KDYH Z RIHG IRU. XD—QD 8 X & XDP R IGFH R VXSSRWY $&X 31
D GDWIQ) QHE RN DQG P RYHP HQNRUFRP P XQW EDVHG QDMDAMHVRXUFHY P DQDI HP HQAKDVS QF®I 0 DF
IRXQEHGIQ



‘OPIO (Youth Generation)

0 DUQD' HZ LODWD/ XFFIRQL

, DP IRP \WH IMDQGV R &RWIFD DQG- DYD DQGJUZ XS 1Q/ RQGRQDQG&RWIED , OH IQ+ DDO RRQYD\
&DORWD , KDYH EHHQP HQRUHG E\ 8 QFGI0 DF 3 RHSRHVIGRH DQGDP D3K  FDQACDW WG LQJ
P DUCH FKHP IEDCHFRBJ\  DGYWHGE\ / DU & URZ GHUDV \BIQIRUG 8 QLYHYAW
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