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EXECUTIVE SUMMARY

In2015theHUS6 €emanmuni ty in collaboration with St
Land and Natural Resources established a Community Based Subsistence Fishing Area (CBSFA)
inHU6emat he north side diblogikailyaad&ilturallyhdnagedjaea | s o f
is to support fishingand gathering for subsistence, religious and cultural purposes
sustainable manner through effective management praofit@sal community and State
managemenf(This partnership includes monitoring, enforcement, education, areholt To
evaluate the efficacy of the management plan, annual biological surveysatedic
environmental and physical monitoring is planaézhg with ongoing community monitoring
In August of 2016ajoint effort betweet he Uni ver s i(UHyHaowa iHaiwai 6 i ¢
Institute of Marine Biology{HIMB) Coral Reef Ecology Lab/Coral Reef Assessment and
Monitoring Program (CRAMRYXheSt at e of Hawai 6i 6s Depart ment c
Resource$DLNR) Division of Aquatic Resources (DAR3ndthe Division ofBoating and
Ocean Recreation (DOBORpnducted®8initial Kauai Assessmendf Habitat Utilization
(KAHU) surveyswithin and outside thestablishedoundarieof the CBSFAFish communities
were compared to baseline surveys conducted in 2013/14 by Hezi€ssEcology Research
Laboratory (FERL) prior to the establishment of the CBSFA. This data allows for a sampling
design that compares marine communities before the initiation of management action to any
changes that may have occurred followognmencemat of regulationsThere was
considerableecies overlap between the 201312@&nd 2016 surveysowever, the fish
abundance (mean number of fishes) were statistically different between alllyeaeverage
number of fishes observed was greater in 2016 than in previous sysv8y3(®).
The community identified fishes of importanttatwere compared to the 2016 surveys.
Of these species, more fishes were found inside the CBSFA than outdieitickariesSpecies
populations perceivedn fexcel |l ent 0 and Aigoodo conditio
categorized by the | oc alfewoverenohservedihgonlpas #Af ai r
disparities were twéish specieperceivedtobenfip o o r 0 cby thelcommumitghatdid
not align with survey result¥hese wer€aranx melampyguslue-fin Trevally (omilu) and
Naso unicornisBlue-spine Unicornfist{kala) thatwere commonly found on transedio
statistical differences were found betweendahandance or biomassfobd fishes inside the
CBSFA boundaries and outside the boundaries.
When comparing all fishes surveyed2016 biomass, diversity, and evenness were not
statistically different beteen the areas inside or odsithe CBSFA boundaries or withthe
Ma k ua Pu 6 uh o thermmberbiodivielualdishesvashigher within the CBSFA
(a=0.05,p=0.013) There were more largéishesrecorded inside the CBSFA than outside
(p=0.00). Atall sites, lerbivores andnivertebrate feedergere much more prevalent than
piscivores or aoplanktivoreshowever trophic levels were statistically different betweeside
and outside the CBSF#=0.00)with lower numbers of zooplanktivores and higphercentages
of i nvertebrate f eed e rMostfighes recorded wanedandiadusu a P u o u
followed in rank by endemics, with few introduced fishes found.
Coral coveiinside (5.3%) and outside (5.2%) the CBSFA were not statistically different.
Howevert her e was much higher cor al cover in the
Statistical analyseshowall three sector® besimilar when comparingombined
benthic and fiskcommunityfactors(Fig. 1). Close proximity in ordination space reflect
similarity of sitesThis confimst hat out si de the HUbena CBSFA is

n
0

Vi



for inside the CBSFA boundaries to assess any changes in fish or benthic populations due to
management actions oreronmental conditions.

Urchin populations were higher within the CBSFA as compared to stations outside the
boundarieshowever, it was not found to be statistically significamé tohigh variability.
Echinometramathagei t he Pal e Ro n® wa byrfathemgost@dbucdant urchif 6
in both areasThe Slate Pencil UrchinHeterocentrotus mammilatys a 6 aukie) asfound
inside the boundaries and absent outsitkere were a statistically higher meaummber of sea
cucumbers inside the CBSFA as compared to outside the boungaGe3004).

Sediment composition and grasizeswere similar between sites with the exception of
the silt/clay fraction that was significantly lower outside the CBSFA bouesl@0.007). All
sedimentsre similar to other north facing main Hawaiian Island sites with similar wave regimes
and little terrestrial influence.

The DAR/CRAMP site within the CBSFA on thehallowLimahuli reef flat(1 m)
showedhe lowest recordecdoral cover since 199%k this site Similarly, the 10m site offshore
reportedhalf the coral cover as previous years. These significant declines can be most likely
attributed tahe severe the bleaching events in 2014 and 2015 where half of the coradslat
Anini were eported to be bleached (DAR 2016

Annual monitoring of the CBSFA and surrounding greld A H Uadll prpvide
information about the effectiveneskimplementednanagement actions while changes at{ong
term historical monitoring sites (DAR/CRAMP) will aid in determining ecosystem health. Future
2017 data on temperatures and bleaching can assist in separation iofpacasfrom other
localized orglobal impactswithin the CBSFA(i.e. ocean acidification, sedimentation)
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INTRODUCTION

Purpose

Historical Background

The CBSFA ofH U 6 evasalesignedh August 20150 protect the marine resourdes the

sustainable support of the needs of the community through culturally based management that
acknowledges thmauka/maka(ridge to reef) linkage and endeavtogestorenatural balance.

As specified irHAR Chapter 1301.§ it is manageaollaborativelyby theH U 6 eamenunity

and the Hawai Oi Department of Land and Natur a
monitor and evaluate for adaptive management purpdeesnanagement plan addresses

enforcement, education and outreach, user conflict resolution, methods for funding, mgnitoring
evaluation and measures of success.

Management Objectives
The management goals outlined in the HEBRapter 1360.8 are as follows:
| Sustainably support the consumptive needs oHtkk6 @ i a p thepdgh culturally
rooted communitybased management;
1 Ensure the sustainability of nearshore ocean resources in the area through effective
management practices;
Preserve and protect nursepitat for juvenile reef fishes;
Recognize and protect customary and traditional native Hawaiian fishing practices that
are exercised for subsistence, cultural, and religious purposes in the area and;
1 Facilitate the substantive involvement of the communitysource management
decisions for the area.
Management activés to achieve these objectives:
1 Establish rules that reflect tradition&Hing and management practices.
1 Establish rules to address advezffectsof tourism and ocean recreatiaativities on
marine resources and associated subsisteactqas.
1 Increase the abundance of native fish spelirag,kohy h e ,airehins, lobsterdl pihi
and other shellfish
1 Increase percent coral cover by reducing human impacts on core¢geafces.

1
1

Geographic Location )

TheH U 6 €RSKA is located withintha h u p of&dddJ® énnhe largemokuo f Hadnel e 6 a
the north shor e Thé CBSRAecoversd.6km @.5 miles) &f eoastinei

extending vertically 1.6 km (thile) out from the high water mark, encompassing the waters
adjacentttH U 6 Bemeh ParkiU6 Smat e Par k, anThe GBBFKAdegBst ach Pa
the boundary betweett U ¢ Stata Park and MPali State Park (222 642 . 500 N,

1593 5 6 4 4 . andteriiihsesbetweerH U 6 end &ainiha (220 3628 . 00 0 N,

1593 6 6 2 2 .. Withia 8 boundaries of the CBSHi& three subzones, thdpihi (Cellana

genusy est or ati on ar e a andthdvessdiiteaksil @ounddyg. B.h o n u a ,
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Figue22Map of HUb6ena showing the CBSFA@ioundaries, v
management borders.

Two perennialstreams intersecttié¢ U6 ema poadagi nating in the vall e
Limahuli. They provide a significant freshwater contributiorthe nearshore biotemmposition.
Most of the common species of coratsl fishesocaur in this areaThis regionincludes
limestone/basalt lubders with sand pockets @hallow carbonate reef flathatdominate the
shallow shorelingvith low to mediumspatial complexity. Parts of this region (Limahuli) are
protected fronthenorth swell bya welldeveloped reef crest. Theejer reef areequally

diverse characterized bipw-relief spur and grooveso areas ohigh reliefwith colonized

basalt and halder habitat with higlish standingstock. The main forcing function and dominant
driver of benthic communities at this north exposed sitieeslorth Pacific SwellFound within
this habitat are thenelangered speci€helonia mydagGreen Sea TurtjeEretmochelys
imbricata(Hawksbill Turtle) Neomonachus schauinslar{iawaiian Monk Seaj)and

Megaptera novaeangliaggiumpback Whale)



2016 Surveys

Between 24 anéd7 August2016 a joint collaboration betwedmeUni ver si ty of Hawai
Coral Reef Assessment and Monitoring Program (CRAMPYahde St at e of Hawai 0]
Department of Land and Natural Resources (DLNR) DivisioAquatic Resources (DAR)

O a@hu andviaui Monitoring, and Aquaticinvasive Species (AlISa nd Kau a d i Educati c
Outreach,and the DepartmentofBba ng and Oc e a ni (DRBQR) daciedw n, Kau

rapi d assessm&Kafigdat HUbena

Makua Pu‘uhonua Boundary
Ha‘ena Inside Boundary

Temperature Loggers
Ha‘ena Stations

N o Service Layer Credits: Source: Esri, DigitalGlobe, GeoEye, Earthstar Geographics,
’{( ™ | . * CNES/Airbus DS, USDA, USGS, AeroGRID, IGN, and the GIS User Community

Figure 3. Map showing 98urvey locations insideandols i de t he CBSFiAStaat HUOG6ena ,
symbols depict locations whet8 temperature loggers were deployed and sediment collections occurred.
Stations outside the bouad i es ar e c | aussisldsfaioessd as HUdbéena O

Dives were conducted on 2¥ August2016 with support oDOBOR vessaand a commercial

vessel (Bubbles Belowive Rocket Diveson August 27 weralsoconductedrom shore by

two teams of snorkelers in shallow waters ut.i
and Beaadh ParkAll surveys were noninvasive and did not impact the biological

communities. Five teams consisting of a fish and a benthic surveyor complé¢adai

Assessments dfabitat Utlization (KAHU) within the boundaries of the CommuniBased

Subsistence FishinArea (CBSFA)43 surveys outside the boundaries, anduBveys within the

MakuaP u 6 u hresarefor a total of 9&urvey stationgFig. 3).



o o

Figure 4. Diver conducting fish urvywi thin t .’ e HU6ena CBSFA.

Surveyors quantified fish populations tecording abundance, species, and size to characterize
fish numbers, biomass, feeding guild, and endemiigital photos were taken amthalyzed in

the labusing the annotation program CoralNet (Beijbom et al. 2012) to deiebenthic
composition and diversity of corals, algaad macroinvertebrates (Fig. Fish esultsfor the
MakuaP u 6 u hreservemerec o mpar ed t o baseline data coll ec:
UH Fisheries Ecology Research Lial2013/14to determineany changes in biological
populations since the initial establishment of the CBSFA.




METHODOLOGY

K a u sAsséssmets Of Habitat Utilization (KAHU ) Survey Assessment

Transects within each site are randomly selected by generating >100 random points onto habitat
maps using ArcGIS10. NOAA habitat basemaps are used to stratify by depth and habitat. To
assure adequate coverage of different habitats and full spatial reéptieseof each site, a

stratified design is employed. Points are stratified on hard bottom habitat on the reef flat. In the
field, each team navigates to a stratified random waypoint imported into a Garmin GPS map 78S
or smilar GPS unitlf predeterminegboints present hazardous conditions or are outside the

habitat or depth range, transects are haphazardly placed within a 100 meter radius of the original
GPS points and new coordinates are recorded or a predetermined number of fin kicks are
initiated. Oncehe transect is locatethe following methodology is employed.

Survey methodology is basedonthd Fi s her i es Ecol ogy(FER&)Fishar ch L a
Habitat Utilization Surveys (FHUSalso used by Maui DAR. There are two members on a

survey teantonsisting of a fish and benthic surveyor. The bearing is predetermined by a random
number generator (0°, 90°, 180°, 270°). If the bearing does not allow divers to stay on a hard
bottom substrate, they rotate clockwise to the next appropriate bearinthewtlre able to stay

on the hard bottom for the entire transect, providiegdepth remains fairly consisteifibe fish
surveyor spools the 25 m transect line out, while recording, species, size (TL in cm) and the
number of individual fishes to 2.5 m each side of the transect line (5 m widtRig. 4). To

allow for larger, fast moving fishes a minimum observation time ehitfute is required per

transect. The benthic surveyor adjusts the white balance setting on the digital camera and
completes the etadata on the survey identification datasheet. To avoid interference ed alter

fish behavior, the benthic diver waits until the fish surveyor is 5 m along the line before taking
four digital pans of the seascape, with an approximate 60 (benthic hdBi(atter column)

split, in the cardinal directions (N, W, E, S) to get an overview of the station and the habitat. A
photo of the station number is taken from the slate. Benthic photos are then taken on the
shoreward side of the transect at every metargathe 25 m line keeping the monopod
perpendicular to the bottom to avoid parallax. The benthic diver counts all urchin speciesina 1
m wide belt, on the same side photos are taken. Urchins may be counted concurrently with the
benthic photos as the beitthliver follows the fish diver or may be counted on the return back to
the start position. Once the fish surveyor reaches the end of the line, replicate sediment samples
are collected at two locations in close proximity to the line. The fish diver retls line and

the survey is complete. All survey methods are-imvasive and do not disturb any of the biota.

At 10 selected sites a 3/160 stainless steel
remaining above the substrate. Site seladtiiteriaarebased on spatial spread on the reef flat.

For relocation purposeawire leader is attached to a small 10 cm float extending approximately

20 cm from the end of the pin. A steel cable tie secures a temperature gauge set to record every
15 minutes for aoneyearperiod Fig. 34). GPS coordinates and photo triangulations are
documented for each location.



Statistical Analyses

Food Fishes

The generalized linear model framework was used atyae the food fish abundance since
number of fisles is a count datasétegative binomia(NB) distribution wasused to analyze the
effect of divisionHU6 é mai de CBSFA and the MakpmavidBuéuhonu
comparabilitywith previous 2013 Friedlander et al. data. This dataset wastingpared with

the control site outside the CBSRRon-parametric tests (Kruskal Wallis and median
permutation to validate) were ustdevaluatéiomass of food fiste A distribution shape dbg
transformatios produced negative valuésr food fish bionassthuspreventingall parametric
methodsncluding ANOVA, GLM with gamma distribution, and ngrarametric permutation
tess. Poisson and NB model applicatiomere alsaot appropriatevith a continuous response
variable

Fishes

A log transformation waused for fish abundance and biomass, square transformation for
diversity and evenness, and the number of species data was left untransformed. Normal
distribution was assumed for all respomadables followingransformations and homogeneous
variance( L e v e n BS) amongaligidions. Oreay ANOVAs wereperformed for each
responseFish size classes were log (x=1) transformed and a multiple regressiewdtwo
ANOVA) was appliednce verified by quantitgquantile plot and residual vs. fitted plots.

When examining trophic level abundande briginal count datavasfitted with GLM with
negative binomial (NB) distributiosubstantially reducing ovelispersionThe deviance of this
model was used to run the likelihood ratio test for the significaetiedf division and trophic
levels basedn chisquare statistics anmercentile Highly skewed trophic level biomass,
endemismabundance and biomadataled to nonparametric testppliedto each division
individually even following transformationess wer e f ol | o w-bat mddtiple Dunn o s
pairwise comparisons.

The Shannon Weiner diversity wasaulated by the formula

(o nln

where S is the total number of species and terelative cover of ith specieShannon Weiner
diversityindex (Shannon and Weaver 19@8nsiders both the number of species and the

di stribution of individual s aiHapeyl9®)wesci es. Bu
measuredising E= eH/S to measertheevennessf fishes

Urchins

A generalized linear model framework was used to anahgerchin abundance count dataset.

Since the model with Poisson distribution was largely -@aigperseda negative binomial model

was used witlthe total number of urchins per transectresespase variable anthe division
(HU6eémai de CBSFA, Makua Puouhonua, atmed t he con
predictor variableThe deviance of this model was used to run the likelihood ratio test for the
significant effect of division on uram abundance, based on-dguare statistics and percentile.

Benthic data

Non-metric Multi-Dimensional Scaling was used for the benthic data to visualize and interpret

the data from multiple communities. The use of this rank order technique provides the flexibility

to accommodate different types of data. Only biological datana@d. One transect with no

biological components was removed from the analysis. Scores were initially-sgotare



transformed. To determine differences in total coral cover by site, the proportional data was
arcsine transformed due to the highly skewettitligtion and heterogeneity between the East
and the West. A neparametric KruskalWallis rank sum test was performed.

Urchin/Sea cucumbedata

A log transformation (number of individuals plus one) for urdensitydata was performed to
meet the assumph of normality prior to a onevay ANOVA. The large number of transects
without sea cucumbers and small sample size in the West prevented suitable statistical
comparisons.

Sediment data

Sediment gria-size and composition data weresine transformed ar$sumptions were
graphically and statistically assessed using
homogenous variance. Ngrarametric KruskalWallis tests were conducted where a-avegy
ANOVA was inappropriate.

RESULTS
Food Fishes
HU6ena community interviews conducted in 2003
speci es. I n addition, tradit i-sharearariné rasources es f r

central to their subsistence and cultural pracibsR 2016) Thesespecies along with the
perceived condition of each resource are listed along a gradient from excellent toTedaein
1. The perceived conditiomreflects thecommunty perception of fish condition. The following
fish population condition levelsclude:Excellent (like thel940s and 1950s), Good, Fair
(stressed and in decline), Poor (degraded), Bak(e decline)andPau (no/ery limited
production)(DAR 2016)

Perceived Condition

The HU6ena community | isted IloBHawaiiasmamestoof i mpo
species namexpanded the list to 39 fishes. For examghe, Hawaiian namehurefers to all

parrotfishesn the familyScaridaepf which seven species are listd@blel). Of these 39 fish

species listed as important cultural authsistence resources, more species were found inside the
CBSFA (13) as compared to outside the boundar
Fewer transects were conducted in the Makua P
to other aeas inside the CBSFA (47), or outside the boundar®s $pecies perceived to ve

fiexcellent and good conditionvere fairly prevalent as expged. The only genus perceived to be

in fiexcellentc o n d i (Kyphosu¥was found in all areas exceptthelaa Pudéuhonua. F
perceived to be fifair and limited conditiod were not commonljoundin large numbersThis

was consistent with the perceived condition where onlyfaie species and ndimitedo

species were observed. The only category notmece with the perceived condition was the

fipooro category whereonly two of the five species were found on transects. These include

Caranx melapygué o mBlue-in trevallyandNaso unicornis(kala) Blue-spine unicornfish

that were recorded in relatively high numbé&tasounicorniswas present on 265% of all

transects whil€. melapygusvere reported at-80% of transects (TabB®. This was especially

unusual sinceaual abundance of jacks such@smelampyguaredifficult to detectin belt

surveys thusour estimates may have been undpresented.



TablelFood fish important to the teflddsthesesoorcesaitedmi t vy .
the Management Pl an -BasedStbbtencaHiUoteinrag Ch Adeitorali K ayu a 6 i
names and families were added in adjacent col umns
of fish condition: Excellent (like th&940s and 1950s), Good, Fair (stressed and in decline), Poor

(degraded), Bad (severe decline), Pau (@g/\imited production). Missing condition assessments are

due to omissions in the management plan.

Listed Name |TaxonName Hawaiian Name |Common Name Family Perceived condition
akule Selar crumenophthalmus akule Big-Eyed Scad Carangidae Poor
moi Polydactylus sexfilis moi Threadfin Polynemidae |Poor
ama'ama Mugil cephalus ‘ama‘ama Striped Mullet Mugilidae Poor
kala Naso unicomis kala Bluespine Unicormnfish Acanthuridae |Poor
Kyphosus  spp. nenue Sea chub Kyphosidae |Excellent
nenue, Enenue Kyphosus b_igibbus nenue Bn_‘ow_n Chub Kyphosidae Excellent
Kyphosus cinerascens nenue Highfin Chub Kyphosidae Excellent
Kyphosus vaigiensis nenue Lowfin Chub Kyphosidae Excellent
manini Acanthurus triostegus manini Convict Tang Acanthuridae |Good
oama Mulloidichthys flavolineatus weke Yellowstripe Goatfish Mullidae Good
Mulloidichthys vanicolensis weke ula Yellowfin Goatfish Mullidae Good
aholehole Kuhlia sandvice nsis ahole hole Hawaiian Flagtail Kuhliidae Fair
‘Aweoweo Priacanthus meeki ‘Gweoweo Hawaiian Bigeye Priacanthidae |Fair
kahala Seriola dumerili kahala Amberjack Carangidae Fair
Carangoides ferdau ulua Barred Jack Carangidae Fair
Carangoides orthogrammus ulua Island Jack Carangidae Fair
Caranx ignobilis ulua aukea Giant Trevally Carangidae Fair
i Caranx melampygus omilu Bluefin Trevally Carangidae Poor
Caranx sexfasciatus wlua Bigeye Jack Carangidae Fair
Gnathanodon speciosus ulua pa'opa’o Golden Trevally Carangidae Fair
Pseudocaranx dentex ulua Thicklipped Jack Carangidae Fair
Chlorurus  Spilurus uhu Bullethead Parrotfish Scaridae Good
Searus psittacus uhu Palenose Parrotfish Scaridae Good
Chlorurus perspicillatus uhu Spectacled Parrotfish Scaridae Good
uhu Calotomus carolinus uhu Star-eye Parrotfish Scaridae Good
Calotomus zonarchus uhu Yellowbar Parrotfish Scaridae Good
Scarus dubius lauia Regal Parrotfish Scaridae Good
Scarus rubroviolaceus uhu Redlip parrotfish Scaridae Good
kdamd Parupeneus porphyreus kamd Whitesaddle Goatfish Mullidae
Carangoides ferdau ulua Barred Jack Carangidae Fair
Carangoides orthogrammus ulua Island Jack Carangidae Good
Caranx ignobilis ulua aukea Giant Trevally Carangidae Good
papio and ulua | ¢y anyx melampygus amilu Bluefin Trevally Carangidae
Caranx sexfasciatus ulua Bigeye Jack Carangidae
Gnathanodon speciosus ulua pa’opa‘o Golden Trevally Carangidae
Pseudocaranx dentex ulua Thicklipped Jack Carangidae
Chlorurus sordidus uhu Bullethead Parrotfish Scaridae Good
Scarus psittacus uhu Palenose Parrotfish Scaridae Good
Chlorurus perspicillatus uhu ,u“u{“‘ Spectacled Parrotfish Scaridae Good
uhu'aghu’ula
uhu Calotomus carolinus uhu Star-eye Parrotfish Scaridae Good
Calotomus zonarchus uhu Yellowbar Parrotfish Scaridae Good
Scarus dubius lauia Regal Parrotfish Scaridae
. uhu palukaluka, . )
Searus rubroviolaceus uhu ‘ele ‘ele Redlip parrotfish Searidae
kawakawa Euthynnus affinis kawakawa Wavy-back Tuna Scombridae Fair
palani Acanthurus dussumieri palani Eye-stripe Surgeonfish Acanthuridae |Good
maiko Acanthurus nigroris maiko Bluelined Surgeonfish Acanthuridae |Good




Table 2 The frequency of occurrence (% of tractseon which species were recorded) and
perceived condition of food fish foundontsae ct s wi t hi n t uitsedetheUd e n a

CBS

CBSFA boundari es, and within the Makua Puduho

Condition [Taxonomic Name CBSFA |Outside CBSFA |Makua Pu‘uhonua
Good Acanthurus triostegus 71.7 57.7 100.0
Poor Naso unicornis 391 65.4 20.0
Good Chlorurus spilurus 13.0 0.0 40.0
Poor Caranx melampygus 304 11.5 0.0
Good Scarus rubroviolaceus 413 38.5 0.0
Fair Acanthurus dussumieri 19.6 19.2 20.0
Excellent |Kyphosus spp. 8.7 231 0.0
Good Scarus psittacus 6.5 0.0 0.0
Good Mulloidichthys flavolineatus 43 0.0 20.0
Good Acanthurus nigroris 10.9 30.8 20.0
Good Calotomus carolinus 43 7.7 0.0
Good Mulloidichthys vanicolensis 2.2 7.7 20.0
Good Chlorurus perspicillatus 2.2 39 0.0
Parupeneus porphyreus 0.0 39 0.0

Summary & Top Species/Families of Foodighes

Two food fiskeswere included in the top ten species of fishes overall within the CBSFA.
Acanthurus triostegugnanini)the Convict tangvas ranked 8 overall in biomass and

Chlorurus pilurus (uhu) Bullethead parrotfishad the & highest biomassTéble 3. Four

families of food fishes were in the top ten highest biomass ranking. The Acanthurids
(surgeonfisks and unicornfish@sad the highest biomass of all figimilies (62.40 g/,

followed by Scaridae (parrotfishes) rankét(#.20 g/n?). Mullidae (goatfiskes was the family

with the 8" largest biomass (3.79 gfinand Carangidae (jacks) rankeétiaerall (2.68 g/m).
Outside the CBSFA boundaries three food fish sp€Bigshosuspp, A. triostegusandN.
unicornig were among the top 10 species overall in highest bioriatde( 3. The highest

biomass among families waganthuridae (49.0@/m?), Kyphosidagsea chubs7.151 g/n),
Mullidae (3.77g/n?), and Scaridae (1.68/m?).

Within the Mddunfamd fiBhuspenidflo mastagusN. unicornis C.spilurus,and
Mulloidichthys flavolineatuswek@, the Yellowstripe goatfishjTable 3 and three food fish
families were ranked"8Scaridae), 9 (Mullidae) and 18 (Acanthuridag for thefamilies with

the highest biomass overall.

Comparison®f abundance (numbers of individuals) and biomass of food fishes inside and
outside the CBSFA showed no statistically significant difference. This comparable baseline data
indicates the applicabilityfaghe control site to determine future changes in food fish populations
based on management strategies.



Table3Food fish species ranking in the top
Location Taxonomic name Common name Hawaiian name |Biomass (g/m?) |Rank
. Acanthurus triostegus |Convict Tang manini 7.06 5

Inside CBSFA -
Chlorurus sordidus Bullethead Parrotfish  |uhu 4.69 8
Kyphosus spp. Sea Chub nenue 7.15 3
Ouside CBSFA  [Acanthurus triostegus |Convict Tang manini 4.95 6
Naso unicornis Bluespine Unicomfish |kala 492 6
Acanthurus triostegus |Convict Tang manini 0.47 2
Naso unicornis Bluespine Unicomfish  |kala 0.49 3
Makua Pu‘vhonua |Chlorurus sordidus Bullethead Parrotfish  |uhu 0.58 6
Mulloidichthys n .
favolineatus Yellowstripe Goaffish |weke 0.58 7

Fish CompositionOverall

Biomass, diversity, evenness
Individually, bomass, diversity, and evenness were not signifigaifferent betweerthe

CBSFA,

Ma k u a

P u dutsidecontrol aite Thare vdaslsohoestatistically

significant difference between sites when combining fish community factimysgj. This now

confirms the selection of an appropriate referenceshivelld changes occandgives us a good

baseline for subsequent surveys.
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Figure 6. Principal Components Analysisplot. Colored numbers indicate individual transects: HO =
HU6ena Out s4i3de, (HIr e=ethU o6 eln9al )I,n sP W=eP u(6Pui WBkRQ1a4 4( Bl u e,
accountdor about 69% othevariation amongriginal biological variablednfluences of biomass and
richnessareslightly greater than abundance and divgraibng the first axis (PC1Riversity and
richness areeygatively correlated with PCDiversity also egatively correlates with PCZhere was a
clear clustering of individual transediy division shown by the mapped scores of observations.

Summary é Top Species

Abundance and Biomass

It is pertinent to include two measures of abundance: numerical (number of fistidsdmass
(weight of fishes)These are both important population parameters that address different aspects
of fish community structure. A transect may have a large school of small fish or one very large
fish and have equal biomass. By distinguishing between these measures, infoairauitoihe
population is retained.

The top ten most abundaspiecies ofishesfoundatH U 6 e n aalcwlated®m the 98

transects conductd&ig. 3. The most abundant fish species Wdsomisvanderbilti the

Black-fin chromis although they were present on only 64.3% of transBlctsibers of

individuals were high becaus§k vanderbiltitend to be found in largechools However, his
smaltbodiedfish contributed little biomass the overall fish composition (0.80 gInThe

species with the next highest abundance Waslassomaluperrey(h 6 n Ul e § Saddieu wi | i
wrassewith a frequency of occurrence of 92%afle 4. Four species dhcanthuridsranked

within the top ten for bothighestabundance and biomass. These incluleshthurusolivaceus
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(n a 6 e)®mnigeband sirgeonfish(16.5 g/nt), A. leucopareiugsm U ik )dMhite-bar
surgeonfish(13.7 g/n¥), A. triostegugmanin) Convict Tang(6.1 g/n¥), andA. nigrofuscus

(mU i )@Brodn sirgeonfish (3L g/nf) (Table 4. Threeendemic specisound only in Ha
were among the top tef: duperrey(h 0 n Ul e & A. ltriastegqugnhaninj), andBodianus
albotaeniats (6 a 6 @Hawaiian logfish There was considerable overlap between the
abundance and biomass top ten specieswigh six species found on both list&able 5.
Lutjanus kasmirdt a 0) 8lpesStripe :mapper washe onlynon-native speciesn the list,
ranking fourth highest in biomass
Table4.Top ten fish species found INDAm)IEHdWnendescewding h t he
orderalong with their mean biomass (¢gjnand frequency of occurrence (%).
Mean # of Mean F f
Taxonomic Name Common Name Hawaiian Name individuals Biomass requency 00/
(IND/m?) (g/m?) occurrence (%
Chromis vanderbilti Blackfin Chromis 0.28 0.8 64.3
Thalassoma duperrey Saddle Wrasse honUlea | a@@il i 3.3 91.8
Acanthurus leucopareius Whitebar Surgeonfish mOi koi ko 0.10 13.7 41.8
Acanthurus nigrofuscus Brown Surgeonfish mUOi 6i 6i 0.08 3.1 68.4
Acanthurus triostegus Convict Tang manini 0.05 6.1 49.0
Acanthurus olivaceus Orangeband Surgeonfish nadenade 0.05 16.5 58.2
Plectroglyphidodon imparipennis Brighteye Damselfish 0.04 0.2 68.4
Paracirrhites arcatus Arc-eye Hawkfish pili k o 6 a0.03 0.5 62.2
Chlorurus spilurus Bulethead Parrotfish uhu 0.02 2.7 6.1
Kyphosusspp. Sea Chub nenue 0.01 3.9 10.2
Table5. Top ten fish species found in HUé6ena with th
along wih mean number of individualpérm?) andfrequency of occurrence (%).
Mean # of Mean F ’
Taxonomic Name Common Name Hawaiian Name individuals Biomass requency 00/
(IND/T®) (g/m®) occurrence (%
Acanthurus olivaceus Orangeband Surgeonfish nadenade 0.05 16.5 58.2
Acanthurus leucopareius Whitebar Surgeonfish mUi koi ko 0.10 13.7 41.8
Acanthurus triostegus Convict Tang manini 0.05 6.1 49.0
Lutjanus kasmira Bluestripe Snapper tadape 0.01 5.3 15.3
Naso unicornis Bluespine Unicornfish kala 0.01 5.3 35.7
Bodianus albotaeniatus Hawaian Hogfish 6adawa 0.01 4.7 50.0
Naso lituratus Orangespine Unicornfish umaumalei 0.01 3.9 30.6
Kyphosusspp. Sea Chub nenue 0.01 3.9 10.2
Thalassoma duperrey Saddle Wrasse honUlea | a0@i |l i 3.3 91.8
Acanthurus nigrofuscus Brown Surgeonfish mOi 6i 6i 0.08 3.1 68.4
Top Ten Comparisons
HU6ena outside CBSFA, within CBSFA, and Makua
To establish the similarity between the CBSFA and the control or reference site outside the
CBSFA boundaries, data was analyzed from both se&grsxamining the differences in
resources in areas witlifferent management regimes, taluation othe efficacy of
management effortsan be determined ardiaptiveprocedures implemented. Comparisarese
madeof three separate areas within the latdeJ 6 eegi@nbecause ifferent regulations apply
to theH U 6 €BS&A management protected area, dmallerMa k ua Puduhonua with

CBSFA, and the open access area outside the CB®&iefeonly regulations thgbertainto the
rest of state nearshoreatersapply.
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Biomass and Abundance

There was considerable overlap in the top 10 specidsiicabundance with few differences
found between inside and outside the CBSfeforting eight species in commdfid. 7). This
pattern was repeated for greatest fish biomass with seven species overlapping between the
CBSFA and the outside control s(tég. 8) This provides supporting evidencetioé legitimacy

of the control area that showsnilar fish abundance and biorsscompositiometween the
protected area and the reference site. These baselines will allow for future assessment and
comparisons of any changdsh e Makua Pudébuhonua was more dissi
CBSFA or the control sitevith approximate} half of the top species in commdiwo species of
food fisreswerefairly common inthis arearanking 4" in biomass 1. flavolineatu3 and 1@ in
abundanceM. vanicolensis[w e k e ] Yélowffiragoatfish but not on the top 10 lists for the rest
of the CBSFA or outside the boundari€be high abundanagf C. vanderbilti T. duperrey

(h 0 n Ul e aantAanignofusciigin U i )awasécommon between all sitég/phosuspp.

(nenué the Sea&Chuband the introducel. kasmira(t a &) aapked high outside the CBSFA but
did not occur on the top ten lists at the other sites. In con@aggilurus (uhu) occurred on 11%
of transects inside the CBSFA but was miasenbn thetop 10lists at other sitesHalf of the
species occurring on the top ten most alambénd highest biomass liste &ndernt to the
Hawaiian IslandsA. triostegusad the highest frequency of occurrence for abundasaie the

CBSFA (100%), outside thereserveB 1 %) , and at the Makua Puduhor
a. Within CBSFA: Numbers of individuals (%) (n=55) b. Outside CBSFA: Numbers of individuals (%) (n=43)
Chromis vanderbilti 1 Chromis vanderbilti 1
Thalassoma duperrey [ Thalassoma duperrey  |EETT]
Acanthurus leucopareius [ Acanthurus nigrofuscus |
Acanthurus nigrofuscus [0 Acanthurus leucopareius |[EE)
Acanthurus triostegus |28 Acanthurus olivaceus [
Plectroglyphidodon imparipennis |22 Acanthwrus triostegus |25
Acanthurus olivaceus |20 Paracirrhites arcatus |25
Chlorurus spilurus [ Kyphosus spp. [
Paracirrhites arcatus [H Plectroglyphidodon imparipennis |20
Macropharyngodon geoffioy B Lutjanus kasmira |21
0 5 10 15 2’0 2‘5 3‘0 35 40 o0 S 10 15 20 25 30 35 40

(e Makua Pu‘uhonua: Numbers of individuals (%) (n=8)

Thalassoma duperrey 1
Acanthurus nigrofuscus |
Chromis vanderbilti [T

Plectroglyphidodon imparipennis
Daseyllus albisella

Acanthurus triostegus
Canthigaster jactator
Gomphosus varius

Stethojulis balteata

Mulloidich

°ULIIJU|'_]U|_J

Figure 7. The top ten fish specidsr abundancéound(a) insidethe CBSFA (n=55) (top left), (b) outside
the CBSFA(n=43) (top right), andc)wi t hi n t he M@i8)(mttomlefth u h on u a
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Qi Within CBSFA: Biomass (%) (n=55)
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Figure 8. The top ten fish specidar biomass found (a) inside the CBSH#A=E5 (top left), (b) outside
the CBSFA(n=8) (top right), and (c) within the Makua P!

Comparisons 020132014 to 201@latawithin HO6 ena CBSFA

TheDi vi si on of Aquatic Resources releas-ed a 0 M:
Based Subsistence RMadhR0d6egthatincledad?201@/datakomfishaird i i
Kede and Makua, | o (F@.t9eTdhis data tas contributéddyhi@é&/S F A
Goodall of theUH FERL under the direction of Dr. Alan Friedlander. The raw data was obtained
with permission from the source and used in this report to compare the temporal patterns
between years:ish survey methodology useslsimilar since th&KAHU methods are based on

D AR MaFish Assessment Habitat UtilizatiorisHU), which weredeweloped in concert

with Friedlanded methodologythat was developed to compare within and outside marine
protected area3 his method is also used in the CdRalef Assessment and Monitoring Program
(CRAMP) Rapid Assessment Techniques (RAT) developed by FriedlandeRlaocdCRAMP.

The 201314 FERL data provides the rare opportunity to compare fish composition before and
after the designation of th&¢ U 6 €RSEA in August 2015

14



