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quality sampling fransecs, Transect W-5 is considered a control and is located in the 'Ahihi-king' Maiural Area Reserve opproximately

FIGURE 1. Aerial phofograph of Wailea area showing boundaries of Honua'ula Project (in yellow] and locations of marine water
four km south of the Honua'vla Project site,




“upyiaInDs g6/ Mofaq 8 o) jou taBlagy pasioss

“L°§ 4O S04 D WO 1}UN §'() YOY BIOW BDHASE [OU Oy jd ,,,
*SUGHIPUOS JUBIGUID WA *7) 0aiBap BUY UBY) 210w Ag Aia 10U [joys ainIadwa) |,

“USHDINIOS G/ MO[EQ 29 Of 10w VABAKD parESEI(],,..
*1"9 40 BAOA © Wwoy) HIUN G0 YOyl KUl ABKSP 10U |oys Hd,,,

*SUCHIPUEZ juaNWD wel) D) ewbap SUG UeHl WGW AQ MDA JOU [|BYs dinDisdwa)

49, 540 | HOQ Pesars $3njo papoys puo paxoq {spanpunls AP, D1 HOG Paaae ssnjos paxog

\p e pue padus 3)Bojoupdy Buuay 20BuRD 1DUGS0RS 1o [oinod wwoj juesed L) voy; wiow ios jou fjoys Aujes ,
Sl 00T | 0058 [o00? ENESE R ES 1M
* loso ’ SZ'| | 005z | ooor os'e | ookt | %0l SOM HOa
[ 001 [ DDSZ | OE¥ 006 | C00Z | %C

ool o L fesol * [oso] oos Jooee oos | ool | %01
FYOL|FIB  [992 |L00 TeAUSE JZI'D [1601 [LOEL|LBOL JESOI [Z565 |80 |FLO BT EEER
SZoL|ole | Lee |do'e [RLZSE [ 110 |s0) |0fTL | 9ot | EZOL |¥lts |9sL ez 8rZ 5051
BZOLIZl®  [£9Z |&Z0 |rsi'SE 920 [vvss |Sull]ovms (096 [less [eTo  [of0 55°1 d ool
00l (608 597 |80 \TLLVE [610 | £2EL |E9'EL|0TL6 |09'6 |EEQGOE |vE0  [SFFE_|c0P 5001
gzoljors  lesz [LOL Jeecee [S00 (1101 [ 10ELy 2686 |09's |&sel |90 {FRG 1re o o5 s
066 (66’8 [E'9C [910 [806%E {920 |vvil |®SOL|v101 |626 |vize |oco [EETL_ Tl 505 Z
001|218 1292 |vl0 |gpsve |8UD |86zl (211 |BEES |0vs |o5s5  |sez  [Z0FE | £1e a0l T
501 (U8 |9z |oz0 |eeTee |BlU0 (€4l (veol|®l0l |ese [resy  [gor  [WFLRJ99L H «
i vre |9 [050_) LeveR | 1z0 [TE0T | 9wl | eoel jreol |zsoL v [L99% |90 asg
Ciele [e9z [9r0 | zoeee |80 [9EEL | 48T | TROL | 166 | Ll sy [1BEL__|8vZ 56
LSILere | /9 | TR0 | 4498 (420 [E90T |zzol|svol | 164 | eEgl e [¥£88 | LED 52
sZIL ¢1e | 19e [es0 |otvae [oro [T912 |ertl|sers |50l 5951 89'L  [F6lLL | 86T 50
OZLL(81'8 [Z92 [SZ0 [1BISE |G |0EC6 |OLZ!|9L¢6 |vEOL | Ie Iy [PLO [108 ol Q051
VIOL|BI'E | L4E |EUD [SOZ'SE [&000 | #ZOL |SULLLFLOL [ZToL |sEEF  |95D (108 E&0 S 05t
LOL[L18 297 |90 |0LUSE |ZL'0 | 'ZOL_JESOL | 9E96 |09'6 |ZEZE  [8br  [9EL £6'0 a 00l
Ulet|el'e | vz | 1zo [ossee [z00 [OZE 4211 [ v7ée [esoL |s9sz | eee  [oooL_|+Z1 S 001
lotfele [ £92 (80D |ZEUSE [SUD [THll_|evel |eoll |zgol (2188 [9e'e  [¥0S Ir'e a 05 F
veot| g |02 | ¥U'0 | LIOEE (eI'D [9EEF | ozél |peies | 9rLL | sLit grr  [F¥SE _Jkes <05 =
2s0L18l'e 84T | 910 jevlse [sg0 [2901 |21 |pitol 50l [9Zgs  |Zvo  [vER FT'l a0l Ly
Se0L)see | 1Sz | 0Z'0 | Sa0sE | L8O [£Et |SULL| LI j1es [ Lgst |oRl jrse ¥t S 0L E
ve0L|8l'e  |v'se [1B0 J9Ee'vE |CE0 |OPTL |ESOL 896 |6T6 |SEEt  |ws0  [§19C | v [
FRLL 618 |82 |S9D J6I@vE |SEO | L8FL |SUILIGPLL | 166 | Ukl |Pg0  [SOEE | rTt $g
LEIL(sze  |vez [9LT |eosee [EST [E9er |esoliz&sR |06 | L'éee  |ad F9EE | €610 ST
EBll|s2s _lvez [79C lzrzze [1P0 | G2k | 6501 PEZ6 |09 |ovOL 750 {OSFE | 260 so
901 | 6UB  [Z'9C [600 |LDZSt |600 |LZOL |GEEL| (POl (096 |E90E |OLC {880 [ Q051
L0l 918 (04 |0l |£90°5E (rLD [Z'80L [rgol (vE08 |tés [zl [zwl [Emerleso S 05t
SEOL S1'8 9T {610 |p6L5E |ZU0 [@'eLL {oszl | L9l |ewoL [eeee (2w [Ee0 L a 00l
F00{ '8 |0z |20 |090'SE | LU0 [PEZL |eoEl|'sol |veoL [zess  [Egz [dLL{vEl 5 0ot
G000, 81'9 | ZLZ | 41'0 | IFUSE (2D [&'5ZL |RUSL|9sll |oril [veer  [309 [rl0 e q 05 £
Touelre | TLL |10 jLaAvE |ZE0 [Bwst | eFvL|&slt |e8TL |9t [deT [ZoEE siE S 05 F
F20L L8 | 4T |40 |980vE 920 [oEve | ovs | &Lt Jive jsrs  [zet  [EZEL | edT aol @
VEOL[S1'8 | 182 |£T0 |EE6IE |91'0 |D°8SF | SZ'¥)|556L |626 |S9sL 8L [LLIE | 96w 5 01 «
Tyol 418 | ZBZ |PE0 |EZ9YE (0Z0 [FESL | LOCL)C00L |94'® (58T |98l [FU95 | £0°F as
VEOL|BUB | PRT [£20 [ BLYVE [s10 @Sl |66 (Z00L 9w qe0 |vst [1o¥S|vEL 56
ZECL|BLB | g4 | 680 |se1°1e |£€'0 [EEES |svL | L1SW | BER | BPEI 8g'g St
grol|oce  1£4z [Z9C |059°1E [760 (2685 |esoL |08l | paEL [ £591 [Y44 50
FPOLI LU (998 |€€0 |LvEGE |Z10 |6601 | 166 |OSOL |Z98 | v@re9 vel 0051
266 | YI'B | U4Z | YL'O | PELPE (610 [S0L1 |09%6 |¥90L | 498 |S09E [13] S 0%t
UvoL|8l's | 992 |gl'e |Z5ZSE [vL10 [PELL (166 |EELL |8e8 |irew €60 a ool
oEoL|FLIE  |9vE U0 | vELL [svi|zzol |8 LA 5 001
PTOLl e |8 610 | ¥901 _|E501 | BZ0L | 626 vzl a 05 5
FROL| L1 | g9z 810 |5 SILL|S'SZlL | 096 557 H3 =
gaolLfLls  |oez LD [¥0 SULL|SPOL |18 ¥zl a0l i
se0l |l lzez vZ0 0% [ AT IR T 096 5ol »
soilfZ18 e 510 |67 PELLIOTIOL | 148 P as
zeollore ez 810 (221 lvmol [ rZes (st 551 55
0Lt 618 | ELT 0z0 [S¥05 [95PLy &8l | B4R 855 Sz
ol rze ez ZZ0 | 6v¥T | 86'8 |S9'09 |evs 55°1 50
osoL| {8 | L9 EI0 (8586 | rEOL|FOBE | 164 339 051
LEATE AN B V14 U0 [OLEL | FEOL|OFIL | 186 £6°0 S 051

£9Z EID [@P0L | £501 | 2201 |09s £4°0 a ool

9 910 [£S52_|es01 |v0z6 (626 vzl 5 o0l

L9 EIQ [E511 | 98F1 [£1o1 [eg0L £0'r a.0s 3

497 610 [DFPBZ | 57F1 | 00! |vEOL IvE 505 E4

0Lz BU'G S0/ |80z |s100 |2zol L a ol g

5 S0 [SR9E | g0l |9zEs | 606 11 501 -

§LL 1Z0 [W8EE |e2vz|EwsL (s111 EP'EL as

¥z SZ'0 [BBIE |20l |29'r6 |BSE ¥l 5§

v 4Z'0 [ACPR | S9°LL| L1509 | 9E'H 6T6 5%

1522 | 020 19202 |sriu]iez |vss jzre | 50

OBep] TuN [ R [ fwem | [vom | (/em 175 [T] g

Jwal anL| Ny d_| noL | do2 [2o7] 540 | 1oistvar

*| @anBig sas ‘micymoo) sys 104 "spang

'SUCYIPUCS Jem, pud Aip, Jopun siginm

8is0oa uado A0} sprnpunys AYEnD Jejom @il ayy 2 %E UDY; RI0W RIex® Of JOU, PUD SN &4t 40 §5() | UDLY SIoW pasDXe of jou, _,r_On_v (-8 ]
§ Jea0ys woy

1B juswipodeg ‘omBL 10 Si0S BU Rin umoys oSy

99y “400% ¥

quiaj

| UBIPSiap MafBq=10] ‘desp=q 4
S ta ays paloid ojnenuoy ayi jjo pape|jod fi/5i u)} sajduins ssjom ubeno way suakRINToAW ANSIWAY JouA T TTAVL

)

'P=50 o) so

i Ppuo jnduy 3 Bojeaply F Huny> |OUDI0RE IO |EINEU LI Jueaed Us) ULl oW AIDs (ou foys
Bl 002 L0t [8L1 RN
i e * logo M 521 190 [ 00°1 %01 oM HOT
00'1 oC't PFO [ EF T %e | un
* = logg . 05°0 980 | 120 | %01
DEINELE] 700 |SBISE oL 0 ¥EQ [ele [200 [100 |edD L4 [a0sL
§'Z0ii9i'e 600 | 9LE9E |10 €0 |TR°L ¥i0 200 8O0 | L0 [SO0SL
270t lzie &Z0 |reI5E |20 1ea [eez  [zoo lsoo  jso'o [¥9 00l
001 |60'8 £E0_|ZLLPE 61D 10 |ée'ol [so0 L Jero [0 §sool
z0t (o9 LEE | 8EISE (S1°0 1E'0 |B&'y [POD 210 (1o |y fjaos =
086 [40'8 10 |806¥E (5270 oE'0 |sgs  |so'c [BE0_|W0C |10 |sos z
£00L (218 FI'O |ERLFE [BLO IE0 |av0Z |{L'C |kPE2 __|I0C |OZ [OOL o
&'501 [EL'e 0zo |Eezzve (810 520 [ecvz ozo [gEe_ |voe |10 [sol @
LT (Fl'S 050 _| 14FEE {120 GEQ [PPAD [ERC [PLF Z00 (0L |O%
21 |pLe 9FD | Z0E'EE [BE'D ZE0 |96'6€ |ZE0 |42 g0’ |10 [S€
L5119 tre | zepee [sz0 Ze0 |666v (220 [S0Z |00 jlo (s
&ZLL[s1's 85O | OLrEE_|0F'0 vE'0 |0£6S |ZL'0 [SSE |00 {to [0
OZIL 618 SE0 | IBLSE |LLD SED |£F( |60 X8 [s0°C €Tl [a05C
vZoL g1 TUD | SOT'SE |60°0 ££D |p2L |PC0 (108 [€00 1D [|SOSU
eL0L (218 U0 |0LLSE |TLO LE0 [v0'%  (ZE'0 (6070 [s0'0 | ®6  [a oot
I"tolL[erg 1Z0 |0S6YE [£L0 reo |ss'01 |Z10 [FTE |0 fio [soot
1"101 [$18 80D |ZELSE [SL0 cc'0 |20'¢  lve'o [fE'0__j110 |Z5 [dos £
I'foLfLL's FUC | LIOEE [EL'D 2E0 (19768 [2E'0 [ZE'ST_|S20 [LO |SOS E
5oL (818 oL |991'SE [sz0 ve'o 68€ |00 [LEO  [v0'0 [0 |uol i
§50L |STB 00 | §B0'SE [s€%0 ze'e 195'r  [ot'o LY ye0 [ L'e [sot =
7401|810 1§0_]9E6ve [Z80 oce |sev  [z00 [EE vo'0 (oL [as
FoLL |6l [G9C |szave [sEo tee (2 [vo0 [RE° vo0 | Lo 5%
L€l |52 (T3 BOLTE [EG'Q 10 |eg¥Z Qe {ZO'PE _JEQOD [L'G ST
el (528 50 lzvzze [0ro teo |oose |poo [E9°PZ |ean |L¢ SO
4901 |&1'8 0 £0T5E |60°0 L£¢ [60°1 S0 [£07 <10 | Z°1L Ja0sl
Lt jare oo |E9X'SE kL0 ze'c |eev [ero [ELL__Jeoe |10 [50%1
geotL &g 610 [ PELUSE |ZID vE'Q |8ETL EL0 [E0°0 000 | 1'y |Q00l
00l 218 zI'0 |osrse |Z10 se0 |LFE  [sro JpEDfr00 | L0 |SDOL
&001 1618 610 [ LPLSE €10 L0 9671 tFa JLOD Zt0 |ov |aof 11
Zotjot's 610 | 288pE [ZE0 oro [ro9  [020 [2@__Ji0'0 (L0 [S05 z
LA TN FAN) L0 | 980'VE 820 g0 |Z56L [ELQ i £00 |C'L [aol by
FEaL [SUR £2°0 |€ES'LE (91D GE'D 8955 [Z10 ela |10 [soL w
oL |6L8 ¥20 |SEP'PE [0ZD 420 |16 [F10 co (oL jas
¥eOL8t'e £T0 | 919ve 210 82’0 |P9's  J110 r0a | L0 [5§
g0t jsle 460 | ZE1'LE |EEO 5270|5269 (B0 1’0 |10 [se
ghol joe'e ¥l | 059°1E |£60 S50 19595 [6EY 600 | LD _|SO
R AY] €ED |Z¥Z5E |Z1D 0S°Z [92°0 1562 [El0 ¥00 | PPl [QOSI
a6 [v1'8 ¥UI'0 |¥ELPE (61D L0 {6 |BOD 00 L0 [S0§L
L'yl [8l'8 §1°0 [ 252'SE k1D 6270 1071 19070 £00 (Z8 |QQdl
OEDL [91'8 s1'0 |szsre |9to ZE'D (546 |BO0 voo |20 |[soot
¥'zoL L 520 |SITSE (610 0€°0 [IEZ {OID vo'0 |&v [aos
¥6oL |21 S1'0 | 5£9'PE (BLD LE'0 (4071 {104 00 LU0 [S0%
<'BOL|ZL'8 85D _| ¥BO'SE |£1D ZE0 {29¢  [ZZD [E6T ro'0 0T [aol
s60L 218 Y0 | 166V |20 LE0 126G [ZFO |9 150 (Lo [sot
GOLL)LLE 30 |S96FE |40 [4:3] ol |a%
ZeoL|ol'e Y20 |ossve |alo 0E'0 g [ss
&oLL|6l's LUl | &FL'EE |0Z'D 620 1o [se
ol rzs 69°0_|z85'91 (220 ¥Z0 1o Jse
ool |Zre 600 |4LZ5E [ZiD ZET L1t {0051
SZ0L )R 900 |EBOSE |BLO ZEQ 1'¢ 5061
&S0l 218 ZUD |SEL'SE [BL0 120 9 |aool
201 |81 ETD [456°EE [7LD 0ea 1o [sool
g'rol |?178 £40 | 960°SE |ELO FEQ vy 1308 £
o'gol |18 BUD | 100FE [4L°C Se'0 e 5os z
6801|718 90 [ LGKPE |BLO EE0 1 ol Iy
5601 (818 120 | 1092ZE |6Z'0 (1] 1'e {50l -
601 |ol'8 vP'0 | 8BS'EE e PED o'l {us
Zoll(are 8E'0 [ SL0'EE [520 620 1o lss
[AIR1E: 0T L | 6842 |6TD 20 g sz
FELLILLR 050 [é19'et 1020 5C'0 19 150
TS % | [ PRy (GG Tw | M IR
0 Hd 24D FALINMYS | Sdnl dCOL H1430 | §40 11035Vl
*| eanBiy 2as “suoyoda) ajs Bujjduios Jo "spepueis Jem, %0 HOQ PEIx2 SANDA papRys

Fup paxaq {SUOpUBE AP, 50|, HOA PRI31E SaNDA POXoq  “FUDHIPUOD Jat, PUD AIP, JAPUN SIG[DM |Djs00D Lada 10} spanpucis Anent
I8 BLIY BLY O 5.7 UG, B10L HRATXS OF [OU, FUD WL BY} O 50| WDY} BIOW DI Of 1ou, (HO) YyBoH J9 Mewpndaq Nomni

{0 BiDiS BY: BID UMOYS OS]y “JULI| UCYSSIAP MO[Rq =0 ‘dasP=(] fBINPNS=G IOYS WO BOUDISIP=G(] 18M0||0) SO Su

*§00Z ‘¥ sequisidag o ais paload njnonuoy eyl jo ik By u paps|ies sajduins Jejnm UDADG WOY SuBLRIRSDRL AUSIWALD JBIBM,  *{ F1GVL




LB J0 ONjeA B Wing) SHUN 50 UBY) BIOW SIEIMAp 10U [[BYS Hd,,,

LI0D JUBIGLUE Wov) *0 BaIBBP o uey) iow Aq AteA j0U |jeys sanjmisdway ,,

“1°g Jo BN{EA B WO EJUN §°0 UBY) SI0W BIEIAUP JOU 1243 HO,..
*SUOH|PUDS JuUSqE Wadp D sabep Buo vey; a1ow Aq lea Jou jjeys amesdwa ,,

iy pue jnduy o|B &y Buuapr sofiveyd J0 |BJNEY 10} Juassad ua] uey) iow Aea 10U BYS Sues
ceED 050 | 0D0QSL {D0GZ 05t [00°S 13M NYIW DIBLIWOIT)
*_5LD * _lozo (o001l {009t 00z fose Ada SOMHCQ
L'k FUB | 9L4SZ 4B IP&PE | 11D |O&LLLIRLLL [BEZ0L |4E°6 | AEBP 261 |Z¥ 0 LERED Q051
ST56 | EU'R |EGSZ [RLO [6RYE |ZI0 [4F4LL| 9011 |2U80L |86 | £2OL ¥eF _185%¢ SEL |1 5081
IE'E6 | EI'8 (EL'ST (22D | 60'%E |S10 |¥LSOL|9¥ 1L [ve56 (626 |e4'8L  [BO ¥5°1 $8't |rl 3 o0t
056 | 118 1 L&ST (61D [ 999 | §100 [E67911 | ZVEL [ EL46 | 626 | 9EESL [ D i $001
SPES | LI'8 595 [ BE £8'7€ | €10 | OU80L [ Z0°Z) | ¥8'001 |66 0898 B & 05 =
eoys (L8 | 995z (ST | SovE (510 {ISIEL]BETL | BO0IL | 624 | 6LG61 [ 9F L 505 =
£6'26 | 608 | 18°ST [ BE e | PU0 {SCOEL [L02L 92796 [9€8 1LUS1E |28 5T a0l g
£%'66 08 | L&°G2 (ST TEVE | ELD FTRLFL[SULL | CLvLY [£9'8% | EERIE | OE L S0l o
¥O'LOL [ LL1'® | 88'ST | b BLEE | 510 [ GE0EL[OEZL | GSO6LL [626 | 959y (91 LR as
9001 | 608 | PRIGT | &F \6'TE | ZT0 |DEBEZ | 9B°FL | L2'6ZL | 626 Z&'ers [OH6 [1228  |eov |1 SE
G186 | £0'® | zZE'ST | 99 SCBT | 970 | 00Ty [OTEL | RERS | piL | STGLEL[OPSL [BYIOT | 9EF L Se
SZT06 |08 |6FST J0&Q | 4ZAT [ 220 [BE9RY | kPDEZ | 4614 ese [rEvibzlvie [££89F |Ers D1 50
¥ore P’ |08'SC |DZ0 [ ¥SFE N LD [ L|Q0°EL [09'SDL | €201 | v&'vF 9t (0L LI T4 adsL
£8'pé L EI'S | £5'9Z [S1°0_|£8E (LD [ 6 L6971 | 8E°60L {2201 | 62716 4L oL 9LUE |t §051
£786 (ELU'S | 485 [0 |96¥E [0LD |4 L] Z¥EL | L6TTL | 2T0L | 69°LT gE'Z [ OF e |SL a00t
E0'94 {TL'8 | L¥'9T [ST0 | LTPE[SLD &9°CL | ZI'SLL | 86’8 [05°6ZC (PEP |2TIS & L 500t
6E'E6 | EU'R | T6ET [ B2 CEPE 1 C10 LOTL | EITEL | 9E'R | 9TEY 5T | 0F 8L 0L J 05 =
18’96 LB | 65°9Z | bE oT're | 8U°0 FTPL | LS7LZL | 096 | RI'9SE QP [P [4vh S I} 505 W
egeal | rLUg | 59T [ 62 PEFE | PLC B4'EL | ZHLOL | 6T6 |ZITICL [DBZ [99°9 Lee |E aol P
41501 | s1'8 | 54792 | EE LEke | 610 DOEL | COErL |6T& |LE8ZL [RLY [ 0RTLL 0% |1 S0l i
L§°501 | §1'8 | &£792 | 4B S¥'¥E | 710 FLOFA R B3 T4 B FTA IF'9£1 | 0BE [EF'SZ LP'Z |ST as
Lot | ?I'R | oR'9L | E5° 8rre | BLD 69el |oL'vlL |&T6 [zg0oBL [0Z |S1'SE L |1 5%
LZEDL (41’8 | &292 120 [ 62°EE | €20 L0°EL | 9P'SOL | £9'8 | 652EF [ P¥E (PLFLL | 9LE (! 5T
¥o's0L | P18 | 189Z [050 | Z6°'LE [BZ0 A O ) ?e'8 |SPES? [ ¥E6Z | &B'RL1 | LvE (U 50
LO°EE S'B |SE'SZ | ZU0- [G6FE |0L°0 FLLL [ PLSOL 186’8 [ETSF [ T LP'E (0T aost
SE'ra ¥UI'8 [PTRT | 210 | €9°PE jPID QLTIL | 9ESOL | 426 | vE9E ¥0's | 889 se'L L 5051
LE'va ¥1'8 | L&'ST | 1T0 | B6'PE [ Z1D BTl 1 6L92L | L&' | ELIS ¥EZT [ 950 71T S Qo001
fAA 1 Y8 | 9T9E [ L0 | 0LvE (91D 8ETIL | LB 098 | SLVEL ZE" PE'LL £¥T L S001
84’86 |58 |809C [ZZ0 | 6B'YE | £10 TFEL | TR | £5°01 | P27t 00°L el BLT [OL 005 =
£0'84 YU'8 | 0T9Z [ FPED | Z9°PE (9L gL | L¥9ZL | 22701 | 29'S51 Pl 0Pl £EF |l S 05 W
CE00L |EL'® | PSP [EED | ZEFE | BUO FLLL QU201 | 498 | L&'9FE iy | 1992 e |5 act g
£9°66 EL'® | 6492 | PTD | BBEE |5LO 69T [ TL 66 £9°8 | LL'8EE A T LLe |l sol w
95001 [El'® |[L£'9¢ (SE SEPE (020 gL | 9991 |6T6 {SL'2LE [06'F ror OFE {5Z as
Lol [erg o9z [of BEPE [Z10 LOTL | BCODt | 86B |EUISE | ¥9E [&13 iz L S5
L9468 kL8 | 05'9L | LS 0°EE (220 ZyeL | 0950l | &T6 | pE'SOP | BF'E 559 e gt 134
Lyo0lL jS1g | £b92 |69 ¥ IE (920 LUSL | L£ST\ (166 168999 | bLd ELL JEEF |1 50
ir're SL'E | rPE'SE | 210 | B6FE | 0D SULL [ PU¥LL (BSE |98 Er Al FAN Uz |StL a0sl
¥PE'94 1 ¥1'S | SE9Z [FLD | 0BVE FELD SULL | PTELL | B6E | 04'02 AN KR SE'L [ 5051
66'€6 |GG | FPRGZ (020 | S6FE [ELD PPoLL | BEZ0L | 84’8 | S9'LYy 99T | 850 Uz |01 Q001
26'54 FUS [2862 [£8'0 | BL°pE [ Z1°0 69°CL | PSGLL | B4'8 | 6FPOL 0%'F [REZL. [8£2 |L S 00!
¥9'g6 |ELU'S |4B'SC [£20 | Z6VE | ZLO 69°TL | FFSOL | £9°8 | 1E'PS A 60 |5F Q05 F
LU'86 | E1'B |029C |0Z0 |65+ | EL'D FOLL JTOELL | £9'8 [99k8L 281 |&SF | v |1 S 05 z
ELUZO0C | EUR | Lewe [ 180 | £0ve (ELO UL | 8K PCL | 86'8 [ E6'E0L [OB'Z | O¥SK 3 a0l T
SC100 | €08 | 1E92 [020 | 89¢E (ELD LIOO'EL | IE4ZL 626 [41'ELL | B0E | EBE&E &g |1 sol b
SUEOL |EUR | 1€'9Z |SED | &vvE |90 [&ZB41|Z9EL | LOBLL |B6'E |16'18C 992 |OE &K Wy |§T qs
0L | T8 | 9292 [IED ) SR'EC | 210 | PZ'REZ | ODEL | S9°LLL | £9°8 | pEOSE |¥EC |l 6m S0 |t 5¢
85201 |Z1'8 |OE9L [ bSO | 65°OC (910 [¥&£9P | 59771 | BOEOL |9€'8 (94092 Z5Z | PO'YEZ | 419 (L X4
o0COL [11'8 [6292 [Sv'0 | ¥9 €% | £1'0 [SREPL|PE/L | SLEB  |419 |0 1pE’L [92°F |ARSOF |S&F L 59
L0'Sé FI'8 [BLSZ [L1'0 [ 16°%E |O1I'D | SEZEL [ 94711 [ 48921 [09°6 [OL2F BE'Z [ZI'L S8 5L qQos?
9ELE £'8 (IT9T [6L0 | 49'vE [L1'0 [EFSTL] 9£7LL [SS9EL {096 | 9266 [P7E_|9E0L ¥ELO|L S 051
0656 FUB D LEST [QUD | 4WYE | LI'0 [ZEFZL | »90L | S0LLL | 4626 | eSS F8eC | 991 £l (oL 0 coL
66 1 EVE\EL'9Z (K0 [ STYE | LI'0 [EFEEI|9¥IL [#LZIL | 848 |88'4rC [ PET | A OV ¥l S 00L
PE'96 |8 | \B'SZ [EE'D | 6£YE (D10 [ESOEN | 0T [ SOSI1 | 096 | 97eT ¥TT |29 PUL [S'F aos =
YO'EOL (EL'® | PD'9T |OE'C_| vZ'PE (110 [SETOT |9 1L [ELZEL |64 |02z [BrY |09 8P oL L s08 =
SYL0L | T8 ]vl've |BED | S5°PE (210 RS GVLL | P9Il | 626 [ FMIBL |OBE [SFLE ggl |E act 2
6CBOL | E0'8 [ OE'9Z [FED |AFEE |E10 [IASZZ|G1M1 [EUS11 | 968 | Z59E8F [OFC & Jeet U sol -
E6EOL |EL'8 (ST9E [ZE'0 | LU'CE |0U'0 | ZHPEZ {OO'El | L0'BZ1 |62'6 [QUYPEF [TOF 096 BLZ 52 as
L&vaL [ELR | 292 [£5] QBT [ FU0 | SEFIENSULL {SELTL [626 [ L9¥eL [ 950 CLEL qws'L fL 13
6901 L1 | 9T9C |4 W62 | 810 | SE'OPP | Z9EL (046 | £99 | E¥R08°L | kRO [ESEEF {zov [L Sz
gvsoL [vie | Ze9e [00° ge5¢ |00 | po2eB] LEEL {Svds 19 L ivlos2[vo'E [¥izes Jzor |1 €0
04 TN [ /B | /5 | /e | ven) | (/6m  | 7 1/6m T/ [ W] [ ®T [ 3us
ALINMYS 8¥RL | ML 4l NOL | dO1 s #HN EON ¥Od |HI43d ]| 540 [1D3SWvHL
"L eanfig 583 ‘sucyao] ey Buydwnos JoJ “SRUDPUDIS Jam, %0t WO HO P#eona san|oa popoys pun
poxoq {sopunis Ap, %0 WS OO Peewe sanjos pexc]] 'SUORIPUGD e, pUB M, pun sisjom |ojmed usdo Jo) spiopunis Ajonb isjom uoaw
apeloal (O] yieel ;@ juewppdag] IDMDH {0 Bl 4l Lwoys Sxpy “desp=( 1s303ns=g fAIOUS WOI} TIUDISIP=G(] “2A0|[0f 30 suoDaIGqY
L] UDYIBIRP MO[aq STM BIHWIES Ui $8503 U} pBsn @IoM SjIWI| UOIREIP ‘SUOYD|N3{0 unaw JuewoeB 1oy {9=N) 5onZ sunr ul Buuayuow
10 uoydau) ayy eauls nopy ‘OaIDAY, “Djn,ANUOY JO O SeYs BAl | Pape)od (176 V) sivewainsoew ANsIussy> JajoMm W RIOP UBBLI JWISILIDAS ‘P THRIVL

v 169230 pus Jndu) Eojoupd salueya | 10 jEnj ey whiop jusued ue) byl 2i0lW AIRA jou [jeys Aues ,
[ ED SZ0 |¥E0 134 [N¥IW JIE1INCID)
b ' oze |98z [zeo rio (520 Axa SOM HEd
vvg |rl'g SEGPE | L0 J&&Z |®c0 |99L [0£Q [Z£1L [FLO |foo |so0 |8l Q051
£56  (£1'9 sea're |Z1'0 [E68 |er0 |22 [sz0 |osz [IE0_|®U0 |900 {1 5051
£E6  |EUB spErpE |S1D [S5Z |20 |see |oeo [1sz [zZD |L1'0 |f0'D vl a ool
¥ e feove |s10 [zeE |rre |ere |oeo |ses [BED J4ED |20 I 5001
ses | trn 6oB'PE (810 [8LZ |6eC fozy |ozo |é0'e [ZZ0 |90 |so0 [6 acs %
ovs | LLUe psere (510 686 | oo ivee |oc0 |s¢69 [6EQ |90 |80'D |4 505 E
¥e6 | 408 o/vve |vl'0 [OES | ée'n |ame |s£zo |2zlL [EFD 941 11 |s2 Aol Ly
w45 | &0 ciF've | E1'0 [FSOL|9€'0 |61'8 [2z0 |6t [SFR [S7T {500 |t 5oL [t}
ool (e 182'ee |sro [BEZL|or'o |os'e |oc'0 [9s'tz [¥PO._[89E (SO0 [¥L (A4S
001 | 808 vleze [EE0 |SOZL|9r'0 |ves |ogo [ovee [OF0 | £85 (€10 |1 13
tes |08 svest [¥E0_|FLOE [290 [88? 520 |9£99 [OUL [orpi|s10 U 5%
s | som \6t'fe |[£20 |Leve [990 | I1I's |sz'0 |56'5E [99°G [GUGL I rE0 |L 50
I¥E | FL 8 TPeFL | 110 | 264 [c¥0 |PeL |EE0 |09 L |40 00 [5¢ |G 08l
gr6  |EI'B gzEre |OU0 JLZé |t¥D |18L |EED [SZTE jrL0 [rrD Jioo L 5051
a6 |El8 sseve |ovo Jevé |vro |ese |svo [verl [0 _Joio |soo |51 001
o095 |zle zeeve |sio [ZEFL|e0 |zz® |é20 |Z1'8 |IED JOZE [800 (L 5 001
vEs BB zzgve |tlo [156 |ée0 |ece |fzo |eve [BrO joen |soo |ol aos £
95 e wzre |40 [EFSL]oro [eve [tee lzi's f6z0_jEcr |El0 | 505 =
geol | rle treve |90 [ELE_|sr'o | 4L |ecee love [OZo | ZFD | 2to g dol T
90l | S8 soive | a0 [eEzu]zro |izolfoee [Zyv [PED JOBD |oio [1 col -
$'50l {SUE ggrre | 910 fovEl |se0 |ore [oec |egy [0z0 [Eel |e00 (5 [Of
o050l |9Le eerde |elo [IZZL| w0 |sl's [oeo |ere [o20 | 10C |00 |t 3
rgol |48 99zer [vg0 |n9eZ |0 |o5/ [8zo jorsl [95Q [er| o0 |t 5z
ysot |rue 69612 [®e0 |Zest jore |sey [sz0 |szee[1zo [evel 500 [u 50
e [51% ZGEFT | OL0 918 [BEO |55Z |40 |iv1 |[SED |00 |soe |02 [QOsL
ree | rLE zeve |rio [8s8 |eeo |95e |opo |soe [9E0 [eF0 {900 |t 5051
ove | blg Zeve |zre [rs |ovo 106 [zeo |zet [T20 [F00 |00 [SI ool
s |rLe L69ve |or0 [ErDl]ore |s¥3 [1eo |zry [BED 180 Jsoe (U 500l
56 |sl'g peg've el [EC8 | b0 |£z8 ipED |BLEZ [D £L0 |40 (oL |dos =
ogs |kl 1Zyve 1910 [EFIL|bs0 [vos ieeo [vss [L AT RN 508 =
ool |els soeve | sro [EEO01 |eco |éze [ezo |sre [W 05| 800 {5 ol o
¢46  |Er's £S%'EE [s1e [SEEL |0 [z12 |8z0 |s0zL [PED [EEE |Zl0 |I I w
o001 |gl'g 1seve (oze [B9EL|evo [ees |or0 |126 [SEO _|ege |il0 |S%  (a4$
ool |e1's |08 [OFD | wEvE | 410 JELIL| 480 |94 {620 |+ée |20 |Ove 800 |1 S
246 |¥1's [0F'92 [ 15D | £65'ec [Z20 {OI91L|FFD |#5¢ (0B0 |eF¥l [ZED [LEr |10 [I ¥4
vooL |S1'% |4¥9z [690 |/evte [920 (2812 |&v0 [wse |20 |seezfiG0 JeErg [vi0 Ji 50
Fré  [SU'S |¥BGL L0 |SZEFWE |60D L¥PSB 950 |S1B |6Z0 |95l |6L0 JBCC |/00 [§t  fQOSL
aed | ¥l's {4E9E | FLO | 662'PE |EV'D [9L5 | 980 |GER [6Z0 |89Z [L10 [Ec0 |90 |1 505!
Ovs | S8 PESE [0T0 | 4vebE |ZU0 (UL |it0 |16 |sE0 | &)L [&1'D [Zo'0 <00 |00 aool
096 |vl'e teez [ZU0 |sasbe |2U0 [vel | 1Ko |s2e |szo |22e [seo [ZUL Jeon [t [soor
e |er's lewsz [TE0 |elsve [2to [1E® | 1F0 [es¢ [8zo |e61 [0 _[120 Jouo s+ |acs =
T8 |Et'8 |0Z9E [0Z0 | v4SvE |EL'0 [9BEL|®tD |s0'8 |8Z0 |E&9 [£1C [ZZE ]800 [t 505 £
1201 |EL'B | t£9Z [1E0 | 9947 |20 [918 |9c0 |9ve [6zo |oze [oze |OLL {900 |€ qot [+
g0t |EU'B 0 _|8ove ero [ZeLL|zvo [s006 |oEo [ere [Tz |zEE Joro |u g0t ra
ZEOL |ELB garve lol'o [ELZL |+#¥o ler's |sz0 |0g¢ [80C [esE Jera [Fz2 |as
Pzl |Zl8 zagee loro [IofL|zre forg |gz0 |&vZL [9U0 [Z89 Jolo (L 5%
yzoL | ZLe 8BS'DE 1910 [1vee [£50 |9es |szo |éosz [8UD [ 191 Jozo L sz
oool [Lg TYE? | 210 [¥ES (960 184S |ozD | sLvy [60°0 [BeBE | 910 |1 so
054 |FLE f0EVE (010 |GF6 860 (506 |IE0 |e5 L [ZL 00 [900 |51 CEED
via  |els s89've [ s1'0 [PELL|8c0 [Sos [Llgo |zee [9g0 _[vLe w00 L S 051
§95 |l gsgve [0 [eee |se'o (9es |oeo |s6'L [LL 0| ko0 ol 0001
Tss  |eLe ovZ've | 110 [1EEL | 260 j5oe |sZ0 |eee {120 e |soo | s ool
©es  |ZLw zolve 010 [ZE&_|éc0 lows [0 [erz [9LD 0|0 |sr Jaos =
ogol G El'R WwZre 1o [arrl |se'0 |ece |oro jess {EED Jeve |soo | 505 E
S0l |ZlB ove'vE 1710 [SULL | /€0 jee'g |0£0 |ov'e §OZO0 _I96L |9o0 | aol ]
€801 jEL'S oslge Jelo [EU7L|9e0 |zze |sz0 [vssL [0Z0 {285 |f00 fI S0l -
&E01 (EL'R 498'Ee | 0l'0 [BEL |zr0 |p1s |oo |&ssL [Ee0 _Jome |soo sz Jas
£¥0L EI'S 6SUZE {910 |&FEL |9E'0 |oce |oe'e |z [vDO [EZEEl | SO0 L 55
L5901 LB glgsz 1910 [TL6Y |v0 |vey 820 [v6's9 900 TBEEE |l [L 154
ssol lrig ogzsz lozo [&9ev (evo [ess [sz0 lsoen [920 |9vie et [1 SO
iag s [Trwrpr] RS TN | Al | G [ GAm | Tl ] 0w | b | el ] m LS
zZ0 He Anvs [ gant | ML | 4 | wor | a0 | us | vHN | gon | rOs |Hidgza b sio |1o3swvar

*t anbiy ves suoyodo|

iz Buidwos 1o *spiopunis Jjas, 301 WD HOQ POR0KS 50|04 PIPOYS PUD Paxag SSRICPUDIS JUP, %01 WO HOQ Pasarm 53n[oa

[axcq ‘suoppuos Jam, pua A:p, JSpun siainm [0jnod uedo sof spropuoys Aijonb agosm upaw dpgewsal (HOQ) YijoeH jo juewpndag

“io#Dy} J0 S40I5 BID uMoys ospy “dasp={] ‘BI0pNS=E JAIDYS WG BIUDISP=5i(] $SMO||0] SO SLOYDLARIGTY " Uoyalep mojaq

$n #{dwos Groym 53500 UL Pasn aIBMm S| Lol B8P ‘sualmnd(oa unai 3pewosd 103 ‘(p=N) G00Z 2unf w Buuoluow o voydasu)
i 33U1E INDW] “OS|IDAY “DIN,DALGH & 4o $ails BxY 13 P10 (7T U SNBWAIRE0IW ASIWIY> J3I0M W} DIDP UDSW SPEWoRS ‘£ 318vL




Water chemisiry meosurements in #M and ig/L [shaded) from Imfgation welfs and an inigation loke (Res) collacted at the Wailea Gelf Courses

in the vicinity of the Honue'ula project site on Fabruary 11, 2089. For sampling site lacations, see Figure 1.
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I. PURPOSE

The Honua‘ula project is situated on the slopes of Haleakala directly mauka of the Wailea
Resort in South Maui, Hawaii. The project area is comprised of two parcels totaling 670 acres
and is designated Project District 9 in the Kihei/Makena Community Plan. The project area is
also zoned Project District 9 in the Maui County code. Current zoning includes provisions for
1,400 homes (including affordable workforce homes in conformance with the County’s
Residential Workforce Housing Policy (Chapter 2.96, MCC, 250 of which will be provided off-
site, thus reducing the total number of homes on-site to 1,150), village mixed uses, a
homeowner's golf course, and other recreational amenities as well as acreage for parks, and
open space that will be utilized for landscape buffers and drainage ways. The project is
immediately above three 18-hole golf courses (Blue, Gold and Emerald) within the southern
area of Wailea Resort. The composite Wailea Resort/ Honua’ula encompasses approximately
one mile of coastline. No aspect of the project involves direct alteration of the shoreline or
nearshore marine environment. At the time of submission of this report, development of the
project EIS and Phase Il submittal is in progress. No construction activities associated with the
project have commenced.

There is no a priori reason to indicate that responsible construction and operation of Honua‘ula
will cause any detrimental changes to the marine environment. Current project planning
includes retention of surface drainage on the golf course, and a private waste system will treat
effluent to the R-1 level which is suitable for irrigation re-use. Yet, there is always potential
concern that construction and operation could cause environmental effects to the ocean off the
project site. Of particular importance is the potential for cumulative effects from the combined
Wailea Resort and Honua“ula projects. As the properties are oriented above one another with
respect to the ocean, subsurface groundwater will flow under both project sites prior to
discharge at the coastline. Hence, groundwater leachate from fertilizers and other materials that
reach the ocean will be a mix from both projects.

With the intention of evaluating these effects, one of the Conditions of Zoning for Honua‘ ula
(No. 20) stipulated:
"That marine monitoring programs shall be conducted which include monitoring
and assessment of coastal water resources (groundwater and surface water) that
receive surface water or groundwater discharges from the hydrologic unit where
the project is located. Monitoring programs shall include both water quality and
ecological monitoring.

Water Quality Monitoring shall provide water quality data adequate to assess
compliance with applicable State water quality standards at Hawaii Administrative
Rules Chapter 11-54. Assessment procedures shall be in accordance with the
current Hawaii Department of Health (“HIDOH”) methodology for Clean Water Act
Section 305(b) water quality assessment, including use of approved analytical
methods and quality control/quality assurance measures. The water quality data
shall be submitted annually to HIDOH for use in the State’s Integrated Report of
Assessed Waters prepared under Clean Water Act Sections 303(d) and 305(b). If
this report lists the receiving waters as impaired and requiring a Total Maximum
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Daily Load (“TMDL”) study, then the monitoring program shall be amended to
evaluate land-based pollutants, including: (1) monitoring of surface water and
groundwater quality for the pollutants identified as the source of the impairment;
and (2) providing estimates of total mass discharge of those pollutants on a daily
and annual basis from all sources, including infiltration, injection, and runoff. The
results of the land-based pollution water quality monitoring and loading estimate
shall be submitted to the HIDOH Environmental Planning Office, TMDL Program."
To date, HIDOH, which is the agency responsible for developing TMDL's (rather than property
owners) has not performed this action for any marine areas off Maui.

This report represents the fifth monitoring effort to take place since the establishment of
conditions of Zoning (Condition 20). However, prior to approval of the conditions several
increments of monitoring to establish baseline conditions for Honua‘ula were conducted in
2005, 2006 and 2008. The following report conducted in March 2011 presents the results of
the overall eighth phase of the monitoring program for the Honua‘ula project.

Il. ANALYTICAL METHODS

Figure 1 is an aerial photograph showing the shoreline and topographical features of the
Wailea area, and the location of the three existing Wailea golf courses. Also shown are the
boundaries of the proposed Honua‘ula project. Ocean survey site locations are depicted as
transects perpendicular to the shoreline extending from the highest wash of waves out to what is
considered open coastal ocean (approximately the 20 m depth contour). Site 1 is located near
the southern boundary of the Wailea Gold Course inside Nahuna Point offshore of an area
locally known as “Five Graves”; Site 2 bisects the area off the center of the Wailea Emerald
Course at the southern end of Palau’ea Beach (downslope from the southern boundary of the
Honua‘ ula project site); Site 3 is located off the southern end of Wailea Beach off the
approximate boundary of the Emerald and Blue Courses (downslope from approximate center
of the Honua‘ula project site), and Site 4 is off the northern end of the Blue Course at the
northern end of Ulua Beach (downslope from the northern boundary of the Honua‘ula project
site).

Survey Site 5 is located near the northern boundary of the ‘Ahihi-kina’u natural area reserve,
and just north of the 1790 lava flow. The site is approximately four kilometers (km) south of the
Honua‘ula project site. Land uses of the coastal area landward of Site 5 include several private
residences and pasture for cattle grazing. Site 5 serves as the best available “control” survey
site, as it is located offshore of an area with minimal land-based development, and no golf
course operations, residential or commercial "development". In order to maximize the similarity
of the control and test sites, the location of Site 5 was in an area of similar geologic and
oceanographic structure as the sites off of the Wailea Resort and Honua‘ula. Farther to the
south of Site 5, land development is less, but geologic structure consists of the 1790 lava flow,
which is dissimilar with respect to hydrologic characteristics from the other survey sites off of
Wailea.
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All field work was conducted on March 6, 2011 using a small boat and swimmers working from
shore. Environmental conditions during sample collection consisted of calm seas, light winds
and sunny skies.

Water samples were collected at five stations along transects that extend from the highest wash
of waves to approximately 150 meters (m) offshore at each site. Such a sampling scheme is
designed to span the greatest range of salinity with respect to groundwater/surface water efflux
at the shoreline. Sampling is more concentrated in the nearshore zone because this area is
most likely to show the effects of shoreline modification. With the exception of the two stations
closest to the shoreline, samples were collected at two depths; a surface sample was collected
within approximately 10 centimeters (cm) of the sea surface, and a bottom sample was
collected within T m of the sea floor. The intermittent stream located at the base of Wailea Point
(Site 3) was not flowing during this survey.

Samples from within 10 m of the shoreline were collected by swimmers working from the
shoreline. Samples were collected by filling triple-rinsed 1 liter polyethylene bottles at the
estimated distance from the shoreline. Samples beyond 10 m of the shoreline were collected
using a small boat. Water samples were collected at stations locations determined by GPS using
a 1.8-liter Niskin-type oceanographic sampling bottle. The bottle is lowered to the desired
depth where spring-loaded endcaps are triggered to close by a messenger released from the
surface. Upon recovery, each sample was transferred into a 1-liter polyethylene bottle until
further processing.

Following collection, subsamples for nutrient analyses were immediately placed in 125-milliliter
(ml) acid-washed, triple rinsed, polyethylene bottles and stored on ice until returned to
Honolulu. Water for other analyses was kept in the 1-liter polyethylene bottles and kept chilled
until analysis.

Typically, part of the monitoring program includes collection of water samples from irrigation
wells on the Wailea golf course. Sampling of wells was not conducted during this phase of
monitoring owing tfo logistic constraints. Data from the previous well sampling conducted on
February 11, 2009 is used for evaluation of groundwater mixing with ocean water in the Results
section below. Samples were collected from well #'s 2, 5, 6, 7, 8, 9 and 10) located on the
Gold and Emerald courses and one reservoir located on the Gold course.

Water quality parameters evaluated included the 10 specific criteria designated for open coastal
waters in Chapter 11-54, Section 06 (Open Coastal waters) of the Water Quality Standards,
Department of Health, State of Hawaii. These criteria include: total nitrogen (TN) which is
defined as inorganic nitrogen plus dissolved organic nitrogen, nitrate + nitrite nitrogen (NO;™ +
NO,’, hereafter referred to as NO;’), ammonium (NH,*), total phosphorus (TP) which is defined
as inorganic phosphorus plus dissolved organic phosphorus, chlorophyll a (Chl a), turbidity,
temperature, pH and salinity. In addition, orthophosphate phosphorus (PO,?) and silica (Si)
were reported because these constituents are sensitive indicators of biological activity and the
degree of groundwater mixing, respectively.

Analyses for NH,*, PO,*, and NO," + NO, (hereafter termed NO,") were performed using a
Technicon autoanalyzer according to standard methods for seawater analysis (Strickland and
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Parsons 1968, Grasshoff 1983). TN and TP were analyzed in a similar fashion following
digestion. Dissolved organic nitrogen (TON) and dissolved organic phosphorus (TOP) were
calculated as the difference between TN and inorganic N, and TP and inorganic P, respectively.
Limits of detection for the dissolved nutrients are 0.01 uM (0.14 ug/L) for NO, and NH,*, 0.01
UM (0.31 pg/L) for PO,*, 0.1 uM (1.4 ug/L) for TN and 0.1 uM (3.1 ug/L) for TP.

Chl a was measured by filtering 300 ml of water through glass fiber filters; pigments on filters
were extracted in 90% acetone in the dark at -5°C for 12-24 hours, and the fluorescence before
and after acidification of the extract was measured with a Turner Designs fluorometer (level of
detection 0.01 ug/L). Salinity was determined using an AGE Model 2100 laboratory
salinometer with a precision of 0.0003%o.

In situ field measurements included water temperature, pH, dissolved oxygen and salinity which
are acquired using an RBR Model XR-620 CTD calibrated to factory specifications. The CTD has
a readability of 0.001°C, 0.001pH units, 0.001% oxygen saturation, and 0.001 parts per
thousand (%) salinity.

Analyses of nutrients, turbidity, pH, Chl a and salinity were conducted by Marine Analytical
Specialists located in Honolulu, Hawaii. This laboratory possesses acceptable ratings from EPA-
compliant proficiency and quality control testing.

Ill. RESULTS
A. Horizontal Stratification

Table 1 shows results of all marine and well water chemical analyses for samples collected off
Wailea on March 6, 2011 reported in micromolar units (UM). Table 2 shows similar results
presented in units of micrograms per liter (1g/L). Tables 3 and 4 show geometric means of
ocean samples collected at the same sampling stations during surveys conducted since June
2005. Table 5 shows water chemistry measurements (in units of uM and ug/L) for samples
collected from seven irrigation wells and a reservoir located on the Wailea Golf Courses.
Concentrations of twelve chemical constituents in surface and deep water samples are plotted
as functions of distance from the shoreline in Figures 2 and 3. Mean concentrations
(xstandard error) of twelve chemical constituents in surface and deep water samples from
previous increments of sampling, as well as data from the most recent sampling, are plotted as
functions of distance from the shoreline in Figures 4-18.

Evaluation of transect data reveals that at all five sites there was distinct horizontal stratification
in the surface concentrations of dissolved Si, NO;', TN, salinity and temperature. In addition,
nutrient concentrations in surface waters are generally elevated compared to the concentration
of the corresponding sample of bottom water (Figure 2 and 3, Tables 1 and 2).

For all nutrients with distinct horizontal gradients, slopes of concentrations were steepest within
10 m of the shoreline at all five transect sites. Beyond 10 m from the shoreline, concentrations
of nutrients decreased progressively with distance from shore but at a substantially reduced
gradient compared with the zone within 10 m of the shoreline. Salinity showed the opposite
trend, with distinctly lower values within the nearshore zone, and progressive increases with
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distance from shore (Figure 3). The pattern of decreasing nutrient concentration and increasing
salinity with distance from shore is most evident at Site 1(Five Graves) , where surface
concentrations of NO; near the shoreline were three orders of magnitude higher than samples
collected at the seaward end of the transect. Salinity was correspondingly lower near the
shoreline compared to offshore samples, with values differing by 27.9%o between the shoreline
and offshore terminus of the transect at Site 1 (Tables 1 and 2). Similar patterns were evident
at Sites 2, 3, 4 and 5, but the horizontal gradients were far less pronounced compared to the
patterns at Transect 1.

The pattern of elevated Si, NO;,, and TN with corresponding low salinity is indicative of
groundwater entering the ocean near the shoreline. Low salinity groundwater, which contains
high concentrations of Si, and NOy’, (see values for well waters in Table 5), percolates to the
ocean near the shoreline, resulting in a distinct zone of mixing in the nearshore region. The
magnitude of the zone of mixing, in terms of both horizontal extent and range in nutrient
concentration, depends on the magnitude of the flux of groundwater entering the ocean from
land, and the magnitude of physical mixing processes (primarily wind and wave stirring) at the
sampling location. During the March 2011 survey, horizontal gradients extended to 50 m from
the shoreline at Sites 1, 3 and 5 while at Sites 2 and 4, the horizontal gradients dissipated at
distances less than 50 m of the shoreline (Tables 1 and 3).

Surface concentrations of PO,* and TP also showed a pattern of elevated concentration within
10 m of the shoreline at Transect sites 1, 5 and 3 (Figure 2, Tables 1 and 2). There were no
consistent gradients of PO,* and TP at the other sites.

Dissolved nutrient constituents that are not associated with groundwater input (NH,*, TON,
TOP) show varying patterns of distribution with respect to distance from the shoreline and
among the five sites (Figure 2). Surface concentrations of NH," were highest near the shoreline
at all sites except Site 4; beyond the shoreline there was no distinct pattern (Figure 2, Tables 1
and 2). With the exception of a few shoreline samples at, surface concentrations of TOP and
TON were relatively constant at all sampling locations on transect sites during the March 2011
survey (Figure 2).

Turbidity was elevated at the shoreline and decreased with distance from shore at all five
transect sites during the March 2011 survey (Figure 3 and Tables 1 and 2). Site 3 (downslope of
the middle of the project area) had distinctly higher turbidity levels compared to the other four
sites, reaching a maximum of 1.4 NTU in the sample collected at the shoreline (Table 1).
Similar to turbidity, values of Chl a were distinctly higher at Sites 1 and 3 compared to the other
three sites. Surface temperature ranged between a low of 24.4°C near the shoreline to 27.9°C
in the offshore waters with an approximate 2.5°C - 3.3°C difference within any one transect
during March 2011 (Tables 1 and 2, Figure 3).

B. Vertical Stratification
In many areas of the Hawaiian Islands, input of low salinity groundwater to the nearshore

ocean creates a distinct buoyant surface lens can persist for some distance from shore. Buoyant
surface layers are generally found in areas with both conspicuous input of groundwater, and
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turbulent processes (primarily wave action) insufficient to completely mix the water column.
During the March 2011 survey, vertical stratification was apparent in that concentrations of
nutrients that occur in relatively high concentrations in groundwater (Si, NO,", PO,*, TN) were
elevated in surface samples relative to bottom samples at all sites, while salinity showed a
reverse trend with high values in bottom samples compared to surface values. Such gradients
suggest that the groundwater was not completely mixed within the water column in the
nearshore zone throughout the region of study.

Contrary to the nutrients listed above, there were no consistent patterns in vertical stratification
in the concentrations of NH,*, TP, TOP, TON and Chl a during the March 2011 survey (Figures
2 and 3). In many instances, concentrations were higher in deep water compared to the surface
water and in other cases, the opposite was evident. The lack of consistent trends in the
stratification indicate that the variation is not likely a result of groundwater input, or any other
factors associated with freshwater input from land. Temperature values did show stratification at
Sites 1 and 4, with the deep water samples colder than the surface water. These results were
most likely due to solar warming.

C. Temporal Comparison of Monitoring Results

Figures 4-18 show mean concentrations (+ standard error) of water chemistry constituents from
surface and deep samples at all five sites over the course of the Honua'ula monitoring
program. Also plotted separately are data from the most recent survey in March 2011.

Examination of the plots in Figures 4-18 reveal some indications of changes in water chemistry
between the most recent survey and the average survey results, as well as between the different
survey sites over the course of monitoring. With respect to groundwater efflux, similar patterns
of decreasing concentrations of Si, NO;, PO,* and increasing salinity with distance from shore
are evident in the mean values at all five sampling sites, and have been consistently highest at
Site 1 (Five Graves), Site 2 (Palau’ea), and Control Site 5 (Figures 4-18). In the most recent
survey (March 2011) the concentrations of Si, NO,, TN, PO,* and TP were higher than the
mean values at Sites 1 and 3 (Figures 4,5, 10 and 11). Salinity during the March 2011 survey
was distinctly lower than the mean values at Sites 1 and 3, while at Sites 2, 4 and 5 salinity in
the nearshore was higher than the mean values (Figures 6, 9, 12, 15 and 18). Excursions from
the mean values have been observed in past surveys, most notable in the December 2007
survey which was conducted three days after a major storm front moved through the area
(rainfall to the area was recorded at 2.95 inches in a 24 hour period).

With the exception of Site 4, turbidity measurements during March 2011 were higher than the
mean values. Measurements of Chl a at Site 3 had higher than mean values during March
2011 in samples collected within 50 m of the shoreline (Figure 12). Temperature during March
2011 was higher than the mean values near the shoreline at all stations (Figures 6, 9, 12, 15
and 18).

These comparisons suggest that while there are some differences between surveys; water
chemistry of the nearshore zone at Sites 1 and 4 was influenced by greater groundwater efflux
during the March 2011 survey compared to the average values of surveys conducted in past
years. In addition, the concentrations and gradients in nutrients that occur at Site 5, located
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beyond the influence of the Wailea Resort and other development in Wailea, were similar to the
patterns on the transects located offshore of two of the sites off the Wailea Golf Courses (Sites 3
and 4). Therefore, it is apparent that the golf course operations are not solely responsible for
changes that might be depicted in water quality.

D. Conservative Mixing Analysis

A useful treatment of water chemistry data for interpreting the extent of material input from land
involves a hydrographic mixing model. In the simplest form, such a model consists of plotting
the concentration of a dissolved chemical species as a function of salinity. Comparison of the
curves produced by such plots with conservative mixing lines provides an indication of the origin
and fate of the material in question (Officer 1979, Dollar and Atkinson 1992, Smith and
Atkinson 1993). Figure 19 shows plots of concentrations of four chemical constituents (Si, NO;’,
PO,* and NH,*) as functions of salinity for the samples collected at each site in March 2011.
Figures 20 and 21 show similar plots with historical data compared with the most recent survey.

Each graph also shows conservative mixing lines that are constructed by connecting the end-
member concentrations of open ocean water and groundwater from irrigation wells upslope of
the sampling area. The conservative mixing line for Figure 19 was constructed using water from
Irrigation Well No. 5 located to the northwest of the project area (sampled on February 11,
2009), and from the average concentrations of ocean water collected from near the bottom at
the sampling locations 150 m offshore.

If the parameter in question displays purely conservative behavior (no input or removal from
any process other than physical mixing), data points should fall on, or very near, the
conservative mixing line. If, however, external material is added to the system through processes
such as leaching of fertilizer nutrients to groundwater, data points will fall above the mixing line.
If material is being removed from the system by processes such as uptake by biotic metabolic
processes, data points will fall below the mixing line.

Dissolved Si represents a check on the model as this material is present in high concentration in
groundwater, but is not a major component of fertilizer. In addition, Si is not utilized rapidly
within the nearshore environment by biological processes. It can be seen in Figure 19 that all
data points from Sites 1-5 fall in a linear array on, or very close to the conservative mixing line
for Si. Such linearity indicates that groundwater (as defined by the concentration of Sl) entering
the ocean at these sites is a nearly pure mix of groundwater similar to that from Well No. 5,
and open coastal water. It can be seen in Figure 20 that while data points from the present
survey in March 2011 lie close to the conservative mixing line, deviations in concentrations of
silica as functions of salinity have occurred in previous surveys. Such deviations of data points
above the mixing line suggest input of other sources of groundwater enriched in Si relative to
groundwater from Well No. 5.

The plots of NO, versus salinity reveal a pattern that is not similar to Si, as data points from
transect fall on three separate mixing lines. Data points from transects 2 and 4 lie on a straight
line that is slightly above the conservative mixing line, while points from transects 1 and 3 fall
on a line slightly below the conservative mixing line. The data points from transect 5, which is
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considered the control site fall substantially farther below the mixing line than any of the other
four transects (Figure 19). A similar pattern is evident over the course of sampling in Figure
20, where many of the NO, data points from transects 1, 3 and 5 during previous surveys fell
below the mixing line. The reduced slope of the line prescribed by the data points from these
areas suggest the possibility of removal of NO;™ by turfgrass on the golf course following
irrigation, and subsequent leaching to the groundwater.

The linear relationship of the concentrations of NO;™ as functions of salinity indicates little or no
detectable uptake of this material in the marine environment (e.g., no upward concave
curvature of the data lines). Lack of uptake indicates that NO; is not being removed from the
water column by metabolic reactions that could change the composition of the marine
environment, particularly with respect to increased abundance of phytoplankton or benthic
algae. Rather, the nutrients entering the ocean through groundwater efflux are dispersed by
physical mixing processes. In addition, the distinct vertical stratification that is usually evident to
a distance of at least 100 m from the shoreline suggests that water with increased
concentrations of NO;™ as a result of groundwater input are limited to a buoyant surface plume
that does not mix through the entire water column. As a result, these analyses provide valid
evidence to indicate that the increased nutrients fluxes from land have little potential to cause
alteration to benthic biological community composition or function.

It has been documented in other locales in the Hawaiian Islands (e.g., Keauhou Bay on the Big
Island) where similar nutrient subsidies from golf course leaching occur that excess NO;™ does
not cause changes in biotic community structure (Dollar and Atkinson 1992). It was shown at
Keauhou that owing to the distinct vertical stratification in the nearshore zone, the excess
nutrients do not normally come into contact with benthic communities, thereby limiting the
potential for increased uptake by benthic algae. In addition, the residence time of the high
nutrient water was short enough within the embayment to preclude phytoplankton blooms. As a
result, while NO,™ concentrations doubled in Keauhou Bay as a result of golf course leaching for
a period of at least several years, there is no detectable negative effect to the marine
environment. Owing to the unrestricted nature of circulation and mixing off the Wailea site with
no confined embayments it is reasonable to assume that the excess NO; subsidies that are
apparent in the ongoing monitoring will not result in alteration to biological communities.
Inspection of the region during the monitoring surveys indicates that indeed, there are no areas
where excessive algal growth is presently occurring, or has occurred in the past.

The other form of dissolved nitrogen, NH,*, does not show a linear pattern of distribution with
respect to salinity (Figure 19). Several of the samples with high (34-35%o) salinity also displayed
high concentrations of NH,*, particularly at Transect Sites 2, 3 and 5. In contrast fo the position
of NO;" data points at nearshore sampling stations at Site 1 close to the mixing line,
concentrations of NH," at these sampling sites fell far below the mixing line. The lack of a
correlation between salinity and concentration of NH,* suggests that this form of nitrogen is not
present in the marine environment as a result of mixing from groundwater sources (Figure 19).
Rather, NH,* appears to be generated by natural biological activity in the ocean waters off of
Wailea.

Phosphate phosphorus (PO,*) is also a major component of fertilizer, but is usually not found to
leach to groundwater to the extent of NO;’, owing to a high absorptive affinity of phosphorus in
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soils. It can be seen in Figure 19 that there is a correlation between PO,* and salinity, with
linearity similar to that of Si and NOj™. In the cumulative data, most of the data points at
salinities below 32%o from all the sites fall on or below the conservative mixing line (Figure 21).
These results suggest that the operation of the golf course is not resulting in increased
concentrations of PO,* in the nearshore zone.

E. Time Course Mixing Analyses

While it is possible to evaluate temporal changes from repetitive surveys conducted over time in
terms of concentrations of water chemistry constituents (See Section D), a more informative and
accurate method of evaluating changes over time is to utilize the results of scaling nutrient
concentrations to salinity. As discussed above, the simple hydrographic mixing model consisting
of plotting concentrations of nutrient constituents versus salinity eliminates the ambiguity
associated with comparing nutrient concentrations of samples collected at different stages of
tide and sea conditions. Tables 6-8 show the numerical values of the Y-intercepts, slopes, and
respective upper and lower 95% confidence limits of linear regressions fitted through the data
points for Si, NO;", and PO,* as functions of salinity for each year of monitoring at Transect
Sites 1-5.

The magnitude of the contribution of nutrients to groundwater originating from land-based
activities will be reflected in both the steepness of the slope and the magnitude of the
Y-intercept of the regression line fitted through the concentrations scaled to salinity (the
Y-intercept can be interpreted as the nutrient concentration that would occur at a salinity of zero
if the distribution of data points is linear). This relationship is valid because with increasing
contributions from land, nutrient concentrations in any given parcel of water will increase with
no corresponding change in salinity. Hence, if the contribution from land to groundwater
nutrient composition is increasing over time, there would be progressive increases in the
absolute value of the slopes, as well as the Y-intercepts of the regression lines fitted through
each set of nutrient concentrations plotted as functions of salinity. Conversely, if the
contributions to groundwater from land are decreasing, there will be decreases in the absolute
values of the slopes and Y-intercepts.

Plots of the values of the slopes (Figure 22) and Y-intercepts (Figure 23) of regression lines fitted
though concentrations of Si, NO;  and PO,* scaled to salinity during each survey year provide
an indication of the changes that have been occurring over time in the nearshore ocean off
Wailea. As stated above, Si provides the best case for evaluating the effectiveness of the
method, as Si is present in high concentration in groundwater but is not a component of
fertilizers. NO,” and PO, are the forms of nitrogen and phosphorus, respectively, found in high
concentrations in groundwater relative to ocean water, and is the major nutrient constituents
found in fertilizers.

Examination of Figures 22 and 23, as well as Tables 6-8 reveal that none of the slopes or Y-
intercepts of Si or NO; from 2005 to 2011 at any of the transect sites exhibit any indication of
progressively increasing or decreasing values over the course of monitoring. The term
“REGSLOPE” in Tables 6-8 denotes the values of the slopes and 95% confidence limits of linear
regressions of the values of the yearly slopes and Y-intercepts as a function of time. In all cases,
the upper and lower 95% confidence limits of the REGSLOPE coefficients are not significantly
different than zero, indicating that there is no statistically significant increase or decrease in the
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salinity-scaled concentrations of Si, NO; and PO,> over the course of the monitoring program
(Tables 6-8). Notable excursions in the confidence limits for Sites 2 and 4 occurred during 2005
and 2008 (Tables 6 and 7). The weak linear relationship between Si, NO,™ and salinity in these
instances were possibly a result of extreme physical mixing of the water column during those
surveys.

Patterns in the time course mixing analysis for PO,* are not as definitive as for Si and NO;". The
inconsistent linearity between PO,* and salinity between sites and surveys result in a wide
variation in the confidence limits. Overall, the lack of any significant slope from zero indicates
that there have been no increases or decreases in nutrient input to the ocean from the project
site over the course of monitoring (2005-2011).

F. Compliance with DOH Standards

Tables 1 and 2 also show samples that exceed DOH water quality standards for open coastal
waters under “wet” and "dry" conditions. The distinction between application of wet and dry
criteria is based on whether the survey area is likely to receive less than (“dry”) or greater than
(“wet") 3 million gallons of freshwater input per mile per day. DOH standards include specific
criteria for three situations; criteria that are not to be exceeded during either 10% or 2% of the
time, and criteria that are not to be exceeded by the geometric mean of samples. Comparison
of the 10% or 2% of the time criteria for the small data set presently acquired is not statistically
meaningful. However, comparing sample concentrations to these criteria provide an indication
of whether water quality is near the stated specific criteria.

Boxed values in Tables 1 and 2 indicate measurements which exceed the DOH 10% standards
under “dry” conditions, while boxed and shaded values show measurements which exceed
DOH 10% standards under “wet” conditions. About half of the sixty samples collected were
above the 10% criteria for NO; under “dry” or "wet" conditions in the March 2011 survey
(Table 1). Most of the previous surveys have also had a high percentage of the samples
exceeding the 10% limit for NO;. In addition to NO;, thirteen measurements of NH,*, two
measurements of TP, twenty measurements of TN, six measurements of turbidity and nine
measurements of Chl a exceeded the 10% DOH criteria under “wet” conditions in March 2011.

Tables 3 and 4 show geometric means of samples collected at the each sampling location
during the eight increments of the monitoring program conducted to date. Also shown in these
tables are the samples that exceed the DOH geometric mean limits for open coastal waters
under “dry” (boxed) and “wet” (boxed and shaded) conditions. All but one surface water
measurements of NO;", and nearly all measurements of NH,*, TN and Chl a exceeded the
DOH geometric mean standards for dry conditions. Conversely, only a few of the geometric
means of TP and turbidity were exceeded under dry conditions. It is important to note that a
similar pattern of exceedance of geometric means occurred at Site 5 compared to the other four
sites. As described above, Site 5 is considered a control that is located beyond the influence of
the golf courses or other major land uses. The large number of water chemistry values that
exceed the DOH criteria at Site 5, and the similarity in the pattern of these exceedances relative
to the four Sites located directly off the existing Wailea Golf Courses and the Honua“ ula site
indicate that other factors, including natural components of groundwater efflux, are responsible
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for water chemistry characteristics to exceed stated limits. Thus, the elevated concentrations of
water chemistry constituents at sampling stations offshore of the developed Wailea area cannot
be attributed completely to anthropogenic factors associated with land use development. As
naturally occurring groundwater contains elevated nutrient concentrations relative to open
coastal water, input of naturally occurring groundwater is likely a factor in the exceedances of
DOH standards which do not include consideration of such natural factors.

IV. SUMMARY

¢ The eighth phase of the water quality monitoring program for the planned Honua‘ula
project was carried out in March 2011. Sixty ocean water samples were collected on
four transects spaced along the projects ocean frontage and one transect located outside
of the project area. Site 1 was located at the southern boundary of the Gold Course (Five
Graves), Site 2 was located near the central part of the Emerald Course (Palau’ea
Beach), Site 3 was located off Palau’ea Beach downslope from the juncture of the
Emerald and Blue Courses, and Site 4 was located off Ulua Beach near the northern
boundary of the Blue Course. Site 5 served as a control, and was located near the
northern end of the ‘Ahihi-kina’u Natural Area Reserve approximately four km to the
south of the Wailea golf courses. Transects extended from the shoreline out to the open
coastal ocean. Water samples were analyzed for chemical criteria specified by DOH
water quality standards, as well as several additional criteria. Water sample data
collected in February 2009 from seven irrigation wells and a golf-course reservoir in the
Wailea area upslope of the sampling area are given for comparison.

e Water chemistry constituents that occur in high concentration in groundwater (Si, NOy',
TN and PO,*) displayed sloping horizontal gradients with highest concentrations nearest
to shore and decreasing concentrations moving seaward. Salinity showed the opposite
trend, with lowest values closest to shore, and increasing values with distance seaward.
Gradients were steepest within 10 m of the shoreline, and generally extended 50 — 100
m offshore. The steepest nearshore gradients, indicating the highest input of
groundwater at the shoreline occurred at Site 1 (Five Graves), while the weakest
gradients occurred at Sites 2 (Palau’ea Beach) and Site 5 (‘Ahihi-kina‘u). The steep
horizontal gradients at all sampling sites signify mixing of low salinity/high nutrient
groundwater that discharges to the ocean at the shoreline and high salinity/low nutrient
ocean water.

e Vertical stratification of the water column was also clearly evident at all sites for the
chemical constituents that occur in high concentrations in groundwater relative to ocean
water. Vertical stratification indicates that physical mixing processes generated by wind,
waves and currents were not sufficient to completely break down the density differences
between the buoyant low salinity surface layer and denser underlying water.
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Water chemistry constituents that generally do not occur in high concentrations in
groundwater (NH,*, TOP, TON, Chl q, turbidity) did not display distinct horizontal or
vertical trends.

Scaling nutrient concentrations to salinity indicates that during the March 2011 survey
there was no apparent subsidy of NO,” from human activities on land to the nearshore
ocean at any of the sites. During previous surveys substantial subsidies of NO;," at some
locations had been evident. The likely cause of the subsidies of NO;™ in past surveys was
either leaching of golf course or landscaping fertilizers to groundwater that flows under
the golf courses, or possibly leakage from old septic systems or cesspools that served
residences in the vicinity of Site 1. Such subsidies were not evident in the most recent
monitoring survey.

Linear regression statistics of nutrient concentration plotted as functions of salinity are
useful for evaluating changes to water quality over time. When the regression values of
nutrient concentrations versus salinity are plotted as a function of time, there are no
statistically significant increases or decreases over the seven years of monitoring at any
of the survey sites. The lack of increases in these slopes and intercepts indicate that there
has been no consistent change in nutrient input from land to groundwater that enters the
ocean from 2005 to 2011. Further monitoring will be of interest to note the future
direction of the oscillating trends noted in the last six years.

Comparing water chemistry parameters to DOH standards revealed numerous
measurements of NO;™ exceeded the DOH "not to exceed more than 10% of the time"
criteria for both wet and dry conditions of open coastal waters. Numerous values of
NO;, NH,*, TN, Chl g, and to a lesser extent TP and turbidity, exceeded specified limits
for geometric means. Such exceedances occurred at all survey sites, including the control
site which is not influenced by the golf courses or other large-scale land uses. Such
results indicate that the exceedances of the geometric mean water quality standards are
not solely associated with golf course operation or other anthropogenic land uses.
Rather, natural groundwater discharge can cause water chemistry characteristics to
exceed DOH standards.

The next phase of the Honua’ula monitoring program is scheduled for the the last
quarter of quarter of 2011.
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FIGURE 1. Aerial photograph of Wailea area showing boundaries of Honua ula Project (in yellow) and locations of marine water
quality sampling transects. Transect W-5 is considered a control and is located in the 'Ahihi-kina'u Natural Area Reserve approximately
four km south of the Honua“ula Project site.

TABLE 1.Water chemistry measurements from ocean water samples collected in the vicinity of the Honua'ula project site on March 6, 2011.
Abbrevi as follows: DFS=di from shore; S=surface; D=deep, BDL=below detection limit. Also shown are the State of Hawaii,
Department of Health (DOH) "not to exceed more than 10% of the time" and "not fo exceed more than 2% of the time" water quality standards
for open coastal waters under "dry" and "wet* conditions. Boxed values exceed DOH 10% "dry" standards; boxed and shaded values exceed DOH
10% "wet' standards. For sampling site locations, see Figure 1.

TRANSECT[ DFS [pertH[ PO4  NO3 | NH4 | Si | TOP  TON| TP TN | TURB | SALNITY CHLa TEMP  pH 02
sie m | | @M M) M) M M) | @M) | @M) | @M) | (NTU) (ppt 19/l) (deg.C) (sdunity) % Sot
0S[ O.1| 1.13[_177.5] 0.54] 363.1 0.21 10.08] _1.34] 188.1] 0./1] 7.144 | 2.43] 268  8.06 100.0
25| 01| 085] 1226 001 2229 018 6.68 1.03] 1293 048 19117 077] 27.0 8.13 99.0
55| 01| 037[_5212| 0.16 92.01 021 630 058 _58.58] 0.35 29.164 023 268 820 986
5D| 1.0| 020[ 2046 0.10 41.95 025 594 045 2650 024 32535 0.9 253 822 97.6
- 10| 01| 017[17.12| 0.11 34.48 025 587 042[ 23.00| 0.14 32.986 0.13 255 820 975
i 10D0| 1.7| 000717 021 1561 027 621 037[ 1359 022 34.189 0.0 254 818 97.6
= 505 0.1| 0.10[_450] 0.15 9.09 027 598 037 10.63 0.15 34.586 0.47 245  8.09 97.0
= 50D| 44| 006 024 018 1.67 026 514 032 556 012 35105 0.16 248 814 972
100S| 01| 006 023 004 150 028 662 034 689 012 35123 010 249 815 958
100D| 62| 004 017 014 128 027 603 031 634 016 35137 009 249 816 957
150S| 0.1 005 019 012 123 031 575 036 606 008 35086 008 249 815 954
150D| 11.7] 007 010 011 136 030 641 037 662 009 35099 007 249 815 94.5
0S| 0.1| 0.08[_14.05] 1.59] 21.33] 0.45 9.82 0.53] 2546] 048 33.979 037 27.9  8.36 1004
25| 01| 013 _11.68] 0.60| 18.88 029 547 0.42| 17.75] 024 34171 0.6 263 823 99.4
55| 01| 0.10[__951] 0.08 1352 028 568 038 _15.27] 0.28 34.385 0.7 264  8.18 99.4
5D 1.0| 0113827 029 533 028 612 039 9.8 024 34862 033 262 8151019
o 10| 01| 007 _1.21] 003 3.0 029 7.43 036 867 011 35038 008 246 812 1007
b 10D| 20| 013 028 005 1.81 030 619 043 652 012 35092 0.13 247 814 99.4
z 50S| 01| 004 015 008 208 027 511 031 534 012 35109 0.14 248 814 99.7
= 50D| 49| 0.08 148 030 472 038 520 012 35125 0.10 248 815 974
100s| 02| 009 117 029 518 038 577 009 35129 009 248 816 964
100D| 87| 0.08 004 013 1.9 030 541 038 558 013 35117 021 249 816 97.3
150S| 01| 004 003 027 1.32 030 594 034 624 011 35122 012 249 816 962
150D| 14.4| 0.06 01[71:03] 120 029 518 035 622 012 35.148 249 817 964
0S| o1 o028 61| 0.86] 47.14 034 578 0.62 25| 1.40] 31.599 273 8.17100.4
25| 01| 027 01| 028 31.16 033 633 0.60 ; 1.19| 32917 12 26.1 817 101.6
55 01| 017 78| 019 29.79 036 7.36 053 . 0.86] 33.065 26.1 8.17 1015
5D| 1.0 0.32[ T411] 1.05] 31.18 032 840 0.4 56| 0.80] 33.029 26.1 8.17101.7
o 10s| 01| 015558 0.37] 1291 028 672 043 67| 0.46 34.288[ 0.80| 26.1 8.17| 98.7
P 10D 1.0| 019473 012 11.35 038 7.10 057 11.95 049 34.39%4 26.1 8.17 98.2
z 505| 01| 009331 0.14 889 027 595 036 940 0.17 34.675 246 812 984
= 50D| 40| 011 31 029 239 031 681 042 741 018 35060 247 815 982
100S| 01| 010 071 BDL 293 031 612 041 683 0.17 35034 24.6 814 99.3
100D| 61| 015 015 001 179 035 592 050 608 0.3 35087 248 816 99.1
1508| 01| 013 020 013 170 037 7.7 050 750 0.1 35.093 248 816 97.5
150D| 11.2| 0.5 0.2[ 0.40] 1.45 037 528 052 580 0.14 35097 0.46 248  8.16 96.5
0S| 0.1 0.13][_27.54] 0.07 35.11 0.37 834 0.50] 8595 029 32.927[ 0.59] 27.1 8.21103.0
25| 01| 006 _23.93| 0.06 31.83 031 699 037] 3098 020 33.236 030 269  8.22 1002
55 01| 014[_7.02| 0.04 11.69 036 674 050 _13.80| 0.17 34.524 022 268 823 1013
5D 10| 009_218] 001 494 030 614 039 833 020 34915 019 265 820 100.4
< 10| 01| 004 017 025 1.08 031 546 035 588 014 35119 021 248 817 100.1
g 10D[ 1.0| 011 022 004 1.37 039 632 050 658 0.0 35145 007 248 816 99.3
= 50S| 01| 005 005 007 141 029 740 034 752 011 35118 013 248 817 99.3
= 50D| 52| 006 006 012 138 031 686 037 7.04 008 35144 013 249 817 99.1
100S| 01| 009 002 BDL 134 031 648 040 650 009 35135 013 249 817 993
100D| 9.8| 011 006 8 128 039 564 050 578 010 35123 009 249 817 983
1508 01| 011 0.02 1.32) 037 6.58 048 7.3 007 35120 0.18 249 817 97.2
150D| 12.3| 0.04 L 135 031 540 035 540 0.09 35145 0.09 248 817 969
0S| o[ 035 101] 8587 0.32] 4.89 0.67] 21.74] 0.54] 30.748 0.26 268  8.20 100.4
25| 01| 034 0.06 83.08 0.32 607 0.66] 21.39] 039 30.946 0.18 263 820 100.3
55 01| 029 0.10 62.68 032 622 061 17.37] 026 32.041 020 257 819 101.2
5D 1.0| 0.25 0.05 49.46 034 614 059 14.54] 022 32737 027 258  8.18 100.4
) 08| 01| 012 0.38] 7.56 028 4.55 040 572 016 34906 009 253 810 99.2
S 10D 20| 013 0.07 7.1 027 526 040 614 018 34884 013 253 811 99.4
= 508 0.1 013 0.18/ 16.60 029 556 042 934/ 015 34.407 012 247 812 97.2
= 50D| 44| 009 025 003 271 029 540 038 568 012 35059 007 247 811 963
100S| 01| 008 012 007 1.8 029 577 037 596 015 35063 007 247 813 955
100D| 6.4 010 011 004 268 028 657 038 672 016 35035 0.10 247 812 96.2
150S| 01| 009 012 006 231 028 573 037 591 0.0 35049 008 247 814 959
150D] 77| 0.07 0.04[149] 211 029 4.67 036 620 0.2 35043 0.08 247 815 95.3
bRy | 10% 071 036 0.96] 12.86 0.50 R 050 ..

DOH WQS 2% 143 0.64 145 17.86 1.0 1.00
wer | 10% 1.00 | 0.61 129 1785 1.25 R 090 ..

2% 178 1.07 193 2500  2.00 1.75

* Salinity shall not vary more than ten percent form natural or seasonal changes considering hydrologic input and oceanographic conditions.
** Temperature shall not vary by more than one degree C. from ambient conditions.

***pH shall not deviate more than 0.5 units from a value of 8.1.

****Dissolved Oxygen not to be below 75% saturation.



TABLE 2. Water chemistry measurements from ocean water samples (in 11g/1) collected off the Honua'ula project site on March 6, 2011. Abbreviations as follows:
DFS=distance from shore; S=surface; D=deep, BDL=below detection limit. Also shown are the State of Hawaii, Department of Health (DOH) "not to exceed more
than 10% of the time" and "not to exceed more than 2% of the time" water quality standards for open coastal waters under "dry" and "wet" conditions. Boxed values
exceed DOH 10% "dry" standards; boxed and shaded values exceed DOH 10% *wet' standards. For sampling site locations, see Figure 1.

TABLE 3. Geometric mean data from water chemistry measurements (in M) collected at five sites off of Honua'ula, Wailea, Maui since the incepfion of monitoring in
June 2005 (N=8). For geomefric mean calculations, defection limits were used in cases where sample was below defection limit. Abbreviations as follows:
DFS$=distance from shore; S=surface; D=deep. Also shown are State of Hawail, Department of Health (DOH) geometric mean water quality standards for open
coastal waters under *dry" and "wet" conditions, Boxed values exceed DOH GM 10% "dry* standards; boxed and shoded values exceed DOH GM 10% "wet"
standords. For sampling site locations, see Figure 1.

TRANSECT | DFS DEPTH | PO4  NO3 NH4 Si TOP  TON | 1P TN | TURB | SALINITY  CHLa | TEMP | pH 02
SITE (m) (m) | wg/t)  (ug/\ /) /0 /) /| /) (wg/l) | (NTU) (ppt) | (ug/l) |(deg.C) (sdunits) % Sat
0S 0.1 35.00 2486] 7.56] 10204 650 141.2[41.50] 2635] 0.71] 7.144| 2.43] 268 8.06 100.0

28 0.1]26.33 1718 0.14 6264 558  93.6[31.90] 1811] 048 19.117 27.0 813 99.0

55 0.1]11.46 |__730. 2.24 2585 650 882 17.96| 820.5| 0.35 29.164 023 268 820 986

5D 10| 619[_2866] 1.40 1179 774 832 1394 371.2| 024 32535 019 253 822 97.6

- 108 0.1 | 527239, 154 9689 7.74 822 13.01 [ 3235| 014 3298 013 255 820 975
5 10D 17| 3.10[_1004 294 4386 836 87.0 11.46[ 1903| 022 341890 0.0 254 818 97.6
z 50S 0.1| 3.10[63.08 2.0 2554 836 838 11.46 1489 0.15 34586 047 245 809 97.0
= 50D 44| 1.86 336 252 4693 805 720 991 77.87 012 35105 0.16 248 814 972
100 0.1 1.86 322 056 4215 867 927 1053 9650 012 35123 010 249 815 958

100D 62| 1.24 2.38 1.96 3597 836 845 9.0 8880 0.6 35137 009 249 816 957

150 01| 1.55 266 1.68 3456 960 805 11.15 84.88 008 35086 008 249 815 954

150D 11.7] 217 140 154 3822 929  89.8 11.46 9272 0.09 35099 007 249 815 945

0S 01| 248 968 22.27] 599.4 13.94 1375 1642 B3566] 0.48 33979 037 279 836 100.4

25 01| 4.03 63.6| 840 5305 898 766 13.01| 2486 024 34171 016 263 823 994

55 01| 310 332 1.2 3799 867 79.6 11.77|_213.9] 028 34.385 0.17 264 8.18 | 99.4

5D 10| 341[_4580| 406 149.8 867 857 1208 1356 024 34862 033 262 815 1019

o~ 108 01| 217 [_1695] 042 8711 898 1041 11.15 1214 011 35038 246 812 100.7
5 10D 20| 4.03 392 070  50.86 929 867 13.32 91.32 0.2 35.092 247 814 99.4
= 50S 01| 1.24 200 112 5845 836 716 9.60 7479 012 35109 248 814 99.7
= 50D 49| 248 224 448 4159 929 661 11.77 7283 012 35125 248 815 97.4
100'S 02| 279 0.84 3288 898 72.6 11.77  80.81 | 0.09 35129 24.8 8.16 96.4

100D 8.7| 2.48 0.56 182 3344 929 758 1177 7815 013 35117 249 816 973

150 01| 1.24 0.42 78 37.09 929 832 1053 87.40 0.1 35122 249 816 962

150 D 14.4| 1.86 14[7443] 3372 898 72.6 10.84 8712 0.2 35148 249 817 96.4

0S 0.1 867 0.7] 12.05] 1325 1053 81.0 19.20 423.7] 1.40] 31.599 273 8.7 1004

25 0.1 836 0.2 92| 8756 1022 887 18.58 [ 302.8] 1.19] 32.917 26.1 8.17 101.6

55 01| 527 3.0| 266 8371 11.15 1031 16.42 [ 298.7] 0.86]| 33.065 26.1 8.17 1015

5D 10 991 7.6| 1471] 8762 991 1177 19.82_330.0] 0.80] 33.029 26.1 8.17 101.7

© 108 01| 465[_7815] 518 362.8 867 941 1332 1775 046 34.288 26.1 817 987
5 10D 10| 588[_6625| 168 3189 1177 994 17.65 1674 049 34394 26.1 817 982
z 508 01| 279[[4636] 196 2498 836 833 11.15 1317 0.7 34.675 246 812 984
= 50 D 40| 3.41 434 406 6716 9.60 954 1301 1038 0.8 35060 0.10 247 815 982
100S o1 310 9.94 BDL 8233 9.0 857 1270 9566 0.17 35034 009 246 814 993

100 D 6.1 4.65 20 0.4 5030 1084 829 1549 8516 0.3 35087 009 248 816 99.1

150 0.1| 4.03 2.80 1.82 47.77 11.46 1004 1549 1050 0.11 35093 037 248  8.16 975

150D 11.2] 4.65 68 560] 4075 11.46 740 1611 81.23 0.4 35097 046 248 816 965

0s 0.1 4033857 098 986.6 11.46 1168 1549 508.5] 029 32.927 [ 0.59] 27.1 821 103.0

25 0.1 1.86 335 0.84 8944 9.60 97.9 11.46[ 4339 020 33236 030 269 822 1002

55 0.1| 4.34 [ 983 056 3285 11.15 944 1549 1933] 0.17| 34524 022 268 823 101.3

5D 10| 279305 014 1388 929 860 1208 1167 020 34915 019 265 820 100.4

< 108 01| 1.24 2.3 350 3035 9.60 765 10.84 8236 0.4 35119 021 248 817 100.1
= 10D 10| 341 308 056 3850 1208 885 1549 9216 0.0 35145 007 248 816 993
z 50S 01| 1.55 070 098  39.62 898 103.6 1053 1053 0.1 35118 013 248 817 993
= 50D 52| 1.86 0.84 168 3878 9.60 961 11.46 9860 0.08 35144 013 249 817 99.1
100 01| 2.79 0.28 BDL  37.65 9.60  90.8 1239 91.04 009 35135 013 249 817 99.3

100 D 9.8| 3.41 0.84 102 3597 1208  79.0 1549 8095 0.0 35123 009 249 817 983

150'S 0.1| 3.41 0.28 37.09 11.46 922 14.87 99.86 007 35120 0.18 24.9 8.17  97.2

150 D 123] 1.24 BDL BDL 3794 960 756 10.84 7563 009 35145 0.09 248 8.17 969

0S 0.1[ 1084 20.5] 1555] 24129 991 685 20.75] B8045] 0.54] 30748 026 268 820 100.4

25 0.1 {1053 13.7] 084 23345 991 850 20.44 [ 299.6] 039 30.946 0.8 263 820 1003

55 01| 898 548| 1.40 17613 991 87 1889 2433| 026 32041 020 257 819 101.2

5D 10| 7.74 170] 070 1389.8 10.53  86.0 18.27 [ 203.6| 022 32737 027 258  8.18 100.4

o 108 01| 372 106 532] 2124 867 637 1239 8011 016 34906 009 253 810 99.2
5 10D 20| 403 1134 098 1998 836 737 1239 8600 0.8 34884 013 253 811 994
S 508 0.1| 4.03[_5042| 252 4665 898 779 1301 1308 0.5 34.407 012 247 812 972
= 50D 44| 2.79 350 042 7615 898 756 1177 7955 012 35059 007 247 811 963
100 0.1 2.48 168 098 5227 898 80.8 11.46 8348 0.5 35063 007 247 813 955

100D 64| 3.10 154 056 7531 867 920 1177 9412 016 35035 0.10 247 812 962

150 01| 2.79 168 0.84 6491 867 80.3 11.46 8278 0.10 35049 008 247 814 959

150 D 7.7] 217 056 [20.87] 59.29 898 654 11.15 8684 012 35043 008 247 815 953

DRY 10%  10.00 | 5.00 30.00  180.0 | 0.50 R 050 | ..

DOH WS 2% 2000  9.00 4500 250.0  1.00 1.00
WET 10% 1400 | 8.50 40.00 250.0 | 1.25 R 090 ..
2% 2500  15.00 60.00 350.0  2.00 1.75

* Salinity shall not vary more than ten percent form natural or seasonal changes considering hydrologic input and oceanographic conditions.
** Temperature shall not vary by more than one degree C. from ambient conditions

***pH shall not deviate more than 0.5 units from @ value of 8.1

****Dissolved Oxygen not fo be below 75% saturation

TRANSECT | DFS | DEPTH| PO4 NO3  NH4 Si TOP TON 1P TN TURB SALNMY CHLa TEMP  pH 02
SITE m) | (m) | M) @M M) @M M) M) M) M) (NTU)  (ppi) /) (deg.C) (std.units) % Sat
0S 1] 0.23] 70491 0.33] 127.7 028 7.16[ 0.60] 84.53] 0.24] 26.11 811 104.93
25 1| 0.21[4937] 008 9390 030 7.93[ 058 61.37] 0272] 26.14 814 104.49
55 1| 008[ 1817] 005 3895 028 822 041 2954 0.19 2589 813 103.64
5D 25| 012 80| 0.26] 2351 029 855 0.44[ 2001| 0.3 2592 813 103.53
- 108 1| 008[ _7381] 0.7] 1835 028 795 0.38[ 17. 0.17 26.00 812 10556
b 10D 3| 007 258| 022| 795 029 7.8 037 0.14 2590 812 104.95
= 508 1| 006 342] 027] 942 030 811 036 } 0.14 2577 812 101.46
= 50D 45| 007 029 013 223 030 7.81 0.38 48] 0.1 2563 812 96.97
100 1| 0.07[226] 019] 7.03 0 7.8 038 12.07] 0.12 2590 813 9859
100D 10 0.04 _0J2[ 015| 176 029 7.87 035 31| o1 2563 813 96.05
1508 1| 0.05[070] 025| 322 031 879 038[ 10.60] 0.16 2595 812 96.89
150D 15| 006 007] 07| 149 031 824 038 2559 813 9507
0S 1| 014[2820] 0.4 3646 024 640 054 2639 814  98.80
25 1| 017 [1503] 0.18] 2478 028 7.04 052 2615 814 100.11
58 1| 010 74| 05| 1265 029 7.86 041 2620 813  100.42
5D 25| 012 71| 020| 7.86 029 7.8 043 2614 814 100.88
o~ 108 1| 0.08 70 017 621 030 889 040 2592 813 100.20
5 10D 3| 0.06 04 018 366 030 7.35 038 25.94 813 100.18
= 508 1| 0.07 29| 013 620 027 767 036 2588  8.14  97.71
= 50D 4.5 0.09 14| 028] 181 028 703 039 25.67 814 9416
00 1| 009 [079] 027] 333 030 792 041 2572 814 9619
100D 10| 007 _005] 08| 143 030 705 038 2565 815 9503
508 1| 006[026] 07| 267 029 773 036 2610 814 9633
150D 15| 006 0.04] 025] 140 029 782 036 25.64 815  94.90
0S 1| 014]_9.839| 044 2549 032 827 049 2641 815  99.21
25 1| 013[_542] 029] 1552 031 722 045 2624 814  99.27
55 1| 0.09 24| 024 1022 031 719 041 26.44 814  99.25
5D 25| 012 27| 0.37] 1040 030 812 0.44 2643 814  99.18
o 108 11 om 67| 028 11.96 028 7.2 041 2643 813 9811
] 10D 50 0.09 22| 026 896 029 7.44 0.40 2627 814 9833
z 508 11 011 [097] 039] 530 032 844 045 2585 814  97.41
= 50D 10 007 03[ 041 225 033 811 042 2578 815  95.89
100S 1| 007[[079] 021] 437 031 802 039 25.96 814  97.25
100D 15| 007 _005 013 174 032 825 040 2569 815 9527
150 1| 007[_033] 028] 274 031 751 039 2596 814  94.81
150 D 20| 007 008| 03| 153 030 7.04 039 2563  8.15  93.96
0S 1| 070[0714] 021] 2876 030 778 0.44 2625 813 101.62
25 1| 007 [ 11.63] 0.17] 2052 032 833 042 26.43 815 101.05
58 1| 0.08 83 05| 779 030 7.89 0.41 26.41 815 103.23
5D 25| 0.08 12| 012 648 030 825 039 26.41 815 100.80
< 108 1| 009 070 029] 375 030 898 041 26.10 815 10113
] 10D 3| 011[_045] 0.16] 3.10 031 754 045 26.07 814 100.51
z 508 1| 010[238] 021| 631 031 837 043 2613 812 96.86
= 50D 10| 008 _0J5] 07| 214 027 835 039 2541 814 9352
100'S 1| 008[198] 06| 653 029 7.88 0.40 2608 813  96.49
100 D 15| 009 _0.09] 0J6] 172 033 810 044 2568 814 9481
1508 1| 007[ 03T 05| 284 033 750 042 2618 814 9521
150D 25| 006 003 007 156 033 7.5 0.40 2561 815 9513
0S 1| 023 1709] 057] 8167 030 5.37] 0.3 2563 810  96.85
25 1| 018 [ T4.09] 058 66.96 026 613 [ 059 2576 810  97.99
58 1| 015[622] 048] 3657 030 832 049 2570 811  99.65
5D[ 1.5 007 426] 0. 2601 030 804 0.43 2572 812 99.98
© 08 1| 0.06 [_1.50] 0. 1088 029 7.40 037 2570 810  98.95
5 10D0| 25| o1 [_147] 032] 1074 028 684 0.40 2559 810  97.38
= 508 1| 009 [_1J2] 031] 872 030 736 040[_926| O. 25.44 812 94.61
= 50D 9] 007 _012] 0.19] 316 030 693 039 742 0.3 2543 811 9392
100 1| 0.10[040] 02 591 030 697 042[ _8.06] 0.15 2563 811 9520
100D 14| 006 009 016| 274 029 695 037 752 015 2551 813 94.18
150'S 1| 007 022[ 02 313 029 724 039 0.1 2565 813  95.44
150D 18] 006 004 02 200 030 698 038 759 012 34930 0.5 2554 814  94.65
DOH WQS DRY 025 0.1 052 /.86 020 R 015 ..
GEOMETRIC MEAN | WET 0.36 025 0.64 1071 0.50 0.30
* Salinity shall not vary more than ten percent form natural or seasonal changes considering input and

** Temperature shall not vary by more than one degree C. from ambient conditions.

pH shall not deviate more than 0.5 units from a value of 8.1.




TABLE 4. Geometric mean data from water chemistry measurements (in g/L) collected at five sites off of Honua'ula, Wailea, Maui since the inception of monitoring in June 2005
iiations as follows: DF

(N=8). For geometric mean calculations, detection limits were used in cases where sample was below detection limit.
ic mean water quality standards for open coastal waters under *dry" and *

S=surface; D=deep. Also shown are State of Hawaii, D

of Health (DOH)

conditions. Boxed values exceed DOH GM 10% "dry" standards; boxed and shaded values exceed DOH GM 10% "wet" standards. For sampling site locations, see Figure 1.

e from shore;

TRANSECT | DFS | DEPTH| PO4  NO3  NH4 Si TOP  TON TP ™ TURB SALINTY CHLa TEMP  pH 02
SITE m 1w | ) g /1) /) /) /) /) ug/) _ (NTU)  (ppl)  (ug/l) (deg.C) (sid.units) % Sat
0S 1 702[_9873] 4.62 3586 867 100.3] 18.58 1184] 024] 1901 [ _1.O4] 2611 811 10493
2S 1 650 91.5 1.12 2638 9.29 1M1 [ 17.96 59.5] 0.22] 26.01 | 1.28] 26.14 8.14  104.49
55 1| 247 [2545] 0.70 1094 867 1151 1269 4137] 019  31.25[ 046] 2589 8.3  103.64
5D 25| 371 34.5 64 6604 898 1198 13.62 03| 013  33.18[ 029] 2592 813  103.53
~ 108 1| 247 [ 1024 3 5155 867 1113 1176 42.7| 017  33.62[ 029] 2600 812 10556
i 10D 3| 216 3610 0 2233 898 1094 11.46 15 014 3444 026] 2590 812  104.95
= 50 1| 1.85[ 479 7 264.6 929 1136 1115 56| 014 3430 030] 2577 812 101.46
= 50D| 45| 276 4.06 82 62,64 929 1094 1176 18.8] 0.11 34.84[ 029] 2563 812 9697
100S 1| 2063165 6 1975 588  107.6 1176 890| 012 3437 020] 2590 813 9859
100 D o[ 123 1.68 0 49.44 898 1102 10.84 16.4] 0.11 3492 014 2563 813  96.05
150 S 1| 154 980 350 90.45  9.60 1231 1176 1485 016  3472[0.8] 2595 812  96.89
150 D 15| 185 098] 238 4185 960 1154 11.76 120.3] 010 3493 014 2559 813  95.07
0S 1| 4333249 96 1024 743 89.63_16.72 5982| 020 2589 042] 2639  8.14 98.80
25 1 5262119 52 6961  8.67  98.60[_16.10 99.7| 018  31.43[040] 2615 814  100.11
58 1| 3.09 [ 9440 0 3553 898 1101  12.69 298| 018 3401 [ 026] 2620 813  100.42
5D| 25| 371 7.9 0 2208 898 1101 1331 720| 017  3453[081] 2614 814  100.88
o 108 1| 247 288 2.38 1744 929 1245 1238 675 014  3468[ 017] 2592 813  100.20
5 10D 3| 1.85[ 145 2.24 1028 929 1029 1176 26.1] 013  34.80[ 0.26] 2594 813  100.18
B 508 1| 216 0. 1.82 1742 836 1074 1115 520] 013  34.65[ 0.18] 2588  8.14 97.71
= 50D 45| 278 96 92 50.84 867  98.46 12.07 07.7 012  3495[ 020 2567 814 94.16
005 1| 278 [11.06 78 9354 929 1109 12,69 357] 012 348 015 2572 8.4 96.19
100D 0] 216 70 52 4017 929 9874 1176 035 012 3497 2565 815 9503
508 1| 185364 38 7500 898 1083 1115 245] 013  34.84 2610 814 9633
150D 15| 185 056 5 39.33 898 1095 11.15 164 010 3499 2564 815  94.90
05 1 BEESEDE 1 7160 991 1158 1517 07.9] 030] 31.70 2641 815 9921
25 1| 402 7591 4.0 4360 9.60 1011 1393 2233 0.26| 33.58 2624 8.14 99.27
55 1| 278 4537 3 287.1  9.60 1007  12.69 7.2] 020 3422 2644  8.14 99.25
50| 25| 371 [ _4579] 51 2921 929 1137  13.62 17| 023] 3422 2643 8.14 99.18
) 108 1| 340 40 39 3360 867 9972 12,69 2.4 017 3399 2643 813 98.11
g 10D 5| 278 _31.09| 3.4 2517 898 1042 12.38 548 021] 3439 2627 814 9833
= 508 1| 3.40[1358] 54 1489 991 1182 1393 52| 015 3470 2585 814 9741
= 50D 0] 216 82| 5.74 6320 1022 113.6  13.00 252| 013 349 2578 815 9589
100 1| 296 [06]  2.94 1228 9.0 1123 12,07 135.4| 016 3474 2596  8.14 97.25
100 D 15| 206 070 182 4888 991 1155 12.38 1202] 012  34.95 2569 815 9527
150§ 1| 21648 3.92 7697 960 1052 1207 121.0] 0.14  34.87 2596 8.14 94.81
150D 20| 216 T 4.62 42.98 929 98.60  12.07 1063 0.11 34.97 2563 815  93.96
0S 1| 3.09 240 2.94 8079 929 1090 13.62 480.3] 0.26] 31.61 2625 8.3 101.62
25 1| 206 162 2.38 5764 991 1167 13.00 775 022] 3289 2643 815 101.05
55 1| 247 [3963] 210 2188 929 1105 12.69 803 0.17  34.42 2641 815 10323
5D 25| 247 [ 2989 1.8 1820 929 1155 12,07 885 0.17 3452 2641 815  100.80
<« 108 1| 278 9.80| 4.0 1053 929 1258 12,69 50.6] 0.18 3481 2610 815 10113
i 10D 3| 340|630 24 87.08  9.60 1056 13.93 122.4] 0.4  34.87 2607 814  100.51
= 508 1| 3.09[ 3333 94 1772960 1172 1331 894| 017 3438 2613 812 96586
= 50D 10 247 210 3 6011 836 1170 12,07 258| 0.1 34.94 2541 814 9352
100§ 1| 247 [27.03 24 1834 898 1104 1238 763| 014 3441 2608 813  96.49
100D 15 2.78 1.26 24 4831 1022 1134 13.62 206| 010 3497 2568 814 9481
150 1| 216434 210 79.78 1022 1050 13.00 214] 010  34.86 2618 814 9521
150 D 25| 1.85 042 098 43.82 1022 1001 _ 12.38 1041 010 3495 2561 815 9513
0S T 702 _2394] 7.9 2294 929  75.21] 19.51 421.0] 030] 2827 2563 810  96.85
25 1| 5571987 T 1881 805 8585 1827 71.6] 029 29.44 2576 810  97.99
55 1| 4648700 7 1027 929 1165 1517 30.3] 021 3285 2570 8.11 99.65
5D 1.5 216 59.66 9 7306 929 1126 1331 831 0.6 3358 2572 812 99.98
) 105 ERE:S 7.00 T 3056 898 1064 11.46 34.6| 014 3449 2570 810 9895
] 10D 2.5 3.40[ 205 4.4 301.7 867 9580 12.38 124.2| 014 3453 2559 810  97.38
= 508 1| 278 158 4.34 2449 929 1031 12.38 129.7] 015 3457 2544 812 9461
= 50D 9| 216 1.6 2.66 88.76 929 9706 12,07 7039 013 3489 2543 8.1 93.92
100§ 1| 3.09 560 .08 1660 929  97.62  13.00 129] 015  34.67 15 2563 811 95.20
100D 14 1.85 1.26 24 7697 898 9734 1146 053 0.15 34.88 2551 813 94.18
150§ 1 216 308 22 87.92 898 1014 1207 133] 0.11 3483  0.13 2565 813 9544
150 D 18| 185 056 336 5618  9.29  97.76 _11.76 063 012 3493 015 2554  8.14 94.65
DOH WQ5 DRY 350  2.00 1600  110.00 020 N 0.15 .. -
GEOMETRIC MEAN | WET 500 3.0 20.00 _ 150.00 050 0.30
* Salinity shall not vary more than ten percent form natural or seasonal changes ic input and

** Temperature shall not vary by more than one degree C. from ambient conditions.
***pH shall not deviate more than 0.5 units from a value of 8.1.
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FIGURE 2. Plots of dissolved nutrients in surface (S) and deep (D) samples collected on March 6, 2011
as a function of distance from the shoreline offshore of Honua " ula, Wailea, Maui. For site locations,

see Figure 1
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FIGURE 3. Plots of water chemistry constituents in surface (S) and deep (D) samples collected on
March 6, 2011 as a function of distance from the shoreline offshore of Honua ula, Wailea, Maui.
For site locations, see Figure 1.
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FIGURE 4. Plots of dissolved nutrients measured in surface and deep water samples

as a function of distance from the shoreline at Transect Site 1, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 5. Plots of total and organic nutrients measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 1, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 6. Plots of water quality constituents measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 1, offshore of Honua"ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 7. Plots of dissolved nutrients measured in surface and deep water samples

as a function of distance from the shoreline at Transect Site 2, offshore of Honua ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 8. Plots of total and organic nutrients measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 2, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 9. Plots of water quality constituents measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 2, offshore of Honua"ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 10. Plots of dissolved nutrients measured in surface and deep water samples

as a function of distance from the shoreline at Transect Site 3, offshore of Honua" ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 11. Plots of total and organic nutrients measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 3, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 12. Plots of water quality constituents measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 3, offshore of Honua"ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 13. Plots of dissolved nutrients measured in surface and deep water samples

as a function of distance from the shoreline at Transect Site 4, offshore of Honua" ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 14. Plots of total and organic nutrients measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 4, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 15. Plots of water quality constituents measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 4, offshore of Honua"ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 16. Plots of dissolved nutrients measured in surface and deep water samples

as a function of distance from the shoreline at Transect Site 5, offshore of Honua' ula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 17. Plots of total and organic nutrients measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 5, offshore of Honuaula,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 18. Plots of water quality constituents measured in surface and deep water samples
as a function of distance from the shoreline at Transect Site 5, offshore of I-E)nuc‘ulc,
Wailea, Maui. Data points with connecting lines are from samples collected during the most
recent survey. Bar graphs represent mean values at each sampling station for all surveys
conducted since June 2005 (N=8). Error bars represent standard error of the mean. For site
location, see Figure 1.
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FIGURE 19. Mixing diagram showing concentration of dissolved nutrients from samples collected at five transect sites offshore
of the Honua ula project site in Wailea, Maui on March 6, 2011 as functions of salinity. Straight line in each plot is conservative
mixing line constructed by connecting the concentrations in open coastal water with water from a golf course irrigation well.

For transect site locations, see Figure 1.
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FIGURE 20. Silicate and nitrate, plotted as a function of salinity for surface samples collected since
June 2005 at five sites offshore of Honua® ula, Wailea, Maui. Black symbols represent data from
surveys conducted between June 2005 and July 2010 (N=7). Red symbols are data from the

most recent survey. Solid red line in each plot is conservative mixing line constructed by connecting
the concentrations in open coastal water with water from a golf course irrigation well. For sampling
site locations, see Figure 1.
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FIGURE 21. Phosphate and ammonium, plotted as a function of salinity for surface samples collected

since June 2005 at five sites offshore of Honua ula, Wailea, Maui. Black symbols represent data from
surveys conducted between June 2005 and July 2010 (N=7). Red symbols are data from the most recent
survey. Solid red line in each plot is conservative mixing line constructed by connecting the concentrations
in open coastal water with water from a golf course irrigation well. For sampling site locations, see Figure 1.



TABLE 6. Linear regression stafistics (y-intercept and slope) of surface conc:
ocean fransect sites in the vicinity of Honua'ula collected during monitoring surveys from June 2005 o March 2011. Also shown

are standard errors and upper and lower 95% confidence limits around the y-intercepts and slopes."REGSLOPE" indicates

of silica as fi

of salinity from five

regression statistics for slope of yearly coefficients as a function of time. Surveys were conducted once per year between 2005-
2008 and 2010 (N=7), twice per year in 2009 (N=14) and once, to date for 2011 (N=7). For location of transect sites, see

TABLE 8. Linear regression statistics (y-intercept and slope) of surface concentrations of orthophosphate phosphorus as functions of

salinity from five ocean fransect sites in the vicinity of Honua'ula collected during monitoring surveys from June 2005 to March

2011. Also shown are standard errors and upper and lower 95% confidence limits around the y-intercepts and slopes."REGSLOPE*

indicates regression stafistics for slope of yearly coefficients as a function of time. Surveys were conducted once per year between

2005-2008 and 2010 (N=7), twice per year in 2009 (N=14) and once, to date for 2011 (N=7). For location of transect sites, see

Figure 1.

PHOSPHATE -Y-INTERCEPT

PHOSPHATE - SLOPE

Figure 1.
SILICA -Y-INTERCEPT SILICA - SLOPE
YEAR Coefficients | Std Err  Lower 95% | Upper 95% YEAR Coefficients | Std Err Lower 95% Upper 95%
SITE 1 SITE 1
2005 497.88 3.56 488.73 507.03 2005 -14.29 0.11 -14.57 -14.02
2006 539.75 3.21 1.50 548.00] 2006 -15.51 0.10 -15.76 -15.25
2007 301.46 37.05 206.21 396.70 2007 -8.33 1.18 -11.37 -5.29
2008 441.78 21.87 385.57 497.98 2008 -12.59 0.66 -14.29 -10.90
2009 410.31 16.55 374.24 446.38] 2009 -11.42 0.51 -12.53 -10.31
2010 515.27 7.85 495.09 535.45 2010 -14.78 0.28 -15.49 -14.06
2011 463.22 8.04 442.56 483.88 2011 -13.03 0.27 -13.74 -12.33
REGSLOPE -1.57 16.55 -44.13 40.98] [ReGsLOPE 0.08 0.50 -1.21 1.37
SITE 2 SITE 2
2005 448.61 94.10 206.72 690.51 2005 -12.84 2.72 -19.84 -5.85
2006 445.83 27.79 374.40 517.26| 2006 -12.76 0.81 -14.83 -10.68
2007 605.37 2.41 599.18 611.55 2007 -17.27 0.08 -17.47 -17.07
2008 736.44 124.97 41520  1057.68 2008 -21.03 3.60 -30.28 -11.77
2009 348.37 26.00 291.71 405.03 2009 9.71 0.81 -11.47 -7.94
2010 708.83 11.33 679.71 737.94 2010 -20.26 0.33 -21.10 -19.41
2011 615.32 15.57 575.29 655.35 2011 -17.48 0.45 -18.63 -16.32
REGSLOPE 27.47 27.71 -43.76 98.69| |REGSLOPE -0.76 0.81 -2.83 1.31
SITE 3 SITE 3
2005 471.10 29.51 395.24 546.97 2005 -13.49 0.86 -15.69 -11.29
2006 521.67 9.12 498.22 545.12 2006 -14.95 0.27 -15.65 -14.26
2007 264.62 10.69 237.14 292.10] 2007 -7.39 0.32 -8.22 -6.56
2008 389.25 28.52 315.95 462.55 2008 -11.04 0.82 -13.14 -8.93
2009 580.96 11.67 555.53 606.39 2009 -16.51 0.34 -17.26 -15.77
2010 467.31 18.09 420.82 513.81 2010 -13.32 0.53 -14.67 -11.97
2011 458.52 8.49 436.69 480.36 2011 -12.99 0.25 -13.64 -12.35
REGSLOPE 6.07 20.72 -47.21 59.34| |REGSLOPE -0.16 0.60 -1.71 1.39
SITE 4 SITE 4
2005 539.62 153.92 143.97 935.28 2005 -15.47 4.45 -26.91 -4.04
2006 415.26 8.33 393.86 436.66 2006 -11.88 0.24 -12.51 -11.25
2007 388.49 16.11 347.07 429.90, 2007 -10.93 0.48 -12.17 -9.69
2008 310.16 38.90 210.18 410.15 2008 -8.77 1.11 -11.63 -5.90
2009 476.61 535.93 441.76 545.61 2009 -13.50 0.81 -15.26 -11.73
2010 471.84 27.13 402.11 541.57] 2010 -13.45 0.82 -15.55 -11.34
2011 553.16 9.59 528.52 577.81 2011 -15.71 0.28 -16.42 -14.99
REGSLOPE 8.64 17.38 -36.05 53.33| [REGSLOPE -0.23 0.50 -1.53 1.07
SITE 5 SITE 5
2005 736.03 2.23 730.30  741.75 2005 21.13 0.07 -21.30 -20.96
2006 711.37 7.83 691.25 731.48 2006 -20.28 0.23 -20.87 -19.68
2007 712.08 6.64 695.02 729.15 2007 -20.28 0.23 -20.86 -19.70
2008 739.31 9.75 714.26 764.36 2008 -21.16 0.29 -21.90 -20.42
2009 648.43 51.18 536.92 759.94 2009 -18.42 1.50 -21.68 -15.16
2010 673.09 6.27 656.98 689.21 2010 -19.14 0.19 -19.62 -18.66
2011 683.29 8.16 662.30 704.27 2011 -19.40 0.24 -20.03 -18.77
REGSLOPE -10.66 5.07 -23.69 2.38| |REGSLOPE 0.33 0.15 -0.06 0.73

YEAR Coefficients Std Err Lower 95%  Upper 95% I YEAR Coefficients Std Err Lower 95% Upper 95%
SITE 1 SITE 1
2005 0.09 0.09 -0.13 0.32 2005 0.00 0.00 -0.01 0.01
2006 1.19 0.13 0.85 1.53 2006 -0.03 0.00 -0.04 -0.02
2007 0.31 0.20 -0.21 0.82 2007 -0.01 0.01 -0.02 0.01
2008 0.04 0.01 0.03 0.06] 2008 0.00 0.00 0.00 0.00!
2009 0.27 0.13 -0.01 0.56 2009 -0.01 0.00 -0.01 0.00
2010 1.80 0.27 1.11 2.50 2010 -0.05 0.01 -0.07 -0.02
2011 1.49 0.08 1.29 1.70] 2011 -0.04 0.00 -0.05 -0.03
REGSLOPE 0.19 0.12 -0.13 0.51 REGSLOPE 0.08 0.50 -1.21 1.37,
SITE 2 SITE 2
2005 1.09 1.19 -1.98 4.16] 2005 -0.03 0.03 -0.12 0.06
2006 -0.78 2.81 -7.99 6.44 2006 0.03 0.08 -0.18 0.24
2007 2.08 0.03 2.00 2.16 2007 -0.06 0.00 -0.06 -0.05
2008 -0.56 13.34 -34.85 33.73 2008 0.02 0.38 -0.97 1.01
2009 0.78 0.26 0.21 1.34 2009 -0.02 0.01 -0.04 0.00!
2010 1.08 1.88 -3.75 5.92 2010 -0.03 0.05 -0.17 0.11
2011 1.54 0.74 -0.37 3.45 2011 -0.04 0.02 -0.10 0.01
REGSLOPE 27.47 27.71 -43.76 98.69 REGSLOPE -0.76 0.81 -2.83 1.31
SITE 3 SITE 3
2005 1.28 1.92 -3.67 6.22 2005 -0.04 0.06 -0.18 0.11
2006 2.69 0.12 2.38 3.01 2006 -0.07 0.00 -0.08 -0.06
2007 0.57 0.1 0.28 0.86 2007 -0.01 0.00 -0.02 0.00
2008 -0.45 4.30 -11.49 10.60] 2008 0.02 0.12 -0.30 0.33
2009 0.58 0.60 -0.73 1.88] 2009 -0.01 0.02 -0.05 0.02
2010 1.12 0.91 -1.22 3.45] 2010 -0.03 0.03 -0.10 0.04
2011 1.96 0.38 0.99 2.92 2011 -0.05 0.01 -0.08 -0.02
REGSLOPE 6.07 20.72 -47.21 59.34 REGSLOPE -0.16 0.60 -1.71 1.39
SITE 4 SITE 4
2005 -2.26 7.50 -21.53 17.02 2005 0.07 0.22 -0.49 0.62
2006 0.71 1.29 -2.62 4.03 2006 -0.02 0.04 -0.11 0.08;
2007 0.12 0.57 -1.35 1.58] 2007 0.00 0.02 -0.04 0.04
2008 -0.79 4.43 -12.18 10.61 2008 0.02 0.13 -0.30 0.35
2009 2.31 0.63 0.93 3.69] 2009 -0.06 0.02 -0.11 -0.02
2010 0.65 0.18 0.19 1.12 2010 -0.02 0.01 -0.03 0.00!
2011 0.50 0.61 -1.05 2.06] 2011 -0.01 0.02 -0.06 0.03]
REGSLOPE 8.64 17.38 -36.05 53.33 REGSLOPE -0.23 0.50 -1.53 1.07
SITE 5 SITE 5
2005 1.92 0.67 0.18 3.65] 2005 -0.05 0.02 -0.10 0.00
2006 2.33 0.26 1.65 3.01 2006 -0.06 0.01 -0.08 -0.04
2007 2.66 0.08 2.46 2.86] 2007 -0.07 0.00 -0.08 -0.07
2008 2.85 1.24 -0.34 6.04 2008 -0.08 0.04 -0.17 0.01
2009 -0.08 0.32 -0.77 0.61 2009 0.00 0.01 -0.02 0.02
2010 0.76 0.47 -0.46 1.97 2010 -0.02 0.01 -0.06 0.02]
2011 2.23 0.08 2.01 2.44 2011 -0.06 0.00 -0.07 -0.05
REGSLOPE -10.66 5.07 -23.69 2.38 REGSLOPE 0.33 0.15 -0.06 0.73




TABLE 7. Linear regression statistics (y-intercept and slope) of surface cor
ocean transect sites in the vicinity of Honua'ula collected during monitoring surveys from June 2005 to March 2011. Also shown
are standard errors and upper and lower 95% confidence limits around the y-intercepts and slopes. "REGSLOPE" indicates
regression statistics for slope of yearly coefficients as a function of time. Surveys were conducted once per year between 2005-2008
and 2010 (N=7), twice per year in 2009 (N=14) and once, to date for 2011 (N=7). For location of transect sites, see Figure 1.

NITRATE -Y-INTERCEPT

of nitrate as f

NITRATE - SLOPE

of salinity from five

YEAR Coefficients Std Err  Lower 95% = Upper 95% I YEAR Coefficients Std Err Lower 95% | Upper 95%
SITE 1 SITE 1
2005 317.11 3.22 308.84 325.38] 2005 -9.13 0.10 -9.38 -8.88
2006 342.14 4.13 331.53 352.76 2006 -9.85 0.13 -10.18 -9.53
2007 382.01 8.64 359.80 404.22 2007 -11.02 0.28 11.73 -10.31
2008 279.63 6.14 263.85 295.42 2008 -8.05 0.19 -8.53 -7.58
2009 227.71 6.24 214.11 241.31 2009 -6.48 0.19 -6.90 -6.06
2010 253.63 4.57 241.88 265.38] 2010 -7.31 0.16 -7.72 -6.89
2011 233.77 10.13 207.74 259.81 2011 -6.53 0.35 -7.42 -5.64
REGSLOPE -20.76 7.71 -40.58 -0.95| [REGSLOPE 0.08 0.50 -1.21 1.37
SITE 2 SITE 2
2005 292.69 62.62 131.73 453.65 2005 -8.40 1.81 -13.06 -3.75
2006 368.09 7.37 349.13 387.04] 2006 -10.59 0.21 -11.14 -10.04
2007 494.07 15.55 454.10 534.04 2007 -14.13 0.51 -15.44 -12.81
2008 248.17 183.53 -223.62 719.95 2008 -7.09 5.29 -20.68 6.51
2009 1.60 4.51 311.76 331.43 2009 -9.12 0.14 -9.43 -8.82
2010 450.47 21.87 394.24 506.69 2010 -12.93 0.64 -14.56 -11.29
2011 432.04 5.14 418.84 445.25 2011 -12.30 0.15 -12.68 -11.92
REGSLOPE 2747 27.71 -43.76 98.69| |REGSLOPE -0.76 0.81 -2.83 1.31
SITE 3 SiTE 3
2005 306.11 22.88 247.30 364.91 2005 -8.83 0.66 -10.53 -7.12
2006 164.55 6.45 147.98 181.11 2006 -4.72 0.19 -5.21 -4.23
2007 83.21 1.95 78.20 88.23 2007 -2.35 0.06 -2.50 -2.20
2008 124.87 19.93 73.64 176.09 2008 -3.56 0.57 -5.03 -2.09
2009 291.51 15.21 258.38 324.65 2009 -8.28 0.45 -9.25 -7.30
2010 220.36 6.33 204.08 236.64 2010 -6.32 0.18 -6.79 -5.84
2011 234.76 1.49 230.92 238.60 2011 -6.68 0.04 -6.79 -6.57
REGSLOPE 6.07 20.72 -47.21 59.34| |REGSLOPE -0.16 0.60 -1.71 1.39
SITE 4 SITE 4
2005 437.11 80.65  229.78 644.43 2005 -12.59 233  -18.58 -6.60
2006 467.97 2.22 462.26 473.68 2006 -13.45 0.07 -13.62 -13.29
2007 447.63 6.29 431.45 463.81 2007 -12.88 0.19 -13.36 -12.39
2008 243.43 78.23 42.33 444.53 2008 -6.94 2.24 -12.70 -1.17
2009 297.19 15.13 264.23 330.15 2009 -8.44 0.45 -9.42 -7.46
2010 357.71 2.10 352.32 363.10 2010 -10.26 0.06 -10.42 -10.10
2011 441.60 3.85 431.70 451.50 2011 -12.57 0.11 -12.86 -12.29
REGSLOPE 8.64 17.38 -36.05 53.33| [REGSLOPE -0.23 0.50 -1.53 1.07
SITE 5 SITE 5
2005 123.09 4.56 111.38 134.80 2005 -3.56 0.14 -3.91 -3.21
2006 121.10 2.08 115.77 126.44 2006 -3.46 0.06 -3.62 -3.30
2007 272.43 1.83 267.72 277.15 2007 -7.86 0.06 -8.02 -7.70
2008 63.82 5.48 49.73 77.91 2008 -1.82 0.16 -2.24 -1.41
2009 216.23 58.47 88.84 343.63 2009 -6.15 1.71 -9.88 -2.43
2010 148.96 16.96 105.35 192.57 2010 -4.30 0.50 -5.60 -3.00
2011 126.20 3.06 118.33 134.07. 2011 -3.59 0.09 -3.82 -3.35
REGSLOPE X Variable 1 -10.66 0.09 -23.69| [REGSLOPE 0.33 0.15 -0.06 0.73
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FIGURE 22. Time-course plots of absolute values of slopes of linear regressions of
concentrations of silca, nitrate and phosphate as functions of salinity collected annually
at each of the transect monitoring stations off of Honua* ula, Wailea, Maui. Error bars
are 95% confidence limits. For locations of sampling transect sites, see Figure 1.
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FIGURE 23. Time-course plots of Y-intercepts of linear regressions of concentrations of silca,
nitrate and phosphorus as functions of salinity collected annually at each of the transect
monitoring stations off of Honua ula, Wailea, Maui. Error bars are 95% confidence limits.
For locations of sampling transect sites, see Figure 1.






Marine Environmental Assessment






ASSESSEMENT OF MARINE COMMUNITY STRUCTURE
HONUA'ULA PROJECT

WAILEA, MAUI

Prepared for:

Honua'ula Partners LLC
P.O. Box 220
Kihei, Maui, Hawaii 96753

Prepared by:

Marine Research Consultants, Inc.
1039 Waakaua PI.
Honolulu, HI 96822

February 2010
Revised August 2010

INTRODUCTION

The Honua'ula project is situated on the slopes of Haleakala directly mauka of the Wailea
Resort in South Maui, Hawaii. The project area is comprised of two parcels totaling 670 acres
and is designated Project District 9 in the Kihei/Makena Community Plan (Figure 1). The
project area is also zoned Project District 9 in the Maui County code. Current zoning includes
provisions for 1,400 homes (including affordable workforce homes in conformance with the
County’s Residential Workforce Housing Policy (Chapter 2.96, MCC), village mixed uses, a
homeowner's golf course, and other recreational amenities as well as acreage for parks, and
open space that will be utilized for landscape buffers and drainage ways. The project is
immediately above three 18-hole golf courses (Blue, Gold and Emerald) within the southern
area of Wailea Resort. The composite Wailea Resort/ Honua’ula encompasses approximately
1.9 mile of coastline. No aspect of the project involves direct alteration of the shoreline or
nearshore marine environment. At the time of submission of this report, development of the
project EIS and Phase Il submittal is in progress. No construction activities associated with the
project have commenced.

While all planning and construction activities will place a high priority on maintaining the
existing nature of the marine environment, it is nevertheless important to address any potential
impacts that may be associated with the planned community. The potential exists, however, for
the project to affect the composition and volume of groundwater that flows beneath the
property, as well as surface runoff. As all groundwater and runoff that could be affected by the
project could potentially reach the ocean, it is recognized that there is potential for effects to
the marine environment. As the shoreline downslope from the planned project is a
recreational area and is utilized for surfing, swimming, and fishing, evaluating the potential for
alterations to water quality and marine life from material input from the community constitutes
an important factor in the planning process.

In the interest of addressing these concerns and assuring maintenance of environmental
quality, a marine water quality assessment and potential impact analysis of the nearshore
areas downslope from Honua'ula are being conducted. The foundation of these assessments
are based on a monitoring program that was stipulated as one condition of zoning (No. 20)
which states ..." That marine monitoring programs shall be conducted which include monitoring
and assessment of coastal water resources (groundwater and surface water) that receive
surface water or groundwater discharges from the hydrologic unit where the project is located
Monitoring programs shall include both water quality and ecological monitoring.” With respect
to ecological monitoring, surveys will be conducted in accordance with the Coral Reef
Assessment and Monitoring Program protocols used by the Department of Land and Natural
Resources. The initial assessment shall use the full protocol. Subsequent annual assessments
can use the Rapid Assessment Techniques. Results shall be reported annually to the Aquatic
Resources Division, Department of Land and Natural Resources.

This report describes the results of the initial baseline survey of the nearshore marine
communities. Such a characterization of biotic assemblages can provide a basis for estimating
alteration of community structure as a result of modifying land uses mauka of the shoreline.
This baseline will also serve to identify any specific biotic communities that may be especially
susceptible (or resistant), to the potential alterations that may result from the planned



development.

An important part of this investigation is to provide an evaluation of the degree of natural
stresses (sedimentation, wave scour, freshwater input, efc.) that influence the nearshore marine
environment in the area that could be potentially influenced by the proposed project.

Typically, water quality and the composition of nearshore marine communities are intimately
associated with the magnitude and frequency of these stresses, and any impacts caused by the
proposed project may either be mitigated in large part, or amplified, by natural environmental
factors. Therefore, evaluating the range of natural stress is a prerequisite for assessing the
potential for additional change to the marine environment owing to shoreline modification. It is
also important to note that while no work has been initiated for the Honua ula project, the
project site is separated from the ocean by the Wailea Resort, which has been in place for
several decades. Hence, the marine communities downslope from the proposed project have
been influenced by land uses of the Wailea Resort, and do not represent “pristine” conditions.

Marine community structure can be defined as the abundance, diversity, and distribution of
stony and soft corals, motile benthos such as echinoderms, and pelagic species such as reef
fish. In the context of time-series surveys, a most useful biological assemblage for direct
evaluation of environmental impacts to the offshore marine environment are benthic
(bottom-dwelling) communities. Because benthos are generally long-lived, immobile, and can
be significantly affected by exogenous input of sediments and other potential pollutants, these
organisms must either tolerate the surrounding conditions within the limits of adaptability or
die.

As members of the benthos, stony corals are of particular importance in nearshore Hawaiian
environments. Corals compose a large portion of the reef biomass and their skeletal structures
are vital in providing a complex of habitat space, shelter, and food for other species. Since
corals serve in such a keystone function, coral community structure is considered the most
“relevant” group in the use of reef community structure as a means of evaluating past and
potential impacts associated with land development. For this reason, and because alterations
in coral communities are easy to identify, observable change in coral population parameters is
a practical and direct method for obtaining the information for determining the effects of stress
in the marine environment. In addition, because they comprise a very visible component of the
nearshore environment, investigations of reef fish assemblages are presented.

METHODS

All fieldwork was carried out on February 20, 2010 conducted from a 22-foot boat. Biotic
structure of benthic (bottom dwelling) communities inhabiting the reef environment was
evaluated by establishing a descriptive and quantitative baseline between the shoreline and the
20 meter (m) (~60 foot) depth contour. Initial qualitative reconnaissance surveys were
conducted that covered the area off the Honua'ula property from the shoreline out to the limits
of coral reef formation. These reconnaissance surveys were useful in making relative
comparisons between areas, identifying any unique or unusual biotic resources, and providing
a general picture of the physiographic structure and benthic assemblages occurring throughout
the region of study.

Following the preliminary survey, two quantitative transect sites were selected offshore of the
development area, while a third site (Site 1) was selected as a control within the *Ahihi-Kina’u
Natural Area Reserve (Figure 1). This area is a control in the sense that there is no upslope
resort or residential community development, as occurs at the subject site. Site 2 was located
near the northern property boundary between Polo and Palauea Beaches, while Site 3 was
located between Ulua and Wailea Beaches. These areas were deemed to represent the most
well developed and richest areas in terms of biotic composition. At each site, transect surveys
were conducted, one in each of the dominant reef zones (Figures 1 and 2). Three transects
were evaluated at Site 2, and two transects were evaluated at Site 3. Only a single transect was
evaluated at Site 1 as the entire reef was essentially uniform. Transects were located beyond
the region of wave impact, in areas where benthic biota was common. Each transect was
oriented parallel to depth contours so as to bisect a single reef zone. Transects consisted of belt
transects 1T m in width, and 10 m in length. Care was taken to place transects in random
locations that were not biased toward either peak or low coral cover. In total, six quantitative
transects were conducted.

As specified in Condition 20 of conditions of zoning, “the ecological monitoring shall include
ecological assessment in accordance with the Coral Reef Assessment and Monitoring Program
(CRAMP) protocols used by the Department of Land and Natural Resources. The initial
assessment shall use the full protocol. Subsequent annual assessments can use the Rapid
Assessment Techniques.” In brief, the CRAMP methodology (as described in
http://cramp.wec.hawaii.edu/LT_Montoring_files/It_methods.htm) employs digital still
photography using a camera mounted on an aluminum monopod frame. Twenty non-
overlapping high-resolution images 50 x 69 cm in dimension are taken along a 10 m long
transect. From the images, percent cover, number of coral species (species richness), coral
cover diversity, and non-coral substrate cover are measured. For the present survey, several
modifications of the exact CRAMP protocol were employed in order to increase the actual
monitoring area of each transect. Higher resolution photographic equipment was employed
which allowed images to encompass 100 x 67 cm of reef surface. Thus, over a 10 m transect,
15 non-overlapping images captured 10 m? of reef surface compared to 6.9 m?on the CRAMP
transects. Hence, each transect in the present study contains approximately 30% more
information than with the CRAMP protocol. In addition, the CRAMP protocol utilizes a random
point count method for evaluating community structure. Composition of reef surface under 50
randomly placed points per quadrat (1,000 points per transect) provides the input for
characterization of reef structure. As such, only a very small fraction of the reef surface is
actually evaluated, and the probability of missing small or rare components is large. Rather




than using a random point count, the present survey utilized an assessment of the entire
surface area of photo-quadrats by employing a grid consisting of 10 x 7 cm sections that is
overlain on the photographic image. Percent cover within each grid is tabulated to comprise
the estimates of benthic cover of the entire photographic quadrat. All photo-quadrats are
shown in Appendix A. This method also allows accurate counts of motile macrobenthos (e.g.
sea urchins), which is not possible using point counts. In addition to benthic cover, estimates of
fish abundance were determined along each transect by a diver visually estimating individuals
within a belt 5 m wide, centered on the transect line.

As it is stated in the condition of zoning that subsequent surveys will only require Rapid
Assessment Techniques, the CRAMP method involving fixed photo-quadrats to examine trends
over time was not appropriate for the present study. An example of results of DAR surveys for
Maui conducted using CRAMP methods are shown in Appendix B.

DESCRIPTION OF THE NEARSHORE MARINE ENVIRONMENT

Physical Structure

The main structural feature of the shoreline and nearshore areas off Honua ula are a series of
crescent shaped white sand beaches separated by basaltic rocky headlands that extend up to
several hundred feet offshore (Figure 1). Sand plains extend from the beach shorelines
continuously to the depth limit of the survey (60 ft). The rocky headlands generally consist of
narrow extended fingers of exposed rock with sharply angled edges that form the shorelines of
these features. Owing to the vertical shoreline faces, there are essentially no well-defined
intertidal tide pools along the shoreline.

The seaward extensions of the rocky headlands that separate the beaches provide the major
habitats for marine biota. The intertidal range of the submerged headlands are colonized by
bands of the seaweeds Anhfeltia concinna and Ulva fasciata. The submerged portions of the
rock surfaces are lined with various forms of encrusting red algae, and contain numerous
urchins of the species Echinometra matheai, Echinostrephus aciculatus, and Colobocentrotus
atratus, as well as numerous juvenile reef fish. As the headlands extend seaward, the top
surfaces flatten out into dome-shaped fingers. At the seaward termini, the headlands grade
into the sandy bottom, often with a distinct boundary between the rock-rubble platform and the
sand bottom, generally at a depth of about 25-30 feet. The exception to this pattern of
composition occurred of the “Ahihi-Kina®u Natural Area Reserve. In this area, the shoreline
area is comprised of a rocky platform with intermittent cobble beaches, and the offshore reef is
comprised primarily of a flat limestone pavement interspersed with sand patches.

Biotic Community Structure

The coral reef communities that occur on the hard-bottom areas off the Wailea/Honua'ula
properties consist of abundant and diverse assemblages of common Hawaiian marine life. The
predominant taxon of macrobenthos (bottom-dwellers) throughout the reef zones are
Scleractinian (reef-building) corals. Tables 1 and 2 show results of benthic photo-quadrat
transecting. Table 1 shows tabulated data for each quadrat on each transect, while Table 2

shows the summary transect data, including coral, and non-coral benthic cover, coral species
number and diversity. Coral cover on individual transects ranged from 1.6% on the mid-depth
transect at Site 2 to 68% coral cover on the deep transect at Site 3. Over the entire transected
area, coral cover average 24.4% of the benthic surface. The most abundant coral species was
Porites lobata (lobe coral) which comprised 83% of coral cover and 20% of bottom cover. The
second most abundant coral was Porites compressa (finger coral) which comprised 20% of
coral cover and about 5% of bottom cover. Other common corals observed were Pocillopora
meandrina (cauliflower coral) (11% coral cover, 3% bottom cover). Two species of Montipora
[M. capitata (rice coral) and M. patula (sandpaper rice coral] comprised about 3% of coral
cover and 1% of bottom cover. Other species encountered on transects included Pavona
varians (corrugated coral), Pavona duerdeni (Porkchop coral) and Porites brighami (Brigham’s
coral).

The most conspicuous aspect of the surveyed reefs is that the richest communities in terms of
both species number and bottom cover occur on the rocky outcrops that are elevated above
the sand bottom. This is likely in response to lessened stress from abrasion from sand scour
during periods when wave action is sufficient to resuspend sand off the bottom. At Survey Site
3, the basaltic extension the rock headland was relatively narrow and steep-sided, while at Site
2 the basalt finger was wider and flatter. Coral cover was greatest on the sloping sides of the
rock fingers, with total coral cover in the range of 50-75% of bottom cover (68% on transect 3-
2). At Site 2, total coral cover on the top of the finger reef was approximately 28% of bottom
cover. In both of these “finger reefs” 6-7 species of corals were encountered, with coral cover
diversity ranging from 0.75 to 0.87.

In addition to substantial coral cover, the top of the finger was also occupied by abundant
slate-pencil sea urchins (Heterocentrotus mammilatus) (Figure 3, Table 3). Of note is that
throughout the rocky finger reefs, there were no observations of any species of frondose
macro-algae. This observation is of interest as extensive growth of several species of macro-
algae in several shoreline areas of Maui have been the subject of considerable concern,
particularly with respect to interactions between algal abundance and human activities.

At the seaward end of the rock outcrop fingers, coral abundance is reduced considerably, with
the reef consisting primarily of a rock-rubble surface that ends at the juncture of the sand flats
(Figure 4). Coral cover on transect 2-2, located at the base of a finger was 1.6% of bottom
cover, by far the lowest total cover of any transect, although this area had the highest coral
cover diversity (1.08). While no macro-algae were observed in this zone, most of the
rock/rubble bottom was covered with a thin veneer of micro-algal turf. Numerous boulders at
the base of the finger outcrop were colonized by numerous small colonies of Pocillopora
meandrina (cauliflower coral) (Figure 5). This coral has been recognized as a “pioneering”
species, in that it is often the first to colonize newly cleared substrata. In addition, it also has
“determinate” growth, in that colonies grow to a certain size, or age, and then die. As a result,
colonies of this species never reach a size larger than approximately one foot in diameter.
Such a growth form does not occur for the other major genera found on Hawaiian reefs (e.g.,
Porites) which has an “indeterminate” growth form where colony life span is are not limited by
either size or age. The significance of the abundant small colonies of P. meandrina (cauliflower
coral) at the deeper regions of Site 2 may be that it is indication that a new year class is taking
hold, or that recolonization is beginning in an area where corals were removed by some
factor. In either case, the occurrence of abundant recruiting colonies indicates that the present
conditions are suitable for coral growth.



The physical structure of the reef at Site 3 is slightly different than at Site 2 in that on the latter
the top of the outcrop is flatter and wider, while on the former it is relatively narrow and steep-
sided. Coral cover, consisting of the same common species listed above, was someone greater
on the flat reef of Site 3, with nearly complete coverage of the rocky substratum (Figures 6 and
7).

The deeper seaward extension of the rocky headland at Site 2 was also different than at Site 3.
While a relatively barren rock/rubble shelf occurred at the terminus of the reef at Site 2, corals,
particularly mats of the branching finger coral Porites compressa (finger coral) extended to the
sand floor at Site 3 (Figure 8). Numerous large coral-covered boulders also extended onto the
sand flats at the seaward end of the reef at Site 3.

Reef structure and composition at the control site off of *Ahihi-Kinau differed than off of the
Wailea area. As mentioned above, the shoreline at *Ahihi-Kina™u is not composed of the
distinct cusp beaches separated by rocky headlands which extend a substantial distance
offshore. Rather the bottom in this area consists primarily of a solid limestone pavement with
interspersed pockets of sand. Scattered throughout the pavement are areas where corals are
concentrated into patches between areas of essentially barren bottom. The predominant
growth form of coral in this region is large helmet-shaped head of Porites lobata (lobe coral),
some of which extend up to several feet off the pavement (Figure 9). The highly valued edible
algae Asparagopsis taxiformis (limu kohu) was abundant throughout the survey area, although
no other abundant algae were observed (Figure 9)

Other than corals, the dominant group of macroinvertebrates inhabiting the reef surface off
the Honua'ula study sites is sea urchins. The most common urchins are the small species that
bore into the rock surface (Echinometra matheai, Echinostrephus aciculatus) which occurred in
all reef zones. The larger species, including the collector urchin Tripneustes gratilla (collector
urchin) and Heterocentrotus mammillatus (slate-pencil urchin) were also abundant on the tops
and sides of the rocky finger reefs. Table 3 shows abundance of sea urchins encountered on
transect. Total urchin abundance ranged from 31 (T1-1) to 64 (T3-2). The most common
urchin encountered was Tripneustes gratilla with a total of 112 individuals counted, with a
peak number of 47 individuals on transect 3-2. On the other hand, sea cucumbers
(Holothurians) or starfish (Asteroidea) were not commonly observed during the survey. No
crown-of-thorns starfish (Acanthaster planci) were observed feeding on coral colonies, nor
were there observations of recently bleached coral skeletons as a result of Acanthaster
predation. The green conical-shaped sponge lotrocha protea was observed on the sandy flats
at the seaward ends of the reefs. The only commonly occurring non-cryptic mollusk was the
oyster Pinctata spp.

While frondose benthic algae were conspicuously absent on the survey reefs, encrusting red
calcareous algae (Porolithon spp., Peysonellia rubra, Hydrolithon spp.) were abundant of rocky
surfaces throughout the study area. These algae were abundant on bared limestone surfaces,
and on the nonliving parts of coral colonies.

The design of the reef survey was such that no cryptic organisms or species living within
interstitial spaces of the reef surface were enumerated. Since this is the habitat of the majority
of mollusks and crustacea, detailed species counts were not included in the transecting
scheme.

Reef fish community structure was largely determined by the topography and composition of
reef structure. Fish were most abundant on the edges of the rocky outcrops and in areas of
highest relief. Fish were abundant, but were small in size. Table 4 shows results of fish counts
on fransects. A total of 566 fish were encountered, while the three most abundant species were
the damselfish Chromis agilis (Agile chromis), the brown surgeonfish Acanthurus nigrofuscus,
saddleback wrasse Thallosoma duperrey. Overall, fish community structure at Honua"ula is
fairly typical of the assemblages found in undisturbed Hawaiian reef environments. However,
the lack of abundance of food fish indicates that the area has been subjected to moderate
amounts of fishing pressure.

Several species of marine animals that occur in Hawaiian waters have been declared
threatened or endangered by Federal jurisdiction. The threatened green sea turtle (Chelonia
mydas) occurs commonly along the South Maui Coast, and turtles are frequently observed on
beaches throughout the area. The endangered hawksbill turtle (Eretmochelys imbricata) is also
known to occur in the study area, with hatching grounds nearly at Maaloea. One green sea
turtle, approximately 50 ¢cm in carapace length, was observed during the surveys.

Populations of the endangered humpback whale (Megaptera novaeangliae) winter in the
Hawaiian Islands from December to April, and were commonly observed off the survey sites.
The Hawaiian Monk Seal, (Monachus schauinslandi), is an endangered earless seal that is
endemic to the waters off of the Hawaiian Islands. Monk seals commonly haul out of the water
onto sandy beaches to rest. Hence, while there is no greater potential for haul out to the
beaches fronting the Honua ula site than any other area, there is a probability that seals will
haul out on these beaches. No individuals were observed on the beach or in the water during
the course of the present survey. As there are no plans for any modification of the shoreline,
and with established of the shoreline preservation area, there are no physical factors that will
result in modification of seal behavior. The major factor that could affect seal behavior is
interaction with humans. Typically when seals haul out, authorized Federal or State agencies
may establish a safety zone by placement of temporary fencing and signs indicating proper
treatment of the animals. At present, the shoreline below Honua' ula is heavily used for
recreational purposes, which is not likely to change. Any additional activity by people using the
beach area as a result of the project will not qualitatively change usage of the shoreline by
humans. Hence, the best management protocol to ensure the absence of negative effects to
seals is establishment of a protocol to notify the appropriate authorities as soon as possible to
establish buffer zones with appropriate signage.

CONCLUSIONS

As with all Hawaiian nearshore reef communities, biotic composition of the nearshore marine
environment downslope from the proposed Honua'ula project is primarily a response to
natural factors, including suitable surfaces for settlement, and protection from destructive storm
waves (Dollar 1982, Dollar and Tribble 1993, Fletcher et al. 2008, Grigg 1998). Off
Honua'ula, these factors are manifested with rich coral reef assemblages that occupy hard
bottom, primarily on submerged extensions of rocky headlands that occur between sandy
shorelines. The rocky headlands primarily provide a solid surface for coral settlement that is
elevated above the level where wave-resuspended sand scour can limit coral growth. In
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TABLE 1. Results of analysis of benthic photo-quadrad photographs on six transecls off of Honua® ula project site, Wailea Maui. Each transect consisted of 15 quadrats each covering 0.67 square meters for a total area of 10

meters. For locations of transet sites, see Figures 1 and 2.
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TABLE 2. Summary of coral species percent cover, non-coral
substrata cover, and coral community statistics on transects

TABLE 3. Sea Urchin abundance on benthic transects off the Honua'ula Project site on south
Maui. For locations of transects, see Figure 1.

SEA URCHIN SPECIES o RARSEETRO.
Echinometra matheai 27 12 14 13 8 9
Heterocentrotus mammillatus 5 4 2 2
Tripneustes gratilla 23 13 22 7 47
Echinothrix diadema 6 2 13 14 3
Echinostrephus aciculatus 4 5 6 7 11 3

TOTAL URCHIN COUNT 31 51 35 | 59 | 42 64

TRANSECT
CORAL SPECIES T30 [ 21 [ 22 | 23 [ 371 [ 32

Montipora capitata 0.0 0.0 0.0 05| 0.3 2.0
Montipora patula 0.0 03] 0.0 0.0] 0.1 0.4
Pavona duedeni 05| 03] 05| 0.4] 0.1 0.5
Pavona varians 0.0 0.1 0.0 0.1 0.0| 0.0
Porites brighami 0.0 00| 0.0 0.0| 0.0| 0.3
Porites compressa 0.7 0.1 0.0| 04 1.0 26.8
Porites lobata 2441 17.9| 04| 17.9| 25.7 | 36.4
Pocillopora meandrina 05| 9.1 0.7| 3.7 1.3 1.3
[TOTAL CORAL COVER 261 27.9| 1.6| 23.4| 285 67.6
NUMBER OF SPECIES 4 6 3 6 6 7
CORAL COVER DIVERSITY| 0.31| 0.80| 1.08 | 0.75| 0.73| 0.87
NON-CORAL SUBSTRATA

Macroalgae 37| 23| 03| 00 0.2] 0.0
Turf algae 0.0 20.6| 0.0 3.0| 41.1 0.0
Sand 63| 00| 1.7 1.0| 55| 0.0
Limestone 8.9 29.8| 2.7| 40.1 2.7 | 28.1
Dead Coral Colony 1.3 1.0 0.0 0.0| 3.3 1.1
Crust. Calc. Algae 0.0 13.0| 1.8 1.7| 25| 0.0
Rubble 03| 1.0]19.7|16.0] 1.0| 0.0
Turf-bound sediment 529 2.3[709] 11.8| 126]| 0.0
macro-invertebrate 05| 2.1 1.4] 3.0| 25| 3.2




TABLE 4. Fish species encountered on transects off of Honua'ula, Wailea Maui. For locations of transects,

see Figure 1.

FIGURE 4. Continued

Fish

TRANSECT

Fish

Species

TRANSECT

T2-2 T2-3

Species

T2-2

Butterflyfishes

Surgeonfishes

Chaetodon lunula

Acanthurus nigrofuscus

20

33

15

73

28

C. multicinctus

A. olivaceus

C. ornatissimus

Ctenochaetus. strigosus

C. quadrimaculatus

Naso lituratus

Forcipiger flavissimus

N. brevirostris

20

C. miliaris

Triggerfishes

Zebrasoma. flavescens

Melichthys vidua

Damselfishes

Sufflamen bursa

Chromis hanui

10

Wrasses

C. agilis

25

10

Thallosoma duperrey

21

C. vanderbilti

Coris gaimard

Plectoglyphidodon johnstoniany

Gomphosus varius

Stegastes fasciolatus

21

Halicoeres ornatissimus

Plectolyphidodon imparipennis

Macropharyngodon geoffroy

Filefishes

Pseudochrilinus evanidus

Cantherhines. sandwichiensis

2

P. tetrataenia

Goatfishes

Stethojulis balteat.

Parupeneus bifasciatus

10

Trumpetfish

P.multifasciatus

Aulostomus chinensis

Hawkfishes

Angelfish

Paracirrhites arcatus

Centropyge potteri

P. forsteri

Moorish Idol

Parrotfishes

Zanclus cornutus

Chlorurus sordidus

Mackerel Scad

Scarus psittacus

Decapterus macarellus

20

Triggerfishes

Green Sea Turtle

Rhinecanthus rectangulus

Chelonia mydas

Pufferfishes

Moray eel

Canthigaster amboinensis

Gymnothorax meleagris

Arothron meleagris

TOTAL FISH

76

62

82

65

150

131

A. hispidus




FIGURE 2. Aerial photograph of shoreline of Wailea are of south Maui showing seaward boundary of Honua ula project site (yellow line). Also
shown are site and transect locations for reef community structure biotic assessment. Site 1 and transect T-1-1 are located off the *Ahihi-Kinau
Natural Area Reserve, approximately 4 km south of the Honua ula project site.

, is located within the *Ahihi-

approximately 4 km south of the Honua ula project
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u Natural Area Reserve

N

beaches downslope from Wailea Golf Couses and Honua ula project site (outlined
in yellow). Locations of representative marine biota sampling sites are shown as red

FIGURE 1. Aerial photograph of Wailea Maui coastline showing locations of
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FIGURE 4. Seaward edge of reef at juncture of sand flats and seaward extension of rock
headlands off Survey Site 2 between Polo and Palauea Beaches. Note lack of corals or algae on
limestone reef surface. Water depth is approximately 25 feet.

FIGURE 3. Typical views of reef on rocky outcrop at Survey Site 2 between Palauea and Polo Beaches
downslope from the Honua ula project site. Upper photo shows photo-quadrat used for quantifying
reef community structure. Red slate-pencil sea urchins (Heterocentrotus mammilatus) were common

throughout the survey area.



FIGURE 5. Boulders at base of reef at Survey Site 2 settled by numerous small colonies of

cauliflower coral Pocillopora meandrina. Water depth is approximately 25 feet. FIGURE 6. Typical vies of reef surface on top of rocky outcrop at Site 3 between Ulua and Wailea
beaches. Upper photo shows typical photo-quadrat used for determining quantitative estimates of
coral abundance. Water depth is approximately 12 feet.



FIGURE 7. Surface of reef on extension of rocky headland at Survey Site 3 between Wailea and Ulua FIGURE 8. Outer boundaries of reef at Survey Site 3 between Ulua and Wailea Beaches. Boundaries
Beaches. Dominant coral in both photos is lobe coral Porites lobata. Water depth is approximately 15 between hard bottom colonized by high densities of coral and sandy bottom are clearly seen in both
feet. top and bottom photos. Water depth is approximately 30 feet.




APPENDIX A

Photo-quadrats
Survey transects off of Honua ' ula Maui
February 2010

FIGURE 9. Typical reef platform off *~Ahihi-Kina u Natural Area Reserve characterized by large dome-
shaped colonies of lobe coral Porites lobata (top). Dense patches of the edible seaweed limu kohu

Asparagopsis taxiformis (bottom) occurred throughout this area, but was not observed on the reefs
offshore of Honua ula/Wailea.
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APPENDIX B.

Hawai'i

Status of Maui’s Coral Reefs

In 1999, The Hawaii Division of Aquatic Resources (DAR) in partnership with the Coral Reef Assessment and Monitoring Program began
annual surveys of coral condition at 9 reef areas in Maui County (see map ?). The 4 West Maui stations had been previously monitored by
the Pacific Whale Foundation since 1994. Those long-term monitoring programs provide an opportunity to assess the status and trends of

Maui’s coral reefs over the last 7 to 13 years.

Coral Status and Trends:

* Coral cover in 2006 ranged from 74% at Maui Coral Cover Over Time N
Molokini to <10% at 4 sites: Honolua I”"' ol
(9%), Puamana (8%), Maalaea (8%), g% .+ Honalua " ; 8% 44
and Kanahena Pt (6%). ORI Tl s i

e Coral cover increased at only 1 reef __ _— .-.l'
(Kanahena Bay, 17% to 30%), 155% ! oy
remained stable (<5% change), at 3 33% ieiala 3 F““E g

reefs (Molokini, Papaula Point, and
Puamana), and declined at 5 reefs, .
most dramatically at Honolua (42% to
9%) and at Kahekili (55% to 33%).

e Mean coral cover of the 9 reefs
declined from 35% when sites were first
surveyed (1994 for West Maui, 1999
elsewhere) to 27% in 2006. Thus,
nearly % of all living coral was lost over
that period.

Given the strong likelihood that several of
the sites were already somewhat degraded
when monitoring began, recent trends
almost certainly underestimate declines
over longer timeframes. For example, coral
cover at the Maalaea site declined from
18% to 8% between 1999 and 2006, but a o
1993 Fish & Wildlife Service study -

Molokini
——

= . 23% 6%
Kanahena Bay ¥ l‘* =
Kanahena Pt =7 T —

10 e

estimated coral cover there as being
between 50% and 75%.

Trends in coral cover at 9 long-term monitoring stations. Red indicates >5% decline over monitoring period, green

indicates >5% increase, black = no change (<5%)

The causes of coral reef decline around Maui are complex and vary among locations, but there are strong indications that human impacts
have been very important. Notably, cover has declined at several West Maui sites: Honolua Bay, Kahekili, shallow reefs of Olowalu, and at
Maalaea, where anthropogenic impacts from shoreline development and human use are likely greatest. Conversely, sites which have
experienced increases or sustained high coral cover are remote or offshore (Kanahena Bay and Molokini). The one observed decline on a
relatively remote reef (at Kanahena Point since 2004) was due to a local outbreak of the coral-eating crown-of-thorns starfish.

The Growing Problem of Invasive Algae

A significant and growing concern is the increasing
overgrowth of reefs by invasive seaweeds, particularly
Acanthophora spicifera, Hypnea musciformis and Ulva spp..
Shallow reefs in Kihei and Maalaea are now almost totally
overgrown by those species and A. spicifera has become
much more abundant in recent years at other locations
including Honokowai/Kahekili and Papaula Point. Algal
blooms are indicative of a loss of balance between factors
which promote algal growth (e.g. nutrient availability) and
those which control algal abundance (e.g. grazing). It is
likely that both high nutrients & low grazing have been
important:

e Studies by researchers from University of Hawaii (UH,
next page), together with the evident correspondence
between reefs with severe algal blooms and coastal
areas with high human population density (see ? ),

strongly suggest that elevated nutrients from
wastewater or fertilizers are fueling accelerated algal
growth.

* Reefs with abundant herbivorous fishes, such as those
in the Honolua and Molokini MLCDs, have little or no
invasive algae present, whereas reefs with depleted
herbivore populations (e.g. Maalaea) are severely
overgrown by algae.

Maui Invasive Algae 7
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i Peasied e 0 Kamasia 18 A
3 Abundard {+1 t /
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Distribution of invasive algae around Maui: ‘present’ means invasive species found only in low
abundance & in limited habitats, ‘abundant’ indicates cover of 10-30% on extensive portions of reef;
‘super-abundant’ means >30% algal cover in multiple reef zones
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