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ABSTRACT

The Naval Oceanographic Office, at the request of the Pacific Missile
Range, initiated an environmental Impact study of the effects of cable
laying operations at the Pacific Missile Range Facility, Barking Sands,
Kauai, Hawaii. The initial field investigation was conducted during
July 1974.

Beach morphology and ecology are described, and vegetation zones were
identified and charted. Beach profiles were measured and marked for
future resurvey. Intertidal and nearshore biological communities were
identified, and their distribution and densities were documented. Two
permanent ecological monitoring stations (quadrats) were established
to provide a means of determining changes in the coral reef populations.
Three current meters were installed at locations selected by the Pacific
Missile Range to assist in cable route engineering studies.
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FOREWORD

In rc~sponse to a request from the Pacific Missile Range , the
Naval  O~~ in ig rap hic Office conducted an environmental — ecological
survr v at the Pacific Missile Range Facility, Kauai , Hawaii during
Ju ly and August 1974. This report contains the results ~f that
inv e st ig it ion . The ecological study provides a basis for monitoring
tli~ coral r~~t f  habitat for any changes caused by man or nature.

7; ~~E. AY~~~
Captain , USN
Commander
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1 — TE fRODECI I ON

At t he mc uest  of t i c  P a c i f i c  N i  s~ i 1~ Riitipe , t i c  N a v a l  U c e a n u g r i p h t i  c
O f l i c e  i n i t i a t e d  a s t u d y  of O e a c O  and shal low w a t e r  ecology at the
Pa ci f i c  N i s s i l e  i~.inge I- ’ i c i l i t y  at B a r k i n g  Sands , Kaua i , Hawai i .  The
pu rpose o f t i le  s t u dy is to dcteri in i the e n v i r o i i ~:a n t a l impac t  upon the
beach and co ral reef of cable l ay i n g  ope r a t i o n s  f o r  the  B a r k i n g  Sands
Unde rwa te r  Range .

A three—phase study was p lanned to:  (1) establish an ecological
baseline [or the marine and beach communities , (2) monitor changes in
the ma r in e c om mu n i t i e s  and beach mo rphology as t h e y  are r e l a t e d  to
specific a c t i v i t i e s  of the P a c i f i c  N i s s i l e  Range F a c i l i ty , and ( 3)  pro-
vide environmental information to the Pacific Missile Range to assist in
preventing or minimizing ecological damage .

I I .  PREVIOUS I NVI k; l IGAT I ON S

shil 1uw— s~ t cr env i  r u l n e n t  ot f Bark ing  Sands was inves t  igated by
‘a l Oceanograp h i c  O f f i c e  (Rugg les , 1964) and by the  Hawaii I n s t i t u t e

s ics  (Chamber l a in , 1965) p r i o r  to cable loving at B a r k i n g  Sands .
- investigations - - - h eeLed geological da ta  to assist  ii i  f i n d i n g  the

o L practic al cable route .

From 1966 th rough  l9o~~, the  A r m y  Corps of Eng ineers  (1964 , 1969)
conduc ted  a s tudy  of beach and nearshore  s e di a rn i ar ’ :  I r o c e s s i T s  to a~ c e r t a n
the f e a s i b i l i t y  of cons t ruc t i ng  a smal l—boat  ha rbor  near  B a r k i n g  Sa n d c .
Beach and nearshore sedimentary processes in the Ba rk ing  Sands area we re
also s t u d i e d  by inman et  al. (1963) , and Ch amber la in  (1968).  The be a ch—
rock of the area u-j as desc r ibed  by Eme ry and Cox (1956) .

kctr ~ herc c u r r e n t s  o f f  N o h i l i  Po in t  ;-:e re b r i e f l y  s tud ied  and di i b e  0
by Laeva s tu  et al. (1964) s i t o  t racked th ree  drogues d u r i n g  Jul y 1963.

No pub l i shed  da ta  could be found on the  mar ine  f l o r a  aiid f a u n a  o t h e
west coas t of Kaua i ;  however , considerable  work  exists  on o t h e r  cora l
reef areas i n  the  H aw a i i a n  I s l ands .  An a n n o t a t e d  b ib l iography  of most of
the -ic p u b l i c a t i o ns  appears in Gordon and H e l f r i ch  (19 0).

I I I .  ME TH OD S AND PROCEDURE S

T h e  i n i t i a l  f i e l d  invest iga t ion  fo r  this St nOv was conducted f rom
7 J u l y  through 5 August  1974. The general objectives of t h i s  invest  i g i t  i - i c
we re to collect  da t  a on the beach and n ear s i to re  conuhiun i I ies t o  c i t  abi  ish an
ecological base l ine , p rov ide  a me an s fo r  f u t u r e  m o n i t  o r  l o g  of t i l t  e cology ,
and collect  c u r r e n t  data to ass i s t  in e n g i n e e r i n g  s tu d  ics of t h e ’  c ab l e
route  and type  of i n s t a l l a t i o n.

—~~ -~~~~~~~~~~~~ — - ~~~~~~~~~~~ -— - - —- r n —  - -- -- -~~-- - -—— -~~~~~~



A. Beach Morphology and Ecology

b each  morphology was s t u d i e d  by m e a s u r i n g  beach profiles and m app ing
the d i s t r i b u t i o n  of sand , h eachrock , and v e g e t a t e d  areas .

I leven refere nce points were  e s t a b l i s h e d  on t h e  coas t l ine  ( f i g .  1)
i i  pr ovid e horizontai control for the beach su rveys  and for  b a t h y m e t r i c
and ecological t r a n s e c t s .  Each point was marked by a s teel  s t a k e  d e s i g n a t e d
by a letter stamped on tile side of the stake . The position of each
reierence stake was determined with a theodolite and surveyor ’s steel tape.

reac h profiles were measured at reference stakes A , B, C , D, F, 11 , I ,
J , and K. Standard leveling procedure s were used. Elevations we re
measured at 10—foot (3 m) in te rva ls  along each p r o f i l e  u t i l i z i n g  a marked
wire laid ove r t h e  beach f rom the v eg et a t i o n  zone to the w a t e r l i n e .  Pro-
f i l e s  we re measured perpendicular to the beach , and t I i ~ r e p e a t a b i l i t y

f each p r o f i l e  was assured by r e f e r enc ing  p r o f i l e  angles to p r o m i n e n t
landmarks . P r o f i l e  e l eva t ions  we re t i ed  to a pe rmanen t  bench mir E , SAI’DIA—2 ,
which us a known elevation w i t h  respect to mean low w a t e r .

Distributions and types of vegetation stabilizing the backshore zone
were charted. Plant specimens were identified by the Pacific Tropical
Botanical Garden. Color photographs were taken to furthe r document
ecological and morphological conditions on the beach.

B. Shallow and Intertidal Zones

Underwater ecological investigations were divided into intertidal ,
shallow , and deep zones based on depth and distance f rom shore . The
shallow zone extended from the subtidal depth to 15—2 0 feet (4.6—6.1 m)
deep ,  an area which could be convenien t l y surveyed f rom the  beach w i t h o u t
using a boat and shallow enough to investigate without scuba equipment.

yarine -iommunities of the shallow zone were identified and charted
using line t ransects , square—meter counts , and p hotographi c docui, .entation .

in c  t ransec ts  in the shallow zone were run normal to the s h o r e l i n e
f rom reference stakes A , B, C , F, G , H, I, and K. Coral colonies under
each line we re i d e n t i f i e d  and tabulated along the entire transect.
Bottom topography , substrate , and depth changes were described along each
t ransect. At 100—foot (30.5 m) intervals a one—meter—square f r a m e  w a s
placed on the bottom , and all organisms within t he frame were counted and
ph otograp hed. Al gae , which frequentl y covered large areas , we re not
counted i n d i v i du a l ly , r a the r cove rage was e s t i m a t e d  as an areal  percent age
of each species within the frame . Fish population counts we re also miide
at each 100— foot interval; numbers of individuals within 15 feet  (4.6 m)
of the frame were tabulated by family.

Studies of the intertidal zone included visual observations and
qualitative descriptions as well as several square—meter counts.



C. Deep Zone ’

B a t h y m e t r v  was measured w i t h  a p o r t a b l e  r ecord ing  d e p t h  sounder
be tween the 110— foot (33 .5  m) dep th  and the sho re l ine .  E l e v e n lines
were run employing the beach reference stakes as controls. For each
line a transit was se t  up over t h e  reference stake , and the  survey boat
was guided by radio directions along a magnetic azimuth of 95°. Two—
minute fixes along the line were provided by a thieodolite operator
equipped  w i t h  a radio .

Line transects were run along the bottom in the deep zone from
depths  of 80 f e e t  ( 2 4 . 4  m) to about 30 f e e t  (9.1 m), and from 50 feet
(15. 2 m) to about 20 f ee t  (6 .1  m ) .  Each t r a n s e c t  was abou t  2 , 000 feet
(610 m) long .  Dive rs fo l lowed  a co t ton s t r i n g  w h i c h  had been la id  along
the bot tom [ron a small boa t .  Tile s t r i n g  was laid on a magne t ic  a z im u t h
of 95° ~ ‘ward each beach reference stake from a buoy placed at the end
of each l i n e  du r ing  the b a t h y m et r v  opera t ions .  The b o t t o m  along each
line was described and photographed with still and movie cameras . C lose-
up color photographs were taken of selected individual organisms or groups
of organisms to pr ev id~ q u a l i t a t i v e  documenta t ion . Eve ry coral or sponge
along each transect was identified and tallied. Fish population estimates
were made along selected transects. All fish within 15 feet (4.6 m) of
each transect were counted and tabulated by family.

In addition to the transects surveyed by free—swimming divers , two
were run by divers on a towed p laneboard. One transect followed a
course which crossed all the lines run previously ,  thereby providing a
check of bottom c~’iidit ions between lines . Positions of line transects
in the deep zone are shown in figure 1.

D. Quadrats

Two permanent quadrats we re es tabl i shed  in water depths of about 45
and 30 feet (15.2 and 9.1 m) in areas of concentrated coral growth.
Permanent quadrats provide a means of moni to r ing  co ral reef  communi t ies ,
that is, individual colonies can be observee and their condition documented
during repeated surveys .

Each quadrat was 5 meters (16.4 ft) square , divided into nine equal
squares by a temporary wi re grid , and permanent l y marked at the co rne r s
by concrete blocks.

The major attached organisms within each quadrat were identified and
charted on underwater slates (fig. 17). Using underwater photogrammetr ie
techni q ues , an entire quadrat was photographed , and a photomosaic
c o n s t r u c t e d .  From the underwater chart and the photomosai c , a chart wis

c o n s t r u c t e d  f o r  each q u a d r . tt  i show d i s t r i b u t io n  and ty p e s  of bottom

organisms . In a d d i t  ior . , v a r i ou s  i n d i v i d u a l  organisms w i t h i n  each qu~idra t

were s e l ec t ed  fo r  c l o s e u p  p h o t o g r a p h ic  d o c u m e n t a t i o n .

~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~--~~~. - -.—-—-
~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
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E. Curr ent Neasurements

l’hre e cu r l _ nt me t e r s  we me ins ta t led on bo t  ton .  n outs -It 1 ocat to i i s
s ele ct e d  by the Pacific Mi ssile Range L u  assist 11 i-iih1 ~ e U 1 i rii’t rin g
a t i i i .  h e S .

it ~ se m e t  ers have  a Savon ius  t o t  i i  f o r  speed  se-ns i iig and a vane for
d i r e c t ion sensirl - . O p e c 3  i tId d i r e c t i o n , sampled  f o r  50— .- e c o n d  pe r iods
at  I — m i n u t e  i n t e r v a l s , are  a u t o m a t i c a l l y  coded on p h o t o t - r ~ip h i  e f u r .
s-i thin t ic m e t e r .  M a c h i n e  decod i ng and c o m p u t e r  p r o ce s s i n g  h r - . i de d
g r a p h i c  d ispluv s all  d a t a  c o l l e c t e d  d u r i n g  the .~ u r v e  Nii chi c p l o t ~
ind uced cu r r e n t  speed and direc t ion  h i s t o g r a m s  and f r ~~n e  nu -i uer c c~ -is
; i e i -d ,uhld d i re c t i o n . P r o g rt s s i ve ve c t o r  d i ag ram s  we re c o n st r u c t ~~d f o r
s e l e ct e d  d a t a  s e gm e n t s .

I V .  RE S ULTS

A. beach N roi~o1 gv and Ecology

Tttt’ beach i i  L a i n  t he  s t u d y  area is dominated by a resist a t  beach ri-
formation , which f o r m s a r id ge or p l a t f o r m  ex t end ing  50 to 100 fee t  (15 to
30 r )  ens i tc i r~- f r o r .. t h e  w a t e r l i n e .  In lan d of t h i s  beachrock  is a band of
10 -se sand vi t h i  f r eru en t blocks  of e roded  b e a c h r o c k .  ‘is t~ ie low e r  l ay e r s
of hc t hruck tend to  be less cemente d  t han the  upper  ones , u n d e r c u t t i n g
ch a r a c t e r i s t i c a l ly  c re at e s  l a rge  slabs of i s ola t e d  rock (Enie rv and Cox ,
I 95~~) .

Tile d i s t r i b u t i o n  of beachrock and sand and t h e  measured p r o f i l e s  arc
S i I L J y r t  in f i g u r e s  2 t h r o u g h 9. The h e a c h r n c s  forma tion is most p rom inen t
in t h e  v i c i n i ty  of r e f e r ence  stakes H and I and dw i n d l e s  in s i z e  toward
the s o u t h . At reference stake A , the beach is almost e n t i r e l y  composed
of sand , with beachrock appearing only be low the low tide level. North of
the study area is the Polihale beach , which contains the largest reservoir
of beach san d in the  S ta t e  of liawcii (Chamberlain , 1968).

Tite beach at Polihale Jpcears to be p r o g r a d i n g ,  w i l l i e  sou th of  N o h i l i
Point the coastline has retreated (Emery and Cox , 1956). Tile presence
of the massive out cr ops of beachrock and t ile steep s c arp  between reference
stakes C and C are evidence of cc-cent ger~~ral erosion of the  coast .

Between stakes C and D, a 100—foot (30.5 m) section of the b e a c h t r i ’ c k
has been removed for the N c d i i l i  d r a i n a g e  d i t c h  (see fi g. 10). Breaching
of this section of beachrock has caused accelerated erosion of the co;oit_
line to 600 feet (183 m) on either side of the ditch and has created a
trough behind the beachrock formation. Profiles D, F, and H (figs. 5, 6,
and 7) show this trough and the steep scarp which has formed adjacent L’
it. A trough also exists behind the heachrock at profile K (fig. 9).
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~i~~ur es  2 t h r o u g h  9 p r e u e n t  the beach appearance as observed during
the ro l Lt lye ly calm sun ner season. During winter , heavy  su r f act  ion could
be expected to remove large quantities of sand from the beach , d C - p l o - C i t  1t
in III fsliore channels and depressions , and uncove r a d d i t i o n a l  bea ch rock
s I.s r face.

F our  ve g e t a t i o n  zones c o r re s p o n d i n g  t I  ph y s i ca l  s t r u C t u r e s  of the
b e l l -h and f o r m i n g  bands  o r i e n t e d  p a r a l l e l  to  the w a t e r l i n e  w e r e  i d e n t i f i e d ,
T h re e  of these zones are visible in figure 11 . Progressivel y inshore from
the w terline , each of the four zones contained the same sperles but had
morC’ diversity than t h e  preueding zone . Orientation of the zones is
shown in f i g u r e s  2 through 9, and a list I f  nlan t species in each zone given
in t Oh 10 1.

1. The lower slope zone.

This zone , nearest tile water , lay between 120 and 140 feet (36.6—
42.7 m) front the waterline. Located about halfway up the slope to a pro~~i—
nent winter berm crest , this zone has a substrate characterized by loose
sand and some isolated beachrock boulders. Ocean water and salt spray
reach this zone during storms. The vegetation was sparse , as is to be
expected in a salt—spray environment , and consisted of plants that are
generally the first to colonize a beach: rushgrass , Silorobolus virg inicus ;
beach morning glory , Isp oi~~ea stolonifera; and naupaka , Scaevola t - O L  Ii , a
sem.iwoody plant indigenous to Hawaii. This zone was present at. r C - f e r e C I - e

stakes B, C, G, and H. Eroding areas lacked this zone , especially f l e I f
reference stakes D, E, F, I, J, and K and areas where beachrock formation
did not protect the coastline like that at reference stake 01. This  zone
gradually merges with the upper slope zone.

2. The upper slope zone .

This zone , 10 to 18 f e e t  ( 3 .0 — 5 . 5  m) wide , lay ~1hL l I1t  140 I C I

( 4 2 . 7  m) f r o m  the  wa te r l ine  and ended 3 or 4 f ee t  ( ( I . ‘~— 1 .2 m) ~II . ’ Z I T ,L C L  rd 
—

of the  w i n t e r  be rm c re s t .  The s u b s t r a t e  was loose sand .  Sal t  5: r i . - i s
probably the most restricting influence to vegetation , a.— t h i s ar~.a i s
seldom directly subjected to s u r f .  Tills zone was d i s tu r h e d  ho vehicl e
ope r a t i ons at reference stakes -\ , B , J , and K. L \t  s t a t io n s  J I l l ) )  h , the
zone extended to  the base of an e scarp u ~ent  t e r m e d  by t i t e  er o s i o n  I I I  N I l I C i  i i
dune. S. t accada  dominated at r e f e r e n c e  s tak e s  A m d  B , and S.
dominated at J and K. Near D and E , loose sand was  e r o d i n C , and S. V f ~~~~~ i n i I - 1 L - .

dominated the sparse vegetation .

The overall vegetation of this zone was spotty , and one or i \ : t ~ sp o o l / s
dominated large areas. The primary spec ies  i n c l u d e d  those of t h e  lesu- r
zone along with beach wire grass , Dactyloctenium I~~~~\ j t i u r - , and t h e  P e a c h
v l L i - X , Vitex ovata . Of lesser prod n e n - e we re t h e  morning glory , jj iI ’ iLV lL L

pes—caprae sub—species brasi liensis , and the  A u o t  r al ian s a l t  hu s h ,
A t r i p lex SeF ITh C1I ) ’ ; I t C I . 
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I. The cr e s t  zone

ib i s  ‘1 /10 i f l C l I L C l € ’ - l  t I l O  lO st h y  f t ’ ~~t I l ~ t h I  s I - pc 15/1 :1 t u e  ft rst
to  1( 1 cot ( 2 . 4 — 3 . 0  m) of t h e  top I l l  t i l l ’  w i  n t & ’  r P t -  r r .  h/ -sr r et  C role -C’

stake- J and K , t h u  t o n e  he l lo / I  u t  t h e  b e t t or  of t h e  05 II r o r t - n t .  F I f  t el l !

5111 -d es C- - C- re obse rve d in th is I’ l l / C - . ~~te I l O o - l f l I l t s p e c ie s  C- - C- re s a n d h i m r ,
( ‘e n h  Co- i-C I I  i u J L U S ; Be ro-uda gras s , C y l i ld On d ac t - lou L u - L I - h I  vi r ’-  gr as s ,

h~~~~~ l O C t 0 1 1 i 1 U D  aecC~ t i / I l - ; naupaka , h I d o o l l I a  t o  - a d a ;  r~ dross , o T I I r 1~ )o1 us
v ir ~ :1 t l l I o - m s ; and hea l v i t I - : - , \‘ i t e :-C 1 . / t a .  St  r l~~l~~~~~O - r I - s e n t  i n c l u d e d
v i  1 2 t ;i: -~a ri  nd , Leucaen a  lat i s i  f u a ;  t h I l  1 01 ( I& 1L cr 1  5 - n - - h I e ; I  rd . Ce r i le s  I no-
enc ’-e l i l l id e s ; and Boe rb avia d i f f t l ’ - u l .

• K 
~~‘

. _ _ _ _ _ _
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FIGURE 1 1 .  A T STAKE J CENTER )  LOOKING EAST . THREE V E G E T A T I ON ZONES
ARE V I S I B L E  UPPER SLOPE , CR E ST . AND BACK DUNE .
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I c r :  :0.1 g rass , v u o d ’i~ d . l - L o  l i i , d . ’ r n i n a t e d  - ir t - as  that appeared to
t.lVe been cls ’a r eLi of Vt -ge  t a t  ion  and w e r C - h e a v i l y  t r a f f i l : k e l .

-s . ‘iIi ~ b m I l k  d~ l ie  t I t l e

Thi s S l i t / C -  la’- ’ b e t w e e n  the  - r e s t  zone and t i lL -  b rush  h u e  and
v a r  l e d  in vi dt ii fret’ 10 feet (3 in) a t  r e f e r t - r j c e  St : ik t  K 1 1)  200 t~~~t (61 in)
at st.~l e  I.

Pa r t  l v  p r o t e c t  C d  f i 1 o - :  s a l t  sp r ay  by the  w in t e r  herr: c r est  , t h i s z one
con ta ined  :i di  Ve r s e  p l a n t  Comniu ll i ty wi l i c i l  included all of the 24 plant
s p e c i e s  co l l ec t ed  in t u e  s t u d y  a rea .  Pa r t  of the zone had been c lea red
,m n d was re : -. u l a r l y  d i s t u r b e d  by v e h i c l e  t r a f f i c .  The zone at A and B
was d om i n a t e d  by S. vi~~H n i c u s , \c r cia l l s r - e! i .iI ,I , and L . l a t i si f ua .  A
l a r ge , c lea red  an t enna  s it e  b e t w e e n  st ok e s  C an d  I) was dominated  by the
san dbur , C en c h r u s  C - C - - h a l o-. ; beach wire grass , D. ae~~1- Huo-; and Bermuda
grass , C. dac t y lon.

N e a r  r e f e r ence  stokes E , F , and C , wh e re t h e  b rushy  A. f a rn e s i a n a  and
IN . t o - I l l s  it ua had been c i C - u r e d .  C. dact~~lon was dominan t .  Tile l a rge  area
b etw ~-on  s tak e s  H ari d I wa s  don m at ed b y C.  duo  l i o n  and by the sprawl ing
brush p l a n t s  Pluclieo ~ndica anu P . x .  fo s t C -rp I1 , wui ch formed t h i c k e t s
seVe rul hundred t~~~~el square. .~ t s t a k e  J the  / o u & -  wan  about  140 fee t
( 4 2 . 7  m) wide and was  dot::) riot ed by b e l c h  vi t ex , V .  ovata , which  covered
about  O j perc ens of the zone. The n . r row back du n e  zone be tween J and K
was clor-:rr:at ed b y N .  v i r J Hi_coo 0110 A. r : - - l i u - . Tile onshore  bound ar y
of S h e  h a c k  J~ t : i e  z o n e  was Ifldi L H by  a narrow aid .~I the g rass , P a n i c u m
rna : \ I t n i i r . , uil d t i l e  ~~l I  I l I e u — c r o W n — h e a r d , \ . on c e l i o i d e s .

B. lot  c d l  0 1 1  L , l I f l C

I bit  in t e  r I  I l~~I Z o ne  ex t  ends 1— I l  me i i :  las w a t e r  to  the  onshore limi t
of sand or he i& h r 1 c d  I lus t is I I O L  I i ’ - - m t  l ut-o -l- I-d by v v e  ac t ion. l~i t I ij n
th is  110/ i t ’ t h e r e  WI- re t h r I - C - t ype - oh sllo rC- 1001:111 1 ions , co - c l :  c h a r a c t e r i z e d
by a d ist i nl -t  p r O f i i I o .  F i~~l 1r~ - o 2 th rough  9 p resen t  p lan views of t u e
in t e r t  ICI.11 zone showing I I I  sites s— h e re t h e  three prot lie t r ’pe s we re
r e p r e s e n t e d .  1 l i e  di sL i f l5 t I  jr- l it r:o ‘ - I  op rap l l i  c e a t u re  s ~ l i i oh c h a r a c t ei  I zed
the  t h ree  p r o f i l l - t~~oei- l i e  s l i i - ’.-.’i , i n  t L gu re 12.

f i m e  i n t o  r L idal z ‘I/C cot-i: u n i t  \ I , -n t  a m e d  5111/c  of t l i e highest COnCdIi—
t ra t  ions  o h i i  a n t  1/11(1 0151 mIl l  n i t .  r ioi ( h i  1 101350)  i ll  the Bark ing  Sands
n oa rs i io r e  marine en - - i  rotir - ..- : - t . St e- i i s i  v, rock s u bst r a t e , the (-0/1st a n t
was h of s u r t  , and t i r e  m l  c / CC -;unhi ght p r o d l l - - C - an I d cii e l l v i r o n l r i e f l t  f o r
fl ume rous at tac h ie d  ~il a & -  i m i r  - - t I C  - S n  i :1.11 s w h i c h  graze  on t h e m .  Tii is  t I t / i ,

p r l / v i l e s  ii s o / m r / I C -  i t t ~ p1 - n t mott .- r i ,il I n  t il e entire m ar i n e  commi m n i t o .

‘u se intertidal ,Ione is h a r v e s t e d  by t h -  human ~ 0j ll  I at I I ’ l l  . KIl t ci  I 0 i I I lj ~~ o

(h imu  e l e e l e )  and Ulva (1 m u  palmim l ullI . art two o f  O I L  r a t  algae t i t  i lized in
the human d ie t  , as are  t I / i -  C-chinoderm (sC -a u r c h i n  S , (Il loli oeeflt c I t  us

(Poda p ho ra) at rota , an d  t l i e  limpet , Ccl lana 
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Six distinct environmental f~cies we re identi tit -d , i’ach c o n t a i n i ng
a : l m ~i ra c ter i s ti c  b io log i ca l  con~~u n i ty .  I’ l mC ’ r-;e are sh own d ia gr am a t i ca i  lv
in f i gure  13.

Time hip it energy seaward slope and crest f~m e h-s are subj oct to the
lull force of waves. The slope f a c i e s  c o m m u n i ty  was d o m i n a t e d  by t i l e
al ga , Sargassurn. There we re sparse occurrence s of the alga , Wran~~ hia ,
and the ech inuder un , C. atrata . The crest fac ’ieo communi ty  v h s  dominated
by Sargassum, Wrange h a ,  and C. atrata. There were frequent oc crl rrC ’tt(- t- C
ol r.o-h- hl l f lt ’ Clvii , Hvdrocoheus ,  and P adina  and I f  t h e  echinod e rrn s ,
IN c h i n o i i e t r . i  c- hi C l n ~~h I and P. m at ha e i .  Occurring in lesser q000tit IC- s We rc-
be •il g~l e l I e  I ~o-1me-in~m, .\rthrosp ira, and Jania . I.. obloipj~ m and E. 11:11. hoC -i

occurred on the top oh t i i t -  c r e s t  in  depre ss ions  formed by t ( : e  a nim a l s .
A fiuhi , iIN rH i -

~
- a~’

hiuu , was commo n between the ,—ie:i ward slope acies aimd
t i / C -  0 1 I L - e l I  .1 - 0 1  1 .11 C L - n , mi j ,rat log from facies to f : m c  I C - s  w i t  is tIme t ide .

— 
Tile r u n o f f  fad es , p r o t o c i ed  f r o m  the full force of tise waves ho t blC

o r E -s t  , WItS I ’l l / I l l  n u al  ly s u b m er g e d  and st rongl y ~ .islit ’u . [ l ie ci ’I: h I : r i I t l  i Lv of
the runoff I acie-s was d o u i i t i : m t e d  by the algae , Viva and ur~f~~’ C-Ii a . f r I - F

N ob l i hi  D i t c h  to  about  800 fe-C t ( 2 4 4  in) souLh , t i l ls  f~ - I C - n  1.00 C ll ~ i i l a t e d
by a dense  tj vo c o m m u n i t y ,  pr i bla b i ’  i n f l u e n c e d  by f r e s h  w at e r  f r o m  N I l h i l  11
D i t c h . ~\1s~: p / e r - u - l i t  in  the r u n ol  ac id- S c i r r u I : t s n i t y  we re L I / C -  a lgae ,
T u r bin a r i a , D i c L \ - o nj2j i a er i a , J . n i ia , arid ~pyri(I1a; the ee liir:-odC rcs ,
:51 rota , K .  ob lo nga , and I .. rio - L i i , l C  i , w e r e  s car c e.

The rimme d pool fac ies , l o c a t e d  w i t h i n  the  c o n f i n e s  of t he  r u n o f f
t e r r a c e , was a more  she l t e red  enviro nns erl t than t I c -  r u n o f f  I :Jc tes and
s u pp o r t e d  a c’onrnunlty  of more d e l i ca t e  o r g a ni om s . TIme d o m i n a n t  c r p . t r : i sm
was Arthrospira; frequentl y occurring s-crc the algae , fiva , P a d in a ,
Clado p h ora ,  Va lon ia ,  Zonar i a ,  and G a l ax au r a , an echlnllder :u , I ± l iC l i s h - l .

~~r at i 1 la ,  and a h o l o t l iu r i a n , ~~~~~~~~~~~ m au r i t i an s .  Both  T. ~~r a t  1 1  I , !

and A. m au r i t i a n s we re more common n o r t h  of NoI i : i  11 Ditch , wh e re time rimmed
pools we re b e t t e r  p r o t e c t e d  b y a l i p - I c r  c res t .

The lower splash slope fad es, c o n t  ~n n i  rip, solution pools , is f r e q l l l - n t  I v
reached by the surf. Dominant  w it h i n  tile pools were  the  I I l r - mncnr . I ’ l i r ;  a lga ,
r u i t . r o m ’ r p i u i , atid the gast ropod , Llttor itm a ~jjiL ado. Filt .’rC- w e r e  t r . I C :cs 1 1 5

the . 1:1 /li , ho t !iroijj~ja and ~~~~~~~~ and tew ot t i l e  gas t  r l lp o d s , N e r i t  - i
j r - i  i ’e im and i - 1 - l i’.l :l e : • : . I r , i L : I , l i I i l i O r io- ’ck ~ arid i n  ,-r e v i c s - s .

1 l ie  u p p e r  sp l a sh  s lope  S mc I C ’S , on lv o c c a s i o n a l I v S’C t t e d  by h i  g h t ’ n
tides arid surf , ContalflC-d a collfli~u n i t v  r e p r e s e n t e d  by few ol p~me and l u ’
gust ropods , I .. j 1 i n t . o 1 ~l and IN . j~J:-L.m. Both gust ropods we rs chi /s t ey -d in
shaded cr ‘ 1  S .1 / i l iin dc r rol - H-. .

C. Pb, tllow Zone

1 . Env j r -Il Il l s  - i t  zus d L I  f I  -grap h v

.\ spa r s t ’l v  n ’ p i m l m t  ed ( - o r a l  l i l t  15 p r e s en t  on tise WEs te lu (‘ (l ~1St

of L : i i i : i i  i t  N I I b I  I I i  o m it  . P h y s i c , m l  l I & ’ ~ ’ I ’ I 0 f f l I C ~ll t  o h  the r -1 -f is (‘iuH ,m e t t  ci . t  s c

~ 

_______



0 1 many H a w a i i a n  ree~ s (Cos l i n e and B r oc k , 1960). W a t e r  c l a r i ty , la - I t -n,
.- smp I)s it ion , and surge in L&-rIsl ty  i n f l u e n c e  t h e  b e n t h i t -  populations.

t u e  S i i : i l  l ow’ zOni -  e x t e n d s  f rom the  i n t e r t i d a l  zone t o  time I ( ~~~ f . l , t

(6.1 ml d ep t  11, an area 700 to 1 ,300 f e e t  (21 1—396 to)  w i d e . A t o r I ,  i d ,
h igh  e ne r g y  s u rge zone c h ar m i c t  C r i ZC-d t h e  st u d y  1/rca to about the - . 0— t  • -- t
(12 in) depth. Much of the t u r b i d i t y ,  origin/-It ing as silt flowing . roi l :

N o i m  i l l  D i t c h , was coin -ou t rated in an area about 1,000 feet (305 m) to time
n o r t h  mind sou th  01 til e d i t c h .  Beyond t ile 40—i  n o t  ( 12 .2 in) depth u-., -; a
m o d e r a t e  to low ene rgy environment of moderate to sligh t t u r h i d i t - - .

Time area f r om  the intertidal zone to about 100 IC -ct (30.5 m) o f t —
shore w1ns a high enerpv si ir - f zone. b [ I - t w i - t ’ I ; S t a k es g and I., ( I I ’  I . E  t e d ,
consisting o f  sand and rock , gradually sloped to -m depth ol about 3
f e e t  (1 in) . l b e t w C -en s takes  F and K , where  t u e  h e h m c i l r e c f  had c o l l a p s e d ,
a 2 — t o  4 — f o o t  (u .6— l . 2 mu) escarpn le il t occu r r ed  cu t l i ~e w , : t e r l i n e.  A~
stakes I’, I , and J , the collapsed beachrock ext endC-d 5 1) t o  80 i t - e l

( 15—24 in) o f f s h o r e  and formed a b o u l d e r  zone w i t h  2— t o  4 —~ not r e l i c t
in 6 to 10 f€ - ~~t (2—3 m) of water. Between stakes C and I i  and o f t
stake K , an algae—c overi-d terrace 50 to 100 feet (15.2— 1 (1 .5 t O)  w id e
b r -  in 1 to 2 feet (0. 3—0.6 m) of water directly off the t n - I l .  I N .

Seawa rd of the surf zone a shallow trough 100 to 300 fee t (30. 5_ h i l . 4  m)
aide lay be tween time submerged beachrock and a rocky shoal t h at rose  in
places to within 1 f o o t  of t i m e  s u r f- i c e .  Sand pockets and ruhblc- wC - r e
present in the trough , hut most of the bottom was consolidatEd m I l e ) . A
thin veneer of sand o—~an present in the trougil near stakes 1 and J.

The S I / C l O T , ly ing lengthwise  to the coast f rom 100 to  400 f e e t  ( 3 ° . ~
—

121.9 mu) of fshore , was narrow and discontinuous. The sImu:s I was 2 to 3
feet (0. 3—0.9 mu) deep off stakes A , B, C, D, F, and C and 0 1 , 1 / m t  1 f o o t
deep off stake E. Seaward of the shoal , about 400 fcet (121.9 in) oH Su it/C
the w a t e r  was  10 t o  12 le d  (3.0—3.7 in) deep and the bot tom tarried low
m e L’; spu r s , p la tea u s , and narrow channels with some sand. At 500 f e C - I

(152 .4 .) of f sho re  t i le  d e p t h  i n c r e a s e d  to  12 to  15 fee t ( 3. 11— -I .6 mu )
and the spurs and p lot euium ;-. became dist inctly separated hv sand channel

and flats , which extended beyond the 20—foot (6 mu ) d e p t h  and i n t o  t i m e
deep zone. ~Iaior sand t i n t s  we re present 1 1 1 ) stakes A , B , K, I . ari d J.

2 .  B i o l i l ) . i . l  c o r m i u n i t i e s

Results of the sisal low s a t m e  line t r a n s e c t s  :101) 111 5 c r — s q i / ;  Fe

c o r i nt s  are p r - i - u .- n t ed in table s 2 and 1 .

Al )i0C’ domin o  t ed  the  ~ ii~i I low z o n e  and cove r E - Cu  1 / b o I l  50 p c i -con  I t - t  I Ia
hot  t on:. Of 1 he 23 g u - r u e m a  111 : m l g : m e  rC- I - l )r d e d  I r om I l I e  i-ihal 1 15’ ‘S O O t ’ , fo u r

wer O  dommon : ( 1)  Lvii- - ,bv ,i , o c c u r r i n g  i n  ~0 p e r c e n t  o h  t i r e  met  I - r — I ~ p u /i/i

• o lin  t s  , t O y S’  rEd 2’ I I ’  l. c c’rl 1 u S  t~ in ’ hot t om;  (2  ) Wr iiiir - i e li;i , Oi l / c r  O h  i l l

3,-’ p e  r I ~- cii t of t i m e  coin I S. dOV E ’ red 1 1 1 1  ‘ i l l  1 2 p e  r e t - n t  Of i sc hot t . -r - ,’ ( 3 )
A rth r o sp lr a ,  Il l ’ , u r n ! ’  in 20 p e r c e n t  ‘ ‘ S  t h e  c o u n t s , cov l - r I -d 5 p C - r u - k - n t  I ’ S

the hot t our ; and (41 rI - a s s / u n , o/ -E - mm rr sop in 17 p e r c e n t  o h  I l l s  I - I l / i n S  5 ,

___ - -—  ~~~~ -~~~~~~ --~~~~~~~~~~~~~~~ --—- 
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Table 2. Sha l us zone t ransec ts  cora l tu~ s l a t  j~~r .
(numbers of i n d i v i d u a l s )

mu
L In
- , - °11) 1 1 - -

Cfl -2a 11)
L.

-~~ E a -~o o
— u 0 -ain_ ~ a ,

If) In 0 -9
o 0 — ~~ - T~l

SHALLOW aTRANSECT DISTANCE FROM DEPTH RANGE
LINE WATER LINE (FEET ) (FEET) 0- Li 0- .,;-

A 85—1 85 4— 5
1 85—285 5— 6 4
285—385 6 — 1 0  4 2
385—485 10—1 2 3 I

B 80—100 4 — 9  9 4
1 80—280 9 — 1 0  8 2 2

A 280—380 10—1 5 16 6
380—480 3—15 17 2 3 I 2

E 00—200 2— 4 3
200—300 4— 5 0 I
300—400 5— 6 I 5 5
400—500 6—1 0 6 6

F 20— 1 20 2— 7 3 I
1 20—220 7— 9 0 I
220—320 9— 9 I I
320—420 9—1 2 I 2 6

G 50- 1 50 2-7 3 4 2
50—250 7— 9 2 2 5

250—350 9— ID I I 7
350—450 IJ— I3 6 2 2
450—550 1 3 — 1 6  4 3 I 3

H 20— 50 2 — 2  4 2 3
50— 1 50 2— 4 2 I 2
50— 250 4— 5 8 5 I

250— 350 5— 6 3 7 9 I
350—450 6— ID 13 3 2

20— 1 00 4— 8 5
00—200 8—l I 5 6 2 2
200—300 lI — I l  4 5
300—400 11 — 1 2  4 I 3 2
400—500 8—12 6 6 I

K 1 00— 1 80 3- 6 I 4
180-280 6- 7 8
2-~0— ~dO 7~ 9 8 I 3
380—480 9- 11  S
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‘- ov ered 5 pE rcent ( I t  t h e  bot  t o O l .  Cr u s t o s e  C o r a l l i n a c ea c , the  a r t i  cu l a t ed
( - C h r a l l i n e , J a n i a ,  , m n l I  t h e  cr1-On c lulL-I mneous alga , Halimeda , o c c u r r ’  -~ in
09( 11 1 20 pe rc e n t  at  Ha- c o u n t s’ , eai’h covering less than 2 p e r c & - I i t  I l l  :
bet t o r I . Tile most  common alga , ~~~~~~~~ d,,’c i l ’ l /S~ - I I  in  p r o m i n e n c E -  n e a r  sand
b a s i n s ;  a long  t ransect lines F, C , I/ nd i t ; at t i le  nea r shore  - u r e a  of
transect line A ; and at time 10—foot (3 mu ) depth 200 to 300 fe€- t (61.1)—
91.4 mu) ,, f t e H I l r e  on t ran sect line B. b -asonal offshore movement of sand
probably jul ibits the -~~row’ t hi of  this f i l l / F / I n / I t  ous alga b . hurvi it ,i’,,
scouru:~- - , and by reducing water c-Io ri t ’.’ . The r~-as lacking i~~,~ h :l v a were
p0 1 1/i  r ated ( I V  cit h er W n n ~~I - L  111 or  : - r t h r o ~j~~r , l  and one or more of I l i e  ai~~- i e ,

,,2L~J, 11 f u i  b i t  i i i  I l l  ;~~ m I l  1 /  f i l C h  m r  ldr~~C r , n t / / r i / I l l  plants

Tire , I I , I  F ls , ( ‘ I )  t- , , l  p o p u l a t i o n  i- I / S  duirti oat  ed by the genus I’orit es. The
pauc i t; - ’ of c l b r , m l  -~ W I / S  p ro 1 - I l y  caused by t h e  si l t r’  env i ronm e i l t .  Edmondson
(1918) de’u’rihed a s i m i l a r  e f t  el ’1 or  - m  silty e n v i r o n ni e n t  f o r  a si -c t i o n  of
I Is’ W,-m~ k i k i  ree . The g~- i s - i l l  

~~~~~~~~~~~~ 
C lo nt i p o r a ,  c r / v u - i , Pavona , and

L~ jih 11st r~~ m were pr~- - r o t . 1 1/C ’ comp C ’ai tin’n -f the  sparse  coral  p o p u l a t i o n
w a s  l : c~ - ‘O , f l i n i i ’  t Ii rl i , c / r t , u  t I i i i  shallow ::- ‘u - . In the s u r f  zone , tI, , first
J ) fl I C - I - I ( ‘I I ’) . 5 rn

_
S f r 1 S ho r E - , c o m b l O v , - r ’ i’d less than  1 percen t  of the

, I t  t ,  - - l’ rorl/ I In s t i r ’  Z O O S ’  t~- ‘ t h e  21 )— f oct  (d  mu )  dC/ It ’ll , co ral covered
, ibo -m t 3 pe to 1-01 - S t h e  h I l t  t O fl~. PI r i t e s , c O V i r i n g  a l ’eu t  2~~5 p e r c e n t  of
the 1i~ t t o rn , o ccu r r e d  i n  ‘/0 p e r c e n t  o f  t in - me t i- r — s q u a r e  coun t s  and a c c o u n t e d
for  07 p e r c~ - t /  of  cora l  l ’ I ’ I r l r r C ’ncE -s ‘ti t r a n - a - c t  l i ne - s .  Poc i l lopora ,
c o v e r i n g  .11 11 . / m t  ( ( . 7  p e r c e n t  i - f  t i t - h o t  t I - F / I , occ u r r e d  in 22 pe rcen t  of t i l e
c o u n t s  and cue c l Iln ted I”r 25 per c en t  of t u e  coral o c c u r r e n c es  on t i le
0 rduir-r ~ -

- t 1 lIhes . The o t i m e  r g en e  n - i , cove r I c less t h a n  0.1 :- E-rc en t of the
:-~ t t - - a , oC - d l s r r I -d ~n a b o u t  -~ ) e r C -e : I t ss f  t i le  c o u n t s  and a c c o u nt e d  f o r
ab o u t  8 p e n - 1 I t ‘f t h e  cora l  o c c u rt ’ eli c el- ‘i) t r . i n s i -c t  i / t I C - S .

The r e la t i o ’ s ’b v  small  f i s i m  p o p u l I s t  i on  o f  the shallow zone  was  composi- IN
of  c h a I r — m c I  er I S O  j e  r e e f  f i s h  ( G o s i i o , - and Brock , 1960). T w e i t t v — f i v e
fan/ i I H--; of S i she s we re r e c o r d e d .  Tile f o u r  O u s t  C ‘ i l r b l - r i  f d O / 1 l I C ’ S  is ’ C’ me
( T 1 I , m d t l - ’du n tj d a e  (butter)’ 1~’ f i s h )  ;m r l d the h it’ s ’ f ami  l i e s  o h  g o bi t ’s :
I’ r ,  IC ’ mE ’ r i i dae  , Eleot r i~ 111/c , I / I d 1 ,01) i i  (1,0: . But , ti- r I b y f i sIl I/c i-or  r i -  IN at Ij’,)

percent of the counting st - st ions and accounted fI r 32 I I t - r c e n t  ~~ tb-
f ish population . Gobies occurred It h6 perceirt of  t I / C ’ counting st u t ion ,-;

and scc ,luntt ’d for 21 percent of the fish population . N/ st  of t ime I i-l i
occurred i n  water depths of 6 or more feet (1.8 mu) and  celr ,I ;r e ,g r / t e d  - m r  1 1 1 , 9

bo im i h- rs , ru - md rocky l i i ’~~ds .  The a reas  off si -iken I and K w e re
- o r -  / ( ‘ l l / I I ; n t l y  popu  1 s t  ed than areas off stakes .-\ , I T , and F .

A p p r o x i m ; m t e i ,  10 largt- sea turtles 1~ E’ cc o bse r v e d  i n  tb. - - .1 ,m I low
zone ,b m ni:/, the invest i - F l i t  i l l s ;  however , they i t s  ‘lot m p p & ’ . s r  i n  t h e
p o p u l  it jOfl Cot/lOts . Niuil’C- ru/i n sp i ts’ - ’ lobst t ’ r u ; (Parm ul_i m s  . ) we re . m I so
observed , part j I i i  I I I ’ ;  o f (  FE ’ S  1-renec sHake I .

mc ‘-irking Sands rI- a was m I - I l l -  r a t e  ii ’  u sed by I ,‘ei I - : I s ’ , m rt i she  mmcmi

rind t l I r I l s ’ — / 1 l - t  I u - t u ’r’ t ’s ’rr , p a r t i c u l a r ] ’ - d u r i n g  W dt  ‘ c I u l s .  The gr C - I l  t - t ; i
:m c t  i v i  t - ’  w . m ’ -i near r e t  s - r u es ’ 5 5 , / R e t -  ii , I and 5 . Sur g e o n t i~~ti ( A c , i i r t i i u i ’  l d ;R - ~
d a m s e l S  i /li (P ’i s r ; m ’ t ’n t r i d r i ’ ’ )  , and butt ’ r I ho ’ S s u b  ( Ch ,- i ’ t o d u ’n t  Hi m , ’) we it ’

ohmi c rvl - il , m ~ i c I l i  p t I l t ’  c l i  t I ~ l I t ’ S .

‘r 
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1). Deep Zone

1. Envi r o i i n a - n t  and topograp hy

The deep zone includes th e section of reef between time 20— ana
80—foot (6.1—24.4 mu) depths , an area vary ing in width from 4,000 f e e t
(1,219 no) off Nohili Point to 4,500 feet (1,372 mu) off refere rn-i .’ s t - i k e
Results of the bathymetric survey are shown in figure 1. Figure 15 shows
the general  biological  z o n a t i o n  and the  d i s t r i b u t i o n  of ru ck , m - ~/ d sand
substrate.

Between t i m e  20— and 50—foot (6.1—15.2 m) depths , an area 1 ,700 t I
2,300 feet (5lb—70l mu) wide , the bottom consisted of a seril-;- of
connecting rocky spurs and p lateaus witil 5— to 10— t oot ( 1 . 5 — 3 . 0  no )  t’e l j i
and a scattering of discontinuous sand flats and channels lying noni:aJ t o
the coast. The sand en p an s es , 4 0( 1 to 600 feet (121.9—182.9 mu) lot-m g and
ms wide as 60 f~~ t ( 1 - 1 .3 m), comprised 30 to 60 percent of the bo Lt
The sand expanses we re most coimnon in the areas between stakes B and P.
Three sand i l m t s  o t ’f stakes B , F , and K extended sh ore w -a r d  to  the 10—foo t
dept 1/ ,

0~ twt’ C’ n t i l e  50— dt / l i  ~~5 — I u o t  (15. 2—10 . 8 no) depths , an area 700 to
1,200 feet (21 3. Fs — 0 h .0 mu) wide , the b o t t om wa s irregular, with numerolla
a les and channels 11r1’ating a relief of 3 to 4 fee t (0.9—1.2 m) .

compri sit /g 5 to 20 C-rcen t of the bottom , had collect t-d in the holes and
channe l s .

Between tilE ’ 65— as-md , L I — L o i t  (19. ~— 1 1.3 m) depths , an :mri’a 40(1 to 500
f e e t  ( 1 2 1 . 9 — 1 5 2 . 4  m u )  wide , was a ul ni f b r ’ no rock bottom with 2 — to 3 — f o o t

(0. i—b . 9 mu) relii-f . Sand , covering less than 5 percent of tile b o t t l ’ t : I ,
formed a t h i n  v e / r e E - r  in  depress  / I S t s .

2 . Biological c on u l su n i t io s

A strati lied population , dominated by tI /’- ee ge n e r a  and five
spem ;ies , characterized the deep zone . The coral species w e r e  ‘l o nt l j ’o r l

verru c o s a , M o n t i p o r a  ~,p. , Porites l ob a t a , Porites comp~~~ssa , ;i n d
Po~~~ lo ora meandrina. The coral genera Porites (Svnaraea), Lvj’l; ,m o - t t - ’~~~.

Favia , and Pavona were a l s o  present. The density of coral (5l1’rcs ’ i ot age  of
hot t oni covered by coral) increased from 5 to 15 percent at El i ’  2 (1— fo cI
(6. 1 mu) depth to about 30 percent at the 70—f i~ot (21. 3 mu) depth. Tb-
numbers of coral colonies ,mlso increased with dept im . Relative f r e q u e n c i e s
of occurrence of the three common genera (table 4 )  show coral  s p e c i es
dominance and depth range .

a silt t ’ I e r ; i m r t  pC I/us oh t e n  , - t / , / r ; I I  t m - r i s t i c  of  high I’nI ’tp \

e n v i r o n m e n t  , was t i l l ’  c l o m in a n  t I ’ l l  r ; m  I hs - w - s  - t o t u e  10— and 30— I -

(6. 1—9. 1 mu) depths. I P ’ r ’ j t e t - i  ~~~~j r e s s i l  w a s  coo n , - I ’ r /  I r , s t , - I l  on rIo-h-v sp u t  t-  - I t / I l

p la t eaus as fingerl I k e  pro It-c t ions , with much of this- basal port ion i t ov e r , -d

by rubble and ov e rg r ow n  h~’ algae (~~~- ‘ t -  S i ps . 15 and 16) . r Ti t I l l  .‘O— t~~
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30— t t 2 1 1 1 1 5 , I I  t~~~ } ( / C ’ n s i r V  0~’ i 5  g n u _ - l t e s t  a t  r l n b S I ’ - ’t t h E - I  I . , I ’ l l

l i l t ’ p e r / e r - m I  fl l / / -  I t O ’  O F  I ’I) t S I I  I I I  t i l l s  depth I t / l I l -  - t I ’ s  t l j a ’ t i l e  S h t i l I  h i ’ ’ ’:
- I l / I l  1/mO lhiul /- ,‘ , t , - /  l i / I -  1 1 1 ) 1 ’ 1 11/ 12 1 5 / I r i s  f l U  u - o r a l  ~‘ r e’ -,- t h .  I ’  I : ’ - u / C  - - l O r e - I

t l / r , — l / I I I  I I I  t i s i -  S I / h  -‘ I / I -  , 1 I : t S u - W  g r e u _ -,’ d r t l ;  I / I  2 / 1 - c 1  ( -  -‘ .~~~ I -

~~0 1 / t l ;  was  u l 0 ) / h ( f l l I 1 h ~ , , t  50— t o  7 0 — I / b r  ( I  ~. 2 2 l .  i no ) dep ths .

P- - tw’~ ’e I  the (0 S / / i  5 0— f o o t  (9. 1—15.2 mu ) ulI l I t  u s  i - t ,  t I -  I l t / I / ~~~ I l n t ] :  Ca

W e l l ’  about equal in frequl - n I  i es  ~~f b ’c - I / f r e I L b  - -  ‘-l e e  Hg,. 16). in d I ’ p r i s
l e s s  t l I , I 0  15 f e e t  ( 7 . 1 o i ) ,  1- ’ - ‘ t i ~ I , 0 ’  s t r t c t e d  -v t h u  E u r O / u  w- ,Iter .

;m c c l ’u n t e u l  f o r  l~ -s - - t h , sn i  10 - r I - I - / I t  o f  the I - o r - I l .  

I .  ~~~~~~ 5p ~~~t 5 1~ L i l / r o u p i / o u t  t h~ I / u _ - I l  1/ d u_ ’n t h s I I  1 1 1 / / I

/ u _ ’e t  : 1 . 3  I - The 501 , 1 1 1  1r’l l s n / t o F  -1:/ ta F - ‘ - f l  t r ,) rTl ; fl~ t i  t n— 1 - ‘ ( 2 1 .

7 - . -~ in) u e p t l s s  / 0 2 1  I ’ St e S ~ 1 P c I  1 1 1 1 1 ;  ra 1111 : I I )  ahsc-nF - - C  r I / r I  I I I  I I I ; ’sI-

- l e e ’u ’r  u’ , m t ~~ r 1 . ill/ST - a -  pr ,Ib sh i \’ Oi  I l l i r o s  t u e  u h l - r , ’ r I t t ’  Lu h i - 1 ’l 1 f l ’ ~~~~

e n \ ’ i r - - / I I : l e n t  ou~~d i i  ‘ ‘L b s  l e s s  t h , i t i  5(1 H - u _ - t  ( 1 5 . 2  - ) ,  b / I t  i t  Is f l o E

t o l , ’ r : I r / t  -- 1t~ 0/-  re  t u r b i d  e l l \ i r o l o I ’ i en t s  , ,\ ‘ o X I / p h’ - f P 1 1 1 1 5 / 0 1  / 5  5( 1

in  I i cl /ru - 5.
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FIGURE 1 5. THE CORALS , POR IT ~ S ( L E F T )  AND POCILLOP ORA ((1I0H
AND THE COMMON ALGA , E N T E R O M O R P H A .
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DEEP DEP T H RAII ( r E U

PdPSECT (f ~~) 
____ _____ ____

8 lO - vO 7 70 7
5 5

50—40 29 24 5

C 50-40 26 29 2
40-10 12 8 0
30—20 55 6 5

D 70—60 19 57 6
60—50 24 18 3
50—40 40 4 1  2
1-0—30 13 12 9

E 70— 60  2 50 0
60—50 14 66 5
50—40 3 41 IC
40-30 64 68 13
30—20 36 4 3

H 70—tO 19 31 0
60-50 ‘-0 77 8
50— 40 0 lb 7
40—30 16 2 1 9

I b 0 — 4 h ~ 45 IP 5
40—30 (- -1 35 3

K ~0-40 d l  3) 4
40—30 2~ 20 l~

60 10 b 9
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~\ diverse a igal p1 ’p/m I m t  ion  d o / ’ i i ~ a F  i’d t ime i l -u - ;  z o n e .  Jania, L u L l s - a  I~~I U :

ftI r binl mr ill , ~~ I 1 ~~~ i ll i , and t u e  c r u i sE  1) 1- ;u- t o r ah  i r l a l e - I m I -  w e rl  c ot / / t O t S ) .

i t’ I l S t I l S c Coralljnaceae werl the most common algau _ l i t  thi-  20— to -  35—foot
( 6 . l_ l : 1 .7 in) l u - I t  u s and u-I C n o -  en c r u st e d  on u l e , i u  co m ’ , l  ske 1etc~rs , m a i n l y
L e t  I p j 3 I t 1 .  J a nj a  5 - / S  ~) t O O  I flCil t o f f  st  i / O i l, C , I’ , I , ; m n l i  K at t l u -
11)— I - ‘ b - I  ( 0 . 1  mu) dep t h , cove r ing  up to 100 sq//are f u _ - u  t (9.3 sq in) , ‘/1 Lb

con~’ u _ ’ / o t r / t  1 1 1 / / S  of  3 to 4 p l a n t s  er  s q u a r u -  foot. hu _ - t~ -,’ee n t Ir e 15— atid s; O—

fo ot ( 1 ) . 7— 2 4 . 4 mu)  d ep ths  t h e  most co//no on gl,-n er a  ‘ - r e I / b  ,
T u r b in a r i - s , and ~~atol ’e’1i3i. A pr e e n  I / 1,u ih en t o u S  a11t , p o s s i b ly
h’ / t cr o l s b / j 7 7t , grew at the 5I1— foot (15.2 no) depth n f l  s t a b t ’  C and  c a r r i e r
1 / O : , i sect  io:is of the r,lck b o L t  -t : , . Along t r o T / s e c t  11 a t  t i / c  7 0 — f o o t
( 2 1.3  0/ )  d e p t h  U l v a  for : I ’ cd a g r e e n  cover o v e r  the rock , a unique
oc c u r rL’sl l -e .  The u:ot’,il p 1 / U I  a L i o n  of t h is ar e a  was  a lso u n iq u e  in bei ng
d o r l u i l / a t  ed by P o r i t u - s , r a t  e r  t laS ‘- ‘- l n t i aafa as was characteristic of
ot h er a re as  at t h i s  dt ’ p t l m .  Both UIv ,/ and Porites l E e  c h a ra c t c s is i  / 5  t h E

a h i g h — e n e r g y  C t OV i r l l t i l l e ) /  t .

Spo ’iy Fel— in t i / c  de1 ’p C u / t O t -’ we ru -~n m 1 l  and g c i i er a l l v  in c r u s t e d  Ofl and
under  rocks  u n d  l e d g e s .  Time o- ms i: su fficient to search for t fh e
sponges w i i t  It ,’ ob s er v e  i s  swat : t i re t r a n s e c t  l ines ; r e c o r u _ u 1 ’d sp, - l / g l ss t- ’o r u _
types t H a t  goes- iii I ’ 1.  i ’ ’  tm-st frequent lv 012 -/ u f y 0 0  sp o n ge  5 / 1 5

a sm~u l i , grl - e / /  , mr t d b l a ck  s : - u c i m n e n , p I / s 5j b l V  ~~~~ 1 : t  i o :  H y a p - - s hu n - , t h u t
grew unde r  a t i t i t o  la o- E r s / I  sand ‘.1’ u t h  u n i v  t i l e  oscules  p r o t m I l - u i / i p .

Over 1, 700 fish r e p r e su _ ’n t i t / p ’  25 f a m i l i e s  r e r u ’ r u ’u ~b l r d u _ T u in  the  dec- p
zone .  Al l  of t i m e  f a r r L i  i u - s  ,mre i l / I / F  on t o  t i / u ’ o r a l  r ee f s  01 L I r e  1 1 0 5 , / i  Ian
Islands (Gosline and b,ro , P . 101,1:) . \ t a b u l a t i o n  of o c cu rr en c e s  by f a m i ly
is 11 r e s e n t e d  I l l  t I/bi t - 5. I-1 i 0’Jb tce n  of these la th  lies we L i  a lso ruieei du ’d
in the shallow z o n e .  1iost of the fish 1,ie r c congregated a r l l u n d  r i b -  I v
heads and near ied-;es . .\s deptim increas ed i n  til e dec i zone /nd I/s the
heads and ledge s became H -er , the fis h population bt-~~J O / u -  I L ’ S /i u i i V u ’ L S E’

and s: a l  ft r .  The re lot  ionsh ip  or ’ f i sh  t o  c i t a  r I m s ’ t I r 1st’ i c hah i  t - I t  i— i~s
d i s c u s s e d  ho ’ I l i ’ i ck  (1954)  and Gos i i n c  and Brock ( l O ( , ( l )  . ,‘d ’ , i i / t  90 p e r  Ill /i t

of the f ish counted belong to  10 f ami l i e s : Gobii  dat - ( ‘ , o h i e s )
K r l / L ’ rn u’ ri i d ae  (gobies) , E le o t r i d a e  ( g a ble s ) ,  Ch ae t l l d o / O L i d , l u ’  ( b ut  t e r f i ’p’

f i s h )  , Lahr idae (Wrlr ssd- s ) , Dii i 1st I I l l  ( t  r i  t t u n - r  11 o h )  , Dmi ss r o : ,  / u - r i  I I t O ’

( t yp i c a l  h e r r i n g )  , P o r u a c e n t r i ~ l / i I -  ( d a n i s e l f i s h )  , ,oiou :entridae (squirre l—
fish) , and Ostracionti dae (cow ’ f i s h)  . The go1’ Los 1 1 1 0 0 / / t n t  u i  i l  r 44 pe C o O t
the butterfl y f ish , f or 11 percen t , and the O t t / u  r s~~x Lin - , i  I i t ’ s , f o r
35 pe r cen t  of t i l e  total fish c o u n t .

E. Quadrats

Quadrat 1 (fi gure 18) is I lI e /ted at a depth of abou t  4 5  f e u - t  (13. 7 no)
on l i n e  t r a n s e c t  C on the  t o p  01 a rocky  p l a t e a u .  Time w a t e r  W I / s  C l u - a r
wh en t i m e  q u a d r a t  was s I I r v L ’v u -d , b u t  there w i / S  55lfl / ~ l i / i c  -ied i / I : t n t  00 t i n t ’

i/ i / t i l t ’ a r i d  c or a l s .  The q u a d r a t  p r o b a b l y  l I t -  00 the  edge u _ s t  t h e  a r e/ I
i n f l u e s r l -ed b y s ed ime n t f ro t : ;  t i m e  N / S I / i l l  D i t  u ’l ~ . Al gae ,I ~ ’ u ’ , ’ / I I / t  u~ l o r  75
p e r c e n t  of  t h i s ’ b u t t o n -  c l l v u - rage co ra l s , 2 3  p u ’ r ccn t  . ‘t h i s  l i p/ I Sj7~~r I d l a
was d o m i n a n t  w i  t i r  7 0 — p u - t ’ ’ c l i t  ho t  to rn  C OVe  l ’ / 1 , u .  I r u st o s t ’ C O r a l l ] t O /: a l l / I l l -

1L’
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F. C l / r u t / I t s

A 5 11/ / 1 1 . / F , ’ of t i / c  d o /t a  F tp ’ III t i / s - t l i r u ’ u _ ’  c u r r e n t  m e t e r s  is I r s - l e n / t e d  in
figure 20. P r l l p r u - s s  ye V I I I  - -r dill /rains (figure 21) we re al /o Il COflSt rI / I t tid

fi ’r t -I/u h met er for se lu -et ed 28—hour ps-- n ods I rIo/I 20 J u l y  I l  22 .Julv .
1 5 0  u_ i / I / / n  11115 a rt - c o ns t r u c t e d  by a l i g n i n g  h o u r l y  en r r s -’ii C vs-~’t or ~~ SO t i / l i t

t h e  u _ ’ F  I i - c  o F  0 , 1 1 1 1  vec t  or is ‘It t i l e  end of t I / u ’  p r e v i  0/Is  v e c t o r .  A p r o—
i ’, r e s s i v e  v u - / I t / S r  ~~~~~~~~ ‘-i i i~~s t h e  p a t h  of a w a t e r  part i d e  as i t  i t  Sc  Cs
co n t  i l l  I / C O I . ~ 1 - ; s u b j e C t  to  t h e  c u r r e n t  ;it t h e  m e t s ’r  b eat u _ I / i .

l’redonnin an t direct i ons p1/m ile led I I s -  l i d j O t l I  c o f l t o l / r 1-  as shown iii

the direction r os es  in fi gure 20. A se~ilo northeasterl y consl I / I t  l : n l r r .  St
prevailed at all three locations. Maximum current spI t - d C  w .  r - - g re a t e r
in deeper  w a t e r  t han  in t h e  s h a l l o w e r  d ep t h s , ran g ing f ri /r ~~; I j r I l C I  i n l i : s t c l V
1 kno t (51.5  cm/s)  a t  t i n e  7 0 — f o o t ( 2 1 . 3  in) d ep t h  to 0 .8  knot ( . 1 . 2  c ’nJs)

* 
and 0.6 knot  (30.9 cm/ s )  at t i l t ’  50—foot (15 .2  m) l i t / u _ C  4 0 — f o o t  ( 12 . 2  in)
d e p t h s , r e s p e c t i v e ly .  Th e mos t  f r e q u e n t ly  o hs o -r v e d  op t  was appr - :- ‘ r i t s —

ly 0.1 knot  (5 .1  cm/s )  a t  70 f eet  and 50 feet (21.3 and 15.2 to), in - I  0.15
knot  ( 7 . 7  cm/s )  a t  40 f e e t  (12.2 rn) .

The c u r r e n t s  ru -c or d e d  d u r i n g  t h i s  p e r i o d  werl a l m o st  e l I  C I c l v  of
t i d a  o r ig in  as shown in figure 21. Durin ng I/it/Il t 1dC~ • 1 low w i i s  t I’WIT ’u _ :

the north or n o r t h e a s t , r u _ - v e r s i n g  tI t b / c -  O~~~~0S i t  c di rc - ’ I j/lfl dur  j o t  I i ’ s ’
tides . At the 70—foot (21. 3 m) depth the 1 - l i r r u l i t  changed / c I l c r 1 l  l v
w i t h i n  1 to 2 hours  of the t i d a l  h i g hs and lows . At s h a l l o w e r  dc~ ’ C I 1 ’ - -

c u r r e n t  changed  a b o u t  an h o u r  a f t e r  the  I ’ l l I i t i pu_ ’  a t  the  7 0 — f l - I - C l l ’ S I ’ I / t i u ’ S T l .
Speeds of 0.3 to  0.4 knot (15.4 — 20 .6  c m/ s)  \ I C c F s  I ’ , ’ / / i / i / I l I / I V  r s - c u s i ’ded
d u r i n g  peak ebb and  f I (bu d c u r r e nt s .

This  pa t t er n  of  t i d a l  c u r r e n t s  i s  in  gent -m i ag rI -c l / i t -n t  w i t i n  t i l e  d r I P / l,/ s-

I n e l l s u r e m e n t s  miide by Laevas tu , et  a l .  ( 1 9 6 4 )  on 2 3 — 2 4  J u l y 1963. l I i ~ d r o - :n / c s
showed a n o r t h e a s t e r ly  c u r r e n t  o f f  N I S I /  I I i  d u r i n g  u - b h .  N~i i-: i riitnr v e l sc i t  i s - s

I ssue  j sted w i t h  tI’is ebb e 0 / r r u _ - / i t o f f  N i s l i l l i  weru -  O s - C I t - W I / a t  civ~’i ’ n o ’ I ’ l l -  C

Th is 2 0 — d a y  segment  of c u r r e n t  d a t a  r ep r c - i -i e n t o -  a pu r i o u b  of 1 i / l I t
winds  w i t h  min imal wave a c t i o n  and s u r f ;  t i n t - r u _ - f o r e , C l / c  d o m i n a n t , ~- S I r t ’ 1 - : i t —

p r o d u c i n g  f o r c e  was t i d a l .  M e a s u r e m e n t  of u - u r r c n t s  d u r i n g  pe r iods  oh
highe r w inds  and waves w i l l  he  n e cu - s s o lr v  hu - f o r e  t i l t ’  comp let e  p i t  tu- r / I  oF
n ea r s h o r e  c u r r e n t s  can be d e t e r m i n e d .

_ _ _ _ _ _ _  _ _ _  - - ‘ - —--- ‘~~~~~~~~~
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V. OJNCLUS I ONS AND RE COMM ENDATION S

1. The coas t l ine  sou th  of N o h i l i  Po in t  is s lowly  re t r ea t i ng .
A c c e l e r a t e d  e ros ion  has r e s u l t e d  f r o m  t h i t -  cut  t i , ’ig of :1 100—foot ( 10.5 i n ) —
wide gap in the beachrock  f o r m a t i o n  f o r  c o n s t r u c t i n g  the Nohili drainage
d i t c h .  It is recommended that no add i t iona l  breaches of the beachrock
be made d u r i n g  cable landing ope ra t i ons .  I f  removal of beachrock is
necessary , p r o t e c t i v e  measures should be taken to p r even t  shore l ine
erosion .

2. Four vege ta t ion  zones were  id e n t i f i e d  in the  backs l io re .  The
vegetation plays a major role in slowing erosion by stabilizing loose
sand. Precaut ions should be taken to assure minimal  d i s t u r b a n c e  of

• vegetation durin g cable landing operations.

3. N i n e  beach profiles were measured and pe rmanently marked L u
provide a means of monitoring beach erosion and deposition. Periodic
resurvey of these prof i les  is recommended.

4. Three i n t e r t i d a l  p r o f i l e  types were char ted , each c o n t a i n i n g
dis t inct  ecological facies pa ra l l e l ing  the  coastline. The intertidal
zone is highl y product ive  in the N ohi l i  Poin t area and is of economic
and recreat ional  value .

5. The marine environment and biological communities were invt ’i-iti—
gated to the 70—foot (21.3 in) depth , and the ecological zones were
describe d and cha r t ed .  The coral popu la t ion  was r e s t r i c t e d  to  three
majo r  genera typ ica l  of Hawaiian reefs .  S i l t — t o l e r a n t Por i t e s  d o m i n a t e d
shallower waters , while Montipora dominated depths greater than 50 ft- u t
( 1 5 . 2  m ) .  Co ral dens i ty  was least in shal low w a t e r , p a r t i a l ly b ec ause
of tise i n h i b i t i n g  e f f e c t s  of s ed imen ta t i on  f ron t  the N o h i l i  d ra inage
d i t ch  rus-4 o f f .  A large algal  population was present on the bottom at all
depths . T h i r t y — s e v e n  f a m i l i e s  of f i s h  were recorded , niany of wh ich
have commerc ia l  or spor t  value.  The area is moderately used by fi.shs--r—
men .

6. Two permanent 5—metu’r—square (16.4—ft—square) quadrats installed
on the coral reef provide a means of monitoring changes in th€- St’SSIlc
reef population . Periodic resurvt-v of these quadrats is recommended.

7. Nearsisore currents durin g periods of li gh t  winds  and low waves
are predomin an t l y t i d e  con t r~i I l e d .  Flow is t~ ’ the s o u t h  o r  so t i t i iw est
during high tide and in the opposite direct ion  during low t i d e , w i t h  a
weak n o r t h e a s t e r l y cons t an t  c u r r e n t  supe r imposed .  Cur ren t speeds 1S f

* 0 .3  t o  0. 4 knot  ( 15 .4 — 2 0 . 6  cm/s )  are common during peak ebb and flood
per iods .  Maximum nidsummer speeds range from 0.h to 1.0 knot (‘30.9—
51.4 c m /s ) .

_ _ _  __ _
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