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JJ'7I iere is a<-,me <ron<.er>> at present th<zl,><az<,><<i, '.", nozz ah<Pre m U inc
resour ces are being ilepleted by fishing and col<'e< ting < ressort"s. One
meana of' combating 'his apparent depletion is by the cstal>l,i..:hmcnt oj
additional marine <onser>ation distz.'cts like Ban zest Bay z»</ Koan'akeku<z
Bay. If cstablishec,', these az'eas could also serve as n<zturaL educational
ana recreatio>ML sites or»>arine parko <znd <ou'.d bc used for scienti., ic
study.

A poLl u><za conducted throuoh mailed questionn<zirea and interviews
~th shoreline users to assess public opinion on m<zrine conserz>ati<>n
districts. Of tke 2722 responses, ovez 69 percent vaa favors L< tm<zrd
the establishment of' additionaL»>arine conservation distrz'cts >>ith only
16 percen! oppcsed.

2'hree potential marine conservation district sites on the ia?and of
Hawaii and four' on Oahu vere seler ted for data>'Led study from a prelim'>bi-
nary liat. The existing marine conseruation ~z'istri.. ta uere addea to this
Liat to provide a standard of comp<zr>'.son. Inspections of each site and
esti»>ates of abund<znce and diversity of fish, coral., a>d macroinuerte-
brates provided data for the evaluation of these ai.tea Uith respect to
l5 previously established criteria. Comparisons of each site uith the
others'and vith the existing marine co><sc»><ztion distr cts Le<+ to the
recommendation of several. of' these sites for new marine conservation
districts.

A site south of Kaha Beach Park on Oahu UouLd be the mo't sui tab Le
of the Oahu sites if the City and County of HonoLulu i successful i>.
obt<zining the adjoining Lcozd for a beach park. The second choice on
Oahu ia Fupukea Beach Park. On Ha> aii, Xoaie Cove +as rateri highly m'th
respect to nearLy every criterion applied, so this is the .first choice
of the Hawaii sites. h'oruzunau Bay ia the econd choice on that island.

~ other sites, both on Oahu, vere found to be less suitable as
marine conservation distr''cta. At Nakapuu Beach Park, the moa t
interesting diving areas az'e dis~t from shore and diving onditions
are often unsafe, so this area vould be unsuitable for recreation. It
might be suitable as a naturaL azea reserve, but this rrxny not be necess~
unless usage of the site inczeasea. The patch reefs in Zareohe Bay are
also not considered suitable because the mst noticeabLe adverse eff'sets
of man on the bay are not- from fishing or collecting, »>hich <>ould be
alleviated by the establishment of <z marine conservation dist~et, but
from poLLution and siLt.
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INTRODUCTION

The State Department of Land and Natural Resources has established two
marine life conservation districts in Hawaii: Hanauma Bay, established on
Oahu in 19e7 ~ and Kealakekua Bay, established on the island ot llawaii in 196~
There is also a natural area reserve at the Cape Kinau-Ahihi Bay area»n Mata ii
established in 1970. The selection of these particular sites was m:>de pri-
marilv on a geographic basis, with the' ease of det'init ion apparent iy being
foremost consideration.

Since their inception, these conservation distri cts, especial l> Hanaumm
Bay, have enjoyed considerable success as recreational sit,cs: llanauma Bay
typically receives 1500 to 2000 visitors per weekend day and 500 to 800 per
weekday  J. Lee, City and County of Honolulu Department of Recreation, 1975:
personal communication! . There has been an apparent success from the conser-
vation standpoint at llanauma Bay: fish populations appear to have increased
but this is difficult to prove as there is a lack of data on f ish population ~
before 1969.

The following definitions «il l be used in this report:

Marine Conservation DiStriCt: An area in which consumptive >lse of mari ~W
life is prohtbited, including po!e and spearfishing and collect ing of atiuari urn
fish, shel ls, and coral. This prohibition may extend to al 1 or part of the
area.

Marine Park: An area which is intended for underwater recreational use'
and whlhrh is normally also o . n..err; tion district. The two terms wiii he tamrocl
interchangeably in this report.

Natural Area Reserve: An area in which consumptive use is prohibited mme%
in which recreational use is considered incompatible and, whi le not prohibit:mH .
is not encouraged.

Limited evidence i» available which suggests that an increase in consutn~-
tive»se of Hawaii's marine resources has resulted in a decl ine of some popta3 m-
tions. Casual conversations with fishermen revealed that fishing in many area~
has deteriorated. Unpublished data provided hy E.A. Kay on thc 'opihi,
narduil!he>>8 '", showed that those sold in the market now are sma 1 lc r than the. ha=
were 20 years ago, Vurthermore, 'opihi found on Hawaii island shores which
are accessible to large numbers of people were mostly sma] 1 1uveni les; they
were apparently being replenished from breeding adult populations on parts
of the shore inaccessible to the public

Gardner and Nordyke �974! estimated that the population of the state
Hawaii will continue to increase--exceeding one mil 1 ion by 1995. Basell on
1970 birth, mortality, and immigration rates, as the human populi>t>o» grows.
it can be expected that the number of fishermen, spearf ishermen, and fish,
shell, and coral collectors wi ll also grow and that some marine animal popu3;a
tions will decline. There are several alternatives for management of these
resources to allow populations of marine animals to stabilize at a reasonab3 3-
high level. The ideal is a complete fishery management program, usi»g the
maximum sustainable yield concept. This is, of course, impracticable t rom
the standpoint of enforcement and because data on present catches and [>opul~
tion sizes are extremely scanty. Another possibility is the usc of ol cn ancl
closed seasons for vat.ious species, a method which seems undesirable in vtem
of the n»mber of people who depend on f'i shing for income and susthnanc  .



third alternative is to close large sectors of the shorel j.ne to consumptive
use for soOe period such as a year and to alternate the areas closed from one
year to the next. The problem here is that the time actually required for
populations of marine organisms to recover to a state resembling the natural
one is unknown for many species and may be considerably longer than one year.
Corals, for example, have a rather slow growth rate, requiring about LD years
to grow to full size for Paot,EQpora means@'t'na, the species normally sold by
the roadside; a large head of porj tee Lobata may take hundreds of years to
grow  Haragos, 1973! . What is needed, then, is more information on population
sizes and growth rates before a rational management system can be implemented.
The establishment of more marine conservation areas or natural area reserves
could serve as a stopgap measure to insure that at least some populations of
marine organisms are maintained and could later be incorporated into the man-
agement system. This would necessitate a much smaller enforcement effort than
a more widespread, but haphazardly conceived, system of management. A marine
conservation district would also afford an opportunity to study the reacti»
of the marine ecosystem to the elimination of stress imposed upon it by the
removal of organisms,

An additional benefit of permanent marine conservatio~ districts is their
recreational and educational values. The use of these areas as marine parks
is not incompatible with their conservation function. It further enables
people to view marine life in as close to a natural state as possible.

Accordingly, this study is predicated upon the assumption that the way
to approach marine conservation, at least for the present, is through the
establishment of additional marine parks and conservation areas. It is an
attempt to answer the questions raised in the State Division of Fish and Game
memorandum of September 25, 1973, which asked the public for input on the
choice of sites For new marine parks, The study centers on two questions:
 I! Do the people of Hawaii want more marine parks? and �! What sites show
the most potential from the standpoint of their location, their suitability
for snorkeling and diving, «nd the makeup of their marine communities? The
study deals with the islands of Oahu and Hawaii only; logistic and time
limitations prevented extending it to the other islands.

PUBLIC OPINION SURYEYS

'OLe public opinion survey was an attempt to answer the question, Do thc
people of Hawaii want, more marine parks? Another goal was to determine which
sites the people would prefer to have made into marine parks. Two approaches
were used--a brief questionnaire and an interview,

questionnaire

The intent of the questionnaire was to assess the opinions of residents
and voters. It consisted of a single page with questions about the respon-
dents' present use of shoreline areas and a second page about his background--
his age, sex, length and area of residence, and whether he was registered to
vote. The oahu questionnaire  Appendix A! asked the question, Would you be
in favor of additional marine conservation areas on Oahu'? This question was
followed by a list of potenti ai »»ne park sites compiled as described in the



next section. The respondent was asked to choose those sites at which he
thought a marine park should be established. In the Hawaii version the
question asked was, Would you be in favor of additional marine parks on
Hawaii? The question, Did you know that Kealakekua Bay is a marine park?
was also asked in the Hawaii version of the questi onnaire.

'Ihe questionnaire, along with a postage-paid return envelope, was
mailed to 1286 residents of Oahu and I500 Hawaii resi dents. A second copy
was sent to each person who had not replied by the third or fourth week
after the initial mailing,

On Oahu, names were selected at random from the cross reference telephone
directory. The population sampled was comprised of only those persons who had
telephones listed in their names; it is likely that this sample under-represented
low income people and young people living at home or sharing housing. Most
telephones are listed under the names of male heads of household. To enhance
the proportion of females in the sample, about a third of the male names
selected were changed by the substitution of "Mrs," for "Mr." in the address.
Although this may have reduced the number of questionnaires returned, it
increased the proportion of returns from females to about -12 percent of all
re sp on se s .

There is no cross reference telephone directory for Hawaii, so the names
were drawn from the voter registration list. A lower rate of return was
anticipated because the addresses in the voter registration list were out of
date. This list of names, like the list from the telephone directory, probably
un der- repr e sen ted low income individuals   Babb i e, 19 73! .

Results

The results of the questionnaires are summarized in Table I. As had been
expected, a greater proportion of the mailings elicited responses from Oahu
than from Hawaii. The number of respondents in favor of establishing new
marine parks was over two-thirds of the total of the two islands. The propor-
tion of negative responses on Hawaii was higher than on Oahu, probably because
the "no opinion" choice was not offered and respondents were forced to choose
between selecting an answer and leaving that space blank

Table 2 lists the respondents' preferences of sites for new marine parks,
including only those sites listed in the questionnaire. It is likely that most
of the respondents chose the areas that they did because of lack of familiarity
with the other areas, rather than a real preference of some sites over othe.s.
This can be seen in the high preference on Oahu for the Kapapa Island area of
Kaneohe Bay  other areas of the hay were not listed!. This area, discussed in
'the Kaneohe Bay site description, is quite unsuitable as a marine park for a
number of reasons, among which are its flat topography, low coral cover, and
~eager fish populations. The high preference for this site probably reflects
well-publicized concern over the turbid, eutrophic waters of the bay and not,
in most cases, a genuine knowledge of and wish to preserve this particular
P»t « the bay- In the Hawaii survey the greatest number of respondents
preferred Kaipio Valley. As with the Kapapa Island area, the value of Waipio
Valley as a marine park does not follow from an inspection of the area. It is
inaccessible except by four-wheel drive vehicle, the water is somewhat turbid,
currents are strong, and there is no reef.



TABLE l. QUESTIONNAIRE RESPONSES

Opinion on New Marine Parks
Island Mailed Returned

Opposed No OpinionIn Favor

TOTAL RESPONSES

31
5.64 �.3$!

395
71.24  92.7R!

129
23 2>

l286Oa hu

83
21. 6g �3. 4!.'!

30
7.88

272
70.6R �6.6~!

VOTER RESPONSES*+

304
72.74  93. 04!

385
25 7C

l500Hawaii

418 23
5.54 �.OR!

Oahu

+Percentages given in parentheses are computed from those responses which
expressed an opinion. Al 1 other percentages are based on the total number
of responses.

+*Nearly all of the Hawaii responses were from registered voters, so a
separate breakdown is not presented.

TABLE 2. MARINE PARK SITE PREFERENCES FROM QUESTIONNAIRE

HawaiiOahu

Number
of Times
Selected

Numbe r
of T i mes

Selected

Si te Site

*Percentages are based on the total number of responses.

Kapapa Island area of
Kaneohe Bay

Pupukea  Sharks' Cove!
Laic
Blowhole
Kahe Point
Black Point
Maiii
Makua

21 'I

137
120
105
96
94
83
8O

38.O
24.7
21.6
18,9
17 3
16.9
15.0
14.4

Waipio
Puako

Laupahoehoe
Onomea Bay
Kaimu
Honaunau
Punaluu
Leleiwa
Keahole
Koaie Cove
Pohoiki

Okoe Bay
Halape

i06

95
88

83
8l
8o

72
69
6O
60
40

36
30

27.5
z4.7
22. 9
21.6
21 0
20.8
18 7
17.9
15.6
15.6
1O. 4
9.4
7.8



Appendix B classifies the responses by the age and sex of the respondents
and, for Gahu, by first and second mailing. For Hawaii, it presents a compari-
son of the respondents' knowledge that Kealakekua Bay is a marine conservation
district with their opinions on establishing new marine parks.

Differences between age groups were not statistically significant on the
Oahu survey, except that there was a significant increase in the number of
"don't know" responses with increasing age  Chi-squared test, 1' = . I! . On
Hawaii, the 20 to 29 year age group was significantly more in favor with fewer
opposed  P = .OI!, while the opposite was true for those over 60. No other
trend was detected, The only significant difference between the sexes occurred
on Oahu, where morc ~omen chose the "don't know" response than men, while more
men answered "no" to the question on more marine conservation districts. A
comparison oF the two mailings on Oahu revealed that there were significarrtly
more "yes" responses to the first mailing, while the second elicited fewer "yes"
and more "don't know" responses  P = .1!; "no" responses were indistinguishable
between mai lings. In the llawai i survey, those respondents who indicated that
they knew Kealakekua Bay was a marine park were slight ly more in favor of addi-
tional marine parks  P =,2! than those who did not.

Opinions on the establi shment of new marine parks did not vary signifi cantly
witlr the respondents' areas of residence or with the shoreline areas they
presently use. On Oahu, these two factors could not be correlated with the
respondents' choices of marine park sites either, as the sample size for many of
the areas was too small. On llawaii, however, many people who lived on the wind-
ward side of the island picked sites on the Kona coast, while few Kona coast
residents selected sites on the wirrdward side.

Comparisons of the age distribution of the Oahu returns with the most
recent statewide population estimates  frPBD, 1974! revealed that the agc distri-
bution is significantly different  Chi-squared test, P =,OS! for males, but
different at onl.y the 20 percent level of significance for females. This
comparison was not made for Hawaii becarrse such recent population data werc
available only for the state as a whole. The statewide age and sex distribution
should approximate that of Gahu, where 82 percent of the population lives, brrt
not Hawaii with less than 10 percent of the total population,

Space was left on the questionnaire for comments. Appendix C contains a
sampling of the remarks made by respondents on the Oahu questionnaire.

Interview

Methods

Users of shoreline areas such as divers, fishermen, and swimmers would be
more affected by the establishment of marine parks than the general populace.
For this reason and because these people might be more familiar with the need
for marine conservation, an assessment of the opinions of shoreline users was
necessary. This was provided through interviews with persons encountered at
a number of shoreline locations, Interview sites were selected all around
the two islands, so that there were several interview sites in each of the
segments of shoreline listed in the questionnaire. The interview locations
included, but were not limited to, the potential marine park sites listed in
the questionnaire. They comprised both sandy beaches and rocky shore] ines.



Results

A total of 97 interviews were conducted on Hawaii and 68S on Oahu, where
considerably more volunteer help was available. Table 3 lists the r esponses
to the question, Ifould > ou be in favor of additional marine co~servation
areas on Gahu  Hawaii!? Favorable responses were again about two-thirds of
the total and there were no significant differences between favorable responses
on the two islands or between the interviews and the questionnaires . The pro-
portion of respondents who answered "no" was significantly higher on the inter-
view than on the quest'ionnaire and significantly higher on Hawaii than on Gahu.

TABLE 3. INTERVIEW RESULTS

Opinion on New Harlne Parks
Island Number of

interviews No OpinionIn Favor Opposed

130
194 �1 . 81!

689 88
12.84

467
68.2t �8.24!*

Hawaii 67
69.14

97 30
30.94

*percentages given in parentheses are computed from those responses which
expressed an opinion. All other percentages are based on the total number of
responses.

Table 4 lists preferred locations for new marine parks as determined by
the interview. A breakdown of opinion on new marine parks for each responden
activity for Qahu can he found in Table 5. The activities listed were the o"
that the interviewees were engaged in or, in the case of water activities
about to begin or had just completed at the time of the interview. Fishermen
were the only group significantly less in favor of additional marine parks
although, of those who ventured an opinion, significantly more were in favor
than opposed  p = .1!. Divers and surfers, on the other hand, were sig»f~
cantly more in favor of additional marino parks than were others

lntemiews were conducted by members of the project group and by volun-
teers from U�iversity of Hawaii sociology classes- All underwent a brief
training period including several practice interviews in the field.

The interviews took place both on weekends and during the week. Upon
arriving at the assigned sites, the interviewers counted the number of people
engaged in each activity, such as pole fishing, spearfishing, or sunbathing.
They then computed a proportion of each group to interview, so that each activity
would be adequately represented. At most Hawaii sites there were only a few
persons present, so all were interviewed, The interviews, which lasted from
],O to ]5 minutes, consisted of questions similar to those in the questionnaire,
along with others concerning what activities the interviewees engaged in, why
they liked the interview site, and how they would be affected by the estab],ish-
ment of a marine park at that site. The questions asked in the interview are
!isted in Appendix D.



TABLE 4, MARINE PARK SITE PREFERENCES FROM INTERVIEW

Oahu Hawaii

Number
of Times
Se lected

Numbe r
of Times
Selected

Site Site

aPercentages are based on the total number of responses.

TABLE 5. OPINION ON NEW HARINE PARKS FROM INTERVIEW
BY RESPONDENT ACTIVITY QN OAHU

Response
Activity

No Opinion TotalOpposedln Favor

67
46.9<"'

l43Fishing and spearing 23
16.17

53
37.1R

i8
21.7R

54
65. 1%

Collecting cora i or
shells

11
13.34

5649
87.5Z

Diving or snorkeling 3
5.4g

66

81. 8Z
Surfing and bodysurfing IO

15.2R

Other  nonconsumptive
uses, including
sunning, swimming,
picnicking, etc.!

54
16.0%

243
72. I' t

40

11.9R
337

68588467 130TOTAL

"-Percentages are based on the total number of responses.

Pupukea
Kapapa Island
Hakua
Hakapuu
Haili
Laic
Kahe Point
Blowhole
Black Point

ll2
78
68
67
63
56
37
32
27

I6.4
I l. 4

9 9
9.8
9.2
8.2

3-9

Honaunau Bay
Leleiwa
Waipio
Puako
Keahole
Kaimu
Okoe Bay
Koaie Cove
Laupahoehoe

39
36
20
18
17

15 7
6 5

40. 2

37 ' i
20.6
18.6

17.5
l5 5

7.2
6.2

5.2



These statistics are, of course, based on the interviews completed, which
were not necessarily proportional to 'the number of people actually engaged jn
each activity. On Oahu, about 4600 persons were counted on the shore l ines. Of
these, 6. I percent were pole or net fishing, 9 percent were spearfishing,
5. 6 percent diving or snorkeling but not spearing, 13. 9 percent collecting such
thi ngs as puka shell s, 2 . 2 percent boating, and l4,4 percent board surf ing or
bodysurfing. The remaining 56. 9 percent were engaged in act iviti es such as
camping, swimming, sunbathing, and picnicking. Interviews conducted with
persons in this group are comb ined under one heading in Table 5 and labeled
"other" to 'indicate that what they were doing would not be directly affected
by the establishment of a marine park. This group was under-represented in
the interviews because a large sample of fishermen and divers was sought. If
the responses of each group of shoreline users were weighted according to the
number of people counted in that group and a total response calculated, there
would be a 7l . 7 percent in favor of and L5. 0 percent opposed to additional
marine parks. This extrapolation is tenuous, however, because the method used
to select sites for interviews was some~hat arbitrary and may have produced
bias in the proportions of these activity categories,

Appendix E presents tables of preference on marine parks according to
age, sex, and a number of other variables for the Oahu survey, Such a break-
down is not presented for Hawaii because the sample size was too smal 1 to
produce any meaningful comparisons.

Considerably more males than females were interviewed, mainly because
there were more present, especially among fishermen, sur fers, and divers. As
would be expected, the age distribution was heavi ly weigh ted toward the younger
groups: the proportion of both males and females younger than age 30 was much
greater than in the questionnaire, whi ch had a h igher proportion of persons age
40 or over . The quest i on on the e s tab l ishment of addi t i ona 1 ma rine con serva-
tion district s was answered the same by both sexes and, unlike the que st i on-
naire, with a decreasing trend in the "yes" answer with increasing age .

The interviewees were asked what other activit ies they engaged in besides
what they were doing at the time of the interview Of those who said that they
sometimes fished or speared fish, fewer were in favor of more marino parks,
while those who sai d that they dive or snorkel were more in favor. The di f-
ference, however, was not as great as it was for those actually fishing or
diving at the time of the interview.

Another question asked was, Do you know what a marine conservat ion dis-
trictct is'? Although those who gave a reasonab 1 y accurate de f in iti on were
slightly more in favor of more marine parks than were the others, this differ-
ence was not significant . Those who we re regi stered to vot e werc sl i ght 1 y
less in favor than others, but again the difference was not stat isti cal ly
s igni f i cant .

Significant differences were found between interviews at the di fferent
si tes, but this was apparently a product of the predominant acti viti es at each
site. For example, at Kahe Beach Park and Kaneohe Bay, where most of the
interviewees were fishermen, opinion was less favorable toward the establish-
ment of more marine parks than at Pupukea, ~here there were more divers, or at
Makapuu where a 1 arge number of bodysurfers were interviewed.

Frequency of use of the interview sites did not affect the interviewees'
opinions, but length of reside~co in the state did: those who werc born and



raised here were somewhat less favorable toward new marine parks
who had lived here a shorter peri.od  see Appendix F!. hlo variation
with place of residence, but for most of the outlying areas, the sample
was too small to allow any valid inferences to he made.

Answers to the question, Nlhy do you like this Place? pro<huced a vari<'y
of responses. The most. common given were because of the good beaches and for
the lack of crowds, The latter contrasts with a Previous survey  I>cp» tment of
Planning and Research, 1962! in which the lack of crowds wns o»lv the ninth
most frequently chosen response. In the present study, eood
frequently chosen reason for liking a site, as was its proxiniity to home. Over
half of the interviewees said that it took them less than .io minute» to reach
the site. while only !4 percent took longer than one hour.

Another question asked how the person would 'be ai'fccted i f the interview
site were to become a marine park. As can be scen in Appendix I>, the great«t
number of people said that they would not be aftected, whi lc sig»ificantly more
said they would be favorably affected than unfavorably. Of those who said they
would be unfavorahl> affected, most  'l2 percent! said that this was because they
would not be allowed to fish there and 22 percent said that they would not be
allowed to collect shells. Of those who expected to he affected favorably,
48 percent said it was because they expected to see more marine life, 36 percent
because snorkeling would be better, and 30 percent boca«sc they felt that fish-
ing in surrounding areas would improve.

Responses recorded by different interviewers were signif'i cantly di fferent
in a few cases, This can be attributed in part to the locations and hence the
kind of shoreline users that each interviewer approached. When the responses
recorded by each interviewer were compared activity by activity, only one
interviewer differed significantly from the others and in only one activity
category. llis results indicated a less favorable opinion toward the establish-
ment of new marine parks than those of the other interviewers .

A comparison of place of residence and location of the interview with the
choice of marine park sites revealed no consistent correlation., except that,
when fishermen chose a site, they usually picked one far from the interview
site. Conversely, people interviewed at Pupukca and l'lakapuu showed a high
preference for those respective sites over others.

An additional 25 persons were interviewed at several of the small boat
harbors around Oahu. All but two of them said that they were going or had
gone fishing. Fourteen �6 percent! were in favor of the establishment of new
marine parks, with the remaining ll opposed. The proportion of favorable
responses differed from that in the shoreline interview only at the 20 percent
level o f s igni f icance.

Unfortunately, interviewees' ethnic backgrounds were not asked for in the
Oahu surveys, so no data are available on how various racial groups would have
differed in their opinions on marine parks. As mentioned previously, however,
there was a slightly lower percentage of favorable opinions among lifelong
residents of the islands than among people from the mainland. Most o f
fishermen interviewed were born and raised in Hawaii and this group seemed
especially concerned about the loss of their right to fis" at a particular
site. It would therefore be advisable to select sites for marine consezva
tion districts that would least interfere with existing fishing practices



INITIAL SITE SELECTION

Criteria

One of the problems encountered in selecting sites was that no fully
objective criteria existed for such a selection process. While it is clear
that some criteria, such as abundance of marine life, clear water, and a com-
patible use of the adjacent land, are essential, others are more a matter of
opinion. Furthermore, it would be difficult to quantify and compare some
features of underwater sites; assigning a number or rank to underwater beauty,
for example, would be both arbitrary and meaningless. Standards which can be
applied with some degree of objectivity would be preferred, but even the
choices of criteria are themselves subjective processes.

lf, however, any comparison of sites is ta be made at all, some such
standards must be applied. Those used in this study fall into three general
categories, geography, physical oceanography  including diving safety!, and
marine life. They are as follows:

Geography

~ Ease of definition of area boundaries for recognition and enforcement
~ Compatibility of the present and planned use of adjacent land with a

marine park
~ Access to the shoreline from existing roads
~ Access to snorkeling and diving areas from the shore

Physical Oceanography

~ Exposure to seasonal surf
~ Exposure to trade winds and waves
~ Current strength
~ Underwater visibility
~ Water temperature

Marine Li fe

~ Abundance and diversity of fish
~ Coral cover and diversity
~ Abundance and diversity of large motile invertebrates

Clearly, other criteria could have been applied, for example, bottom
topography or scenic value. The first was not used because it was difficult
to assess bottom topography in a way that would have fit into the survey
schedule. Accordingly, bottom topography is discussed for each site, but not
used as a selection criterion, Comparisons of scenic value would be as sub-
jective as comparisons of paintings or sculpture. The elements which make up
an attractive underwater scene probably include, for most people, some of the
criteria that were used, but to rationally compare the scenic value of dif-
ferent places would be difficlJIt .

The criteria listed were applied, first in a general way to obtain a list
of sites for detailed study, and then in detail to arrive at overall compari-
sons of these sites, An additional geographic criterion used in the initial
selection of sites was proximity to existing population centers.
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Two other criteria were considered for application but were not used,
One was the uniqueness of the sites. A place which is unique might be con-
sidered more valuable as a marine conservation district than other sites,
but this uniqueness would be difficult to assess. A statistical analysis of
similarity in biological populations between sites could be considered a
measure of uniqueness. Such an analysis would, however, ignore such elements
as bottom topography and would generally underemphasize the presence of rare
species. Unique features of the study sites are therefore discussed but not
used directly in the comparison of sites. The other criterion that was not
applied was the costs involved in establishing marine conservation districts
at each site. This was considered beyond the scope of the project,

Se f ec ti on of Study 5 i tes

Preliminary lists of potential marine park sites in Hawaii and the Sea
 DPED, 1974! were augmented with sites recommended in State Division of Fish
and Game reports and by University scientists, sport divers, and others
knowledgeable about Hawaii's marine environment. The lists thus obtained
compri sed the f o 1 lowing s i te s:

Hawaii

These lists had to be reduced to a few sites to provide for two to three
weeks of detailed study at each one. A site on each coast of Oahu was pre-
ferred, but none of the south shore sites were suitable from a geographic
standpoint. Waikiki and Diamond Head are too much influenced by sediment
from the adj acent land. In addition, a previous study of the Waikiki area
 Chave et al., 1973! indicated fairly low values of fish abundance and diver-
sity and coral cover. The Blowhole area was eliminated because it is so close
to Hanauma Bay and has no beach park facilities. On the windward coast, a
location somewhat protected from tradewind waves was preferred, so Makapuu
Beach Park and several areas in Kaneohe Bay were selected. The portion of the
north shore protected from waves during the summer includes Pupukea and the
Kahuku site; the former was chosen for the study because access is easier and
because there is a beach park with facilities located there. On the Waianae
coast, a location just south of Kahe Beach Park was selected because of its
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Kahe Beach Park
Mai li Point

Makua

Pupukea Beach Park
Kahuku  an area west of

Kuilima!
Laic Point

Swanzy Beach Park
Kaneohe Bay  several areas!
Makapuu Beach Park
Blowhole to Lanai Lookout
B]ack Point to Diamond Head
Waikiki

Koaie Cove

Spencer Beach Park
Makalawena

Honaunau Bay
Okoe Bay
Puako  fronting the residential area!
Kawaihae  adjacent to breakwater!
Kapoho Tide Pools
Hal ape
Onomea

Leleiwa

Waipio
Laupahoehoe
Pohoiki

Kaxmu  Black Sand Beach!



proximity to population centers and because previous estimates indicated
high coral cover here than elsewhere on the Naianae coast  E. Reese, lg74-
personal communication! .

On Hawaii, the list was limited to sites on the Kona coast because this
region is protected from strong winds and high swells most of the year and,
as a result, has developed dense stands of coral. Thus, the last seven sites
on the list, all on the north and east coasts, were eliminated first. Of the
sites near the north end of the Kana coast, Kawaihae was eliminated because
the industrial activity around the harbor was considered incompatible with a
marine park offshore. Between Spencer Beach Park and Koaie Cove, the latter
was chosen because the reef area there is much closer to shore. A State
Oivision of Pish and Game report in 1970 had also indicated that Koaie Cove
had a high fish abundance and was suitable as a marine preserve. Further
south, i4akalawena and Okoe Bay were eliminated because they are difficult to
reach except by boat and logistic support of the study in these areas would
have been impracticable. Also, coral reefs occupy a lower proportion of the
area at these sites than at other sites on the list. Because the Kapoho area
had been previously studied  Ford, 1973!, it was dropped from the list. This
left Honaunau Bay and the area offshore from the residential area at Puako
as the remaining study sites on the island of Hawaii.

In order to provide a standard of comparison by which to evaluate the
selected si.tes, the existing marine parks were included in the study  see
Figure 1!. The final list of sites, then, was:

Figure i. Haps of Oahu and Hawai i showing locations of study si tes
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Hawaii

Hanauma Bay
Kahe
Makapuu
Pupukea
Kaneohe Bay

Kealakekua Bay
Koaie Cove
Puako
Honaunau Bay

Kaneohe Bay was treated separately from the others for two reasons:
first, it was not initially clear which area of the hay ~ould be surveyed;
anci second, logistic problems severely limited the time avai lable for study
in this area. Insufficient data were obtained to enable a fair comparison
of this area with the other», so it is excluded from the ranking procedure
to be described. There is sufficient data, however, to make a somewhat more
subjective judgement and this will be discussed in detail.

S1TE SURVEYS

Methods

Two to three weeks were spent studying each site. First, land use plan-
ning data and available information about winds and waves were gathered. The
site was then inspected in order to evaluate it with respect to the geographic
criteria.

The information from these mapping surveys was used to determine what
major habitats existed at the site. This division into habitats was later
refined using data gathered in thc transects.

Several transects were run at each site. First, the boat was anchored
and its position determined as described above. A 100-m weighted line was
laid along the bottom, as much as possible within a single habitat. After a
short wait for the return of the fish which had been frightened away, a fish
count was conducted using a modification of the vi.;ual transect method  Brock,
1954!. A pair of divers swam along the line, each counting those fish seen
within 2.5 m on his side of the line. The number of fish of each species and
their approximate lengths were recorded on plastic slates Following the
fish team was another diver counting all macroinvertebrates within 1 m on one
side of the line; another placed a 1-m square point quadrat with 16 points of
intersection at 10 fixed points along the line to estimate percentage of live
coral cover of each species, percentage of cover of the various substrates,
and relative abundance of macroscopic algal species. Fish, corals, and macro-
invertebrates seen in the area but not on the transect were also noted.
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Preliminary to the surveys of marine biota, several dives were conducted
to provide information for mapping the area. This was done by determining the
position of an outboard boat while a diver or group of divers inspected the
bottom beneath the boat for depth and bottom type at a number of points in the
area surveyed. On Oai~u, boat positioning was done using a sextant held hori-
zontally to measure the angles between two or more pairs of existing landmarks.
The Hawaii survey team used hand hearing compasses to sight on three markers
which had been erected at known positions. This method was superior to that
used on Oahu, where distances to the landmarks used for positioning were often
too large to get an accurate fix.



The methods described on the preceding page were a compromise between
several sampling goals. The sample size for each group of organisms had to
be large enough to include sufficient numbers of each species for a realistic
estimate of abundance. At the same time, the sample size had to be small
enough that the time required to count organisms in each transect would not
exceed the diver's allowable bottom time or air supply. The methods used
were therefore aimed at the more common organisms. Estimates of abundance of
uncommon ones were considered less important and were not as accurate. The
fish transects, fo» example, probably produced good estimates of the more
common butterfl.y fish and the small damselfish. Counts of wider-ranging fish
such as pelagic species, however, were probably not as accurate because the
sample size was not large enough. Other problems with the visual transect
method were that it under-represents cryptic species such as eels and that it
is highly dependent upon visibility and the distance to which the fish will
allow a human to approach.

Similar problems occurred with the invertebrate transect.s. Many of the
common marine invertebrates are cryptic and, where counts of' these were
recorded, it was because they were seen in the open. A!so, most of the
smaller invertebrates were probably missed.

Despite all of' these problems, the methods as described provided what
was needed: a comparative estimate of the abundance of marine organisms.

At each transect location the survey teams also measured horizontal
visibility about a meter above the bottom using a Secchi disk and estimated
current strength by observing the drift of floating objects. Salinity and
temperature measurements were taken until it was determined that there was
little difference in these measurements between sites.

Treatment of Data

The biological data were reduced using the Hawaii Coastal Zone Data Bank
computer programs, all data are on file in the Data Bank Fish counts were
converted to numbers per 1000 square meters and to biomass by combining the
length estimates with previously computed length-to-weight conversion factors
from thc Data Bank. A diversity index, the Shannon-Weaver index, was computed
for each transect. Although some bias is inherent in this index  Pielou,
1966!, it appears satisfactory for the present purpose. The formula used is:

pilnp

all i

where p is the proportion of the species "i" in the total fish count. This
.l

index is 0 when only One species is present. The maximum possible value
depends on the total number of species and the actual value is between 0 and
this maximum depending on the evenness of distribution of the species. Thus,
of two transects. with the same number of species, the one which is dominated
by one or a few species will have a lower diversity index than the one in
which all species are present in similar quantities. The index has little
meaning by itself, »t can be used to compare different transects. As an
additional measure of diversity, the total number of fish species per transect
was used.
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Coral and substrate counts were reduced to percentage of bottom cover and
the diversity index of coral s computed by the method mentioned on the preceding
page using the percentage of bottom cover converted to decimal for pi, Algal
species were merely assigned a relative abundance index as follows:

homin an t
Common

2 Infrequent
Seen jn the habitat but not counted on any transect

The counts of macroinvertebrates were converted to numbers ot indivi dual»
per 100 square meters. A divers ity index was not computed for all inverte-
brates because man> were identified only as far as family or genus without
distinction between species and because many of the moll»sks and crustaceu are
cryptic. Accordingly, a diversity index was computed by t.hc 'Shannon-Weaver
method for echinoderms only  starfish, sea urchins, and sea encumbers! .

The results of the fish and coral transects were compared to determine i f
the previously identified habituts were in fact distinct. Ai Hawaii. the same
three habitats were identified at every site, maki.ng comparisons between site»
relatively straightforward. Most of the Oahu hubitats, on the other hand ~
occurred at only one site, with only u few in common between two sites.
Furthermore, the number of habitats at. each site varic d from two to five,
making a direct comparison of sites impossible, Habitat descriptions as
discussed in the marine biology section of this report should be <onsulted
for details on each of these habitats.

Many of the habitats had no readily defined boundaries and a tew transects
were near the boundary between them. The choice of which habitat to place
these transects in was based either on the location of the transect or on the
similarity of coral cover and species composition, substrate, and fish species
composition of' that transect with others in the habitat. Once all transects
had been placed in the appropriate habitats, medi;ui values of each set of
biological data were computed f' or each habitat.

C ompa r i s ons

Each site was compared with the others on the same island using 15 criteria.
These included the four geographic criteria and four of the five physical ocean-
ographic criteria listed in the section on site selection. Water temperature
did not vary enough between sites to be useful as a criterion. Of these eight
criteria, al 1 except visibility were applied as follows. The information
gathered from zoning maps, available climatic information, an4 the results of

inspection s were compared between sites. The sites were placed in order
from "best" to "worst" and assigned rank indices from 4  best! to l  worst] for
each criterion. Where two or more sites were considered equal, they received
the same rank indices.

Underwater visibility values were also used to assign ranks, but the
ranks were obtained by using the Harm-Whitney O'Test  P =,1! to compare each
site with the others on that island.



e seven remainin~ criteria were based on the results of the biological
survey. These were;

Fish

~ Ab un dan ce
e Diversity index
~ Number of species per transect

Coral

~ Percentage of cover
~ Diversity index

Macroinvertebrates

~ Abundance
~ Diversity index  echinoderms only!

Like the visibility values, each of these was used quantitatively to compare
the sites. This comparison, however, was made more complex by the great
variation between habitat median values at each site. This variation pre-
cluded a direct comparison of entire sites; instead, transect results in each
individual habitat were compared with those in other habitats using the Mann-
Whitney U Test  P = .2!. This level of significance allowed finer discrimi-
nation between habitats in a handful of cases, although it had the disadvantage
of a high probability �0 percent! of incorrectly showing a difference between
habitats when no difference existed.

On Hawaii, each site had essentially the same three habitats, so each
habitat could be tested against its counterparts at the other sites. Using
each criterion separately, the three habitat comparisons between each pair of
sites were combined to rank the sites in the following way: if the U Test
showed site A to be greater than site B in more habitats than B was greater
than A, then site A was ranked higher than site B. In a few instances an
intransitive relationship developed in which site A was greater than B, B
equal to C, but C was equal to or greater than A. When this occurred. all
three sites were given equal ranking.

The Gahu sites could not be ranked in the same way because habitats were
not directly comparable and because there was a different number of habitats
at each site Instead, three categories of habitats were compared. The first
category consisted of those habitats which were closest inshore at each site
and ~ould therefore be used mast often by snorkelers. The second category
comprised the largest offshore habitats at each site; these would probably be
used most often gy SCUBA divers. The habitats in the third category were
those at each site with the highest value of the particular criterion  fish
abundance, coral cover, etc.! being used for the ranking. Note that the
habitat in the third category was not necessarily the same for each criterion
and that. a habitat could be in two categories at once.

Sites were compared on Oahu by testing the habitats in each of the three
categories with the other habitats ln the same category. Site rankings were
then obtained by treating each category in the same way that the three habitat
groups on Hawaii had been treated. The ranking procedure was re eated as for
Hawa''ii to obtain overall rankings for each of the seven biological criteria.

r pe

Individual rankings in the three categories were also retained and are present
in the discussion section.
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Kaneohe Bay was treated as a special case and not ranked with the other
sites because its habi tats did not fit easily into the first two categories.
All habitats at all other sites were included except the Makapuu deep zone,
which had been transected only once; hence, it could not be adequately' com-
pared with the oth~ rs,

RESULTS OF SURVEYS

The Following sections describe the results obtained in the geographic,
oceanographic ~ and biological portions of this study. In the first two
sections, the site rankings are given along with a summary of the way those
rankings were obtained. The biological section lists the scores for each
habitat and the site ranks and discusses the results for earh of the biologi-
cal variables examined. In all of the site rankings, 4 is considered "best"
and I "worst."

Geography

Refer to the maps in the site descriptions section for details of site
geography.

point: would a diver or fisherman be able to readily see the limits of the
conservation area and would an enforcement officer be able to tell if a
person were fishing or collecting within the regulated area'?

HawaiiOahu

R~ankinSite ~Rank in Site

! iona un au Bay
Koaie Cove
Kealakekua Bay
Puako

H an a uma Bay
Mak apuu
Pupukea
Kahe

Hanauma. Bay is certainly the most definable of the sites studied; a line con-
necting the outermost points on either side of the bay mouth marks the seaward
limit. On Oahu, Makapuu is nearly as definable. Straight lines joining Makapuu
Point and the outer edge of Rabbit Island and the island with Makai Range pier
form an easily recognizable seaward boundary. Pupukea is bounded at either
end by two rocky points, but the seaward limit is unmarked . At Kahe there are
no natural boundaries since the shoreline is relatively straight.
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On Hawaii, Honaunau Bay is nearly as well defined as Hanauma Bay--by a
line connecting its outermost points. Koaie Cove is similar to Pupukea, with
lateral boundaries but no natural seaward limit. Kealakekua Bay as a whole is
readily defined, but the portion in which consumptive use is prohibited is not
easily recognized. Puako is the least definable site because it lacks prominent
landmarks and has a relatively straight shoreline.

Access to the shoreline. I'he criteria used were accessibility of the shore-
line from existing roads, availability of parking facilities, and the distance
that a diver would have to carry his equipment to reach the water.



Hawaii

Site ~Rankin Site ~Rankin

Pupukea Honaunau Bay 4
Nakapuu Kea.lakekua Bay
Hanauma Bay Puako 2
Kahe Koaie Cove I

On Oahu, Pupukea was considered the best, because at both the Shark's
Cove and the Three Tables areas, the parking facility is within 20 m of the
beach, Makapuu and Hanauma Bay are ranked equally. Both have parking facil
ities but the walk to the beach is longer than at Pupukea. The Kahe site is
at present rather inaccessible because it adjoins private property and one
must walk from Kahe Beach Park to a small pebble beach near the property line
to gain easy access to the water. If the City and County of Honolulu is
usccessful in its bid to create a beach park on this private property, the
site will become as accessible as Pupukea.

Honaunau Bay is the most accessible of the Hawaii sites, with a road
within 20 m of the shoreline and with adequate parking. Access to Kealakekua
Bay is nearly comparable to Honaunau Bay, but there is less parking space,
Although a public road runs within 50 m of the Puako shoreline, residential
development along the road prevents access except at four public rights-of-way,
where little parking space is available. At present, Koaie Cove has no access
roads open to the public. A road is planned into Lapakahi State Park, but a
fairly long walk to the shoreline will still be necessary.

Access to snorkelin and divin areas. The question considered here was
the ease with w i a snorkeler or diver could reach good diving areas from
shore.

4
2.5
2.5

1

Hawaii
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Site ~Rankin Site R~ankin
P upukea 4 Puako 3
Kahe 2.5 Koaie Cove 3
Hanauma Bay 2.5 Honaunau Bay
Makapuu Kealakekua Bay 1

Again Pupukea is the most accessible of the Oahu sites. Good diving areas
with caves and ledges are situated within 50 m of the two beaches. Furthermo«
the bottom slopes rather steeply compared with the other Oahu sites, allowing
relatively easy access to the deeper waters. At Kahe, the shallower diving
areas are even more readily accessible from shore, but the shelf is very wide
and a swim of 500 to 1000 m would be required to reach a depth of 20 m-
Bay has a shallow limestone reef just off the beach and the water shoreward of
this reef is turbid and not Particularly suitable for diving. To reach th
outer portions of the bay requires a swim of about 700 m or a walk around th
sides of the bay. However, the deeper water is closer to shore t»n at Ka"
so these two areas are considered equal in rank. At Makapuu one must swim at
least 600 m to reach the nearest portion of the ledge zone; the area i»»r
from this zone is rather flat and barren and is not an interesting diving a«
To reach the really spectacular areas around Manana {Rabbit! Island would
require a swim of about 1500 m.



On Hawaii, Puako, koaie Cove, and Honaunau Bay all have reefs within a
tew meters from shore, with the seaward edge of the reef never more than 300 m
from shore. keala'kekua Bay, on the other hand, requires a minimum swim of
300 m from shore just to reach the closest part of the reef. To reach the
best diving area near the monument would necessitate a swim of about lSDD m.
Walking around the side of the bay is precluded by 8 steep cliff along the
shoreline.

~Ad'scent land use. The use of thc adiaccnt land moat compatible with a
marine park is a beach park; the least compatible use at a»y of the study
sites is residential development. Consideration was made of proposed future
development and zoning and of the inland areas that might have an influence on
the marine environment,

Oahu ilawa i i

Ran~kinSite Rank~inSite

Koaie Cove
Honaunau Bay
Kealakekua Bay
Puako

5.5
2
1

Hanauma Bay
Makapuu
Pupukea
Kahe

4
2.5
2,S
1

Physical oceano ra hy
I.x osure to seasonal surf. Large northerly swells arrive in the liawaiian

islands from winter storms in the North Pacific. Kona storms, which occur
throughout the year but are most frequent in late winter and early spring,
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On Oahu, both Makapuu and Hanauma Bay adjoin beach parks and are protected
from the influence of inland development by the proximity of steep slopes,
These two areas are therefore ranked equally. Pupukea also has a beach park,
but the land immediately adjoining it is zoned for residential and commercial
use and is rather dens,ely developed, This level of development has resulted in
a considerable amount of runoff during heavy rains with concomitant silt depo-
sition. Thus the use of adj acent lands is somewhat less compatible than at
Makapuu or Hanauma Bay. The fourth area, Kahe, is located adjacent to private
property which has been the subj ect of negotiations between the owner and the
City and County of lionolulu which hopes to acquire it for use as a beach park.
lt is expected that at least part of this property will become a beach park,
especially in light of a recent Land Use Commission decision not to change the
designation of this land from a conservation to urban district, The status of
property further inland remains in doubt, but long-range plans exist for mas-
sive development east of the area, enlargement of the barge harbor a mile to
the south, and conti nued expansion of the electric plant facilities to the
north, Kahe is ranked below Pupukea, but if the beach park becomes a reality,
it will be equal in rank with Pupukea,

On Hawaii, l.apakahi State park, which is being developed adjacent to
Koaie Cove, extends from the shoreline into the Kohala Mountains. This park
encompasses the entire cove and will preclude large-scale development in the
immediate area. The shorelines at Honaunau and Kealakekua Bays are each
divided into a residential area and a park. The land behind these areas is
zoned for open areas and agricultural uses which are not expected to influence
the offshore areas. Puako was ranked lowest because of the intensive residen-
tial development along the shoreline and the zoning for future expansion
inland which could produce detrimental effects on the reef area.



produce sout er y waves.h l aves. Southern hemisphere storms pi'oducc a swell from the
south i.n e summer.h th ummer. The criterion used here was the length of time exposure
occurs, as well as the degree of exposure.

Oahu Hawaii
RankingSite~RankinSite

2,5
2.5
2.5
2,5

Honaunau Bay
Xealakekua Bay
Puako
Koaie Cove

3.5
3.5
2
1

Hanauma Bay
Kahe
Makapuu
Pupukea

On Oahu, Kahe and Hanauma Bay were ranked equally; although both are
protected from heavy northerly swells, Kahe receives occasional northwest to
southwest swells, while Hanauma Bay is subjected to surf whenever swells arise
from the south. Makapuu receives heavy easterly swells, and is a favorite
among body surfers. Pupukea, located between the well-known surfing sites at
Waimea Bay and Sunset Beach, is essentially closed for diving from September
to May.

Ilawaii sites are affected by ocean swells about equally. Honaunau and
Kealakekua Bays are susceptible to strong northwest or southwest swells, while
Puako and Koaie Cove are influenced by strong northerly swel ls.

Fx osure to trade winds and trade wind waves. Northeast trade winds blow
in the IIawaiian Islands approximately 70 percent of the time, with accompanying
waves 4 to 12 ft high. Exposure to these blinds and waves can have a signifi-
cant effec.t on diving and snorkeling safety and comfort and upon visibility in
the water.

IIawa i i

RankingSite~RankinSite

3.5
3.5
1.5
1.5

Honaunau Bay
Kealakekua Bay
Koaie Cove
Puako

Kahe 4
Pvpukea 3
Hanauma Bay 2
Makapuu 1

The exposure of the Oahu sites is least severe at Kahe, where trade winds
average only l0 to 12 knots and fetch is short. Pupukea is located just inside
the lee of the Koolau Mountains and is nearly as well protected as Kahe.
shape and orientation of Hanauma Bay provide some shelter for the leeward por-
tion of the bay, but during strong trade winds the waves can be large through-
out the bay. Also, reflected waves and seiches produce a strong chop in s»e
areas. Exposure is most severe at Makapuu, which is unprotected from trade
winds averaging 1& knots; the fetch here is also the greatest.

Mauna Loa, Mauna Kea, and Hualalai mountains block virtually all of the
trade winds into Honaunau and Kealakekua Bays. Koaie Cove and Puako
equal ly influenced by trade winds blowing from the direction of the Koha»
Mountains. These winds can be quite strong, although fetch is short and
resulting waves are smaller than in windward areas.
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Currents. Information on the strength of currents is available, b«
apptiee~elt eer to the island chain as a whole or to a few local areas. Currents
were estimated at each transect location, but these are predominantly tidal



currents which depend upon time of day. The current estimates were made at the
time of the transects, which were conducted at about the same time each day.
Thus, the estimates occurred on different parts of the current cycle for each
location. Fstimates of the bottom currents were crude and did not correspond
well with values found on charts or in the literature. Therefore, a somewhat
subjective ranking oF sites is used, based on a combination of published data
and measured c«rrents. The foremost consideration was diving safety and
comfort.

Oahu llawai i

Site Ranking>SiteRank i~n>

pupukea
Hanauma Bay
Kahe
h1akapuu

llona«nau Bay
Kealakekua Bay
Koaie Cove
Puako

3,5
5

1.5
1,5

Of the Oahu sites, Pupukea was the least affected hy current~; only a
slight drift was detected here during this st«dy. 1lanaumI Bay is «naffected
by currents ovc r most of its area, except for a very strong current running
past the mouth and a moderate current flowing out of a channel through the
inner reef. Kahe has strong> currents in the deeper water, but these appear to
lose strength near shore The strongest currents were found at Makapuu, where
the survey team often had di Fficulty getting back to the boat after a dive

Ho»au»au and Kealakekua Bays were not perceptibly influenced by currents.
Koaie Cove and Puako are influenced somewhat by an offshore surface current
during high winds.

Visibility . The fol lowing ra»kings were obtained by a comparison of the
visibility values obtained at each site using the Mann-Whitney U Test. Table 6
gives median visibility values and Figure 2 provides medians and ranges for
each site.

llawai iOahu

RankingSite

llonaunau Bay
Koa ie Cove
Kcalakekua Bay
Puako

RankingSi te

Makapuu
1'upukca
Kahe
llanauma Bay

3
1.5
1,5

1.5
1,5

Visibility values f' or the llawaii sites were generally greater than on Oah«,
with maximum values of 45 m at three of the four sites. Honaunau Bay had the

Comparison of all visibility values at each site with other sites revealed
that Makapuu had significantly c learer water than the other Oahu sites. 1'upukea
was ranked lower than Makapu~i, but greater than the other two sites. Visihi litl
at Pupukea was somewhat reduced by silt carried into the water from the residen-
tial areas during heavy rains. Kahe and Hanauma Bay both had visibility reduced
by silt. At lianauma Bay, this was largely confined to thc waters near shore and
in areas of strong surge, while the deeper areas of the bay were very clear.
Kahe was strongly affected by the silt carried from construction at the power
plant to the north. Visibility did not vary with the depth but did appear to
vary with the tidal cycle at Kahe.



TABLE 6. kEofAH VlSIBILITY VALVES By SiTE

HawaiiOahu

Visibility
 m!

Vl s ib i l 1 ty
 rn!

Site

24Nakapuu

Pupukaa 20

Kahe

Hanauma Bay

Kaneohe Bay

20

10

0

Figure 2. Nedians and ranges for visibility at, each site

clearest ~ater, although the inshore waters were slightly more turbid than at
Koaie Cove, which was ranked second. Puako and Kealakekua Bay were the lowest
and neither of these had significantly higher visibility than Makapuu, which
had the clearest water of the rahu sites. Inshore visibility at Puako was
restricted by a freshwater lens on the surface. The other sites also had
lower visibility in the inshore waters than in the deeper areas

22

i7

l5 ~ 5

9

Honaunau Bay

Koaie Cove

Puako

Kealakekua Bay

41.5

35
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Marine Biology

The fol Lowing abbreviat ions
f'igures to fol low:

are used for the sites in the tables

Hanaiima Bay
K'lhe

P iip iik en
Ma k;ipuu
Kan eohe Bay

f A
KA
PP

kB

KE
KO
PK
HO

Ken lakekua Bay
Koaie Cove
Puako
H>na un au B;i y

Inshore  LH! Predominantly rock substrate, with moderate
coral cover mainly of two species, Por idea
<'.obaa and Pooz Plopora m<<vi<ir in~. [!epth I to
8 m.

Mi<L-ree f Dominated by the massive coral, P. l<>1xzt<i,
with some finger coral, I ., wr,»~ ao«. Depth
4 to l7m.

Outer reef Predominantly a reef of P, <~rq > e u.:a, with
P. lobata abundant in some areas. Defi.ned
primarily by its location near the outer edge
of the reef in 11 to 25 m of water.

 OR!

Oahu sites had few habitats in coimffon. Each habitat is l.isted belo~ along
with the sites at which it occurred:

P. Lobcrta reef
 f-lanauma Bay,

Kahe!

Analogous to the Hawaii mid-reef zone, but
not present as consistently and not. is high
in coral cover. Depth L.5 to l9.5 m. The
largest offshore zone at these sites.

 LO!

Analogous to the outer reefs of ttawaii, hut
again not defined geographically. Occurs in
patches instead of a continuous strip and has
lower coral, cover than the ffawaii counterpart.
Depth 9 to 15

Area inside the limestone reef at ffanauma Bay,
with sand and Limestone bottom, Little coral.
Depth I to 4 m. Tfie inshore one at Hanauma
Bay.

P. 'omprva a reef
 flan auma Bay,
Kahe!

 CO!

Shallow zone
  lian auma Ba y!

 SH!

Large sand patches with some rock outcrops.
Although sand areas were present at all otlier
sites, they were in deep water, while those
at Hanauma Bay occur as shallow as 7 m.
Similar to P. 5ob<ztci zone, but with lower
coral cover and more sand and limestone.
Depth 5 to 14 m. The inshore zone at K;<hi.
Flat rock area with a few po<:kets of coral
and rubble. Depth 10 to l5 m.

 SA!Sand area

 llanauma Bay!

Mixed coral

 Kahe!
 MX!

Pavement

 Kahe!

Habi t ats are <iescri bed below with their abbreviations in parenthesc:, The
habitats ident ified an<f present at all sites on Hawaii were:



Area of low relief, low coral cover, and
much sand and rubble. Depth 4 to 7 m. The
inshore zone of Makapuu.

Steep cliffs and ledges, dropping off steeply
from 5 to 21 m. The largest offshore area of
Makapuu.

 FL!Flat zone
 Makapuu!

Ledges
 Makapuu!

 L<!

Huge boulders with sand patches between,
crevices and caves beneath, Depth 3 to 14 m.
The inshore area of Pupukea.

Actually three distinct habitats; not directly
comparable. Kahe deep zone consists of the
dropoff and an outer area of sand and rubble.
Makapuu deep area is that area seaward of the
ledges and cliffs. Pupukea deep zone is an
area of lower relief than the shallower
boulder zone and is the offshore area for
habitat comparison. Depth varies between
sites, ranging from 15 to 26 m.

Steep outer edge of patch reefs, where coral
growth is greatest. Depth 2 to 10 m.

Flat zone within the coral ring, where coral
cover is low, with sand and rubble bottom ~
Depth 1 to 3 m.

Boulder

 Pupuk ea!
 80!

Deep
 Kahe, Makapuu,
Pupukea!

�P!

Patch reef

 Kaneohe Bay!

Patch reef flat
 Kaneohe Bay!

 P R!

 RF!

Three other zones--the cave  CA!, tidepool  TP!, and bench  BE!--are
described in the Pupukea site description section.

The following sections expand upon Table 7 and present transect results
in greater detail. Habitats are compared with respect to the following
criteria:

Fish abundance
Number of fish species per transect
Fi.sh diversity index
Coral cover
Coral diversity index
Macroinvertebrate abundance
Macroinvertebrat.e diversity index  echinoderms only}

Table 7 lists median values for each datum used as a criterion in the
comparison of sites, plus fish biomass, number of coral species, and number of
algal species per transect, for each habitat at each site. The median values
are presented only to introduce the results and not for comparison of sites.
However, a few trends can be seen in the median values. One is that the
values for Hawaii are more consistent from one site to the next than those on
Oahu. Another trend is that fish biomass, fish abundance, coral cover, and
invertebrate abundance are generally higher on Hawaii. Figure 3 presents mean
values of percentage of bottom cover for each substrate type by habitat.
Again, the generally higher coral cover on Hawaii reefs can he seen. Thc
percentage of cover of sand is lower for Hawaii sites, possibly because the
island is younger than Oahu.



TABLE 7. MEDIAN VALUES OF BIOLOGICAL DATA, WITH NUMBER
OF TRANSECT LINES AND DEPTH RANGES FOR EACH HABITAT

V 4I
III
C
ID
I�

ID
Z

0
Cl ~-

4I

E

III
4I
ID ~
L CV

E
4I

Q
L O
DI
C

C
P C

U ID
X

L
CL 4J

L Dl

II-
p~

E
4l
UI
C III
ID
IX V

4I
III
C

P. ID
4l L
o I�

DI
C c4
ID E
D
C O
3 O

A O

0
~ C

I/I
4I X

4I~ 'D
CI C

ID

ID
I
Dl

I,1

Ill
4I V

~ - 4I
V
e L
CL

L

ID

III I
Q U
~ 4I
U V
4I L
P. «I

ID
0

P L
4l

4>
PI P
ID LI
4J
C
4I
U L

p
DI

p E
pa
tCI O

C III

4I U
Dl

V I/l
4I C
a ID

L

III

D
CI C

ID
L
p

L U0
U

297
376
123

284

133
137

841
160
68

1,1
1.1
O.8

I.l
1.4
1.5

0.4

1.3
1.1

2
26

10

4
20

6

16
16
8

3.0- 5.0
3.0-13.0

I2.0-25.0

3.0- 8.0
4.0-1 7.0

13,0-23.0

1.0- 3.0
B.O-14.O

1 1.0-24.0

KE- IN
KE" MR
KE" OR

Ko- I N
Ko- MR
KO-OR

PK- IN
PK-MR

PK-OR

6
26

1.0- 7.0
3,0-16.0

12.0-20.0

HO- I N
HO-HR
Ho-OR

16

7
3
4

1.0-20.0
9.O-IB.O
7.O-24.0
0.5- 2.0

HA- Lo
HA-CO
HA-SA
HA-SH

3.0- 5.0
7.0-18.0
3.0-14.0

IO.0-14.O

17.0-26.0

4.O- 6.O
6.0-21.0

25.0

3.0-14.0
15.0-22.0

1.0- 8.0
1.0- 2.0
1.0- 2.0

12 7

9 4 5 7
18

21

8 8 2 2

KA-Lo
KA-Co
KA-Mll
KA-P V
KA-DP

I

15
6

10 2

64 9 0

28
41
4O

41

39

30

14 9

MP- FL
MP- LG
MP- DP

PP-BO
PP-DP

KB-PR
KB-RF

Kapapa

~See pp. 23-24 for keys.
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Figure 3. Mean values of percentage of bottom cover of each
substrate type by habi tat
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Table 8 includes two keys to be used with tables on comparisons of
habitats and sites. After the hah itats have been compared, the site ranki ngs,
obtained as described in the methods section, are listed in each table. Note
that intransitive results occurred between sites: A greater than B, 8 greater
than C, but C equal to or greater than A. 1&ere this occurred all three sites
were considered equal. For the ranking of sites in only one of the three
habitat types, see the discussion section.

TABLE 8. COHPARISON OF HABITATS AND SITE RANKINGS FOR FISH ABUNDANCE

Habitat Comparisons

HawaiiOahu

HA PP KO PK HOKE

- = +  CO! ++ +

- + +  CO!

-++  tG!

KO +++KA ++=

NP =+~ -+

PP +~- +-

+ + ++ m

PK

 eo! HO ~+ = = = = + + +

Site Rank i ngs

HawaiiOahu

3 5
3 5

2 I

Kahe 3.5
Makapuu 3 5
Pupukea 1,5
Hanauma Bay 1. 5

Honaunau Bay
Koaie Cove
Kealakekua Bay
Puako

KEY TO SITE RANKIIIGS: These ranks were obtained from the habitat comparisons
of each pair of sites. If the number of ''+'' marks exceeded the ''-'' marks in
the habitat comparison, then the site on the left was ranked higher than the
one at the top of the column. In the above table, for example, Kahe exceeds
Hanauma Bay in 2 of 3 habitats, so it is ranked higher than Hanauma Bay.
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KEY TO HABITAT COHPARISONS: Three symbols are given to compare habi tats For
each pair of sites. The one on the left is for the inshore habitats; in the
middle for the outer  Oahu! or mid-reef  Hawaii! habitat; and the one on the
right for the highest  Oahu! or outer reef  Hawaii! habitat, "+" means that
the habitat on the left. is greater than the one at the top of the column,
means that it is lower, and "=" means that there was no di Fference between them
at the 20 percent significance level. The symbols to the right of the Oahu
comparison are the particular habitats that were the highest at each site.



Fish

 see Table 8 and Figure 4! . On Oahu, four habi tats had equal ly
high fish abundance: the Makapuu ledge area, the P. oomressa reefs of Kahe
and Hanauma Bay, and the patch reefs of Kaheohe Bay, As explained in the
section on site selection, the latter was not included in the ranking proce
dure. All other habitats were significantly lower than these, even the Kanauma
Bay l'. Eobata zone which had the highest single fish count on Oahu. This count
was inflated by a large school of pualu, Acanthurua aanthopteres, which crossed
the transect line. The Kanauma Bay inshore shallow zone and the Makapuu flat
area had an equally low fish abundance; at Makapuu, fish abundance increased
with distance from shore, so a diver or snorkeler swimming near the shore wou]d
see a very low number of fish.

'500

Figure 4. Medians and ranqes for fish abundance by habitat

Hawaii fish abundance was highest at Koaie Cove, where the three habitats
had the three highest median values. Comparison of the sites showed that ~
all three habitats, Koaie Cove had higher fish counts than Kcalakekua»y.
which exceeded Puako. ilonaunau Bay had more fish than Puako in all three
habitats, exceeded Kea aealakekua Bay in the mid-reef habitat, and was never s~g
nificant1> lower than Koaie Cove. Unlike Oahusites, where fish abundance
was higher on P. c'onpresea reefs, the middle and outer reefs of Hawaii
fish counts which were not significantly different at any site. Inshore a~ ea ~
however, had significantly lower values than at least one of the offshore
at every site.
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Compari son of Oahu and Iiawaii sites revealed that abundances of fish
wi rc genera I ly Iiighcr on Hawaii. All of the Koaie Cove habitats and the two
off sliorc habitats at Ilonaunau Bay exceeded the most densely populated Oahu
habi tats. Likewise, the habitat with thc lowest fish counts on Ilawai i was
s ig»i ficant lv liigher than the three lowest h;ihi tats on Oahii.

bj~ecics p~er transect {sce Table 9 and Figurc Sl. The number of species
p<r transect was widely spread in thc Oahu data, with individual transect
values «s high a» S7 and as low as 2, The };ahe deep area had thc highest
median and only oiic tr;insect had fewer than 40 species. The Pupuhca boulder
area had t' hc highest individual transect but a mi<ch wider range of values.
'['hc lowest numbers werc recorded in thc IIana<ima Bay sand area, as coiild bc
expected, and in the shul low =one at IIanauma Ba>, Thc ~lakapuu flat zone;<gain
had lower species counts near the shore than out near the Jropoff.

TABLE 9. COMPARISON OF HABITATS ANO SITE RANKINGS
FOR NUMBER OF FISH SPECIES PER TRANSECT

Habitat Comparisons+

HawaiiOahu

PKKOKEppKAIIA

HA

KO =++ + + +KA+-+

MP +++ -+-

pp +=+ ++

+ - +

PK

+HO =+=

S i te Rank ings"-

HawaiiOahu

4 3 2 I4 3
2 I

Koaie Cove
Honaunau Bay
Kea lakekua Bay
Puako

Pupukea
Kahe

Makapuu
Hanauma Bay

-See Table 8 for the key.
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Koaie Cove ag;iiii <Iominated
all other sites in the two reef
inshore area werc signifi cantl>
three sites. At Koaie Cove and
other two habi tats;;it llonaunai<
Kealakekua Bay the inshore area
species per transect.

the llawaii results, significantly exceeding
ones. Fish species counts in the Puako

lower tll;ln i n t.he same liab i t;it s at the ot Iie 1
Puako, the inshore area was lower than the
I<ay all thrcc werc about the same; and at
exceeded the outer reef in number of fish

 LO!

 OP!

 LG!

 BO!
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20

Z Figure 5. Medians and ranges for fish species per transect by habitat
Diversity index  see Table 10 and Figure 6!. Fish diversity indices for

the Oahu sites were highest in the Kahe deep zone. The two habitats at Pupukea
were next, being significantly lower than the Kahe deep zone, and greater than
all others. The Hanauma Bay sand area, with a very low fish abundance, had the
lowest diversity, and the Hanauma Bay shallow area was again the lowest habitat
of those ranked. Overall, the ranking of sites was similar to that determined
for the number of species per transect.

As with the species counts, iiawaii diversity indices did not differ much
from one site to the next. The highest and lowest both occurred at Puako,
with the inshore habitat being much lower than the offshore reef areas. Fish
diversity at Koaie Cove was high in the two offshore areas, but significantly
lower inshore. At Honaunau Bay, the inshore area was more diverse than the
habitats offshore. The species counts in all three habitats were about the
same, so the lower diversity offshore probably reflects the more pronounced
dominance of the top three species in the offshore areas. The same may be
true at Kealakekua Bay, where the highest single transect was in the inshore
area, but the sample size was too small to compare this habitat with other
areas in the bay.
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TABI E lO, COMPARISON OF HABITATS AND SITE RANKINGS
FOR F I SH Dl VERS I TY INDEX

Habitat Comparisons~

HawaiiOahu

HOPKPP KO
HA MP

KE+

KO =++

MP +== =+- PK =++

PP +++ ++ - +++

Site Rankings-

HawaiiOahu

:"See Table 8 for the key.

3.5

30

2.5

't.0

0.5

Figure 6. Medians and ranges for fish diversity index by habitat
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Pupukea
Kahe

Makapuu
Hanauma Bay
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� +  DP!
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 BO!

Koa i e Cove

Puako

Kealakekua Bay
Honaunau Bay
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Biomass  see Figure 7!. The biomass of f'ish was not used for the ranking,
but was calculated for each habitat. The outer reef at Koaie Cove had the
highest median biomass for either island, b»t the highest single value recorded,
6718 kg/hectare, came from a transect in the P. 2obato. area of lianauma Bay.
This was the transect at which a scho»1 of pualu, Acanthus»;, zrri+hopterua,
which accounted for 82 percent of the biomass on thi s transect, was counted.
S»ch schools were seen several times on Hawaii, where they contributed substan-
tially to the biomass figures. For most areas, biomass paralleled abundance
fairly well, except that the deep habitats on Hawaii were relatively higher in
biomass than in abundance.

9 I-

Figure 7. Hedians and ranges for fish biomass by habitat

S ecies com osition. See the site description section for the ten most
abundant fish species in each habitat. The ten most abundant fish species for
each island are listed on the following page. These were determined by adding
the results of transects in each habitat and by taking the ten species with
the highest t.otal abundance. The Hanauma Bay sand habitat and the Kapapa
Island area in kaneohe Bay, where few fish were seen on each transect, were
not included. In the following list, the number of habitats in which each
species was among the ten most abundant is also given. Note that 15 Oahu
habitats and 1" iiawaii habitats were included in the listing.
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Number of
Habitats

Commo~, Hawaiian Name~Secies

OAI KO

Hi na I ea 1 auwi 1 i, sadd 1 eback
Ko le

lavender tang
'Omaka

Blue damselfish
Jenki ns ' dams el fish

01 ive damselfish

Black damselfish

HAWAII

Black damselfish

Seven of the 10 fish species occurred in both of the above lists, showing
the similarity between the two islands of the most abundant fish. The abun-
dances of these species, however, is more regular at the Kona coast sites than
on Oahu, The kale, Ctenochaetus strigostis, numbered among the top ten in all
Kona coast habitats and made up at least 16 percent of the fish counts in all
but one habitat. The saddleback wrasse, Tha2assama Cuperreyi, was among the
top ten species in al 1 habitats on both islands. Altogether, there were 31
species among the 10 most abundant in the 12 Kana coast habitats and 43 species
in the 15 habitats on Oahu.

There are a few differences in the less common species between the two
islands. 1iawaii sites had a greater variety of carangids and scarids in most
habitats than did Oahu sites. Whether this is a result of fishing prcssure is
unknow', but in the Oahu areas protected by regulation or by distance from
shore, there were more species of these two families than at the other Oahu sites.

Several species were found only on one is! and. Those seen only on the Kona
coast of Hawaii included three species of lutjanid or snapper, the surgconfish
CtenGChaetus h~aiienaiS, the buttCrfly fish Hemi tauri chthya thompscn;., and a
rare boxfiSh, OStraCion Vhit2eyi. Those fOund only On Oahu included the wraSSe
Coris VenuSta, C..a22ieui, Tha2assoma purpureum, Che2ia inermis, Chai";.in:<S
birraxcu2atus, and A'acropharyngc&n geo,~lrcyi. These were found most often in
areas of low coral cover and, although not seen at the Vona coast sites, may
inhabit other parts of the island of Hawaii. Several species which appeared
to prefer coral-rich habitats werc more commo~ on Hawaii than on Oahu. These
included the introduced grouper CephalcphG2is argus, the nenue, ~yphc =~s
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Tha2assoma duperreyi
CtenochaetuS st< igGSus
chrcmis vandet bi 2 f.i
AcanthuruS niarcfuSCuS
S tethcj u  i S ba 2teata
P 2e C trca 2y phi codon,',Ghne tOnianuS
Eupomacentru .'enkinsi
Chromi Gva2is
Chromia hanui
Chromia Verater

Ctenachaetus strigosus
Zebrascma f2aVeSCens
Chromis agi 2is
ThalaSSoma auperreyi
ACanthuruS nigrc�'uscuS
Chaetodan mu2 ti cinCtuS
P2ectrcg2yphidcdGn j Ghnstcnianus
Chromis hanui.
Chrcmis Vanderbi2ti
Chromis Verater

Ko le
Yellow tang

Hinalea lauwi li, saddleback
Lavender tang
Pebbled butterfly fish
Blue damselfish

wrasse 15
8
9

10
3
4
9

5
6

12
10

9
wrasse 12

7

11
2

6 4 6



See Appendix F for a complete list of species for each habitat.

Corals

Percenta e of bottom cover  see Table 11 and Figure 8! . The transect with
the greatest live coral cover on Oahu was on a patch reef in Kaneohe Bay, where
the coral is protected from wave damage. Other transects on these reefs had
lower coral cover, the lowest being at the bottom of the leeward side of the
reefs where coral does not appear as healthy. Of those habitats included in
the ranking scheme, the Hanauma Bay Pomtea compressa reef had the highest
median coral cover, with a maximum value of 67 percent on a single transect.
We Kahe P. compreeaa reef was significantly lower in live coral cover, but
total live and dead coral cover was greater than at. Hanauma Bay, apparently as

TABLE I 'I. COMPARISON OF HABITATS AND SITE RANKINGS
FOR PERCENTAGE OF LIVE CORAL COVER

Habitat Comparisons*

Oahu Hawaii

HP PP

+ + - + +

+ f++++

+ +

KO PK HO

+ - +++

KE

 co!

 Co!

 LG!

{eo!

HA KE

++

+--

PP +--

KO

PK - -+ -++

HO

Site Rankings*

Oahu Hawaii

K he
Hanauma Bay
Hakapuu
Pupukea

3-5
3-5
1.5
1.5

Kealakekua Bay
Puako
Honaunau Bay
Koaie Cove

*See Table 8 for the key.
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oineruecees, the wrasses CheiZimua rhodocmua and Thalassoma Zutesceria, the
tangs Acmthurua achilZes and A. gZaucopm'eius, the triggerfish Xanthichthys
manta, the flame angelfish Centropyge Zoricutua, and eight species of butterfly
fish. Species more common on Oahu than at Kona coast sites again were found in
areas with low coral cover. These may be common elsewhere on the island of
Hawaii but were not common on the Kona coast. They included the goatfishes
~peneue pleurcatigma  main! and P, rnuZti faaciatua  moana!, the olive damsel-
fish Cih'omit oxalis, the wrasse Cc&e flavovit5zta, the surgeonfish Accnthurue
mrna  pualu!, the triggerfish Sufflamen freeztus, and the filefishes Peruapoz
epiZoeoma and P, melcnocephaZue. In addition, the ala-'ihi Ad7'oryx apzni ger
was slightly more abundant on Hawaii, while A. zantherythrua was seen more on
Oahu; similarly, Apogon meneaemue was the most common on Oahu. Also seen were
two unnamed grouper species of the genus Paeudcmthiaa--one species on each
island.
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 see Table L2 and Figure 9!. The pupukea boulder area had
r diversity index than any other habitat; the Makapuua sig

TABLE I2. COMPARISON OF HABITATS AND SITE RANKINGS
FOR CORAL DIVERSITY INDEX

Habitat Comparisons*

Oahu Hawai I

KO PK HOPPHA MP

 LO!

 MX!

 LG!

 BO!

HA KE + + � + = + +

KA +a+ KO

PK +=

HO

MP +++ � +

pp + � f = - = + - +

+ ++ +++

Si te Rankings+

Hawal IOahu

Kealakekua Bay
Puako
konaunau Bay
Koaie Cove

Ka he
Hakapuu
Pupukea
Hanauma Bay

3 5
3-5

2 I

-See Table 8 fcjr the key.
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a result of damage by waves which had knocked over large areas of the delicate
finger coral, exposing the dead coral beneath. The Kahe P. 2ob~ha area had
about the same live coral cover as the P. compz'essa reef and more than the
Hanauma Bay P. 2obata area. The Kahe mixed zone, though also dominated by
P, Lobate, had a much lower coral. cover than the P. 2obata zone, as can be
seen in Figure 7. The Makapuu and Pupukea habitats were all lower in coral
cover than the Hanauma Bay and Kahe reefs, apparently because of scouring
action by waves and currents.

Hawaii habitats, on the other hand, all had a fairly dense coral growth.
Puako had the two highest median values, both in the outer reefs, while thc
Kealakekua Bay mid-reef zone had the highest individual transect, with 96
percent coral cover, At all sites, the mid-reef habitat had greater coral
cover than the inshore zone and, at all but Kealakekua Bay, the outer reef had
more coral than the inshore zone. At all sites except IIonaunau Bay, the mid-
reef exceeded the outer reef in coral cover. If the mid-reef habitat of
Hawaii were exactly analogous to the Oahu P. 2obata reef, and the outer reef
to the P. comp+essa reefs ot Oahu, the opposite would have heen expected.

None of the Oahu sites receives the protection from surf that is afforded
the Kona coast. lt is therefore not surprising that the coral cover on Hawaii
is higher. No Oahu habitat had significantly higher coral cover than any
Hawaii mid-reef zone and only the Hanauma Bay P. oompressa zone exceeded the
Koaie Cove and Honaunau Bay outer reefs. Coral cover on the four Oahu Poz'<.zes
reefs exceeded that on three of the four Hawaii inshore habitats. All habitats
on Oahu except the Port.tes reefs had significantly lower coral cover than even
the inshore habitats of Hawaii
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being higher than the other Oahu and Hawai,i habitats.
ty, the diversity of coral had a wider range of values on

Several Oahu trans ect s had a di ver s i ty of 0, e i th er
ll under the quadrat points or because only one species,
there. The P. kbata reefs at Kahe and Hanauma Bay both
indices than either of the P. eorrrpzessa reefs at those

ledge area was next,
As with fish diver s i
Oahu than on Hawaii.
because no corals fe
P. lobata, was found
had higher diversity
sites.

On Hawaii, the sites with high coral cover generally had a higher coral
diversity than the other sites, but this relationship did not hold for each
habitat. Within sites, the inshore habitat had the lowest diversity index
and the outer' reef was a|ore diverse than the mid-reef except at Puako, where
they were the same. As seen in the results fax coral cover, the middle and
outer reefs of the Kona coast are not truly analogous to the P. lobata and
P. ampreasa habitats on Oahu.

The corals in the Makapuu ledge zone, and particularly in the Pupukea
habitats, have apparently adapted to the continual stress of water motion .
Por'ites compress@, a form especially susceptible to breakage by surge or cur-rents, is not very abundant at Makapuu and i.s wholly absent at Pupukea. Corals
which do grow in these areas are either difficult to break like Poet',ZLovora
meanMna, or occur in a low-profile encrusting growth form. This growth form
occurs in Poxi,tes Sonata and several species of Mondipom.

The number of species per transect, while a good indicator of diversity
for fish, does not serve as well for corals because the point quadrat transect
method misses many of the rare species and the number of species per transect
is therefore small. These data are presented in Figure 10 for rough relative
comparison only.

On Hawaii, the species counts of the offshore habitats are higher than
inshore, but the difference is not as pronounced as with diversity indices.
On Oahu there is only slight correspondence between diversity index and number
of species, at least for the habitats at which coral cover is not extremel>
low. Evidently, the unevenness of species composition is playing a larger role
in determining the diversity than is the number of species present.
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frigg and Maragos  J.E. Maragos, 1975: personal communication! found a
significant inverse relationship between coral cover and divers ity on lava
flows on the island of Hawaii. This relationship was seen at only one of the
sites of the present study, probably because of the relatively large sample
size. Coral diversity did vary inversely with coral cover on the patch reefs
of Kaneohe Bay, as had been previously reported by Maragos �972! . In those
parts of the patch reefs where coral cover is high, the finger coral P. compress&
is dominant and diversity as a result is low. No other coral-rich habitats on
Oahu or Hawaii show such a relationship. Apparently, P. compressa and P. Kobata
share dominance of these reefs and all other species are relegated to a minorpart of the total coral cover. The two habitats with the highest coral diver-
sity indices, the Pupukea boulder zone and the Makapuu ledge zone, both have
low to moderate coral cover. Conditions for coral growth in these areas appear
optimum except for the stress of water motion--either waves or currents. Diver-
sity may be high because this stress does not allow the more abundant species
to achieve dominance. Other areas of low coral cover, however, do not exhibit a
particularly high diversity. This may indicate some other limit to coral growth,
such as a lack of a suitable substrate which would not inhibit dominance



Figure 10. Red ians and ranges for number of coral species per transect
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A comparison of Oahu and Hawaii coral species composition reveals that
there is a greater dominance by the two Po~tea species on Hawaii than on
Oahu. The Oahu P. Kabala reefs, especially, permit the growth of numerous
other species, most notably Pan,'Llopora meandvina, Moritz'para verrucosa, and
H. ue~lli. Peammoco~ vezri'Llz, although highly abundant on Hawaii tran-
sects, was rare on Oahu.

See Appendix G for a complete species list for each habitat,

Macroinvertebrates

TABLE I3. COHPARI SON OF HABITATS AND SITE RANKINGS
FOR INVERTEBRATE ABUNDANCE

Habitat Comparisons-

Hawaii
Oahu

PKKOPPMP

 co!

 Co!

 FL!

 OP!

HA

KA +-+

NP ++~ ++~
PK +--+++

HOpp +=- +=-

S i te Rank ings'".

Hawai i
Oahu

2.g
2.5
I

Kea iakekua Bay
Koaie Cove
Puako
Honaunau Bay

Makapuu
Hanauma Say

Kahe
Pupukea

+See Table 8 for the key.

Abundance  see Table l3 and Figure ll!. The abundance of motile inverte-
brates on Oahu was extremely variable. Single transect values ranged from 0 to
815 individuals per 100 square meters. The Kahe P, compre=ea zone exceeded
all but the Makapuu flat zone, but Makapuu was ranked higher because the two
major habitats there had a high abundance of macroinvertebrates.

Hawaii macroinvertebrate abundance was in general higher than that of
Oahu, with a maximum value of l830 per 100 square meters on a single transect.
Variability between sites was not as great as on Oahu. Puako greatly exceeded
the other sites in the inshore zone and Kealakekua Bay had the most macroinver-
tebrates in the mid-reef zone. Except at Kealakekua Bay, the inshore habitats
exceeded the offshore habitats and at Puako and Honaunau Bay macroinvertebrate
abundance in the inshore area was greater than in the mid-reef zone
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All of the Hawaii inshore habitats exceeded the Dahu habitats except for
the Xahe P. oompmaaa zone, which had a macroinvertebrate abundance equal to
three of the Hawaii inshore habitats. The five oahu habitats with the fewest
macroinvertebrates were significantly lower than all Hawai i habi.tats.

Oahu sites for echinoderm diversity was the reverse of that for abundance, but
this relationship did not hold in each habitat category. As with other diver-
sity indices, the echinoderm diversity had a wide ra~ge of values, The Kahe
pavemen.t area had the highest diversity index, with the Iianauma Bay P, Zobata
zone next. Besides these areas and the three least diverse habitats, there
was little difference among the Oahu habitats.

A somewhat greater diff'erence was discernible at the Ilawaii sites, particu-
larly in the mid-reef and outer reef habitats, In the inshore habitat, only
Puako differed significantly from the other sites. Except at Kealakekua Bay,
the mid-reef exceeded the inshore area in echinoderm diversity and the mid-reef
exceeded the outer reef at all but Honaunau Bay..

Echinoderm diversity was generally higher on Hawaii than on Oahu. The
Kahe pavement area was the only Oahu habitat equal to the Koaie Cove and
Honaunau Bay reef zones, which were the most diverse Hawaii habitats.

No significant relationship existed between the abundance and diversity
of echinoderms. There was, however, a significant  P = .05! negative correla-
tion at most sites between abundance and species evenness. The latter is equal
to the diversity index divided by the maximum possible diversity index with the
same number of species. The species evenness therefore indicates how evenly

TABLE l4, COWIPARISQN OF HABITATS AND SITE RANKINGS
FOR ECHINODERH DIVERSITY INDEX

Habitat Comparisons .

HawaiiOahu

PP KO PK HO

KO =++

PK -++

+ + + = = +

 BD! HO =++ = - +++

Site Ranklngs-

HawaiiOahu

Hanauma Bay
Kahe
Hakapuu
Pupukea

*See Table 8 for the key.

42

KA +-+

NP +--

PP +�
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Koaie Cove
Honaunau Bay
Puako
Kealakekua Bay
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the abundance is divided among all species present and can tahe a value between
0  complete dominance! and 1  all species equally abundant! . It generally
decreases as total abundance increases because of increased dominance by one or
a few species. On Oahu, the dorainant species was often the sea urchin
T~pnerratgrr gretz22a, which occurred in patches of up to 469 per 100 square
meters. The sea urchins E'chznometra mathae-. and Eeh~ rrothrix sp,  wana! were
also frequently dominant. Such dominance occurred less often in Hawaii, where
several species appeared to be about equally abundant. Khere dominance
occurred, Eohirrorrretra rmzthrzei was most often the dominant species at Puako and
Koaie Cove and the slate pencil urchin Hetero"e~trotus marrrrrn'.22atua was most
often dominant at Kealakekua Bay. At Honaunau Bay, i'. r.~thaei, T. qr'a+z.2la,
and 2. rrramrni22a'tuJ were all very abundant. For all of the Hawaii sites, the
maximum values of abundance for these three species were 1760 per 100 square
meters for E. mathaei, 69B for F.. mueni22atwa, and 415 for 7. gratzZZa.

For a complete species list for each habitat, see Appendix G.

~AI ae  see Figure 15!

Algal data were not used to compare sites, partly because most algae
were not identified down to species and because quantitative measurements of
standing crop were not made. Besides, the presence of a large quantity or a
great diversity of algae is not necessarily an asset for a potential marine
park site, in fact, algae may be abundant where coral cover and fish standing
crop are low. Therefore, the presence of each species or genus of algae was
raerely noted and a species list is presented in Appendix I.

Oahu sites appeared to have more macroscopic algae than did the Hawaii
sites. On both islands the most abundant algae appeared to be the encrusting
forms such as PoroZithorr. On Oahu, other common algae were the red alga
Amnesia gZomerata and the brown alga Dietgotrz.

5 ITE DESCRIPT IONS

Each of the following general descriptions of the sites include a map, a
photograph showing the site and surroundings, and a photograph showing a
representative underwater scene in the area. In each site description, a
table lists the ten most common fish species found in each habitat at that
site. Fi.sh with well-known common or Hawaiian names are listed by those
names; all others are listed by scientific name. Table 15 lists the common and
scientific names for all fish listed in the site descriptions by common name.

The descriptions for Hawaii sites are considerably shorter than for Oahu
sites because there is less difference among them. All of the si tes studied
on Hawaii are on the Kona coast and are therefore subjected to similar envi-
ronmental conditions. As a result, the reefs which have developed at these
sites are very similar within the constraints imposed by bottom topography.

Doll ar �975! described the zonation pat tern for Kona coast corals, The
habitats described in the present study are essentially t.he same as three o f
his four zones. The shallow inshore zone, referred to by Dollar as the
boulder zone, is dominated by the corals Pooi 22opozz mean&zxa and For'te�
Zobata; the mid-reef, which Dollar called the "reef-building zone," is domi
nated by P. Zobata; and the outer reef, Dollar' s ".. covpree~a slope zone," is
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TABLE I 5. S" IENTIF IC n COPIPION, AND HAWAI I AN NAMES OF COMMON
FISH SPECIES LISTED RY FAMILY

Common and/or kawa 1 1 in NaneScientific Name

sergeant major, memo
kup I p i
black damsel
olive damsel

tr lgger f i sh, humuhcnnu umauma 1 el
fantail fi lef ish
spotted puf'fer, kawa i i an puf fer-
a ho 1 eho 1 e
cardinal Fish, upapalu
scorp i onf I sh
qroupe r
gaby
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Acan thur idee
Cia nochac tue atrigoeue
Zsbrasoma flave ace res
Acanthco cce rcigrofcceccce
A. rtigrvrie
A. achi.l lee
A, olivaoeue
A. thanpeoni
A. mata
A. xanthopterue
A. irioategcce
>ano Li turatccs

laur 1 dam
Fhalaeecnaa dccperreyi
Stetho jcclie bal teata
Comphoeue vctriue
Corie vencceta
ffacrophar yngodon geo f froyi

iscc I 1 I dae
Icfcc l loidich thya f Lauo l inca ht

vani oo Lenei s
Rzrccpeccecce pleuroeti gma
P, mccltifaeciatcce

Pomacen t r 1 dne
Hccpcmscaen trcce jeok inei
Pleatrogiyphidodon J'oh netonianccs
P. iacparipecsrcie
Abccdefdccf abdancinalie
A. eoMidcce
Chromia verater
C, oualie
C. agi Lie
C. harcui
C. vcvcderbi L ti

Chaetodontidae
Foroipi gsz f Lavieecatue

Chae todon mi L iari 8
C. multi ri notus
C. french iii
C, amati eeicncce
C, kleini
Hemi taccriahthye poly Lapis

Pcnnacant hi dae
Centropyge potteri

Cirrhltidae
Paracirl htte8 accatus
Cirrhi tops faecc'atua

Ho I ocen t r I dao
Adi oryx zantherythrccs
+ripri etie cnur+an

Scaridae
Scartcs 8ardtcitce

Carang I dae
Other connncm f i sh speci es

SccffLamen bccrea
pervago spi loeccna
Ccoc9rigaster j actator
Rcchlia sandvioensis
Apogon sny reri
Srcrparna rOkicrta
Fseo inr. rh,os thrripsoni
?sere?n Leis mierolepis

Surgeonf ish, tangs
ko le
yellow tang
lavender tang
maiko
Achilles tang, paku'iku'i
O'Iive tang, na'ena'e

pualu
pualu
man ln I
kala

iirasse s, hl na leas
saddleback wrasse, hina les lauwil I I
'omaka
bird wrasse, hina lee I ' lwi

hina lea ' ak i - lnl o
Coatf I shes

we ke
wake-'ula
ma I u
ma an a

Damselfishes
Jenkilns' damsel
b I ue dense I

Butterfly fishes
iong-nosed butterfly fish,

lau wiliwiii nukunuku 'ol' oi
lemon butterf ly f lsh
pebbled butterF ly f ish
bide stripe butterfly fi sh
ornated butterfly fish

pyramid butterfly fish
Angel f i she s

Pot ter ' s ange I f iI sh
kawkfishes

pi/i ko'a
pi 1 I ko'a

SqulrrelFishes
'ala' ihi
menpach i, u' u

Parrotf Ishes, uhus
uhu

Jacks, uluas



dominated by that coral species, but with P. lobata also very abundant in
spots. The zone which Dollar called the P. lobata rubble zone was not wider
than a few meters at any of the sites of this study, so this zone was not
considered as a separate habitat.

Besides the corals, fish and macroinvertebrate species lists are also
very similar from one Kona coast site to another. Discussions of fish, macro-
invertebrate, and coral species found at these sites are therefore limited in
the site descriptions to particularly abundant species and to rare or unusual
species.

Habitat boundaries shown in the maps are only approximations because they
were not precisely surveyed in all. cases and because most of the habitats
blend into each other without a well-defined boundary.

Where features are described as being on the right or left, it means to
the right or left while facing the water from shore.

Hanauroa Bay, Oahu

Hanauma Bay, located on the southeast shore of Oahu, encompasses about
40 hectares �01 acres! of water  Figure 14!. The marine life conservation
district comprises the area shoreward from a line connecting the outermost
points on either side of the bay mouth. A city beach park extends along the
periphery of the bay, with rest room, shower, and snack bar facilities beside
the sandy beach at the west end.

Hanauma Bay receives about 20,000 visitors per month  J. Lee, City and
County of Honolulu Department of Recreation, ].975: personal communication!
It is a popular picnic and recreational spot for residents and visitors and
is frequented by a sizable number of snorkelers and SCUBA divers.

About 80 m from the beach at the west end, a shallow limestone reef
extends across the bay, cutting off access to the outer bay except through a
series of natural channels at the left end, and a channel cut to accommodate
submarine cables near the right end of the reef, Access to the outer bay can
also bo attained by walking around the perimeter of the bay or over the reef.
Between the beach and the reef lies a protected area suitable for beginning
snorkelers. Water depth here does not exceed 4 m and in much of the area it
is not over 1 m. Visibility is usually quite poor due to sediment carried
from the shore by freshwater runoff. The southern end of this area is often
full of debris blown there by the trade winds.

Outside of the reef, water depth slopes gradually from 2 to about 25 m in
the middle of the bay mouth. This area is subjected to trade wind waves most
of the year and to southerly swells in the summer. Wave patterns in the bay
are confused and irregular because of reflections off the shore; on the right
side a fairly persistent seiche, or standing wave, has led that area to be
named "Witches' Brew." This is also a collecting point for debris during
trade wind periods. Visibility is clcarcst near the outer edges of the bay
and poorest on the left side just beyond the limestone reef where surf combines
with a sandy bottom to produce vi sibility values as low as 2 m at times.
Bottom currents are not particularly bothersome except in two places: at the
trench cut through the reef for the cables, where a strong current sometimes
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makes swimming back into the shallow water difficult; and at the outer boundary
of the bay where. a strong tidal current known as the "Molokai Express" can
sweep an unwary diver past the mouth of the bay.

Four major bottom hahitats can be distinguished within the bay  Figure 15j
One is the shallow =one inssdc the reef.. The other t.hree include a zone com-
posed ntostly of sandy bott.om and two coral ones---one dominated hy the massive
coral -''.in7'.t':: .'.'z~:t,,t and the ot.her by the finger coral Par-'.tea owyneaaa
 Table l6!.

ttenches a.id outcrops of limestone are interspersed with sand patches to
form the substrate in th~ shallow one Coral cover was extremely low, as
wt re the al>undance and diversity of fish and macroinvertebrates The manini,
:."GY'Ii" uJ'v," l n" .' tf",' ~', accounted for nearly a thir d of al 1 the fishes counted
witi!in this zone. 'Ihe mullet r".ec~vr~aw-'' eliza,;zu!'..~ was also seen frequentl> in
the area, although i.t was not counted on a transect. This may have been
trecause all counts in this area were done at low tide, which also apparent li
contributed to the large di ff'erence in biomass between these counts and those
conducted by the State Division of Fish and Game. The Division of Fish and
Game  '1972! data indicated a biomass inside the reef which was higher than out-
sidee. Another possible cause of this discrepancy is that the transects in this
study were placed well inside the reef  Figure 15!. The deeper pockets just
inside the rect are frequented by many large fish, wh ich would contribute sub-
stantially to biomass figures of a transect run the re.

Large sand patches outside of the shallow reef constitute the second zone.
A few small outcrops of limestone provide the only vertical relief in these
patches. Of the few fish counted in this zone, most were associated «ith
nearby coral areas. A few species, such as one species of razorfish,
5ievn'pt'erovictus, the weke, Ãu22azChehrlzya j7auo2'tteata, and the malu, Pa~p ence"
n2eMo'tiara, seemed to be associated at least part of the time with the pure
sand habitat.

The Porzte;", lobata zone is a diverse and plentiful habitat. Heads of
P. 2obzt<z «ith diameters of up to ~ m stand out from substrates of sand and
limestone, with some basalt nn the cliffs on the right side of the bay. Coral
cover was variable, being generally higher further out in the bay. Fish abun-
dance also varied widely; the transect with the highest fish count in the Oahu
survey �320 per 1000 square meters! was in this zone. This transect included
a large school of pualu, '".e vithzzz"~s zanthoptez"oa, which also boosted. the biomass
figure by 82 percent to 6718 kg/hectare, Many species of fish were common here,
with no dominance by any one spec.ies: the most abundant, 4~a'2aesozn" .":~pert'e
comprised only ll percent of the total fish count for this habitat. There were
several species of fish frequently seen here that are not particularly common
in most other areas of Oahu. I'hcse included the colorful wrasses i~2a=-aemo"
pwr'purew, and ". �"useum, the nenue, Rgt.yhoaua e.r.eraaeen, the butterfly fish
Chaetodotz tri;aaazatus, and the surgeonfish A arith~wua gu tarvia, all of which
inhabit the portions of this habitat along the limestone reef. Several carangid
 ulua! speci.es were also seen in the P. Zobata zone, including Soamberc'aea
2yaatz, Z2agatia bzpirtzu2atua, Gnathorzaon epee" os'-, and Pwca me2cmp~aza.
invertebrates werc moderately abundant, with a large number of taxa represented.
Vermetid snails were common, as was the tubeworm Spzrobrm'.".has, which often
builds its tube in live Poz ztea 2obata heads.
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TABLE 16. PERCENTAGE OF RELATIVE ABUNDANCE OF THE TEN HOST COHHON
FISH SPECIES- FOUND IN HAB ITATS AT HANAUHA BAY

Pcrstea ccrJtpreaaa ReefFo&,tas lcJbakz Reef Shallow Zone

Relative
abundance

Re lat I ve
Spec les abundance

Re I at i ve
abundanceSpeciesSpecies

2.8
1,5
1.3

3-3

*Con~n or Hawaiian names are given where possible. See Table 15 for scientific
names of these spc.ies.

The Parr.tea compreastr zone actually consists of several. isolated reefs at
depths between 9 and I8 m. This was the habitat which contained the greatest
coral cover and the highest median fish counts in the bay. The fish fauna were
composed mainly of small animals that can hide among the coral fingers, such as
the kol e, Cteftochnetuo abort'.goaua, which comprised 25 percent of the fish
present, and the damselfish Chrom 'a hJrnui. The macroinvertebrates were heavily
dominated by the sea urchin Trrpne~des trait'.l7.a, with Zttcr',~~a rMtal~ and
Fchinot!trt'.x sp, also common.

The fish throughout the 'hay, even in the shallowest waters, were unafraid
of humans. It was possible to approach many of them quite closely, more so
than in any other area studied. Even the wary parrotfish, or uhu, could be
approached to within a few meters.

Several large pelagic fish were ocrasionally seen within the bay. The awa,
C!tctnca c7tcrtos, was a frequent visitor near the center and the bonefish, AIb~>
»~pea, was occasionally seen. Both species of barracuda appeared here, as well
a»everal carangid  ulua! species. Ihe green sea turtle, CVte7cnia rtpdas, was
also seen in deeper parts of the hay.

improvements could be made to enhance Ilanauma Bay's value as a marine park.
These include reducing erosion from the beach and its surroundings, clearing the

cumulating debris from the southwest corner of the bay, and posting more spe-
cific information on the hazards of diving and snorkeling in the bay. The latter
s a»mportant point, as divers and swimmers are occasionally lost there.

Kahe, Oahti

he»te referred to here as Kahe is located south of Kahe Beach Park on
coas~ of Oahu  Figure 16!. Boundaries of the area were set to the
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Figure l6. Kahe: a, aeria I view; b, underwater view of a Pock ]fag~
heed in deep water
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north by the beginning of a large sand patch off Kahe Beach Park and to the
south by a gradiial decrease in coral cover. The seaward li~it is somewhat
arbitrary, but can be set at the30-m depth contour, which runs about 1500 m
ofi'shore. These boundaries enclose approximately 380 hectares.

The lurid adjacent to this;irea is preseritly owned b> Campbell Estates, but
trio City and Co.inty of Honolulii has been negotiating with Car..pbell I.states
offi.cials for acquisition of' the site as a beach liark,

'llie rocky shorelirre i.s broken up by three sandy beackies which border on
wel I-protected lagooris. Access to the water can be readily gained from these
beaches, befit. access trol'1 Kahc Beach Park is difficult. A rocky cliff runs from
the beach park almost to the fence  Figure 17!, where there is a sraall pebble
beach suitable for entry into the water. Fishermen use the cl if:f area, espe-
cia.1ly at the beach park, for pole fishing. Their use of this area would be
unaffected b;. tki: establ ishment of a marine conservation district, as the nor-
thern limit ot the district would be established south of the existing k!each
park.

Ii'at<.r depth just offshore is about 3 m. The bottom slopes very gradually
to IS ra between 600 and 1400 m offshore, at which point it descends at. a steeper
angle to 20 to 25 m. This dropoff marks the oiiter limit of the ccral reef -rd
thc beginnirig of a deep area with a sandy bottom broken up by outcrops of coral
and rock,

Diving conditions are excel lent at Kahe for most. of the year. Adverse
conditions do occur when a southwest or northwest swell is running and during
Kana storms. Ctirrents are predominantly tidal and can be quite strong in the
deeper waters, so novice divers should avaid these areas. Visibility appears
to depend on currents and surge strength. It is occasionally reduced by fall-
out from sugar cane fires, which emit large, fine pieces of ash that settle
slowly to the bottom. The maj or impedimc.nt to visibility, however, is silt
from construction at the Kahe power plant. This source of silt can be expected
to continue for several years until the construct ion of a deep thermal diffuser
is complet.ed, Another potential source of silt. is the Campbell Barge Harbor to
the south; it may be enlarged in tire near future.

Five habitats were distinguished in this area  Figure 17!, but boundaries
between them are quite indistinct. Immediately in frorit. of the sandy beaches
begins a zone of dense coral cover, with P~r ze.. r.'oi;;+a predominating. This is
flanked by two areas of lower coral cover, referred to together as the "mixed"
zone, To seaward, there is an area of ?'. .-. ri;."e."a~~, or finger coral, which is
replaced to the south by an area of limestone paverirent with scatte.ed pc ckets
of coral and rubble. Beyon,l these two zones is the dropoff, followed by the
outer sandy region.

The !'. ~a~at< area is characterized by large heads ot this massIve coral
near shore, grading to smaller heads further seaward. Coral cover here was sig-
nificantly higher than in the comparable area in Hanauma Bay, Fish fauna were
dominated by the lavender tang, '.ear!5r':urus >zio~raa ws, and the kole, "'e~c ~~ar~-'
atr azalea  Table 17!. Two rare butterfly fish species were seen in this area:
the saddleback but.terfly fish, ~:~zre=odo~ each-.pp''~~, and one pair of ia~et'zan
r'e fculatua, which was seen nowhere else on Oahu. No macroinvertebrates were
seen in. greater abundance than a few individuals in this one.
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TABLE 17. PERCENTAGE OF RELATIVE ABUNDANCE OF THE TEN MOST COMMON
FISH SPECIES" FOUND IN HABI TATS

Pomtea corapresea ReefFomtee 2obata Reef Mi xed Zone

Relative
abundance

Relative
abundance

Relative

Species abundance
�!

SpeciesSpecies

23. 8 Ko1 e 34. 2 Lavender tang 17 ~ 7

Ko 1 e 16. 5

Lavender tang

21. 7Ko 1 e

Hina lea lauwi I i 13.5

Jenkins' damsel 6.7

ArOrrn.e
vanderbi Zti 6.2

4.D

3 9

3.0

2.4

1.8

2 . 3 Chz orrrr'.e
vandezbiZti 3. O

2.2 Pebbled butterfly 2.9

1.6 Menpachi 2.2

Deep ZonePavement Zone

Relat i ve

Speci es abundance
Relat ive
abundanceSpeci es

Chae Codon k leini 10. 7Hina I ea l auw i 1 i 'l3. 2

Nmrrrie hanoi

Ala-' ihi

10. 3

4.5

gh~mis
vander bi Zt.i 11.5

11. 3Kole Chr os s
vanderki 2ti8.5La ven de r t an g

Bxracimhi 0es
arca8ua

Aromt's hanoi

%aetodon k2eirri

Lemon butterfly 3.7

3-5Yellow tang

Pebbled butterfly

"COmmOn Or Hawaiian nameS are given where poSSIble. See »b - >r sCientifice Table 15 for

names of these species.
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'Ihe area referred to as the "mixed" zone also has Po~tea 2obata as the
dominant coral, but total coral cover is only about half that of the first zone.
Coral is gradually replaced by sand to the north and by l.imestone with the coral-
line alga Poro2i8ron to the so~th. The two fish species that dominated the
Pozitea 2obata zone fish counts, Aoanthururr n~grofuseus and Ctenoohaetua
stmgorrua, were dominant in the mixed zone, but to a lesser degree. Chaetodan
ephippirrm was also seen in this area. Macroinvertebrates were somewhat more
abundant than in tne P. 2obata zone; the most common were the sea urchins T~ip-
neuetee greti22a and Eehinometra mathaei and the tubeworm Spiv obranohu~.

The finger coral Pori tee aompresea was the dominant coral species in the
next habitat, with P. Lobata also very abundant. Live coral cover here was
lower than in similar areas of Hanauma Bay, apparently because of extensive
damage to the reef by storms. The total substrate coverage by coral was
actually higher in the Kahe P. eompreasa reefs than at Hanauma Bay, but much of
this had been knocked over, exposing the dead coral be~eath. Fish were
very abundant with the kole comprising over one-third of the fish counted.
Other common fish were small species which normally remain near the shelter of
the reef, such as the yellow tang, Zebraaoma flaveaoene, the angelfish Cent?'o-
pyge potteri, and several small damselfish. The larger damselfish Crrromia
verater and C. ova2ia, which normally swim in the water column well off the
reef, were also common here. This habitat was the only area where the rarer
species of long-nosed butterfly fish, For oipiger 2ongiroetr'is, was seen on
Oahu; this species is common on Hawaii island reefs. Also seen in this area
was the flame angelfish Centropyqe 2o~aulus. Macroinvertebrate abundance was
higher in this area than on any other coral reef on Oahu. 1he most common
species were the sea urchins Wipneuetes grati22a, Euaidavis metu2aria, and
Eehirrome tra mathaei.

The pavement area had low coral cover, mostly P. Lobata, and moderate
numbers of invertebrates dominated by the starfish i;inokia. Fish abundance was
moderate, with most of the fish, along with the corals and many of the inverte-
brates, concentrated around small pockets or depressions in the limestone sub-
strate. Dominance of the fish was shared by the wrasse Thalaseoma duperreyi,
the s~all damselfish Chromi." vanderbi 2 ti, and the kole.

Immediately seaward of the pavement area and the P. compreaaa reef, there
is a dropoff where numerous fish and some invertebrates were concentrated,
Beyond this region the bottom consisted of sand with scattered patches of rubble
and some coral. These areas were combined into the deep zone. The only common
coral was P. 2obata and the total coral cover was very low. As in the pavement
area, fish and invertebrates were distributed very unevenly. Invertebrates
were not abundant, but the starfish Linokia mu2tifor'a was seen frequently. The
lobster, Panu2iru8 sp., and the octopus, Po2ypus marmoratus, although not
counted on a transect, were present in moderate abundance near the dropoff.
Fish diversity was very high, as there was little dominance by any one species.
The most common fishes were the butterfly fish CIraetodon k2eini and the damsel-
fish hrornie hanui. Several unusual species were seen here, including t.wo
grouper species, Pseudanthiae thompaoni and an as yet unnamed species of
pee>aanthzas, and the maka'a, Pfa2acanthue hoeatii. A school of about gG small
carangids or ulua was seen on one transect, contributing to the high relative
abundance of that family, Owing to the distance at which they were sighted,
further identification could not be made.



Hakapuu, Oahu

Makapuu Point, which marks the southern tip of the windward coast of Oahu,
forms the western boundary of the third location studied  Figure 18a!. The
seaward limits ot this area lie approximately along a line from the point to
the outer edge of Manana  Rabbit! Island and from there to the Makai Range pier.
The rest of thc shoreline comprises Makapuu Beach Park, which includes a popular
bodysurfing beach as well as fishing and camping areas.

Bottom topography is relatively f!at from the shoreline to about 700 to
1500 m out--the area between Manana Island and Makapuu Point. Ilerc the bottom
drops away in a series of ledges and cl i ffs to about 5 m. Along the outer face
of Manana Island and near the tip of Makapuu Point, the bottom descends in a
spectacular dropoff from the surface to about 20 m  Figure 18b!,

Wind and wate r conditions can be quite harsh at Makapuu. Except for the
areas behind the two islands, there is little protection from trade winds and
swe lls from the northeast, When strong trade winds are blowing, the combina-
tion of wind and waves can make this area dangerous for a small boat, A strong
tidal current sweeps through the area inside of and between the two islands andcan be hazardous to divers. Vi sibi lity, however, is highly favorable for divi.ng,
being typically over 25 m near the dropoff.

Three habitats can be defined at Makapuu  Figure 19 and Table 18! Onc is
the area of ledges and cliffs running from thc outer face of Manana Island
around both sides of Kaohikaipu island  Black Rock'! and over to the point.Another is the wide, relatively flat-bottomed area shoreward of the ledge zo»e.
The third is a deep zone to seaward.

The bottom in the flat zone varies from a hard pavemcnt to rubble and
sand, with very low coral cover, Porites Lola' is again the most commoncoral. Fish abundance was very low, but increased with distance away from
shore. The wrasses Cori" uevuata and ~asaoma 8uperreyi together made up
about one-third of the fishes present. Two species more common here thanelsewhere were the wrasse 1&oropharyrgodon i~aoffroyi and the scorpionfish.5corpaena ooniorta. The carangids Caranx melaml~yat!s  'omilu! and Zcornberoides!.yean  Lae! were also common near thc outer boundary of this area. Inverte-brates were abundant here, wi.th Tripneusta." lira>i L!a and Kohinometrm mathaei
being the most frequently seen.The ledge area with its steep topography offered a sharp contrast to theflat region, Fish abundance and diversity here were very high. The smalldamselfish Chr~mis vanderbilt, the saddleback wrasse, and the lavender tang,A.. niyrofuscus, together comprised nearly half of the fish counts. The lessabundant fish, however, are sometimes more striking These included thebutterfly fishes Hemibaupichthys polylepis and Cn~e.'odom e',,n.'.;,�imam and sixspecies of adult parrotfish or uhu, The eagle ray, iletoi>a:as rariexri, wasalso a common sight in this area. Coral cover was variable, with P. Loi~at.aagain the most common species, but with Poeil logo>a mecmwim, which formssmaller, branching colonies, also common and quite conspicuous. The fairlyrich invertebrate fauna were dominated by the sca urchins Fchi»o.bric sp.,Tripnaustes gzatil la, and i.'chino" trephua aeicwlatus, with a great many less

common forms present.The deep zone was transectcd only once. Lt is an area of' flat rock,rubble, and sand, with a few outcrops of cot al. I»vertebrates werc not
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Figure 18. Hakapuu: a, aerial view; b, underwater view of boulders near
the dropoff
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TABLE IB. PERCENTAGE QF RELATIvE ABUNoANcE OF THE TEN HosT
ABUNGANT FI SH SPECIES': FOUND IN HABI TATS AT HAKAPUU

Zon''Flat lone Le;ig e Zone
Re 1 a t i -i
ah un Jai!ce

Re l at ive
abundance

Re I a ti ve
a bun d,incaSpecies

Spec i e'Species

18. I
15 3 19. 7

9,2
9.2
4.89 1

9.2
6,0

4,4

4,0

4.7
3.5
2.8
2.6
2. 3 3 5

3.1

Common or Hawai i an names arr g ivan where pussibl». See Table 15 for the
scient i 6 i c names of these species.
Juveni le scari ds  nho! of di fferent species have s imi! ar h,ibi ts, freciuent1y
school together, and are extrcm 'iy diffi col t tc distinguish in the water.
These have therefore been luniped into une group.

common, but there was an abundance of the bryozoan Tv~.»h.r io::ur!r r'1'.'1'ekri~",I or
"lace coral." Although fish were not very abundant, diversity was high and
there were a number of unusual species. 'Ihc inost abundant fish species listed
frOm this tranSeCt w;1s ."0:.'.H~rx~.'hy'<20 I'4~rr!r:10n;., with the deep-water butterfly
fish 5.'Qc'tc':fi "~j, k. i...' r rt..' «nd the damse l f i s	 %1'Orna a K.'.~.'i 1 common as we 1 l .

Human influence is not very noticeable at Makapuu. In the deeper waters
little fishing occurs and the only fish collecting of any consequence is
apparently that done by Bea Life park and Oceanic Institute aquarists. The
effect of these activities is not noticeable, as those species which ar' e
being caught for aquarium use are abundant. Apparent ly the inaccessibility
of the more interesting diving areas at the dropoff has deterred lai'ge-scale
spearfishing and collecting. Also contributing to the low level of use of
this area are the hazardous conditions f' or boating and the distance to the
nearest boat ramp, which is in Kailua.

puptlked, Odhtl

Fupukea Beach Park, just east of Naimea Bay on the north shore, is one of
the most popular suillmer diving spots on oahu, Although
about. eight months out of the year because of heav! surf, during the
the craters at Pupukea are calm  Figure 20a!.
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Figure pQ. pupukea: a, aerial view', b, underwaterr view of a iionfish

 Merous sphere! in a cave

61



The beach park is broken up into two parts. On the left is the so-called
"Ihree Tables" area, with a wide sandy beach in front of a shallo~ lagoon
separated from the sea by the three flat rocks which give the beach its»am
On the right is "Shark's Cove," a narrow rocky cove wi th a small beach.
nected to Shark'» Cove is a large, shallow brackish water pool supplied with
water from springs and from tunnels connecting the pools to the ocean. These
tunnels penetrate a barrier of limestone which separates the pools from the
ocean; on the seaward side of' this barrier is a limestone bench which is just
covered at high tide. Between the pools and the Three Tables beach, the Sunset
Beach fire station stands in front of a stretch of rocky shore!inc. The
lateral boundaries of the study area are a point jutting out between Waimea
Ray and Three Tables and another rocky point to the ri ght of Shark's Cove.

Summer diving conditions at Pupukea are benign. with very slight currents,
calm waters, and protection from trade winds. In winter, of course, diving is
impossible due to the swells which pound the north shore almost continuously.
Survey results for Pupukea can therefore apply only for the summer,

Bottom topography is very irregular. Inside Shark's Cove and the Three
Tables lagoon, the bottom is covered with medium-sized boulders and sand.
Outside of these protected areas and beneath the cliffs on the seaward side of
the pools, the bottom consists of sand patches and huge boulders up to 12 m high.
Under the boulders and under' some of the cliffs lie caves of various shapes and
dimensicnis. Further seaward the boulders become smaller and the sand areas
larger until the bottom becomes mainly sand with scattered outcrops of rock.
Visibility is fair in roost areas, but is highly dependent upon silt runoff and
mixing by surge.

Division of this area into habitats was made difficult by the extreme
heterogeneity of the bottom. There are basically two zones--the boulder zone
closer to shore aud the "deep" zone characterized by smaller boulders, lower
relief, and different fish fauna  Figure 21!, In addition, the caves form a
distinct habitat, as do the brackish water pools and the limestone bench area
surrounding the pools. The last three habitats were ton smal l and irregularly
shaped to be transected by the methods used in this project, but these areas
were inspected and lists prepared of the species seen in each one  Table 19!,

In the boulder area, coral cover was low, with the highest value on a
transect being only 20 percent. The coral species most abundant here were
Poritea 7ohxla and Hontzporrz verri/li. Most of the corals in this area occurred
in an encrusting form, an adaptation to the wave-stressed environment. Calcar-
eous algae of the genus Porolithon were also found encrusting the rocks. Macro-
invertebrate abundance was moderate, but a large number of different forms
were seen. The most abundant of the motile invertebrates was the bandana
prawn, Stenapwa hinp~'.due.

Fish were plentiful in the boulder zone, with a consistently high index of
diversity. 'IIie highest number of species per transect, 57, was in this habitat.
Fish biomass, however, was quite low. This agrees with the observation that
there was a large number of juvenile f'ish in the area and relativel> few adults.
Whether this was a product of mortality due to winter surf or spearfishing is
not known. It was observed, however, that fish in thi s area are not easy to
approach. Adult scarids  uhu or parrot fish! were particularly wary: althoug"
they' were seen frequent ly in the morning, by the time transect lines had been
laid they had left and nn adult uhu was ever counted on a transect. The most
common species counted was thc damselfish ~%amia ua>iderri~ti., with C oua<ia
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TABLE 19. PERCENTAGE OF RELATIVE ABUNDANCE OF THE TEN MOST
ABUI4PANT FISH SPECIES- FOUND IN HABITATS AT PUPUKEA

Boulder Zone Deep Zone

Relative
abundance

Relative
abundanceSpecies Speci es

*Connnon or Hawaiian names are given where possible. See Table 15
for the scient ifi c names of these species.

and the wrasse Tha2aasoma duperregi also very abundant. The barracuda, S'phpraenr.
bazxacuda, was seen in this area, as were several awa, Chanos chonos, and the
green sea turtle, Chelonia mydaa.

From a depth of about 1S m to the outer limits of the study area at around
21 m lies the area referred to as the deep zone. This area differs from the
boulder zone in its topography, which is considerably less abrupt. Coral cover
in the deep zone was even lower than in the boulder zone, as was the abundance
of coralline algae. The reduced ajnount of shelter has resulted in a lower fish
abundance, but fish diversity was nearly as high, The most common fish species
were two damselfish, Chrom'a overlie and Ckromis verater, which normally stay up
in the water column, and the lemon butterfly fish Chaetoc2on mi 2i<zris. inverte-
brate fauna were similar to those found in the shallower zone,

The caves which lie beneath the boulder zone contain an interesting assem-
blage of organisms. Although transects were not run in the caves, estimates
were made of the relative abundance of the more common species. Few corals werc
found, the most common species being leptoaer's inorwatana and the orange corals
Tubaatrea aurea and Balmophyllia. Some coralline algae were also found in the
caves. Various sponges were abundant, as was the "lace coral," 2'riphglozoon
hirautum, a bryozoan. Common crustacea included the bandana prawn, the spiny
lobster Panulirua sp., and hermit crabs. The fish were mostly typical cave-
dwelling or nocturnal species  Figure 20b!, such as the menpachi Myripriatia
rmuQm, the ala-'ihi Adio~x z'antne~thrua, and three species of cardinal fish,
only two of which were common. The aholehole, Z~2ia sandvioensi", appeared to
be common only in the shallower caves.

The wave-swept bench outside of the tidepools, while very small, is a dis-
tinct habitat from the others. The bench is pockmarked with holes made by the
sea urchins Fohinometrrc mazhaei and Zchinometra mczthaei o 2ongcz, while the shing
urchin Colobooentrotus atra=us occupied spaces further down into the water. The
most abundant fish species appeared to be two blennies, Pr~toTrzoroo~ r7ormor~t~
and Iatiblenni~ zebr~, the rockskipper.
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22 3
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6.2
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Coria venuata

15.E
12.0

11.9

7-7
6.0

3 ~ 3
3.2
2.7
2.6
2.0



Kithin the tidepool area, salinities were found to range as low as 21
parts per thousand  ppt! and as high as 36 ppt. Despite this wide range,
numerous fish species manage to survive here. The most common species found
were the aholehole, which is euryhaline, and the manini, Acanthous tet'oste~~.
Altogether 37 fish species were recorded from this zone. This tidepool, along
with the other unusual habitats discussed above, added a certain unique value
to the Pupukea area,

Kaneohe Bay, Oahu

Kaneohe Bay, located on the windward coast of Oahu, is the largest pro-
tected body of water in the Hawaiian Islands  Figure 22a!. A barrier reef across
the mouth of the bay has protected the inner bay from much of the effects of
trade wind waves and has allowed the growth of numerous patch reefs within the
bay  Figure 23!. In the Hawaiian Islands, these reefs are unique to Kaneohe Bay.

The Hawaii Institute of Marine Biology is located within the bay. Because
of this and because of the apparent deterioration of conditions within the bay,
it has been the subject of a number of studies. One of these, the At7as o:
Raneohe Bay: A ReeJ Zooegstem Under Szreas  Smith et al., 1973!, compares the
coral cover on reefs at the north end of the bay, where the water is still
relatively clean, with those at the south end, where sewage and silt from
overdevelopment near the bay have killed nearly all of the coral.

Several locations in the northern part of the bay have been suggested as
potential marine park sites. These are the Kapapa Island area; several patch
reefs near the north end of the bay; an area off Kualoa Park; Nokumanu Island;
and an area outside the bay near the sampan channel. The last two are actually
located outside the bay and do not enjoy the advantages of protection by the
barrier reef. Access to Mokumanu, an island off the Mokapu Peninsula, is
limited to re latively calm days. This area is also subjected to a very strong
current at times. It seemed preferable to select a site with more protection,
so this area was dropped from the list, The water just outside the sampan
charm.el is not as rough as in the Mokumanu Island area, but this area has no
natural limits in any direction, except for Kapapa Island and the channel
buoys, Furthermore, preliminary dives in this area indicated a low coral
and fairly low fish abundance, which were substantiated by the Smith et al.
�973! study. Therefore this area was also dropped from the list as unsuitable
for use as a marine park. In the Kualoa Park region there are only a few
coral reefs, most of which are choked with silt. Accor.ding to the atlas, this
region is low in coral cover and also in fish abundance and diversity. The
Kualoa area was therefore also deleted from the list of potential marine park
sites.

The Kapapa Island area has been suggested as a marine park site because of
its central location within the bay and because the island provides a shelter
for boat anchorage. At present, the island is used by fishermen, boaters, and
campers for a recreational site. As a beach park, it could serve these users
well, particularly if rubbish were removed periodically. The area does not,
however, show any promise as a marine park. Smith et al. �973'1 found that
live coral cover in thi.s region was very low, in nearly every case less than
10 percent and ofte~ under l. percent, while sand covered 5 to 100 percent of
the bottom. Fish abundance, while not extremely low at all stations in this
region, was not as high as in other areas of the bay. Finally, algal biomass
was higher in this area than at most other stations in the bay.
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F; �re 22. Kaneohe Bay: a, view of Coconut 1 s land  foregrourid! and
several patch reefs; b, underwater view of coral growth

patch reef
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In the present study, only one pair of transects was conducted in the
Kapapa Island area  Figure 23! . These transects revealed very little live
coral, with about half of the bottom covered with sand. Fish abundance was
only 158 individuals per 1000 square meters, with but l 1 species represented
pable 20!. This is lower than even the Hanauma Bay shallow zone. Sixty-five
percent of the fish seen were of two wrasse species, GtefhojuZt's baZCeata and
27urZa8somn kpe~tfz,. Invertebrate abundance was high, 47S individuals per
l00 square meters, but diversity was low because of hcavy dominance by the sea
cucumber HoZoth~a cinervJacene. Algae appeared to flourish here, with 17
algal species recorded, more than at any other station on Oahu.

TABLE 20. PERCENTAGE OF RELATIVE ABUNDANCE OF FISH SPECIES'
FOUND IN HAB ITATS AT KANEOHE BAY

Patch Reef Edge Kapapa I stand AreaPatch Reef Flat

Relative
abundance

Re 1 at ive
abundance

Re lat i ve
Spec I es abundanceSpec I es Spec ies

43- 7
22 8
11.4
8.9
2.0

'Omaka
Hinalea lauwlli
Thalaaaoma fuscum
Nan ini
Juvenile uhu

+f'or habitats in which few fish were counted, only those species with f ive or
more Individual s are listed. Common or Hawai i an names are given where poss i-
ble. See Table 15 for the scientif ic names of these species.

On the whole, the Kapapa .Island area can be characteri zed as a flat,
shallow area of very low relief, with a bottom composed primarily of sand aud
coral rubble and with a high algal standing crop. Although invertebrate abun-
dance was high, diversity was very low, with only S species present. Fish
abundance and diversity were also low.

The patch reefs, on the other hand, offer an abundance of coral and fish,
Nell protected from ocean swells by the barrier reef, these patch reefs have
grown in a roughly circular form, with extremely dense coral on the outer edge
 Figure 22b'!. The inner reef flats have less coral and more sand and rubble.

Although the entire bay is dotted with patch reef's, three reefs toward the
northern end of the bay were selected for study; these reefs were along the
main channel next to buoys ll, 13, and 15. This selection was made because
these reefs are far enough north to be only slightly affected by the sewage
in the southern sector, but not so far that they come under the influence of
ocean swells through the northern channel.

The patch reefs are, of course, accessible only by boat, but water condi-
tions are such that boating in the bay usually presents no hazard. Also,

Juvenile uhu
Koi e
iiina Iea Iauwii i
Sazrua eorNdka
yel low tang
Jenkins' damsel
Bird wrasse
Lemon butterfly
Blue: damsel
Namo

25.6 Hinalea Iaowl 1 I 77.1
11.8 'Omaka 6.6
10.$ Hanini 2.9
9.6 Jenkins' damsel 2,1
9.4
5. 'I
3.8
3-3
3.0
2.8



there is a launching ramp only 4 km away at Heeia. The reef tops are shallow
enough for snorkeling, but a SCUBA diver has an advantage in being able to o
further down the reef slope.

ga e ogo

The reef flats and the slope are two entirely separate habitats. ln the
present study, only two transects were run in the reef flat area. Coral cover
was found to be low, with most of the bottom covered with dead coral and coral
rubble. Macroinvertcbrates were moderately abundant, with the sea urchins
Eahj,navetra naz5haei, Eahi.z<othriz. sp.  wana!, and Tripneuates gr ati [la being
the most common. Fish abundance and diversity were low, reflecting the lack
of shelter. The saddleback wrasse, 2Vralassantz duperreyi., made up 77 percent
of the fish seen. This contrasts with the 1973 study in which n high relattve
abundance of juvenile scarids  uhu! occurred. These fish were seen off the
transect line in large schools and it is likely that a larger number of samples
in this zone would have indica.ted a higher relative abundance of juvenile
s cari ds.

The reef' face presents an interesting contrast to the reef flat. This
narrow belt, which is the zone of the active coral growth, rings the patch reef
with dense coral dominated by Poritea conpreaaa, the finger coral. The slope
is quite steep from 2 to 3 m down to about IG m, where this live coral gives
way to dead coral covered with a thick layer of silt. According to Haragos
�972!, this zone has an average live coral cover of about 75 percent. Smith
et al. �973! reported a fish abundance greater than 100 per station, which
equates to over 830 individuals per IGGG square meters. They also reported
that the algae were dominated by Dictyoaphaeria cavemaaa, the "bubble alga,"
ln the present study, the same conditions were observed. Coral. cover varied
from 28 percent on the relatively impoverished deeper portions of the leeward
slopes to 95 percent on the windward slopes higher up on the reef. This was
by far the highest coral cover on Oahu. Coral was heavily dominated by
P. oompmasa, with Montipom vezrueoaa and M. ver villi present in low quanti-
ties. The solitary coral Funda scutaria was found in large numbers predomi-
nantly in the upper portions of the reef slope. Macroinvertebrates were not
overly common in this habitat. The fish fauna, however, were quite rich,
with a median value of 106'5 fish per IGGD square meters. Diversity
was not particularly high. The fish most commonly seen were juvenile scurids,
with the kole and the saddleback wrasse, T. dwpevreyi, also abundant. Fish in
this zone appeared quite colorful; coaaaon species included the yellow tang,
Zebmsoma gaveeaens, the moorish idol, Zanclm aornutus, and several species
of butterfly fish. Chaetodon tzifasciatua was seen in greater abundance here
than in any other Oahu habitats and this was the only place on Oahu where tI e
rare species C. linea5at.as was seen.

Visibility on the patch reefs was poor, never exceeding 9 m; this made
the fish transects difficult because the fish were continually moving and were
not easy to identify. The turbidity is caused by sewage, which stimulates
phytoplankton growth to the point where the water has a greenish hue, and by
suspended silt. Although the sewage outfall is scheduled to be moved outside
of the bay, sedimentation is likely to continue increasing. The watershed
around Kaneohe Bay is an area of' high rainfall, up to 17S inches per year at
the base of the Koolau mountain range. Where residential development has
occurred, exposed ground and channelized streams produce a huge silt 1oacl
during rainstorms. This is especially noticeable at the more heavi ly devel-oped southern end of the bay; however, much more development oi the northern
end is expected to foll.ow the complet.ion of the third trans-Koolau highway
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in the late 1970's. As previously noted, even the relatively robust patch
reefs are suffering from sediments on their lo~er slopes.,]See Maragos, 1972
for a discussion of the effects of sediment an reef corals.! The future sur-
vival of these reefs therefore appears uncertain.

Kealakekua Bay, Hawaii

Kealakekua Bay, Hawaii' s marine conservation district, is located in the
South Kona Di,strict of the island of Hawaii IFigure 24a!. The ma~ine consez.�
vati.on district is divided into two zones. The reraoval of marine organisms
is prohibited in the first zone, which is that area north of a line connecting
a benchmark near the parking lot at Napoopoo with a point near the Captain
Cook monument. This area includes most of the reef, which lies along the
north edge of the bay. Much of the rest of the bay has a sandy bottom,
including the second zone, which is open to limited consumptive rrses such as
pole. and throw-n.et fishin,g.

The study area was restricted to the northern part of the bay along the
reef, A steep cliff run. along the shore in this area, preventing access to
the reef directly from shore, A swim of about 200 m is required to reach the
reef from the closest accessible point on the shore. To reach the spectacular
reef area pear the monument would require a swim of about 1600 m. As a result,
few go there except by boat. The area is ideally suited for boating, however,
as the water is nearly a.lways calm and there is a small pier near the Captain
Cook monument. Divers and snorkelers frequently tie their small boats there
and explore the reef in the vicinity of the pier. The small cove near the pier
is also visited daily by glass-bottom boats, which transport tourists from
Kai lua-Kona to view the marine l.ife.

All three habitats at Kealakekua Bay are narrow  ' Figure 25!, especially
the inshore habitat, which all but disappears at some points along the shore.
The outer reef area slopes very steeply, as much as 45 degrees in places, down
to about 33 m, at which point there is a fair'ly abrupt transition to sandy
bottom.

The biota of Kealakekua Bay  Table 21! showed greater sirrrilarity between
habitats than the other Hawaii sites, probably because the habitats are so
narrow. The macroinvertehrates of all three hahitats were dominated by the
slate pencil urchin, r'i~~terccerrtz'atrra m~z.Fr'.a~ua. Two species of surgeonfish,
the kole,  ,tr.no< hrzctzra .;tn=gc~ezra, and the yellow tang, Ze,',r~aarra t r.cveacena,
together accounterl for over 40 percent of the fish in all three habitats
 Figure 24b!. Many other species that were common in one habitat were also
common in the other two.

Fish more common in the inshore area included the raccoon butterfly fish,
inzezo ~on rrrrzzrla the lavender tang, ~icanthurwa nigz afr acus, and the damselfish,
Zu"omacenrrua jerk 'rzai. The black damselfish, ~~nrcmi,": ver'a+ed, common in deeper
waters, was not seen here.

The mid-reef zone included most of the area just off the Captain Cook
monument. Here the fish appeared very tame, probably because of feeding b>
visitors on tho glass-bottom boats. Large schools of nenue, r,":yphc=-z�-
crnera�ca~"=, were seen in this area.

The portion of the outer reef just off the monument is the part with the
steepest slope. Along thi s slope are numerous plates of the coral pazrv..gcgra
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Figure 24. KeaiakekUa Bay: a, view of shorel ine; b, unden ater
view of surgeonfishes swimming among coral
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TABLE 21. PERCENTAGE OF RELATI VE ABUNDAHOE OF THE TEN MOST
COMMON F I SH SPECI ESy FOUND I!il HAB ITATS AT KEALAKEKUR BAY

Hi d-reef Ou te r ReefI n shore Zone

Re lat ive
a nuri J ance

Re lat ive
a bun:J an r.e

Relative
abundance SpeciesSpeciesSpecies

1.4
1.4

*Conmon or Hawai i an names are gi ven where passible. See Table i5 for the scient i fic
names of these species.

uer'r 77, which was seen here in greater abundarrce than at arr! other site.
This region is also apparently the home range for a large school of the
barracuda Sr~h>rraer.u hsElezw. The moorish idol, Z~mcs~mc carry'.ue, and the uhu,
~"acr'mi taer.fo~as, were seen in greater abundance in the outer reef habitat at
Kealakekua Bay than elsewhere.

!schools of pualu, A c+<thurtrs xcrr>+ho;! 0s~zs, were seen in all three =or.es.
Porpoises frequented the open waters of tire ba> and garden eels of the genus
Ger'~osi:; were found in the sarrdy area at a depth of 1S m.

KOaie COve, Hawaii

Koaie Cove, in the North Vohala f!istri ct of >fawaii, is located offsh;ru
from I HTrakahj State Par!; just south of viahukona  Figure fa! . In this park
is an ani.rent tlawai i an fi si;inc ~ i l loge which is being rest in d as a hister ical

The study area extends from the shoreline within the cove to the cd:u
of the reef at about 3O-m dc pth. The shoreline here consists of pahochc.c and
a' a lava with a few small pebble beaches; there are no sandy beaches at goaie
Cove. The bottom in thrs area slopes gently from t.he shore to the outer c-dge
of the reef.

Koaie L;ovc had the highest. fish abundance of all sites st rdied, with. a
median value of 1624 per lODO squ >re rrieters in the mid-reef habitat  Figure " '
arid Table 22!, Even the inshcire hahitar  Figrrre 27!, typically
prolific, had more fish than anv habitat at «rry other site, a',though diver's;ti
was I ow, The l avc n i  r tang. Ic:,rsi-,.'...pJ'us w-..yn...-";,:,.:u,-:, the damsel fi�' h
uani!r'«"." . r ., arid the ko l e were the three most «hurldant 2 2 sh s]iec i c s- i he
r'are buttert ly fish ''ri;;;,, �r» r s.:.-' w;..-'"! was seen in thi s:.one, hut n:t: T:
a transect.
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Ko I e
Yei low tang
Lavender tang
Hinalea Iauwili
Jenkins' damsel
Pebbled butterfly
C'ny'o.imr'.a agi 2 f,:.
Ma iko
P<u ac"',rrhstes

cLr c'a tun
Achi I les tang

24.1
19 9
10,5
8.4
7-3
6.1
2,4
2-3

Ko'le
Ye 'I I ow tang

'u "
Pebbled butter fl y
Hinalea lauwili
tknof1r a

Potter's arrgel
Bl ack daiiise I
I.avender tang
Ornated butterfly

28.6
18.0
11.9
7 9
6.7
2.8
2.2
1.9
1.9
1.5

Kole
Yellow tang

Black darsel
Pebbled butterfl
Hinalea lauwili
Potter' s ange!
Weke-'ula
Ka I a
Long-nosed

butterfly

22,7
'l9. 4
i6,3
6,7

y
5.0
2.2
1.8
1.6



F igure 26. Koaie Cove::~, shoreline area looking south from the 1 lght-
house; i~, underwater view of 2»".-'c-" coral and bupterf ly fish
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TABLE 22. PERCENTAGE OF RELATIVE ABLINDANCE GF THE TEr< l;OST
COMi'ION FISH SPECIES": FOUhl0 IN HABITATS AT KOAIE COVE

au re r Rei:fInshore Zoiio Mid-reef

Relative
abundance

Re I a t I ve
abundance

Re la t i ve
abundanceSpecies SpeciesSpecies

27.6 19.9

+Cormron or Hawai i an names are given where poss ib le. See Tab le 15 for the scient i f i c
names of these s pec i es.

In the mid-reef habitat the th~ee most abrrrrdarrt fish species werc tlrc
same as in the inshore area, but fish abundance and diversity vere both higher

an inahore. The eag le ray, An vs.'zf B rrcrÃr3r." r ., was 5 Perl orr a t rans ect in
this zone, as were 14 species of hrrtterfly fish  Figurc Z il.! .

The outer reef habitat  Figure 2";! was close to thc mi J-reef in fis',r
abundance and had the highest median fish biorrrass of al 1 of. the irahit«ts
surveyed. This was due in part to tire higlr aiurndancc of tire v,ckc-'ula,
~'47,';-'.;,'ieir+hria '.>qrl~ .olenar. ', and three specie:s ofkala, ",'.;.-'.! .'.! t""::tao, ii.
'ne"'='~"=r'~'.'a, and V. rre~o.,a»C";or  opelu kala!, Tlris trrca a.'so hail large

schools of the butterfly Fish iierritu~z~'ei:."';freon= p..',r7�:,;'.;:.

In the sand beyond thc outcr reef at a depth of about -10 rr, numerou:
gardeir eelS Were Seen. T!le m rrr 6 a r'ry, «I'''tnA'ri' r."Jl i »i-'."l. wrrS .' Ctrl in t.'Le 1 eel
area, aS waS the aWa, G. rre;: 'ilar",e=-.

Puaka, Hawaii

The Puako area  Figure ZB and 29!, located soutir of I a;ailtae, is
popular site among snorkelers arid divers. The area irrclrrdcd in the stud..
extends from Puako Point south about 1.4 km. Tlris porti:n of the shoreline
adjoins a residential district and there rre rro puirlic. parks or fac- lit les orr
the shoreline. The only public ac-ess to tihe shore is througlr four riglrts-of-
way. '1'he shoreline in this area consists of pahoehoe lava with several ticle-
pools and a few small sand beaches.

Bottorrr topography at Puako differs somewhat from thc other Hawaii s'i es,
in that the inshore area is shallower and ends in a. sharp breal' or cliff which
drops to 10 nr, Beyond thi s point the slope of thc reef is rr;ore gradual.

Visibility was fairly low in the inshore area, mainly because of a fl esh-
water lens on the surface. Coral cover in this one was relatively low, as

Lavender tang
Chromia

prrnderb r. 7 ti
Koie
Hinalea lauwili
Ye 1 low tang
Jenkins' damsel
Pebbled butterfly
Humuhumu umauma lei
Olive tang
floana

l8.9
14.2
8 8
B.l
4,o
2.4

l.3
1.1

Kole
Chrom r a

uorrclar bi l f i
Lavender tang
Ye!low tang
Chromia hxrui
C72romz.a clgii ia
Hinalea lauwi li
Pebbled butterfly
6 lack damsel
Jenk ins' damsel

12. 9
8,9
8.8
8,o
5.9

4,3

2.5

Chromia uoi 7 !-a
Kol e
Chnocr".» il,.".vc
kinalea lauwili
6 lack danisel
Pyramid butterfly
Pebb I ed but turf 1 y
Potter's angel
Weke-'uia
Mcnpachi

22-3
17. 1
10. 3
7-5
7-5
4.o
3,6
2.7
2,5
2.5



Figure 2B. Puako: a, part of shorei ine area; ci, underwater view of
triggerf ish  A"e.'2'.~r.~h. ' r."!'.�:-;-~'! entering nest among carai
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Figure 29. Hap of Puako area showing transect locations
and the inshore ~ mid-reef, and outer reef
habitats

were fish abundance and diversity  Table 23!. The species composition of fish
seen in this area was somewhat different from that of the other inshore areas.
The saddleback wrasse, Zhalaasoma duperr'equi-, was nearly twice as abundant as
the next most common fish, Acanhh~ nigmfuecu8. The 'omaka or wrasse,
Stethojulie bai0eata, was very common here as well. The inshore habitat had
the greatest number of macroinvertebrates of any habitat; 78 percent of these
were the urchin Eahznomctra vuthaez.

Between the inshore and mid-reef zones are numerous cliffs about 5 to 10 m
high, with large caves and arches which can be quite spectacular. I.obsters
were often seen here, as were cave-dwelling fish such as the menpachi,
Mympriatza re"@an, and the aweoweo, ~acanthus cruentatua.

The mid-reef zone had the highest median cora.l cover of any of the habitats
studied. Fish abundance was about the same as in the inshore zone, but the
diversity was greater. The five most abundant fish were the same as in the
Kealakekua Bay mid-reef zone. In this area, seven species of adult scarid  uhu!
were seen, some of which were moderately abundant. The file fish A7.utero
a"r~pta was also seen in this zone.

The fish seen in the outer reef area were very similar to those in the
mid-reef zone. The five most abundant species were the same and were present
in both zones in nearly the same numbers. Thirteen species of butterfly fish
were found in this habitat. Also seen here were eagle rays, Aetob tu xamwm~,
and green sea turtles, Criei.'opia my~~a.



TABLE 23. PERCENTAGE Df RELATIVE ABUNDANCE OF THE TEN MOST
COMHQN FISH SPECIES- FOUND IN HABlTATS AT PUAKD

Hi d- reefInshore Zone Outer Reef

Relative
Species abundance

�!

Relet i ve
Species abundance

Relative
Species abundance

31.6
17,2
I3,8
8.1
6.1

24.8
12. 7
6.6
5.5
3.8
3.6
2.9
2.8
2.1
2.0

Kole
Yellow tang
Chromia a@i f.t'.a
Hinalea lauwlli
Pebbled butterfly
Bird wrasse
Ka I a
Potter's angel
Chromia hattwi
Blue damsel

Hinalea lauwili
Lavender tang
'Omaka
Jenklns' damsel
Bird wrasse
Paract'rzhites

at'ca&a
Ham in i
Kol e
Ach I I les tang
Chums',a

Mctrtrferbi 7. Ct'

Koie
Yellow tang
Ch1Y!rl7se odist,a
Hinalea Iauwi3t
Pebbled butterfly
Kala
Potter's angel
Chrtxeta honus
Menpachi
Achilles tang

24. I
10. 1
8.0
3.6
3,2
2.9
2.6
2.5
2,4
2.1

3.3
1.9
1.7
1.6

1.3

*tomtnon or Hawa i lan names are given where possible. See Table 15 for the
scientific names of these species.

The sandy area beyond the reef at Puako is also populated by numerous
garden eels, Gorgast'a sp

kOFIatinati Bay, Hawaii

79

Honaunau Bay is located 6 km south of Kealakekua Bay in the South Kona
District of Hawaii  Figures 30 and 31!. Adjacent to the bay is the City of'
Refuge National Park, a restored Hawaiian historical site which receives about
30,000 visitors per month. The park is on the left side of the bay, whi lc on
the right there is a small residential area. Between this area and the park
is a boat ramp which is used by local residents for fishing and boating.

The shoreline is composed of pahoehoe lava, with one small sand beach
within the park boundaries. Access to the water is excellent in the boat ramp
area and from a low ledge on the left side of the bay. The reef extends
approximately 100 m from shore, sloping gradually to a depth of 25 m on thc
left side. On the right, the reef is approximately dO m wide and cnd»
near-vertical drop to 25 m,

The biota of Honaunau Bay  Table 2d! were very similar to those of nearby
Kealakekua Bay. The kole and the yellow tang were abundant in all three h,tbi-
tats- The five most abundant fish in the inshore and mid-reef zones were th<.'

same as at Kealakekua Bay, with only a slight difference in the order. 1hc
three most abundant fish in the outer reef were the same as aas at Kealakekua lt;ty,

but at Honaunau Bay the damselfish Chromia czgi 7ia, comprising over 30 percent
of the total fish seen in that habitat, was the most abundt abundant of' the th. ec.

The coral, Paanmocara uermlli. was found in moderarate abundance in the
red in a late-like form nnouter reef habitat, As at Kealakekua Bay, it occurre p

ar e schools of mcnpachi,the steeper slopes unde~ which were caves with large
My~prt.shia mmdJart.



Figure 3 Honaunau Bay: : shoreline area looking south;,', underwater
vie~ of coral head
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TABLE 24. PERCEIITACE OF RELATIVE ABUNDANCE OF THE TEN MOST COMMON
FISH SPECIES FOUND IN HAB ITATS AT HONAUNAU BAY

Outer ReefIlid-reefInshore Zone

Re lat i ve
Spec i es abundance

 a!

Re I at I ve
Species abundance

�!

Re let I ve
a bun da n ceSpecies

30. 7
19. 3
18.1

3.2
2.6
2.6

*Coneen or Hawaiian names are given where possible. See Table 15 for the scientif lc
names of these species.

The invertebrates of Honaunau Bay were similar to those found at Keala-
kekua Bay except that the slate pencil urchin, Heterocerttrcttrs mamrmllcr+ue,
was not as abundant.

Dl5 CUSS ION

A significant positive correlation  r = .56] was found betwee~ coral cover
and fish abundance only in the Kahe data. At other sites, the coral reef
habitats generally had more fish than the habitats with lower coral cover, but
the data scatter obscured any relationship between transects. It. seems likely
that, in the Kahe data, coral cover is a dummy variable for habitat complexity
or shelter availability. This would explain why the Qahu p. compressa reefs
had higher fish abundances than most other areas Since the interlocking fingers
of coral provide shelter for a large standing stock of fish. The increase of
fish standing stock with an increase in habitat complexity has been weil
documented for artificial reefs  e. g., McVey, 1971! .

A few indications of the effects of fishing pressure on fish populations
were observed. The wary behavior of the adult scarids at Pupukea is one example;
another is the greater abundance of scarids and carangids at Hanauma Bay and
Makapuu than at the more heavily fished areas. However, the Kahe p, campz~esaa
reef and the Kanephe Bay patch reefs, which are subjected to some fishing
pressure, had as many fish as the most densely populated habitats at Makapuu or
Hanauma Bay. It therefore appears that the total removal of such pressure may
not increase the abundance of fish at these sites, although it may shift.
species composition somewhat.

At Puako, the most heavily fished site on I<awaii, the fish populations were
smaller than at the other sites on that island, The species composition,
ever, was not much different than at the other sites. In fact, those species
most likely to be reraoved by human predation, such as carangids, scarids, and
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Lavender tang
Kola
yellow tang
IIfnalea latsrili
Jcnklns' damsel
'Omaka
Pebbled butterfly
~s

trcatdsrbi le i
Achl I les tang
|'. ~psrrrrie

19-3
16. i
11. 7
9 9
6.6
5.O
3 5

Ko 1 e
Chromia crgi tie
yel low tang
Pebbled butterfly
Hlnalea lauwili
Blue damsel
Potter's angel
Chromia Itarrui
La ven de r t ang
Bl ack damsel

25.2
19 9
18.O
6.6
3 3
2.3
2.3
2,2
1.8
1.7
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Ko le
Ye I I ow ta n g
Accrrr ~lr rurus

thompsorri
Pebbled butterf
Black damsel
llinalea lauwfli
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Scares sorriidus
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5.6
ly 4,1

3 2
2.6
2.4
1.7
1.5



butterfly fish, were fairl! abundant in the reef hab t t t Pitats at Puakoa On>y
the inshore habitat dtd the species composition diffe tl fer greatly from the other
sites. The cause of the reduced fish abundance at pa ua o ts t us a matter of
speculat i Qn and it is impossible to predict what wi l l h t happen to the fish nonu-
lations of areas in «hiclt consumptive use is halted.

Table "S summari es the ranks assigned to each t ft site or each criterion.
For the biologi cal criteria, it also gives site rank' . f tnran ings or the inshore
mid-reef, and outer reef hahitats of ilawaii and the i t I or, 1, ffxe instore largest offshore
and "best" habitats on Oahu, Xo attempt is made to obt ' n ll; ka o obtain an overall ranking

es in importance of the variousof the sites because of the suhjective differences in importan
criteria.

TAI3LE 25. SUMMARY OF S I TE RANK I NGS Wl TH RESPECT TO EACH CRITERI OH AHO FOR THE
COMB I hIEO Bf DLOG I CAI. CRI TERI A I H EACH HABITAT CATEGORy

Oahu Sites Hawa I I 5 1 t es

0 0LJ a
0 0
SS C
0 z sss

ISS

Sl
SS
IS
u sssIXI

Criterion 0
a

m
cIss aZ ID

Genre shi c
~ge nabi lity

Access to shoreline 2,5
� 5! *e
2.5
3 5

1 3 2
2.5 4

<3.5!  l.5! �.5!
25'14
1 3.5

�.5!  i.5!

2 3 1 4
3 1 2 4

3 3 3
2,5 4 1 2 5

Access to dive sites
Adjacent land use

Exposure to seasonal surf
Exposure to trade winds
Current strength
Underwater visibility

3 5
2
3
1,5

2.5 2.5 2.5 2 5
35 15 15 35
3-5 1 5 1-5 3-5
1.5 3 1.5 4

3 5 2 i
4
2 I 4
1.5 4 3

235135
2 4 1 3
2 3,5 3-5
35 15 35 15

1 3 5 2
4 2,5 2, 5

4 2 3

Categor

*A ranlI. index of 4 is assigned the best or most sui table site an to tand I o the least suitable.

Ranking in parenthesis would apply I f the Kahe site were made into a beach park.
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~Siolo Ic.
Fish abundance
F i sh spec i es counts
Fifsh di vers i ty index
Percentage of coral cover
Coral diversity index
Ma 0 ro 1 n ver t eb r a t e abunda n0e
Hacroinvertebrate divers I ty index

1.5

1 I I
2 3

3.5 3.5
2 4

25 25 4
1

3 3
4 2
2 I



On Oahu, Hanauma Ray emerged surprisingly low in the biological category.
Even in fish abundance, Oahu's existing marine conservation district did not
fare well, although Hanauma Bay's fish population has probably increased since
the marine conservation district was established. The impoverished inshore
zone, coupled with some areas of low fish abundance offshore, gives Hanauma Bay
an overall low rating in this category, The other sites are roughly equal,
although the habitat with the highest fish abundance at Pupukea has fewer fish
than the best habitats at the other sites, In fish diversity and number of
species per transect, Kahe had the habitat with the highest values, but this
was in the deep zone which is far from shore. If this habitat were excluded
from the ranking, then Kahe would be ranked equal with Hanauma Bay in diversity
index and fish species per transect. The Pupukea boulder zone is the most
diverse of the habitats readily accessible from shore. The ranking of Hanauma
Bay for coral cover is also low due to the low coral cover in the inshore zone.
Kahe has much more live coral in those areas closest to shore, although coral
cover in the offshore finger coral reefs is higher at Hanauma Bay. Coral cover
at Makapuu and Pupukea is much less than at Hanauma Bay, but diversity is
higher. It is a matter of individual judgment whether an area of dense coral
growth is more attractive than an area of many different kinds of coral. From a
conservation standpoint, both would appear to be valuable. Invertebrate abun-
dance and diversity did not show much variation between sites and furthermore
may be misleading. The areas which had high numbers of macroinvertebrates
showed a fairly high degree of dominance by a few sea urchins, most notably
~pneuatea graft EKa which is not a particularly attractive species. Pupukea,
where invertebrate abundance was fairly low, had large numbers of the bandana
prawn, Stenopus hzepzdw8, which seems more interesting for viewing than most
sea urchins. This site had a unique assortment of invertebrate animals, but
uniqueness is not readily measurable and was not included in the list of criteria.

Overall, it appears that all of the Oahu sites were superior to Hanauma
Bay with respect to at least some of the biological criteria. The same was
true on Hawaii. Both Koaie Cove and Honaunau Bay had a higher fish abundance
than Kealakekua Bay, in spite of' the ban on fishing along the reef in the
marine conservation district. Puako was ranked equal with Kealakekua Bay in
coral cover and diversity, but coral cover in the Puako outer reef zone was
higher than in any Kealakekua habitat.

For the geographic criteria, Hanauma Bay, Makapuu, and Pupukea are not
much different overall. Although Hanauma Bay is far superior in definability,
the access into this site is more tedious than at Makapuu or Pupukea. As
shown in Table 25, these rankings would change if Kahe were to become a beach
park. In this case, Kahe would not lag much behind the other sites.

On Hawaii, Koaie Cove and Honaunau Bay both ranked higher than Kealakekua
Bay with respect to some of the geographic criteria. Only Puako, with its
poor definability and with the residential area adjacent to the shore, appears
to be less suitable than the other sites from a geographic standpoint.

The suitability of the sites from the standpoint of diving comfort and
safety was approached using the four oceanographic criteria. Oahu sites showed
considerable variation. Makapuu had an overall poor rating except in visi-
bility, while Pupukea was ranked consistently high except for exposure to
seasonal surf. In other words, this site affords excellent diving conditions
during the summer only. Hanauma Bay and Kahe could be ranked somewhere in the
middle overall, but these sites can be used for recreational diving nearly the
entire year.
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Although the ranking for Hawaii sites shows some differences in their
physical oceanography, these differences are in fact slight. Currents, wind,
and waves, while more notice. able at Koaie Cove and Puako, do not present the
hazard that they do at Makapuu or even Hanauma Bay. Visibility values did
show significant variation, but in all cases provided sufficient water clarity
for comfortable viewing of marine life.

CONCLUSIONS AND RECOMMENDATIONS

The recommendations made here are based upon the criteria listed in the
site selection section. As discussed in that section, this list is obtained
subjectively and is not quite complete. Furthermore, these criteria emphasize
both the conservation and recreational aspects of the sites and are not really
suited for a choice of sites for a natural area reserve in which recreational
use is not desired. The acceptance of these conclusions must therefore be
based upon the premise that these criteria are essentially the correct ones to
~pp~y-

The public opinion surveys showed that many more people favored than
opposed the establishment of more marine conservation districts . Although
there was some bias inherent in the methods used in the surveys, the results
of the two different approaches--questionnaire and interview--corroborated each
other remarkably well. It is probably safe to assume that these results
approximate the opinions of Oahu and Hawaii residents reasonably well. The
site preferences listed by respondents to the questionnaires and interviews
were not as useful and were not used in the final choice of sites.

The on-site studies of geographic, oceanographic, and biological factors
showed that all of the sites possess qualities that would make them useful as
marine conservation districts or parks. There are, however, enough differences
among sites to allow a choice of the most desirable locations.

On Oahu, Pupukea, Nakapuu, and Kahe all surpassed Hanauma Bay in a com-
parison of biological. characteristics. All three were ranked higher than
Hanauma Bay in fish abundance and fish and coral diversity. These three sites
were not much different from each other overall. Kahe had the greatest coral
cover, but pupukea had the highest divers ity of fish. In fish abundance and
coral diversity, all three were ranked the same. In order to make a selection,
then, it. was necessary to use the other criteria.

Makapuu was rated poorly from the standpoint of accessibility and diving
safety. It is difficult to reach the ledge area except by boat and boating in
this area can be hazardous. Also, there are no good snorkeling areas. This
site apparently suffers li ttIe predation by humans for the reasons listed above.
It is therefore recommended that this site be left as is, at least until it
becomes apparent that the fishing pressure on the area is increasing. If this
happens, it would be more appropriate to designate Makapuu as a natural area
reserve because of its unsuitability for recreational use.

There are several drawbacks to the establishment of marine co~servation
districts at Kahe and Pupukea. Kahe is a safe place to dive most of the year,
but its accessibility will remain poor unless the adjacent land is acquired by
the City and County of Honolulu for a beach park. It is recommended that, if
this happens, Kahe be designated a. marine conservati on distri ct and markers or
buoys be erected to delineate the area. Pupukea is also recommended as a
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marine conservation district, but should be considered second to Kahe because
of its short diving season. If the Kahe beach park plans fail to materialize,
pupukea should be considered first for Oahu.

The Kaneohe Bay patch reefs would make excellent parks for those with
boats because of their high coral cover, plentiful fish, and calm, safe waters.
The main problems of Kaneohe Bay are not, however, a result of excess fishing
or collecting. Designating these reefs as a marine conservation district
would do nothing to enhance the visibility in the area or to insure the con-
tinued survival of the reefs. It is therefore recommended that the Kaneohe
Bay patch reefs not be designated as a marine conservation district unless, in
the future, nutrient and silt loads in the bay are reduced to a level which
will not pose a threat to coral growth and survival.

On Hawaii, Koaie Cove surpassed all other sites from a biological stand-
point, This site was also ranked high in all but one of the geographic
criteria. Koaie Cove is therefore recommended as having the highest potential
of all sites on Hawaii for designation as a marine conservation district.

Puako has a low fish abundance, but from other biological standpoints it
would make an excellent marine conservation district. Coral cover is very
high in the reef habitats, as is fish diversity. Furthermore, the caves and
arches just beyond the inshore habitat are unique and add scenic value to the
area. The main drawback of Puako is that it ranked last in three of the four
geographic criteria. This site is therefore recommended as a third choice
behind Koaie Cove and Honaunau Bay.

Summary of Reconnnendations

Oahu Hawaii

First choice for new marine
conservation district Kahe  if new beach park

is established!
Koaie Cove

Pupukea Honaunau BaySecond choice
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Honaunau Bay received high rankings with respect to three of the geographic
criteria, but in the biological criteria did not rank as high as Koaie Cove.
Fish abundance here was higher than at Kealakekua Bay, but coral cover and
diversity were lower. Honaunau Bay is located very close to Kealakekua Bay and
the biota of the two sites are similar. It might therefore be appropriate to
designate Honaunau Bay a marine conservation district as an alternative to
Kealakekua Bay for those who do not have boats. Honaunau Bay should be consi-
dered a second choice to Koaie Cove.
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APPENDIX A. MAINE PARK QUESTIONNAIRE  continued!

Back round Information

4. Sex:

{ ! Male

  ! Female

5. Length of residence:

  ! No

92

3. Age:

{ ! Under 20
{ ! 20 to 29
{ ! 30 to 39
{ ! 40 to 49
{ ! 50 to 59
{ ! 60 or over

{ ! 1 year or less
{ ! 2 years to less than 5 years
{ ! 5 years to less than 10 years
{ ! 10 years or more

7. Are you registered to vote?

{ ! Yes

6. What is your zipcade number?

{If you are unsure of your
number please write in the
general area where you live!



APPENDIX B. QUESTIONNAIRE RESULTS 8Y AGE, SEX, MAI LING  OAHU!,
AND KNOWLEDGE OF EXISTING MARINE PARKS |,HAWAII� !

HAWAII

Favor Oppose . . Total
No

Opinion
NoFavor Oppose .. TotalOpinion

SEX

223 25 63 311
71,7o 8 ~ Oo 20. 3't

Na le

160 5 58 223
71.7< 2.2'4 26.0~

Female

6
100.0%

I
Il.lw

I
11.1<

7
77. 8'-s

22 112
19. 6'

2
3 I 'o

57
87.74

2D � 29 84
7S.O'o

6

10.54
37

64. 9%
14

24.6w
95

80. 5'o

17 118
14.4%

30- 39 6
5.1+

895
5,6%

62
69 6~o

22
24.70

40 � 49 30 I I7
25. 6w

6
S.Iw

81
69. 2'o

9450 � 59 29 114
25.4~o

7
6.14

15
16.0+

644
6. 3".

25
39. 1%

6623
34.8%

60 and
over

MAI LING OF QUESTIONNAIRE

First 232 14
79.5~ 4.8'

46 292
15. 8'o

82 254
32. 3~o

15
S. 9'o

Se cond 157
61 8'0

KNOWLEDGE OF EXISTING MARINE PARKS:

Know
20315

7.4 o
151 37

74. 4'4 18 . 2 5

17310118 45
68.2+ 26.0't

Don't Know
5. 8'o

272 83 3O 38S
70.65 21.64 7.8~

TOTAL: 129 555
23, 2'4

395
71. 2': S. 6%

93

AGE:

Under 20

78
68.4~

39
59.1~

107 42
65.64 25.8%

152 38
75. 24 18.8%

70
74.5~

35
54.7>

14 163
8. 6R

12 202
5.9't



APPENDIX C. SAMPLE OF COhRENTS RECHVED ON 1HE QUESTI�INAIRE

"Areas should bc made kapu to net fishing and spearing for 2-3 year periods'.
Kaneohe Bay--Kailua, Waimanalo etc.--imperative if reef fishes etc. to be
restored to previous condition! Wardens must enforce and courts convict
violators!"

"I don't care for collecting live shells and coral but I think people should
be able to shore fish fox. supplementing their food budget; and part of child-
hood is being able to catch sand fish and crabs which you' re not allowed to
do at Hanauma."

"Could conservation areas be rotated on 3 or 5 year periods'? Give the areas
a recouperative period then reopen them for limited use. I think collecting
of live shells should be prohibited."

"You should have the state pass a law to prohibit commercial gathering of
coral, shells and other life forms "  accompanied by drawing of car covered
with coral to be sold!

"Instead of a conservation area I would like to suggest instead:
1. Netting of fishes be prohibited within one mile from the shoreline.
2. A kapu system where areas would be closed for a period of time then

reopened to public when fi sh become plentiful."

"I 1ive in Punaluu and there is a daily invasion of skin divers with spears
and 'gear'. Wey come by car load and park between Kahana Bay and the start
of resi dcntiaI area of Punaluu. 1hey net and spear � bring up coral and
generally clean out miles of area between the reef and shore. They are like
human ' vacuum c 1 cane rs ' ".

fully agree there should bc marine conservation but it should be set to
a certain length of time. Like say 10 or 15 years."

" Chose Kahc I'oint and Laic Point! so that conservatio~ areas will be located
within reach of all residents."

"Jhere are many factors to bc considered before we go 'hog wild' and end up
designating all Oahu shoreline as conservation areas, We cannot be over-
zealous in our efforts for future generations and forget our present
youn gs to ra .

"I strongly feel that this island  Oahu! is in desperate need of conservation.
Stop development, thus stopping silt runoff. That way the reefs will not die
from their pores being clogged. Kaneohe Bay is a prime example of this. I
think that there is 4> . in itcly a lot more involved in conserving the ocean
than just making a conservation area. But if's a dam good start, Good luck!"



APPENDIX D. QUESTIONS ASKED DURING PAHU INTERVIEW

The location and the sex and activity of the person to be interviewed
were first noted by the interviewer.

1. How often do you come here'?

2. How long have you been coming here?

How long does it take you to get here?

4. Who do you usually come with'?

Do you come to do other things besides your present activity?
If "yes", what else do you do?

6. Why do you like this place?

7. What other areas do you go to?

8. Do you know what a marine conservation district is'?
 If the person did not know, or if he had a concept which differed from
that used in this report, the interviewer explained his own concept
before continuing with the interview.!

9, Would you be in favor of more marine conservation districts on pahu?

IO. If you are in favor, where do you think a marine park should be established?
ll. How would you be affected if this area were to become a marine conservation

district? Would you be affected favorably or unfavorably?

12. How long have you been living here?

13. Are you registered to vote in Hawaii?

14. How old are you?
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APPENDIX E. RESULTS OF OA1<U INlERVIEYiS

Responses are listed by number of responses in each category, and per-
centage of the total responses. Question numbers are given in parentheses,
and refer to the numbers in Appendix D.

Oppose .. Tot a1
Op in i on

Favor

Opinions on new marine conservation districts  guestion 9!
Make 322 92

67,9't 19.4 o
47460

12. 7'o

21128
13. 3'o

38
18. O~o

145
68.7%

Female

9
13. 8'4

53
81,5$

3
4.6'o

31
10,6':

20- 29 222
75.8%

40
13. 7s

150
30 - 39

18
12.0 o

98
65. 3%

34
22.7%

9820
20.4+o

40 � 49
53
54. 14

25
25. 5%

60

14

Activity  based on observation and on guestion 5,
fishing, diving, or snorkeling, or said that they
Fi shermen 125

57.1%

includes all
did!

those who were

21921
9.6w

73
33.3s

Di ve rsi'snorkel ers
29
16.94

172130
75 .6%

13
7. 6'o

Knowledge of marine parks  guestion 8!
Knew

283
70, 64

79

19.74
39 401

Did not know
22S44

19.6%
36
16. 0'o

145
64.4%

Had different concept
7

12.51j64. 3'i
5613

23. 2't
Voting status  Question 13!
Registered 313

65. 3%
102

Zl. 34
e4 479
13.44

Not registered
27
13.6%

149
74,9%

23
11.6 o

199

96

Age  guesti on 14!

Under 20

50-59

60 and aver

33
55,0%

7
50.0%

20
33. 3~

5
35. 7'4

11. 7'o

2
14 . 3'o



APPENDIX E. RESULTS OF OAHU INTERVIEWS  continued!

Favor Oppose .. Tot a 1No

Opia ion

39
21. 3't

20
10. 9'L

183

Weekly to monthly 43
21.4't

28 201
I3,9'i

Every five weeks to two months 52
70. 3%

8
10.8%

14
ls.9'l

Every three months or less often 145
72.1%

Length of residence in Hawaii  Question 12!

Less than one year 43
78.2t

36
17.9%

20
IO.OC

201

2
3,64

10
18. 2'l

Two to five years 68
81.0t

7
8. 3% 10. 7'8

Five to ten years 49
70.0t

6
8.6%

15
21,44

70

Over ten years  not born here! 44
71.0a

7
11 .3%

ll
17.7't

ez

Born and raised in Hawaii 4e
11 ~'o

104
25,%

411zei
63.5+

Percentage of
Total Responses

Number Giving
That ResponseResponse

Answers to question, "How would you be affected if this area were to become a
marine park?"  Question ll!

32.4223Favorab ly

107

9.9es

1 l. e

28.4195Un f avor ab 1 y
21,8150

5.1

10

246Not affected

Don't know
4.1

97

Frequency of site use  question l!

&rice per week or more

More marine life

Better fishing in adjacent areas

Better snorkeling or diving

Cannot f ish

Cannot collect shells

Cannot collect coral

124
67. 8't

130
64.7%



APPENDIX E. RESULTS OF OA	U !NTERVIEWS  continued!

Number Giving
That Response

Percentage of
Total Responses

Response

Good beach

Far from crowds

Good fishing

Close to home

Good weather

292

242 35 .5

149 21.9

148 21.7

20. 3

Clod swimming

Facilities that are available
133 19.5

84 12.3

Good surfing

Abundance of marine life
76 11.2

Good p!ace for children

Other responses
41 6.0

30.1205

98

|answers to question, "Why do you like this p1ace?"  guestion 6!



APPENDIX F. LIST OF FISH SPECIES BY SITE AND HABITAT.  For site and
habitat abbreviations refer to pages 23 and 24.!

Relative abundance indices are as follows:

4: Dominant--over 5 percent of the fish in that habitat
3: Common--0.5 percent to S percent of the fish in that habitat
2 Present on transects but less than O.S percent of the fish

in that habitat
1: Seen in the habitat but not counted on any transect

2 5 2 2
2 I

2 7 1
7I 2 I

I I 2 2 2
I I
2 1 7 2 2 2 1 1 2 2 1 2 2

JI 	55
~ 5 I 5 I 5 I I

I 1 1 2
I I tl. nipcarfc»oc»

n dproris
o Fi erose»

I 2 !
5 2 2

! ! ~
7

2 5 ! 5 ! 2
2 ! 5

7 1 1

2 2 2 2 1 ~
52 2

1 1 2 I
5 2 I I 2 ~ 2 2 5 I 1 ~

2 2 5 2 2 2 2 1 2

a tripart»
aero brsari fr»tris

2 l I I I ! 5 5 1 I I 2 5 ~
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APPENDIX F. LIST OF PISH SPECIES BY SITE AND HABITAT  continued!.
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APPENDIX F. LIST OF FISH SPECIES BY SITE AND HABITAT  continued! .
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APPENDIX F. LIST OF FISH SPECIES BY SITE AM! HABITAT  continued!.

mI % tz *- % 8 - 5 5 3 8 5 itt 3 8 9 k h d 8 h d A !I! R h f 5
e i v .' ' 0 "' "' "' lI! 0 tt! i i k i i i 9 i i i i i i ' a i x ri ' J

!cali y POnOCentr ldar 1 «« lnre,r1
Cord r ue I

5 4 4 4 4
2 2 2 2 3

3 4 4
5 2

1 2 2 3 1 1 1
4 3 4 4

2 2
2 4 4 3 ~ 5 5

4 ~ 22 2 2 2
C. eanderh lei
C ter rel ter'

3 2 2 4 4 1 3 2 2 3 ~ 4 5 1 ~
~ 5 2

2 92 2 3
J 3 5 2

5 5
3 3

5
1 5 4

1
2 3 3 2 5 5 3 5

Family Pri acanthi doe
priaoan thin crzren ra tzre 3 ! 2 2 2 2

2 2 2 2 2 2 2
2 2 2 2 2 2 2 2 2 2

Sretetrpe rrlhraaio lrrrerue
Soarua z u z ua

2 2 2 2 2 2 3 2 2 2'
2 2 2 2 2 2 2 2 2
2 2

2 2 2 2 2 2 2
2 2

2 5
2 2 2

2 2 5 3
3 3 3 3 2 2tertdemt ified  aveni le 2 2 4 2 4

l i 2
2

1 2 2
2 2

un dent !fied ap. 2 2

2 2 2

P. ep. mov. eiiie al I!
Fern!!y Jparldee

! olio tae'.i e prvz err rem! 'r e 2 2 2 2 2
I'alai !y Jphyrntdac

Frzra leuini
I eau!y Jphyreenidoe

2 2 2 2 2 2 2 2 2 21 2 2 2 2 2 22 2 2"Ir» .rrre ep

1 2 2 2
2 2 2 2 2

Fareily rrtnhidee

Fan! ly !enc!idea 2 2 2 1 5 2 2 52 2 3 2 2 2 2 2 2 1 1 2Pano ua corno rue

103

Chrmer a ay  i a
C. !maui
C, ooa ie

haaatr2!ue allz ae! ia
~en Pile dcnhene 
P!eerrogigph d don  razor penn a

tohnn corrie rare

Faai ly Sca rides
Ca!ottzmue ep nid
Soar dea eerier Oha

S, fora en 
S. perapia l latue
8. Core  dim

Featly Jcorpeenidee
!zendraah rrre hear hyptez ue
Peero a ei hea
Soorpaerez ha! 1  eui
S. Con orra
S, ep.
Soorpaerrope e oaeope! e
S. t! M»zea
raenianaeae rr aarnrthWr

Fe92rily Serrenidee
Cepha!opho  e
Peeudrzn thiae thoepeomi
P. ip. nov. A Oeha!

tpzrtrvzeno bar ra»r!4
$. he  ari

1 amI ly Jynodrmt idee

rani!y retreodontzaee
drothrom h ep dne

me 2 cog rie

~ 5 5 ~
2 2 5

3 3 5

~ 4 4 4
2
3 5 3 5

2 4 5 1 5
2

4 2 2
2 2 2 2

5 3 5 3 2



API3ENDlg G. LIST OF CORAL SpECIKS BY sITE AND HABI,AT.  Ilor site and
habitat abbreviations, refer to pages 23 and 24.!

Relative abundance indices are as follows:

4; Dominant--over 25 percent of the bottom cover
Common--5 percent to 25 percent of the bottom cover

2: Counted on transects, but less than 5 percent of the bottom
cover

Seen in the habitat but not counted on any transect
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APPENDIX H. LIST OF MACROINVERTEBRATE SPECIES BY SITE AND HABITAT.  For
site and habitat abbreviations, refer to pages 23 and 24.!

Relative abundance indices are as follows:

4: Dominant--over 100 per 100 square meters
Common--10 to 100 per l00 square meters

2.. Vncommon--less than l0 per 100 square meters
l; Seen in the habitat but not counted on any transect
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APPENDIX H. LIST OF MACROIIWERTEBRATK SPECIES BY SITE AND INBITAT  con-
tinued! .
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APPENDIX I. LIST OF ALGAL SPECIES BY SITE AND HABITAT.  For site and
habitat abbreviations, refer to pages 23 and 24.!

Relative abundance indiCeS are aS fOIIOhPS:

4: Abundant
3: Comhon
2: Uncommon
I: Seen in the habitat but not counted on any transect

5 1

1 1 2
1 1

555 o Cpa op!reer rr'a craoernora
0. arrrhcyesh
Ahtaranarpha sp.
galzcreda disaoidra

1 4
1 2 1 5 '5 I

2 ! 5 1
1 2 1 1 1 2 2 2 2
2 1 1

1 5 1 1 1 2 1 5
5

1
1 1 1 I ! ! 1 1

g. 92p.
pa ionia ocr xri so ra

5
2 5 2 1 1 2 4

1 5

2 l
5 1 1 5

Qa!conCoa
Mrgaeean rp.
yhr2 irezrccr orna la
Konrzria hacai icosi e

2 1 1 1

4 55 5 54

Asparago!re i ~ sp.
Ccrrninrirrr Sp.
Chorddooooov sp.
Cora! lena sp.

5
2 5

2 1 15

gaspar xp.
1!r rrriia l ! ! 2

} 2 1 I 5 5 ! 5 2
5 51 2 5

gaiazarcra sp.
Ce Lidless sp.
Aa Sgrrrni a sp.
Aero! Crrrrec sp.

107

phy!v Ch!oraphyc ~
5!oodlra ocrnpoei Ca
rhcrrccto !la sp,
Can yarpa rp .
ClaCSoplr Orcx Sp,
Cladophoropeie sp.
CoCK ire arrxh see
C. adair

g, apcrrs&a
Cyan sp,

groearie ep.
glaa lao laos
Sr, Za Ccarc2a Ca

Phy lv Pheeaphyzr
55!riorerpersz r p.
Aa lpeerrnz'cs sin!crea
yrio C poprerse av Sra! ie
lhocyoxa sp,
fcreooarprra sp.
15!dr ra era rra

phylv hhoaophyza
Aran~ rpioifera
4. xp.
2 Jor fr 1 C ia sp.
krrrrrria g Zona rcz ia

8-185!PI-%8 384%381ita Sp555tQar.
emeakd'~=."444 arassssssi~et" tt:e:i

1 1 1 1 1 2 1 5 5 5 5 1
1 1 1

1
5 2 5 5 1 I



APPKNDIX I. LIST OF ALGAL SPECIES BY SITE AND HABITAT  continued! .
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