
SURVEY LOCATION AT HANAUMA BAY 
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meters I 

Figure 3 .  Two pairs of parallel SO m l i n e s  were s e t  

end to end '= = ) a t  Hanauma B a y  off Oahu. 



OBSERVER TEAM I 

SPEARMAN RANK CORRELAT1ON COEFFlClENTS 

Figure 4. Frequency histogram for the ninety-nine correlation 
coefficients calculated from data collected by two observer 
teams at five areas off Molokai. The lack of statistically 
significant differences between the frequency distributions 
for the two observer teams suggested that the degree of 
correlation between methods did not change with different 
observers. 
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Figure 5 .  Frequency distributions for correlation coeffi- 
cients calculated between methods. The correlation between 
methods increased as a result of the averaqinq procedure. 

38 
36 

34 

32 

30 

- - I I - - I I 
I I - 

- I I - - t I - 
- 1 I 
- I 

I 
I 
i 
I 
I 
I 
I 
I 

1 
I 
I 
I 
\ 
\ 
\ 
\ 
\ 
\ 

w 

-10 .20 .30 .40 5 0  .'60 .70 .*o .go 1-00 





SINGLE SURVEYS 
AVERAGED SURVEYS 

RANGES OF SPEARMAN RANK CORRELATION COEFFICIENTS 

Figure 7. Frequency d i s t r i b u t i o n s  f o r  c o r r e l a t i o n  c o e f f i c i e n t s  c a l c u l a t e d  
between Jones and Thompson surveys ( l e f t )  and between Brock surveys ( r i g h t ) .  
The frequency d i s t r i b u t i o n s  f o r  t h e  averaged surveys p l o t t e d  to  t h e  r i g h t  o f  
t h e  d i s t r i b u t i o n s  f o r  t h e  s i n g l e  surveys,  i n d i c a t i n g  t h a t  t h e  c o r r e l a t i o n  
wi th in  methods increased s i g n i f i c a n t l y  a s  a  r e s u l t  o f  t h e  averaging procedure. 



REPLICATE SURVWS 

Figure 8. Sample of a cumulative species-replicate curve on which an increasing number of replicate 
surveys is plotted against the number of species observed. The data presented in this graph were 
obtained during 35 Jones and Thompson surveys conducted at Palaau, Molokai. 
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RANGES OF SPEARMAN RANK 
'CORRELATION COEFFICIENTS 

Fiqure 9. Frequency distributions for correlation coeff ic ients  calcu- 
lated between Jones and Thompson surveys. The frequency distribution 
for same observers is signif icantly shifted to the right of the frequency 
distribution for different observers, indicating that there was a s igni-  
f icant difference between data collected by different observers using 
the Jones and Thompson method. 
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- CORRELATION WITHIN JONES 8 THOMPSON METHOD 
* -- .I. CORRELATION BETWEEN METHODS 
C .-.-e CORRELATION WITHIN ~BROCK METHOD 

RANGES OF SPEARMAN RANK CORRELATION COEFFICIENTS 

Figure 10. Frequency distr ibut ions  for  correlation c o e f f i c i e n t s  calculated 
between s i n g l e  surveys ( l e f t )  and between averaged surveys ( r i g h t ) .  When 
four surveys were averaged, an increase i n  the correlation within methods 
was re f l ec ted  i n  an increase i n  the correlat ion between methods, suggesting 
that  rep l i ca te  surveys of each method approached accuracy. 
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U . S .  Dept. of the Interior Geological Survey, 1952 

F i g u r e  B. Survey sites at Moanui. 
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U.S. Dept. of the In ter ior  Geological Survey, 1952 

F i g u r e  C. Survey sites at Halawa Bay. 



U.S. Dept. of the Interior Geological Survey, 1952 

Figure D. Survey s i t e s  a t  Keawanui. 
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U.S. Dept. of the Interior Geological Survey, 1952 

Figure E.  Survey s i t e s  a t  I l i o  Point. 
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T a b l e  A. COORDINATES AND DEPTHS FOR MOLOKAI SURVEY SITES 

SITE NUMBER COORDINATES DEPm (feet)  

35-40 

34-40 

25-30 

P a l a a u  

1 

Halawa Bay 

1 0  



I l i o  Point  

2 9 



A P P E N D I X  B 



CORAL DENDROGRAM 

In the coral dendrogram (page 561, four d is t inct  clusters can be 

identified. In general, these four clusters correspond to  the five areas 

studied, w i t h  the s i t e s  a t  Halawa Bay and Keawanui clustered together 

(Table A, page 5 8 )  . 
Sites 1 through 9 were located a t  Palaau. These s i t e s ,  excluding 

Site 7, comprised one cluster.  The substratum a t  Sites 1 through 6, 8, 

and 9 was approximately 85% live coral,  with Porites compressa, Montipora 

versucosa, and Porites lobata the predominant species. Si te 7 was unlike 

the other Palaau s i t e s  i n  that  approximately 40% of the substratum 

consisted of consolidated limestone pavement. 

The Halawa Bay and Keawanui s i t e s ,  situated along the north coast, 

formed a second cluster.  Si tes 10 through 16 were located a t  Halawa Bay, 

where the substratum was composed mainly of boulders and basalt  pavement. 

Similarly, the substratum a t  the Keawanui s i t e s  numbered 26 through 28 

was composed of boulders. 

Si tes 17  through 23 a t  Moanui comprised a third cluster.  The sub- 

stratum was dominated by limestone pavement interspersed with coral rubble 

and dead Pocillopora meandrina. Live Porites lobata and Pocillopora 

mandrina were also present. 

Sites 24 and 25 were located i n  Pelekunu Bay on the north coast. 

The substratum in  the center of the bay was chiefly sand. Steep c l i f f s  

on the sides of the bay dropped t o  sand a t  a depth of 60 feet.  Due t o  

the diff iculty involved in  quantitatively surveying such an area, quali- 

ta t ive  surveys were conducted and the d a t a w e n o t  included in  this study. 

I l i o  Point was the area for Si tes  29 through 35. With the exception 

of Site 32, the I l i o  s i t e s  formed a fourth cluster.  Basalt pavement, with 



scattered heads o f  Pocillopora meandrina and Porites lobata, dominated 

the substratum. Site 32 di f fered from the other I l i o  s i t e s  i n  that boulders 

accounted for 37% o f  the substratum. 



+WITHIN GROUP DISTANCE -+ 

SITE NUMBER 

Figure A. Dendrogram of coral surveys. In general, the four dis t inct  
clusters correspond to the five areas studied, with the s i t e s  at Halawa 
Bay and Keawanui clustered together. 
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Figure B. Similarity matrix for  coral surveys. 



Table A. PERCENT COVER OF PFEDOMINANT CORAL SPECIES AND SUBSTRATA 

AT MOLOKAI SITES 

S i t e s  1-9, excluding 7 

Pori tes compressa 36 % 

Montipora verrucosa 23% 

Pori tes l o b a t a  11% 

Sand 8% 

Limestone pavement 7 % 

Montipora pa tu la  

Coral rubble 

S i t e  7 

Limes  tone pavement 

Pori tes compressa 

Mon t i p o r a  verrucosa 

Coral rubble 

Mon t i p o r a  pa t u l  a 

P o c i l l  opora meandrina 

PavPna var ians  

HALAWA BAY 

S i t e s  10-16 

Boulder 

Basalt  pavement 

P o r i  tes l o b a t a  

Si t e s  17-23 

Limestone pavement 56% 

Pori tes loba  t a  13% 

Coral rubble 9 % 

Dead Poc i l l opora  m a n d r i n a  7% 

Pocill opora meandrina 5 % 

Si t e s  26-28 

Boulder 

Sand 

I L I O  POINT 

S i t e s  29-35, excluding 32 

Basalt pavement 73% 

P o c i l l  opora meandrina 8 % 

Pori tes loba  t a  7% 

Boulder 4% 

S i t e  32 

Basalt pavement 

Boulder 

Poc i l  l opora  meandrina 

P o r i  tes loba  t a  



ALGAE DENDROGRAM 

Three d i s t i n c t  c lus te rs  can be noted i n  the algae dendrogram (page 

60).  Unlike the coral  dendrogram, the 33 s i t e s  were not consis tent ly  

clustered by area,  indicating tha t  the f ive  areas cannot be readi ly d i s t in -  

guished on the bas is  of a lga l  assemblages (Table B,  page 62) .  Environmental 

parameters may complicate the comparison of a lga l  assemblages. Santel ices  

(1977) reported t h a t  seasonal a lga l  growth may be re la ted  t o  l i g h t  in tens i ty ,  

temperature, water movement, and s a l i n i t y .  Therefore, the c lus te r ing  of 

s i t e s  on the bas is  of a lga l  assemblages may vary according to the season 

during which the baseline data  a re  collected. 

The Palaau s i t e s  (1 through 9) formed a c lus t e r  with four Moanui 

s i t e s  (20 through 23). The Palaau s i t e s  were characterized by patches of 

Poro l i t hon  sp., Bryops i s  sp., and R a l f s i a  pangoensis  scat tered over a 

substratum which was approximately 66% l i v e  coral.  A t  S i t e s  20 through 

23, an unidentified alga belonging t o  the phylum Rhodophyta o r  the phylum 

Phaeophyta covered an average of 22% of the substratum. The broad, f l a t  

blades of t h i s  alga, approximately 2.0 cm i n  height,  were f r a g i l e  and 

could not be successfully preserved o r  pressed. 

A second c lus t e r  was composed of the Halawa s i t e s  (10 through 161, 

two Moanui s i t e s  (17 and 1 9 ) ,  two Keawanui s i t e s  (27 and 28), and f ive  

I l i o  s i t e s  (29 ,  31, and 33 through 35) .  These s i t e s  shared an uniden- 

t i f i e d  filamentous alga belonging to the phylum Phaeophyta. This a lga ,  

which was 0.5 to  1.0 cm i n  height,  was found t o  be growing over an 

average of 34% of the substratum. 

Moanui S i t e  18, Keawanui S i t e  26, and I l i o  S i t e s  30 and 32 formed 

a th i rd  cluster .  Dictyo ta  s t o l o n i f e r a ,  Sargassum o b t u s i f o l i u m ,  Padina 

c r a s s a ,  and Porolithon sp. were the predominant algae a t  these s i t e s ;  
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Figure C. Dendrogram of algae surveys. The 33 sites were not consistently 
clustered by area, indicating that the five areas cannot be readily distin- 
guished on the basis of algal assemblages. 
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Figure D. Similarity matrix for algae surveys. 



Table B. PERCENT COVER OF PREDOMINANT ALGAE SPECIES AND SUBSTRATA 

AT MOLOKAI SITES 

P ALAAU 

S i t e s  1-9 

Coral 66% 

Porol i thon sp . 10% 

Sand 9 % 

Coral rubble 4 % 

B r y o p s i s  sp. 3 % 

Ral f s i a  p a n g o e n s i s  3 % 

HALAWA BAY, 
MOANUI ( i n  p a r t )  , 

KEAWANUI ( i n  p a r t ) ,  
I L I O  POINT ( i n  p a r t )  

S i t e s  10-17, 19, 
27-29, 31, 33-35 

Unidentified Phaeophyta 

Poro l  i thon sp . 10 % 

Coral 9% 

Ral f s i a  p a n g o e n s i s  7% 

Boulder 

D i  ct yo t a  st01 o n i f e r a  3% 

MOANUI ( i n  p a r t )  , 
KEAWANUI ( i n  p a r t ) ,  

I L I O  POINT ( i n  p a r t )  

S i t e s  18, 26, 30, 32 

D i c t y o t a  s t o l o n i f e r a  

Basal t  pavement 

Sargassum o b t u s i f o l i  um 

Coral 

Padina c r a s s a  

Porol  i thon sp  . 
Unidentified Phaeophyta 

MOANUI ( i n  p a r t )  

S i t e s  20-23 

Unidentified Rhodophyta o r  
Phaeophyta 

Coral 

Linestone pavement 

Unidentified Chlorophyta 

Sand 

Coral rubble 

S p y r i d i a  sp. 

D i c t y o t a  s t o l o n i f e r a  

Porol i thon sp . 
Unidentified Phaeophyta 

Microdi  ct yon sp  . 



FISH DENDROGRAM 

In  the  f i s h  dendrogram (page 651, the  s i t e s  grouped i n t o  four d i s t i n c t  

c l u s t e r s  which generally correspond t o  the  areas  s tudied (Table C, page 6 7 ) .  

The Palaau s i t e s  (1 through 9) c lus te red  with two Moanui s i t e s  (17 and 22) .  

In  terms of percent of t o t a l  number of individual  f i s h  recorded a t  these  

s i t e s ,  Ctenochae t u s  stri gosus (kole was the dominant species.  Prominent 

species  included other  members of the family Acanthuridae (surgeon f i s h )  

such a s  Zebrasoma f l avescens  ( lau  i pa l a )  and Acan t h u r u s  n i  g ro f  u scus  ; 

members of the  family Pomacentridae (damsel f i s h )  such a s  S t e g a s t e s  

f a s c i o l a t u s ,  Chromis hanui , and P l e c t r o g l  yphidodon johnstonianus ; and 

Thalassoma duperrey (hinalea  l a u  w i l i ) ,  a member of the  family Labridae 

(wrasses) . 
A second c l u s t e r  w a s  formed by f i v e  Halawa s i t e s  (10, 11, 14, 15, 

and 16) where an abundance of Chromis v a n d e r b i l t i  (family Pomacentridae) 

and Thalassoma duperrey w a s  noted. Other species commonly seen included 

S t e g a s t e s  f a s c i o l a t u s  and Chromis o v a l i s ,  members of the  family Pomacen- 

t r i dae ;  Lut janus  kasmira ( t aape ) ,  a member of the family Lutjanidae 

(snappers);  and Parupeneus p l e u r o s t i g m ,  a member of t he  family Mullidae 

(goat f i s h )  . 
Five Moanui s i t e s  (18, 19, 20, 2 1 ,  and 23) composed a t h i r d  c lu s t e r .  

Thalassoma duperrey was found t o  be the  dominant species.  Parac i r rh i  tes 

a r c a t u s  ( p i l i k o l a )  , a member of the  family Ci r rh i t idae  (hawk f i s h )  ; 

Coris venus ta ,  a member of the  family Labridae; unident i f ied juveniles of 

the  family Scaridae (par ro t  f i s h ) ;  and Acanthurus n i g r o f u s c u s  were a l s o  

frequently recorded. 

Two Halawa s i t e s  (12 and 13) and the three Keawanui s i t e s  (26 through 

28) grouped with the  I l i o  s i t e s  (29 through 35) i n  a four th  c lu s t e r .  



Chromis vanderbil t i  accounted for a large percentage of the to ta l  number 

of fish at these sites. Other abundant species included Chromis ova l i s ,  

Thalassoma d u p e r r e y ,  and Acanthurus n i g r o f u s c u s .  



  WITHIN GROUP DISTANCE+ 

SITE NUMBER 

F i g u r e  E. Dendrogram of f i sh  surveys. The s i t e s  grouped into four 
dist inct  clusters which generally correspond to the areas studied. 



-SUPS-SUw?lC79dY_LVGEOO-F f$W T IANSCCTS 
r o a t * s r i & * s - s  1  w ~CAFJ  T 

I 2 3 s 
1 2 3 4 5 6 

> . ~ Y - ~ . O V ~ I - - ~ .  l a > u O .  ~col - - -o.  1460- 

-luL-+:;;;z I S  I S  20.~'3;;-~:;~;~-;~ ;;w; -- ;:A;:; 
l b  I 6  J.2013 0.0610 0.20.14 3.0970 0.1990 

7 3 . 5 1 6 3 . 2 4 2 8 3 ~ 5 2 7 2 . -  O.JO50- 3 . 5 ' ~ 3 4 - .  
. - - 6 . 2 7 4 L ~ l . I l l & - - O .  ~ 4 4 0 - -  0. ~ s c e  - 0.31d3-- 

I V  1'4 0.2668 3. I404 0.7341 0.155a 0.2361 
2 0  2 0  0.3172 0.1522 5.3015 0. 1446 O.3oS2 

d~-.t44!3.O~)aY--O.2000- 0.1026 - 0 . 1 ~ 6 1 -  -~:;i;i-;:a;;$-;:;.L:;-. &xf$;;--~:;cJ~;-- 
2 4  26 0.1770 0.10YR 0.3004 0.1417 0.291 I 

* Y ~ ~ L S U ~ L N W E ~ A G L U ~ H ~ ~ * * Y S ~ C I ~ -  ---- PART 3 C f  6 f -- s c h e . r s r m * ~ > l  M run -<ie 
13 I 4  I S  I 6  I 7  I Y 2 1 2 2  23 2 4 

i 
13  14 15 16  I7 10 I 9  20  2 I 22 23 2 6 

- U - L ; I l . O ~ ~ O - -  - --.- - - - - - - - - - - - . - - -  
4 4 0 . 2 C 3 3  2 . 0 0 9 9 -  - -  -- -_------ 1 

I S  I 5  3 . 3 5 3 ~  ~ . l ? a l  1.0005 
1b 16 0 . 3 C 1 7  O.uZI9 O1bOl3 1.J000 

2 ? ~ J . 2 4 5 5 , 9 . 3 2 3 ~ _ _ S . 4 k ~ ? O - - 0 . 3 2  73-1.0003--- - -- 
A I r 0 . 3 3 5 2 - 0 . 4 B P L r )  

1 9  19 0.3716 0.4,46 0:2~1~+:~$~~-!::~~2--!:~2?~-i:fi60- 
2 0  20 0.2471 0.3933 0.4J23 0.3383 0.4894 0.S'Yb 0.5014 lrOOOO 

~ ~ l b * 9 - D . 3 7 6 8 - 0 . 4 2 / 1 J . 4 1 J 3 - 0 . 3 0 1 7  - - O . ~ I s ~ ?  - 0.*2tiI-__i) . l2~5-J.O090 
L Z L 0 . 1 S 3 L 0 . 3 9 5 5  - 0 . > 2 1 1  J.JB67.- 0 .6031 O.4hUG . 0.4471 -1.51'>5 -0.4?dH-- L.0000 . - . - -  

t 
23 23 3.LO32 0. '370 0.420* 0.4278 0. J J I  J 0.471 J 0.411> 0.4C'IL 3.OlbV 0.>521 1.0000 
24  26 9.3Q00 0.3504 0.429Y 0.4445 0.JO3S 0.3944 0-3'242 0.25So 0.2296 0 3  0.2529 1.0000 

-- 
N S T B K ~  suiiiiLiri~i~~~XG~o~C~sn f i X n s a c t  4 - - --- 

SOYCNSEN'S SIMILARITY COEPFXCIENTS 
PAR- 

2 s - 2 6 3 7  3 3  ---- 2.0 3 3  
3L - 

2% 2 7  U i ~ o o o o  
36 

2& 20 0.5335 1.0000 
3 . 2  29 9.5 178-0.7290-1 .OOOO 
,ZIJP 9 .  ~ 4 6 r o . a s a r . o  .61647;0060-  

2 9  31 0.5243 0.4 3na 0.540* 0 . 4 4 ~ -  I ;doo-n 
3 0  32 >-4e4a 0.5562 O.72SS 0.4442 0.7237 1.0533 

0.4676-0.3677--0.hl?V- 0.5f,118 -O.f~049-O.h2Otl 1.0000 
0.53G5-9.5043 J.hR9+-0.:~365 0 6'498 0.7194-- .6473--UOO. 
O.SS46 o.~J&?-~.I.*Yo O.*tSQ --J:r)JO4--Or76%4-~.1Ib9-U<YO(r!1;~a~ 

Figure F.  Similarity matrix for fish surveys. 



Table C. PREDOMINANT F I S H  SPECIES AT M O L O m I  S I T E S  

BY PERCENT O F  TOTAL NUMBER OF INDIVIDUAL F I S H  

PALAAU, MOANUI ( i n  p a r t )  MOANUI ( i n  p a r t )  

Sites 1-9, 17, 22 S i t e s  18, 19, 20, 21, 23 

Ctenochae t u s  stri gosus  20% Thalassoma d u p e r r e y  3 3% 

Acanthurus  n i  g r o r i s  10% P a r a c i r r h i  tes a r c a  t u s  8% 

Thalassoma d u p e r r e  y 8% Chromi s v a n d e r b i  1 ti 7% 

S t e g a s t e s  f a s c i o l a t u s  7% C o r i s  v e n u s t a  5% 

Zebrasoma f l a v e s c e n s  7% Acan t h  u r u s  n i  g r o f  u s c u s  4% 

Chromi s hanu i  

P l e c t r o g l  yphi  dodon 
j o h n s t o n i a n u s  

7 % Unident i f ied  Scaridae 4 % 

j uven i l e s  
7% 

KEAWANUI, ILlO POINT,  
HALAWA BAY ( i n  p a r t )  

HALAWA BAY ( i n  p a r t )  

S i t e s  12, 13 ,  26-28, 29-35 - 
S i t e s  10, 11, 14, 15, 16 

Chromis v a n d e r b i l  ti 40 % 

Chrornis v a n d e r b i l  ti 16 % 

Chromis o v a l i s  9% 
Thalassoma d u p e r r e y  15 % 

Thal assoma d u p e r r e  y 8 % 

Chromis o v a l i s  6 % 

Acan t h u r u s  n i  g r o f  u s c u s  5 % 
S t e g a s t e s  f a s c i o l a t u s  6% 

Lut  janus k a s m i r a  5 % 

Parupene u s  p l  e u r o s t i  gma 4 % 




