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1. Introduct ion 
T h e fauna a n d f lora of islands have been of spe­

cial interest t o biologists for the past two centuries . 
Dur ing this t ime, research has expanded from Wal­
lace 's (1881) discussion of the continuit ies, discoun-
t inui t ies , and peculiarities in the d is t r ibut ion of 
is land species to examina t ion of dispersal , ende-
mism, specia t ion mechan isms , and ques t ions of 
popu l a t i on biology, adapta t ion , adaptive radia t ion, 
cha rac t e r d i sp lacement , and communi ty ecology 
(e.g. Carlquis t 1974, Williamson 1981, Grant 1986). 
H o w e v e r , of all island habi ta t s and fauna , that 
occur r ing in freshwater streams has p robab ly been 
the least s tudied . Expectedly what is p e r h a p s the 
b e s t - k n o w n c o n t r i b u t i o n of island biological 
r esea rch , t he deve lopment of the Theory of Island 
Biogeography ( M a c A r t h u r and Wilson 1967), has 
been appl ied to examining colonization dynamics of 
b io ta in cont inenta l s treams (e.g. Minshal l et al. 
1983, Minsha l l & Peterson 1985). 

It is unfor tunate that island streams have not recei­
ved much a t tent ion because the fauna often­
times is composed of species with a unique life-history 
characteristic : m a n y taxa (including macruran crus­
taceans , neritid snails, anguillid eels, and most 
gobioid fishes) are d iadromous (or amphidromous , 
accord ing to some authors) — they have evolved the 
ability to use s t ream habitats but they p roduce lar­
vae that must undergo development in the ocean 
(Ford & Kinzie 1982, Maciolek & Ford 1987). The 
fauna of islands can be diverse : recently Marquet 
(1987, 1988) and Marquet & Lamarque (1987) exa­
mined the fish, molluscan, and decapod crustacean 
fauna of selected streams in ten volcanic islands and 
one atoll of the archipelagoes that comprise French 
Polynesia ; 63 species in these groups were found. 

T h e p u r p o s e of this present study is (I) t o pro­
vide a detailed descript ion of the macroinver tebrate 
f auna of one Pacific island s t ream-ca tchment and 
(2) t o descr ibe species richness and the macroinver­
t eb ra t e zona t ion pat terns in this island s t r eam and 
c o m p a r e these with zonat ion pat terns described for 
o the r types of lotie systems. The system chosen for 
this s tudy was the O p u n o h u catchment in Moorea , 
F r ench Polynes ia . 

2 . M e t h o d s 
2 .1 . S tudy Sites 

French Polynesia is located in the south-central Paci­
fic Ocean and consists of 118 islands, 35 of which are high 

volcanic islands, the others being low coral islands or 
atolls ; together they have a surface area of 4,000 km*, 
surrounded by 2,500,000 km1 of ocean. The islands of 
French Polynesia range in age from 0.3-4.3 million years 
old (Craig 1983) and are part of the Indo-Pacific province 
(which stretches from south Africa to eastern Polynesia). 
The Society Islands (approximately 16-18°S, 148-I52°W) 
form one of the five archipelagos of French Polynesia and 
are composed of 14 islands, the largest of which is Tahiti 
(1042 km" surface area). Moorea (136 km 3) is the third 
largest of these islands, and is located 18 km west of Tahiti 
(Williams 1933, Gabrie & Salvat 1985). It is triangular in 
shape and about 15 km along each side (Fig. 1). 

Fig. 1. : Map of Moorea and the study sites in the Opu­
nohu catchment ; UCB = University of California 
Biological Station. 

Moorea is 1.2 million years old and consists of a vol­
canic core surrounded by reefs. Peaks on this high volca­
nic island reach 1207 m. The climate is tropical (25-30 °) 
and humid (relative humidity 80-90 %) with two seasons : 
one hot and rainy {November to April), the other cooler 
and drier (May to October). Precipitation on Moorea ran­
ges from < 200 cm to > 400 cm per yr at higher eleva­
tions ; in the Opunohu Valley, the site of this study, the 
annual average rainfall is 325 cm. The dominant winds 
are trade winds that blow from the northeast to the sou­
theast (20-40 km/hr, up to 60 km/hr in austral winter) 
(Galzin & Pointier 1985). 

The Opunohu Valley comprises one of the two catch­
ments on the north side of the island (Fig. 1 ; 17^31'S, 
149°55'W). The name Opunohu derives from the resem­
blance of the shape of the bay to « the belly of the stone-
fish » (in Tahitian « ophu, >> belly ; « nohu, » the veno­
mous stonefish Synanceja verrucosa Block and Schnei­
der, which occurs in the reefs of Opunohu Bay). Before 
the arrival of Europeans in 1767, the Opunohu Valley was 
the most significant religious center of the Windward 
Islands ; major portions of the Opunohu Valley are now 
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c o n t r o l l e d by t h e T e r r i t o r i a l G o v e r n m e n t for a g r i c u l t u r e 
e x p e r i m e n t a t i o n ( G a l z i n & P o i n t i e r 1985). 

E igh t sites in t h e m a i n s t r e a m a n d t r i b u t a r i e s o f t h e 
O p u n o h u Valley were chosen for s tudy (Fig. 1). Th i s s tudy 
is based o n co l l ec t ions m a d e in a u s t r a l fall ( r o u g h l y co r ­
r e s p o n d i n g t o the b e g i n n i n g of t h e d ry s e a s o n ) d u r i n g 
M a r c h - M a y 1988 a n d M a r c h 1989, a n d in a u s t r a l s p r i n g 
( t he b e g i n n i n g o f t h e w e t s e a s o n ) d u r i n g O c t o b e r -
N o v e m b e r 1989. S t u d y sites a r e desc r ibed in d e s c e n d i n g 
o r d e r f r o m u p s t r e a m t o d o w n s t r e a m (Fig. 1). 

T h e u p s t r e a m - m o s t si te is a f i r s t -o rder s t r e a m (site 01 ; 
0 r e p r e s e n t i n g O p u n o h u , I t h e f i r s t -o rder s e g m e n t ) flo­
w i n g d o w n a c a s c a d e t h a t cons i s t ed of a sheer r o c k - f a c e 
( c o m p o s e d o f b a s a l t ) h a v i n g l a rge a m o u n t s of m o s s a n d 
a lga l g r o w t h . T h i s is l o c a t e d o n t h e n o r t h - f a c i n g s lope 

T a b l e 1 : Phys ica l c h a r a c t e r i s t i c s of s tudy si tes i n t h e O p u n o h u c a t c h m e n t ; r anges (in p a r e n t h e s e s ) a r e based o n m e a s u ­
r e m e n t s m a d e M a r c h - M a y 1988 a n d r e p r e s e n t f r o m t h r e e to five o b s e r v a t i o n s . 

o f M t . T o h i v e a , w h i c h e v e n t u a l l y rises t o 1207 m . A t t h e 
b a s e o f t h e c a s c a d e a r e l a rge b o u l d e r s with i n t e r s p e r s e d 
c o b b l e s . A l t h o u g h t h e c a s c a d e h a s a n o p e n c a n o p y , t h e 
p o o l s f o r m i n g be low it h a v e a c losed c a n o p y c o n s i s t i n g 
o f T a h i t i a n ches tnu t [ L e g u m e n o c e a e , Inocarpus fagife-
rus ( P a r k i n s o n ) F o s b e r g ] a n d Pandanus. This s i te is rea ­
ched us ing a s o u t h - d i r e c t e d trai l f rom t h e B e l v e d e r e , a 
we l l -known obse rva t ion p o i n t . T h e p H o f the wa te r is hig­
her t h a n a t o t h e r si tes in t h i s s t r e a m (Table 1), b u t n o t 
h igher t h a n f o u n d at o t h e r c a s c a d e s o n t h e is land ( C r a i g , 
Resh & B a r n e s , u n p u b l . d a t a ) . D i a t o m s were s c r a p e d o f f 
s tones at each site a n d were p r e p a r e d a c c o r d i n g t o the 
m e t h o d s o u t l i n e d in St . C la i r & R u s h f o r t h (1977) ; a t s i te 
01 d i a t o m s a r e a b u n d a n t , w i t h o v e r 30 species r e p r e s e n ­
ted . T h e numer ica l ly d o m i n a n t species is Rhopalodia gibba 
( E h r . ) O . Mue l l . 

S i t e Ol ON OIIA OIIB 

PH 9 . 2 ( 8 . 3 - 9 . 9 ) 7 . 5 7 . 6 ( 7 . 3 - 7 . 8 ) 7 . 5 

c o n d u c t i v i t y in p S / c m 1 1 3 ( 1 0 0 - 1 4 0 ) 9 5 ( 9 0 - 1 0 0 ) 1 2 0 (1 1 0 - 1 4 0 ) 9 5 ( 9 0 - 1 0 C 

v e l o c i t y in c m / s 2 7 ( 2 4 - 3 0 ) 5 2 1 1 3 ( 5 4 - 1 7 7 ) 7 6 

width In m 5 2 2 3 

d e p t h in m 0 . 0 0 1 - 0 . 3 > 0 . 6 0 . 2 - 0 . 3 0 . 2 - 0 . 3 

d i s c h a r g e in c m 3 / s e c 5 3 8 5 6 2 8 8 2 2 1 , 2 0 4 

t e m p e r a t u r e a i r / w a t e r In ° C 2 6 ( 2 5 - 2 8 J / 2 6 ( 2 1 - 3 0 ) 2 3 / 2 3 2 7 ( 2 5 - 2 8 ) / 2 3 2 5 / 2 4 

s e s t o n in mg/ l 2 . 6 0 1 . 6 7 0 . 1 9 ( 0 . 0 4 - 0 . 3 6 ) 0 . 5 

e l e v a t i o n in m 3 3 5 2 1 3 1 2 2 1 2 

s l o p e in d e g r e e s M 17 10 «S 

d i s t a n c e from m o u t h in km «.0 3.7 ».i 1.« 

pH 7 . 6 ( 7 . 5 - 7 . 7 ) 7 . 3 ( 7 . 3 - 7 . 5 ) 7 . 4 ( 7 . 3 - 7 . 4 ) 7 . 6 

c o n d u c t i v i t y In u S / c m 1 1 0 ( 1 3 0 - 1 5 0 ) 1 2 5 ( 1 2 0 - 1 3 0 ) 1 4 0 ( 1 2 0 - 1 4 0 ) 1 2 0 

v e l o c i t y In c m / s 1 5 3 ( 1 2 5 - 1 8 0 9 5 1 0 3 1 0 8 

width In m 2 5 1 2 1 2 

d e p t h In m 0 . 1 - 0 . 2 0 . 1 - 0 . 4 0 . 5 - 1 . 0 0 . 5 - 1 . 0 

d i s c h a r g e in c m 3 / s e c 2 3 , 0 0 0 4 0 , 3 8 9 > 1 3 3 , 9 0 0 > 6 0 , 4 8 0 

t e m p e r a t u r e a i r / w a t e r In ° C 2 4 ( 2 1 - 2 7 J / 2 3 ( 2 2 - 2 4 ) 2 3 / 2 1 2 6 / 2 3 2 5 / 2 3 

s e s t o n In m g / l 1 . 7 ( 1 . 2 4 - 2 . 0 7 ) 1 . 8 3 1 . 6 5 2 . 0 9 

e l e v a t i o n In m 6 <5 2 2 

s l o p e In d e g r e e s <5 « 8 <B <5 

d i s t a n c e from m o u t h In k m 1.6 1.4 1.2 0 .4 
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T h e next d o w n s t r e a m site is a s e c o n d - o r d e r reach o f the 
O p u n o h u (site Ol i ) , loca ted just east o f the Belvedere look­
o u t . A t th i s si te t h e s t r e a m is s teep s ided a n d c o n s i s t s of 
l a rge b o u l d e r s w i t h p o o l s in te r spe r sed . S o m e m o s s is p r e ­
sent on r o c k s u r f a c e s . T a h i t i a n c h e s t n u t d o m i n a t e s the 
c l o s e d c a n o p y . T h e d i a t o m c o m m u n i t y cons i s t s of 
a p p r o x i m a t e l y 25 species a n d is n u m e r i c a l l y d o m i n a t e d 
by Achnanthes lanceolata (Breb . ) G r u n . a n d Achnanthes 
exiqua G r u n . 

A n o t h e r s e c o n d - o r d e r site is loca ted nea r M a r a e d e Titi-
r o a (site OIIA) . T h i s si te , a t the r ema ins of a n anc ien t tem­
ple , h a s a n e a r - c o n t i n u o u s series of pools ; s o m e side chan­
ne ls a r e a l s o p r e s e n t . M o s s o c c u r s o n r o c k s a n d b a n k s , 
a n d t h e d o m i n a n t p l a n t in t h e c losed c a n o p y is T a h i t i a n 
c h e s t n u t . T h e d i a t o m c o m m u n i t y cons i s t s o f ove r 30 spe­
cies ; A. lanceolata is n u m e r i c a l l y d o m i n a n t . 

T h e nex t co l l e c t i on si te is a s e c o n d - o r d e r s e g m e n t of 
t h e O p u n o h u (s i te OI IB) . H e r e ( a n d a t all o t h e r sites 
d o w n s t r e a m ) , a r i f f l e -poo l s e q u e n c e rep laces t h e p o o l - t o -
p o o l g e o m o r p h o l o g y o f the u p p e r t w o si tes . T h e closed 
c a n o p y is c o m p o s e d o f T a h i t i a n c h e s t n u t a n d h ib iscus 
( M a l v a c e a e , Hibiscus rosa-sinensis L ) . D i a t o m s a re sparse 
a n d c o n s i s t s o f 15 spec ies , w i t h Navicula cincta ( E h r . ) 
K u e t z d o m i n a n t . 

Eas t o f site OIIB, a n u n n a m e d t h i r d - o r d e r s t r e a m enters 
the O p u n o h u (site E l l I ) . This site a l so has a closed c a n o p y 
( w i t h s imi la r v e g e t a t i o n as OIIB). A m a j o r d i f f e rence bet­
ween si te E I I I a n d s i te OIIB involves the m e t h o d b y which 
a d i r t r o a d ( t he P a o P a o - M a r a e - B e l v e d e r e R o a d ) crosses 
t h e s t r e a m . A t si te OIIB t h e smal l br idge is buil t o n a rches , 
w h i c h a l l o w s free s t r e a m - f l o w o v e r t h e s u b s t r a t e from 
a b o v e t o b e l o w t h e b r idge . In c o n t r a s t , a t si te E I I I the 
r o a d has been buil t ove r two elevated pipe-culver ts ; rather 
t h a n h a v i n g c o n t i n u o u s flow over t h e s u b s t r a t e (as at site 
OI IB) , at t h e d o w n s t r e a m e n d o f t h e cu lve r t a water fa l l 
d r o p s 0 .3 m to t h e s u b s t r a t e . T h e d i a t o m c o m m u n i t y at 
s i te E I I 1 U c o n t a i n s a b o u t 3 0 species a n d is numer i ca l ly 
d o m i n a t e d b y A. lanceolata. 

T h e next si te d o w n s t r e a m , a t h i r d - o r d e r s e g m e n t of the 
O p u n o h u (s i te O U I ) , is l oca t ed 100-m east o f t h e j u n c t i o n 
o f t h e P a o P a o - M a r a e - B e l v e d e r e R o a d . T a h i t i a n chest­
n u t a n d h ib i s cus d o m i n a t e s the par t i a l ly o p e n c a n o p y ; 
s o m e c o f f e e is g r o w n u p l a n d . T h e d i a t o m c o m m u n i t y 
t h e r e c o n t a i n s 15 spec ies a n d is n u m e r i c a l l y d o m i n a t e d 
b y A. exiqua. 

A f o u r t h - o r d e r s t r e a m e n t e r s t h e O p u n o h u f r o m the 
M o u a r o a val ley (si te M R 1 V ) a n d was s a m p l e d at t h e road 
b r i d g e . T h e c a n o p y is a p p r o x i m a t e l y 50 °7o o p e n , a n d is 
c o m p o s e d o f h i b i s c u s a n d T a h i t i a n c h e s t n u t . Agr icu l tu ­
ra l p r a c t i c e s ( e . g . o r c h a r d s , c a t t l e a n d p ig fa rming) 
i n f l u e n c e w a t e r q u a l i t y at th i s s i te . T h e j a g g e d spi res of 
t h e M o u a r o a M o u n t a i n (where t h e h e a d w a t e r s of th is tri­
b u t a r y o c c u r s ) w a s t h e m y t h i c a l Bali N'ai i n t h e 1958 

m o v i e South Pacific. T h e d i a t o m c o m m u n i t y c o n t a i n s 
over 40 species a n d is d o m i n a t e d by A. lanceolata, A. exi­
qua, N. cincta, a n d Nitzschia dissipata (Kue tz ing) 
G r u n o w . 

D o w n s t r e a m of t h e a b o v e sites a n d 0 .4 k m u p s t r e a m 
f rom O p u n o h u Bay, a n o t h e r f o u r t h - o r d e r s t r e a m tha t 
d r a i n s t h e no r thea s t - f ac ing s lope of M o u a r o a M o u n t a i n 
a n d the M o u a p u val ley en te r s t h e O p u n o h u (site M P I V ) . 
This site w a s s a m p l e d at the road b r i d g e . It h a s a o p e n 
c a n o p y b u t immed ia t e ly u p s t r e a m a n d d o w n s t r e a m there 
is a c losed c a n o p y d o m i n a t e d b y h ib i scus , s o m e cul t iva­
ted m a n g o , a n d sca t t e r ed T a h i t i a n c h e s t n u t . C a t t l e g ra ­
zing occu r s in a d j a c e n t p a s t u r e s . T h e d i a t o m c o m m u n i t y 
a t this site c o n t a i n s 15 species a n d is d o m i n a t e d by A. exi­
qua a n d N. dissipata. T h e t r i b u t a r i e s tha t f low t h r o u g h 
sites M R I V a n d M P I V enter t h e O p u n o h u a b o u t 150-m 
east of si te M P I V c rea t ing a s w a m p y , m u d - b o t t o m con­
fluence t h a t in termixes with the sa l ine waters of O p u n o h u 
Bay . 

Phys ica l charac te r i s t ics of t h e s t u d y sites a re p re sen t ed 
in T a b l e 1. M a r q u e t (1988) p r e sen t ed c o n d u c t i v i t y a n d 
w a t e r c h e m i s t r y va lues for four o t h e r M o o r e a n s t r e a m s 
(not the O p u n o h u ) . Conduc t iv i ty ranged f rom 130-220 
c m " 1 , p H 7 .5-8 .4 , N 0 3 0 .2 -1 .2 p p m , S i 0 4 12-60 p p m . 

2.2. Benthic Sampling Methods 
F o u r q u a n t i t a t i v e m e a s u r e s of t h e macrobentho . 1 ! were 

t a k e n at each si te in M a r c h - M a y 1988 (hereaf te r re fe r red 
to a s a u s t r a l fall) a n d O c t o b e r - N o v e m b e r 1989 (as aus­
t ra l spr ing) : (1) T h r e e s epa ra t e leaf p a c k s were r a n d o m l y 
collected from the s t ream, a n d specimens conta ined within 
w e r e r e m o v e d by wash ing each leaf with f r e shwa te r 
t h r o u g h a 110-^m sieve. So r t i ng was d o n e u n d e r a dis­
sect ing m i c r o s c o p e . T h e m a j o r i t y of water w a s then h a n d 
pressed f r o m t h e leaf pack a n d each leaf p a c k was weig­
h e d to t h e neares t g r a m . N u m b e r s of a n i m a l s were cor ­
rec ted t o reflect a un i t we igh t (100 g we t -we igh t ) . A t site 
O I , the h e a d w a t e r c a s c a d e , leaf p a c k s were no t p resen t 
a l o n g t h e sheer cascade sur face a n d a s a m p l e o f m o s s was 
subs t i t u t ed (presence but no t a b u n d a n c e of m a c r o i n v e r ­
t eb ra t e s w a s d e t e r m i n e d for this m e a s u r e a t th is si te) . (2) 
A c o a r s e - m e s h (500 ^ r a ) D - f r a m e net was used t o s a m p l e 
p o o l s , riffles, a n d s t reamside vegeta t ion ; s tones were also 
o v e r t u r n e d a n d their sur faces s c r a p e d i n to t h e ne t . G e n e ­
ra l co l l ec t ions were m a d e with t h e D - f r a m e net for 10 
minu te s at each site. T h e f a u n a was sepa ra t ed f rom debris 
b y f l o a t a t i o n , t hen sor ted u n d e r a d issec t ing m i c r o s c o p e . 
(3) A smal l a q u a r i u m net was used to collect the f a u n a 
o c c u r r i n g in the sha l low-run a reas of rap id flow (e.g. typi­
cal Simulium b lack fly h a b i t a t ) . S p e c i m e n s were r e m o ­
ved f r o m the subs t r a t e s by sc rap ing the r o c k s wi th a stiff 
b r u s h . T h e s a m p l e r ep re sen ted a n a r e a cove red wi th in 2 
m i n u t e s . (4) Egg capsu le s of ner i t id snai l s w e r e c o u n t e d 
o n f r o m 50 t o over 100 bou lde r - s i zed (200 m m in long 
axis ) s t o n e s col lec ted a t a s i te . D u r i n g M a r c h 1989, these 
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and other qualitative sampling approaches were used to 
further characterize the distribution of macroinvertebra-
tes in this stream, but these collections were only used to 
indicate presence or absence. 

Macroinvertebrate identifications involved regional 
keys, specialist determinations (see acknowledgments) and 
reference collections available at the Centre de l'Environ­
ment de Moorea, Muséum d'Histoire Naturelle et Ecole 
Pratique des Hautes Etudes (Papeitoa, Moorea). 

Size spectra of numerically dominant taxa were deter­
mined at each site. Shrimp measurements were made from 
the tip of the rostrum to the end of the telson. Neritid 
snail measurements were made along the longest axis of 
the shell. Thiarid ( = melaniid) snail measurements were 
made across the widest part of the operculum. Larval dam-
selfly measurements were made from the tip of the head 
to the last abdominal segment. 

Seston was measured by filtering 750-1500 ml (depen­
ding on suspended loads) through pre-weighed Millipore 
Type HA 0.45 ^m filters ; samples were then dried for 
24h at 60°C. Velocity and discharge was determined using 
the « ruler » technique described by Craig (1987a). Con­
ductivity, pH, and temperature were measured with Cole-
Palmer" wands. Small, aerated aquaria (4 1) were used to 
observe snail movements. 

3 . The fauna 
3 . 1 . Macroinvertebrate Species Richness 

We collected a variety of gas t ropod molluscs , 
crustaceans, insects, oligochaetes, and other g roups 
of macro inver tebra tes a m o n g the 48 taxa found at 
the eight sites dur ing the course of this study (Table 
2). Different sampl ing techniques yielded different 
species. Molluscs and large crustaceans were mainly 
found with D-frame collections, whereas insects, 
small atyid sh r imp , and oligochaetes were mainly 
found in riffle a n d leaf-pack collections. This bias 
reflects the different habitats occupied by these orga­
nisms a n d the o rgan i sms ' size. 

F r o m 16 to 28 different species of macroinver te­
bra tes were collected at a site, with highest species 
richness occurring at ups t ream site Oil and downs­
t r eam site M P I V (Table 2). Richness was higher in 
austral spring than austral fall collections. Thir teen 
taxa only occurred at one site ; 23 t axa were only 
collected during one season (usually austral spring). 
The thiarid snail M. tuberculata, oribatid mites, and 
the millipede O. gracilis were the only taxa that 
occurred at each site and at both seasons. 

Overall, the macroinver tebrate species richness of 
the O p u n o h u is ra ther depaupera te when compared 

with that found in either t empera te or tropical con­
tinental s t reams, in island s t reams that are close to 
continents, or on islands that are much larger in size. 
Isolation of the Society Islands and the shor t life 
span and weak flying-ability of many aquatic insects 
limits the number of insect species that could colo­
nize this s t ream. In fact, much of the O p u n o h u 
fauna represents groups that are primarily of marine 
origin (see below). 

The low richness of the O p u n o h u probably results 
from similar factors that are believed to be respon­
sible for the low diversity of the coral-reef fauna of 
this area (Gabrie & Salvat 1985). French Polynes ia 
lies at the extreme eas tern end of the Indo-Pacific 
Province , a cline of decreasing species wealth. Dis­
tance from the center of dispersion, coupled with 
the general direct ion of ocean currents and domi ­
nant winds hinder dispersion from the western Paci­
fic to the central Pacific, which reduces numbers of 
potent ial colonists. Ford & Kinzie (1982) p roposed 
that the number of species found in streams on ocea­
nic is lands is roughly propor t iona l to an is land 's or 
archipelago 's dis tance from the Indo-Malays ian 
region. Recently, however, Haynes (1990) p roposed 
that to ta l area of water on an island was the main 
factor influencing the number of species of fresh­
water gas t ropods on Pacific islands. 

3 . 2 . Mollusca 

The molluscan fauna of the O p u n o h u is c o m p o ­
sed of two gas t ropod families (Table 2) , the Neri t i -
dae and the Thiar idae (or Melaniidae). These a re the 
two mos t impor tan t gas t ropod families that occur 
in rivers and streams of the Pacific islands (Haynes 
1988). Five genera and at least 33 species o f ner i -
tids occur in Pacific island (also referred to as Ocea­
nia) s t reams ; apa r t from the four endemic 
Hawai ian species, the o ther 29 species occur 
throughout Oceania, southeast Asia, and New Gui­
nea (Haynes 1988). S tar rnuhlner (1976) provides a 
monographic t reatment of the systematics, distr ibu­
tion, and biology of Neri t idae in Pacific is land 
s t reams. 

3 .2 .1 . Neritid snails 

Most freshwater nerit id snails are d i ad romous : 
they enter freshwater habi ta t s as small snails f rom 
the sea ; after growing to adult sizes and r ep rodu­
cing, their veliger larvae re turn to the marine or 
es tuar ine envi ronment and unde rgo m e t a m o r p h o ­
sis to small snails tha t then re turn to fresh wa te r . 
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T a b l e 2 : F a u n a c o l l e c t e d at e ight sites in t h e O p u n o h u River c a t c h m e n t , M o o r e a , F r e n c h P o l y n e s i a : M a r c h - M a y 1988 
( A F ) a n d O c t o b e r - N o v e m b e r 1989 ( A S ) . — A b b r e v i a t i o n s : D : D - f r a m e net co l l ec t ions ; L : leaf p a c k co l l ec t ions 
( d e n s i t i e s e x p r e s s e d a s n u m b e r s / 1 0 0 g w e t - w e i g h t o f leaves) ; R : s h a l l o w - r u n co l l ec t ions w i th a q u a r i u m ne t ; n u m ­
b e r in p a r e n t h e s e s is to ta l n u m b e r of i n d i v i d u a l s o f that t a x o n co l l ec ted at t h a t site ; d a s h (-) ind ica t e s spec ies w a s 
n o t co l l ec t ed a t t h a t s i te . — S u p e r s c r i p t s : a s t e r i sk (*) m e a n s species w a s co l lec ted bu t dens i t ies were n o t q u a n t i f i e d ; 
1 m o s s s a m p l e r a t h e r leaf p a c k s a m p l e s t a k e n (densi t ies n o t q u a n t i f i e d ) ; 2 f o u n d in s u p p l e m e n t a r y co l l ec t ions in 
M a r c h 1989 ; 3 t a x a n o t s e p a r a t e d in s a m p l e s . 

S I T E S 

MOLLUSCA 

Family Ne-ntidae 

Neritina canalis Lamarck 

Neritiwx titrrito Gmelin 

Chihon spinosa Budgin 

Septaria porceliana Linnaeus 

Family Thiaridae 

Melanoides luberculata Muller 

Thiara granifera Lamarck 

D (51) D,L (16) D,L (19) 
D.R (>50) D,R (11) D (27) 

D (2) D (3) D (17) 

D (3) D (6) 

D (3) 
D,R (IS] 

D <38) 

D (7) 

D (25) 
D (1) 

D (8) 
D (3) 

D (9) 
D.R (8) 

Family Planorbidae 
Physaatra profc 

nasuta (Morelet) 

CRUSTACEA 

Family Atyidae 

Aiyoida pilipes Newport 

Caridina uieberi DeMan 

Family Palaemonidae 

Macrobrachium iar Fab n CI us 

0 (8) 
D (1) 

D.R.L (14} 
D,R (2} 

0,R (23) 
D,R (10) 

R (10) 
D.R £3) 

D.R.L (12) 
0 (8) 

D,L (8) 
D (6) 

D (2) 
D (1) 

D.R (96) L (4) 

D,L (>100) 
D.R.L (17) 

D.R.L (27) 
D (2) 

L D,L (5) 
D.R.L (12) D.R.L (6) 

D,L (>500) 
D,R (6) D (1) 

Family Grapadae 

Family Talitridae 

ArcUalilrus pacificus (Hurley) 

Order Isopoda: Oniscidea 

INSECTA 

Order Odonata 

Family Coenagnonida-e 

Pacificogrion sp 

Family Libellulidae 

Older Hsmiptera 

Family Gerridae 

R (1) 

R (2) 

D,L (19) 

D.L (15) 

D,L (24) 
D.L (2) 

D (8) 
L (3) 

D (1) 
D (1> 

D,L (S) L (1) 

R.L (2) L (2) 

D,L (20) D,L (4) 
L (2) 

L (2) L (2) 

R.L (*) 

D (3) 

D (1) 
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Tabla 2. (continued) 

o i 1 OH OIIA OIIB E III OUI MRIV MPIV 

Family SakJKlae 

Satdula tahitiensis Cobben AF 
AS D (1) 

Ord«r Dipt Bra 

Family Chironomidae 

Potyptdilum sp. AF 
AS 

Ft.L <>500) 
D.L.R (263) 

fl,L { 2 3 5 ) 
L.R (233) 

L (104) 
O.L.R (111) 

L (135) 
D.L.R (107) 

L (36) 
L,R (10) L.R (9) 

L (120) 
L.R (93) 

L (135 
L (3) 

nr Dterotendipes sp AF 
AS R (15) 

L (12) 
R (7) 

L (5) 
R (15) 

L (2) 
R (5) 

L (2) 
L.R (3) 

L (4) 
R (1) 

Tanytarua sp AF 
AS D.L.R (229) L (D L (2) L.R (17) L (11) 

Thientman niella sp AF 
AS R (2) R (1) R (1) 

Orthociadiinae AF 
AS L (1) R { t > 

Family Caratopogonidae 

Forcipomyiinae AF 
AS 

L (5) 

nr Cuhcoidtt sp. AF 
AS Ft.L (>500| R.L (52) ft (1) R (1) R,L (3) R (1) 

Family Simulridae 

Simuiium cataractarutn Craig AF 
AS 

D,R (32) 
Ft.L (175) 

Simuiium lotii Craig AF 
AS 

R (38) 
R.L (208) 

R (29) 
R (1) 

R (5) 
R (22) R (3) R (5) 

Simuiium maiardei Craig AF 
AS 

R (It 
R (142) R.L (109) R (3) 

Simuiium oviceps Edwards AF 
AS 

R (5) \ 
Simuiium lahitun.it Edwardi/ 

S. exasptrens Craig 
AF 
AS 

R (4) 
-

Family Ephydridae 

Apuvillu* cheeeemanae Edwards AF 
AS 

D.R.L (11) 
D,R,L (28) 

R (1) 
R (7) 

Family Psycrwdidaa AF 
AS 

L 

Family Soomyzidae AF 
AS 

L (1) 

Family Tipuhdae 

AF 
« L.R ( " J 

n, .p. AF 
AS D (1) 

Ordoi Lepidoptora 

Family Pyralidae AF 
tG t- (1) L I D L 0 ) 

Order Coteoptwa 

Family Hydrophtlidaa 

Hydroblirtaa AF 
A S L {1) 



2 0 2 V . H . R E S H , J .R . BARNES, D .A. CRAIQ ( 8 ) 

Table 2. (continued) 

A CARINA 

Order OribaWa 

Family Malaconothridae 

Trimalaconottmjs sp.3 AF 
AS 

R.L (>300) 
UR (>900) 

R (>50) 
L,R (85] UR (22) 

L* 
L(17) 

L* 
L.R(64) 

L* 
UR (32) 

L-
L,R (30) 

L* 
L.R(62 

Family HydrozyetOae 

Hydro2etes s p , 3 

DIPLOPODA 

Family Paradcwosomatidae 

Oxidus gracilis (Koch) AF 
AS 

D' 
DP) D,L (12) 

D* 
D(1) 

D" 
D(8) 

D* 
D(13) 

D* 
D(1> 

D" 
D.L(2) 

D" 
D(1) 

PLATYHELMINTHE3 

Class Tridadkla AF 
A S 

MU 

OLIGOCHAETA 

Family Tubificidae AF 
AS R.L (20) Mi ) L(2) LP) L(1) 

Family Lumbribdso AF 
AS D(1) D,L (54) 

Ml ) 
D(3) L(3) M'> L(1> 

Family Nakfdae 

Pristina rrtenoni Alyer AF 
AS R,L (2) 

L{5} 
L(20) R(1) 

Pristina proûosadea Beddard AF 
AS fl,L (>10Q) L(2) 

Alternais tnaequalis Stephenson AF 
AS 

L(2) 

AJhnaia pectinata Stephenson AF 
AS L(20) 

L(2) 
L(6) L(4) 

MM 
L(25) 

NEMATODA 

Mesodoryiaimus -sp. AF 
AS MM MD 

TOTAL NUMBER OF TAXA AF 

AS 

10 ( .1 2 ) 

17 

19 

13 

21 

27 

1 5 

1 7 

19 

16 

16 

13 

21 

24 

12 

13 

17 

9 { + 2
2 ) 16 

27 

28 

TOTAL NUMBER OF INSECT TAXA AF 

AS 

6 

10 

12 

7 

10 6 

6 

3 

3. 

3 

5 

8 

10 

2 

e 

7 

3 

7 

e 

2 

e 

8 

TOTAL NUM BER OF MOLLUSCS AND 

CRUSTACEANS 

AF 

AS 3 

3 

4 

5 

6 

6 

5 

6 

S 

9 

9 

6 

7 

8 

7 

4 

7 

4 (+2*) 

6 ( + 0 

11 

12 

13 
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It has been suggested that invasion of fresh waters 
has occurred several times in the Neritidae and that 
each fresh water genus probably represents a sepa­
ra te line of evolut ion (Haynes 1988 and references 
therein) . Neritid snails graze on periphyton and at 
sites in the O p u n o h u where they are c o m m o n , 
per iphyton is lacking ; where they are absent (e.g. 
site MRIV) there is a discernible biofilm on the 
rocks . Bourne (1908), Pointier (1986), and Star-
miihlner (1976) provide accounts of the general bio­
logy of neritids, and Ford (1979) conducted a detai­
led life history s tudy of the endemic Hawai ian neri­
tid Neriiina granosa Sowerby. The upstream migra­
tions of neritid snails , often occurring in nar row 
lines tens of meters long (e.g. Schneider & Frost 
1986) a re dramat ic sights and may be in response 
to hydraulic forces (Statzner et al. 1988). 

A/, canalis is the most widely distributed neritid 
species in the O p u n o h u , occurring at site O I I A and 
all downstream sites (which represents an elevation-
al range from 2 to 122 m) . We also found a few scars 
representing old egg capsules of what is most likely 
N. canalis at site O i l (which would be a range from 
2 to 213 m) . Marque t (1987, 1988) found this spe­
cies at elevations from 10-400 m in his survey of 
Tahiti and Moorea . Haynes (1984) reported that this 
species occurs in fast-flowing streams on Fiji. In the 
O p u n o h u we have found it on boulders in fast-
flowing sections but not in madicolous habitats (i.e. 
habi ta ts that consist of thin sheets of water flowing 
over rock faces, Vaillant 1955, Hynes 1970). This 
species is also k n o w n from New Guinea , So lomon 
Islands, Vanua tu , Samoa , and Fiji (Haynes 1988). 

N. turrita was only found at site MPIV. Marquet 
(1987, 1988) found it from 0-5 m elevation in his 
survey of Tahiti and Moorea . Haynes (1985) found 
it occurring on m u d substrates in current from 
(MO c m / s in a Fijian stream, and we found it attach­
ed to boulders and smaller rocks in the O p u n o h u . 
Despite its restricted distr ibution to site M P I V , this 
species was the most motile neritid in our aquar ium 
rearings ; each day , the majori ty of individuals 
would crawl out of aquar ia . This species is also 
known from Southeas t Asia, New Guinea , Pa lau , 
Caroline islands, New Caledonia, Fiji, and Samoa 
(Haynes 1988). 

C. spinosa is also limited to site M P I V . Marque t 
(1987, 1988) found it from 0-10 m elevation in his 
survey of Tahi t i a n d Moorea . Haynes (1985) 

reported that it occurred on rocks in current 
0-10 c m / s in a Fijian s t ream. We found it a t tached 
to rocks, but it usually dropped off as the rock was 
being removed from the stream bot tom. T h e shell 
of this species has a ring of six or so long, th in spi­
nes that project backwards . This species is also 
known from Southeast Asia, New Guinea, and Fiji 
(Haynes 1988). 

S. porcellana was the fourth neritid species found 
in the O p u n o h u and, like the two previous species, 
it was only present at Station M P I V . Haynes (1985) 
and Starmiihlner (1976) found this species occurring 
at 30-100 c m / s current in a Fijian stream. We found 
it at tached to boulders in fast-flowing water . In 
other s t reams on Moorea (e.g. the cascade of Afa-
reaitu) we found this species occurring at over 100 
m elevation, at distances greater than 1 km from the 
ocean, and even in the madicolous habitats of the 
cascade. Marquet (1987, 1988) found it from 5-100 
m elevation in his survey of Tahit i and M o o r e a . In 
Fiji, Haynes (1985) found S. porcellana occurr ing 
77 km from the sea ! Why we only found it at the 
downstream-most site of the Opunohu is unclear . 
This species was the least motile of the snails in the 
aquar ium rearings ; it generally stayed a t tached to 
the aquar ia sides or the undersides of stones. This 
species resembles a limpet, with no columella or visi­
ble operculum. It is also known from Southeast Asia 
and most other Pacific Islands groups, except 
Hawaii (Haynes 1988). Septaria is sometines consi­
dered t o be a separate family, the Septaridae (Hay­
nes 1984). 

The effects of S. porcellana grazing on algae at 
site M P I V was obvious : substrate patches cleared 
of per iphyton often sur rounded larger individuals. 
Experimental studies have shown that snails and 
other grazing invertebrates in s t reams may reduce 
periphyton biomass but actually increase p r imary 
product ion rates (Lamber t i & Moore 1984). 

Numbers of boulders that had egg capsules of 
neritid snails a t tached and the number of egg cap­
sules per boulder was highest at site M P I V a n d 
lowest at site M R I V (possibly refecting the higher 
siltation at this site) ; neritid egg capsules were 
absent at sites OI and O i l {Table 3). Higher p ro ­
port ions of boulders (— 200 m m in longest axis) 
than cobbles (— 100 mm) contained neritid egg cap­
sules at M P I V , and densities were also higher (Table 
3). The neritid egg capsules observed at site M P I V 
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T a b l e 3 : P r o p o r t i o n s o f s u b s t r a t e s c o n t a i n i n g egg capsules o f ner i t id sna i l s , a n d densi t ies (with o n e s t a n d a r d e r ro r ) 
o f ne r i t i d s n a i l s , a t e ight sites in the O p u n o h u River c a t c h m e n t , as d e t e r m i n e d Apr i l 15-May 1, 1988 ( A F ) a n d O c t o ­
b e r 2 0 - N o v e m b e r 1 5 , 1989 ( A S ) . B o u l d e r s a r e par t ic les w i th ~ 200 m m long ax i s , cobb l e s - 100 m m long ax is . 

01-011 011A O I I B EIII 0111 M R I V 

( bou lde r ) ( b o u l d e r ) (bou lder ) ( bou lde r ) ( b o u l d e r ) (bou lde r ) 

M P I V M P I V 

(bou lde r ) (cobble) 

Number of rocks examined 

% ol rocks containing 
neritid eggs 

Mean number (one SE) of 
neritid eggs/rock 

2.6 (1.0) 7.9 (3.1) 34.4 (9.3) 3.6 (1.3) 0.3 (0.2) 85.2 (12,1) 26.9 (4,9) 
3.0 (1.2) 30.0 (8.1) 11.5 (6.5) 0.5 (0.3) 0.3 (0.3) 113.3 (11.8) 26.1 (4.2) 

may represent as many as four species of snails 
{Table 2). Resh, B. Benis-Steger, and Barnes 
(unpubl . data) examined neritid egg capsule-densities 
in two habi ta t s (a riffle and a pool) at site M P I V 
on ten occasions in 1989. Densities were consistantly 
higher in the riffle t han the pool , and showed sea­
sonality : densities peaked in the riffle in Septem­
ber (101 egg capsules /100 cm 2 ) and in the pool in 
November (22 egg capsules/100 cm ; ) ; densities were 
lowest in both habi ta t s in March and December . 

Based on adult snail distr ibution, egg capsules at 
sites M R I V and upstream are probably only N. 
canalis. Neither numbers of boulders conta ining 
neritid egg capsules nor densities of egg capsules 
/ b o u l d e r show regular downst ream-to-ups t ream 
decline (Table 3), indicating that local factors rather 
t han only dis tance from the marine environment 
may be affecting abundance of the snail egg 
capsules . 

In the O p u n o h u , N. canalis snails generally 
increased in size from downstream to upstream rea­
ches (Table 4) . A Similar pa t tern of increasing sizes 
in ups t ream reaches has been found for Neritina gra­
nulosa in Hawai ian streams (Ford 1979). 

In the descriptions it was noted that sites OIIB 
and EIII are bo th crossed by the same road, but that 
the f low-through system under the road at each site 
differs. At site O I I B there are two arches over the 
na tura l subs t ra te ; at site EII I , an elevated culvert 
is separa ted from the downst ream substra te by a 
0.3 m distance. T o examine the consequences of 

these two types of construction, samples were taken 
above and below the road at both sites. Little diffe­
rence was found for any faunal components above 
and below either site OIIB or EIII at either season, 
except for N. canalis at site EIII during both aus­
tral fall and austral spring. Below the elevated cul­
vert, N. canalis adults were found in both seasons, 
and egg capsules were present on 64 °7o of the boul­
ders with a mean density of 344 egg capsules per 
boulder in austral fall, and on 16 °7o of the boul­
ders with a density of 11.5 per boulder in austral 
spring (Table 3). In contrast , no neritid adults were 
found above the elevated culvert in either season, 
only one egg capsule was found in austral fall 
(2 % of the boulders examined with a density 0.02 
egg capsules per boulder) , and none were found in 
austral spring. We did observe a single, large /V. 
canalis at tempting to enter the pipe culvert (a madi­
colous habitat that this species avoided at other 
sites), which may explain how an egg capsule could 
occur above the culvert. 

The difference in numbers of N. canalis above and 
below the road at site EIII is analogous to that which 
can result from natural geomorphic barriers such as 
waterfalls and plunge pools that separate popula­
tions of neritid snails in Hawaii (e.g. Maciolek 1978, 
Ford 1979). In terms of the objectives of this study, 
it was fortunate that the elevated culvert was cons­
tructed at site EIII and the flow-through system at 
OI IB, and not vice-versa, or the neritid distribution 
patterns observed would have been biased by these 
activities. Others (Maciolek 1975, Timbol & 
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T a b l e 4 : M e a n ( a n d r a n g e o f sizes) of selected m a c r o i n v e r t e b r a t e s a t e ight sites in the O p u n o h u River c a t c h m e n t . See 
text for d e s c r i p t i o n o f h o w m e a s u r e m e n t s w e r e m a d e . D a s h (-) ind ica t e s species d i d n o t o c c u r at that s i t e . 

Site 

N. canalii (in mm) 

U. tuberculata (in mm) 

A. pitipte (in cm) 

C. wtbtri (in cm) 

St. auttralt (in cm) 

o Oil O I I A OIIB E U E O U I MRiV MPtV 

24.0 29.0 27.0 26.0 10.4 
(26-32) (26-29) (2 -18) 

24.5 27.3 16.2 
(21-26) (24-31) (2 -30) 

4.6 4 7 4.S 2.7 5.1 5.0 1 .0 4.3 
1-7) d 7) (1 -7) (2-4 ) 1-6) 3-7) ( 3 - 5 ) 
4.2 4 1 5.0 4.2 3.6 3.9 3.6 4.0 
2-7) (2 7) ( 2 -7 ) (1 -7 ) (3 -6 ) (2 -7 ) (2 -5 ) ( 3 - 6 ) 

1 4 2.S 2.1 2.0 1.0 1.3 
(0.7 3.2) (1.5-3.2) (0.5-2.5) (1 1-3.4) (0 8-1.5) (1 .1-1.4) 

1.6 1 7 1 .7 2.4 1.2 1 0 0.6 
.4-1.7) (1-6 1.8) (1.5-2.0) (1.6-3.4) (0.9-1.0) (0.5-1.0) 

1.5 1 6 1 .6 0.8 1.0 0.8 0,5 
.0-1.7) (1.0 2.3) (1.0-2.5) (0.6-1.8) (0 5-2.7) (0 6-1.4) (0.4- t .0) 

1 7 2.2 1.2 1.0 0.7 0 .8 0.6 
(1.3 2.1) (1.7-2.8} (0.8-2.0) (0 8-1.5) (0 6-0.8) (0.6-1.2) (0.5-1.0} 

3.2 3.7 4.0 3 9 
(2 1-4.8) (2 2-5.0) (3.4-5.0) (3.0-4,8) 

3.6 4.6 4.8 2.S 4.0 
(2.1-6.0) (3 2-6.0) (2.0-4.5) (1. 1-6.0) 

4 2 5.0 3.6 4.0 2.6 7,5 1.4 
(2.3 e.o) (4.2-6.0) {3.0-5.0) (1 5-9.5) H 5-3.0) (1.1-1.5) 

7.5 4.9 7.8 3.9 1.1 

Maciolek 1978, Haynes 1985) have also commen­
ted on how h u m a n activities can affect the unique 
fauna of island s t reams . 

3.2.2. Thiar id and other snails 

The second family of snails collected in the Opu­
n o h u , the Thiar idae ( = Melaniidae), had two spe­
cies represented (Table 2). Although members of this 
family are parthenogenic and viviparous, a few spe­
cies may produce veliger larvae instead of fully for­
med snails (Morrison 1954). In the O p u n o h u , we 
have observed that M. tuberculata is viviparous. 
Consequent ly , the size differences found for N. 
canalis over an elevational gradient in the Opunohu 
were not found for M, tuberculata ; the smallest size 
class of snails (I m m opercular width) and the lar­
gest size class (7 mm) occurred at both upstream and 
downst ream sites (Table 4). M. tuberculata was the 
only species of snail found at every site examined 
in the O p u n o h u . 

Haynes (1985) repor ted that M. tuberculata was 
also the most widespread snail found in a Fijian 
s tream. Starmûhlner (1982) found it from the head­
waters to the m o u t h of a south A n d a m a n Island 

stream. Marquet (1987, 1988) found it from 0-800 m 
in his survey of Tahiti and Moorea . Dudgeon (1986) 
described the life history of this species in H o n g 
Kong, and he reported marked similarity with life 
history features in a Malaysian stream popula t ion . 
Dudgeon (1986) views this species as an oppo r tu ­
nist or « fugitive » species, which because of its par-
thenogenicity and high productivity, is able to num­
erically dominate certan habitats . Because M. tuber­
culata is a c o m m o n intermediate host of digenetic 
t rematodes (e.g. Dasmahapa t r a et a l . 1982), the 
body of published literature on M. tuberculata is lar­
ger than for any other member of the O p u n o h u 
fauna. M. tuberculata is widely distributed, from 
the nor th and west coasts of Africa t o China and 
the Pacific Islands (Haynes 1984). 

T w o individuals of a second species of Thiar idae, 
T. gramfera ( = Terebia granifera), were also col­
lected. In other streams this species reportedly lives 
on sand and mud substrates with higher populat ion 
densities in pool than riffle habi ta ts (Starmuhlner 
1976). In the Opunohu , it was only found in the two 
most downs t ream sites, MRIV and MPIV. In his 
survey of Tahi t i and Moorea , Marquet found it 
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from 0-10 m elevation. It also occurs in parts of Asia 
a n d o the r Pacific Islands (Starmuhlner 1976). 

E m p t y shells of terrestrial snails were often 
encoun te red in collections, particularly at heavily 
shaded sites. For example , shells of the large terres­
trial snail Euglandina rosea Ferussac c o m m o n l y 
occur in crevices where debris collects. E. rosea was 
in t roduced in to M o o r e a in 1977 to control the pre­
viously in t roduced giant African snail Achatina 
fulica Bowdich ; seven species of Partula snails 
endemic to M o o r e a became extinct as a result of the 
Euglandina in t roduc t ion (Murray et al. 1988). In 
Hawai i , E. rosea enters shallow water and preys on 
aquat ic snails (Howar th 1991). Could this predatory 
snail affect the distr ibution of N. canalis and o ther 
snails at the u p s t r e a m , shallow-water sites of the 
O p u n o h u ? 

3 . 3 . Crus tacea 

T h e crustacean fauna of the O p u n o h u consists of 
sh r imps , c rabs , a m p h i p o d s , and isopods (Table 2). 
Of these , only sh r imp were widely distr ibuted and 
c o m m o n l y collected. We collected two families of 
s h r i m p in t h e O p u n o h u : A t y i d a e a n d 
P a l a e m o n i d a e . 

3 . 3 . 1 . Atyid sh r imp 

T h e atyids collected consisted of two species : A. 
pilipes a n d C. weberi. In the O p u n o h u , A. pilipes 
was found at all sites, and during both seasons 
(except for site EI I I in austral spring). This distri­
bu t ion covers a b road elevational range : from 2 to 
335 m. M a r q u e t (1987, 1988) repor ted collecting it 
from 10 to 800 m in his survey of Tahiti and Moo­
rea. This species is widely distributed : from the Phi­
lippines and Lesser Sunda Islands eastward through 
the sou th Pacific t o the Marquesas Islands (Chace 
1983) and the eastern Caroline Islands (Maciolek & 
Ford 1987). 

C. weberi was a lso found at every sampling site 
(an al t i tudinal distr ibution from 2 to 335 m) and 
dur ing bo th seasons (except site MRIV in austral 
fall) ; Marque t (1987, 1988) found it on Tahi t i and 
M o o r e a from 10 to 800 m elevation. C. weberi 
occurs f rom Indones ia to Fiji, Tahi t i , and the Mar­
quesas ( E d m o n d s o n 1935, A d a m s o n 1935) a n d the 
eas tern Caro l ine Islands (Maciolek & Ford 1987). 

Both A. pilipes and C. weberi are though t to be 
d i a d r o m o u s , having migrat ions to and from the 
ocean as was described for the neritid snails. Since 

both species are found from the headwaters to the 
mouth of the Opunohu, we would expect to find size 
distribution differences along the s t ream, which 
reflects their upstream migration. Smaller specimens 
of atyids were found in the downst ream sites of the 
Opunohu catchment (Table 4) : the range of body 
lengths of A. pilipes collected at sites OIV, M R I V , 
and MPIV was from 0.5 cm to 1.5 cm. whereas the 
range at upstream sites was 0.5-3.4 cm ; for C. 
weberi the size range for the lower three sites was 
0.4 cm to 1.4 cm, whereas for the upper sites it was 
0.5 cm to 2.8 cm. Felgenhauer & Abele (1983) have 
observed that larger animals of another atyid spe­
cies, Atya innocus (Herbst) , were found at higher 
elevations. Adults of A. innocus release zoea lar­
vae that move downstream to the ocean, where fur­
ther development takes place and, like neritid snails, 
mass upstream migrat ions of juvenile A. innocus 
occur (Felgenhauer & Abel 1983). 

Our studies in the O p u n o h u indicate that cheli-
ped morphology and, consequently, differences in 
feeding methods are the main factors determining 
the microdistr ibution of A. pilipes and C. weberi. 
This can be seen in the differences in numbers and 
sizes of shrimp collected in leaf packs, D-frame nets, 
and riffle samples at the same stream site. For exam­
ple, in the austral fall collection at site EIII , 59 small 
(x size 0.8 cm) C. weberi were collected from leaf 
packs and nine large C. weberi (1.4-1.8 cm) were col­
lected in D-frame collections, but none were found 
in shallow-run collections. In contras t , A. pilipes 
was absent in leaf packs, but 35 large specimens 
(1.2-3.4 cm) were collected in the D-frame collec­
tion and 54 others (0.8-3.3 cm) were collected in the 
shallow-run collections. Similarly at site O I IA , C. 
weberi were collected in leaf packs and D-frame 
samples, while A. pilipes were collected only in the 
shallow-run collections. We postulate that A. pili­
pes is filter feeding in faster flowing habi ta ts (i.e. 
in the shallow-run habitats), while C. weberi are 
scraping and sweeping detritus within and on leaf 
surfaces and also in other microhabi ta ts on the 
stream channel bed. 

All members of the genera Atyoida and Caridina 
are characterized by the presence of setae on the dis­
tal ends of the first and second pereiopods ; the setae 
may be used for passive filter-feeding or they may 
be modified with « teeth » for scraping and sweep­
ing rocks for algae and other food and detritus 
(Fryer 1977, Hobbs & Har t 1982, Chace 1983, 
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Felgenhauer & Abele 1983). The chelipeds in the 
Atyidae are tr imorphic : the atyoid type of cheliped 
is used principally for filter feeding ; the or tman-
noid type for filter feeding and sweeping the subs­
trate ; and the caridinoid type for scraping but not 
filter feeding (Chace 1983). A pilipes has a d imor­
phic cheliped structure, with atyoid and ortmannoid-
type chelipeds for filtering ; C. weberi has the 
caridinoid-type cheliped. Other species of Caridina 
are « habitual » scraping and sweeping organisms 
that feed while moving forward or remaining sta­
t ionary (Fryer 1960). 

A microdistributional pat tern similar to that 
found in the O p u n o h u has been described by Fel­
genhauer & Abele (1983) for two atyid shr imp in 
Panamanian streams. Two congeners, A. innocus 
and Atya margaritacea A. Milne Edwards , occur 
together in many streams. A. innocus is a scraper ; 
A. margaritacea feeds by passive filtration. A. mar­
garitacea is limited to a single habitat — the fastest 
flowing areas of the s t ream. A. innocus can also 
occupy this same habitat but when they are toge­
ther in either the field or laboratory, A. margarita­
cea will displace A. innocus. A. innocus is found 
in more diverse habitats and streams than A. mar­
garitacea and is more c o m m o n over the geographic 
range of the two species. 

At several upstream sites, shallow-run collections 
were made in what appeared to be ideal Simulium 
habitats ; however, these yielded no black fly lar­
vae but large numbers of A. pilipes shr imp. From 
this, we wondered whether direct interactions may 
be occurring between these taxa that could lead to 
displacement of black flies by shrimp. Observations 
made at the Afareaitu Cascade on Moorea in aus­
tral fall 1988 indicated that A. pilipes were actively 
displacing black fly larvae from the vertical cascade 
surface, apparently competing (by interference com­
petition) for filtering sites. This topic deserves fur­
ther study. 

We do not know the reproductive cycles of Atyi­
dae shrimp in Opunohu s t ream, but some seasonal­
ity is apparent . In our austral fall collections, gra­
vid Atyidae female shr imp were collected at the fol­
lowing sites : 01 - none ; O i l - A. pilipes and C. 
weberi ; OI IA - A. pilipes ; OI IB - A. pilipes and 
C . weberi ; EIII - A. pilipes ; OUI - C. weberi ; 
MRIV - none ; MPIV - C. weberi. In contrast in aus­
tral spring, gravid females of A. pilipes were only 

found at site MRIV ; gravid females of C. weberi 
were found at sites O i l , O I IA , OIIB, and EIII . 

3.3.2. Palaemonid shrimp 

The second shrimp family collected in the Opu­
nohu , the Palaemonidae, consisted of two species 
of Macrobrachium. This genus is found th roughout 
the tropics and several subtropical locations (Hol-
thuis 1950, 1980) ; Holthuis ( 1950) provides a com­
plete taxonomic discussion of the Palaemonidae . 
Macrobrachium are found in both marine and fresh­
water habitats. Some species complete their life cycle 
entirely in freshwater, other species never leave the 
marine environment, and still other species are dia­
dromous (e.g. Kubota 1972, Holthius 1980). 

Macrobrachium lar was collected at sites O i l and 
all downstream sites, from 2 to 213 m elevation ; 
Macrobrachium australe was collected at sites OIIB 
and below, from 2 to 12 m elevation. Marquet 
(1987, 1988) collected M. lar at elevations from 
0-800 m and M. australe from 0-20 m elevation in 
his survey of Tahiti and Moorea . 

Using an electroshocker, Marquet (1987, 1988) 
collected five species of Macrobrachium from the 
O p u n o h u ; besides M. lar and M. australe, he col­
lected specimens of M. latimanus (V. Martens), M. 
aemulum (Nobili), and an undescribed species of 
Macrobrachium. These latter three species were not 
collected during our study, perhaps because we used 
different collecting methods ; in Hawaii, Maciolek 
& Ford (1980) found electroshocking (the technique 
used by Marquet) the most efficient way to collect 
M. lar. 

Macrobrachium lar is the most common Indo-
West Pacific species of palaemonid shrimp. It is 
found in southern and east Africa, through the 
Malay Archipelago and the south China Sea t o the 
Marquesas Islands and Tuamotus (Holthuis 1950 & 
1980, Maciolek 1972). In the late 1950's and early 
1960's it was introduced to Hawaii ; M. lar is a very 
successful « invader » species because of its large 
size, aggressiveness, and predaceous-omnivorous 
diet (Maciolek 1972). M. lar is a nocturnal, omni ­
vorous bot tom scavenger (Kubota 1972). 

Macrobrachium australe is found in the Indo-
West Pacific from Seychelles and Madagascar to the 
Malay Archipelago and through the high islands of 
the South Pacific to the Marquesas Islands (Holthuis 
1950 & 1980). M. australe is probably a predator-
omnivore like M. lar. 
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Maerobrachium lar and M. australe are both dia-
d r o m o u s . Hol thuis (1980) reports that M. australe 
larval stages develop in salt water . Kubo ta (1972) 
and Hol thu i s (1980) report tha t the young M. Iar 
are also found in saline or es tuar ine condi t ions . In 
Hawaii , M. lar larvae are flushed downstream to the 
ocean where they undergo 11 molts in 5-7 weeks ; 
juveniles re turn to a s t ream and begin an ups t ream 
migra t ion when they are about 1 cm long (Macio-
lek 1972). 

T h e size d is t r ibut ion of M. lar and M. australe 
along a stream elevational gradient has a similar pat­
tern to tha t found for atyid shr imp in the O p u n o h u 
{Table A). Smallest specimens (1.1-1.5 cm in length) 
of M. lar were found at site M P I V ; individuals as 
large as 8 cm were found at more ups t ream sites. 
The smallest M. australe were found at site M P I V 
(1.1 cm) ; however , large individuals (6.0 cm) were 
found there as well. 

Gravid Maerobrachium females were observed at 
the following sites in austral fall : 0 1 - none ; O i l 
- none ; O I I A - n o n e ; OI IB - M. australe ; EIII -
M. lar ; OUI - M. australe ; M R I V - M. australe ; 
M P I V - M. australe. In austral spr ing gravid fema­
les were observed at : OI IB - M. lar and M. aus­
trale ; and OUI - M. australe. Marquet (1988) exa­
mined the p ropor t ion of females « ovigères » of M. 
tar in the O p u n o h u and found the lowest propor­
tions (30 % ) in M a r c h , 67 % in April , - 45 % in 
May and J u n e , a n d the highest p r o p o r t i o n in 
D e c e m b e r ; however site(s) s tudied was not 
indicated. 

T h e dis t r ibut ion of Maerobrachium in the lower 
O p u n u h u may be influenced somewhat by preda-
ceous eels (fishing is prohibi ted in this ca tchment) . 
Marque t & L a m a r q u e (1986) found that Maerobra­
chium was the m a j o r food item of freshwater eels 
that occur in the O p u n o h u . 

3 .3 .3 . A m p h i p o d sandhoppers 

T h e a m p h i p o d A. pacificus was found at site 
O I I A during bo th seasons and at several of the Opu­
nohu sites sampled in austral spring (Table 2) . This 
species of s a n d h o p p e r , like other terrestrial taltrids, 
apparently inhabits the forest-litter leaf mold ; it was 
collected most c o m m o n l y in leaf packs (and in D-
frame collect ions, which could have d is rupted leaf 
packs) . Hurley (1959) gives a detailed account of the 
ecology of s andhopper s ; this species is also known 

from Austral ia , the Marquesas Islands, Norfork 
Islands, and the United States. 

3.3.4. The Oniscid isopods collected in the Opu­
nohu included Lobodillo hebridarum (Verhoeff) and 
Sphaerillo (Xestodillo) marquesarum Jackson in the 
family Armadillidae, and Pseudosetaphora truncata 
(Dollfus) a n d a new genus and species in the family 
Philosciidae. 

3.4. Insecta 

Aquat ic insects studied in Polynesia were inclu­
ded in results of the 1928-1929 Pacific Entomologi ­
cal Survey conducted by the Bernice P . Bishop 
Museum (located in Honolulu , Hawaii) , which pro­
vided descriptions of Odona ta (Needham 1935), 
Hemiptera (Lundblad 1935), and Diptera (Edwards 
1935 a & 1935 b , Alexander 1935) from Tahiti . Most 
aquatic insect research in the past decade has dealt 
with two of the ten species of Polynesian mosqui­
toes, AedespolynesiensisMarks and Aedes aegypti 
(Linn.) , which are vectors of filariasis and dengue 
on Moorea and other Polynesian islands (Bourgeois 
1980). 

Five insect orders are represented in the Opunohu 
(Table 2). Insects comprised about one-half of the 
macroinvertebrate species richness of the Opunohu , 
and more insect taxa were collected in the upstream 
sites. In compar ing our results with those of other 
island stream studies, insect dominance of faunal 
richness seems to be related to the distance of the 
island from a mainland. For example, in studies of 
Caribbean Island streams, which are closer to a con­
tinent, estimates of richness were mostly based on 
aquat ic insects (e.g. Hynes 1971, Harr ison & Ran­
kin 1976). In contrast in Pacific Island s t reams, 
which are more isolated than Car ibbean s t reams, 
Haynes (1987) found insects comprising from one-
quarter to two-thirds of species richness (depending 
on season) and Maciolek & Ford (1987) found that 
insects comprised about one-fourth of the macroin­
vertebrate taxa collected. 

3 .4 .1 . O d o n a t a 

Nymphs of the damselfly Pacificagrion were 
found at most stations in the O p u n o h u . At a given 
site and season, nymphs ranged in length from 2 to 
12 mm, suggesting a multiple cohort pa t tern . Seve­
ral early instars of a libellulid dragonfly were found 
in austral spring collections. 
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3.4.2. Diptera 

Several Diptera families were found but the Chi-
ronomidae and Simuhidae were the two most com­
monly collected. One or more species of Chi rono-
midae was found at each site. All specimens of the 
Ch i ronomidae were small (1-3 m m ) , a feature that 
makes dispersal useful (e.g. Kramer et al. 1973). We 
have not been successful in rearing chi ronomid lar­
vae to adults for taxonomic associations, but at least 
five species of midges are present in the O p u n o h u 
(Table 2). 

Craig (1987 b) recognized fourteen species of 
Simuliidae in the Society Islands ; all black flies 
found in French Polynesia are endemic. Collections 
associated with this study now show that many Tahi­
tian simuliid species are also on Moorea, as are some 
addit ional undescribed taxa. In addi t ion, S. opuno-
huense is likely to be a synonym of 5. lotii, and lar­
vae of S. castaneum and S. cataractarum on M o o ­
rea show character differences from their types and 
may be new species. 

At least five simuliid species occur in the Opu­
nohu ; S. lotii is the most widespread, occurr ing at 
six of eight collection sites. This species is wide­
spread on Tahit i and Moorea , and occurs with S. 
tahitiense, S. exaspérons and S. oviceps in shaded, 
larger rivers and s t reams. There is a tendency for 
S. lotii larvae to be on stream vegetation (Schroder 
1985). 

Three black fly species are restricted to a single 
site in the Opunohu : S. cataractum, S. oviceps, and 
larvae that are either S. tahitiense or S. exaspérons. 
S. cataractarum is strictly a madicolous species that 
is found only at site OI . At times it forms large 
populat ions , presumably using as a food source the 
high seston loads found in the cascade (see below). 
Schroder (1985, 1988) noted that S. cataractarum 
larvae show lower selectivity for small algae than 
do larvae of S. tahitiense. Larvae of S. cataracta­
rum have countercolored body pigmentation, i.e. the 
dorsal surface is much darker than the pale ventral 
surface. Since these larvae occur in a madicolous 
habitat (water film < 2 mm thick), they do not twist 
the body to present their labral fans to the flow. 
Perhaps countercolor ing provides protect ion from 
the intense solar radia t ion encountered in these 
habi ta ts . 

S. oviceps was only found at site O i l but this spe­
cies is very c o m m o n on the island of Tahi t i , where 

it occurs sympatrically with 5. tahitiense in most of 
its habi ta ts . S. oviceps has been the most s tudied of 
all Tahi t ian simuliid larvae because of its highly 
reduced labral fans (Dumbleton 1962, Davies 1974, 
Craig 1974 & 1975, Schroder 1987). Craig (1975) 
suggested that 5. oviceps larvae were browsers 
because of the presence of volcanic glass particles 
in their guts ; this was corroborated by observations 
on feeding behavior (Craig 1977). Schroder (1985) 
found a higher p ropor t ion of ingested detr i tus par­
ticles in S. oviceps larvae than in coexisting S. tahi­
tiense larvae. In larger rivers, larvae of S. oviceps 
tend to be found a round the outside of dense aggre­
gations of S. tahitiense, which are normally found 
under large rocks in rap id cur ren t s . Else­
where, 5 . oviceps larvae and pupae can be found 
in small depressions in the volcanic cascades, or 
occasionally on fi lamentous algae. Although now­
here nearly as abundan t as larvae of S. tahitiense, 
larvae of S. oviceps can be numerous and form large 
monospecific g roups . 

Larvae of what is either S. tahitiense or S. exas­
pérons were found at site O i l in austral fall. S. tahi­
tiense is the most widespread black fly species in 
Tahit ian streams. Its larvae are found mainly in the 
larger rivers, in dense aggregations under large boul­
ders in s t rong flow. Large popula t ions often occur 
where terrestrial vegetation trails in high-velocity 
water. Schroder (1985) provides details of the feed­
ing behavior of S. tahitiense larvae. The adul ts of 
this species can form dense swarms around h u m a n s 
and cause considerable nuisance, although they (like 
other Tahit ian simuliids) d o not bite. Throughout 
Tahiti and Moorea , larvae of S. exaspérons are 
usually found on vegetation in well shaded, larger 
s t reams. In some places they form almost the com­
plete black fly guild ; other t imes they are found 
with 5. lotii, S. oviceps, and S. tahitiense. 

The other black fly species in the Opunohu , S. 
malardei, occurs on trailing vegetation in small, den­
sely shaded streams and trickles of water. It was 
found at four sites in the O p u n o h u and in high den­
sities at upstream sites. This species o r forms rela­
ted to it are also found on Tahit i , Raiatea, Huahine , 
and Bora Bora . 

Little is known abou t the ecology of Polynesian 
simuliids. Black fly larvae are typically thought of 
as filter feeders, using two elegant labral fans to cap­
ture seston. However , in the Society Islands, larvae 
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of some species o f t he oviceps-group have highly 
reduced labral fans and some species appear to lack 
them entirely. Larvae of all species are associated 
with fast water ( > 30 cm/s ) ; details on filter-
feeding selectivity of 5. cataraciarum and S. tahi-
tiense have been repor ted by Schroder (1988). 

There is a s t rong correlat ion between popula t ion 
density of simuliid larvae and available seston ; for 
example , very large numbers can be associated with 
lake outlets (e.g. Wot ton 1979). Because simuliid lar­
vae can also feed by browsing and even by canni­
bal ism (Curr ie & Craig 1987) low seston levels are 
not necessarily a limiting factor, a l though nutri t ion 
is known to affect longevity and fecundity of adults 
(Co lbo & Por ter 1979). In the O p u n o h u , larger 
simuliid populat ions are clearly associated with high­
er seston levels (see below). 

In t e rms of life cycles of Polynesian simuliids, 
Klein & al . (1983) reported that one generat ion of 
Simulium buissoni Edwards could be completed 
within 10 days in the Marquesas Islands, but no such 
s tudies have been done for the Society Islands. 
Extensive collections in Tahit i and Moorea suggest 
that some species may have distinct cohorts (because 
of the similarity in size of all larvae on a given date) 
in smal l , ups t ream reaches but in the larger rivers 
there always seems to be a complete range of sizes 
a n d stages, indicating multivoltinism (Craig 1975). 
There is also some evidence of seasonality in spe­
cies occurrence . Recent repeated collections from a 
cascade on Tahit i have shown completely different 
species occurring within two mon ths . However, 
there is no such evidence for seasonality in species 
compos i t ion in the large rivers. 

Of t he o ther Diptera collected, the ephydr id A. 
cheesmanae was abundan t in algal-moss samples at 
sites OI and O I L Larvae are found with m a n y of 
the larger aggregat ions of 5. tahitiense. Although 
larvae are extremely slow moving, there is a possi­
bility tha t A. cheesmanae larvae are predaceous on 
simuliid larvae (Craig 1987 b) . 

3 . 5 . O t h e r F a u n a 

Several non-insect or non-crustacean ar thropods 
were commonly collected in the Opunohu ( Tabic 2). 
T h e or ibat id mites collected in the algal-moss mats 
at sites OI and in leaf packs and riffle samples at 
the other sites contained algae in their guts. The two 
species were not distinguished in the samples. 

Hammer (1982) has discussed how moss-inhabiting 
oribatids have dispersed through the islands of the 
South Pacific. 

The millipede O. gracilis was common at all sites 
examined in the Opunohu and submerged specimens 
were routinely collected in riffles, leaf packs, and 
shallow-water habitats ; however, this species is 
really an accidental aquatic animal (H. Enghoff, 
pers. comm.) . Other studies (e.g. Enghoff 1985, 
Adis 1986) have also reported that millipedes occupy 
aquatic habitats. This species is probably indigenous 
to East Asia but now occurs throughout the tropics, 
including the West Indies and many islands in the 
Atlantic and Pacific ; it occupies a range of habi­
tats, from hothouses to gardens to compost heaps 
(Blower 1985). Three other species of millipedes 
appeared occasionally in the Opunohu collections : 
Glyphiulus grnulatus (Gervais) (Sperostuptida : 
Cambalopsidae) — a widespread species on Pacific 
Islands ; Siphonophora sp. (S iphonophor ida : 
Siphonophoridae) ; and a species of the order Spi-
robolida (Enghoff, pers. comm.) . 

At least six species of oligochaetes occur in the 
Opunohu . Most genera of the Naididae are cosmo­
politan (as are those of the Tubificidae) and most 
genera with a more tropical a n d / o r southern distri­
but ion are naidids (Brinkhurst & Jamieson 1971). 
The naidid A. inaequalis is known from southern 
Asia, Africa, South America and Australia ; A. pec-
tinata is known from Asia and Africa ; P. menosi 
is known from Europe , Asia and Africa ; and P. 
proboscidea is known from South America, Africa, 
Asia, and Australia (Brinkhurst & Jamieson 1971). 

The nematode Mesodorylaimus was collected at 
two sites in the Opunohu , site EIII and M P I V , in 
austral fall. This species is predaceous (Poinar, pers. 
c o m m . ) . 

4. The Island Stream Ecosystem 

Maciolek & Ford (1987) recently characterized 
Pacific volcanic (or high) island streams as follows : 
drainages are small as a consequence of island size ; 
geochemical influence (for basaltic terrane) leads to 
waters of low mineral content and similar ionic com­
position ; heavily vegetated watersheds contr ibute 
observable organic solutes when humus is released ; 
lush riparian vegetation is a constant source of 
part iculate organic matter ; temperatures are steno-
thermally warm, and bedrock, boulders, and cobbles 
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dominate the substrata ; and that while the above 
factors provide a relatively constant environment , 
variable discharge may have considerable effects. 
These characteristics generally conform to what we 
have observed in the O p u n o h u . However, certain 
features of the headwater habi ta ts and the stream 
mouth-estuarine habi ta t deserve special ment ion . 

4.1. Headwater Habitats 

The Cascade (site OI) is typical of headwater 
streams on Moorea ; it arises from springs and seep­
ages high ( > 300 m) on the vertical walls of volca­
nic remains. We visited several of these habi ta ts on 
Moorea and Tahiti — typically the water flows in 
thin sheets over filamentous algae and moss on black 
basaltic rocks, and then forms a small plunge pool 
at the base of the cascade. Using energy dispersive 
X-ray analysis, we found that the rock that com­
prises site Ol cascade is rich in calcium and magne­
sium. The O p u n o h u cascade is not shaded by vege­
tation and receives direct sunlight for most of the 
d a y . Water temperatures at this site regularly reach 
30° C, and the lowest tempera ture recorded over a 
two-week period in austral fall was 21° C. 

Conductivi ty i n the cascade habitat i s low, 
— 3 0 ^ S / c m , which is not unexpected given the 
rapid runoff from the frequent rains. The p H i s 
generally higher than 9.0 at site OI and in other cas­
cades we have examined, i.e. the Afareaitu Cascade 
on Moorea where pH values are as high as 10.2. In 
poorly buffered waters such as found in these habi­
ta ts , high pH condit ions result from depletion of 
carbon dioxide by the pr imary product ion of the 
vegetation (e.g. Rut tner 1974). The higher pr imary 
product ion that occurs at site OI can be seen in the 
levels of seston (i.e. particles larger than 0.45 ^ ) 
found in the cascade water (a maximum of 3.4 mg/1) 
compared to that found in the lower reaches (gene­
rally well below 2.0 mg/1). Seston from the cascade 
site was mainly composed of d ia toms, while that of 
the sites in the lower reaches contained more detri-
tal material . 

These madicolous habitats created by the thin, 
vertical sheets of water flowing down the cascade 
support a unique fauna of black fly species both in 
Moorea and Tahit i . For example, S. cataractarum 
is restricted to such habi ta t s , as are some rarer spe­
cies of the oviceps-group (Craig 1987 b) . 

4.2. Estuarine Habitats 
Below site MPIV, the streams flowing through the 

Mouapu and Moua roa Valleys converge with the 
main branch of the Opunohu and flow into the ocea­
nic waters of the Opunohu Bay. As indicated above, 
early development of shr imp and neritid snails p ro ­
bably occurs in this estuary. In November 1989, we 
examined the fauna that occurs in the freshwater-
estuarine transition zone. Here , in fresh water but 
well below the first well-defined riffle of any of three 
converging streams (from sites OUI, MRIV, MPIV) 
the neritid snail Neritina auriculata Lamarck was 
collected. Snails 1-2 cm long were collected in this 
freshwater habitat , oftentimes on rocks containing 
empty oyster shells and remains of other typically 
marine species. 

The confinement of N. auriculata to freshwater 
areas near the estuary could reflect the low moti l i ty 
of adults , or perhaps their inability to cross the 
hydraulic barrier present at the first riffle. We d o 
not think the latter is the case because we have found 
N. auriculata in riffle habitats that are located close 
(within 15 m) to the ocean in a stream near Haapi t i 
on Moorea . Oysters may occur in what are now N. 
auriculata-ùeshwatcr habitats during low rainfall 
years, when saltwater intrusion from the bay extends 
the upstream estuarine habi ta t . Such fauna, how­
ever, would perish as increased rainfall advanced the 
freshwater boundary of the stream and lowered the 
salinity there. 

4.3. Macroinvertebrate Zonation Patterns on Island 
Streams and Continental Streams 

Although only first- through fourth-order sites 
occur in the O p u n o h u catchment before the s t ream 
enters the bay, Minshall (1988) has pointed out that 
this range of stream orders represents the practical 
extent of most catchment studies. Because of its 
proximity to the ocean, the da t a collected in this 
study allows us to examine one of the controversies 
raised by the River Con t inuum Concept (Vannote 
& al. 1980). In that widely discussed paper, the 
authors proposed that maximum species diversity 
occurs in midreaches of rivers because of a spatial 
shift involving two vectors : richness of aquat ic 
insects decreases in downst ream reaches and rich­
ness of molluscs and crustaceans decreases in nn= 
tream reaches. This is based on the premises m t u . 
(1) insects evolved terrestrially and the maximum 
terrestrial-aquatic interface occurs in headwaters ; 
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therefore, it is likely that the terrestrial-aquatic tran­
sition first occured in headwaters and aquatic insects 
then progressively moved downstream ; and (2) mol­
luscs and crustaceans evolved in marine environ­
ments , gradually moved into rivers, and then to ups­
t r eam reaches of lotie systems (Vannote & al . 1980). 

This was one of the five tenets of the River Con­
t i nuum Concept criticized by Statzner & Higler 
(1985). They argued that diversity (which they inter­
pre ted using S h a n n o n ' s Index) and distribution 
shifts of insects and of molluscs and crustaceans that 
occurred at either similar or dissimilar rates would 
not be expected to p roduce the high biotic diversity 
in midreaches of s t reams. 

In the O p u n o h u we can rephrase the original spe­
culat ion of the River C o n t i n u u m Concept to : Is 
r ichness of insects highest in headwaters , and rich­
ness of molluscs and crustaceans highest near the 
sea ? Collections in the O p u n o h u indicate that this 
is the case : insect richness was highest at the two 
ups t ream-mos t sites ; and mollusc and crustacean 
richness was highest at the downs t ream-mos t site 
(Table 2) . Some species of insects are limited to the 
high gradient headwaters , whereas some species of 
molluscs and crustaceans are limited to the lower 
reaches (i.e. nearer the ocean) of the O p u n o h u . 

Covich (1988) also repor ted that many tropical, 
lowland species of gas t ropod molluscs and decapod 
crustaceans colonize freshwater streams from near-
shore mar ine and brackish-water habi ta ts but that 
the richness of these non-insect migrants typically 
declines upstream, especially on islands ; in contrast, 
insect species richness is higher in the upper reaches 
on some Caribbean Island streams. We also reanaly­
zed the survey d a t a of Kinzie & Ford (1977) from 
a Hawai ian stream : in upstream reaches insect rich­
ness exceeded molluscan and crustacean richness ; 
in downs t ream reaches richness of the latter groups 
was higher. While this tenet of the River Continuum 
Concept seems to apply to Pacific island streams, 
ex t rapola t ion of this reasoning from island to con­
t inental s t reams is difficult. For example, highest 
r ichness may occur in midreaches of continental 
rivers for reasons as simple as that this is where the 
greatest microhabi ta t and food-source diversity 
occurs . 

Finally, does the restricted distr ibution of most 
of the gas t ropod molluscs to the downstream-most 
reaches of the O p u n o h u reflect a survival advantage 

for the next generation that must return to the sea 
to complete development, or physical limitations to 
upstream migration (e.g. riffles and waterfalls) that 
are most likely related to individual species respon­
ses to hydraulic stresses (Statzner & al . 1988) ? 
Aquar ium studies indicated that a species of snail 
restricted to the lower-most site (N. turrita) had the 
greatest motility ; the most sedentary snail species 
in these aquaria (5. porcellana) reportedly travelled 
great distances in other studies. Fascinating auteco-
logy studies, comparisons among aspects of tempe­
rate, t ropical , continental , and island stream com­
munities, and many other interesting questions await 
further studies of oceanic island streams. In addi­
tion, the Opunohu catchment offers a major advan­
tage for further study : the logistical benefit of 
having two biological research stations (see acknow­
ledgments) located nearby. 
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