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Abstract,  Sircams and rivers on the islands of Vanua Levu, Ovalaw, Gau, Kadavie, and Taveuni,
Fiji, were investigated for gastropods, water eonductivity, water hardness, temperature, substrate, and
current speed during 1983 and 1984, As at other Indo-Pacihic islands there was o diverse and abundant
lotie gastropod fauna. Twenty-six species were collected on Vanua Leva and 13-16 species were found
in each torrential stream studied on the other four islands. Upsiream, above the influence of the ride,
both the longitudinal and horizomal disiribations of gastropods appeared 10 be mainly dependent on
the water speed and wype of substrate. A suspected new species of Acachiidinm (Opisthobranchia) was

discovered on the island of Vanua Levu,

INTRODUCTION

Land and freshwater mollusks were brst coflected by
Gracfle from the Fiji islands of Viti Levu, Ovalau, Mo-
tirkki, Mgara, Radavu, Vanua Balavu, Mago, Kanacea,
and Cikobia=i=lan, and were described by Mousson in
16870, More recently the freshwater gastropods on Vit
Levu have been investigated by STaRMUHLSER (1976) and
Havses (T9EEY b nothing has been wieitten abow gas-
tropods on the ather islands since 18710,

This investigation was aimed at finding what freshwater
gastropods were present on the high islands of Vanua
Levu, Owvalaw, Gaw, Kadavw, and Taveuni, Physical Tac-
tors and water chemistry were also measured in order (o
see how much these Factors contributed to the disiributions
of the gastropods.

s DY AREA

The islands investigated are shown in Figure 1. Vanua
Leva, the second largest island of the group, rises about
LK) me above sea level and has extensive areas on the
northern side where sugar cane iz grown, while on the
wetter southern side there are many toconut plantations.

The four smaller volcanic islands (Crealau, Ceau, Ka-
thavu, and Taveani) rise steeply to an altitude of 400-5040
m. Their high central regions are covered mainly in rain
forest, while there are many villages and village gardens

comtainng dalo {Colocass ercalenia ), cassava (Manihor -
culenta), paw paw (Carica papaya), banana (Muta par-
adriizca), and vogona {(Pepier methysticum ) in the coastal
areas Some coronal plantations are lound on Ovalaw and
Taveunt. The torrential streams on these islands are liable
to sudden fooding and occasionally they become dryv in
their lower courses. The substrace of the streams 13 com-
posed ol large rocks and boulders so that the water flows
in a series of short waterlalls, pools, and swhite cascades,
Macrophytes were absent except 300-3400 m upsiream
trom the mouth ar che sides of Navika Creele, Taveuni,
w'|11_'|'|_" WalEPCnEss I;."'.'.'.'ni.'.r.'.'lra i -.l_!':fi'-:.e.r.'rj.l'-'} grl‘n'.

All Bve islands were formed Trom voleanic eruptions in
Miocene and late Pliccene times while Taveuni is the site
of the mast recent (12 AD) voleamic activity in the Fiji
group {RICKARD, 1960; [BpoTsonN, 901 Woonrow, [98101),

MATERIALS anp METHODS
Wanua Leva

Crastropods were collected From rivers and streams in
Chrober 1983, The stations, 1-10 on the map (Figure 1),
were chosen 1o be as represemative as possible while sill
being accessibile by road,

The sabstrate at exch station was searched for 30 min
for gastropods. The leaf litter, plants, wood, and upper
and lower surfaces of stones and boulders were inspected
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Figure 1

A mapof the main islands of Fiji showing the localities of the sampling stations on Vanua Leva and the positions
ol the sieeams that were sampled on Ovalan, Gaw, Kadavu, and Taveuni.

and the sand and gravel were sieved. Samples of ecach
species at all the stations were taken o the laboratory and
identified accarding to KIECH (1937, STARMUHENER (1970,
1976}, and HAYNES {1984,

The substrate, water speed, and temperature were noted
and water samples were taken at most stations. The water
samples were analyzed for conductivity (p5) and hardness
imeg CaCO. LY by the Institute of Natural Resources,
University of the South Pacific.

Ciwvalau, Gau, Kadavi, and Taveuni

Phyzical parameiers were poted and water sam plr.ﬁ ancl
gastropods were collected in 12831984 by the methods

described above. A stream on each island was sampled
from the mouth o 20060 m inland at four stations {three
stations on Kadavu). The streams sampled were Kukurukuy
Creek, Ohalan; Navure Creek, Gau; Nubuleva Creelk,
Kadavu; and Naivika Creek, Taveuni (Figure 1)

Several of each species of gastropod were dissected and
the contents of the guts were examined to find what food
theyv had been eating.

RESULTS
Specimens of the prosobranchs collected in this survey were

deposited in the Loz Angeles County Museum of Matural
History and duplicate specimens are available at the School
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of Pure and Applicd Sciences, University of the South
Pacific, Suva, while specimens of the suspected new species
ol Acochlidinm were sent to the Vienna Natural History
Nluseum.

Wanua Leva

The physical and chemical conditions and gastropaodsa
present at each station are shown in Fable |- The po-
menclaure of STaRMUHLNER (1970, 1976) has been used
where possible. A 1otal of 26 species of gastropods was
found on Vanua Levu, and all except two were proso-
branchs. These exceprions were Plycasfre posute (LACM
B3=135.1) (Pulmonata, Plancrbiidac) and dcochliafiem sp,
(Opisthebranchia, Acochlididae), OF the Prosobranchia,
12 (Neriting pulligera [LACKE 84-174.1], N squanipicta
[LACM B3-139:1], N auriculate [LACM 84-170.1], N,
frerideirms {I..;";[:."wl Ed-140.1 _!, N el | LA B4171.1 |
N pretif | LACK 84-173.21 A porcata [ LACM B4-168.1],
Nervtile rubida TEAGK 85-136. 1], Clithen diadema [ LACK
BAa-1342 1] C adipaeens [LACK 831451 : L2 frrbchardy [as
C eoroma in- Haxymes, 1984] [LACKM 33-T43.1], €. sua-
fanienns [LACNM 84-172.1]) belong to Neritidae, 8 (Me-
fanades tuberculote [LACK 83-141.1], M. {utviz [LACM
B3-145.2), M. plhicaria [LACN B3-137.1], M. asprrans
[LACKD 83138 1], Thara bellicosa [LACK] B3-142 3] T
seabra, 10 rerpeichore [LACK B3-1422], T amaruls
[LACK #3-144.1]) belong to Thiaridae, and 4 (Sepiarie
fneatn |LACM 83-142.4|, 5 suffren: [LACK 84-174.3],
& porceflana |LACK B4-173.3], & senguisuga [as K. bor-
borica in Haywes, 1984] [LACM #84-174.2]) belong to
Seprariidac (Neritaceaj.

Fhysasten naadg was found enly on the northern side of
the island {Stations 1-4, Figure 1), while Acochlidium sp.
was discovered only at Station 6. Station 6 was also where
the greatest number of species (11) were found. In géneral
miore species (5-1 1) were present in the rivers and sireams
on the steeper southern coast compared with those (3-0)
on the Aatter more cultivated northern coast {Figure 1),

The values for tatal ions (916 p5) and hardness {252
mg Catio, /L) were higher at Station 3 than at any other
station, probably because of nearby limestone rock (Fack-
ARD, 19660, At this station a green spenge encrusted boul-
ders and stones. In the Dreketi-Seagaga river system {Sta-
fions 1=4) the temperature {30,258, 28, 270 decreased
as the distanee from the sea increased (3, &, 26, 33 km}
rFable 1}

The wemperatures at Stations B and 9 were lower than
at other stations probably because measurements were tak-
en earlier in the morning.

In the Direketi-Seaqaga river system (Stations 1-4) a
stations 1, 3, and 4, where the current was between 20
and M cmysec, the gastropods Phyasivg naswla, Melanoides
tuberculata, and Nentina pulfigera were found (Table 1).
The inland er high altitude species Melenmdes futosg ap-
prared at Station 3 (26 km upstream) and was also present
at Station 4. .'fl--:'ll'.r.l'.-'.'nq l|'.---.-r'i,.-|!'|!|"r.l.r.'|;.| and 5, ;.|,.|‘|"__|rr£'r|r WETE Present
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an the boulders at Station 3 but had nat reached the stream
at Station 4. The Drekenn River, where Station 2 was
locared, was wide and deep and the curremt slow; conse-
I.'!LIIT'I'!I'I"!,.\_ threee different g;ml,ru]_l-nl;l,s, Thiarn betheosa.
Nertiha ribada, and’ Chithon diadema, were found at this
stacion { Table 1),

Orealan, Gan, Kadavi, and T aveun

The physical and chemical conditions that existed and
the gastropods that were present in the four sampled sireams
are recorded in Table 2. The number of species in each
stream was approximately the same. There were 16 species
in Rukuruku Creek, Ovalau, 15 in Navure Creek, Gau,
15 in Nubuleva Creek, Kadava, and only 14 in Naiviki
Creek, Taveun:, where the calcium content of the water
was low (9 mg CaCo, /L)

Crenerally the same gastropods were found in the streams
of the lour islands, From the mouth w 20 m upstream,
only. species that are able to live in brackish water were
present { Table 2. Further upstream { 300-400 m} in fairly
swilt currents, some of these species persisted, e, Clithon
oiratarienans, L dwdema, C. pritchard:, and -Septaria por-
cellana, OF these, however, only O prifefiard: and 8. por-
cefiana were found 1300 m or more upstream ( Table 2).
These higher, siceper parts of the streams were rich in
gpastropod species (5-11 species) and in numbers of indi-
viduals {up to 125/m?®). Melanowder tufierculafe and M.
feinig Were |IHL’|.3|I1l. found in quieter pacts of the siream.
while species such as Clithen eltvacews, O pritchardy, Ne-
nifing panegate (LACKD 84-1069.1), and N canafis’ were
found on the sides or on the under surface of rocks; the
Limpets Seplaria spp. were able 10 live on the upper surlaces
az well as the sides of rocks (Figare 23,

The course of Rukuruku Creek rose less steeply for the
firse 300 m than did that of the other three streams. Con-
sequently there was greater diversity af gagiropod species
At 200400 m upstreams, becavse those favoring a less swilt
current (e, fhara amarula and Neritina sguameficta)
were able to survive.

When the stomachs of the various gastropod species were
examined they were found wo contain mainly unicellular
green-algae, diatoms, and hlamientous cyanobacteria, Pe-
riphyion scraped [rom stenes on which gastropods had
been found contained similar microphytes.

In the torrential streams investigated, gastropods were
the dominani benthic inveriebrates. Inzect larvae were ab-
sent from most parts of the streams. Prawns and fish were
present in all streams, especially in pools below cascades:

The temperature, hardness, and 1nal ions in the water
ol Fukuraka (Iﬂ‘.r‘k, Chvalau, and MNavare Creelk, (Gawg.
wiere sinilar {Table 2§ bat the water of Nubulevu Creek,
Kadavu, had a slightly higher value for total ons (160
compared with 122 and 147 p5) and was less hard {20 mg
Calio, Ll comypared with 536 and 532). MNaivika Creek,
Taveuni, was low in calcium ions (9 me CalZ0 L and
total jons (30,1 @S} The temperature was sigmificantly
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Takle 2

The physical conditions, results of water analysis, and gastropods present at four (three on Kadavu) sampling starions in
a streamy on cach of the islands. of Cwalaw, Gao, Kadava, and Taveuni. N1 = not determined.
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Figure 2

The disiribution of gasicopads acrogs a Fijian worrential steeam showing the different habirars of the various shell
Ly 5, |, Melanmaes Jukasa; 2, MNenmiting FATrIEERIT; 3 .';.'ul_:?.'f:lrl.-:l lf:m'.:'.y."."r.l:-r.'_ i, N, MR T T, Chithon [P Pl i3

Brretefeareds.

loweer (21-22°C% than that of the other three sireams (25—
2T 0P < 0L Above the brackish water region ol the
streams there was livtle difference in the chemical come-
position along the length of each stream.

DISCUSSTON

Twenty-six species of gastropods were found on Vanua
Leva st 10 stations compared with 32 species from 47
stations on Viti Leva (HAvNEs, 1985). Species present on
WVird Levu but not found on Vanua Levi were Planarharis
COrTlees PPN e R AL, I:;_],l.l'rue.".!.',l. mrontrowoier:, Assi-
minea crosseana, Melanoides arthuni, Flumopupa pupoidea,
and Fijidoma maculata. The endemic species Flueiopuga
.II':n'.rlI.l!:-n]'r'ﬂ P:i|!-:|::II!"!.-' and ;‘:".'H.Il-:!-mrl mtacufara (v loussond, which
are found in the headwaters of the rivers of Vit Levu,
were not found on any of the five islands, These two species
may be remnants of an old fauna that has survived only
on the geologically older Wit Leva (Lapn, 1934).

SONE SPECies O e tfeor adioacens, Neritinag TR, Sep-
taria macrocepfeln |LACM B4-169.3], and 8 senguisuga)
were absent from all collecting stations on Wit Leva
tHayxEs, 1985) but were present on the four smaller
islands. Cithon ofioaeeus and 5 sangutingn were also faund
on Yanua Levu, Iz difhiculy e judge whether these species
have always been absent from streams on Vied Leva or
whether they have recently disappeared because logging
pperations have increased the warbidity of the water: Sev-

eral Thiare spp. (er., Thiara bellicose and T lerpachore )
were found on ¥anua Levu and Vitr Leva (HavNes, T985)
but not in the torrential streams. This was probably: be-
cause they have Failed 10 become established in the swifi
currents of these streams.

The small (10-15 mm long) shell-less opisthobranch
Acochlidium sp. was Tound only at Station 6 on Vanua
Levu. It is thought to be an undescribed species and spec-
imens have been sent 10 E. Wawra, Naturhistorizsches hia-
seurm Wien. It is somewhat similar to Acochlidiem hayer-
Sfehdmannr Wawra [rom the Palau Islands {Wawea, 1980)
and Acochiidiem selteri Wawra from Sumba, Indonesia
{Wawka, F979.
abundance of gastropod species. In contrast, islands in the
Caribbean region appear to have many more rheolite insect
species than gastropod species. TIarkison & RaNkIN (1976}
found 14 insect species and no gastropod species in high-
Ievel streams (290-#858 m altitude) on St Vincent { Lesser
Antilles) and 15 insect species and 3 gastropod species in
low-level sireams (B-274 m altitude). STARMUHLNER &
THEREZIEN (1983) found only one lotic gastropod species
[ Nerating preneciufada ) but over 20 species of insects in streams
on Guadeloupe, Dominica, and Martinigue.

However, other islands in the Indo-Pacilic region ap-
pear o have a rich gastropod fauna similar to that found
in the Fiji Islands, STapmUHLNER (1982} described 16
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gastropod species in running water on Andaman Island,
Indian Oeean: These include Melanowdes fubercnlate, M.
Plicari, Theara sealra, MNersbna Petlipera, N, aregala, N
s, Seftarir porcellana, and Neritoha rufada, which
are also present in Fijian streams and rivers. The mountain
streams of New Caledonia had at least 16 species of gas-
tropods and those of 5ri Lanka 13 gastropod species
(STARMUHLNER, 1979).

Likely predators in the slower streams and rivers of
Vanua Leva were odonatid nymphs, coleopterid larvae,
lecches, fishes, and cane toads (ol marmnes ) bat in the
terrential sreams, because of the scarciy of rheslite in-
sects, the ondy obvious predators were fish species,

Thiarid species (Melanoides spp. and Thiara spp.) are
viviparous, and almost all are exclusively parthenogenetie,
ahhough a few dicecious populations have been [essgnel
rDavis 19710, Those species (e.p., Melansides fuberculata
and M. fufosa) that live far inland give birth to juvenile
adults, while speries {(eg.. M, aspivans and M. pleara)
tha inhabit tidal regions release veligers inte the water
[STARMUMLNER, 1976}

The neritid snails (Nerting spp.. Clithen spp., and Sep-
taria spre ) are dicecious, Aller copulaton the females Ty
egrs in ege cases that they cement w stones, boulders, and
often to shells of other gastropods. 1 is not known for most
species whether the young hatch as veligers or as juvenile
spails, GOVINDAN & MATARAJAN (1972 reported 1that eges
of the lowland Indian species Neritina fayard: (Lesson)
hatched as veligers after 20-22 days and those of Sefiara
levselpta (=% Imente Lamarck) hatched as veligers afer
[4-15 davs, Forp (1979 reported that the eges af the
Hawaiian torrential stream species Nenfing granaosa Sow-
erby also hawhed as veligers. Ford believed that afer
'I]{l.l:{‘hing the '.-'E‘.lig{‘r'ﬁ | RN Branoig Were swepl aul o sea
and later settled ar the mouth of rivers or streams. Forp
{1979} observed long chains of up to 80 young snails (less
than 5 mm high) moving upstream. Mo such phenomenon
has been observed in Fiji steeams bur small juveniles (1.5-
2.0 mm high) have been found clinging tor the shells of
adult Septarie spp. and Clithon spp 2 km upstream from
the mouth. These species likely either hawch as juvenile
snails or as veligers that settle in freshwater,

Certain species (g, Nerting auriculota, N. turrita, and
Clithon diadema) were confined to brackish or tidal regions
where total wons were hight Above (he inlluence of the tide,
the water speed, and consequently the nature of the sub-
strate, appeared to determine the distribution of gastropods
both along and across the siream. However, it is possibie
that the absence of Neritine pullegera and Nertma petit
from Maivika Creek, Taveuni, was caused by low amounts
of dissolved 1onz in the water,
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