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ABSTRACT 

Fish fauna inventories (497 spp. i n  t o t a l )  from 
cora l  reefs  (276 spp.), s o f t  bottoms (287 spp.) 
and mangrove (75 spp.) of Saint-Vincent Bay (New 
Caledonia) a re  compared. Each of these habi ta t s  
presents a d i s t i n c t  f i s h  assemblage, cora l  r ee f s  
being characterized by grazers and omnivores, so f t  
bottoms by small carnivores and mangroves by de- 
t r i t u s  feeders and piscivores. The overlap was 
most important between cora l  r ee f s  and s o f t  bot- 
toms (101 spp. in common), Chaetodontidae, Poma- 
centridae , Lethrinidae and Lutjanidae being the 
main common families.  Overlap between s o f t  bottoms 
and mangrove was of 36 species, e s sen t i a l ly  Leio- 
gnathidae, Lutjanidae and Sphyraenidae. There was 
a l m o s t  no overlap between cora l  reefs  and mangrove 
(13 species, 9 being ubiquitous). These r e s u l t s  
and a l i t e r a t u r e  survey ind ica te  tha t  in the Indo- 
Pac i f ic  there  are few in te rac t ions  between coastal  
f i s h  communities which may be e s sen t i a l ly  se l f  
suf f ic ien t .  Diel feeding migrations and juvenile 
migrations would be the main ac t ive  energy flows, 
nevertheless, t he  fluxes seem t o  be l imited.  

INTRODUCTION 

I n  the south-west Pac i f ic ,  cora l  r ee f s  a re  often 
associated with other formations, such as so f t  
bottoms and mangroves. Tlie in te rac t ions  of these 
habi ta t s  on f i s h  populations a re  so  far l i t t l e  
known i n  the region.'Prelimininary da t a  show tha t  
f indings from the  Caribbean do not apply i n  this 
context (Birkeland & Amesbury, 1987). The present 
study ind ica tes  the  inferences tha t  can be made 
from f i s h  inventories along a coral  reef  - so f t  
bottoms - mangrove sequence i n  the south west la- 
goon of New Caledonia. 

MATERIAL AND METHODS 

The study area i s  located a t  Saint-Vincent Bay, 
south-west New Caledonia (22OS - 166"E). This bay, 
sheltered from trade winds by islands,  receives 
important terrigenous inputs from Ouenghi and La 
Tontouta r ive r s  (figure 1 ) .  Coral reefs are mainly 
developed a t  the  mouth of the bay and on the  inner 
islands.  Mangroves cover most of the eas te rn  sho- 
res. The major par t  of the &y is  covered by hea- 
v i ly  s i l t e d  bottoms, with few cora l  reef patches. 

The cora l  reef f i s h  survey was conducted by visual 
census. A quant i ta t ive  survey was done by 100 m 
v i sua l  transects.  On each s ide  of the  l i n e ,  a di- 
ver would record a l l  species over 10 cm and a l l  
numerous smaller species. Large scarce species not 
recorded during transects were looked for during 
random swimming over the reefs .  Small and cryptic 
species were normally not recorded. Ten s ta t ions ,  
two v isua l  t ransec ts  on each, were thus surveyed 
Over a three month period, i n  1986 ( f igure  1). 

Figure 1. Study area  and sampling stations.  

Several methods were used t o  survey the so f t  bot- 
tom f i s h  fauna, from 1985 t o  1986 (figure 1) .  Ten 
s t a t ions  (tiro visual t ransec ts  on each) were un- 
dertaken with the  method described previously. One 
hundred trawlings were performed using a 14 m hea- 
drupe prawn trawl (2 cm mesh codend and 1.2 m ver- 
t i c a l  opening). I n  addition, qua l i ta t ive  data i s  
available from a ba i t f i sh  survey conducted by 
ORSTOM (Conand, 1987) and from a commercial bait 
f i shery  t y i a l  (Hallier & Kulbiclci, 1985). 

A mangrove was sampled i n  April - Hay 1987 (figure 
1). G i l l  ne t s  of 2, 4 and 6 cm mesh were l a i d  n t  
the edge of  the mangrove (net length: 200 m, net  
height: 1.5 m ) .  Nets were s e t  at  the end of inco- 
ming t i d e  and withdrawn at  the end of low t i d e  ( I &  
s e t s  performed). A fyke ne t ,  s e t  perpendicular t o  
the mangrove (1 cm mesh at the end t r ap ) ,  was l a i d  
fo r  two collections.  A rotenone poisoning was a l so  
performed in a mangrove chaiuiel, g i l l  ne ts  enclo- 
sing the poisoned area (2 cm mesh). 

Fish were rt twibuted to  trophic groups: piscivo- 
res ,  high carnivores (feeding on la rge  invertebra- 
t e s ) ,  m a l l  carnivores (feeding on small inverte- 
bra tes ) ,  zooplanktivores , grazers , omnivores , de- 
t r i t u s  feeders and herbivores. 
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Fish present in over 75% or more of the samplings 
are  referred as l1abundant", i n  40 t o  7& of the 
samplings as IIcommonl' and i n  less than 40% of the 
samplinge as "present11. If no more than two speci- 
men were present, the species i s  l i s t e d  as ltraret1. 

I n  order to  compare the f i s h  communities, the 
Kulczinski's s imi la r i ty  index was used. 

RESULTS 

Fish communities 

A t o t a l  of 497 species belonging t o  74 families 
were recorded during our surveys. 

The v i s u a l  survey of inshore reefs  near Hugon 
is land revealed the presence of 276 species dis-  
t r ibuted among 38 families. 33,765 individuals of 
202 species were recorded during the visual  trans- 
ects. The re la t ive  abundance analysis  ind ica tes  
tha t  most of the species were poorly represented, 
81 .Z of them being .%-aref1 o r  !'presentrf ( tab le  I ) .  
None were lfabundantll and only 38 species could be 
considered as Ilcommonll. Using the  mean s izes  re- 
corded f o r  each species, the t o t a l  weight was es: 
timated a t  664 kg and the biomass at 330 kg/ha. 
Pomacentridae (2.0 spp.) are a major component of 
t h i s  community, the first f i v e  species in abbdan- 
ce being damselfishes. Chromis caerulae, composed 
51% of t o t a l  abthdance. The importance of Pomacen- 
t r idae  is  l e e s  pronounced in-terms of biomass (20% 
of total weight). The s i x  major species of the in- 
ventory contribute t o  less than 39% of t o t a l  
weight.- The .trophic s t ructure  ( table  2 )  i s .  chara 
te r i sed  by the abundance of sooplanktivores (62. 
of the f i shes  censused), mainly Pomacentridae. 
High carnivores (Lethrinidae, Lutjanidae) wid gr 
Zers (Scaridae), 28% of t o t a l  weight each, a re  the,  
two other major t rophic  groups. The t rophic  struc- 
tu re  i s  consistent with those generally described 
i n  indo-pacific reefs .  

Table 1. Species d is t r ibu t ion  and t h e i r  r e l a t i v e  
abundance among the three habi ta ts .  

The f i s h  fauna inventory of s o f t  bottoms comprises 
287 species d is t r ibu ted  among 62 families ( tab le  
1 ) .  Unfortunately, ba i t f i sh  r e s u l t s  could not be 
used quant i ta t ively.  Moreover, species swimming 
near the surface of the water have not been sam- 
pled by e i ther  methods ( i .e .  mullets, garf ishes) .  
Visual t ransects  gave the following resu l t s :  
32 species, 3,760 individuals f o r  a eskimated 
biomass of 54.5 kg/ha ( t o t a l  weight: 109 kg). The 
biomass estimated by trawling was I9 kg/ha (abun- 
dance: 178,900; weight: 2,46Okg). Less than 5% of 

I .  

the f i s h  were llabundantll or llcommonlt. "Abundant" 
species are Canthigaster margarita (visual  trans- 
ec t ) ,  and Orthorombus intermedius (prawn trawl) .  
"Present" species represent more than 58% of the  
t o t a l  species, and %are" species compose 24.5% t o  
36.6% of the samplings ( tab le  1). The community 
s t ruc ture  was analysed using trawl data. Leiogna- 
thidae is the domiriant family, 8 species represen- 
t i n g  81.6% of the abundance and 41.5% of the bio- 
mass. A charac te r i s t ic  of New Caledonia demersal 
coas ta l  f i s h  fauna is the absence of Ariidae and 
Sciaenidae and the  low number of Nemipteridae. Ta- 
b le  2 indicates  tha t  small carnivores a re  Lhe main 
t rophic  group, essent ia l ly  because of Leiognathi- 
dae. ìdost zooplanktivores are small pelagic spe- 
c ies  which were underestimated by.trawllng. V i s u a l  
t ransec ts  indicate  t h a t  Pomacentridae are a l s o  an 
important par t  of the sof t  bottoms f i s h  fauna 
(32.61 i n  abundance). Lethrinidae, w i t h  34.2% of 
v isua l  t ransec t  biomass, can a lso  be considered as 
a major component of the community. 

Table 2. Trophic composition according t o  the  ha- 
bitat: Sp=species, lo=Nmber, Wt=weight (& kg). 

I Coral-reefs Soft bottons Hangroves 

5p. : Ho. : Ut. 5p. : Ha. : Ut. sp. : No. : Ut. 

Piscivores 32 : 111 : 29 57 : 3011 : 308.8 22 : 72 : 41.5 
High Carnivore5 47 : 1813 : 189.9 38 : 8565 : 532.0 II : 354 : 96.9 
Sir11 Carnivores 90 : 3274 I 72.4 114 :163779:1581.9 22 : 3236 : 23.9 
looplanktivorei 25 :ZII13 : 109.3 44  : 1298 : 19.5 7 : 1075 : 71.6 
alnivorcs 33 : 3344 : 37.9 17 : 129 : 1.3 : : - : - j -  

Grazers 32 : 3311 : 192.8 9 : 1936 : 8.0 - : ._ : 
Detritus Feeders I : I I  : 0.1 2 : 97 : 0.4 9 : 481 : 45.2 
Herbivores 16 : 698 : 42.7 6 : 64 : 5.7 4 : 43 : 8.8 

Our survey of a shel tered mangrove indicates  the 
presence of 75 species and 38 famil ies  ( t a b l e - I ) .  
5,265 f i s h e s  were col lected for 8 t o t a l  weight of 
288 kg. The sampling methods did not allow US t o  
estimate biomass. Like i n  the two other habi ta t s ,  
few species were frequent ly  col lected ( tab le  1 1. 
Leiomathus equulus and Polnadasys argenteus could 
be considered as I1abundant" and seven species as 
IIcommonlf. &fore than 89% of  the species were col- 
l e c t e d  in l e s s  than 40% of the samplings, 29 of 
them being l1rare1!. The most important species was 
Rhabdamia r a c i l i s  with 39X of abundance. Nemata- 
losa  come k d  the la rges t  weight c o n t r i b u L m %  
of t o t a l  weight). Trophic s t ructure  analysis  (ta- 
ble  2)  shows the importance of small carnivores 
(Apogonidae, Leiognathidae) . These numerous small 
species (22  species f o r  61.5% of abundance) have a 
small contribution to  the t o t a l  biomass (8.3%). 
Xigh carnivores (Iiaemulidae, Lu t  janidae) and zoo- 
planktivores (Clupeidae, Engraulidae) make toge- 
ther 58.5% of  t o t a l  biomass. Piscivores, represen- 
ted by few l a r g e  individuals of numerous species, 
and d e t r i t u s  feeders characterize t h i s  community. 

Fish fauna comparisons 

Interact ions are greater  between coral  r e e f s  and 
s o f t  bottoms than between coral reefs  and mangro- 
ve, species overlap being intermediate between 
s o f t  Lottoras m d  mangrove (figure 2 ) .  Each habi ta t  
has a Large specif ic  component: 70; of the 497 
species recorded in the bay are  r e s t r i c t e d  t o  one 
biotope. The most important mangrove f i s h  species  
(RhaMamia g r a c i l i s ,  Nematalosa come) werc not 
found elsewhere. Similarly, Loth s o f t  botLolns 
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"abundant" species (Orthorombus intermedius, Can- 
thigaster margarita) and three  important species 
(Leio natlius s I,. bindus and U eneus mollucen- - s-Ld u n i q u e l y  on sEft bottoms. Reef 
associated species such as Scaridae (18 spp.) and 
Labridae (35 spp.) characterize co ra l  r ee f s  data. 

SOFT BOTTOMS 

Figure 2.  Species overlap between co ra l  reefs ,  
sofi; bottoms and mangrove f i s h  fauna inventories. 

C o r a l  reefs  - Sof t  bottoms 

Coral reefs  and s o f t  bottoms show the  grea tes t  af- 
f in i ty ,  Kulczinsld's s imi l a r i t y  index is high 
(I =36), 101 species being common t o  both habi- 
ta&. Only iwo families recorded on cora l  reefs  
were not sampled on s o f t  bottoms: Kyphosidae and 
Aulostomidae. Ghaetodontidae (71  spp.) and Poma- 
centridae (9 spp.) show g rea t  overlap (appendix 
1 ). A l l  Chaetodontidae, recorded over s o f t  bottoms 
inhabit  cora l  reefs.  Species common t o  both liabi- 
tats cons t i tu te  50% of the biomass and 73% of the 
abundance recorded by v i sua l  t ransec t  on the reef ,  
fo r  only 27.7% of the biomass and 9% of the abun- 
dance of the trawlings. Most of these species a re  
high carnivores, small carnivores or piscivores. 
Primary consumers, mainly grazers,  a r e  poorly re- 
presented. The species common t o  both habi ta t s  a re  
usually more abundant on s o f t  bottoms than on co- 
r a l  reef ,  except f o r  reef associated species. 

Soft bottoms - Mangrove 

Soft bottoms and mangrove a l so  present a high de- 
gree of s imi la r i ty  with 36 common species (IK=30). 
About 48% of the species collected i n  the mangrove 
(47.75: of the biomass) were caught by trawling. 
Important overlapping families a re  LciognatlLdae, 
Lut j anidae and Sphyraenidae (appendix 1 1. Small 
carnivores, followed by piscivores,  a r e  the main 
overlapping trophic groups, primary consumers 
being represented by only two species (Siganus ca- 
naliculatus and Valamugil s ehe l i )  . Four species 
have a higher r e l a t ive  abundance i n  the mangrove 
than over s o f t  bottoms: Pomdasys argenteus, & 
gnathus equulus, Lutjanus argentimficulatus and 
Spl-qraena barracuda. 

Coral reefs - Mangrove 

Coral reefs  and mangrove present the lowest a f f i -  
nity. Kulczinski's index value is  low (IK=lO). 

Only I3  species a r e  common t o  both habi ta t s ,  nine 
of them being ubiquitous (appendix 1).  lkopomacen- 
t ru s  taeniurus, Epinephelus caeruleopuictatus, & 
howlandi and Siganus l inea tus  a re  the overlapping 
species absent from so f t  bottoms. A l l  ubiquitous 
species have a carnivorous d ie t .  Cerres ovatus 
feed mainly on small invertebrutes. Arothron his- 
pidus, Dasyatis l u h l i i ,  Lethrinus nematacanthus, 
Lutjanus argentimaculatus, L. fulvus and L. rus- 
s e l l i  are high carnivores. Top predators are - 
raena obtusata and Saurida nebulosus. These spe- 
c ies  are supposed t o  be widely d is t r ibu ted  across 
Saint-Vincent Bay. Their r e l a t ive  abundance i s  
greater on s o f t  bottoms, except fo r  Lutjanus ar- 

!he mangrove Lhan elsewhere (appendix 1).  
entimaculatus and L. r u s s e l l i  more abundant i n  

DISCUSSION 

The in te rpre ta t ion  of our data is impeded by seve- 
ra l  methodological problems. I n  par t icu lar ,  it 1m.s 
not possible t o  use the same sampling methods i n  
a l l  th ree  environments and the  sampling e f f o r t ,  in 
terms of hours, was higher fo r  so f t  bottoms khan 
for  the two other substrates.  Another problem ri- 
ses from the temporal va r i ab i l i t y  of these f i s h  
communities. Except for  trawling, sampling was li- 
mited to  a three month period. Nevertheless, kee- 
ping i n  mind these observations, a number of infe- 
rences can be made. 

Differences between ecosystems 

There are  obvious physical and chemical differen- 
ces between the three habitats.  ïhe mangrove is  
characterized by highly variable sa l in i ty ,  tempe- 
ra ture  and turb id i ty ;  it receives la rge  nut r ien t  
and mineral inputs from the continent. Soft  bot- 
toms have an extremely diverse substrate which 
changes gradually îrom highly s i l t e d  to  coarse 
grey sand. liater t u rb id i ty  i s  s t i l l  important but, 
as s a l i n i t y  and temperature, it is much more sta- 
ble than in the mangroves. Coral reefs  enjoy ra- 
ther  s tab le  water conditions and low turb id i ty .  

Environmental conditions explain t o  a grea t  extent 
the differences between the f i s h  populations of 
the three habi ta t s ,  as physical fac tors  in the  
G u l f  of Curpentaria (Rainer & Wunro, 1982). The 
nature v f  the substrate and the composition of the 
benthic communities influence the f i s h  assemblages 
(Blaber, 1980). Thus, coral  reefs  a re  characteri-  
sed by high l eve l s  of grazers (Scaridae) and omni- 
vores (Chaetodontidae and Pomacentridae) and low 
l eve l s  of piscivores and de t r i t u s  feeders. Soft  
bottoms a r e  douiinated by Leiu&matliidae (small car- 
nivores feeding both on the benthos and i n  the wa- 
t e r  column). The small p t c h  reefs  found on so f t  
bottoms have a f i s h  fauna eimilar t o  thut vf cora l  
reefs ,  Lut with generally a higher percentage of 
l a rge  carnivorous f i sh .  The main species collected 
on sof L; bottoms (Leiognathidae, Mullidae, small 
Letiirinidae) have small average s izes ,  whereas 
more large f i s h  a re  found i n  h t h  cora l  r ee f s  and 
mangroves. Mangroves are chnracterized by the in- 
vasion of piscivores which come to  feed on small 
species and juveniles sheltered i n  the mangrove 
prop roots (Blaber e t  a l . ,  1985; ßlaber, 1986). 
Detri tus feeders a l s o  enter the mangrove, where 
they prey upon the micro- and meiofauna associated 
with t h o  l i t t e r  f a l l  (Sasekumar e t  al., 1984). 
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Interactions between ecosystems 

Although the f i s h  fauna of each habi ta t  i s  diffe-  
rent  from the others, some interact ions ex i s t  fol-  
lowing a sequence: coral  reefs  <-> s o f t  bottoms 
<-> mangrove. Trophic s t ructure  and species over- 
l ap  analysis tend t o  indicate  exports of energy 
from mangrove t o  coral  r ee f s  through s o f t  bottoms. 

Passive exchanges 

A review of the l i t e r a t u r e  ind ica t e s  that  the nu- 
t r i e n t  rlynamics between t rop ica l  coastal  ecosys- 
tems i s  far from being well  understood. Mangrove 
fo re s t s  appear t o  serve morue asrsinks fo r  carbon 
and nutr ients  than as exporters for downstream 
systems (Webe, 1987). C o r a l  r ee f s  - so f t  bottoms 
exchanges are not well  documented, most studies 
being e s sen t i a l ly  focused on seagrass beds which 
are absent from Saint-Vincent Bay. 

Active exchawes . - . 
Tidal feeding migrations from nearshore waters t o  
mangroves are probably -important t o  energy flows. 
The importance of piscivores and de t r i t u s  feeders 
increases from coral  . reefs  . t o  mangrove, vhi le  gra- 
zers and omnivores become.less important. Species 
overlap between soft bottoms and mangrove indica- 
t e s  t h a t  the species ;involved a re  secondary cons- 
umers and piscivores. Mugilidae, which are unde- I ~ 

restimated by trawling,-also en ter  i n  the mangrove 
with the t i de  to  feed on’:t%e,mudfloor. The impor--, a 

tance of carnivores and zooplanktivores in the 
s o f t  bottoms - mangrove overlap shows tha t  mangro- 
ve invertebrates are a m a j o r  component of the d i e t  
of these foraging species, bas in Malaysia (Saseku- 
m a r  e t  al., 1984). Inkthe Dampier region (1W Aus- 
t r a l i a ) ,  piscivores en te r  mangroves with the t i de  
t o  feed upon small permanent species (60% of t h e i r  
d i e t  i s  made of 1-9 cm f i s h )  and juveniles of lar- 
ger species (Blaber, 1986). I n  r iver ine mangroves, ’ 
few piscivores are  usua l ly  collected,  whereas 
planktivores are  numerous (Blaber, 1980; Robertson 
& Duke, 1987). The presence of l a rge  piscivores, 
i n  our study l ike i n  Dampier, seems t o  be related 
t o  the lack of estuarine influence.Thus, the ef- 
f ec t ive  importance of piscivores in transfering 
energy may be smaller than it would appear i n  t h i s  
survey. 

Pew day-night studies bave been done i n  mangroves. 
While no s ignif icat ive difference was found in 
Costa Rica (Phi l l ips ,  1983), Thayer e t  a l .  (1987) 
report day-night var ia t ions i n  the species compo- 
s i t i on  of mangroves and adjacent seagrass beds 
f i s h  faunae (Florida).  However, these differences 
varied with the species. I n  Saint-Vincent Bay, 
piscivores show markedly nocturnal habits.  Total 
abundance and biomass were the greatest  i n  the 
night samplings, which may indicate  the u s e  of the 
prop roots as a refuge against  f i s h  predation. 

In  the present s tudy,  coral  r ee f s  - s o f t  bottoms 
overlap is  l i ke ly  overestimated. The presence of 
small patch reefs  in the trawled areas explains 
the collection of reef associated species (Scari- 
dae, Choetodontidae and Pomacentridae) . Birkeland 
& Amesbury (1987) suggest t ha t  most of the species 
common t o  coral  reefs aiid nearby habi ta ts  are  w i -  
dely dis t r ibuted,  because of the motile prey upon 
which they feed. The importance of secondary cons- 
umers i n  the species overlap lend soue support t o  

. -  

- 

t h i s  hypothesis. Large feeding migrations of reef  
f i shes ,  r e s t ing  the day on the reef ,  a r e  usually 
described in-the Caribbean (Ogden & Zieman, 1977). 
Par r i sh  (1987) documents such migrations i n  the 
Pac i f ic  on a smaller scale,  the species involved 
being Apogonidae, Holocentridae, Mullidae, Lutja- 
nidae and Lethrinidae, These families,  present in 
the species overlap, may have similar behaviour. 
The excretory‘products of these foraging species 
may favour an increase of coral  (Isfeyer e t  al., 
1983) and macrophyte (Nelson, 1985) growth. 

Juveniles leaving the i r  nursery ground can be 
considered as an outflow‘of energy. These migra- 
t ions may represent l i t t l e  d i r ec t  t ransfer  of bio- 
mass but, a s  the energy and the material required 
f o r  t he  growth of the r ec ru i t s  are  supplied,by 
another ecosystem, it i s  highly e f f i c i en t  f o r  the 
rec ip ien t  habi ta t  (Parrish,  1987). A t  the  moment, 
the nursery-vdu_e-of t he  mangroves is  coCiGg under 
question, ,especially f 
I n  PNG, Birkeland & Am 
gni f icant  differences l e s  among habi- 
tats, the-d is t r ibu t ion  les and adul ts  
being not clds’ely- corr 
note tha t  the-proximity&fdco_llal reefs does not 
a f f e c t  s ign i f icant ly  es tuar ine  f i s h  assemblages. 
They suggest -that mangroves-act as a nursery f o r  
few reef-.fish in . the Indo-Pacific. fiom our f in -  ; 
dings,- only two reef $ssociated species can be 
considered as using the mangrove as a nursery si- 
t e  : 

niU between-these :tropical f i s h  
com t o - b e  l e s s  pronounced than i 
was , eut %leas t  ,in ‘the Indo-Pacif 
Tidal feedin’g migrationsawodd be a major t rans  
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Appendix 1. The overlapping species, t h e i r  feeding habits and r e l a t i v e  abundance on each habitat .  
Feeding habit: F. H. i s  : Pi=Piscivore, Cl=High Carnivore, C2=Sruall~Carnivoqe, Z=Zooplanktivore, .' 

G=Grazer, @Omnivore, >Detritus Feeder, H=Herbivore. ' - ~ 

Relative abundance is: A=Abundant, C=Common, l'=Prese&, R=Rare, +=Qualitative record only, -=Absent. 
Ubiquitous species are indicated by O .  
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