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Figure  1  :  map  of  the  Maumere  region.  The  4  stations  are  indicated  by  a  O  on  the  map  inset.  The
numbers  on  the  inset  correspond  to  the  transects.



communities  found  in  a  species  rich  area.  For  a  given  habitat,  are  there  more  species  per  unit  area
than  in  a  less  diverse  region  with  similar  habitat?  Are  there  more  "dominant  species  "  (species
making  more  than  2%  of  the  density  or  the  biomass)  than  in  a  less  diverse  region?  Is  the  trophic
structure  or  the  distribution  of  the  life-history  strategies  different  from  those  observed  on  fish
communities  from  a  similar  habitat  but  a  different  region?  One  of  the  major  problems  in
answering  such  questions  is  to  develop  comparable  sets  of  data.  In  the  present  case,  the  data  from
Flores  were  collected  using  the  same  methods  as  those  used  for  a  large  set  of  data  collected  in
New  Caledonia  (Kulbicki  et  al,  1994a).

Material   and   Methods

During  the  Pre-Indo-Pacific  Fish  Conference  in  Maumere  (November  1993),  the  author
had  the  opportunity  to  visit  4  fringing  reefs  and  to  perform  6  transects  (Figure  1).  The  start  of
each  transect  was  chosen  at  random  on  the  reefs  and  the  transects  were  laid  in  the  direction  of  the
slope.  The  transects  were  50  m  long.  All  fish,  except  the  cryptic  species  (most  Muraenidae,
Ophichtydae,  Syngnathidae,  Gobiidae,  Blenniidae,  Synodontidae,  Scorpaenidae,  Antenariidae)
and  juveniles  (newly  recruited  fish,  usually  less  than  5  cm,  but  may  be  as  small  as  3  cm,  i.e.
Chromis  viridis),  were  counted.  For  each  record,  the  species  name,  number  of  fish  observed,  size
of  fish  and  distance  of  fish  to  the  transect  were  noted.  The  size  of  the  fish  were  noted  in  1  cm
classes  for  fish  less  than  10  cm,  in  2  cm  classes  for  fish  between  10  and  30  cm,  in  5  cm  classes
for  fish  between  30  and  50  cm  and  in  10  cm  classes  for  fish  more  than  50  cm.  The  distances  of
the  fish  to  the  transect  were  estimated  in  1  m  classes  for  fish  less  than  5  m  from  the  transect,  and
in  2  m  classes  for  greater  distances.  Fish  beyond  12  m  from  the  transect  were  not  counted.  The
diver  covered  each  transect  only  once.  The  average  time  per  transect  was  90  min.  Densities  were
calculated  according  to  the  method  given  by  Burnham  et  al  (1980)  and  Buckland  et  al.  (1993).
Fish  weights  were  estimated  from  length-weight  equations  (Kulbicki  et  al.,  1994a).  Biomasses
were  estimated  using  these  fish  weights  and  the  same  method  as  for  densities.

The  diet  of  each  fish  species  was  either  taken  from  the  data  used  by  Kulbicki  et  al.
(1994a)   or   from  information   in   FISHBASE   (Froese   et   al.,   1992).   Species   with   no   direct
information  available  were  assigned  the  same  diet  as  the  closest  species  within  the  same  genus  or
family  for  which  dietary  information  was  available.  The  food  items  are  divided  into  9  categories:
fish,   macroinvertebrates,   microinvertebrates,   zooplankton,   other   plankton,   macroalgae,
microalgae,  coral,  detritus.  The  diet  of  each  species  is  distributed  among  these  9  food  categories.
The  percentage  of  each  of  these  food  items  is  taken  into  account  when  calculating  the
contribution  of  a  given  species  to  a  trophic  category.  For  instance,  if  species  A  eats  50%  fish  and
50%  microalgae,  and  if  this  species  has  a  density  of  0.1  fish/m2,  the  contribution  of  species  A  to
piscivory  will  be  of  0.1  x  0.50  =0.05  fish  /m2.

Each  fish  species  was  classified  within  one  of  the  6  life-history  strategy  classes  defined  in
table  1  (see  Kulbicki   1992  for  a  discussion  on  this  classification).   For  most  species  the
classification   is   given   by   Kulbicki   et   al.   (1994a).   For   the   remaining   species,   data   from
FISHBASE  (Froese  et  al.,  1992)  was  used  to  assign  the  species  to  a  given  class.  For  a  number  of
species  the  information  available  was  absent  or  too  scant  for  a  classification.  In  such  a  case,  I
used  the  same  classification  as  for  the  closest  species  within  the  genus  or  the  family.

Each  transect  was  divided  into  five  sections  of  10  m  each.  On  each  section  the  cover  of
each  of  the  substrate  categories  (see  Kulbicki  et  al.,  1993  for  details  of  the  method)  given  in
Table  2  was  noted  (the  total  for  each  section  being  100%)  for  a  5  m  wide  strip.  Algae  and  coral
cover  were  noted  in  the  same  manner.



Results

The  stations  (Table  2)  were  between  3  and  7  m  deep  with  a  minimum  depth  of  1  m  and  a
maximum  of  12  m.  The  substrate  was  characterised  by  a  large  proportion  of  rubble  (debris,  small
and  large  boulders)  and  a  small  coverage  of  sand,  which  was  either  muddy  or  coarse,  no  fine  sand
being  found.  Rock  formations  were  usually  from  eroded  reefs  and  not  of  volcanic  origin,  as  found
on  land.  Macroalgae  were  very  scarce.  Coral  and  alcyonarians  were  present  in  significant
amounts  at  only  one  station.

A  total  of  255  fish  species,  distributed  among  36  families,  were  recorded  (Appendix  1).
The  families  with  more  than  5  species  accounted  for  77  %  of  the  total  species  seen  (Table  3),  and
only   6   families   (Serranidae,   Chaetodontidae,   Pomacentridae,   Labridae,   Scaridae   and
Acanthuridae)  had  more  than  10  species.  The  number  of  species  per  transect  (95.7  species),
density  (7.1  fish  /m2)  and  biomass  (187  g/  m2)  were  high  (Table  4),  but  average  weights  were
small  (21.7  g)  due  to  the  dominance  of  Pomacentridae  in  the  counts.  Pomacentridae  accounted  for
16%  of  the  diversity,  68%  of  the  density  and  9.5%  of  the  biomass.  One  species,  Pomacentrus
coelestis,  formed  48.7%  of  the  total  density  and  four  other  Pomacentridae  (Chromis  amboinensis,
Chromis  xanthura,  Neopomacentrus  azysron,  Pomacentrus  amboinensis)  were  among  the  10
most  important  contributors  to  density.  The  other  important  species  with  respect  to  diversity  and
density  were  in  the  Labridae,  but  no  particular  species  in  this  family  dominated  in  density.  Most
species  had  a  low  number  of  individuals  in  the  counts,  even  the  planktivorous  Labridae,  which
are  usually  found  in  schools  elsewhere  in  the  Pacific.  The  major  contributors  to  biomass  were  the
Scaridae  and  the  Caesionidae.  Most  of  the  biomass  for  the  Scaridae  was  made  of  juveniles,  which
cannot  be  easily  identified  underwater,  but  two  species,  Scarus  fasciatus  and  S.quoyi,  formed
one-third  of  the  Scaridae  biomass.  The  Caesionidae,  which  are  all  schooling  species,  were
dominated  by  Pterocaesio  tile  and  Pterocaesio  chrysozona.  One  of  the  major  contributors  to
biomass  was  Pomacentrus  coelestis,  a  very  small  fish  (3  g  average  weight),  but  which  was
present  in  extremely  high  densities.

The  trophic  structure  can  be  considered  in  species  numbers,  density  or  biomass  (Table  5).
Most   species   were   carnivores   (23.2%   macrocarnivroes,   14.2%   microcarnivores,   11.9   %
piscivores),  zooplanktivores  and  microherbivores  represented  respectively  21.7  and  20.5%  of  the
species.   Density   was   dominated   by   zooplanktivores   (59.9%),   followed   by   microherbivores
(17.2%).  The  other  trophic  categories  had  little  importance  with  respect  to  density.  Three
categories   dominated   biomass:   microherbivores   (34.9%),   zooplanktivores   (29.9%)   and
macrocarnivores  (19.3%).  Coral  and  detritus  feeders  were  low  in  all  respects.  The  low  numbers
for  "other  planktivores"  are  normal  for  reefs  in  the  tropical  Pacific.  Macroherbivores  were  not  an
important  group.  As  is  usually  the  case  in  the  Pacific,  this  group  exhibits  little  diversity  and  low
densities,  but  the  large  size  of  macroherbivores  makes  this  category,  at  times,  a  significant
contributor  to  the  biomass.  In  Flores,  these  fish  were  small  in  size,  most  likely  because  of  fishing
pressure.

The  distribution  of  the  life-history  strategies  was  dominated  by  the  abundance  of  short-
lived species  (classes  1  and  2)  (Table  6).  Short-lived  species  were  also  the  most  diverse;  however,

species  with  an  average  life  span  (classes  3  and  4)  were  also  represented  by  large  number  of
species.  Biomass  was  evenly  distributed  between  short  and  average  life-span  species.

There  were  major  differences  in  the  distribution  of  the  life-history  strategies  among
trophic  categories  (Figure  2).  In  particular,  zooplanktivores  were  essentially  short-lived  species



whereas,  the  long  living  species  were  mainly  macrocarnivores  and  piscivores.  Microherbivores
were  split  between  many  small,  short-lived,  species  which  dominated  the  density  of  this  group,
and  a  few  large  longer-lived  species  (Scaridae,  Acanthuridae),  which  made  up  most  of  the
biomass.

The   average   size   of   the   commercially   important   species   (essentially   Serranidae,
Lethrinidae,  Lutjanidae,  Scaridae,  Acanthuridae)  indicates  that  there  are  very  few  large  fish
(Appendix  1).  In  particular,  not  a  single  species  with  more  than  10  individuals  sighted,  had  an
average  size  >  40  cm.  The  size  frequencies  for  the  most  abundant  commercial  species  are  given
on  Figure  3.  Most  Serranidae  were  juveniles  or  small  species.  The  Lethrinidae,  Caesionidae  and
Scaridae  were  small  in  size  (sizes  at  least  30%  less  than  average  reproductive  size).  This  could  be
due  to  fishing  pressure,  but  the  high  densities  observed  indicate  that  other  factors  could  possibly
be  involved.

Discussion

The  data  set  presented  here  are  minimal  and  one  should  be  cautious  in  generalizing  these
results  to  a  large  area.  In  the  absence  of  other  comparable  data  from  the  Flores  Islands  or  even
Indonesia,  it  is  difficult  to  assess  how  representative  are  these  results.  In  particular,  it  is
noteworthy  that  the  stations  were  sampled  in  a  leeward  zone  and  that  on  the  windward  side  of  the
island  the  morphology  of  the  reefs  is  very  different,  and  it  is  likely  that  the  reef  fish  communities
there  would  be  different  also.  However,  data  from  New  Caledonia  (Kulbicki  et  al.  ,  1994a)
indicate  that  even  in  a  wide  zone,  reef  fish  communities  from  the  same  type  of  reef  habitat  share
much  in  common  in  species  richness,  density,  biomass  and  structure.

The  substrate  found  on  the  stations  is  typical  of  many  fringing  reefs  in  the  region.
Indeed,  in  many  cases  terrestrial  runoffs  bring  very  fine  sediment,  and  wave  action  induces  the
formation  of  rubble  and  coarse  sediment.  The  very  low  algae  and  coral  cover  is  not  unusual
either,  especially  in  turbid  areas.

It  is  difficult  to  compare  the  total  number  of  species  with  other  areas,  because  the
sampling  effort  was  low.  However,  this  number  (255)  is  higher  than  observations  made  on
fringing  reefs  in  Hawaii,  81  -  187  species  (Hayes  et  al.  ,  1982)  or  French  Polynesia,  80  species
(Galzin,  1985),  which  have  been  sampled  much  more  thoroughly.  These  numbers  are  comparable
to  the  highest  diversities  found  in  New  Caledonia,  168  -  252  species,  but  with  a  much  larger
sampling  effort  (Kulbicki,  1992).  The  number  of  species  /station  is  a  better  indicator,  if  the
stations  are  sampled  in  a  similar  manner.  The  only  data  (Table  7)  that  have  been  collected
according  to  the  same  methods  are  from  Kulbicki  et  al.  (1989,  1994a).  The  species  richness
observed  in  Flores  is  higher  than  in  any  of  the  New  Caledonian  areas.  It  is  estimated  that  there  are
1 140  reef  and  lagoon  fish  species  in  the  Maumere  area  (Kuiter  and  Allen,  unpublished),  whereas
there  are  940  species  in  the  SW  lagoon  of  New  Caledonia  (Rivaton  et  al.  1989),  with  550  species
in  the  Chesterfield  Islands  (Kulbicki  et  al. ,  1994b)  and  630  in  Ouvea  (Kulbicki  et  al,  1994a).  The
families  that  are  best  represented  in  Flores  exhibit  considerable  species  diversity  in  most  parts  of
the  tropical  Pacific,  but  some  families  that  contain  many  species  elsewhere  (Apogonidae,
Holocentridae,  Scaridae,  Acanthuridae)  (Thresher,  1991)  did  not  exhibit  similar  diversity  in  our
observations.

The  densities  observed  in  Flores  are  very  high,  especially  for  fringing  reefs.  Such
densities  have  not  been  recorded  in  this  type  of  environment  in  the  tropical  Pacific  (Kulbicki,
1991).  However,  most  of  this  density  is  due  to  only  one  species,  Pomacentrus  coelestis,  a



planktivore.  Large  densities  of  planktivores  are  common  on  reefs  (Kulbicki  et  al.  ,  1994a),  and
these  species  are  usually  short  lived  and  experience  large  temporal  variations.  The  other
components  of  the  density  in  Flores  are  usually  found  on  fringing  reefs  in  the  Pacific,  in
particular,  the  Acanthuridae,  Pomacentridae  and  small  Labridae.  This  is  confirmed  by  the  few
published  studies  on  fringing  reefs  in  the  Pacific  that  give  a  detailed  account  of  the  contribution
of  the  various  species  to  density.  In  Hawaii  (Hayes  et  al.,  1982),  the  dominant  species  were  two
Acanthuridae  (A.nigrofuscus,  Ctenochaetus  striatus),  followed  by  small  Labridae  (Thalassoma
duperrey,  Gomphosus  varius),  the  Pomacentridae  being  the  third  major  component  of  the
Hawaiian   reef   communities.   In   French   Polynesia,   Galzin   (1985)   also   found   a   majority   of
Ctenochaetus  striatus  on  the  fringing  reefs,  the  second  most  abundant  species  being  another
herbivore,  the  Pomacentridae  Stegastes  nigricans.  In  New  Caledonia,  the  composition  of  the
density  varied  from  one  zone  to  another.  In  Ouvea  (Kulbicki  et  al.,  1994a)  the  most  abundant  fish
were   Acanthurus   nigrofuscus   and   Stegastes   nigricans,   followed   by   three   planktivorous
Pomacentridae   (Pomacentrus   coelestis,   Chromis   chrysura,   Chrysiptera   cyanea).   In   the
Chesterfield   islands   (Kulbicki   et   al.,   1989)   the   most   abundant   species   were   Mulloides
flavolineatus,  juvenile  Scaridae,  Acanthurus  nigrofuscus,  Ctenochaetus  striatus,  three  species  of
Caesio  and  three  Pomacentridae,  all  herbivores  (Pomacentrus  molluccensis,  Stegastes  nigricans,
Pomacentrus  vaiuli).  On  the  main  island  of  New  Caledonia  (Kulbicki,  unpubl.data),  the  major
contributor  to  density  were  planktivorous  Caesionidae  (Pterocaesio  diagramma,  P. tile),  several
Pomacentridae  (the  two  major  ones  being  Chromis  viridis  and  Dascyllus  aruanus,  which  are
mainly  planktivores),  Acanthurus  nigrofuscus,  small  Labridae  {Thalassoma  lunare,  T.lutescens)
and  juvenile  Scaridae.

The  biomass  (187  g/m2)  found  in  the  Flores  is  high  for  fringing  reefs.  In  Hawaii  Brock  et
al.  (1979)  found  106  g/m2,  on  the  GBR  (inshore  reefs)  Williams  and  Hatcher  found  92  g/m2;  the
results  for  New  Caledonia  are  given  in  table  7.  The  distribution  of  the  biomass  can  be  compared
only  to  the  studies  from  New  Caledonia.  There,  the  major  contributors  varied  greatly  from  one
zone  to  another.  In  Ouvea  (Kulbicki  et  al.,  1994a)  the  top  three  species  in  terms  of  biomass  were
herbivores   (Hipposcarus   longiceps,   Acanthurus   blochii,   Acanthurus   xanthopterus);   in   the
Chesterfield  Islands  (Kulbicki  et  al.,   1989)  the  top  species  were  two  herbivores  (Kyphosus
vaigiensis,  Naso  unicornis)  and  a  carnivore  (Mulloides  flavolineatus);  and  on  the  mainland  the
main  species  were  planktivores  (Pterocaesio  tile,  P. diagramma)  and  herbivores  (Acanthurus
nigrofuscus,  Scaridae  spp.).  The  similarity  between  Flores  and  New  Caledonia  is  the  presence  of
Acanthuridae  and  Scaridae  as  major  contributors  to  the  biomass.  The  differences  are  in  the
species  involved,  with  larger  species  in  New  Caledonia  than  in  the  Flores  Islands.

The   comparison  of   some  length   frequencies   (Figure   3)   between  Flores   and  New
Caledonia  show  that  there  is  usually  no  difference  in  the  size  range.  However,  no  small  Siganus
doliatus  were  observed  in  Flores,  which  could  be  due  to  the  season,  small  Siganus  doliatus  (less
than   15   cm)   being   found   mainly   during   the   dry   season   in   New   Caledonia.   Monotaxis
grandocculis  did  not  exceed  22  cm  in  Flores,  whereas  this  species  was  found  to  reach  38  cm  in
New  Caledonia,  with  the  largest  sizes  found  on  the  barrier  reef.

It  is  often  assumed  that  the  number  of  species  contributing  in  an  important  manner  (major
species;  more  than  2%  in  the  present  case)  to  the  density  or  biomass  decreases  as  diversity
increases  (Richards,  1952  and  Whittaker,  1964  in  Mcintosh,  1967;  Spight,  1977;  Wahington,
1984).  The  relationship  is  not  clearcut,  because  it  is  often  not  specified  which  diversity  is  taken
into  account:  the  observed  diversity  (number  of  species  in  the  sample)  or  the  potential  diversity
(number  of  species  in  the  region).  The  correlation  between  density  and  biomass  for  major  species
exists  both  for  the  observed  diversity  and  the  potential  diversity,  but  is  not  as  good  for  the  latter



(Table  8  and  Figure  4).  This  result  suggests  that  highly  diverse  communities  have  lower  numbers
of  dominant  species.  In  other  words,  one  would  expect  the  resources  to  be  better  shared  and
utilised  in  these  communities  that  in  less  diverse  ones.  Analysis  of  the  trophic  structure  and  of
distribution  of  the  life-history  strategies  will  in  part  answer  this  question.

It  is  difficult  to  compare  the  trophic  structure  found  in  Flores  with  most  of  the  findings  in
the  literature,  because  the  methods  were  very  different  from  one  study  to  another  (Kulbicki,
1991).  The  data  from  New  Caledonia  were  collected  and  analysed  with  the  same  methods  used  in
the  present  study  and  are,  therefore,  comparable  (Figure  5).  The  distribution  of  species  among
trophic  categories  (Figure  5a)  is  very  similar  in  all  4  studies.  However,  Flores  had  more
zooplankton  feeding  species  than  the  fringing  reefs  of  New  Caledonia.  In  density  (Figure  5b)  and
biomass  (Figure  5c)  the  results  from  Flores  and  mainland  New  Caledonia  are  almost  identical.
The  latter  two  islands  differ  from  Chesterfield  and  Ouvea,  both  of  which  are  offshore  islands,  in
having  larger  numbers  of  zooplanktivores,  lower  abundances  of  microherbivores  and  carnivores,
and  larger  biomasses  of  zooplanktivores.  This  larger  importance  of  zooplanktivores  in  the  Flores
and  mainland  New  Caledonia  could  be  linked  with  high  terrestrial  runoffs  (these  islands  have
similar  land  masses  -10  000  and  20  000  km2  -  and  average  rainfall  -  1500  to  2000  mm/  year).
There  are  also  trends  common  to  all  four  studies.  In  particular,  coral  feeders  form  2-7%  of  the
species  but  account  for  very  little  in  density  or  biomass.  Detritus  feeders  and  "other  planktivores"
are  never  an  important  component  of  the  trophic  structure,  whereas  they  form  between  10  and
15%  of  the  abundance  or  weight  for  the  coastal  (mangroves  and  estuaries)  areas  in  New
Caledonia  (Thollot,  1992).  Fringing  reefs  and  coastal  areas  are  often  adjacent  in  New  Caledonia,
thus  indicating  that  the  trophic  structure  is  greatly  influenced  by  the  substrate.

Very  few  studies  on  reef  fishes  have  treated  life-history  strategies  (Kulbicki,  1991;
Kulbicki  et  al.,  1992,  1994a)  or  assimilated  structures  (ecological  categories  x  size  classes)
(Harmelin-Vivien,   1989).   Kulbicki   (1992),   based   on   original   data,   compared   life-history
strategies  from  several  types  of  reefs  across  the  Pacific  using  the  same  classification.  The  data  of
the  present  study  can  be  compared  with  data  processed  in  the  same  way  for  fringing  reefs  in  New
Caledonia  (Figure  6).

The  distribution  of  species  among  life-history  strategies  is  almost  identical  for  all  reefs
(Figure   6a).   This   result   could   be   expected   from   the   findings   of   Kulbicki   (1992),   who
demonstrated  that  within  the  Western  Pacific  there  were  little  differences  in  this  structure  at  the
species  level.  Flores  and  mainland  New  Caledonia  also  have  very  similar  structures  in  terms  of
density  and  biomass  (Figures  6b,  c).  In  particular,  they  differ  from  the  fringing  reefs  of  the
islands  of  Ouvea  and  Chesterfield  by  having  more  class- 1  species,  which  have  the  fastest
turnover.  Conversely,  Flores  and  mainland  New  Caledonia  have  a  low  proportion  of  biomass
represented  by  long  living  fishes  (classes  5  and  6)  which  are  important  on  the  Ouvea  and
Chesterfield  islands.  This  suggests  that  in  Flores  the  fish  communities  of  the  fringing  reefs  should
be  more  sensitive  to  short  term  variations  than  they  would  be  on  isolated  islands  such  as  Ouvea  or
the  Chesterfield.  This  is  logical  since  most  of  these  class  1  and  2  fish  feed  mainly  on  zooplankton
and  microalgae,  which  are  variable  food  sources,  depending  on  primary  production  and  mineral
inputs.

Our  findings  indicate,  therefore,  that  the  functioning  of  the  fringing-reef  fish  community
of  Flores  is  very  similar  to  what  is  observed  on  mainland  New  Caledonia  where  ecological
conditions  are  similar.  Conversely,  fringing  reef  fish  communities  from  isolated  islands  of  New
Caledonia,  despite  their  similar  species  composition,  have  different  structures.  Diversity  alone
does  not  account  for  the  major  differences  in  the  structure  of  these  fish  communities.



Acknowledgements

The   author   wishes   to   thank   the   following   persons   and   organisations:   Prof.   Dr.   Kasijan
Romimohtarto  and  the  organizing  committee  of  the  Pre  Indo-Pacific  Fish  Conference  workshop
held  in  Maumere  (November  20-25,  1993),  R.Kuiter,  Dr.G. Allen,  G.Moutham,  P.Dalzell  and  the
two  anymous  reviewers.

LITERATURE   CITED

Brock  R.E.,  Lewis  C.  et  Wass  R.C.  1979  Stability  and  structure  of  a  fish  community  on  a  coral
patch  reef  -  Marine  Biology  54:  281-292
Buckland  ST.,   Anderson  D.R.,   Burnham  K.P.,   Laake  J.L.   1993  Distance  sampling,  estimating
abundance  of  biological  populations.  Chapman  &  Hall  London  446p.
Burnham  K.,  Anderson  D.R.,  Laake  J.L.  1980  Estimation  of  density  from  line  transect  sampling
of  biological  populations.  Wildlife  Monographs  72:  202p.
Froese  R.,   Palomares  MLD,  Pauly  D.   1992  Draft  user's  manual  of  Fishbase  software  7  -

International  Center  for  Living  Aquatic  Resources  Management-  Manila  Philippines  56  p.
Galzin  R.  1985  Ecologie  des  poissons  recifaux  de  Polynesie  Francaise  These  Doctorat  Universite
de  Montpellier:  195  p.
Harmelin- Vivien  M.  1989  Reef  fish  community  structure:  an  Indo-pacific  comparison,  in
Ecological  studies  -  Vertebrates  in  complex  tropical  systems  (Harmelin- Vivien  M.,  Bourliere  F.
eds)  Springer  Verlag  N.Y.  69:  21-60
Hayes  T.,  Hourigan  T.,  Jazwinski  S.,  Johnson  S.,  Parrish  J.,  Walsh  D.  1982  The  coastal  resources,
fisheries  and  fishery  ecology  of  Puako,  West  Hawaii  -  Hawaii  Cooperative  Fishery  Research  Unit
Technical  Report  82-1:  159  +  Annexes
Kulbicki  M.  1991  Present  knowledge  of  the  structure  of  coral  reef  fish  assemblages  in  the  Pacific
-  in  Coastal  resources  and  systems  of  the  pacific  basin:  investigation  and  steps  toward  a
protective  management  -  UNEP  Regional  Seas  Report  and  Studies  :  147:  31-53
Kulbicki  M.  1992  Distribution  of  the  major  life-history  strategies  of  coral  reef  fishes  across  the
Pacific.  Proc.  7th  Intern.  Coral  Reef  Symp.  -  Guam  1992  :  918-929
Kulbicki  M.,  Doherty  P.,  Randall  J.E.,  Bargibant  G.,  Menou  J-L.,  Mou-Tham  G.,  Tirard  P.  1989  -
La  campagne  Corail  1  du  N.O.  Coriolis  aux  lies  Chesterfield  (du  5  aout  -  4  sept.  1988)  :  donnees
preliminaire  sur  les  peuplements  ichtyologiques  ORSTOM  Noumea.  Rapp.  Sci.  Tech.  Sci.  Mer
Biol.  Mar.  57  :  88  p.
Kulbicki  M.,  Thollot  P.,  Wantiez  L.  1992  Life  history  strategies  of  fish  assemblages  from  reef,
soft  bottom  and  mangroves  from  New  Caledonia.  Seventh  Intern  Coral  Reef  Congress  -  Guam
June  1992  abstract
Kulbicki  M.,  Dupont  S.,  Dupouy  C,  Bargibant  G.,  Hamel  P.,  Menou  J.L.,  Mou  Tham  G.,  Tirard
P.  1993  Caracteristiques  physiques  du  lagon  d'Ouvea  -  in  Evaluation  des  ressources  en  poissons
du  lagon  d'Ouvea:  2eme  partie:  l'environnement  physique:  sedimentologie,  substrat  et  courants  -
Convention  Sciences  de  la  Mer  ORSTOM  Noumea  10:  47-150
Kulbicki  M.,  G.  Bargibant,  Menou  J.L.,  Mou  Tham  G.,  PThollot,  L.  Wantiez,  Williams  J.T.
1994a  Evaluations  des  ressources  en  poissons  du  lagon  d'Ouvea.  in  Evaluation  des  ressources  en
poissons  du  lagon  d'Ouvea:  3eme  partie:  les  poissons;  Convention  Sciences  de  la  Mer  ORSTOM
Noumea  1 1:  448  p.
Kulbicki  M,  Randall  J.E.,  Rivaton  J.  1994b  Checklist  of  the  fish  from  the  Chesterfield  islands.
Micronesica  -  27  (1/2):  1-43



Kuiter  R.,  Allen  G.  submitted  Fishes  of  Maumere  Bay,  Flores  Indonesia  -  Tropical  Diversity
Indonesian  Journal
Mcintosh  R.P.  1967  An  index  of  diversity  and  the  relation  of  certain  concepts  to  diversity  -
Ecology  48  (3)  :  392  -  404
Rivaton  J.,  Fourmanoir  P.,  Bourret  P.,  Kulbicki  M.  1989  -  Catalogue  des  poissons  de  Nouvelle-
Caledonie.  Catalogues  Sciences  de  la  Mer,  ORSTOM  Noumea  2  :  170  p.
Spight  T.M.  1977  Diversity  of  shallow  water  gastropod  communities  on  temperate  and  tropical
beaches  -  The  American  Naturalist  111  (982):  1077-1097
Thollot  P.  1992  -  Les  poissons  de  mangrove  du  lagon  sud-ouest  de  Nouvelle-Caledonie  -  ecologie
des  peuplements,  relations  avec  les  communautes  ichtyologiques  cotieres.  Ph.D.  Thesis
University  of  Aix-Marseille  II  (France),  406  p.
Thresher  R.E.  1991  Geographic  variability  in  the  ecology  of  coral  reef  fishes  :  evidence,
evolution,  and  possible  implications  -  in  The  ecology  of  fishes  on  coral  reefs  (P. Sale  ed.)
Academic  Press  Inc.  New  York  754  p.
Washington  H.G.  1984  Diversity,  biotic  and  similarity  indices.  A  review  with  special  relevance  to
aquatic  ecosystems  -  Water  Research  18  (6):  653-694
Williams  D.McB.,  Hatcher  A.  1983  Structure  of  fish  communities  on  outer  slopes  of  inshore,
mid-shelf  and  outer  shelf  reefs  of  the  Great  Barrier  Reef  -  Marine  Ecology  Progress  Series  10:
239-250



10

Pisclvores Macrocarnivores

2   3   4   5   6
Life-history  strategy  classes

2   3   4   5
Life-history  strategy  classes

Zooplanktivores
DZooD
S  ZooB

2   3   4   5
Life-history  strategy  classes

2   3   4   5
Life-history  strategy  classes

Figure  2:  distribution  of  trophic  categories  according  to  life-history  strategies.  D:  density;  B:
Biomass;  Pi:  piscivores;  CI:  macroinvertebrate  feeders;  C2:  microinvertebrate  feeders;
Zoo.:  zooplanktivores;  Mi.:  microalgae  feeders
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Figure  3:   size  distribution  of  the  most  abundant  commercial  species  (NC:  data  for  New
Caledonia)
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Figure  4:  correlation  between  number  of  species  ("major  species")  contributing  to  more  than  2%
of  density  (%D)  or  biomass  (%B)  and  number  of  species  in  sample,  or  number  of  reef  species
known  in  region.  Data  from  Table  8.  Note  that  for  second  figure  a  log  scale  is  used.
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Table  1 :  definition  of  the  6  life-history  strategy  classes  used  for  defining  structure.
Life  length  can  be  considered  as  life  expectancy  (L50  after  recruitment)

Class Size Reproduction Behavior Growth         Mortality     Life  length
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Table  2:  composition  of  substrate.  Depths  in  m.  All  other  numbers  are  percentages.

Table  3:  major  fish  families  and  their  contribution  to  total  diversity  and  comparison  with  New
Caledonia  (NC)
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Table  4:  density  (fish/m2)  and  biomass  (g/m2)  of  the  major  families  and  species.

Biomass
—   ---    636

0.17
0.99
1.10
3.95
2.92
5.11
1.92
1.85
4.28
1.67
9.48
4.53
1.10
1.67
2.79
18.4
0.64
0.23
0.48
0.31
0.63
10.4
7.86
0.11
0.06
0.29
1.09
0.23
33.1
13.0
5.56
6.94
18.4
2.50
5.60
2.14
4.85
4.84

TOTAL   7.13   187
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Table  5  :  trophic  structure.  All  numbers  are  percentages.

Table  6:  distribution  of  the  life-history  strategies.  All  numbers  are  percentages.  Classes  refer  to
the  classification  given  in  table  2.

Table  7:  species  richness  (species  /transect),  density  (fish/m2),  biomass  (g/m2)  from  fringing  reefs
in  New  Caledonia  (SW  lagoon,  Chesterfield  and  Ouvea)(Kulbicki,  1991;  Kulbicki  et  al.,  1989,
1994a).

Region Species   richness density BIOMASS
1.2/3.3
2.4
2.2/5.8

90/200
340
61/155
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Table  8:  number  of  species  (N)  contributing  to  more  than  2%  of  density  or  biomass  for  Flores  and
other  fringing  reefs  in  the  Pacific.  Sampled  species:  number  of  species  sampled.  Potential
species:  number  of  reef  species  known  in  the  area;  %N:  percentage  of  N  in  the  number  of  species
recorded  during  the  survey.
1:  Kulbicki  unpublished;  2:  Kulbicki  et  al.,  1994a;  3:  Kulbicki  et  al.  1989;  4:  Galzin,  1985;  Hayes
et  al.,  1982

Region N  density     %N  density    N  biomass      %  N  biomass      Sampled     Potential    Land  are
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Appendix  1 :  list  of  species  observed.  St:  number  of  stations  where  species  was  observed;  N:  total
number  of  individuals  seen;  Sch.:  average  size  of  schools;  Size:  average  size  in  cm

Name   St   N   Sch.
Pterocaesio   diagramma   1   15   15
Pterocaesio   teres   1   20   20
Pterocaesio   tile   3   320   107
Plectorhinchus   picus   1   1   1
Lethrinus   olivaceus   1   1   1
Lethrinus   harak   2   1  1   2.2
Lethrinus   rubrioperculatus   1   21   10.5
Monotaxis   grandoculis   5   22   2.7
Pentapodus   caninus   1   35   17.5
Scolopsis   affinis   4   5   1
Scolopsis   bilineatus   6   29   1.3
Scolopsis   lineatus   1   1   1
Scolopsis   margaretifer   3   3   1
Mulloides   flavolineatus   1   5   2.5
Parupeneus   barberinus   4   8   1.1
Parupeneus   bifasciatus   3   6   1
Parupeneus   cyclostomus   4   17   1.4
Parupeneus   indicus   1   2   2
Parupeneus   macronema   4   4   1
Parupeneus   trifasciatus   6   38   1.4
Upeneus   tragula   1   11
Platax   orbicularis   2   5   2.5
Chaetodon   adiergastos   1   11
Chaetodon   baronessa   1   5   1.7
Chaetodon   citrinellus   1   1   1
Chaetodon   kleinii   4   22   2.4
Chaetodon   lineolatus   1   1   1
Chaetodon   lunula   1   6   2
Chaetodon   melannotus   2   3   1.5
Chaetodon   ornatissimus   1   1   1
Chaetodon   pelewensis   1   2   2
Chaetodon   rqfflesi   2   3   1.5
Chaetodon   trifascialis   1   3   1.5
Chaetodon   trifasciatus   3   10   2
Chaetodon   vagabundus   5   18   1.8
Chaetodon   xanthurus   1   2   1
Heniochus   varius   4   6   1.5
Centropyge   bicolor   2   20   2
Centropyge   tibicen   1   6   2
Centropyge   vrolicki   6   31   1.5
Genicanthus   lamarcki   1   4   4
Pomacanthus   imperator   2   2   1
Pomacanthus  xanthomethopon       2  2  1
Pygoplites   diacanthus   3   6   1
Abudefduf   saxatilis   2   95   23.7
Acanthochromis  polyacanthus       3  54  4.1
Amblyglyphidodon   aureus   1   3   1.5

Size
15
15

16.9
18
25

25.3
18

17.1
16.7
24.2
14.9

15
22.3

16
25

19.2
19.2

40
14.2
12.9

20
27
18

8.2

12
11.8

9
12
8

12
8.3
8.3

11.4
8

14.5
6.2

12.3
7.7
20

21.5
21.5
19.8
7.5
8.3
8.3



20

Name   St   N   Sch.
Cheilinus   celebicus   2   3
Cheilinus   chlorourus   3   5
Cheilinus   diagrammus   2   4
Cheilinus   fasciatus   1   2
Cheilinus   trilobatus   4   5
Choerodon   anchorago   2   8   1.3
Cirrhilabrus   exquisitus   3   16   5.3
Cirrhilabrus   cyanopleura   2   52   10.4
Cirrhilabrus   sp.   3   53   8.8
Coris   gaimard   3   6   1
Coris   schroederi   2   1   1.7
Diproctacanthus   xanthurus   1   1   1
Epibulus   insidiator   4   9   1
Gomphosus   varius   1   1   1
Halichoeres   argus   2   10   5
Halichoeres   chrysus   2   25   5
Halichoeres   hortulanus   3   6   1
Halichoeres   melanurus   5   37   2
Halichoeres   miniatus   1   1   1
Halichoeres   prosopeion   1   1   1
Halichoeres   podostigma   1   11
Halichoeres   nebulosus   1   6   3
Halichoeres   scapularis   2   2   1
Hemigymnus   fasciatus   1   11
Hemigymnus   melapterus   4   10   1.1
Hologymnosus   annulatus   1   1   1
Hologymnosus   doliatus   1   2   1
Labrichthys   unilineatus   1   5   1
Labroides   bicolor   4   5   1.2
Labroides   dimidiatus   6   15   1.7
Macropharyngod   meleagris   4   10   1.4
Macropharygodo   ornatus   2   6   1.5
Novaculichthys   taeniourus   3   13   1.3
Pseudocheilinu   evanidus   2   3   1
Pseudocheilinu   hexataenia   1   2   1
Pseudocheilinu   octotaenia   3   4   1.3
Pseudodax   mollucanus   1   1   1
Stethojulis   bandanensis   1   3   1
Stetholulis   interrupta   1   3   3
Stethojulis   strigiventer   2   3   1.5
Stethojulis   trilineata   2   4   1
Thalassoma   amblycephalum   3   83   8.3
Thalassoma   hardwicke   2   8   1.1
Thalassoma   janseni   2   3   1
Thalassoma   lunare   6   46   1.8
Scarus   spp.   6   111   5.
Cetoscarus   bicolor   1   2   2
Scarus   bleekeri   6   13   1.4
Scarus   altipinnis   1   1   1
Scarus   dimidiatus   1   2   1
Scarus   flavipect   oralis   2   4   1

Size
12.3
18.6
16.7
16.5
22.6
22.2
5.8
6.4
5.3

11.5
10
8

15
8
6

5.6
13.5
6.6

7
8

10
7.3
12
12

16.4
10
13

8.8
7

5.6
7.5
7.5

24.5
6.7

6
7

10
8.7

6
6.7

9
6.8

11.5
9.7
8.6

20.3
38

24.9
10
23

21.2
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Name   St   N          Sch.   Size
Odonus   niger   3   65       16.2   13.7
Pervagor   melanocephalus   1   11   10
Rhinecanthus   verrucosus   1   2            1   19
Sufflamen   bursa   4   8            1   10.7
Sufflamen   chrysopterus   2   32         1.9   12.3
Arothron   meleagris   1   11   20
Arothron   nigropunctatus   2   2            1   20
Canthigaster   solandri   3   5            1   9.8
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