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A bstract

N a v a s sa  I s la n d  is a  tin y , (5 k m 2) u n in h a b ite d  U S  p ro te c to ra te  lo c a te d  b e tw e e n  J a m a ic a  a n d  H a it i . I t  is  p a r t  o f  th e  C a rib b e a n  
Is la n d s  N a t io n a l  W ild life  R e fu g e , u n d e r  th e  ju r is d ic t io n  o f  th e  U S  F is h  a n d  W ild life  S ervice. W e c o n d u c te d  a  q u a n t i ta t iv e  assess­
m e n t o f  N a v a s s a ’s c o ra l  r e e f  fishes a n d  b e n th ic  h a b i ta t ,  in  o rd e r  to  a s s is t  w ith  th e  d e v e lo p m e n t o f  c o n s e rv a tio n  p la n  fo r  th e  is lan d . 
T h e  sh a llo w  ree fs  o f  N a v a s s a  ( < 2 3 m )  h a v e  h ig h  live c o ra l c o v e r  ( ra n g e  2 0 -2 6 .1 % ) , h ig h  deg ree  o f  a rc h ite c tu ra l  c o m p le x ity  (ru g ­
o sity  in d ex  r a n g e  1 .4 -1 .9 ), a n d  m o d e ra te  a b u n d a n c e  o f  th e  k e y s to n e  g ra z in g  u rc h in , D ia d em a  an tilla ru m , a t  a ll sites  (m ean  2 .9  ± 0 .9  
p e r  30  m 2). D e s p ite  its  re m o te n e ss , a n  u n re g u la te d , a r t is a n a l  fishery  (p rim a rily  u s in g  t r a p s  a n d  h o o k  a n d  line) c a r r ie d  o u t  b y  H a i­
t ia n s  is th e  p r im a ry  m o d e  o f  h u m a n  im p a c t  o n  N a v a s s a  reefs. E v en  so , r e e f  fish c o m m u n itie s  ex h ib it  h ig h  d en s ity  ( ra n g e  9 7 -1 4 0  fish 
p e r  60 in 2) a n d  r e ta in  r e p re s e n ta tio n  b y  la rg e  sn a p p e r, g ro u p e r  a n d  h e rb iv o re s , w h ic h  a re  m o s tly  la c k in g  in  n e a rb y  C a rib b e a n  
lo c a tio n s  w ith  h ig h  f ish in g  p re ss u re . T h u s , N a v a s sa  reefs a p p e a r  to  be  tro p h ic a lly  in ta c t w ith  fish p o p u la t io n s  re la tiv e ly  
“ u n e x p lo ite d ,”  p re se n tin g  a  c o n s e rv a tio n  c h a llen g e  a n d  a  r e se a rc h  o p p o r tu n ity .  T h e  re g u la tio n  a n d  c o n s e rv a tio n  o f  th e  fishery  will 
b e  d ifficu lt, d u e  to  th e  in te rn a t io n a l  n a tu r e  o f  th e  s itu a tio n . H o w e v e r , g iven  th e  a p p a re n t ly  sm a ll im p a c t  th a t  a r t is a n a l  fisheries h a v e  
y e t h a d  o n  its  r e e f  c o m m u n itie s , N a v a s s a  p re se n ts  a  p o ss ib ly  u n iq u e  o p p o r tu n ity  to  s tu d y  th e  e co lo g ica l fu n c tio n in g  o f  a  re la tiv e ly  
tro p h ic a lly  in ta c t  C a r ib b e a n  ree f , a n d  re p re se n ts  a  s tro n g  im p e ra tiv e  fo r  c o n s e rv a tio n , m o n ito rin g , a n d  re se a rc h . (£) 2002  E lsev ier 
S cience  L td . A ll r ig h ts  reserved .
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1. Introduction

The tiny island  o f N avassa is a  U S p ro tec to rate  under 
ju risd ic tion  o f  the U S F ish and  W ildlife Service. The 
island m easures approxim ately  5 km 2 and  is currently 
un inhabited . T he cliffs th a t su rround  the island extend 
straight dow n in to  the ocean, to  a shelf ranging from  
22-25 m dep th , and  are com posed o f  sand and  rubble 
w ith patch -reef type hab ita ts  disbursed th roughout. 
H ence, the topography  o f  N avassa Island reefs does 
n o t conform  to the typical zonation  described fo r 
C aribbean reefs (G oreau  1959; G oreau  and  G oreau, 
1973), w ith pro tected  n ear shore back reef and sea grass

* Corresponding au thor. Tel.: +  1-305-361-4561; fax: +  1-305-361-
4562.
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com m unities, reef crests an d  fore-reef hab ita ts. In  fact, 
seagrass an d  m angrove hab ita ts  are essentially absent, 
and  this absence likely has strong  influence on the reef 
fish com m unities o f N avassa. A lso, m ost o f the shallow 
reef surface is vertical, w ith horizontal reef surfaces 
largely confined to  a small shelf area a t the N orthw est 
P o in t (11-14 m), to  indentations along or a t the base of 
the wall, an d  on  pinnacles, apparen tly  form ed as seg­
m ents o f the wall broke off (i.e. the pinnacles appeared 
to  be geologically based, n o t accreted biogenic struc­
tures). Local hum an im pacts are lim ited to  artisanal 
fishing undertaken  by H aitians w ho travel to  N avassa in 
small boats, and thus this fishery is unregulated  except 
by rem oteness.

A n expedition to  N avassa in M arch 2000, the third 
sponsored  by th e  Ocean C onservancy (form erly the 
C enter fo r M arine Conservation), sought to  provide a 
quan tita tive assessment o f  the coral reef com m unities
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around  N avassa, (both fishes and benthic com ponents) 
w hich will be critical to  coral reef conservation  and 
fishery m anagem ent. A  previous expedition to  N avassa 
(A ugust-S eptem ber 1999) docum ented the biodiversity 
o f the island, producing taxonom ic lists fo r m any 
groups including m arine fishes, m arine algae, terrestrial 
p lan ts, reptiles and insects. T hus, the objectives o f  the 
cu rren t study were first to quan tify  ree f fish abundance, 
biom ass, size structure and assem blage com position , as 
well as h ab ita t characteristics, including ben th ic com ­
m unity  structure and  rugosity. T he second objective was

to exam ine the influence o f  the artisanal fishery on 
N avassa co ral reefs.

2. Methods

D uring  th e  expedition to  N avassa in M arch  2000, five 
sites along  the W est (lee) coast o f the island were sur­
veyed fo r reef fishes (Fig. 1). Q uantitative benthic com ­
m unity  structu re  and  rugosity  indices were m easured at 
four o f these sites. D ep th  o f the survey sites ranged from
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Fig. 1. M ap o f  N avassa Island showing approxim ate location o f study sites along the W est coast.
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9-11 m  (N orthw est sites) to  19 m  (Pinnacles). D iving 
activities were precluded along the eastern  coasts by 
heavy swell du ring  the du ration  o f the expedition.

2.1. R ee ffish  populations

Five sites were surveyed for coral ree f fishes a round  
N avassa Island: N orthw est-1, N orthw est-2 , W est P in ­
nacles, Lulu Bay an d  Southw est (Fig. 1), follow ing the 
rap id  assessm ent protocol o f the A tlantic an d  G u lf 
R ap id  R eef Assessm ent (A G R R A ; G insburg  e t al.,
1998). Briefly, fishes were counted in 30 m  long, 2-m 
w ide belt transects (60 m 2), using a  30-m transect tape 
and  a 1 m  T -b a r  to  estim ate transect w idth. Six to  ten 
transects were p laced haphazard ly  per site, and  were 
located a t least 5 m  laterally aw ay from  the previous 
transect.

A ccord ing  to  the A G R R A  pro tocol, fishes from  the 
follow ing g roups w ere surveyed during  one pass along 
the  transect: Epinepheline grouper, snapper, g run t, par- 
rotfish, surgeonfish, triggerfish, angelfish, and butterfly- 
fish. A dditionally , the A G R R A  pro toco l includes the 
survey o f follow ing five species: yellow tail dam selfish 
(M icrospathodon chrysurus), hogfish (Lacholaimus m a x­
imus), Spanish hogfish (.Bodianus rufus), barracuda  
( Sphyraena barracuda) and b ar jack  ( Caranx ruber). All 
fish sizes w ere estim ated by com parison w ith th e  T -bar, 
w hich had  10-cm increm ents fo r scale, and  were 
assigned to  the follow ing size categories: ( < 5  cm, 5-10, 
11-20, 21-30, 31-40, > 4 0  cm). W hen the diver reached 
the end o f the transect line, the  transect was re-swum  
in th e  opposite direction, and all o th e r reef fish species 
(hereafter referred  to  as no n -A G R R A  fishes) were 
coun ted  and  sized, in order to  establish a  com plete 
assessm ent o f  the N avassa reef fish assemblage.

2.2. Benthic communities

Benthic com m unities were quantified using a linear 
po in t-in tercep t m ethod  as described fo r the  R apid  
A ssessm ent m onitoring  program  in the F lo rida  Keys 
N atio n a l M arine  Sanctuary  (M iller e t al., 2000). In  
conjunction  w ith the quan tita tive sam pling o f fish 
com m unities, three to  five o f the fish transects  were 
used to  quan tify  benthic cover a t all sites except 
N orthw est-2  (Fig. 1). The transect tapes were p laced by 
the  diver sam pling fishes w ithou t regard  to  coral 
occurrence. T he organism s lying under po in ts a t  25-cm 
intervals along 25 m  o f  each transect w ere recorded  to 
quantify  ben th ic com m unity structure . T he organism s 
o r groups enum erated  were scleractinian corals (to 
species level), hydrocorals (to  species), octocorals 
(enum erated as branching  or encrusting  form s), sponges 
(as a group), crustose coralline algae (CCA, as a group), 
and  uprigh t m acroalgae (to genus). O ne hundred  points 
w ere recorded  fo r each transect (0.25-m in te rv a lx 25 m);

thus the to ta l num ber o f  p o in t intersections tallied for a 
given organism  on  a given transect yielded an  estim ate 
o f percent cover o f th e  benthos. In  a  few cases where 
reef valleys yielded a large d istance between the transect 
line and the bo ttom  m aking  identification o f a single 
in tercept po in t un tenable , few er th an  100 points were 
recorded on a transect. In  these cases, the num ber of 
points intercepting a given organism  was divided by the 
to ta l num ber o f p o in ts  recorded fo r th a t transect to 
estim ate percent cover. Lastly, the num ber o f  Diadema  
antillarum  sea urchins was coun ted  and  recorded w ithin 
a 1-m wide sw ath along  each transect. These tallies 
yielded an  estim ate o f  D iadem a  density (N o. urchins 
per 30 m 2).

T he last param eter quantified fo r each reef site was 
the rugosity index. R ugosity  gives an  ind ication  o f the 
topographic com plexity  o f the reef, a characteristic 
im portan t b o th  fo r ind icating  h ab ita t value (e.g. for 
fishes o r m obile invertebrates), and  as an  ind ica to r of 
ree f m etabolism  and n u trien t u p tak e  (A tkinson, 1999). 
A  6-m long chain (3.5-cm links) was laid in  a stra it line 
to  conform  to the ree f surface, an d  an  add itional m eas­
uring tape was used to  m easure the linear (flat) distance 
covered by the chain. The ra tio  o f chain length to  flat 
length gives the rugosity  index (dim ensionless). A  per­
fectly flat surface w ould have a  rugosity  index o f  one, 
w ith larger num bers indicating  rougher, m ore com plex 
surfaces. T en  chain transects w ere m easured a t  h ap ­
hazard  locations a t  each site except P innacles, where 
only fou r chain  transects w ere quantified.

2.3. D ata  analysis

T he m ean density o f  all fish, including A G G R A  and 
n on -A G G R A  species (per 60 m 2 transect) was calcu­
lated fo r all sites and  transects com bined (to ta l density). 
N avassa fish b iom ass was estim ated using the length- 
w eight relationships fo r C aribbean reef fishes, generated 
by B ohnsack and  H arper (1988). Lengths w ere first 
estim ated by assigning each fish to the m id-po in t o f its 
observed size category (e.g. 15 cm  fo r the 11-20 cm size 
category). F rom  the length da ta , crude estim ates of 
b iom ass values were then calculated. T o ta l m ean bio­
m ass (g per 60 m 2) was calculated for all species where 
regression d a ta  were available. Species d a ta  were then 
com bined an d  averaged to  give an  estim ate o f  N avassa 
to ta l fish biomass.

The densities o f certain  groups (grouper, large 
grouper, parro tfish , snapper) w ere calculated fo r com ­
parison  w ith  o ther C aribbean locations. T he grouper 
category contains A G G R A  E phinepheline serranids, 
while the large grouper category contains the same spe­
cies m inus grasby (Ephinephelus cruentatus) and  coney 
( Ephinephelus fulvus). F inally, the  to tal m ean density for 
all species and for selected species was split in to  fish size 
categories fo r com parison.
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3. Results

3.1. R e e f fish  populations

M ean reef fish density  fo r N avassa was 119.1 ± 6 .8  
fish per 60 m 2 ( M e a n ± l  S tandard  E rror; n = 42 tra n ­
sects), while m ean biom ass was 13,718.9±  1595.0 g per 
60 m 2 (Fig. 2a). M ean densities fo r N avassa for certain  
econom ically and  ecologically im portan t fish groups 
were com pared to  published values from  o th er C ari­
bbean areas for rough  illustration  (Fig. 2b), however 
census m ethods are n o t equivalent in all cases. N avassa 
shows high densities o f grouper, averaging 1.6 ± 0 .2  fish 
per 60 m 2, and  especially large grouper, averaging 
0.3 ± 0 .1  fish per 60 m 2 com pared to  o ther C aribbean 
sites. P arrotfish  densities for N avassa averaged 5.0 ± 0 .5  
fish per 60 m 2, an d  are  interm ediate between those
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Fig. 2. (a) M ean fish density (N o. fish per 60-m2 transect) and m ean 
fish biom ass (g fish p er 60 m2 transect) for all Navassa Island transects 
(/i =  42) com pared to  d a ta  from  the F lo rida Keys (Bohnsack e t al., 
1999). The F lo rida  K eys data  use a  visual p lo t census m ethod which 
yields a  conservative estim ate o f areal density, and is only included for 
a  rough com parison. Values are  m e a n s i  1 standard  error for Navassa 
data, (b) Fish m ean density fo r selected species in Navassa Island 
(« =  42) com pared to  o ther C aribbean locations: G uantanam o Bay 
(Sedaghatkish and  R oca, eds., 1999), Barbados (Chapm an and  K ra ­
mer, 1999), F lo rida  Keys (Sluka et al., 1994, 1996); Saba (Roberts, 
1995), Baham as (Sluka et al., 1996). The G rouper category only includes 
Epinepheline serranids, while the Large G rouper category includes the 
sam e species, m inus grasby and  coney. Values are m eans± 1  standard 
e rro r for N avassa data . M eans th a t were too large for the scale are 
indicated by the num ber above the bar.

reported  fo r sites in  the  F lo rida  Keys, w here parro t- 
fishes are n o t targeted  fo r harvest, and for unfished sites 
in Saba. Indeed, the  fam ily Scaridae com prised 28%  of 
to ta l fish biom ass a t N avassa, m ore th an  any  o ther fish 
family. M ean snapper densities o f  0.9 ± 0 .3  fish per 60 
m 2 are o f  in term ediate abundance fo r N avassa com ­
pared  to  o ther published C aribbean sites.

T h e  size d istribu tion  o f N avassa reef fishes is shown 
in F ig. 3. T he greatest abundance o f all species o f fish 
com bined w as found  in  the  6-10 cm  category. N avassa 
snapper sizes were particu larly  large, w ith 92.1%  of 
snappers possessing lengths greater than  40 cm. 
G ro u p er an d  parrotfishes were also relatively large, w ith 
14.7%  and  22.5% , respectively, possessing lengths 
greater th an  40 cm. R ough com parisons o f  N avassa fish 
sizes w ith  published studies from  o ther areas o f  the 
C aribbean  are given in  Table 1.

Interestingly, certain  com m on reef fish species were 
absen t from  the survey da ta . N o m em bers o f  the grunt 
fam ily (H aem ulidae) w ere observed, n o r  were labrids 
such as hogfish {Lachnolaimus m axim us) o r slipperydick 
w rasse {Halichoeres bivittatus). O ther species, such as a 
very large ( >  1 m) jewfish {Epinephelus itajara), were 
observed b u t n o t recorded during the transect swims.

C asual interviews w ith tw o groups o f  H aitian  fishers 
indicated  th a t overall fishing effort w as relatively m ini­
m al. W e observed only 1-4 small (~ 2 0 -fee t)  boats , with 
3-5  fishers per b o at during  the 10-day survey period. 
Fishers said  they only fished for 8-10  days a t a time 
before re tu rn ing  to  H aiti, where fishes were either con­
sum ed for subsistence or sold. W e observed only fishing 
by either hand  line, or traps further offshore o f the reef. 
In  the  underw ater surveys, we saw no evidence o f m ore 
destructive fishing practices such as b last fishing, which 
are com m on in certain  areas of the Pacific. The catch 
did include several species th a t were n o t observed d u r­
ing th e  underw ater transect surveys including, queen

20
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Fig. 3. M ean density for all species combined and  for selected groups, 
by fish size categories for all N avassa Island transects (« =  42). The 
G rouper category only includes Epinepheline serranids. Values are 
m e a n s i  1 standard  error. M eans th a t were too large for the scale 
are indicated by the num ber above the bar.
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Table 1
C om parison o f  recent C aribbean coral reef fish d a ta  intended to  provide a rough benchm ark com parison o f  N avassa populations, since the methods 
for fish surveys vary widely

N avassa
C urren t study
(5 lightly fished sites)

C aribbean 
H odgson (1999)
(49 Reefcheck sites)

F lo rid a  Keys 
S luka e t al. (1994) 
Schm itt (1997)

Jam aica
K oslow  e t al. (1988) 
(heavily/m oderately fished)

G rouper 0%  sites, grouper 65%  sites, grouper
(> 3 0  cm) =  0 fish/100 m 2 (> 3 0  cm) =  0 fish/100 m 2

20%  sites, grouper 
(> 3 0  cm) < 0 .5  fish/100 m 2 
80%  sites, grouper 
(> 3 0  cm) ̂ 0 .5  fish/100 m 2

Parrotfish  0%  sites 0 fish/100 m 2

0%  sites, 0 -2  fish/100 m 2 
20% sites, 2 -5  fish /100 m 2 
80%  sites, > 5  fish/100 m 2

Snapper 40%  sites, 0 fish/100 m 2
0%  sites <  1 fish/100 m 2 
60%  > 1  fish/100 m 2

22%  sites, grouper 
(> 3 0  cm )< 0 .5  fish/100 m 2

4%  sites 0 fish /100 m 2

28%  sites, 0 -2  fish /100 m 2 
37%  sites, 2 -5  fish /100 m 2 
31%  sites, > 5  fish /100 m 2

20%  sites =  0 fish/100 m 
27%  sites <  1 fish/100 m 2

7%  o f  sites, grouper 
(> 3 5  cm) =  0 fish/100 m 2

93%  o f  sites, grouper 
(> 3 5  cm) < 0 .5  fish/100 m 2

Range: 7 -22  fish /100 m2

#  “ large”  g rouper =  0 on 
27 d iv es /=  1 on 24 dives 
(50 m long transects)

“ large”  parrotfish, except 
Sparisoma viride =  0-0.3 p e r  dive

trigger (.Balistes vetula), N assau  grouper (Epinephelus 
striatus), sm ooth  dogfish (M ustelis canis), blackjack 
0Caranx lugubris), and  a red snapper species.

3.2. Benthic communities

M ean live scleractinian co ral cover a t the fo u r sam ­
pled sites was 2 2 .6 ± 1 .3 %  ( ± 1  S.E.; range 20-26% ; 
n = 4  sites; Fig. 4). O ther m ajo r space occupiers were 
sponges, averaging 17.3 ± 4 .1 %  (7 -27% ) an d  uprigh t 
m acroalgae, averaging 2 1 .6 ± 2 .2 %  (16-26% , prim arily  
Halimeda  spp. and b row n fleshy algae such as D ictyota  
and  Lobophora  spp). T he highest sponge cover (as well 
as the highest coral cover and  rugosity) was m easured a t 
Pinnacles, while the h ighest m acroalgal abundance was 
a t N orthw est po in t, the site w ith  th e  greatest expanse of 
horizontal reef area. C om parative values for o ther well- 
studies C aribbean reefs (D iscovery Bay, Jam aica and 
the F lo rida Keys) are displayed in  Fig. 4 fo r illustration.

M ean abundance o f D iadem a antillarum  urchins was 
2 .9 ± 0 .8  (1 S.E.) urchins per 30 m 2 (n = 1 4  transects). 
R ugosity  o f the reefs a t N avassa was extrem ely high, 
averaging 1 .6±0.1  (range 1.4—1.90, n =  5 sites).

4. Discussion

T he purpose o f  the cu rren t study  was to  collect base­
line d a ta  on the sta tu s o f  N avassa  coral reefs and to

determ ine w hether artisanal fishers from  H aiti were 
im pacting the reef com m unity. This included surveying 
N avassa co ral reef fish populations, estim ating fishing 
effort, and  characterizing benthic com m unity  structure.

4.1. Benthic¡habitat status

T he underw ater landscape aro u n d  N avassa is spectac­
ular, largely owing to the predom inance of vertical reef 
surfaces. Indeed a t som e sites, it  was difficult to  find 
enough horizon tal space to  place the desired 10 tran ­
sects. Interestingly, the site w ith  extensive horizontal 
reef area  (N orthw est P o in t) also had  the h ighest cover 
o f b row n algae, which can com pete and displace corals. 
O verall, the “ hea lth” of shallow  w ater reefs in N avassa 
appears quite good as indicated  by this quantita tive 
survey (i.e. high coral to  m acroalgal ratio  (Fig. 4) and 
m odera te  densities o f grazing urchins), as well as o ther 
qualitative observations including low  incidence o f  coral 
disease o r o ther active m orta lity , vigorous populations 
o f Acropora palm ata  (designated as a C andidate species 
u nder the  U S Endangered Species A ct by N M F S  in
1999), and  an  abundance o f sm all recruits o f  m any 
scleractinian species.

The predom inance o f vertical ree f surfaces also con­
tributes to  the  high topographic com plexity o f  these 
reefs. I t  appeared  tha t the high rugosity  values observed 
a t the  N avassa  survey sites resu lt partially  from  under­
lying geology an d  partly  from  the com plex benthic
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Fig. 4. Benthic com m unity com position for four sites a t  N avassa (left 
po rtio n  o f  graph) and , for com parison, other C aribbean sites, depicted 
as m ean percent cover o f  dom inant benthic groups: corals indicates 
scleractinian corals only; m acroalgal group is com posed prim arily o f 
D ictyota  spp., Halimeda  spp. and  Lobophora variegata; C C A  repre­
sents crustose coralline algae, a  bo ttom  type th a t indicates high levels 
o f  grazing and  is advantageous fo r coral settlement. The num ber o f 
transects sam pled a t  each site is given in the bars. (1) D a ta  averaged 
from  five ou ter bank  reef sites in Biscayne N ational Park, northern 
F lorida Keys (Miller e t al., Unpublished data). (2) D a ta  from  long­
term  study site a t Discovery Bay (A ronson and  Precht, 2000); cover by 
sponges was n o t reported  in this study.

com m unity  growing upon  it. Reefs w ith high rugosity 
yield a high po ten tia l fo r reef m etabolism  and  nu trien t 
up tak e  as well as high value as fish hab ita t. W hile rug­
osity  index d a ta  is n o t com m only collected in  ree f rap id  
assessm ents, A tk inson  (1999) argues th a t it should  be 
because it allows inferences regarding the nu trien t 
up tak e  and, hence, reef m etabolism . S zm ant (1997) 
suggested th a t topograph ic com plexity is a v ital deter­
m in an t o f  a  re e fs  capacity to  m etabolize n u trien t inpu t 
w ithou t undergoing a  “ phase shift”  to  m acroalgal 
dom inance.

T he survey results indicated th a t fish populations 
ap p ear relatively unexploited, since overall fish density, 
b iom ass and  size were relatively rich com pared  to  o ther 
areas of the C aribbean (Fig. 2b; T ab le 1). F o r  exam ple, 
fish density and  biom ass in  N avassa  was 2 -3  tim es 
greater than  in the  F lorida Keys (Fig. 2a; B ohnsack e t 
al., 1999). M axim al N avassa fish density  values were 
also 1.5 tim es greater than  m axim al values for H aitian  
reef fish popu la tions (Ferry  and K ohler, 1987).

In  addition , density an d  size were greater for selected 
species, including grouper and parrotfishes. Large, 
com m ercially im portan t g rouper species (excluding 
sm aller species such as coney and  grasby) h ad  an 
approxim ately  3.5 times greater density in  N avassa than  
in  the  G u an tan am o  Bay, C uba m arine  reserve (Seda- 
ghatkish  an d  R oca, 1999). D ensities fo r to ta l grouper 
(including coney and  grasby) w ere 2.8 tim es greater in

N avassa than  in the F lo rid a  Keys (Sluka e t al., 1994) 
and  sim ilar to  those found  in G u an tan am o  Bay, in 
lightly fished areas o f  Saba Island  (R oberts, 1995), and 
in  a no-take reserve in  the  central B aham as (Sluka e t al., 
1994). Larger species, such as tiger g rouper {M ycter­
operca tigris)  were also seen in N avassa, while none 
were found in G u an tan am o  Bay o r B arbados (C hap­
m an  and K ram er, 1999), an d  w ere rare  in the F lorida 
Keys. G rouper size w as also relatively larger, in  com ­
parison  to  Reefcheck d a ta  from  1997, w here 65%  o f  the 
C aribbean sites repo rted  no g rouper greater th an  30 cm 
(H odgson, 1999). Parro tfish  densities were sim ilar to 
values for unfished areas o f Saba (R oberts, 1995) and 
areas such as the F lo rid a  Keys w here parrotfish  are n o t 
a  targeted stock  (Schm itt, 1997). In  N avassa, 80%  of 
sites had parro tfish  densities over five fish p er 100 m 2 
while only 31 %  o f sites across the  C aribbean  reported  
densities this high (H odgson , 1999). S napper densities 
were sim ilar in N avassa to  those  in Saba. In  contrast, 
N avassa snapper densities w ere 50%  less than  in Bar­
bados and  w ere substantially  less than  in  G uan tanam o  
Bay. Conservative density estim ates fo r certain  species, 
such as yellowtail snapper {Ocyurus chrysurus) w ere six 
tim es greater in  the F lo rida  K eys th an  in N avassa, how ­
ever snapper w ere m uch sm aller in  the Keys, w ith m ean 
sizes ranging from  15-20 cm (Bohnsack e t al., 1999).

The lack o f species such as grun ts and  certain  wrasses 
m ay be due to  the  lack o f seagrass hab ita ts  around  
N avassa, w hich are usually required  fo r juveniles o f 
these species. A lternatively, grun ts are also com m on 
forage for larger p redato rs , such as grouper, so tha t the 
greater abundance o f p reda to ry  fishes could  be im pact­
ing the abundance o f  sm aller species. A lthough these 
species were n o t ap p aren t in the transect survey data, 
they were collected using ro tenone during  the 1999 
expedition to  N avassa (C ollette et ah, 1999).

4.2. Conservation implications and future research 
needs:

Intensely exploited reef fish popu la tions are char­
acterized by decreased catch rates, decreased abundance 
o f large p reda to ry  fishes and  to ta l reef fishes, decreased 
individual size, and  decreased species richness (e.g. 
M unro , 1983; R uss and A lcala, 1989). The present 
study show ed th a t density and  size o f large predator}' 
fishes and the density o f reef fishes in general com pare 
favorably w ith  lightly fished reefs th ro u g h o u t the C ari­
bbean. N o d a ta  are available on catch ra tes in  Navassa. 
W hile various fish taxa (e.g. grunts) were n o t observed 
in  N avassa, th is depression in  species richness is 
explained by n a tu ra l h ab ita t lim itation (i.e. lack o f sea­
grass and  m angrove hab ita t). T hus, we conclude th a t 
despite ongoing artisanal fishing activity on N avassa 
reefs, the im pact o f  harvest on  the reef fish assemblage 
appears m inim al.
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C oral reefs are com plex com m unities, and strong  
in teractions such as those between herbivorous fishes 
and ben th ic algae (H ay, 1991) are im p o rtan t in  m ain ­
taining biodiversity. I t  has been argued th a t overfishing 
o f C aribbean  coral reefs, in conjunction w ith basin-w ide 
die-off o f  the herb ivorous sea urchin Diadema antil­
larum  in  the early  1980s has been responsible fo r “ phase 
shifts”  o f  these ree f com m unities from  coral-dom inated  
to  m acroalgal-dom inated  systems (Hughes, 1994; 
H ughes et al., 1999). Indeed, fleshy seaweed abundance 
in heavily fished areas such as Jam aica have been co n ­
sistently over 60%  cover since 1985 (Hughes, 1994), 
w ith the exception o f areas w here Diadema  have 
rebounded  (to  densities o f 1.25 per 1 m 2) and  reduced 
m acroalgal cover (to ~ 1 5 % )  in  the past 2 years (A ron ­
son an d  P rect, 2000). M acroalgal cover a t the fou r sites 
quantified in N avassa ranged from  ~  16-26%  (Fig. 4) 
w ith m ean D iadem a  density o f  0.1 per 1 m 2. A dditional 
anecdotal observations such as an  unusually high inci­
dence o f  arm  regeneration  in brittle s ta r  collections 
(H endler, personal com m unication) suggest th a t overall 
preda tion  regim es are relatively intense a t N avassa. 
These results co rro b o ra te  o u r fish survey d a ta  showing 
th a t N avassa  assem blages con tain  ab u n d an t large p red ­
ato rs an d  herbivores. M eanw hile, we recognize th a t the 
und istu rbed  sta te  o f  N avassa reef trophic webs is re la ­
tive, as wide-scale trophic d isrup tion  o f C aribbean reefs 
by functional rem oval o f m ega-fauna such as turtles 
m ay be ub iqu itous and  very old (Jackson, 1997). T h a t 
is, w h a t appears to  us as favorable coral and  algal cover 
m ay still represen t som e degree o f  degradation  from  
N avassa’s true pristine state.

O ur direct observations o f  fishing effort also indicate 
relatively low im pact, w ith only 1-4 sm all boats fishing in 
an  extrem ely crude estim ate o f 5-8  k m 2 o f  fishable area. 
Thus, effort is estim ated to  be 5-8 tim es less than  the 
heavily explo ited  n o rth e rn  shore o f Jam aica (Hughes, 
1994). H ow ever, anecdotal observations from  the  three 
O cean C onservancy-sponsored cruises suggest th a t the 
capacity  o f the H aitian  fishery m ay be increasing rapidly, 
since the earlier expeditions observed only sail pow ered 
boats, while the cu rren t expedition observed o u tboard  
m otors on  all the H aitian  fishing vessels present (A non­
ym ous, 2000). H ow ever, due to  the  prohibitive price o f 
gasoline, these m o to rs  are currently  used for tran sp o rt 
a round  the  island, n o t to  and  from  H aiti.

This cu rren t s ta te  o f reef com m unities a t N avassa 
represents b o th  a  conservation  challenge and a research 
opportun ity . The artisana l fishery activity a t N avassa is 
curren tly  unregu lated  an d  unquantified. Careful m oni­
to ring  o f the fish popu la tions and  the fishery and the 
application  o f fishery m anagem ent will be required  in 
order to  avoid  over-exploitation , especially if fishing 
effort escalates by H aitian  fishers. G iven the cu rren t 
socioeconom ic cond itions in  H aiti and  the likely trend  
fo r increased technology and  sophistication  o f fishing

m ethods, it seems likely  tha t pressure could escalate 
rap id ly  unless m anagem ent p rogram s are enforced. 
L im iting entry into th e  fishery by only licensing curren t 
H aitian  fishers and using  the U S C oast G u ard  from  
G uan tanam o  Bay, C u b a  fo r enforcem ent is one option. 
T hough the in te rna tiona l natu re  o f  the  situation  will 
m ake im plem entation difficult, the application  o f strict 
conservation  and fishery m anagem ent (o f w hich fishery 
effort and  catch m on ito ring  is an  im p o rtan t com ponent) 
m ust be a  high priority  to  m aintain  the cu rren t sta tus o f 
N avassa reefs.

T his unique status o f  N avassa reefs also represents an 
im p o rtan t research opportun ity . I t  is rarely  possible to 
quan tify  the direct an d  indirect im pacts o f  fishing on  the 
structu re  and  function  o f C aribbean  reef com m unities, 
w hen we have so little opportun ity  to  study reef com ­
m unity  function in system s th a t are n o t grossly d is­
tu rbed  by hum an harvest. N avassa appears to  present 
such an  opportun ity , v ia com parative studies o f ap p ro ­
p ria te  aspects o f ree f com m unity function  including 
popu la tion  dynam ics o f  im portan t reef com ponents 
(corals, m acroalgae, grazing urchins, and fishes) and 
various functional processes (productivity , nu trien t 
cycling, recruitm ent) w ith  o ther C aribbean  reef areas.

In  the m ost pessim istic case, if  the conservation  m eas­
ures described above are n o t successfully im plem ented, 
fishing effort and catch m ay increase rapidly  a t N avassa 
to  the p o in t where adverse im pacts on the reef ecosys­
tem  occur. This scenario (starting  from  a  p o in t o f  m ini­
m al fishery im pact b u t w ith rap id  fishery escalation over 
tim e), though  tragic, could provide som e benefit, bu t 
only if research and m onitoring  is begun ahead  o f  time. 
C ontinued  quantification o f baseline reef sta tus and 
processes a t N avassa and the exam ination o f  trends 
if  fishing effort increases m ay identify threshold levels o f 
fishing effort o r harvest where ree f com m unities are 
adversely im pacted, in  the absence o f  o ther local 
an th ropogen ic stressors. W hile th e  h ab ita t peculiarities 
o f  N avassa (abundance o f vertical structure , lack of 
m angroves and seagrasses) dictate care in  generalization 
o f  results to  o ther areas, tem poral changes in  the 
N avassa ree f com m unity  m ay lend insights on fishery 
im pact th a t are n o t available elsewhere, a nugget o f 
in fo rm ation  which could greatly im prove coral reef 
m anagem ent and its effectiveness.

These im portan t m onitoring  an d  research activities a t 
N avassa are n o t currently  underw ay n o r are they under 
concrete p lan  fo r the near future. G iven the possibility 
o f fu tu re  escalations in  the fishery, this oppo rtun ity  m ay 
soon be lost.
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