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ABSTRACT Local population dynamics of fishes on coral reefs are dependent on processes affecting 
the settlement of pelagic larvae and the subsequent persistence of these new settlers. The ability of 
larvae to choose favourable places to settle in terms of persistence may make the dynamics of certain 
populations predictable at the reef scale, and cause patterns of recruitment to differ from those of larval 
supply. I collected data on settlement, recruitment and persistence of the ocean surgeonfish Acanthu- 
rus bahianus in different physiographic zones of the Tague Bay reef, on the island of St. Croix, U . S .  Vir- 
gin Islands. There was significantly higher settlement and recruitment to the back-reef zone than to the 
fore-reef zone or seagrass zones at the bases of the back-reef and fore-reef, suggesting that larvae 
select settlement sites and do not necessarily settle to the first reef zone encountered. On the back-reef, 
settlers used pavement more than any other type of substratum, and the post-settlement persistence of 
settlers and recruits was highest on pavement when compared to these other substrata. These results 
suggest that patterns of ocean surgeonfish settlement are affected by reef-based processes, and that 
selection for certain zones and substrata occurs. Subsequent modification of these initial settlement 
patterns by increased persistence in preferred habitats adds predictability to patterns of recruitment, 
resulting in larval supply alone being an insufficient explanation of the distribution and abundance of 
ocean surgeonfish populations at this scale. 
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INTRODUCTION 

Most marine organisms, including the majority of 
coral reef fishes, have a life cycle that includes a 
pelagic larval stage and a demersal, relatively site- 
attached, adult stage (Ehrlich 1975, Butman 1987, 
Roughgarden et al. 1988). For these species, the local 
persistence of adult populations is highly dependent 
on the input of new individuals that settle to benthic 
habitats from the plankton (Sale 1980, Doherty et al. 
1985, Milicich et al. 1992). However, recruitment (the 
addition of new individuals) is highly variable in both 
space and time (Sale et al. 1984a, Caffey 1985, Doherty 
1987, Doherty & Williams 1988, Raimondi 1990, Fowler 

et al. 1992). Not only are the distribution and abun- 
dance of adult populations influenced by this variation 
(Doherty 1981, Victor 1983, 198613, Doherty & Fowler 
1994b). but often local age-structures are as well 
(Doherty & Fowler 1994a, b). Assuming that recruit- 
ment patterns reflect pelagic events and not early post- 
settlement events, there is considerable argument as to 
the importance of these pelagic processes relative to 
other processes affecting population dynamics of coral 
reef fishes (Jones 1991). 

While planktonic, a larval fish must obtain food and 
avoid predation, as well as make its way to an area 
suitable for settlement. Interactions with other pelagic 
species, in addition to movement of the surrounding 
water masses, are important in determining the suc- 
cess of individuals and may have strong effects on the 
distribution and abundance of competent larvae (Leis 
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1991). The length of time spent In the plankton varies 
both within and among taxa (Victor 1986a, Fowler 
1989, Thresher et al. 1989, Wellington & Victor 1989), 
and the ability to delay metamorphosis may be an 
adaptation for maximizing the return of larvae to suit- 
able coral reef environments (Victor 1 9 8 6 ~ ) .  

Although pelagic processes are important in deter- 
mining the dynamics of populations of coral reef fish, 
reefal processes may also be important. While settling, 
larvae often show preferences for places that contain 
conspecifics (Sweatman 1985, 1988, Jones 1987, Booth 
1992) and for certain habitats (Bell & Galzin 1984, Sale 
et al. 198413, Eckert 1985, Victor 198613). Later in life, 
habitat may influence post-settlement interactions 
with reef residents (Itzkowitz 1977, Choat & Bellwood 
1985, Ebersole 1985, Jones 1990). Because reef sub- 
strata provide food (Jones 1986, Schmitt & Holbrook 
1986, Forrester 1990, Levin 1994) and shelter from pre- 
dation (Shulman 1984, Hixon & Beets 1989, 1993), 
habitat can also influence post-settlement persistence 
(Aldenhoven 1986, Jones 1986, Eckert 1987, Booth & 
Beretta 1994). 

investigations of the relative importance of pelagic 
and demersal processes have, for the most part, been 
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Fig. 1. Location of St. Croix within the Caribbean Sea. 
Enlargement shows Tague Bay and Tague Bay reef, where 

the study was conducted 

limited to pomacentrid and labrid species (Doherty & 
Williams 1988), and have been conducted within a sin- 
gle habitat or on small homogeneous arrays (Mapstone 
& Fowler 1988). It is thus unclear how generally applic- 
able the results from these studies are. Specifically, it is 
doubtful that the results from such studies can be 
applied to non-pomacentrid or non-labrid species of 
fish living in highly heterogeneous habitats. 

In order to obtain a broader understanding of the 
population dynamics of coral reef fish, it is therefore 
essential to study different species and to examine 
the effects of both pre-settlement and post-settlement 
events within the mosiac of habitats in which individ- 
uals occur. In this paper, I examine patterns of settle- 
ment and recruitment of the ocean surgeonfish Acan- 
thurus bahianus on the Tague Bay reef, St. Croix, 
U.S. Virgin Islands. Three questions are addressed: 
(1) What is the pattern of settlement and recruitment 
of ocean surgeonfish in different physiographic zones 
of the reef? (2) What is the distribution of settlers 
among particular types of substrata within one of 
these zones? (3) Are there differences in the persis- 
tence of settlers and recruits among particular types 
of substrata within this zone? 

METHODS 

Study site. Tague Bay is on the northeast side of St. 
Croix (Fig. l), and is enclosed by a bank-barrier reef. 
The reef can be divided into 3 main physiographic 
zones: the reef flat, the back-reef and the fore-reef. 
The reef flat is the shallowest part of the reef and is 
often partially exposed at  low tide. The back-reef is 
inside the reef flat, facing the shore of St. Croix. At the 
base of the back-reef (approx. 4 m depth), there are 
scattered seagrass beds (Thalassia testudinum) and 
large expanses of sand. The fore-reef is outside the 
reef flat, and faces the open ocean. At the base of the 
fore-reef (approx. 15 m depth) there are also scattered 
seagrass beds (Syringodium filiforme) and sand- 
covered areas. The reef surface is comprised mainly of 
dead Acropora palmata rubble and pavement (smooth, 
algae-covered areas), with an occasional large head of 
Porites pontes or Montastrea annulans. 

Study species. The ocean surgeonfish Acanthurus 
bahianus (Castelnau) (Pisces: Acanthuridae) is a com- 
mon herbivore on coral reefs in the Caribbean (Randall 
1965, Ogden 1976). Accompanied by A, chirurgus and 
A. coeruleus, adults graze the reef in large hetero- 
specific schools (pers. obs.). Ocean surgeonfish spawn 
both in pairs and in large groups, producing fertilized 
pelagic eggs (Colin & Clavijo 1988). While the larval 
duration of ocean surgeonfish settling to Barbados 
ranges from 44 to 69 d (Sponaugle & Cowen 1996), it is 
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not known whether the larval duratlon of ocean sur- 
geonfish settling to St. Croix is similar 

Settlement of competent larvae to the reef occurs 
during the night and follows a lunar cycle, being max- 
imum around the new moon (Robertson 1988, 1992, 
Sponaugle & Cowen 1996). Settlement intensity varies 
both spatially and temporally (Robertson 1992), and 
there is evidence from confamilials that settlers 
actively choose where to settle based on the amount 
and kind of cover available, depth, and presence of 
conspec~fics (Sale 1968, 1969a, b). Recently-settled 
individuals a re  transparent except for a silvery gut and 
operculum (pers. obs.), thus allowing settlers to be  eas- 
ily distinguished from recruits. On reefs in Panama, 
new settlers range in standard length between 23 and 
33 mm, with the average being 26.9 mm (Robertson 
1992). Settlers seek shelter immediately and begin to 
metamorphose, which involves lengthening the gut 
and acquiring scales and adult colouration (Randall 
1961). 

Among-zone patterns of settlement and recruit- 
ment. To determine whether ocean surgeonfish settle- 
ment and/or recruitment varies within the Tague Bay 
reef, I collected settlers and recruits in each of 4 reef 
zones. I established 2 permanent 25 m2 quadrats in 
each of 8 sites: areas of pavement on the eastern fore- 
reef, areas of pavement on the western fore-reef, areas 
of pavement on the eastern back-reef, areas of pave- 
ment on the western back-reef, areas of seagrass at  the 
base of the eastern fore-reef, areas of seagrass a t  the 
base of the western fore-reef, areas of seagrass at the 
base of the eastern back-reef, and areas of seagrass at 
the base of the western back-reef. There were there- 
fore 2 sites (with 2 quadrats within each site) per zone, 
zones being fore-reef pavement, back-reef pavement, 
fore-reef seagrass and back-reef seagrass. The 2 
quadrats within each of the 8 sites were at least 10 m 
apart, and the 2 sites within each of the 4 zones were at 
least 500 m apart. 

All quadrats were delineated with large roofing nails 
and string. I attempted to match the fore-reef and 
back-reef pavement areas and the fore-reef and back- 
reef seagrass areas a s  closely as possible in terms of 
depth and substratum. 

Every 10 to 14 d from mid-June to mid-August 1995, 
while on SCUBA, I collected all settlers (translucent, 
with silvery operculi) and recruits (total length 
<50 mm, but not recent settlers) from each of the 
16 quadrats using quinaldine (2-methylquinoline), a 
fish anesthetic, and aquarium hand-nets. Each collec- 
tion was completed within a single day. Settlers were 
easily distinguished from recruits by colouration. A 
total of 6 collections were completed. 

Both the mean number of settlers and the mean 
number of recruits collected from mid-June to mid- 

August were compared among the 4 zones with 2-way 
ANOVAs (side of reef and substratum type as fixed 
factors). Because there were no differences between 
the sites in each zone, the effect of site was removed 
from the analysis, thus providing 4 quadrats per zone. 
All collections were pooled for each quadrat. Data 
were log,(x+0.5) transformed prior to analysis to 
achieve homoscedasticity. When the overall ANOVAs 
were significant, I used post-hoc pair-wise compari- 
sons to test for differences among zones (Bonferroni- 
corl-ected, overall 0: = 0.05). 

Within-zone patterns of settlement and persistence. 
Because settlers were most abundant on the back-reef 
(see 'Results'), I examined smaller-scale factors within 
this zone. To determine whether ocean surgeonfish 
settlers were non-randomly distributed among sub- 
stratum types on the back-reef, I compared substratum 
availability and settler habitat usage. I censused the 
substrata with 47 haphazardly-placed line transects, 
20 m long, parallel to the reef crest. I recorded what 
substratum type was directly beneath the transect tape 
every 20 cm (100 observations per transect). Substra- 
tum usage was measured by monitoring 139 haphaz- 
ardly-selected settlers for 10 min each, and recording 
what substratum type was directly beneath each indi- 
vidual every 15 s (40 observations per recruit). While 
substrata were censused on SCUBA, substratum usage 
was measured on snorkel, as the sound of underwater 
breathing and the release of bubbles often disturb 
young ocean surgeonfish (pers. obs.). 

Both substratum availability and substratum usage 
were measured during the 2 wk around the June 1995 
new moon, when ocean surgeonfish settlers were 
abundant. A G-test compared substratum availability 
and substratum usage by settlers. Substratum cate- 
gories with low frequencies (<5) were combined. 

To elucidate the effect of substratum on persistence, 
I monitored the presence of 40 ocean surgeonfish set- 
tlers on the back-reef whose home areas were com- 
prised of different substrata. These observations were 
conducted around the July 1995 new moon. Individu- 
als were captured with quinaldine and aquarium hand 
nets. Each fish was uniquely fin-clipped for identifica- 
tion, measured, and then immediately released to the 
place where it had first been seen. Small clips were 
made in different regions of the dorsal fin, the anal fin, 
or both. Individuals were held for less than 30 S. The 
sites where each of the settlers had been captured 
were marked with numbered pieces of flagging tape, 
allowing all individuals to be  cross-referenced by fin- 
clip and flagging tape number. As I wanted to exclude 
any settler that had died or been seriously injured by 
the clipping, I began the experiment the day after clip- 
ping and included only those individuals which could 
then be located. Fin-clipped settlers were monitored 
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Fig. 2 Acanthurus bahianus. Mean number of ocean sur- 
geonflsh (A) settlers and (B) recrults collected from four 25 m2 
quadrats in each of 4 reef zones (BRP back-reef pavement, 
BRS: back-reef seagrass, FRP: fore-reef pavement, FRS: fore- 
reef seagrass). Horizontal bars: zones that cannot be distln- 
guished statistically; "zones that differ statistically at p < 

0.01. Error bars are +l  SE 

every other day, until the study was terminated at the 
end of 2 wk because the clipped fins were growing and 
becoming difficult to distinguish. Each individual was 
given a persistence score, based on the number of days 
that I had been able to relocate it. A settler was 
deemed gone only if I had been unable to find it on 2 
consecutive searches. Throughout this study I thor- 
oughly searched the immediate area as  well as much 
of the surrounding area, and never found a fin-clipped 
settler more than a few meters away from its flagged 
home area. This suggests that persistence is a measure 
of survival and not of lack of emigration. 

Persistence was compared among substrata with an 
ANCOVA, using total length as  the covariate. The 
existence of parallel relationships among substrata 
between persistence and total length was tested by 
comparing the slopes of the separate regression lines. 

Differences among substrata in persistence at a given 
total length were compared by testing the intercepts of 
the regression lines. 

RESULTS 

Among-zone patterns of settlement and recruitment 

No settlers or recruits were ever seen in the fore-reef 
seagrass, thereby reducing the number of zones from 
which ocean surgeonfish were collected from 4 to 3. 
The planned analyses (2-way ANOVAs) were thus 
modified to l-way ANOVAs among zones. 

The mean number of settlers collected per quadrat 
over the entire collection period (mid-June to mid- 
August) differed significantly among the 3 reef zones 
(ANOVA, F = 5.60, df = 2, l l ,  p < 0.05). On average, the 
back-reef pavement zone received more settlers per 
25 m2 than did either the back-reef seagrass or fore-reef 
pavement zones (Fig. 2A). The mean number of recruits 
collected per quadrat over the entire period shows the 
same pattern, with the mean number of recruits being 
greatest in the back-reef pavement quadrats (ANOVA, 
F=8 .01 ,d f=2 ,11 ,p=O.Ol ) (F ig .2B) .  

Within-zone patterns of settlement and persistence 

On a smaller scale, within the back-reef, the sub- 
strata most frequently used by settlers were signifi- 
cantly different from those which were most abundant 
(G-test, G = 66.97, p < 0.001). Settlers appeared to use 
pavement in a greater frequency than its relative avail- 
ability (22.22% of time vs 6.98% availabhty), and 
avoid dead Acropora palrnata (3.70% vs 16.28%) and 
sand (5.19% vs 20.93%) (Fig. 3). Because of low cell 
frequencies, it was not possible to determine differ- 
ences in usage among the various types of algae. 

The persistence of ocean surgeonfish settlers was 
compared among the 3 substratum categories for 
which there were enough data (pavement, dead Acro- 
pora palmata, and sand).  Because the study was ter- 
minated after 14 d,  thus artificially bounding the per- 
sistence scores, 2 analyses were conducted: one 
including all of the data points and one excluding from 
the pavement data a possible influential outlier having 
a persistence score of 14. In the first analysis, substrata 
had a significant effect on persistence, as did the 
covariate total length (Table 1A). Regression equations 
of the persistence of settlers on different substrata vs 
the total lengths of the settlers were parallel, although 
the intercepts differed (Fig. 4). When I tested among 
the intercepts, I found that, while there was no differ- 
ence in persistence between those settlers that lived in 
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Fig. 3. Acanthurus bahianus. Comparison of substratum avail- 
ability (open bars) and substratum usage (filled bars). There 
are 6 substratum categories (P: pavement; dPp: dead Porites 
porites; IPp: live P. pontes; S: sand; dAp: dead Acropora 
palmata; 0: other). Substratum categories with low cell fre- 
quencies (<5)  were comb~ned to form the category 'other' 

Table 1 Acanthurus bahianus. ANCOVA of effect of back- 
reef substratum type on the persistence of ocean surgeonfish 
settlers (A) with and (B) without possible outlier. Total length 

is the covanate 

Source df F P 

(A) With outlier 
Total length of settler 1 63.240 <0.001 
Substratum type 2 13.089 <0.001 
Total length of settler X 2 0.427 0.658 

substratum type 
Error 23 

(B) Without outlier 
Total length of settler 1 271.09 <0.001 
Substratum type 2 7.842 <0.01 
Total length of settler X 2 11.241 <0.001 

substratum type 
Error 22 

sandy areas and those that lived in areas dominated by 
dead A, palmata (2-tailed Student's t-test, t = 1.01, df = 
17,  p > 0.1), those that lived on pavement had signifi- 
cantly higher persistence (2-tailed Student's t-test, t = 
2.54, df = 26, p < 0.05). 

In the second analysis, regression equations of per- 
sistence on different substrata vs total length were not 
parallel, indicating that there was a significant interac- 
tion between these 2 variables (Table 1B). While again 

Fig. 4. Acanthurus bahjanus. Relationship between persis- 
tence and total length of ocean surgeonfish settlers. With all 
data points included, back-reef substratum type (0 ,  dead 
Acroporapalmata, n = 10; M, sand, n = 9; A ,  pavement, n = 10) 
had a significant effect on persistence, resulting in individuals 
on pavement having higher persistence than those on the 
other 2 substrata over all total lengths measured (solid lines). 
With the potential outlier excluded from the pavement data 
(dashed line) there was a significant interaction between per- 
sistence and total length, resulting in individuals on pave- 
ment having higher persistence than those on the other 2 sub- 
strata only at larger total lengths. Small numbers and symbols 
on the figure indicate the number of data points for each sub- 

stratum type where data points overlie 

there was no difference in persistence between those 
settlers that lived in sandy areas and those that lived in 
areas predominated by dead Acropora palrnata (2- 
tailed Student's t-test, t = 1.01, df = 17,  p > 0.1), those 
that lived on pavement had higher persistence a s  total 
length increased (Fig. 4 ) .  Based on these data alone, it 
is impossible to determine whether persistence of 
ocean surgeonfish settlers was greater on pavement 
relative to sand and  dead A. palmata at  all total lengths 
(first analysis), or whether this effect was seen only in 
larger individuals (second analysis). 

DISCUSSION 

Among-zone patterns of settlement, recruitment and 
growth 

Variation in settlement and recruitment of several 
species of coral reef fishes has been noted both on the 
Great Barrier Reef, Australia, and in the Caribbean 
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(Doherty 1981, Doherty & Williams 1988). The extent of 
this variation is often dependent on the spatial and 
temporal scale of the study (Victor 1986b, Raimondi 
1990, Tolimieri 1995). At the scale of physiographic 
zones on a reef, relative recruitment densities to differ- 
ent zones are often predictable because of the effects 
of habitat choice (Williams 1991). Fowler (1990), for 
example, documented the distribution of 23 species of 
butterfly fishes on One Tree Reef, Great Barrier Reef, 
and found that there were significant differences in 
adult abundance among locations. Adults of Chaeto- 
don rainfordi, the most widely distributed species, 
were most abundant on a leeward reef slope and a 
small lagoon area filled with small coral heads. In a 
later study, Fowler et al. (1992) attributed this distribu- 
tion to differential settlement. 

Ocean surgeonfish showed variation in settlement 
and recruitment densities in different zones of the 
Tague Bay reef, with maximal densities of both settlers 
and recruits on the shallow back-reef. Similarly, 
Mahon & Mahon (1994) reported that ocean surgeon- 
fish juveniles in the Bahamas are predominantly found 
in shallow tidepools. Additional studies have shown 
that other species of surgeonfish also prefer to settle in 
shallow water, often on reef flats or in tide pools. Ran- 
dall (1961) reported that Acanthurus triostegus sandvi- 
censis in Hawaii, USA, settle primarily to tidepools, 
where settlers transform into juveniles. Sale (1969b) 
found that there was a significant positive relationship 
between the size of juvenile A, triostegus sandvicensis 
and the depth of the tidepool at  which they were 
sighted. It may be that ocean surgeonfish in St. Croix 
are settling to tidepools on other parts of the island; 
however, in Tague Bay there is only a bank-barrier 
reef behind which is a gradually sloping lagoon up to a 
sandy shore. 

It is interesting that there were so few settlers and 
recruits in the seagrass zones, as these areas are 
widely held to be an important nursery habitat for 
young fishes (e.g. Bell & Pollard 1989). The juveniles of 
many species, some of which are obligate reef dwellers 
as adults, are commonly found there (Ogden & Zieman 
1977, Wienstein & Heck 1979, Baelde 1990). Sea- 
grasses are thought to be especially important in the 
Caribbean, where grassy areas are more extensive 
than coral reefs and therefore may offer a larger settle- 
ment target (Parrish 1989). Additionally, seagrass pro- 
vides shelter from predators (Shulman 1985b). 

If settlement choice is an adaptive trait, then one 
would expect to find greater fitness in preferred habi- 
tats. Such a pattern was seen in the persistence of 
ocean surgeonfish, although the attenuation in differ- 
ences among zones suggests that other factors play a 
role in determining fitness. Settlement to the back-reef 
was 20 times greater than settlement to the fore-reef, 

and 14 times greater than sett1emen.t to the back-reef 
seagrass. The numbers of recruits collected were 2 and 
5 times as great, respectively. Because all individuals 
within the quadrats were removed by means of collec- 
tions, recruits could come from only 2 sources: the 
survival of settlers arriving between collections, and 
immigration from surrounding areas. The fact that the 
ratio of settlers collected on the back-reef compared to 
the other zones was greater than the ratio of recruits 
collected in the back-reef zone compared to the other 
zones suggests that either immigration rates are lower 
on the back-reef or emigration rates and predation are 
higher. It would be interesting to know whether 
density-dependent predation was occurring and thus 
decreasing the number of settlers on the back-reef to a 
greater extent than that in the other zones. 

The among-zone pattern of ocean surgeonfish settle- 
ment that I observed is most likely the result of active 
selection by larvae for particular sites. Because Tague 
Bay is enclosed by the reef, larvae must first pass over 
the fore-reef before reaching the back-reef. If settle- 
ment were a passive, filtering process. then one would 
expect to find more settlers on the fore-reef and a de- 
crease in settlement intensity as one moved inshore. 
However, settlement was lower on the fore-reef than it 
was on the back-reef. The impetus for choosing to settle 
on the back-reef, if this behaviour is an adaptive tralt, 
must be some aspect of fitness. A separate growth rate 
study that I conducted, however, suggested that there 
are no differences in early growth rates among zones 
(Risk 1996). Investigations of other measures of fitness, 
such as later post-settlement growth, rates of survival or 
access to mates, may provide clues as to why ocean sur- 
geonfish prefer to settle to back-reef areas. 

Regardless of the existence of an adaptive reason for 
higher settlement to the back-reef zone, decisions 
made by ocean surgeonfish as to where to settle can 
result in settlement patterns being quite different from 
those predicted by larvae being passively filtered as 
they move over reefs. This is suggested by the pattern 
of ocean surgeonfish settlement that I found in Tague 
Bay, as well as the pattern of ocean surgeonfish 
recruitment which Sponaugle & Cowen (1996) found 
off the coast of Barbados. While more competent ocean 
surgeonfish larvae were caught at  sites in northern 
Barbados, recruitment was highest to southern sites. 
Additionally, habitat characteristics that were strongly 
correlated with high densities of ocean surgeonfish 
recruits were more common at the southern sites. 

Within-zone patterns of settlement and persistence 

The strongest evidence for habitat choice at settle- 
ment is at the within-zone scale, in which there is a 
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variety of different substrata (Williams 1991). While 
there may be a lack of pattern to recruitment a t  a 
larger scale, this lack of pattern often disappears when 
the study is scaled down. Victor (1986b). for example, 
monitored recruitment of Thalassoma bifasciatum at 
several spatial scales in Panama. He found that at a 
large scale (among 24 reefs) there was considerable 
variation in recruitment intensity, while at a small scale 
(within one patch reef) T bifasciatum showed distinct 
preferences for flat dead coral surfaces. Similarly, 
when Tolimieri (1995) examined recruitn~ent of Ste- 
gastes planifrons among 9 sites on 3 islands in the 
Caribbean, he  found high recruitment variation among 
sites that was uncorrelated with habitat characteristics. 
Yet, within a site h e  found a strong correlation 
between S. planifrons recruitment and the abundance 
of the coral Montastrea annularjs. Most workers have 
found that the preferred habitats of reef fishes can be 
readily defined in terms of substratum type or physical 
relief (Doherty 1983, Jones 1984a, b, Sale et al. 1984b, 
Carr 1989, 1991, Levin 1993). 

Substratum characteristics clearly influenced the set- 
tlement of ocean surgeonfish on the Tague Bay back- 
reef, with more settlers occupying pavement than 
would be expected by chance. Persistence was also 
greater on pavement. This increased persistence may 
be due to either lower predation risk, lower emigration 
rates, or a combination of the two. Although pavement 
is much less structurally complex than some other sub- 
strata (e.g.  coral), it still has within it holes and crevices 
that are used as shelter by individuals (pers. obs.). 
Shulman (1985a) found that ocean surgeonfish recruits 
aggressively defended shelter holes in reefs that had 
been constructed of conch shells. Individuals slept in 
the same hole for several days. Movement to a new 
shelter hole was made gradually, with defence of both 
the new and the old holes occurring during the transi- 
tion period. These results therefore suggest that the 
availability of suitable shelter can be  an  important 
factor determining the distribution of juvenile ocean 
surgeonfish. 

Additionally, persistence may be higher on pave- 
ment because high quality food resources reduce emi- 
gration rates. The algae Laurencia sp. ,  Gelidia sp. and 
Acanthophora sp., as well as epiphytic algae, are found 
on the back-reef and are common food items of sur- 
geonfish (Ogden & Lobe1 1978, Carpenter 1990). Fol- 
lowing the die-off of the sea urchin Diaderna antil- 
larum, a ubiquitous Caribbean herbivore, Carpenter 
(1988) found that grazing intensity by surgeonfish and 
parrotfish on the back-reef of Tague Bay immediately 
increased almost 4-fold. Similarly, Hay & Taylor (1985) 
removed D. antillarum from a strip of reef in St. 
Thomas, U.S. Virgin Islands, and found that the densi- 
ties of surgeonfish and parrotfish increased signifi- 

cantly within several weeks when compared to adja- 
cent control sites. These findings suggest that competi- 
tion for food may be occurring, and that settlement to 
algae-covered areas may confer a fitness advantage. 
Taken together, the results of this study suggest that 
patterns of ocean surgeonfish settlement among zones 
and among substrata within zones are not simply a 
function of larval supply. The initial distribution of 
ocean surgeonfish settlers among reef zones is most 
likely the result of settlement choice, although subse- 
quent post-settlement modification may occur. The ini- 
tial distribution of settlers among substrata on the 
back-reef is also most likely the result of choices made 
a t  settlement, and is subsequently reinforced by higher 
persistence on preferred substrata. 
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