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Abstract 

Coral reef fish coexist in a state of high diversity that has not been successfully 

explained by niche diversification, larval supply, differential mortality, or a suite of 

other proposed factors.  These processes are all occurring on a diverse substrate that 

would be expected to affect the abundance and distribution of fish by directing habitat 

preferences as well as affecting competitive and predatory success.  I conducted 

correlational studies on healthy and degraded Caribbean reefs that addressed fish 

abundances at the levels of community, species, and age class.  I also experimentally 

tested habitat preferences in two ways: choice experiments on adults of common species 

that determined preferences for live coral and rugosity in an isolated environment, and 

monitoring of artificial reefs differing in live coral cover that tested habitat selection of 

adults and juveniles in the field.  These observations all show that live coral had no 

effect on community parameters such as abundance or diversity, but that rugosity was 

positively related to species richness.  However, these measures of the community 

masked differences at the species and age class level.  A handful of species exhibited 

positive or negative preferences for live coral, but these selections did not follow a 

taxonomic or trophic-level classification.  Species within the genus Stegastes, for 

example, could either aggregate towards or avoid live coral.  One species even reversed 

its habitat preference as it matured.  Field distributions were not determined solely by 
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these habitat preferences, but inclusion of competitive interactions into a multi-factorial 

model explained distribution of some species.  Results suggest that changes in live coral 

cover, an increasingly common phenomenon, would not affect fish at a community 

level, but could affect a few species through changes to recruitment or alteration of 

competitive interactions. 
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1. Introduction 

1.1 Background 

The shallow tropical seas that contain the world’s coral reefs make up one of the 

planet’s most diverse ecosystems.  Though occupying only 1% of the oceans, they 

contain 25% of all marine fish species.  Reefs of the Caribbean, though less diverse than 

the Indo-Pacific, host over 750 species of fish (Paulay 1997).  Understanding the 

distribution patterns and methods of coexistence of these species has been a scientific 

undertaking for over forty years.  Numerous theories have been proposed, each with 

some experimental evidence and highly vocal proponents.  As a result, the field has 

experienced a series of paradigm shifts. 

Traditionally, diversity and coexistence were explained by niche differentiation 

(Hutchinson 1959).  On reefs, however, the juxtaposition of so many species, the 

similarity in food and refuge requirements among numerous groups, and the variability 

of assemblages through space and time led many to suspect alternate processes were 

occurring.   

Because most reef fish have a pelagic larval stage, reef systems are often 

considered “open,” and two theories developed to explain biodiversity as a function of 

settlement from that larval stage.  The “lottery hypothesis” (Sale 1977, 1978) proposed 

that reefs are saturated with fish, and that the pelagic environment is saturated with 
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larvae from all species.  When a spot on the reef is vacated, the nearest larvae can settle 

to the spot and, through a priority effect, maintain it against all other fish.  This 

hypothesis says that reefs are diverse because stochasticity overwhelms competitive 

elimination.  In contrast, the recruitment-limitation hypothesis (Doherty 1983) states that 

neither the pelagic environment nor the reef is saturated, and that any larvae can settle 

onto the reef at any time.  In this case, competition is non-existent and so species 

diversity goes unchallenged. 

These pre-settlement hypotheses were debated for a time before post-settlement 

processes regained acknowledgement.  The role of competitive interactions between 

species accumulated new evidence (Shulman 1985a, Buchheim & Hixon 1992, Robertson 

1996), and a new theory, the predation hypothesis, emerged (Talbot et al. 1978, Hixon 

1991, Hixon & Beets 1993).  This process, which acts on post-recruitment fish stages, 

suggested that juvenile mortality is so high that competition for resources and settler 

availability are irrelevant, and that diversity is maintained by predator-driven reduction 

of highly abundant or competitive species.   

Each of these hypotheses has been experimentally supported within certain 

locations, times, or species, but none has emerged as a universal governing factor.  

Instead, new approaches have proposed a multi-factorial analysis.  Though sound in 

theory, understanding how these numerous factors interact is in its infancy. 
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1.2 Habitat Preferences 

Abundance of a population can be strictly defined as a relationship between 

input (birth and immigration) and output (mortality and emigration).  These parameters 

are influenced by a variety of factors including larval supply, ontogenetic movements, 

competition, and predation.  They are also influenced by habitat (Figure 1-1).  Habitat 

preferences can directly influence influx or efflux from a population by both settlers and 

adults and may also indirectly influence susceptibility to predation and competitive 

pressure (Beukers & Jones 1997, Nemeth 1998).  Despite this multifaceted influence, 

habitat preferences of even common reef fish are unknown. 

To date, the two methodologies that have attempted to determine habitat 

preferences have been field correlations and settlement cues.  Correlations between fish 

and habitats have been examined in situ, and though some relationships, particularly 

positive correlations with habitat complexity, exist, the causative factors remain 

undetermined.  For example, the presence of a fish in a sponge may be due to a habitat 

preference, but it may also be a result of competitive exclusion or predatory removal 

from every other environment.   

Other studies have examined habitat preferences through settlement cues and 

their influence on adult distributions.  New recruits are receptive to very specific cues 

and have experimentally chosen habitats based on benthic characteristics as well as the 

presence or absence of conspecifics, competitors, and predators (Sweatman 1988, 



 

 4 

Danilowicz 1996, Lecchini 2005).  A strong case for habitat selection, and in some cases 

distribution patterns based on larval selections, can be drawn from this.  But how these 

selections are altered by post-settlement effects, including movements arising from 

ontogenetic changes in habitat preferences, is yet to be determined. 

 

Figure 1-1: Factors affecting the influx and efflux of a population of coral reef fish.  

Effects are numerous, but most are influenced to some extent by habitat effects. 

 

1.3 Disturbance 

Habitat preferences and the interaction of those preferences with other driving 

mechanisms are interesting ecologically, but are also becoming increasingly important 
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for conservation.  Most coral reefs have undergone radical and unprecedented change in 

the past two decades (Gardner et al. 2003).  On affected reefs, live coral cover has 

generally declined while algal cover has increased.  Some data sets have monitored 

changes in fish communities through these types of events.  In general, corallivorous 

species or coral-dwelling gobies decline immediately after coral death (Williams 1986, 

Munday et al. 1997, Shibuno et al. 1999, Spalding & Jarvis 2002, Sano 2004, Feary et al. 

2007) while herbivores increase with algal growth (Feary et al. 2007).  The effects on 

other species, families, and communities are less conclusive and include increases 

(McIlwain & Jones 1997, Bellwood et al. 2006, Garpe et al. 2006), no changes (Wellington 

& Victor 1985, Williams 1986, Guzman & Robertson 1989, Hart et al. 1996, Shibuno et al. 

1999), and declines (Jones et al. 2004).  Species richness is equally variable.  Though long-

term effects almost always include a sharp decline in both fish abundance and diversity 

following coral mortality, these changes always follow the collapse of the reef structure, 

not the death of the tissue (Ohman et al. 1999, Lindahl et al. 2001, Halford et al. 2004, 

Munday 2004, Garpe et al. 2006). 

One thing all studies on fish response to coral loss have in common is their 

location in the Indo-Pacific.  Despite the great loss of coral in the Caribbean through 

disease and bleaching, the impacts on fish communities have not been documented.  

There is reason to suspect that community response would be different between ocean 

basins because while the Indo-Pacific supports a multitude of fish that feed on live coral, 
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the Western Atlantic does not.  With coral thus absent from the prey list, there is not a 

direct connection between these two trophic levels, though an indirect connection via 

settlement cues or habitat preferences may exist.  This connection is examined in this 

dissertation. 

The following chapters examine habitat preferences of juvenile and adult coral 

reef fish in both the presence and absence of competitive interactions.  They take a 

Caribbean-based, species-specific view, and they address the relative importance of live 

coral as compared to structural complexity as a selection factor, a differentiation often 

ignored in the past, but important today as common mechanisms of coral death such as 

bleaching and disease kill tissue but leave the structure intact. 



 

 7 

2. Substrate effects on reef fish communities: a species-
specific view 

2.1 Introduction 

Coral reefs contain extraordinarily diverse fish assemblages.  This diversity may 

be obtained at least in part by niche diversification.  As space is often considered a 

limiting factor in reef fish populations (Sale 1978, Caley & St John 1996), specialization 

for a particular microhabitat is one strategy that may be used to minimize competitive 

interactions. 

Correlative studies are one method for examining how various parameters of the 

benthic habitat relate to fish populations. These types of studies have identified various 

measures of rugosity and live coral cover as predictors of fish distribution (Jones & Syms 

1998).  But three problems with existing studies make a revisitation to this method 

worthwhile.    

First, these studies are split among ocean basins, with the majority in the Indo-

Pacific.  The fish communities of this region differ significantly from the Caribbean in 

the number and types of species and guilds.  In particular, Atlantic reefs do not contain 

obligate corallivorous fish like the abundant Pacific chaetodonts.  Predictions of how live 

coral cover affects fish communities would thus be expected to differ greatly between 

the two regions.   
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Second, among Caribbean data sets, study subjects generally fall to the extremes 

of either total fish abundance (Luckhurst & Luckhurst 1978) or only one species or 

family (Nagelkerken 1977, de Boer 1978, Findley & Findley 1985).  While these data are 

useful, they do not provide a complete picture of effects within the community.  If 

species do in fact specialize for microhabitats, different preferences among species, 

including taxonomically close ones, would be expected.   

Third, correlative studies do not always measure both live coral and rugosity, 

but rather assume the two are synonymous.  In the 1980’s, when many of these studies 

were conducted, this assumption was largely correct in that coral mortality events such 

as hurricanes and ship groundings resulted in simultaneous decreases in both.  But 

today’s common disturbances of disease and coral bleaching result in an immediate 

decrease in coral tissue while leaving the structure intact for up to years following the 

event.  Understanding which features fish species are selecting for is important to 

understand and predict community response to these events. 

I address these issues within a Caribbean reef community by examining the 

distribution of each species separately as well as in a community context and by 

measuring substrate from both a benthic cover and a rugosity perspective. 
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2.2 Methods  

Fish communities and substrate characteristics of the fringing reef on the leeward 

side of Curacao, Netherlands Antilles, were surveyed during November 2005 and 

November 2006.   A total of fifty-one plots, each 9 m2, were surveyed by a SCUBA diver.  

Because of logistic constraints, two different sites were measured (Figure 2-1), but both 

were similar reef types.  At both locations, a 3 meter deep rock wall or jetty marked the 

landward edge of each reef.  A flat area 20-30 meters wide then led to a drop-off 

beginning at 8 meters and rapidly plunging to a wall and deep reef.  All measurements 

were taken on the shallow flat slope in depths of 4 to 7.5 meters.  The most common 

corals at both sites were the Montastrea annularis species complex, Madracis mirabilis, and 

Siderastrea siderea.  Acropora palmata was also present at both locations. 

At each survey spot, a 3 by 3 meter plot was demarcated with a survey tape then 

abandoned by the diver for five minutes to allow fish to reacclimate.  The diver then 

hovered 3 meters from the edge of the plot and counted all visible individuals, 

identifying each to species.  The diver subsequently swam slow patterns above the plot 

counting territorial and benthic individuals, and finally searched closely for cryptic and 

hole-dwelling species.  Stegastes partitus (bicolor damsel) individuals were plentiful and 

mobile, so at least three counts of this species were made at each plot, and an average 

was used in analysis.  Juvenile, initial (IP), and terminal (TP) phase individuals were 

identified for those species that undergo ontogenetic color transformations. 
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Site 1

11 plots
Site 2

40 plots

Site 1

11 plots
Site 2

40 plots
 

Figure 2-1: Location of sampling sites.  Site 1 was surveyed in November 2005 and 

Site 2 in November 2006. 

 

After the fish counts, habitat complexity for each plot was measured by draping 

a flexible measuring tape across the plot, carefully following each contour of the 

substrate.  This process was repeated at 50 cm intervals, always running parallel to the 

shore, for a total of six measurements of complexity within each plot.  Each 

measurement was divided by the straight line distance (3 m), and the average was used 

as the rugosity measurement for analysis.  Photos of each square meter of the plot were 

taken from directly above, and the program SigmaScan was used to digitize each 



 

 11 

substrate type and calculate a percentage of live coral, dead coral, rubble, and sand 

cover. 

Forward stepwise regression was used to determine correlative factors.  Fish 

abundance, species richness, Shannon-Weiner diversity (H’), and the abundance of each 

species or color phase of species were compared against the following independent 

variables: site, depth, rugosity, live coral cover, dead coral cover, rubble cover, and sand 

cover.  Because of high multicolinearity, dead coral cover was eliminated as a potential 

factor, and all tests were run again.  Though all observed individuals were included in 

community measurements, only species seen at four or more sites were analyzed at a 

species level.  All plots at Site 1 were measured in November 2005, whereas Site 2 plots 

were measured in November 2006.  Any correlation with the “site” variable may thus be 

either spatial or temporal.  Only results with significance values of p < 0.01 are reported 

here. 

 

2.3 Results 

Though the study plots were all in the same reef zone, patchiness in this 

ecosystem is high, and measures of substrate and community composition ranged 

widely.  Rugosity varied by an order of two, and while live coral was present in all plots, 

it ranged from as low as 9% to as high as 71% (Table 2-1).  Site 2 had significantly higher  
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Table 2-1: Substrate and community characteristics of measured reef plots. 

 
Depth 

(m) Rugosity 
Coral 
Cover 

Rubble 
Cover 

Sand 
Cover 

Total Fish 
Abundance 

Species 
Richness 

Diversity 
H' 

min 4.0 1.23 0.09 0.00 0.00 34.25 8 0.85 

avg 5.6 1.79 0.41 0.04 0.04 84.20 18.65 1.82 

max 7.3 2.52 0.71 0.13 0.27 133.80 27 2.63 

  

rugosity (p < 0.001; t-test) and live coral cover (p = 0.016; Mann-Whitney rank sum test) 

than Site 1. 

2.3.1 Community correlations 

The three measures of community structure (total abundance, species richness, 

and diversity) each correlated with the substrate, but not with the same variable (Table 

2-2).  Species richness and diversity both related directly to rugosity while total fish 

abundance correlated inversely with sand cover.  Though the most abundant species, 

Stegastes partitus, also negatively correlated with sand, the inverse relationship holds 

even when this species is excluded.  As no other species showed a significant negative 

correlation with sand, this community relationship is the sum of numerous species’ 

partial avoidance of loose-grained areas. 
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Table 2-2: Significant correlations between fish abundances and benthic parameters.  Positive coefficients for site indicate 

a higher abundance at Site 2 while negative ones represent a higher Site 1 abundance. 

 Regression  
Contribution to total R

2
 (top), standardized                         

coefficient (middle), and p-value (bottom) 

 R
2
 F df p  Site Depth Rugosity Live Coral Rubble Sand 

Total Fish Abundance 0.26 17.04 1, 49 < 0.001       0.258 

      - - - - - -0.508 

           < 0.001 

Species Richness 0.38 30.29 1, 49 < 0.001       0.382       

            - - 0.618 - - - 

                < 0.001       

Diversity (H') 0.47 20.86 2, 48 < 0.001    0.395    
      - - 0.775 - - - 

        < 0.001    

0.15 8.59 1, 49 0.005             0.149 Abundance Minus         
Stegastes partitus           - - - - - -0.386 

                      0.005 

Stegasates partitus 0.56 11.57 5, 45 < 0.001    0.115 0.157 0.084 0.140 

(Bicolor damsel)      -  -0.574 0.622 0.496 -0.558 

        < 0.001 < 0.001 < 0.001 < 0.001 

Stegastes fuscus (adult) 0.46 20.30 2, 48 < 0.001   0.412           

(Dusky damsel adult)           -0.472 - - - - - 

            0.001           

Stegastes diencaeus (juv) 0.23 14.83 1, 49 < 0.001     0.232   

(Longfin damsel juv)      - - - -0.482 - - 

         < 0.001   
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(Table 2-2 continued) 
Regression  

Contribution to total R
2
 (top), standardized  

coefficient (middle), and p-value (bottom) 

 R
2
 F df p  Site Depth Rugosity Live Coral Rubble Sand 

Stegastes diencaeus (adult) 0.47 20.84 2, 48 < 0.001   0.372  0.093   

(Longfin damsel adult)      - -0.719 - -0.324 - - 

       < 0.001  0.006   

Stegastes planifrons (juv) 0.39 15.31 2, 48 < 0.001   0.285     0.105     

(Threespot damsel juv)           0.386 - - 0.364 - - 

            0.006     0.006     

Stegasates planifrons (adult) 0.67 98.43 1, 49 < 0.001       0.668       

(Threespot damsel adult)           - - 0.817 - - - 

                < 0.001       

Microspathodon chrysurus 0.48 21.87 2, 48 < 0.001   0.071 0.068    

(Yellowtail damsel)      - -0.438 0.441 - - - 

       < 0.001 <.001    

Sparisoma viride (IP) 0.30 20.89 1, 49 < 0.001   0.299           

(Stoplight parrot IP)           0.547 - - - - - 

            < 0.001           

Sparisoma aurofrenatum (juv) 0.43 17.87 2, 48 < 0.001  0.352      

(Redband parrot juv)      -0.733 - - - - - 

      < 0.001      

Sparisoma aurofrenatum (IP) 0.15 8.34 1, 49 0.006  0.145      

(Redband parrot IP)      0.381 - - - - - 

      0.006      

Scarus taeniopterus (juv) 0.20 12.23 1, 49 0.001   0.200           

(Princess parrot juv)           -0.447 - - - - - 

            0.001           

Halichoeres garnoti (juv) 0.15 8.90 1, 49 0.004  0.154      

(Yellowhead wrasse juv)      -0.392 - - - - - 

      0.004      

14 
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(Table 2-2 continued) 
Regression  

Contribution to total R
2
 (top), standardized  

coefficient (middle), and p-value (bottom) 

 R
2
 F df p  Site Depth Rugosity Live Coral Rubble Sand 

Halichoeres garnoti (IP) 0.22 6.68 2, 48 0.003  0.125      

(Yellowhead wrasse IP)      0.422 - - - - - 

      0.008      

Halichoeres garnoti (TP) 0.22 6.93 2, 48 0.002  0.146      

(Yellowhead wrasse TP)      -0.535 - - - - - 

      < 0.001      

Acanthurus coeruleus 0.17 9.79 1, 49 0.003     0.167         

(Blue tang)           - -0.408 - - - - 

              0.003         

Amblycirrhitus pinos 0.17 9.69 1, 49 0.003    0.165    

(Redspotted hawkfish)      - - 0.406 - - - 

        0.003    

Canthigaster rostrata 0.26 17.10 1, 49 < 0.001       0.259       

(Sharpnose puffer)           - - 0.509 - - - 

                < 0.001       

Cantherhines pullus 0.16 9.00 1, 49 0.004   0.155     

(Orangespotted filefish)      - -0.394 - - - - 

       0.004     

Epinephelus fulvus 0.18 10.44 1, 49 0.002   0.176           

(Coney)           -0.419 - - - - - 

            0.002           

Caranx ruber 0.27 17.64 1, 49 < 0.001    0.265    

(Bar jack)      - - 0.514 - - - 

        <0.001    

Holocentrus rufus 0.27 18.25 1, 49 < 0.001       0.271       

(Longspine squirrelfish)           - - 0.521 - - - 

                < 0.001       

15 
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(Table 2-2 continued) 
Regression  

Contribution to total R
2
 (top), standardized  

coefficient (middle), and p-value (bottom) 

 R
2
 F df p  Site Depth Rugosity Live Coral Rubble Sand 

Myripristis jacobus 0.39 31.72 1, 49 < 0.001    0.393    

(Blackbar soldierfish)      - - 0.627 - - - 

        < 0.001    

Coryphopterus glaucofraenum 0.38 14.89 2, 48 < 0.001             0.321 

(Bridled goby)           - - - - - 0.474 

                      < 0.001 

Ophioblennius atlanticus 0.21 12.81 1, 49 < 0.001   0.207     

(Redlip blenny)      - -0.455 - - - - 

       < 0.001     

16 
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2.3.2 Species Correlations 

A total of thirty-nine species (Table 2-3) were seen at four or more plots.  Of 

these, 49% (nineteen species) were significantly correlated with at least one measure of 

substrate; seven varied between sites, five correlated with depth, eight could be 

predicted by rugosity, and five showed variation with substrate cover (Table 2-2).  A 

significance level of p < 0.01 was used for analysis, but even if this level was increased to 

p < 0.05, only six additional species correlated with habitat; three of these varied only 

between sites.  

 

Table 2-3: Community parameters and abundances of species appearing in 

four or more plots (N).  Significant correlations with a measure of the 

benthos are indicated (*). 

Community/Species   N Mean  ± SD Significant Correlates 

 Total Fish Abundance  51 84.20 ± 20.42 * 

Abundance Minus Stegastes partitus  51 40.88 ± 15.24 * 

Species Richness  51 18.65 ± 3.95 * 

 Diversity (H')  51 1.82 ± 0.39 * 

Stegastes partitus  51 43.32 ± 17.32 * 

Stegastes fuscus juv 15 0.31 ± 0.51  

 adult 25 26.00 ± 13.72 * 

Stegastes diencaeus juv 25 0.88 ± 1.40 * 

 adult 25 1.45 ± 1.98 * 

Stegastes planifrons juv 39 1.51 ± 1.14 * 

 adult 38 3.84 ± 3.35 * 

Microspathodon chrysurus  44 2.45 ± 1.78 * 

Abudefduf saxatilis  4 0.24 ± 1.16  

Chromis cyanea  13 0.51 ± 1.05  

Sparisoma viride juv 30 1.20 ± 1.34  

 IP 29 0.65 ± 0.63 * 

 TP 4 0.08 ± 0.27  
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(Table 2-3 continued)  

 
N 

 
Mean  ± SD 

 
Significant Correlates 

Sparisoma aurofrenatum juv 5 0.12 ± 0.38 * 

 IP 19 0.41 ± 0.57 * 

 TP 11 0.24 ± 0.47  

Scarus taeniopterus juv 6 0.29 ± 0.94 * 

 IP 9 0.18 ± 0.38  

 TP 23 0.49 ± 0.58  

Scarus vetula IP 4 0.10 ± 0.36  

Scarus croicensis juv 10 0.59 ± 1.66  

 IP 24 0.96 ± 1.44  

 TP 17 0.35 ± 0.52  

Thalassoma bifasciatum juv 42 7.31 ± 9.89  

 IP 21 0.92 ± 1.51  

 TP 29 0.57 ± 0.50  

Halichoeres garnoti juv 15 0.80 ± 2.97 * 

 IP 4 0.06 ± 0.24 * 

 TP 27 0.59 ± 0.70 * 

Halichoeres maculipinna juv 8 0.22 ± 0.64  

 adult 5 0.12 ± 0.38  

Clepticus parrae  6 0.33 ± 1.03  

Bodianus rufus  7 0.14 ± 0.35  

Chaetodon capistratus  39 1.53 ± 1.35  

Chaetodon striatus  7 0.20 ± 0.53  

Acanthurus chirurgus  13 0.29 ± 0.54  

Acanthurus coeruleus  16 0.33 ± 0.52 * 

Hypoplectrus chlorurus  13 0.27 ± 0.49  

Amblycirrhitus pinos  24 0.59 ± 0.73 * 

Canthigaster rostrata  40 1.10 ± 0.76 * 

Lactophrys triqueter  16 0.35 ± 0.56  

Cantherhines pullus  12 0.26 ± 0.48 * 

Aulostomus maculatus  34 0.90 ± 0.78  

Haemulon flavolineatum  8 0.20 ± 0.49  

Serranus tigrinus  21 0.45 ± 0.58  

Epinephelus fulvus  6 0.14 ± 0.40 * 

Epinephelus cruentatus  14 0.29 ± 0.50  

Caranx ruber  8 0.16 ± 0.37 * 

Holocentrus rufus  13 0.31 ± 0.62 * 

Myripristis jacobus  20 1.26 ± 2.04 * 

Gymnothorax miliaris  12 0.24 ± 0.43  

Echidna catenata  4 0.08 ± 0.27  

Gobiosoma evelynae  22 0.80 ± 1.13  

Coryphopterus glaucofraenum  8 0.53 ± 1.76 * 

Ophioblennius atlanticus  19 0.80 ± 1.22 * 
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2.3.2.1 Depth 

The depths of the survey plots varied less than 4 meters, but even within this 

range, shallower sites contained a greater abundance of five species: Ophioblennius 

atlanticus, Acanthurus coeruleus, Microspathodon chrysurus, Stegastes diencaeus, and 

Cantherhines pullus.  Preferences for shallow areas have been documented for four of 

these (Clarke 1977, Nursall 1977, Waldner & Robertson 1980, McGehee 1994, 

Nagelkerken & van der Velde 2002), but this is the first depth-related observation for C. 

pullus.  

2.3.2.2 Rugosity 

Rugosity is one of many measures of topographic complexity, but Gratwicke and 

Spreight (2005) found it to be the most explanatory one for species richness.  Its value 

represents the amount of surface area suitable for benthic prey colonization and 

generally indicates the refuge space available.  As such, the positive correlations 

between rugosity and seven fish species are not surprising. 

Some resting or slow-moving species used structurally complex spaces as refuge.  

The two observed nocturnal species, Holocentrus rufus and Myripristis jacobus, were both 

found hiding in large enclosed spaces present only on high rugosity plots.  

Amblycirrhitus pinos and Canthigaster rostrata, though smaller, also rested wedged into or 

hovering within inter-reef spaces.   
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The abundance of Caranx ruber and the two largest and most territorial 

pomacentrids, Microspathodon chrysurus and Stegastes planifrons, also all correlated 

positively with rugosity.  In contrast, the smaller Stegastes partitus exhibited a negative 

relationship, a trend confirmed by Chittaro (2002) and by observations of this species on 

habitats of all complexities (Clarke 1977, Itzkowitz 1977, Waldner & Robertson 1980, 

Tolimieri 1998). 

2.3.2.3 Sand 

Numerous species were less abundant in sandy areas, but only Stegastes partitus 

was significant in this inverse relationship.  In contrast, abundance of the goby 

Coryphopterus glaucofraenum increased with increasing sand cover, a pattern also 

observed elsewhere (Luckhurst & Luckhurst 1978, Greenfield & Johnson 1999, Kendall 

et al. 2004, Gratwicke et al. 2006). 

2.3.2.4 Rubble 

At this scale of small patches within plots, rubble is a largely neutral substrate.  

Only Stegastes partitus exhibited a correlation, and this positive relationship matched 

field documentation of this species on many habitats, including rubble (Waldner & 

Robertson 1980, Tolimieri 1998, Chittaro 2002). 
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2.3.2.5 Live Coral 

Though ultimately providing much of the reef structure, live coral’s correlative 

value with fish populations was rare.  Only two of the thirty-nine fish species surveyed 

associated positively with this substrate.  These were not chaetodonts, as typically seen 

in the Pacific, but two species of pomacentrids, Stegastes planifrons and Stegastes partitus.  

In contrast, Stegastes diencaeus was negatively correlated with live coral, an observation 

that mirrors other observations of distribution (Waldner & Robertson 1980, Tolimieri 

1998, Chittaro 2002). 

2.3.2.6 Site 

The abundances of seven species correlated with survey site.  Of particular 

interest were the high number of juvenile labrids (Halichoeres garnoti) and scarids (Scarus 

taeniopterus and Scarus aurofrenatum) at the 2005 Site 1 plots compared to the elevated 

initial phase abundances (H. garnoti, S. aurofrenatum, and Scarus viride) at the 2006-

surveyed Site 2. 

 

2.4 Discussion 

2.4.1 Community 

The community measures of species richness and diversity on these reefs was 

positively correlated with rugosity. The diversity of growth forms, refuges, and prey 
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items encompassed by the measure of rugosity is reflected in the number of different 

species that can utilize those resources. These positive correlations of fish diversity 

contrast with the negative relationship between total fish abundance and sand to 

illustrate differences between these benthic variables.  Though both sand and low 

rugosity lack structural complexity, they provide different grazing environments.  

Though not all species will forage in areas with limited refuge, many roaming 

herbivores and less preyed-upon species will utilize the algae and other benthic prey 

that a low-rugosity hard-bottom community provides.  These grazing species can be 

abundant in these areas, but will still avoid shifting sand environments that can not 

sustain prey. 

Live coral did not correlate with any measures of community.  Though coral is 

often assumed to be essential for a reef fish community, only Indo-Pacific studies that 

focus on or include corallivorous species, particularly chaetodonts, note relationships 

with live coral cover (Carpenter et al. 1981, Bell & Galzin 1984).  Caribbean chaetodonts 

do not include any coral-eating specialists (Randall 1967) and do not show this 

correlation (Findley & Findley 1985).  Thus, in the Caribbean, live coral does not have an 

effect on total abundance, species richness, or diversity, and does not significantly affect 

any one guild or taxonomic family. 

These community measures give a broad picture of the correlations between fish 

and habitats, but they are not indicative of species-specific habitat interactions.  
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Correlative factors varied within guilds, genera, and even age classes, suggesting that 

community and familial summaries are not representative of their components, but that 

species should be examined individually. 

2.4.2 Species-specific substrate correlations 

Many individual species correlated with specific qualities of the benthos.  This 

non-random distribution suggests that, among these species, a force relating to habitat, 

such as preferential selection, competitive exclusion, or differential predation influences 

local abundances. 

Some individuals may be choosing habitat based upon their refuge or prey 

requirements.  For example, the two nocturnal species and two slow-moving benthic-

associated species all require a diurnal refuge to avoid predation, which could result in 

the observed positive correlation with rugosity.  Some species not only showed 

taxonomically distinct selections, but also age-class specific ones.  For example, Stegastes 

planifrons juveniles correlated with live coral (as also seen by Tolimieri 1995 and 

Gutierrez 1998), and settlement to the reef may be based upon this substrate.  Adults 

were instead correlated with rugosity, suggesting that refuge requirements may 

supersede the live coral settlement preference and cause distribution to expand into 

structurally complex non-coral habitats. 

From the standpoint of refuge and prey availability, high rugosity areas should 

be preferred by most species. However, this could make competition for these areas 
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prohibitively high, and some species may have evolved to utilize less-occupied sub-par 

habitats. One of these may be Coryphopterus glaucofraenum, the only species to positively 

correlate with sand.  This species camouflages on this substrate, feeds on the available 

algae and detritus (Randall 1967), and survives largely unmolested by competitors. 

Competition also affects pomacentrid fish distributions.  Most species of 

Caribbean damselfish are territorial, with size and species often determining the level of 

aggression.  Stegastes partitus, the smallest of the species, is limited in range and 

distribution by other species, particularly the larger Microspathodon chrysurus and the 

more aggressive Stegastes planifrons (Robertson 1984, 1996).  These two species were both 

more abundant in highly rugose plots, and their competitive dominance may have 

forced S. partitus into less structurally complex areas, resulting in an inverse correlation 

with rugosity but a positive association with rubble.  Though S. partitus is a smaller 

planktivore that can fit into the interstitial spaces within these lower rugosity 

environments, removal experiments (Robertson 1996) and habitat choice experiments 

(Neely, Chapter 4) show that it is not a preference for rubble that results in this 

correlation, but competitive exclusion from other areas. 

Age-specific competitive interactions may also be affecting fish distributions. 

Among the pomacentrids, aggression is greatest towards individuals of similar size, 

while juveniles of most species can survive within the territories of others until they are 

seen as a competitive threat and can no longer escape into small refuges (Harrington 
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1993).  Stegastes diencaeus may experience such ontogenetic pressures.  Both juveniles 

and adults of this species were less frequent in coral-rich plots, but juveniles were found 

throughout the depth range surveyed, while adults were confined mostly to shallower 

areas.  This may be an effort to escape aggressive interactions with the taxonomically 

similar Stegastes fuscus.  S. fuscus showed a positive, though non-significant, trend 

towards deeper plots (p = 0.11), and the adults of these two species were rarely seen 

within the same plot (Pearsons correlation coefficient: -0.427, p = 0.002).  Though 

removal experiments to examine the potential for competition between these two species 

have not been conducted, a competitive advantage by S. fuscus could explain the 

presence of S. diencaeus juveniles at all depths and the marginalization of adults to 

shallow areas. 

Competition and habitat preferences, though not conclusively separated as 

causative factors in a correlative study, are suggested here by the substrate correlations.  

A species-specific look at these correlations is the first step towards determining the 

mechanisms responsible for non-random distribution and suggesting experiments to 

determine whether habitat preferences, competition, or other factors are driving these 

distributions.  Existing correlations are highly species-specific and even age-specific.  

This is not surprising because niche differentiation can occur along numerous 

parameters.  It does, however, suggest that changes in any of these studied benthic 

parameters will affect at least some species within the fish community. 
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2.4.3 Non-substrate effects 

Not all fish species correlated with a measure of the benthos.  The relationships 

between seven species and the site variable may be either spatial (east versus west) or 

temporal (2005 versus 2006).  If the pattern is driven by spatial measures, such as the 

closer proximity of Site 1 to bay habitats or some other property that could entrain 

certain species, this correlation supports the deterministic methods of distribution.  If, 

however, temporal differences determine site correlations, a stochastic larval pulse that 

supersedes any preferences or interspecific interactions is suggested.  Though both 

studies were conducted at the same time of year, annual as well as seasonal variation in 

larval supply can be dramatic (Victor 1986, Sponaugle & Cowen 1996, 1997).   The 

presence of a high number of juvenile scarids and labrids in 2005 may have been the 

result of a recruitment pulse along the entire leeward reef that led to an abundance of 

initial phase individuals the following year.  For these species, which correlated only 

with site and not any substrate variables, it may be this larval supply that determines 

abundance on a reef at a given point in time. 

Twenty other frequently observed species did not correlate with any measured 

variable.  A niche can be determined by numerous factors, and additional variables may 

have yielded relationships with these species.  However, stochastic processes also affect 

fish distributions, and just as some species have habitat requirements that are 

distinguishable despite random effects, these twenty species may be governed primarily 
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by stochastic variables.  Though none of the territorial pomacentrids fall into this non-

correlative category, the species exhibiting this pattern are not united in being 

generalists, roamers, or less susceptible to predatory or competitive pressures.   

As over half of the observed species did not correlate with substrate, and an 

additional 15% were only site related, stochastic processes may be the driving force for 

the majority of species at this scale.  But other species, either through strong habitat 

preferences or intense interspecific interactions, did have distinguishable patterns that 

are not attributable to random processes.  This sheds light on the debate over stochastic 

versus deterministic processes (review in Jones 1991) by suggesting that the primary 

factor governing the distribution of a species is dependent on that species.  It suggests 

that predicting change in communities due to change in substrate is also species specific, 

and that surveys of only a few species or of broad measures such as total abundance and 

diversity may not accurately capture change within the community. 
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3. Relationships between coral reef fish and the benthos 
on a degraded reef 

3.1 Introduction 

Fish distributions on coral reefs may be governed by a variety of factors, 

including differential predation, competitive exclusion, settlement location, and chance 

(review in Doherty & Williams 1988).  With the exception of stochastic variation, each of 

these processes is affected by the habitat preferences of the fish that make up the 

community.  However, the preferences of even common reef fish have for the most part 

not been determined. 

Correlational studies between fish and their benthic habitats are the first step to 

understanding distributions.  Even within just the Caribbean, these studies are 

pervasive, yet most have examined either a single species or family (Nagelkerken 1977, 

de Boer 1978, Findley & Findley 1985) or whole-community measurements such as total 

fish abundance and species richness (Luckhurst & Luckhurst 1978).  These two extremes 

do not provide an understanding of the community as the sum of its species-level 

components.  These components must be separated in order to understand and predict 

changes in biodiversity and cascading effects. 

Existing correlational studies have mostly been done on intact coral reefs.  

Changes to reefs in past decades, particularly through loss of live coral, would be 

expected to change these communities, but these expectations have not been addressed.  
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The bank-barrier reefs of the Florida Keys are examples of reefs that have already 

changed from coral-dominated to sponge-algal communities (Porter & Meier 1992).  I 

measured these areas to determine correlations between fish species and measures of 

benthic cover.  I was then able to compare the results with ones obtained using the same 

methodology on a healthy reef in the southern Caribbean.   

 

3.2 Methods 

Ridge reefs offshore of the area between Long Key and Marathon, FL (Figure 3-1) 

were surveyed between June and August 2006.  These reefs are 3 to 5 kilometers south of 

land and are in line with the Florida Keys reef tract.  In this area, the reef crests at 

around 7 meters and very gradually drops off.  Spur and groove formations are not 

present, but cliffs of up to 1 meter that are not always parallel to oncoming seas are 

common. 

Fifteen 9 m2 areas on these reefs were randomly selected for fine-scale surveying.  At 

each plot, a 3 by 3 meter grid was demarcated with a survey tape by a SCUBA diver.  

The diver retreated for five minutes to allow fish to reacclimate, then swam to within 3 

meters and counted large and roaming species.  The diver then moved over the plot to 

count benthic and territorial species, and subsequently examined holes and other 

crevices for small or cryptic individuals. 
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Figure 3-1: Location of survey sites (*).  Florida Keys sites were located on the 

bank-barrier reefs offshore of Long Key and Marathon.  Curacao sites were 

located at two locations immediately offshore of the southwest leeward side of 

the island. 
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Photos of each meter were taken from directly above, and these were digitized 

and used to determine percent cover of live coral, dead coral, rubble, sand, and “other.” 

Rugosity, a measure of habitat complexity, was measured with a flexible tape measure 

draped across six parallel transects within the plot, then using the average of the curved 

to straight line measurements. 

Correlations between benthic measurements (depth, rugosity, live coral, dead 

coral, rubble, sand, and other) and fish community measurements (total abundance, 

species richness, and abundance of species seen at four or more plots) were examined 

using forward stepwise regressions (F to enter: 4.00, F to remove: 3.90). 

These same measurements were also conducted on a fringing reef on the leeward 

side of Curacao, Netherlands Antilles in November 2005 and 2006 (see Chapter 2).  

Significant correlations between the sites were compared. 

 

3.3 Results 

The sample reefs were low-relief, low-coral-cover areas consisting mostly of 

hard-bottom sponge, gorgonian, and algal communities.  Live coral cover averaged 5%, 

and only one plot exceeded 10%.  This one plot contained a large Montastrea faveolata 

head that comprised 25% of the surface area and contributed to a rugosity 10% higher 

than that of the next most complex habitat.  The fish community on this plot exhibited 
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many differences from the others, so two sets of analyses that included and excluded 

this outlier were conducted. 

When all plots were considered, several measures of the fish community 

correlated with measures of substrate (Table 3-1).  Though total abundance of fish did 

not relate to any of the variables, species richness increased proportionally with 

rugosity, as did three individual species: Stegastes partitus, juvenile Scarus croicensis, and 

Canthigaster rostrata.  Live coral correlated with Chromis cyanea.  Rubble positively 

correlated with the labrid Halichoeres bivittatus, but sand had only negative correlations, 

with Acanthurus bahianus and Ocyurus chrysurus. 

If the outlying plot was excluded from analyses, the relationships of rugosity 

with species richness and Stegastes partitus were also eliminated.  The relationship 

between live coral and Chromis cyanea disappeared, though a positive relationship 

between live coral and both total fish abundance and Hypolectrus unicolor arose.  Ocyurus 

chrysurus no longer remained negatively correlated with sand, but Sparisoma viride 

juveniles did.  All other existing relationships remained intact. 

In comparing the benthos of Florida Keys and Curacao reefs, the means and the 

ranges of most measured variables differed significantly (Figure 3-2).  Differences in the 

fish community were pronounced; Florida Keys plots had a lower species richness (12.40 

± 0.27 vs. 18.65 ± 0.08), and a lower total abundance of fish (65.15 ± 2.30 vs. 84.20 ± 0.40).  

Despite this, species richness positively correlated with rugosity at both locations.  
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Though many species were surveyed at both sites, numerous others were either endemic 

to one area or seen in significantly greater abundance at one or the other.  Of those 

observed in significant numbers at both sites, Canthigaster rostrata correlated with 

rugosity at both.  The strong correlation of Chromis cyanea with live coral in the 

comprehensive Florida Keys analysis did not exist in Curacao.  Also disparate was the 

positive Florida association of Stegastes partitus with rugosity; this correlation was 

negative in Curacao. 

 

3.4 Discussion 

Fish communities, and changes to fish communities, are typically measured 

using broad indices such as total abundance or species richness.  However, fish 

assemblages are made up of numerous species, each of which may respond to change in 

a different and often contrasting way.  On these Florida reefs, species richness correlated 

with rugosity, but of the nineteen species measured, only three exhibited that same 

correlation.  Other variables, such as sand, live coral, and rubble, also matched certain 

species’ abundances.  Though these differences were not captured in a community level 

measurement, they are nevertheless present and subject to alteration through change in 

that variable. 
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Table 3-1: Correlations between fish assemblage and benthic habitat measures (depth, rugosity, live coral cover, rubble 

cover, sand cover, other cover) in the Florida Keys.  Relationships were determined using forward stepwise regressions. 

 All Plots Included (N = 15)  All plots except high coral cover, high rugosity outlier (N = 14) 

 

R2 (top)    
F (mid)                                 
p (bot)  

Contribution to total R2 (top)                                                                      
Standardized coefficient (middle)                                                                       

p-value (bottom)  

R2 (top)    
F (mid)                                 
p (bot) 

Contribution to total R2 (top)                         
Standardized coefficient (middle)                     

p-value (bottom) 
   Depth Rug. LC Rub. Sand Other    Depth Rug. LC Rub. Sand Other 

Total Fish Abundance                0.309     0.309       

                 5.371     0.556       

                 0.039     0.039       

Species Richness 0.288  0.288             

 5.27  0.537             

 0.039  0.039             

Stegastes partitus 0.391   0.391                        

(Bicolor damsel) 8.361   0.626                        

  0.013   0.013                        

Chromis cyanea 0.674   0.674            

(Blue chromis) 26.865   0.821            

 <0.001   <0.001            

Sparisoma viride (juv)                0.300         0.300   

(Stoplight parrot juv)                5.153         -0.548   

                 0.042         0.042   

Scarus croicensis (juv) 0.510  0.510      0.397  0.397     

(Striped parrot juv) 13.541  0.714      7.897  0.630     

 0.003  0.003      0.016  0.016     

Halichoeres bivittatus 0.803 0.081     0.722      0.836     0.118 0.718     

(Slippery dick) 24.448 -0.294     0.778      28.088     -0.352 0.769     

  <0.001 0.046     <0.001      <0.001     0.017 <0.001     

Hypoplectrus unicolor 0.556 0.404     0.152  0.563   0.328   0.236 

(Butter hamlet) 7.512 0.569     0.569  7.088   0.598   -0.486 

 0.008 0.013     0.066  0.011   0.012   0.033 
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(Table 3-1 continued) All Plots Included (N = 15)  All plots except high coral cover, high rugosity outlier (N = 14) 

 

R2 (top)    
F (mid)                                 
p (bot)  

Contribution to total R2 (top)                                                                      
Standardized coefficient (middle)                                                                       

p-value (bottom)  

R2 (top)    
F (mid)                         
p (low) 

Contribution to total R2 (top)                         
Standardized coefficient (middle)                     

p-value (bottom) 

   Depth Rug. LC Rub. Sand Other    Depth Rug. LC Rub. Sand Other 

Haemulon flavolineatum 0.339           0.339  0.331           0.331 

(French grunt) 6.657           0.582  5.948           0.576 

  0.023           0.023  0.031           0.031 

Ocyurus chrysurus 0.267     0.267          

(Yellowtail snapper) 4.742     -0.517          

 0.048     0.048          

Canthigaster rostrata 0.289   0.289          0.294   0.294         

(Sharpnose puffer) 5.273   0.537          4.993   0.542         

  0.039   0.039          0.045   0.045         

Acanthurus bahianus 0.294     0.294   0.286     0.286  

(Ocean surgeonfish) 5.404     -0.542   4.814     -0.535  

 0.037     0.037   0.049     0.049  
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Figure 3-2: Comparisons between Florida Keys and Curacao benthic parameters.  

Horizontal bars indicate the median, boxes represent the 25 – 75 percentile, and whisker 

bars encompass the 10 – 90 percentile.  Significant differences between locations were 

determined with Mann-Whitney rank sum tests. 

 

Body type and behavior of a fish species can help predict habitat.  Juvenile Scarus 

croicensis and Canthigaster rostrata both correlated with rugosity.  Both of these species 

are vulnerable to predation; C. rostrata, a tetraodontid, is a bulky, slow-moving species 

that diurnally hovers within inter-reef spaces, and juvenile S. croicensis, by  virtue of 

their size and shape, are also slow.  The refuge requirement of these potential prey items 

calls for an area of high complexity and multiple refuge sites.  Though correlation of 

other juvenile scarids with rugosity would also be expected, only Sparisoma viride had a 
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comparably large sample size, and though not relating to rugosity, it did have a negative 

relationship with sand.  Halichoeres bivittatus, in contrast, positively correlated with 

rubble.  Though rubble lacks much of the structure of highly rugose areas, the small 

interstitial spaces can provide refuge with low competition for fish of the right shape 

and size.  H. bivittatus is a flexible slender fish that can easily fit within these spaces.  The 

lack of this correlation among labrids of similar body shape may also be a species-

specific phenomenon.  I propose that not only do most species have a habitat preference 

based on certain characteristics, but that the importance of this preference as compared 

to chance or other factors also varies for each species.  Thus, for some species, refuge 

availability may define distributions, whereas for others, chance or other variables not 

measured here are of greater importance. 

Diet may also affect habitat correlations.  In both Florida analyses, Acanthurus 

bahianus and Ocyurus chrysurus were negatively correlated with sand cover.  This 

substrate lacks refuge for any species, but the roaming, grazing A. bahianus may also 

avoid these areas because, unlike other low-rugosity substrates, shifting sand grains 

prohibit the growth of the algae that this acanthurid eats (Randall 1967).  Adult O. 

chrysurus, which feed primarily on decapods (Randall 1967), may also negatively 

correlate with sand for its lack of prey refuge.  Again, though a negative sand correlation 

might also be expected of other crustacean or algal feeders, their dietary factors may be 

overshadowed by non-dietary ones.   
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Species that were not consistent in correlations when the outlier plot was 

removed indicate more complex patterns.  Chromis cyanea correlated with live coral only 

when the area with the large Montastrea annularis head was included; this plot contained 

more than twice as many individuals as the next highest area.  Likewise, the cleaning 

Gobiidae Gobiosoma oceanops and the chaetodonts Chaetodon capistratus and Chaetodon 

ocellatus were more than twice as abundant in this plot as elsewhere.  The relationships 

between these species and coral cover are not linear, and I propose that a minimum 

cover must exist for even one individual to view an area as habitable.  For example, G. 

oceanops, which generally school on coral heads, would require a coral of a certain size in 

order to form a colony.  Differences in coral cover at the low end of the spectrum would 

thus have no effect on populations.  C. cyanea individuals generally hide and sleep 

between live coral heads and the substrate and are positively correlated with coral 

cover, but in low cover areas, only a few individuals can find refuge within the substrate 

(de Boer 1978); my results support this exponential relationship. 

The relationship of chaetodonts with coral is particularly complex.  In the Indo-

Pacific, numerous Chaetodontidae are obligate corallivores, and the relationship 

between fish abundances and coral cover has been repeatedly documented (Bell & 

Galzin 1984, Bouchon-Navaro & Harmelin-Vivien 1985, Bouchon-Navaro & Bouchon 

1989).  In the Western Atlantic, however, none of this family feed extensively on live 

coral (Randall 1967).  Findley & Findley (1985) found no correlation between Caribbean 
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chaetodonts and live coral cover, as might be expected for fish not relying on coral for 

nutrition.  However, the study surveyed mostly coral-rich areas; 88% of their surveys 

contained live coral cover of “moderate” or greater.  It is possible that in a low coral 

cover area like that of this survey, these fish may, for some non-dietary reason, gather 

around the only coral available and exhibit a non-linear abundance pattern in which the 

species are either present or absent based on a minimum threshold of cover.   

Comparing two widely separated locations in the Caribbean yields a better 

understanding of species-specific habitat interactions.  Many species that were observed 

at both locations did not correlate with the measured variables at either, suggesting that 

it is not these measures that govern the distributions of these species.  In contrast, both 

species richness and the distribution of Canthigaster rostrata were related to rugosity at 

both locations, and though both measures were higher in Curacao than in the Florida 

Keys, use of this relative measure to predict these fish patterns at other sites could be 

done with some confidence. 

One species differs dramatically in its correlations between the two Caribbean 

locations: Stegastes partitus.  This species showed a positive correlation with rugosity in 

Florida but a negative one at the Curacao study site.  I propose that competitive 

interactions are driving this difference.  Territorial defense by pomacentrids consumes 

much of an individual’s time, and dominant species can competitively exclude weaker 

ones from optimal areas (Robertson 1996).  S. partitus, an abundant planktivore, is the 
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smallest and least aggressive of the Stegastes.  It is outcompeted by and excluded from 

the territories of other grazing congenerics (Robertson 1996).  In Curacao, these other 

species (S. diencaeus, S. fuscus, S. planifrons, and S. variabilis) occupied the reef at an 

average density of 1.3 individuals per m2.  In Florida, this density was only 0.18 

individuals per m2.  Competitive pressure on S. partitus was thus significantly lower on 

Florida Keys reefs, and, as in Robertson’s removal experiments, the diminished number 

of competitors may have allowed a preference for high rugosity habitats to be expressed. 

In conclusion, by comparing fifteen plots in the Florida Keys, one of them 

containing a large live Montastrea annularis head, I measured correlations between fish 

and several different measures of the benthos.  These correlations were species-specific 

and not measurable using community-level metrics.  Some species showed the same 

correlations at both the Florida reefs and the high-coral-cover reefs in the southern 

Caribbean.  Those that differed suggest a non-linear correlation or an interaction with 

competitors that modifies the observed distributions.  These results suggest that changes 

in reef benthic communities will affect fish assemblages at a species-specific level, 

occasionally in a non-linear fashion, and in ways not easily predictable using only 

trophic level or taxonomic generalizations. 
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4. Habitat preferences of adult reef fish: separating the 
roles of structural complexity and live coral 

4.1 Introduction 

Coral reefs support the most diverse fish populations on the planet, with 

Caribbean reefs alone hosting more than 750 species (Paulay 1997).  The diversity, 

abundance, and overlap in resource use among these organisms is affected by a variety 

of factors, including larval supply, larval attraction to conspecifics or habitat type, 

predation, competitive interactions, and ontogenetic movements (review in Jones 1991).   

However, habitat preferences, which could both directly and indirectly influence 

distribution, have rarely been studied experimentally. 

Experiments conducted on settling fish larvae have demonstrated that some 

species recruit more heavily to certain coral species, substrate types, depths, or 

abundances of conspecifics or competitors, and that these selections can influence local 

abundances (Williams & Sale 1981, Shulman 1985b, Wellington 1992, Tolimieri 1995, 

Gutierrez 1998, Ohman et al. 1998).  However, many species undergo ontogenetic 

changes in behavior, competitive ability, and habitat (Clarke 1977, Lirman 1994, 

Nagelkerken et al. 2000a), so these studies of juvenile preferences are not sufficient to 

explain adult distribution patterns. 

Adult fish communities have typically been measured in concordance with 

underlying substrate characteristics (review in Jones & Syms 1998).  Though these 
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correlative studies on natural reefs identify the composition and distribution of fish 

communities, they do not address the underlying cause of these distributions.  Though 

habitat preferences may be governing fish location, they may also be amplified or 

dampened by interactions with other fish.  Only by observing habitat selection of 

isolated individuals can these factors be distinguished. 

In many correlative studies, live coral cover and habitat complexity relate to fish 

abundance.  However, of the fifteen such studies I found, only five distinguished 

between these variables.  The two of these in the Caribbean focused on the effects on 

either a single species (Nagelkerken 1977) or total community abundance with 

additional data on three Gobiidae species (Luckhurst & Luckhurst 1978).   

Though corals build habitat, increasingly common mortality events such as 

bleaching and disease can decouple the presence of live coral from structural 

complexity, leaving refuges intact for up to years after the coral dies.  The presence of 

live coral tissue must thus be experimentally separated from rugosity to identify what 

makes a particular habitat attractive and how different fish species respond to that 

attraction. 

I examined the habitat preferences of adult reef fish in an isolated environment.  

By removing individuals from interactions with other species and conspecifics, I 

ensured that the only factor influencing habitat selection was individual preference.  I 

also experimentally separated live coral cover and rugosity by offering structurally 
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identical habitats made of live or dead coral.  For comparison, I included and compared 

fish selection for less complex habitats. 

 

4.2 Methods 

Aquarium-based habitat choice experiments were conducted at the Caribbean 

Research and Management of Biodiversity (CARMABI) lab on the southwestern leeward 

side of Curacao, Netherlands Antilles.  Adult reef fish were captured from a nearby 

natural reef, placed individually in aquaria containing four habitat types, and observed 

for twenty-four hours. 

Test aquaria were 1 m3 fiberglass cubes supplied with flow-through seawater.  

Each of the four experimental tanks contained a 2 cm lining of sand, and each corner 

contained one of four randomly allocated habitats: live coral, dead coral, coral rubble, 

and bare sand.  With the exception of the sand habitat, each structure was constructed 

from pieces of Madracis mirabilis, Siderastrea siderea, and Montastrea annularis.  The 

roughly circular habitats measured 25 cm across.  Rubble habitats measured 10 cm in 

height, and live coral and dead coral habitats were 25 cm tall.  Live and dead coral 

habitats were established such that shape, rugosity, and number of holes were as similar 

as possible. 

The reef from which the corals and fish were collected was 2 km from the lab 

site.  A reef community approximately 20 m wide existed between a rock jetty parallel to 
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shore and a steep drop-off occupied by a deeper reef.  Point transects along the shallow 

reef documented a live coral cover of 41% and identified the collected coral species as 

the three most common.  Live Acropora palmata was also present, but was not common 

enough for inclusion in the experimental habitats.   

The seven most common reef fish species observed in belt transects on the 

collection reef were tested for habitat preferences.  These were the labrid Thalassoma 

bifasciatum (bluehead wrasse), the serranid Serranus tigrinus (harlequin bass), and the 

pomacentrids Stegastes partitus (bicolor damsel), Stegastes planifrons (threespot damsel), 

Stegastes fuscus (dusky damsel), Microspathodon chrysurus (yellowtail damsel), and 

Chromis multilineata (brown chromis).  Twenty large adult or terminal-phase individuals 

from each species were tested, with the exceptions of S. fuscus (N = 21) and M. chrysurus 

(N=23). 

Each fish was caught from the reef by a net-wielding SCUBA diver, transported 

in an isolated bucket to the experimental aquaria within thirty minutes, and observed 

for a twenty-four hour period.  Location of the fish was recorded fifteen minutes after 

release into the tank, then at 1500, 1700, 1900, 0000, and 0900 hours.  Sunset throughout 

the study was at approximately 1800; each individual was thus examined twice during 

daylight hours, twice during hours of darkness, and once at dusk.   

At each observation, an individual was recorded as either “habitat-associated” 

(within 20 cm of a structure), “free-swimming” (more than 20 cm away from any 
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structure), or “other.”  Observations in this last category included hovering around a 

drain pipe and the overnight death of one Serranus tigrinus.  These data points were all 

excluded from analyses.  Observations immediately following release were also 

excluded because behaviors differed enough from those in the field and subsequent time 

periods to suggest that acclimation was not complete.   

Proportions tests using Pearson’s χ2 analysis were used to determine differences 

in habitat selection by time of day and by species.  First, observations were used to 

compare differences among swimming, live coral, dead coral, rubble, and sand; a 0.20 

expected proportion was applied to each.  Next, selection among dead, live, and rubble 

habitats was determined with a 0.33 expectation applied to each.  Finally, live and dead 

habitat choice was compared to an expected 0.50 selection to determine significant 

habitat preference between the two.  Each test was two-sided and used a confidence 

level of 0.95.   

Extent of movement among habitats was also examined.  A single movement 

was counted as a change in habitat association from one observation period to the next.  

Differences among species were tested with a one-way ANOVA followed by Holm-

Sidak comparisons.  These same tests were used within each species to compare the 

number of movements towards each habitat. 
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4.3 Results 

For all species at all times, habitat selection differed from random (Table 4-1).  

Sand was not chosen by any individual at any time of day.  Five species avoided rubble 

entirely, and the two others chose it rarely (Figure 4-1).  In subsequent proportions tests, 

which eliminated expectations for rarely selected habitats, refuge selection became 

highly species-specific. 

Serranus tigrinus did not exhibit swimming behavior and, after the initial 

observation, always associated with a habitat.  Though individuals selected rubble 4% of 

the time, the majority of associations were with the dead and live coral habitats.  

Differential selection between live and dead corals was not statistically significant, with 

one exception.  At 1500, selection for live coral was significantly greater than for dead.  

Movement by S. tigrinus was higher than for any other species (Table 4-2), and there was 

significantly greater movement towards dead coral than rubble. 
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Figure 4-1: The incidence of habitat choice and swimming during six 

observational time periods.  Most species significantly chose live coral or dead 

coral over the rubble habitat (p < 0.05); instances in which selection of rubble, 

dead, and live habitats are statistically equal are marked (+).  When comparing 

only live and dead habitats, three species showed significant preference for live 

coral at certain time periods (* p < 0.05, **p < 0.01). 

 

Table 4-1 (next page): Pearson’s correlation coefficients for habitat associations.  Three 

different tests compared (a) all variables (live coral, dead coral, rubble, sand, 

swimming), (b) structural variables (live coral, dead coral, rubble), and (c) coral 

presence (live coral, dead coral). 
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  (a) All (df = 4)  (b) Structural (df = 2)  (c) Coral (df = 1) 

  χ
2 p  χ

2 p  χ
2 P 

S.  tigrinus Initial 28.75 ***  11.71 **  0.91 ns 

 1500 47.50 ***  22.20 ***  4.90 * 

 1700 32.50 ***  11.40 **  2.53 ns 

 1900 37.50 ***  15.00 ***  0.00 ns 

 0000 35.79 ***  14.37 ***  0.11 ns 

 0900 26.58 ***  7.74 *  0.43 ns 
          

T.  bifasciatum Initial 26.88 ***  10.32 **  0.10 ns 

 1500 39.38 ***  19.56 ***  3.61 ns 

 1700 35.63 ***  13.65 **  1.60 ns 

 1900 35.63 ***  13.65 **  1.60 ns 

 0000 35.79 ***  14.37 ***  2.64 ns 

 0900 19.38 ***  1.95 ns  0.43 ns 
          

M.  chrysurus Initial 13.53 **  7.01 *  1.01 ns 

 1500 23.61 ***  8.65 *  1.15 ns 

 1700 31.11 ***  1.98 ns  0.17 ns 

 1900 21.03 ***  7.87 *  1.91 ns 

 0000 18.50 **  6.71 *  0.12 ns 

 0900 26.10 ***  5.37 ns  0.15 ns 
          

C.  multilineata Initial 34.38 ***  2.26 ns  0.20 ns 

 1500 19.38 ***  11.37 **  0.99 ns 

 1700 19.38 ***  6.90 *  0.13 ns 

 1900 33.13 ***  14.94 ***  0.40 ns 

 0000 32.34 ***  19.56 ***  6.22 * 

 0900 18.13 **  9.62 **  0.46 ns 
          

S.  fuscus Initial 21.67 ***  9.99 **  1.05 ns 

 1500 19.29 ***  11.03 **  0.41 ns 

 1700 28.81 ***  17.56 ***  3.56 ns 

 1900 21.97 ***  11.64 **  0.11 ns 

 0000 23.95 ***  13.21 **  0.97 ns 

 0900 21.67 ***  11.76 **  0.10 ns 
          

S.  planifrons Initial 21.88 ***  6.00 *  0.00 ns 

 1500 21.88 ***  6.00 *  0.00 ns 

 1700 18.13 ***  9.62 **  0.46 ns 

 1900 22.50 ***  12.95 **  0.94 ns 

 0000 25.26 ***  12.24 **  0.11 ns 

 0900 23.13 ***  11.98 **  0.10 ns 
          

S.  partitus Initial 21.88 ***  13.33 **  1.71 ns 

 1500 40.00 ***  16.80 ***  0.90 ns 

 1700 38.13 ***  15.45 ***  0.10 ns 

 1900 33.75 ***  13.50 **  0.00 ns 

 0000 38.13 ***  15.45 ***  0.10 ns 

 0900 53.13 ***  26.25 ***  8.10 ** 
          

*p < 0.05, **p < 0.01, ***p < 0.001, ns = not significant     
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Table 4-2: Movement of individuals towards live coral, dead coral, and rubble 

habitats.  Number of movements (mean ± SE) differed among species (ANOVA: df = 

6, F = 4.8, p < 0.001), and post-hoc tests indicated three species (a) more stationary than 

Serranus tigrinus and one (b) more stationary than Stegastes partitus.  The number of 

movements directed toward live coral, dead coral, and rubble differed for four species 

(ANOVA: df = 2), with less movement toward rubble than other habitats (†) and, in 

one case, preferential movement toward live coral over dead coral (‡). 

 Directional Differences Proportion of Movements Towards: 

 
Average # of 
Movements F p Live Coral Dead Coral Rubble 

S. tigrinus 1.45 ± 0.21 5.24 ** 0.38 0.48  † 0.14 

T. bifasciatum 0.75 ± 0.18 4.73 * 0.33 0.60  † 0.07 

M. chrysurus 0.37 ± 0.22  a 1.28 ns 0.57 0.43 0.00 

C. multilineata 0.84 ± 0.28 4.75 * 0.63 0.38 0.00 

S. fuscus 0.32 ± 0.15  a 2.31 ns 0.67 0.33 0.00 

S. planifrons 0.25 ± 0.12  ab 1.53 ns 0.60 0.40 0.00 

S. partitus 1.15 ± 0.25 169.63 *** 0.57 ‡ † 0.43  † 0.00 

       

*p < 0.05, **p < 0.01, ***p < 0.001, ns = not significant 

  

 

Thalassoma bifasciatum also rarely exhibited swimming behavior; one individual 

was observed swimming at 1500, but habitat associations existed at all other times.  Live 

and dead coral habitats were equally and preferentially selected above rubble for most 

of the study, and movement towards the dead coral habitat was greater than towards 

the rubble.  However, this species had higher rubble selection than any other species (8% 

of observations), and by 0900 the day following collection, selection among live, dead, 

and rubble habitats was not statistically different. 

In contrast to the above species, Microspathodon chrysurus swam extensively.  

During daylight hours, active propulsion through the water column was recorded more 

than 40% of the time, but at night, hovering near a pipe or corner was common.  
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Selection of rubble occurred both day and night, but only 2% of observations were on 

this habitat.  The majority of habitat selection was for the live or dead corals, but there 

was no statistical difference between the two.    

Chromis multilineata was also a frequent swimmer but, in choosing habitats, 

restricted itself to live or dead corals.  This species showed a marked change in behavior 

throughout the observational period.  Swimming behavior was high during the day, and 

selection between live and dead corals did not differ, but at night, swimming behavior 

decreased and selection for live coral over dead was significant. 

Members of the genus Stegastes varied in their habitat selection and behavior.  S. 

fuscus and S. planifrons both exhibited some swimming behavior (20% and 26% 

respectively), but this decreased during hours of darkness.  These two species had the 

fewest changes in habitat over a twenty-four hour period with less than 0.33 moves per 

individual and no differential movement towards any habitat.  For both species, only 

live and dead coral were inhabited, and selection between the two was non-significant.  

Among S. fuscus, however, the preference for dead coral neared significance; selection of 

dead habitats exceeded live at all times with a maximum of 57% dead coral and 24% live 

coral habitation at 1700 (p = 0.059).  When swimming observations were excluded, total 

selection of dead over live coral became highly significant (χ2 = 6.32, df = 1, p = 0.01) 

A third member of the Stegastes genus, S. partitus, did not swim following the 

initial observations and did not select rubble.  There was a high but variable degree of 
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movement among habitats, with significantly more movement towards live coral and 

less towards rubble.  By 0900 the day following release into the tank, 75% of S. partitus 

individuals were settled on live coral, making this a highly significant preference over 

the dead habitats. 

 

4.4 Discussion 

The design of this experiment allowed common reef fish to select among four 

common reef habitats and to differentiate between preferences for live coral tissue and 

structural complexity.  These preferences were species-specific.  The experiment also 

evaluated the habitat choices of fishes isolated from the competitive and predatory 

interactions that could interfere with the expression of preferences in the field.   

In general, the behaviors of the experimental individuals were consistent with 

those seen on natural reefs.  Serranus tigrinus and Stegastes partitus, both benthic-

associated or low-hovering species, were never observed swimming, whereas Chromis 

multilineata, a species commonly seen hovering high above the reef, was frequently 

observed in the water column.  The pomacentrids all hovered near their selected 

substrata and, if approached too closely, would duck into those refuges.  Each of the 

experimental species is diurnal, and individuals swam less and hid more among habitats 

during the dark observation periods of 1900 and 0000.  These observations suggest that, 
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for most of these species, these aquarium habitat selection experiments can be used as a 

standard with which to compare field preferences 

Two species were not consistent between their behaviors in aquaria and the field: 

Thalassoma bifasciatum and Microspathodon chrysurus.  Terminal phase T. bifasciatum in 

Curacao are normally seen roaming above the reef with initial phase individuals, but in 

this study, isolated free swimming was rarely seen.  Though solo swimming by terminal 

males is common in some populations (Jones 2002), this species shows high regional 

variation in its activities, and seeking refuge may be characteristic of non-schooling 

terminal phase individuals in Curacao.  M. chrysurus individuals, in contrast, showed 

more swimming behavior in the test aquaria than expected.  On the reef, this species 

normally displays swimming patterns similar to other pomacentrids, in which 

individuals are rarely seen far above the substrate.  In this study, the high incidence of 

swimming behavior is likely due to the size of the individuals.  Bulkier than any of the 

other tested species, the subjects may have been too large to fit into most of the 

structural refuges provided by the different habitats. 

The degree of movement among experimental habitats correlates with and may 

be determined by the size of the natural home range.  Serranus tigrinus, which had the 

most inter-habitat moves, maintains a natural individual home range of around 40 m2 

(Pressley 1981).  The species it significantly outmaneuvers, Microspathodon chrysurus, 

Stegastes fuscus, and Stegastes planifrons, have maximum documented home ranges of less 
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than 8 m2 (Robertson 1984), 3 m2 (Mahoney 1981, Bartels 1984, Osorio et al. 2006), and 1 

m2 (Itzkowitz 1978, Meadows 2001) respectively.  Though each of these home ranges 

encompasses more than one habitat within the experimental aquaria, these smaller 

territories may be indicative of a stationary tendency that minimizes habitat shifts 

within the tanks. 

Among all species, habitat complexity is clearly an important factor in habitat 

selection.  Live coral and dead coral were both highly selected, and individuals were 

seen hiding within these habitats.  In contrast, sand was never selected and rubble 

selection was limited to Serranus tigrinus and Thalassoma bifasciatum.  These two species 

have been documented on a variety of habitats on the natural reef including rubble, live 

coral, and dead coral (Robertson & Sheldon 1979, Pressley 1981).  Their fusiform body 

shape likely allows them access to the interstitial spaces of rubble piles, making this a 

refuge that would not be selected by the more ovoid species. 

Between live coral and dead coral, the two habitats of equal complexity, selection 

was never exclusive and rarely significant.  Three exceptions existed among all species 

and all observation periods: Serranus tigrinus selected live coral in the afternoon, Chromis 

multilineata slept in live coral, and Stegastes partitus individuals mostly inhabited live 

coral habitats the morning following collection.   

The afternoon selection of live coral by Serranus tigrinus is unexpected and 

undocumented in natural communities.  This species is typically associated with rubble 
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and small coral heads (Pressley 1981), and its diurnal activity pattern with a sunset 

mating period does not suggest an afternoon habitat preference.  However, as only 

Pressley’s (1981) dusk-focused study has examined S. tigrinus behavior, this preference 

may indicate a previously undocumented behavioral cycle. 

Chromis multilineata also showed a time-sensitive selection with a significant 

preference for live coral at 0000.  No studies have documented the sleeping refuges of 

this species, thus comparisons with natural behavior are impossible.  Based on my data, 

however, it is likely that, barring competition, C. multilineata would be found sleeping in 

live coral on the reef. 

Stegastes partitus showed a highly significant preference for live coral the 

morning following collection.  By 0900, 75% of the individuals were on the live habitat, 

and movement toward this habitat exceeded that towards any other.  This affinity for 

live coral exists in field populations (Neely, Chapter 2), but individuals are also seen 

over rubble as well as dead coral heads (Clarke 1977, Waldner & Robertson 1980, 

Tolimieri 1998).  Robertson (1996) found that competition with larger and more 

aggressive Stegastes species controls the distribution and range of S. partitus.  Combined 

with my results, this indicates that this species has an inherent preference for live coral, 

but that competitive interactions can temper this, causing dispersal among secondary 

habitats. 
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Stegastes planifrons did not significantly differentiate between live and dead coral 

habitats.  Though this species has commonly been associated with live coral on the 

natural reef, it may be the growth form of the coral, rather than the presence of living 

tissue, that controls adult populations.  As recruits, this species settles mostly on live 

Montastrea annularis colonies, though other live and dead coral heads sometimes receive 

recruits (Itzkowitz 1977, Waldner & Robertson 1980, Booth & Beretta 1994, Tolimieri 

1995, Gutierrez 1998).  However, fish distribution changes with maturation.  Early 

papers document an almost exclusive shift to Acroporid corals (Itzkowitz 1977, Waldner 

& Robertson 1980), but on modern reefs in which Acroporids are nearly non-existent, S. 

planifrons associates with live boulder and foliose corals as well as rubble from Acropora 

and Porites species (Lirman 1994, Tolimieri 1998).  Since isolated adults do not show a 

preference for live coral, individuals in the field may target appropriate refuges 

regardless of the presence of coral tissue.   

Stegastes fuscus selected dead coral over live at every time period, though the 

trend was not significant.  In the field, juvenile colonization by this species is to shallow 

rocky areas, but as adults they are found additionally in live Acroporid corals (Itzkowitz 

1977, Waldner & Robertson 1980, Gutierrez 1998, Tolimieri 1998).  This species appears 

to undergo an ontogenetic shift from an exclusive preference for dead coral to one 

incorporating both live and dead substrates, a hypothesis supported by these choice 

experiments.   
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In summary, structural complexity was a critical determinant in habitat choice.  

Sand and rubble were avoided by the study species while more rugose live and dead 

habitats were selected.  Live coral was not a factor entirely governing habitat choice, as 

no species exclusively selected live or dead habitats.  However, species-specific trends 

and preferences did exist, and these (1) emphasized trends seen in natural populations 

(Stegastes fuscus, Stegastes planifrons, Microspathodon chrysurus, Serranus tigrinus, 

Thalassoma bifasciatum), (2) highlighted the role of competition in overriding natural 

preferences (Stegastes partitus), and (3) demonstrated the need for further reef-based 

study on the natural population distribution of these species (Chromis multilineata).  
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5. Development of fish communities on artificial reefs 
varying in live coral cover 

5.1 Introduction 

Coral reefs worldwide are rapidly losing live coral cover due to factors such as 

heat-related bleaching, disease, predator outbreaks, and other sources (Gardner et al. 

2003).  Though these changes are well documented, their effects on the rest of the reef 

community are not.  Fishes in particular, which have a high diversity, represent a variety 

of trophic levels, and contribute significantly to the economic value of reefs, are not well 

understood in regards to their habitat requirements and how changes to that habitat will 

alter populations. 

Monitoring of fish populations through coral mortality events has yielded mixed 

results.  Depending on the species studied, effects can be dramatic, as in the complete 

elimination of coral-eating chaetodonts (Sano 2004).  More frequently, changes are small 

or non-existent (Wellington & Victor 1985, Williams 1986, Guzman & Robertson 1989, 

Hart et al. 1996, Shibuno et al. 1999), though often a community-level measurement such 

as total abundance may be masking effects at a finer scale.  Each fish species, and often 

each age class within a species, is likely to be affected by the environment differently, so 

understanding community change and causative mechanisms can only come from 

detailed accountings of settlement, juvenile survival, and adult persistence of each 

species.   



 

58 

Though live coral cover and structural complexity are often treated 

synonymously, they are in fact two different variables affecting fish populations.  Many 

of today’s causes of coral mortality kill coral tissue but leave the skeleton and its 

associated refuges behind.  A reef with no coral can continue to provide equally complex 

structure for up to years following mortality.  Thus, if settlement, survival, and 

immigration are dependent only on the presence of a habitable structure, fish 

communities should remain unaltered.  Despite this, existing studies rarely distinguish 

between coral tissue and coral structure, and instead survey degraded reefs or 

experimentally reduce structure along with coral cover (but see Feary et al. 2007). 

Despite the coarseness of taxonomic study and the synonymous treatment of 

coral cover and rugosity, perhaps the greatest omission among existing studies on coral 

degradation’s impacts on fish is the lack of work in the Western Atlantic.  The reef fauna 

of this region differs dramatically from the more well studied Indo-Pacific; diversity in 

the greater Caribbean is lower, and entire taxa and guilds, including all obligate 

corallivores, are missing (Randall 1967, Paulay 1997).  With no direct nutritional link 

between coral and fish, it is possible that coral loss will not affect ichthyofauna.  

However, the indirect influence of live coral as a settlement cue or as a source of 

nourishment through intermediate trophic levels or mucous release can only be 

surmised.  With coral loss at an even higher rate in the Caribbean than elsewhere 

(Connell 1997), determining whether these effects are substantial is critical. 
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I set up artificial reefs near a healthy Western Atlantic reef to survey colonization 

and persistence of fish communities on reefs that were identical in structure but differed 

in live coral cover.  Fish were surveyed daily, and recruitment, mortality, immigration, 

and persistence for all observed species and age classes were documented.  This study 

thus provides the first documented effects of live coral tissue on development and 

stability of Caribbean fish assemblages. 

 

5.2 Methods 

5.2.1 Reefs 

Sixteen artificial reefs were constructed from cement blocks and reef substrate (Figure 5-

1).  At each reef, twenty-one solid blocks were arranged in a staggered pyramidal shape 

(1.6 m2 base, 0.5 m tall).  Live coral pieces representative of the species and growth forms 

on the nearby reef (Acropora palmata, Agaricia agaricites, Montastrea annularis, Madracis 

mirabilis, and Siderastrea siderea) were placed on eight of these randomly selected 

pyramids to cover 25% of the reefs as viewed from above.  On the remaining eight reefs, 

equivalent numbers, sizes, and growth forms of coral rock were placed in the same 

alignment.  All added materials were collected from the nearby coral reef ( < 100 meters), 

and no effort was made to remove boring or encrusting organisms from either substrate 

type. 
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Figure 5-1: A cinder block reef with live coral.  (Photo: Barry Brown) 

 

Reefs were set up in a 3 meter deep sandy lagoon located behind the Sea 

Aquarium on the island of Curacao (12° 05.05 N, 68° 53.70 W).  The lagoon had openings 

at each end that led directly onto a fringing reef with 45% live coral cover.  A flushing 

current was present on most days.  Pre-deployment surveys documented corals and reef 

fish along the lagoon’s rock walls, but none in the large sandy plain.  Reefs were placed 

at least 10 meters from each other and from any other hard substrate (Figure 5-2). 
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Figure 5-2: Location of artificial reef deployment.  Reefs are visible 

within the lagoon.  Openings to the natural reef are to the bottom left and 

top center.  (Photo: Barry Brown) 



 

62 

Each reef was examined daily between 0900 and 1300 by a SCUBA diver.  The 

diver counted roaming species from a distance of 3 meters, then circled the reef looking 

into crevices to count all remaining fish.  Sizes of fish were visually estimated.  Because 

fish abundance and species richness of artificial reefs generally stabilize within two 

months (Bohnsack & Talbot 1980, Shulman et al. 1983), monitoring slightly exceeded this 

time frame (September 30 to December 5).  

5.2.2 Analyses 

Measures of community structure (total abundance, total abundance of non-

roaming species, species richness, Shannon-Weiner diversity) and abundance of recruits, 

juveniles, and adults of observed species were compared for treatment effects each day 

of the survey period. 

For each species or measure, a null hypothesis proposed that, on a given day, 

abundances did not differ between treatments and any observed difference was due to 

chance.  A randomization test compared the mean abundance of one treatment to a 

reference distribution of values expected if the null hypothesis was true.  If the observed 

difference between treatments was purely a chance effect, then the treatment labeling 

would not matter, so a value for the reference distribution was obtained by assuming 

that the eight live and eight dead labels were randomly reassigned among the reefs.   For 

each day, the mean count from eight reefs (live or dead depending on the species) was 

calculated and used as a value for a day-specific reference distribution.  By performing 



 

63 

the random reassignment of labels 999 times, a frequency distribution of possible 

outcomes for the test statistic was generated for each day.  If the observed test statistic 

differed from its associated reference distribution, then a treatment effect was noted.   

Two-sided tests were performed in which the null hypothesis was rejected if the 

observed test statistic was large in comparison to the reference distribution.  A p-value 

was estimated by ordering the observed test statistic and values from the reference 

distribution by magnitude.   If the observed test statistic is the kth largest value, then the 

one-sided p-value is k/N, where N is the number of randomized test statistics plus the 

observed test statistic.  A conservative approach was taken for handling ties in which the 

observed test statistic was ordered below others with the same value.   

 

5.3 Results 

5.3.1 Community 

Reefs were all colonized by a mixture of adult immigrants and juvenile recruits. 

Numerous species swam throughout the lagoon stopping at various reefs; these were 

considered “roamers,” and as they were not associated with any one reef and did not 

differ between their visitation of live and dead reefs, they were excluded from 

community-level analyses.  
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The non-roaming species rapidly colonized newly deployed reefs. Colonization 

on live reefs was both more rapid and more variable than on dead, and within two to 

three weeks, abundance of fish on the live reefs was significantly greater than on the 

dead ones. However, this peak in abundance was not persistent, as subsequent 

decreases in live reef populations returned the two treatments to similar abundance 

levels (Figure 5-3) 

Species richness also increased rapidly on both treatments and reached a steady 

level within three weeks. The number of species was generally higher on live coral reefs 

than on dead ones, but though individual days showed significant differences, there was 

no time period during which this discrepancy was consistent. 

 

 

 

 

 

 

Figure 5-3 (next page): Community measures of fish colonization on artificial reefs.  

(a) Mean abundance and species richness of all non-roaming, benthic-associated 

species seen at three or more reefs.  Plots of the p-values of differences in abundance 

and species richness between treatments are shown above. P-value plots range from 0 

to 1 with the p = 0.05 line shown. Differences where p < 0.05 are represented by 

symbols on the main plot. (b) Standard deviation of the same fish abundance 

measurement among the eight live and eight dead reefs. 
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5.3.2 Species 

Summed over all reefs and days, forty-five fish species were observed.  Of these, 

twenty-eight species were “roamers” (such as the scarids and lutjanids), did not 

associate with the habitat (schooling baitfish), or were seen only on a few reefs.  The 

other seventeen species were reef-associated and seen on four or more reefs; these were 

subjected to species-specific analyses.  Five of these species (Lutjanus analis, Acanthurus 

coeruleus, Acanthurus chirurgus, Scarus croicensis, and Sparisoma radians) fit these criteria 

only as juveniles and are included in analyses only up to a certain size. 

For twelve species (Abudefduf saxatilis, Stegastes partitus, Stegastes planifrons, 

Stegastes variabilis, Stegastes diencaeus, Stegastes fuscus, Acanthurus coeruleus, Acanthurus 

chirurgus, Scarus croicensis, Sparisoma radians, Canthigaster rostrata, and Lutjanus analis), 

the day of individuals’ settlement to the reefs was determined.  Some species, 

particularly S. partitus and S. planifrons, exhibited a recruitment pulse.  For both of these 

species, a settlement event occurred in the days following the November new moon, 

though increased settlement after the October new moon was not apparent (Figure 5-4).  

Recruitment among reefs was not uniform, and S. planifrons in particular contributed 

sixteen settlers to live reefs but only two to dead reefs.  However, settlement between 

treatments was not statistically different for this or any other species. 
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Figure 5-4::  Recruitment patterns of Stegastes partitus and Stegastes 

planifrons.  Bars represent the daily sum of all recruits on all reefs of each 

treatment. 

 

Recruitment patterns were not entirely indicative of a species’ abundance on a 

reef, as survival and growth also modified community patterns.  Though the abundance 

of eleven non-roaming species and twenty-eight roaming species did not differ between 

treatments, six non-roaming species did differ significantly during the observation 

period, though the length of these differences varied from a few days to a consistent 

distinction throughout the monitoring period (Figure 5-5).  Species found more 

frequently on dead reefs were Stegastes variabilis and Holocentrus adscensionis.  Those 
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more common on live reefs were Stegastes planifrons, Stegastes partitus, Scarus croicensis, 

and Haemulon flavolineatum.   

The higher total fish abundance on live reefs in the first half of the monitoring 

period was due largely to the sudden recruitment of two of these significantly differing 

species: Scarus croicensis juveniles and Haemulon flavolineatum. Both of these pulses were 

followed by a decline that synchronized live and dead reefs’ abundances, and by the end 

of the monitoring period, there was no consistent difference between treatments for 

either of the two species, or for total fish abundance. Such short-term selection was also 

apparent in the two species that were found preferentially on dead reefs: Holocentrus 

adscensionis and Stegastes variabilis. 

 

 

 

Figure 5-5 (next page): Average number of fish per reef for the six fish species that 

differed significantly between live and dead treatments.  Abundance of size classes 

were also analyzed for some species (Stegastes partitus, Stegastes planifrons, and 

Stegastes variabilis: 1-3 cm, 3+ cm; Haemulon flavolineatum: 1-10 cm, 11-30 cm). Scarus 

croicensis larger than 5 cm 

were considered roaming 

individuals and were not 

included.  For each species or 

significantly differing age 

class, a plot of the daily p-

value of the differences 

between treatments is 

displayed. P-values range from 

0 to 1 with a line demarcating 

p = 0.05.
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Two species exhibited longer-term differences between live and dead reefs. 

Stegastes planifrons, which has been preferentially documented on live coral as juveniles 

and adults (Lirman 1994, Tolimieri 1995, Gutierrez 1998), maintained a presence on live 

coral over dead from the time of its appearance through the end of the monitoring 

period. Stegastes partitus displayed a long-term, but also age-class specific, difference in 

distribution pattern. This species had more large juveniles and adults as well as a total 

higher total abundance on live reefs near the middle of the observation period.  

However, the small juveniles of this species (1-3 cm) recruited more heavily to dead 

reefs in November, though larger ones (3+ cm) remained more abundant on live reefs. 

 

 

5.4 Discussion 

Development of fish communities on the artificial reefs was a product of both 

settlement from the larvae and immigration of adults.  Immigration was continuous, but 

abundances, species compositions, and timing of influxes were highly variable.  Larval 

settlement by some species was similarly unpredictable, but other species exhibited 

pulsed recruitment.  However, these pulses were not of a uniform length or magnitude 

among species, and relationships with lunar phases existed only for Stegastes partitus 

and Stegastes planifrons.  Recruitment events also varied among reefs; spatial, treatment, 

and stochastic effects all influenced which reefs received influxes of settlers.  Thus, 



 

71 

variation in communities among reefs was large, and treatment effects account for only 

part of any observed differences. 

Though six species varied in abundance between treatments for at least one day, 

only one can be considered dependent on live coral: Stegastes planifrons. Among the 

others, the differences were either due to short-term fluctuations and not supported by 

consistently low p-values, or derived from a recruitment pulse that subsequently 

declined and left populations between treatments indistinguishable. 

Predation is one process that could have returned large population increases to a 

steady baseline consistent between treatments. Areas with numerous prey may have 

been subject to more intense predation that could also have reduced highly abundant 

species disproportionately.  However, correlations between the number of piscivorous 

fish on these reefs and species that spiked in abundance were weak, non-significant, and 

mostly positive.  The one negative exception that could suggest a predator-driven crash 

was Stegastes planifrons (Pearson product moment correlation coefficient: -0.07.  p = 0.02), 

though this correlation was weak. 

Competition is a more likely process moderating population fluctuations.  

Competitive forces can be complex; interspecific, intraspecific age class, and intraspecific 

cohort interactions can all occur simultaneously, and fish in these communities probably 

experienced all three types. 
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Some species, such as newly settling Scarus croicensis, arrived on the reefs in a 

single large cohort.  As such, they would have been directly competing with each other 

for food, shelter, and other resources.  It is possible that this intra-cohort competition 

caused the rapid crash of this population that followed the recruitment spike.  

Other species, particularly those of the genus Stegastes, probably experienced 

interspecific competition as well as competition from conspecifics of different age 

classes.  Stegastes individuals are territorial and aggressive towards smaller or less-

competitive individuals of the same or different species (Harrington 1993).  Such 

competitive interactions may have driven the unusual colonization patterns of S. partitus 

and S. variabilis.  These species both settled on live and dead reefs soon after 

deployment.  Live reefs received more S. partitus individuals, and, perhaps also due to 

improved survival and growth, significantly more large individuals inhabited the live 

reefs by November.  At this point, two simultaneous occurrences began to alter the 

community.  The first was a settlement pulse by S. planifrons, which deposited eight 

times as many individuals on live reefs than dead.  The second event was a pulse of S. 

partitus. 

As these juvenile Stegastes partitus, and through the next month juvenile Stegastes 

variabilis, settled on the reefs, they found the live coral treatments swarming with large 

conspecifics and an influx of new Stegastes planifrons that would eventually be able to 

dominate them (Robertson 1996).  The dead reefs, in contrast, had very few adult S. 
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partitus or juvenile S. planifrons.  The new settlers may have thus either preferentially 

selected the dead reefs or experienced disproportionately high and rapid mortality on 

the live reefs due to territorial exclusion from food and refuge resources.  Either way, the 

result was an increase in settlement on the dead reefs by these two species that had 

previously either chosen live reefs or shown no preference between treatments.   

These reefs demonstrated a successional pattern of colonization.  At first, 

settlement and immigration by early settlers was unpredictable; variation was high and 

treatment effects were negligible.  Within a month, a few species were selectively found 

on one treatment.  However, further influx of fish created an increasingly competitive 

environment within cohorts, between age classes, and among species that forced less-

competitive arrivals onto secondarily preferred reefs and thus moderated differences 

between live and dead reefs.  For an individual fish species, habitat preference may have 

guided the initial settlement to a reef, but, with the exception of the highly-competitive 

Stegastes planifrons,  competition muted this settlement and created a relatively even 

distribution among all reefs.  At a community level, colonization between treatments 

varied during the development of the assemblage and built the populations at different 

rates, but subsequent interactions resulted in mostly indistinguishable communities.   

These results suggest that relatively identical fish communities will form on 

newly available substrates regardless of whether live coral is present.  On already 

existing reefs, loss of live coral may not be as disastrous for fish assemblages as might be 
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anticipated.  Though some studies have documented catastrophic declines in fish 

populations following massive coral mortality, these declines always occur not with the 

death of the tissue but with the collapse of the reef matrix up to years later (Ohman et al. 

1999, Lindahl et al. 2001, Halford et al. 2004, Munday 2004, Garpe et al. 2006).  This work 

suggests that during the time preceding habitat erosion, recruitment and immigration 

processes of most species would not be affected, competitive interactions would 

moderate pulses, and overall fish composition would remain the same.
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6. Processes affecting reef fish distribution: Stegastes 
partitus as a case study 

6.1 Introduction 

The mechanisms driving fish distribution patterns have long been debated, with 

hypotheses of niche differentiation, larval distribution, priority effects, post-settlement 

competition, and predation all acknowledged as important for certain species, locations, 

or times (Doherty 2002).  However, rarely have these factors been considered in relation 

to each other in one temporal, spatial, and taxonomic setting. 

A good model for comparing the importance of some of these mechanisms is 

Stegastes partitus, a planktivorous pomacentrid abundant throughout Caribbean coral 

reefs and related ecosystems.  This species is prone to competitive interactions due to its 

small size and taxonomic status among territorial congeners.  It is also strongly 

associated with the benthos, and is thus likely to exhibit preferences for the features that 

compose its territory.  This study examines how niche differentiation, as determined by 

habitat preferences, interacts with both inter- and intraspecific competition to influence 

field distributions of this species. 
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6.2 Methods 

The distribution, habitat preferences, and colonization patterns of Stegastes 

partitus were examined in the Florida Keys, USA and in Curacao, Netherlands Antilles. 

Field distributions were determined by counting the number of fish within 3 by 3 

meter plots and using stepwise multiple regressions to correlate fish abundance with 

measures of substrate including depth, rugosity, sand cover, rubble cover, and live coral 

cover.  In the Florida Keys, fifteen plots were examined, and in Curacao, fifty-one plots 

were surveyed.  The study sites and methods are further described in Chapters 2 and 3. 

Habitat preferences of adult Stegastes partitus were determined through isolated 

choice experiments in Curacao.  Individual fish were placed in aquaria containing a live 

coral habitat, a structurally similar dead coral habitat, a rubble habitat, and a sand 

habitat.  Individuals were observed for twenty-four hours, and Pearson’s χ2 tests were 

used to determine the preferred substrate type.  The study is further described in 

Chapter 4. 

The recruitment and immigration of Stegastes partitus to artificial reefs containing 

live or dead coral cover was monitored for sixty-seven days in Curacao.  These cinder-

block reefs, of which eight contained live coral pieces and eight contained similar pieces 

of dead coral, were placed in a lagoon adjacent to a fringing reef and monitored daily as 

fish communities developed.  Further details are available in Chapter 5. 
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6.3 Results 

The benthic and fish communities of the Florida Keys and Curacao differed in 

several ways.  Curacao reefs housed more Stegastes partitus (4.8 individuals/m2 vs. 2.2 

individuals/m2.  p < 0.001; t-test), as well as more of the congeneric competitors S. 

planifrons, S. variabilis, S. fuscus, and  S. diencaeus (1.3 individuals/m2 vs. 0.18 

individuals/m2.  p < 0.001; Mann-Whitney rank sum test).  Curacao study plots also had 

less sand (p < 0.01) and greater live coral cover and structural complexity (p < 0.001).  In 

the high-rugosity, high-coral environment of Curacao, S. partitus correlated positively 

with live coral cover and rubble, but had a negative relationship with rugosity and sand 

(Table 6-1).  In the Florida Keys, rugosity was a positive correlate, and no other measure 

of substrate related to abundance.  Because the number of plots in the Florida Keys was 

only fifteen, the statistical power was lower than desired (0.72).  However, a multiple 

linear regression which included all variables and had a high power (0.99) confirmed the 

lack of correlation between S. partitus and all variables except rugosity. 

Aquarium choice experiments showed that isolated adult Stegastes partitus 

preferred live coral habitats over other offered environments.  Selection was always for 

the live or dead complex structures rather than the low-rugosity sand or rubble, and 

within eighteen hours of placement in the tank, 75% of the individuals inhabited the live  
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Table 6-1: Relationships between Stegastes partitus and various measures of 

substrate on two natural Caribbean reefs.  Correlations were determined using 

forward stepwise regressions. 

 Regression  

Contribution to total R
2
 (top),                      

standardized coefficient (middle),                             
and p-value (bottom) 

 
R

2
 F p  Depth Rugosity 

Live 
Coral 
Cover 

Rubble 
Cover 

Sand 
Cover 

Stegasates partitus 0.56 11.57 < 0.001   0.115 0.157 0.084 0.14 

Curacao      - -0.574 0.622 0.496 -0.558 

      < 0.001 < 0.001 < 0.001 < 0.001 

Stegastes partitus 0.391 8.361 0.013     0.391       

Florida Keys          - 0.626 - - - 

            0.013       
 

coral habitat, a significant preferential selection over the equally complex dead coral 

habitat (p < 0.01).   

The colonization of artificial reefs containing live or dead coral by Stegastes 

partitus showed a complex pattern of recruitment and growth (Figure 6-1).  Within one 

week of deployment, live coral reefs received a greater influx of settlers than dead reefs, 

though this trend was not significant.  Survival and growth led to a significantly greater 

presence of adults on live reefs after one month.  At this point, a recruitment pulse 

comprising both Stegastes planifrons and S. partitus individuals settled onto the reefs.  

While S. planifrons settled almost exclusively onto live reefs, this wave of S. partitus 

recruits significantly preferred the dead reefs. 
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Figure 6-1: Mean abundance of Stegastes partitus and Stegastes planifrons on artificial 

reefs containing live or dead corals (N = 8 for each treatment).  For much of the two-

month observation period, both species were significantly more abundant on the live 

reefs, but 1-3 cm S. partitus became significantly more abundant on dead reefs in late 

November. 

 

6.4 Discussion 

Stegastes partitus has a habitat preference for live coral, one that is not exclusive 

but is observable in the absence of competition.  Adults expressed this preference in 

isolated choice experiments, and juvenile preference could be seen in the selection of live 

reefs over dead in newly deployed artificial reefs devoid of other inhabitants.  However, 

this preference is not always exhibited on the natural reef, as S. partitus is observed on 

many substrates.  In Curacao, rubble cover as well as live coral cover positively 

associated with abundance.  In the Florida Keys, no correlation with live coral or any 

other parameter of benthic cover was documented. 
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I propose that competitive effects often overwhelm the habitat preferences of this 

species.  Stegastes partitus is subject to acts of aggression from larger conspecifics 

(Myrberg 1971) and from more aggressive congenerics, particularly Stegastes planifrons 

(Robertson 1996).  These interactions not only consume energy, but can force individuals 

away from habitats that they would otherwise occupy (Robertson 1996).  Distribution is 

thus affected by the level of competition.   

If arbitrary numerical values are assigned to habitat types and competitors, a 

“habitat attractiveness index” can explain the distribution of Stegastes partitus within 

each experiment.  Habitats themselves differ in their suitability, so based on the isolated 

choice experiments, I assume that live coral is the most preferred substrate and assign it 

a habitat attractiveness value of ten.  Dead coral is rated a five, and rubble is rated a one.  

Sand is assumed to be unsuitable and is ignored.  Separate from the habitat, the presence 

of a competitor is considered unsuitable and assigned a value of negative seven.  When 

the two effects are summed, the resulting values can be compared between locations 

with values greater than zero representing increasingly more suitable locations.  I here 

walk through each of the experimental setups: 
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1. Isolated choice experiments and initial colonization of artificial reefs. 

10 5

Live Coral 

– Competitor

+ 10
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10 5
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+ 10
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In the absence of competitors, Stegastes partitus selects both live and dead coral 

substrates while ignoring the rubble and sand habitats present in the choice experiment 

and the sandy plain surrounding the artificial reefs.  Though both types of coral are 

selected, the more “suitable” live coral receives more individuals.  

 

2. Colonized artificial reefs 
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When competitors such as Stegastes planifrons and adult Stegastes partitus were present 

on the same artificial reefs that were previously empty, the habitat attractiveness index 

changed.  Live and dead habitats were both still suitable and were selected more than 

the sandy plain.  However, live coral was now less attractive than dead, and recruits 

preferentially settled on the dead substrate.  

 

3. Degraded natural reef with no live coral and no competitors 
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In the Florida Keys surveys, both live coral and competitive pressure on Stegastes 

partitus were rare or absent.  With no live coral to draw individuals, dead coral was the 

most preferred habitat, and a positive correlation with rugosity was observed.  
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4. High coral-cover natural reef with many competitors 
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In contrast to the degraded and competitor-devoid habitat of the Florida Keys, 

the Curacao natural reef had abundant live coral as well as competitors, which were 

found on all high-rugosity habitats.  Here, the interaction between substrate suitability 

and competitor avoidance resulted in a positive index on the live coral and rubble 

habitats, which was verified by positive correlations for these substrate types, and a 

negative index for the dead coral, which manifested itself in a negative rugosity 

relationship.  

This model, which assigns values to habitat types and competitors, puts two 

different distribution-influencing factors into a comparative framework that 

consequently predicts the distribution of Stegastes partitus in four different situations.  

Other species would be expected to value different qualities of a habitat, but could 
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nevertheless be examined this way by experimentally determining individual 

preferences for habitat or food supply, observing competitive and predatory 

interactions, and using these to develop a model that predicts field distributions in a 

variety of scenarios.  

These experiments and field observations demonstrate that Stegastes partitus is a 

generalist capable of living in numerous habitat types.  Like an r-selected species, it is 

highly abundant and rapidly colonizes new substrate.  Nevertheless, the species does 

prefer some habitats over others, and its distribution on non-live coral substrate results 

from competitive exclusion from its preferred habitat.  A poor competitor against 

congenerics and conspecifics, its abundance in sub-par habitats is often high.  Thus it is a 

combination of competition and habitat preference that, together, explain these patterns 

of abundance. 
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7. Conclusions 

This work examined the habitat preferences of coral reef fish and the way those 

preferences interact with competition and other conditions in situ to determine fish 

distributions.  The major findings are summarized:  

 

7.1 Field distributions of coral reef fish in Curacao 

Only 27% of the fish species surveyed correlated with a measure of the substrate 

(rugosity or benthic cover).  Though the remaining species could have been related to 

habitat in other, unmeasured, ways, it is likely that processes other than habitat selection 

are driving the distributions of the majority of reef fish species.  However, seven 

individual species, as well as the community measures of species richness and diversity, 

positively correlated with rugosity, suggesting that refuge and possibly high benthic 

surface area are important for some species and consequently for diversity.  Live coral 

positively correlated with the abundance of one adult species (Stegastes partitus) and one 

juvenile species (Stegastes planifrons).  S. partitus, though preferring live coral, does not 

appear to require this substrate; individuals were found in numerous other habitats 

including rubble, with which abundance was also positively correlated.  Juvenile S. 

planifrons, however, may be cueing on live coral as a settlement substrate.  
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7.2 Field distributions of coral reef fish in the Florida Keys: 
comparisons between high- and low-cover environments    

 

Of the nineteen species analyzed in the Florida Keys study plots, five correlated 

with rugosity, coral cover, rubble cover, or sand cover.  Rugosity was the most 

commonly correlated of these, with three individual species and total species richness 

increasing proportionally.  Though species counts and abundances were lower at the 

degraded reefs of the Florida Keys than at the more intact reefs of Curacao, species 

richness was positively correlated with rugosity at both.  Comparisons between the 

majority of the Keys plots, one high-coral-high-rugosity plot, and the plots of Curacao 

suggest that many species do not vary linearly with benthic measures.  For example, a 

species that relies on live coral may require a minimum cover in order to be present.  

Small variation in cover in a low-cover or low-rugosity environment would thus have no 

effect. 

 

7.3 Habitat preferences of adult reef fish 

Rugosity, with its associated refuges and possibly its abundance of benthic prey 

items, was important to all seven of the tested adult reef fish species, which chose the 

two structural habitats (live and dead coral) over sand and rubble.  Two members of the 

genus Stegastes exhibited contrary habitat preferences: Stegastes fuscus tended towards 

dead coral while Stegastes partitus was found significantly more on the live coral habitat.  
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S. partitus does not always exhibit this live tendency on the natural reef, and it is likely 

that competitive interactions in the field mask this preference.  In contrast, Stegastes 

planifrons is a species that is typically associated with live coral and that, as a juvenile, 

positively correlated with live coral on the nearby reef.  As an isolated adult, it did not 

show this preference, suggesting that selection for live coral might be an ontogenetic 

preference present only in juveniles. 

 

7.4 Colonization of artificial reefs differing in live coral cover 

The artificial reefs, whether containing live or dead coral, were all rapidly 

colonized by settlers and immigrants.  Though the rate of colonization was greater on 

live reefs, both types appeared to reach or exceed their carrying capacity and then 

decrease to a more stable abundance that was equal between reef treatments.  Some of 

the differences between live and dead reefs were driven by recruitment pulses, but these 

differences were usually short-lived with the pulse frequently followed by a population 

crash.  Most species that exhibited significant differences fell into this category of a 

short-term pulse difference.  A few, however, exhibited longer-term differences between 

live and dead reefs.  One of these was Stegastes planifrons, of which two settled on dead 

reefs and sixteen settled on live reefs.  This species, as well as an earlier pulse of Stegastes 

partitus individuals that settled and grew on the live reefs, may have led to competitive 

interactions that drove later settlers of S. partitus and Stegastes variabilis to less-
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competitive dead reefs.  Thus, though most species were unaffected by the difference 

between live and dead corals, the preference of a few could control the distributions of 

others through their competitive impacts. 

 

7.5 Factors controlling distribution of Stegastes partitus 

The observations of the common pomacentrid Stegastes partitus on natural reefs, 

during habitat choice experiments, and through artificial reef colonization suggest an 

interplay between habitat choice and competition that structures field distributions.  

Adults and to some extent juveniles of this species prefer live coral habitats.  However, 

this substrate is not necessary for survival, and in the absence of this primary habitat or 

in the presence of competition from larger conspecifics or more aggressive congeners, S. 

partitus will relocate or settle onto less preferred substrates.  The distribution of this 

species is thus dependent on the amount of live coral and the level of competition for 

this resource.  Such a multi-factorial distribution pattern demonstrates how knowledge 

of isolated habitat preferences and competitive interactions can be combined 

predictively. 
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7.6 Significance 

Field observations that substantiate opposing conclusions are often explained by 

differences in design.  Differences between Atlantic and Indo-Pacific reefs, patch and 

barrier reefs, and degraded and non-degraded reefs have all been used to justify 

differences in observations.  These arguments are certainly true.  Atlantic reefs have 

significantly fewer species and are missing entire guilds of fish, like corallivorous 

chaetodonts, that inhabit the Indo-Pacific.  Connectivity and island biogeographic effects 

certainly differ between patch and barrier reefs.  And fish on degraded reefs may 

encounter fewer shelters, decreased predation and competition, and more algal food 

supplies than their counterparts on non-degraded reefs.  However, perhaps the most 

important difference to consider in reef fish studies is the species in question.  Though 

often similar in size, trophic level, and behavior, different species are likely to differ in 

everything from competitive ability to habitat preference.  Comparisons even between 

congeners can be contradictory and yet indicate a real difference rather than an 

experimental error or geographic effect. 

Among common Caribbean reef fish, most did not exhibit a habitat preference 

for the studied measures.  For those that did, that preference was not absolute nor was it 

the sole determinant for predicting field distributions.  Species could switch habitats if 

the preferred substrate was unavailable, as Stegastes partitus did in the coral-sparse 
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Florida Keys.  Correlations could also be modified by other species, such as for the two 

Stegastes species that increased settlement on dead artificial reefs after congeneric 

competitors colonized the live ones.  The forces of preferential selection and competitive 

interactions both affected the distribution, and only with an understanding of both 

processes could field distributions be understood. 

This multi-factorial and species-specific perspective can be used to consider the 

impacts of change to reef benthic systems on reef fish communities.  Coral mortality 

from common Caribbean problems such as disease and bleaching have two major effects 

on the ecosystem.  The long-term effect is the cessation of reef accretion and, if 

replenishment of the corals does not occur, degradation to a low-relief hard-bottom 

community.  Surveys of this type of destruction document an associated collapse of fish 

communities, a finding this study supports through documentation of many species’ 

correlations with rugosity.  However, while the loss of a coral-filled reef is catastrophic 

for coral diversity and many ecosystem services, the reef’s role as a structure for fish 

habitat is not a monopoly.  For fish species requiring only shelter, extinction is unlikely 

even in the worst coral-loss predictions as individuals, and communities, will persist on 

other natural and man-made structures. 

The other, more immediate effect of coral mortality on the ecosystem is the loss 

of coral tissue.  Though not directly consumed by Western Atlantic reef fish, coral may 

provide other food-chain effects or settlement cues that influence fish communities.  My 
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work showed this to be unlikely for nearly all species.  Of all surveyed species, only a 

few showed either a correlation or a significant preference for live coral over 

structurally-similar dead habitat.  For all but one of these, this preference was not 

exclusive, and individuals were found in the field on non-coral substrates.  

Two species worth further mention are Stegastes partitus and Stegastes planifrons, 

the two species that were most pronounced in their selection of live over dead coral 

habitats.  S. partitus, though preferring live coral as both a juvenile and adult, is often 

forced away from this habitat by competitors, but rapidly and abundantly colonizes 

dead coral and even rubble habitats.  A loss of live coral will thus simply shift this 

species to secondary habitats, an alteration already apparent in the still abundant 

population in the degraded Florida Keys.  Of perhaps greater concern is S. planifrons, 

which preferentially recruits to live coral.  As adults, this species does not exhibit a 

habitat preference and is found on many substrates.  But as juveniles, individuals likely 

rely on live coral for either a settlement cue or early survival.  Only two of the eighteen 

individuals settling on the artificial reefs recruited to dead reefs, and survival of both of 

these was less than two days.  This species thus seems most susceptible to decline due to 

live coral loss.  If coral is required for recruitment, larval settlers will be non-existent, 

and so within a generation, this species will be absent from a coral-denuded reef.   

Though only Stegastes planifrons is likely to display a noticeable and direct 

decline due to coral mortality, future experimental work and monitoring should watch 
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for how interspecific interactions change in altered coral regimes.  S. planifrons is a 

highly aggressive and territorial species that can influence the distribution of other 

species.  Its loss might interact with changes in shelter and food supply to influence the 

home ranges, behaviors, and abundances of formerly outcompeted species.  Coral 

decline might also influence other species through competitive crowding.  If species that 

prefer but do not require coral begin sharing habitats with coral-neutral or coral-

avoiding species, previously rare interactions would occur with undocumented effects.  

In conclusion, the loss of live coral is expected to have very little direct effect on 

Caribbean reef fish species, but as each component of the ecosystem is connected, 

indirect effects should certainly be watched for. 
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