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CORAL REEF PAPER

Coral reef fish assemblage shifts and declines
in Biscayne National Park, FLORIDA, USA
GT Kellison, V McDonough, DE Harper, and JT Tilmant
ABSTRACT
Reef fish assemblage structure was assessed in 2006–2007 (“recent” period) in
Biscayne National Park, Florida, USA, and compared with data collected from 1977
to 1981 (“historical” period) from the same location. Substantial differences were
observed in reef fish assemblage structure between periods. Sixty-four percent of
species were observed less frequently in the recent period. Mean species richness
per survey declined at all sites, with declines ranging from 9% to 27%. Declines of
fishery-targeted species were also observed and were consistent with but not greater
than those observed for the reef fish assemblage as a whole. The observed declines
appeared to be assemblage-wide, as a majority of species within all trophic guilds
examined (spongivores, planktivores, herbivores, omnivores, invertivores, generalist
carnivores, and piscivores) declined in frequency of occurrence between periods,
with declines ranging from 55% of species for piscivores to 75% for omnivores. Mean
number of species per survey declined for all guilds but herbivores, and ranged from
a 14% decline for piscivores to 67% for planktivores. The declines observed in the
present study are conceptually consistent with, but more extensive than, those
recently documented for the Caribbean region as a whole and with those expected
in coral reef systems that are heavily utilized by humans.

Coral reef ecosystems are undergoing alteration worldwide due to direct and indirect effects of stressors occurring at local, regional, and global scales. These stressors are likely additive or synergistic and include increased levels of sedimentation
and nutrient loading, introduced species, pathogens and disease, fishing, and ocean
warming and acidification (Hughes et al. 2003, Pandolfi et al. 2003). Resulting declines in coral cover and complexity have been documented throughout the tropics (e.g., Gardner et al. 2003, Bruno and Selig 2007), as have associated changes in
reef fish assemblages or, more frequently, components thereof (e.g., Jones et al. 2004,
Graham et al. 2006, 2007, 2008, Wilson et al. 2006, Paddack et al. 2009). However, an
understanding of the responses of entire reef fish assemblages to recent multi-decade
periods of increasing anthropogenic and natural stressors is still limited, hindering
the ability of resource managers to determine appropriate management and conservation strategies.
Biscayne National Park (BNP), Florida (FL), USA (Fig. 1), a predominantly (~95%)
marine park, contains the northern portion of the Florida Keys coral reef tract and
is adjacent to an urban human population of ~2.5 million locally and ~6 million regionally that has increased rapidly over recent decades. Mean annual visitation during the last 5 yrs (2005–2010) exceeded 543,000 visitors, which represents a nearly
2.5-fold increase in visitation rates from ~30 yrs earlier (National Park Service Public
Use Statistics Office 2011). At a regional scale including BNP, numbers of registered
recreational vessels and fishing licenses are increasing with human population size
(Andrews et al. 2005). BNP has allowed both commercial and recreational fishing
since its establishment as a national monument in 1968 and, with minor regulatory
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Figure 1. Map of study area and the seven fixed sampling sites. The line crossing Biscayne Bay
in the northern and southern portions of the figure represents the boundary of Biscayne National
Park, Florida. Full site names are listed in Table 1.

exceptions, does not differ from adjacent waters in coral reef fish protection. Fishing
is extensive in BNP and includes commercial (trawl, trap, seine, and hook-and-line)
and recreational (hook-and-line and spear) components (Ault et al. 1997, Harper et
al. 2000). Visitor use (e.g., fishing, diving, snorkeling, and boating) of the coral reef
ecosystem in BNP is considerable and is expected to continue to increase.
Declines in coral cover (Dupont et al. 2008) and impacts to fishery-targeted species
(Harper et al. 2000, Ault et al. 2001) have been documented in BNP and at broader
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Table 1. Geographic location (coordinates in degrees and minutes) of each study site. Sites labeled
“2” correspond to control reefs in the historical study (Tilmant 1987).
Patch reef
Elkhorn 1 (E1)
Elkhorn 2 (E2)
Schooner 1 (SC1)
Schooner 2 (SC2)
Star 2 (ST2)
Dome 1 (D1)
Dome 2 (D2)

Latitude (N)
25°21.705'
25°21.550'
25°23.935'
25°23.831'
25°24.092'
25°26.977'
25°26.888'

Longitude (W)
80°09.846'
80°09.960'
80°09.632'
80°09.622'
80°09.356'
80°09.513'
80°09.516'

spatial scales including BNP (Dustan and Halas 1987, Porter and Meier 1992, Ault
et al. 1998, Porter et al. 2002, NOAA 2008, Palandro et al. 2008), consistent with
changes in the Caribbean (Gardner et al. 2003). However, information regarding
trends over time across the entire reef fish assemblage (including non-targeted species) is lacking for BNP and throughout the Florida Keys. The objective of this research was to compare reef fish assemblage structure and assess trajectories in reef
fish frequency of occurrence and species richness in BNP for a suite of reef fish categorizations between two periods (1977–1981 and 2006–2007), providing the first
such assessment for the Florida Keys coral reef ecosystem. Specifically, for the reef
fish assemblage as a whole and for species within seven trophic guilds, we assessed
and compared between periods: (1) reef fish assemblage structure, (2) the percentage
of species that (a) declined and (b) increased in frequency of occurrence, (3) the mean
change in frequency of occurrence for declining and increasing species, and (4) mean
number of species observed per survey. With the exception of reef fish assemblage
structure, we also performed the above comparisons for a subset of fishery-targeted
species.
Methods
A historical (1977–1981) study (Tilmant 1981) of seven mid-channel patch reefs (Fig. 1) in
BNP was repeated in 2006–2007. In the historical study, four sets of paired (i.e., similar in
size and location) mid-channel patch reefs, one with and one without a mooring buoy, were
surveyed to assess potential impacts of mooring buoy placement and associated visitor use on
reef fish assemblage structure.
To repeat the historical study, members of the original research team (including senior author JT Tilmant) were consulted to obtain information on project methodology and to locate
the study reefs. Seven of the eight reefs were relocated (Fig. 1, Table 1), as verified by transect
stakes remaining at each site from a benthic component of the historical survey. All reefs
were surrounded by seagrass meadows interspersed with sand patches. Depths at the reef
edges (reef – sand/seagrass interface) ranged from ~5 to 8 m. Regulations governing visitor
use remained identical among all sites since the historical study, and all sites have always been
open to fishing.
Sampling.—Sampling occurred during three “seasons” (late summer/fall, winter, and
spring/early summer) each year from 1977 to 1981 (“historical” period) and during 2006–
2007 of the repeated study (“recent” period). Following data collection for the Winter 2006–
2007 season (December 2006–February 2007), preliminary analyses were performed to assess whether seasonal differences existed in assemblage structure and mean species richness
per survey, with subsequent implications for the necessity of seasonal sampling. An ANOSIM
with period (historical vs recent) and season as factors and species-specific frequency of
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occurrence as the response variable was performed to make inferences about seasonal effects on reef fish assemblage structure. An ANOVA on ranks (see Data Analysis section for
additional detail) with period and season as factors and mean number of species observed per
survey as the response variable was performed to make inferences about seasonal effects on
species richness. There was no significant effect of season in either analysis (P > 0.05 in all
cases), nor was there an indication of a period × season interaction (based on visual assessment of results) for the species richness analysis. An interaction term was not included in the
species richness analysis because ANOVA on ranks is not appropriate for testing interactions
between main factors (Seaman et al. 1994, see Data Analysis section). Because there was no
effect of season across periods in either analysis, sampling in 2007 was reduced to one season
(late summer/fall), and seasonal data for earlier years were pooled across seasons within years
for subsequent analyses.
During the historical period, 16 (occasionally 18) surveys were performed at each reef site
per season, resulting in a total of 1318 surveys. During the recent period, logistical constraints
reduced sampling to 12 (occasionally 10) surveys per site per season, resulting in a total of
342 surveys. For both periods, surveys at each site were always equally divided between “reef
edge” (i.e., along the reef/sand-seagrass interface) and “reef top” (i.e., within the area bounded
by the steep slope of the reef edge). Because (1) intra-reef, edge-vs-top variation in fish assemblage metrics was not a focus of our research, (2) all species observed in > 1% of overall surveys
were observed in both “edge” and “top” surveys, and (3) changes between periods in frequency
and species richness per survey were consistent in terms of direction and magnitude for edge
and top surveys, edge and top surveys were pooled for each site for subsequent analyses to
compare overall reef fish assemblage structure.
The survey methodology for both periods followed protocols described by Jones and
Thompson (1978), in which scuba divers recorded all fish species observed during a 50-min
random swim. Although shortcomings of the Jones and Thompson survey method have been
documented and are recognized (DeMartini and Roberts 1982, Kimmel 1985), its use in the
historical survey necessitated its use in the recent survey to enable direct data comparisons
between the two periods. Under the Jones and Thompson method, species were recorded
when first observed along with the corresponding time interval (0–10 min, 10–20 min, etc.).
Following the Jones and Thompson method, no abundance or size data were collected during
the historical period (log-scale abundance data were collected during the recent period; for
which abundances of 1, 2–10, 11–100, and > 100 individuals were represented as abundance
“scores” of 1, 2, 3, and 4, respectively; see below). The Jones and Thompson method was developed on the premise that more abundant species would, on average, be observed before
less abundant species during surveys. Under this premise, the time interval in which a species was observed was intended to be used as a proxy for its abundance. Subsequent research
has indicated that the time-abundance corollary of the Jones and Thompson (1978) method
overemphasizes the importance of (1) widespread but rare and (2) conspicuous fishes, and
under-emphasizes patchy but abundant species (DeMartini and Roberts 1982, Kimmel 1985).
Thus, to avoid this abundance bias, and because comparisons of frequency and mean logscale abundance score for all species observed in the recent period indicated that frequency
and abundance were strongly related [R 2 = 0.97; frequency of occurrence = −(11.231 × mean
log-scale abundance2) + (64.901 × mean log-scale abundance) + 0.7972], species-specific frequency of occurrence (i.e., the percentage of all surveys in which one or more individuals
of a given species was observed; hereafter frequency) was used as the response variable in
analyses. Using frequency as a response variable is a conservative method with which to measure change (e.g., between periods, years, or seasons), since changes in frequency only occur
when the percentage of 50-min surveys in which a species was not observed at all increases or
decreases. As a result, any observed changes in frequency are likely conservative proxies for
changes in abundance.
Species Identification.—Both the historical and recent surveys were performed by
small core groups of divers with extensive experience with coral reef fish surveys and fish
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identification within the Florida Keys coral reef tract. While it is not possible to directly
compare levels of surveying expertise between or among historical- and recent-period divers, recent-period divers had considerable expertise in reef fish assemblage surveys, having
completed a combined total of > 10,000 reef fish surveys in the Florida Keys prior to the present study, and during the survey years serving as the core divers for the cooperative NOAA–
University of Miami reef fish assemblage monitoring program in the Florida Keys.
To be conservative, several steps were taken to minimize any biases associated with potential variability in species identification skills among observers within and between study
periods. Blennies (Blenniidae, Clinidae and Labrisomidae) and gobies (Gobiidae) were excluded from analyses because of concerns over variability in diver propensity to observe and
ability to correctly identify these cryptic taxa. Several difficult-to-distinguish species were
combined into groups because of concern over possible identification errors (see Appendix
1). Lastly, Townsend angelfish [hybrid of queen angelfish, Holacanthus ciliaris (see Appendix
1 for species authorities), and blue angelfish, Holacanthus bermudensis] from recent surveys
were analyzed as queen angelfish based on the likelihood that they would have been classified as such in the historical surveys, at which point the hybrid had not been described (JT
Tilmant, pers obs).
Data Analysis.—Analyses as described below were performed for each of two reef fish
categorizations: (1) the entire reef fish assemblage, and (2) species within specific trophic
guilds. Trophic guild categorizations (spongivores, planktivores, herbivores, omnivores,
invertivores, generalist carnivores, and piscivores) were based on published (Randall and
Bishop 1967, Froese and Pauly 2000, Paddack et al. 2009) and unpublished (M Paddack, Santa
Barbara City College, pers comm) sources. Species were assigned to a guild if ≥ 95% of food
items consumed by that species (based on literature reports) were consistent with the guild.
Additionally, frequency of occurrence and species richness values were calculated for 16 species that are known to be primarily targeted or highly valued by commercial and/or recreational fishers (hereafter referred to as “fishery-targeted” species; see Appendix 1), and compared to values for species within the remainder of the fish assemblage (hereafter referred to
as “non-targeted” species, and including a majority of species that are not landed at all and a
minority of species that are not primarily targeted in reef environments, but are infrequently
landed by commercial or recreational fishers). Although there was a considerable disparity in
sample sizes between the historical and recent periods, multiple lines of investigation (including subsampling) indicated that the disparity did not bias focal response variables. Thus, data
from all surveys were included in analyses.
Frequency of occurrence values were calculated for each species within each period by
dividing the number of surveys in which the species was observed by the total number of surveys, and multiplying that value by 100. Values were compared between periods to determine
if frequency decreased or increased between periods. The proportion of species (1) decreasing
and (2) increasing in frequency between periods was calculated and compared to an expected
“null” result of 50% decreasing and 50% increasing with a two-tailed binomial test. The mean
percentage change in frequency between periods was calculated for species that decreased
and increased in frequency over time, respectively.
PRIMER v6 software (Clarke and Warwick 2001) was used to assess whether reef fish assemblage structure (defined as species composition and species-specific frequency) varied
between periods or among sites. ANOSIM was used to assess the effects of spatial and temporal factors on reef fish assemblage structure through generation of an observed Global R
statistic. We considered comparisons with a Global R of ≥ 0.75 as well separated, < 0.75 and
≥ 0.5 as overlapping but clearly different, < 0.5 and ≥ 0.25 as overlapping but trending toward
separation, and < 0.25 as indistinguishable. Following ANOSIM, samples were ordinated by
non-metric multi-dimensional scaling (MDS). The SIMPER routine was used to reveal the
magnitude of dissimilarity between historical and recent periods and to compare the contributions of individual species and functional groups (Clarke and Warwick 2001) to any observed dissimilarities.
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As mentioned earlier, preliminary analyses indicated that there were no significant differences in assemblage structure among seasons. Preliminary analyses focusing on (1) the
entire reef fish assemblage and (2) species within specific trophic guilds also indicated that,
in all cases but the planktivore guild, significant differences in assemblage structure between
study years were limited to differences between historical- and recent-period years (i.e., annual variation was minimal within historical- and recent-period surveys, and the direction
and magnitude of differences between periods were consistent across study years). Thus, year
and season were excluded from subsequent analyses for all comparisons but planktivores, and
a two-way crossed ANOSIM with reef site (n = 7 sites) and period as factors was performed.
For planktivores, a two-way crossed ANOSIM was performed with reef site (n = 7) and study
year (n = 6) as factors.
To assess trends in mean species richness, the mean number of species observed per 50min survey was compared across periods and sites using ANOVA and a Tukey post-hoc test.
While patch reef size varied considerably across reef sites (range = 1573 to 30,937 m2), we did
not include reef size in analyses because our objective was to focus on changes between periods in species observed per survey, as opposed to variation across sites. Data did not conform
to the normality and homoscedasticity assumptions of parametric analyses and data transformations were unsuccessful in meeting those assumptions. Thus, analyses were performed on
rank-transformed data (Conover and Iman 1981), in which the entire set of observations was
ranked from largest to smallest, with the survey containing the greatest number of species
observed ranked 1, the survey with the second most species ranked 2, and so on, with average
ranks assigned in case of ties. To assess whether there was a significant effect of study year on
mean species richness, an ANOVA with study year and reef site as factors was first performed.
For all analyses, the study year factor was highly significant (P < 0.0001). However, post-hoc
analyses (Bonferroni-corrected Dunn multiple comparison tests) revealed that values from
all historical-period years were significantly greater than values from recent-period years,
with the exception of herbivores in the trophic guild analyses. Thus, for all but the herbivore
guild analysis, study years were pooled within periods for subsequent analyses of period and
site effects on mean species richness per survey. For herbivores, subsequent analyses focused
on study year and site effects on mean species richness per survey.
An ANOVA was then performed for each guild (with the exception of herbivores) with period and reef site as factors and mean species richness per survey as the dependent variable.
Post-hoc comparisons were made with a Tukey test. An interaction term was not included in
the models because tests for main-factor interactions using ANOVA with ranked data have
an elevated risk of Type I error (Seaman et al. 1994). Thus, results were graphed and assessed
visually to determine whether an interaction between period and reef site was evident (i.e.,
whether the effect of period on mean species richness varied across reef site, or vice versa). For
herbivores, ANOVA was used to test for effects of study year and study site, and results were
visually examined for apparent interactions.

Results
Excluding cryptic species, 207 species or higher taxonomic groups (hereafter taxa)
from 53 families were observed during the study (Appendix 1). The total number of
taxa observed in the historical period (186) was similar to that of the recent period
(173) despite considerably greater numbers of surveys in the historical (n = 1318)
vs recent (n = 342) period. The total number of taxa observed in each trophic guild
was also similar between historical and recent periods (n = three historical vs three
recent for spongivores, 11 vs 12 for planktivores, 18 vs 20 for herbivores, 22 vs 22 for
omnivores, 65 vs 59 for invertivores, 47 vs 39 for generalist carnivores, and 20 vs 18
for piscivores). Eight of the 10 most frequently occurring species for each period were
common to both periods (Table 2).
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Table 2. Ten most frequently occurring fish species in Biscayne National Park, Florida, by period
(historical: 1977–1981; recent: 2006–2007). The first number in parentheses following each
species name represents the frequency of occurrence in surveys for the specific period. The second
number in parentheses represents the frequency values for the other period. * indicates species not
among the top-10 most frequently occurring species in the opposing period.
Rank
1
2
3
4
5
6
7
8
9
10

Historical period
Sparisoma viride (99.6; 98.5)
Thalassoma bifasciatum (99.3; 93.0)
Haemulon plumierii (99.3; 97.4)
Acanthurus coeruleus (98.5; 96.2)
Sparisoma aurofrenatum (98.2; 94.4)
Scarus iseri (98.1; 92.7)
Pomacanthus arcuatus (97.8; 89.1)
Stegastes planifrons* (97.1; 62.9)
Acanthurus bahianus (97.0; 94.2)
Haemulon flavolineatum* (96.8; 88.9)

Recent period
Sparisoma viride (98.5; 99.6)
Haemulon plumierii (97.4; 99.3)
Acanthurus coeruleus (96.2; 98.5)
Sparisoma aurofrenatum (94.4; 98.2)
Acanthurus bahianus (94.2; 97.0)
Thalassoma bifasciatum (93.0; 99.3)
Stegastes partitus* (93.0; 95.2)
Scarus iseri (92.7; 98.1)
Ocyurus chrysurus* (90.6; 84.9)
Pomacanthus arcuatus (89.1; 97.8)

Assemblage Analyses.—Reef fish assemblage structure differed significantly by
period (Global R = 0.885) and reef site (Global R = 0.959). Pairwise tests indicated
that, with the exception of sites Dome 1 (D1) and Dome 2 (D2), each site was significantly different from all other sites. As illustrated in the MDS plot (Fig. 2), samples
from the same site tended to cluster together, and within each site cluster, there was
a noticeable shift from historical to recent samples. The pattern of the period shift
from historical to recent samples was consistent across all site clusters.
As determined by SIMPER, > 98% of taxa contributed to the dissimilarity between
periods, and no taxon contributed > 2.19% to period dissimilarity (Table 3). All trophic guilds contributed to dissimilarity (Fig. 3A). Invertivores had the greatest contribution, but also the greatest number of species of any of the guilds. Spongivores

Figure 2. MDS plot depicting ordination of fish survey samples from different site-study year
combinations in Biscayne National Park, Florida. Different sites tend to separate along a left-toright direction, and there is a distinct separation between historical-period (1977–1981; shaded
oval) and recent-period (2006–2007; unshaded oval) samples. Site abbreviations are listed in
Table 1.
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Table 3. Results of a SIMPER statistical analysis showing the magnitude and direction of change in frequency
from historical to recent periods in Biscayne National Park, Florida, for the 10 fish species with the highest
individual contributions to observed differences. The letters in parentheses following common names are
the trophic guild to which that species was assigned (S = spongivore, O = omnivore, I = invertivore, CG =
generalist carnivore). See text for further detail on trophic categorizations.
Rank
1
2
3
4
5
6
7
8

Common name
Blue angelfish (S)
Yellowtail damselfish (O)
Spanish hogfish (I)
Cubbyu (I)
Blue hamlet (CG)
Tomtate (I)
Gray snapper (CG)
Smallmouth grunt (I)

Species
Holacanthus bermudensis
Microspathodon chrysurus
Bodianus rufus
Pareques umbrosus
Hypoplectrus gemma
Haemulon aurolineatum
Lutjanus griseus
Haemulon chrysargyreum

% contribution % change in frequency
to inter-period
from historical to
differences
recent period
2.19
−49.6
1.90
−15.5
1.83
−18.1
1.78
−40.9
1.78
−38.1
1.76
−32.1
1.70
2.5
1.67
−18.2

Figure 3. For fishes surveyed in Biscayne National Park, overall (closed columns) and per-species
(scaled to 1; open columns) proportional contributions to dissimilarity between historical and
recent periods, as determined by SIMPER, for (A) trophic guilds (CG = generalist carnivore; n
= 52; I = invertivore, n = 74; Pi = piscivore, n = 22; H = herbivore, n = 21; O = omnivore, n = 24;
Pl = planktivore, n = 13; S = spongivore, n = 3), and (B) fishery-targeted (n = 16) vs non-targeted
(n = 191) species.
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Table 4. ANOSIM results for each fish trophic guild, with period (recent and historical) and reef
site as the main factors and assemblage structure as the response variable. Comparisons with an
observed Global R of ≥ 0.75 may be interpreted as well separated, < 0.75 and ≥ 0.5 as overlapping
but clearly different, < 0.5 and ≥ 0.25 as overlapping but trending toward separation, and < 0.25
as indistinguishable.
Trophic guild
Spongivore
Planktivore
Herbivore
Omnivore
Invertivore
Generalist carnivore
Piscivore

Period
0.755
0.572
0.648
0.908
0.888
0.852
0.607

Observed global R

Reef site
0.417
0.282
0.543
0.837
0.863
0.665
0.648

had the greatest per-species (i.e., overall contribution divided by number of species)
contribution to dissimilarity (Fig. 3A).
In terms of fishery-targeted vs non-targeted species, the overall contribution of
non-targeted species (n = 191) to total dissimilarity between periods was nine times
that of targeted species (n = 16, Fig. 3B). The mean per-species contribution of nontargeted species was ~34% less than that of targeted species (Fig. 3B).
Assemblage structure differed significantly by period and reef site for each trophic
guild (Table 4, Figs. 4A–10A), with the exception that planktivore structure was generally similar across reef sites. The five species making the greatest contribution to
dissimilarity between periods for each trophic guild are listed in Appendix 2.
Frequency of Occurrence.—At every reef site, a majority of species (i.e., > 50%
of all species) declined in frequency of occurrence between historical and recent
periods (Fig. 11). Pooled across sites, 63.8% (97 of 152 taxa) declined in frequency
between periods, differing significantly from an expected “null” result of 50% decreasing and 50% increasing between periods (binomial test: P < 0.001). The mean
decrease for species that declined between periods (7.8% ± 0.82 SE; range < 0.1%–
48.1%) was 2.3 times the mean increase for species that increased between periods
(3.4% ± 0.53; range < 0.1%–25.1%). Thirty-nine species declined by ≥ 10% between
periods, while nine species increased by ≥ 10% (Appendix 1).
Differences between periods in frequency values for the subset of fishery-targeted
species were similar to the values reported above for the reef fish assemblage as a
whole. By site, the percentage of species that declined in frequency between periods
ranged from 50% at Schooner 2 to 88% at Star 2 (Fig. 11). Pooled across sites, 62%
(nine of 16 taxa) declined in frequency between periods, not significantly different
from an expected “null” result of 50% decreasing and 50% increasing between periods (binomial test: P = 0.804). The mean decrease (9.25% ± 3.83 SE; range 0.5%–
31.1%) in frequency for targeted species that decreased between periods was 1.65
times the mean increase (5.4% ± 1.51 SE; range 1.3%–12.7%) for targeted species that
increased between periods.
For all trophic guilds, a majority of species declined in frequency of occurrence
between historical and recent periods (Figs. 4B–10B), differing significantly from
an expected “null” result of 50% decreasing and 50% increasing for omnivores,
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Figure 4. Patterns of change for the spongivore guild: (A) two-dimensional MDS plot illustrating
degree of similarity of different samples representing different sampling periods. Each sample
point represents a unique combination of sample site and study year and is labeled by site (see
legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols
represent recent-period (2006–2007) surveys. Stress = 0.11. (B) Percent of species observed in
both periods that decreased or increased in frequency of occurrence between historical and recent
periods. The number of decreasing or increasing species is indicated within each bar. (C) Mean
percent change (increase or decrease) of species that decreased or increased in frequency of occurrence between historical and recent periods. (D) Mean species richness per survey overall (all
sites combined) and by study site in historical and recent surveys. No error bars are presented for
(B) and (C) because there were only three spongivore species; error bars in D represent standard
error.
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Figure 5. Patterns of change for the planktivore guild: (A) two-dimensional MDS plot illustrating degree of similarity of different samples representing different sampling years. Each sample
point represents a unique combination of sample site and period and is labeled by site (see legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols represent recent-period (2006–2007) surveys. Stress = 0.17. Distinct symbols correspond to survey
year (see legend). (B) Percent of species observed in both periods that decreased or increased
in frequency of occurrence between historical and recent periods. The number of decreasing or
increasing species is indicated within each bar. (C) Mean percent change (increase or decrease)
of species that decreased or increased in frequency of occurrence between historical and recent
periods. (D) Mean species richness per survey overall (all sites combined) and by study site in historical and recent surveys. Error bars represent 95% CI for (B) and standard error for (C) and (D).

158

BULLETIN OF MARINE SCIENCE. VOL 88, NO 1. 2012

Figure 6. Patterns of change for the herbivore guild: (A) two-dimensional MDS plot illustrating
degree of similarity of different samples representing different sampling periods. Each sample
point represents a unique combination of sample site and study year and is labeled by site (see
legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols
represent recent-period (2006–2007) surveys. Stress = 0.21. (B) Percent of species observed in
both periods that decreased or increased in frequency of occurrence between historical and recent
periods. The number of decreasing or increasing species is indicated within each bar. (C) Mean
percent change (increase or decrease) of species that decreased or increased in frequency of occurrence between historical and recent periods. (D) Mean species richness per survey overall (all
sites combined) and by study site in historical and recent surveys. Y1 = study year 1, Y2 = study
year 2, etc. Study years 1–4 correspond to historical surveys; years 5–6 correspond to recent surveys. Error bars represent 95% CI for (B) and standard error for (C) and (D).
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Figure 7. Patterns of change for the omnivore guild: (A) two-dimensional MDS plot illustrating
degree of similarity of different samples representing different sampling periods. Each sample
point represents a unique combination of sample site and study year and is labeled by site (see
legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols
represent recent-period (2006–2007) surveys. Stress = 0.15. (B) Percent of species observed in
both periods that decreased or increased in frequency of occurrence between historical and recent
periods. The number of decreasing or increasing species is indicated within each bar. (C) Mean
percent change (increase or decrease) of species that decreased or increased in frequency of occurrence between historical and recent periods. (D) Mean species richness per survey overall (all
sites combined) and by study site in historical and recent surveys. Error bars represent 95% CI for
(B) and standard error for (C) and (D).
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Figure 8. Patterns of change for the invertivore guild: (A) two-dimensional MDS plot illustrating
degree of similarity of different samples representing different sampling periods. Each sample
point represents a unique combination of sample site and study year and is labeled by site (see
legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols
represent recent-period (2006–2007) surveys. Stress = 0.18. (B) Percent of species observed in
both periods that decreased or increased in frequency of occurrence between historical and recent
periods. The number of decreasing or increasing species is indicated within each bar. (C) Mean
percent change (increase or decrease) of species that decreased or increased in frequency of occurrence between historical and recent periods. (D) Mean species richness per survey overall (all
sites combined) and by study site in historical and recent surveys. Error bars represent 95% CI for
(B) and standard error for (C) and (D).
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Figure 9. Patterns of change for the generalist carnivore guild: (A) two-dimensional MDS plot illustrating degree of similarity of different samples representing different sampling periods. Each
sample point represents a unique combination of sample site and study year and is labeled by site
(see legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols represent recent-period (2006–2007) surveys. Stress = 0.14. (B) Percent of species observed
in both periods that decreased or increased in frequency of occurrence between historical and
recent periods. The number of decreasing or increasing species is indicated within each bar. (C)
Mean percent change (increase or decrease) of species that decreased or increased in frequency
of occurrence between historical and recent periods. (D) Mean species richness per survey overall
(all sites combined) and by study site in historical and recent surveys. Error bars represent 95% CI
for (B) and standard error for (C) and (D).
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Figure 10. Patterns of change for the piscivore guild: (A) two-dimensional MDS plot illustrating
degree of similarity of different samples representing different sampling periods. Each sample
point represents a unique combination of sample site and study year and is labeled by site (see
legend). Filled (black) symbols represent historical-period surveys (1977–1981); open symbols
represent recent-period (2006–2007) surveys. Stress = 0.19. (B) Percent of species observed in
both periods that decreased or increased in frequency of occurrence between historical and recent
periods. The number of decreasing or increasing species is indicated within each bar. (C) Mean
percent change (increase or decrease) of species that decreased or increased in frequency of occurrence between historical and recent periods. (D) Mean species richness per survey overall (all
sites combined) and by study site in historical and recent surveys. Error bars represent 95% CI for
(B) and standard error for (C) and (D).
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Figure 11. Percentage of all fish species and of fishery-targeted (FT) species (± 95% CI) that
declined in frequency of occurrence between historical (1977–1981) and recent (2006–2007) periods, for all sites combined (“Overall”) and by reef site in Biscayne National Park. Dashed line
represents the “null” expectation of 50% decreasing between periods.

invertivores, and generalist carnivores (binomial test: P < 0.02 in all cases). The mean
decrease in frequency for species that decreased between periods was greater than
the mean increase for increasing species for all guilds but herbivores, in which the
mean decrease and increase, respectively, were approximately equal (Figs. 4C–10C).
Mean Species Richness.—There were significant effects of period (F1,1652 = 427.07,
P < 0.0001) and reef site (F6,1652 = 139.16, P < 0.0001) on mean species richness per
survey. No period × reef site interaction was apparent, as mean species richness decreased from historical to recent periods at all sites (Fig. 12A). The magnitude of
decrease between periods in mean species richness per survey varied from 9.2% at
Dome 1 to 27.6% at Elkhorn 2 (Fig. 12A). Averaged across sites, mean species richness
per survey decreased by 17.3% from historical to recent periods.
Similar to the trends reported above for the reef fish assemblage as a whole, there
was a significant effect of period (F1,1652 = 65.42, P < 0.0001) and reef site (F6,1652 =
50.93, P < 0.0001) on mean species richness of fishery-targeted species per survey.
When averaged across sites, mean species richness for the subset of targeted species
declined by 9.1% from historical to recent periods (Fig. 12B). In partial contrast to
the results for the reef fish assemblage as a whole, mean species richness for targeted
species increased slightly from historical to recent periods at two sites (0.5% and 6.1%
at Dome 2 and Star 2, respectively), and decreased at the remaining sites.
With the exception of herbivores, there was a significant effect of period and reef
site on the number of guild-specific taxa for all trophic guilds (P < 0.0001 for period
and reef comparisons for all trophic guilds). Mean species richness per survey declined between periods for all trophic guilds but herbivores (1) at a majority of sites
and (2) for all sites combined (Figs. 4D–10D). Declines ranged from 14% for piscivores to 67% for planktivores. For herbivores, there was a significant effect of study
year (F1,1646 = 12.6, P < 0.001) and reef site (F6,646 = 44.43, P < 0.0001) on the mean
number of herbivore taxa per survey. There was no consistent annual trend in the
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Figure 12. Mean species richness per survey (± SE) by period (historical = gray bars, recent =
white bars) for all sites combined (“Overall”) and by reef site for (A) all species and (B) fisherytargeted species. Site abbreviations are listed in Table 1.

mean number of herbivore taxa per survey. Combined across sites, the mean number
of herbivore taxa per survey was similar across study years (Fig. 6D).
Discussion
The present study represents the first assessment in the Florida Keys of changes
across an assemblage-wide suite (i.e., representing all trophic guilds) of coral reef fish
species between periods separated by multiple decades. Results indicate significant
changes in reef fish assemblage structure and declines in abundance and species richness, both at the assemblage level and across trophic guilds, during a three-decade
period characterized by rapid human population growth in areas adjacent to BNP.
These results are consistent with the spatially robust pattern of reef fish declines
(for the reef fish community overall and for herbivores, invertivores, and carnivores)
documented across the Caribbean and southeastern Florida region by Paddack et al.
(2009), and with impacts expected in coral reef ecosystems that are heavily utilized
by humans (Chabanet et al. 2005, Mora 2008 and references therein, Sandin et al.
2008) or in which considerable loss of coral cover and/or structure has occurred
(Jones et al. 2004, Graham et al. 2006). These results indicate that negative impacts
to the reef fish assemblage in BNP extend beyond those previously documented by
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Harper et al. (2000) and Ault et al. (2001) for fishery-targeted species, as declines of
fishery-targeted species were of equal or lesser magnitude than those documented
for the assemblage as a whole. Given that the observed changes were detected using
frequency of occurrence as a response variable, and that changes in frequency only
occur when a species transitions from being observed at any abundance in a 50-min
survey to not being observed at all (or vice versa), the significant and considerable
changes observed between periods likely underestimate true differences.
The similarities in (1) the total number of taxa observed in historical (n = 185)
and recent (n = 174) periods and (2) numbers observed in each period within each
trophic guild indicate a temporal and spatial consistency in overall composition of
the assemblage utilizing patch reefs in BNP. The findings that (1) eight of the 10 most
frequently-observed species were consistent across periods, (2) no species contributed > 2.19% to between-period dissimilarity, and (3) declines were consistent across
trophic guilds indicate that the differences observed in reef fish assemblage structure
between periods were not driven by precipitous changes in a few common species,
but instead were due to declines in frequency for multiple species, with representatives across all trophic guilds and from both fishery-targeted and non-targeted species. These results demonstrate an assemblage-wide pattern of decline in reef fish
abundance at the study sites, a conclusion consistent with findings of Paddack et al.
(2009) for the Caribbean. Given that the total numbers of taxa observed during each
period were similar (at both an assemblage level and for specific trophic guilds), the
observed declines between periods in mean species richness per survey were unlikely
a result of fewer species within the study system, but rather fewer individuals of each
species per unit area, resulting in decreased likelihood of detection during surveys.
In essence, these results suggest that the number of fishes per unit area declined over
time at the study sites.
Given that the two study periods (historical and recent) in which data were collected were separated by approximately three decades, and that there were no interim
observations between the two study periods, it is not possible to determine if the
observed declines occurred gradually or precipitously. In the latter case, it is possible
that the observed declines occurred immediately before the recent study period, and
that additional surveys in subsequent years would indicate a “recovery” of the reef
fish assemblage. While such a scenario cannot be discounted, we believe it is highly
unlikely, given no indication of precipitous changes in the study area (e.g., such as
rapid declines in coral cover on BNP patch reefs) immediately prior to the study
period, and given that precipitous declines were not observed in a long-term reef
fish monitoring program that includes the study area during the years preceding the
recent period (GT Kellison and DE Harper, pers obs) or in recreational creel survey
data collected from 1976 to the present day (V McDonough, pers obs). Additionally,
while multiple studies have documented phase shifts associated with environmental
phenomena (e.g., Hare and Mantua 2000, Chavez et al. 2003, deYoung et al. 2008)
and climate change (e.g., Hughes et al. 2003, Hiddink and ter Hofstede 2008), most of
these studies have documented replacement of declining species or functional groups
with increased abundance or biomass of other species or functional groups. With the
exception of the many studies linking reef fish assemblage declines with warminginduced declines in coral cover and three-dimensional structure (e.g., Halford et al.
2004, Jones et al. 2004, Graham et al. 2006, 2007, 2008, Halford and Caley 2009; see
habitat discussion below), no studies in marine systems, of which we are aware, have
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linked environmental phenomena with declines across an entire focal assemblage,
suggesting that such phenomena were unlikely to be a sole mechanism underlying
the assemblage-wide declines observed in our study.
Instead, the observed declines were likely driven by multiple potentially interacting mechanisms including habitat alteration (e.g., loss of coral cover and complexity),
fishing, changes in water quality associated with coastal development (e.g., via runoff, pollutants, and toxins), regional- or global-scale environmental phenomena, and
trophic or ecological (e.g., via effects on competitive interactions) cascades resulting
from any of these mechanisms. While inference of the importance of these mechanisms is necessarily speculative, a discussion of their likely impacts is warranted
given documentation of similar impacts in other coral reef systems.
From a habitat standpoint, reductions in coral cover and structural complexity
were likely significant drivers of the observed declines, consistent with findings by
Paddack et al. (2009) for the Caribbean and in multiple studies in other regions (e.g.,
Halford et al. 2004, Jones et al. 2004, Graham et al. 2006, 2007, 2008, Wilson et al.
2006, Halford and Caley 2009). Reductions in coral cover and structural complexity
have been documented at sites throughout the Florida Keys coral reef tract (Dustan
and Halas 1987, Porter and Meier 1992, Porter et al. 2002, Palandro et al. 2008), and
at several sites included in our study (Dupont et al. 2008; JT Tilmant, pers obs). For
example, both Elkhorn 1 and Elkhorn 2 supported expansive stands of elkhorn coral
(Acropora palmata) during the historical surveys (Dupont et al. 2008 for Elkhorn 1;
J Tilmant, pers obs). Both sites are now completely denuded of live A. palmata and
its previously extensive three-dimensional framework, which has been reduced to
coral rubble at both sites. Thus, the structure and, presumably, ecological function
of the benthos at these sites has changed considerably between eras. The declines
in planktivore frequency of occurrence and species richness per survey observed in
the present study may have been driven by such loss of coral cover and structure,
consistent with observations from the Indian Ocean (Graham et al. 2008). Other
species in our study that closely associate with coral structure or feed on corals declined
considerably in frequency between periods, consistent with changes in habitat as
a causal mechanism. These species include omnivorous damselfish (e.g., Stegastes
planifrons, Stegastes adustus, Microspathodon chrysurus, Stegastes variabilis, and
Abudefduf saxatilis) and the coral-consuming butterflyfishes Chaetodon capistratus,
Chaetodon ocellatus, and Chaetodon striatus (Appendix 1). Furthermore, while coral
cover has declined in the Florida Keys, algal cover has likely increased concomitantly
(Collado-Vides et al. 2005, Maliao et al. 2008). Although a majority of herbivores
declined in frequency between periods, herbivores were unique as the only guild
not characterized by (1) magnitudes of per-species declines greater than magnitudes
of per-species increases and (2) consistent declines in species richness per survey
between historical and recent study years. Additionally, the sole coral-associated
damselfish species that increased in abundance between periods was the herbivorous
longfin damselfish Stegastes diencaeus. While speculative, increasing algal coverage
between study periods may explain these results.
Fishing also has likely impacted multiple trophic levels in BNP and contributed
to the declines observed in our study. Fishing pressure is considerable in BNP (Ault
et al. 1997, Harper et al. 2000), and fishing has resulted in direct impacts to fisherytargeted populations in the area (Harper et al. 2000; Ault et al. 2001). In the present
study, inferences about the direct effects of fishing on fishery-targeted species were
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hindered by the lack of size data generated under the Jones-Thompson survey methodology, resulting in an inability to distinguish between exploited and pre-exploited
phases of those species. Fishing impacts would likely be most apparent if only exploited-phase individuals could have been examined, since abundance of individuals
in pre-exploited phases would only be expected to decline due to fishing impacts in
cases of recruitment limitation. Results from the present study, in which exploited
and pre-exploited phases could not be differentiated, demonstrate that frequency
and mean species richness per survey of fishery-targeted species declined at levels
less than or equal to the assemblage as a whole. These results suggest that, while fishing likely contributed to the declines observed in our study, it was unlikely to be the
sole or major factor underlying the observed assemblage-wide declines.
Changes in water and habitat quality in Biscayne Bay are also potential mechanisms underlying the declines reported in this study. The conversion of Biscayne Bay
from estuarine to marine habitat and frequent sudden drops in salinity following
the release of large amounts of fresh water (Serafy et al. 1997, CERP 2001) has likely
affected the habitat quality of the bay, with implications for species that make ontogenetic shifts to reef habitat. Degradation of water quality associated with terrestrial
runoff, sewage discharge, and boat-related pollution may have affected reef fish mortality and fecundity, potentially resulting in fewer fishes on BNP reefs. Given that
a public landfill and nuclear power plant are situated near the northern and southern borders of BNP, respectively, and that multiple canals flowing through urbanized areas empty into Biscayne Bay within and adjacent to BNP, pollutants or toxins
generated from such sources may have contributed to the assemblage-wide declines
observed in our study. For example, increased levels of contaminants (e.g., xenobiotics, pesticide residuals, and PCBs) have been documented in white grunt Haemulon
plumieri in BNP relative to levels in individuals sampled from reefs farther from the
Miami-Dade metropolitan area (Downs et al. 2006), and increased concentrations of
mercury have been documented in several species of sharks in southeastern Florida
(including the BNP area) relative to concentrations in individuals from Indian River
Lagoon (east-central Florida, Evers et al. 2008).
In conclusion, results from the present study add to a broad literature documenting
reef fish assemblage declines concomitant with or following impacts from stressors
(e.g., coral decline and fishing pressure) or proxies thereof (e.g., increasing adjacent
human population size) in coral reef ecosystems (Russ and Alcala 1989, Jennings
and Polunin 1996, 1997, Russ and Alcala 1998, Mosqueira et al. 2000 and references
therein, Roberts et al. 2001, Halpern 2003 and references therein, Russ and Alcala
2003, Dulvy et al. 2004a,b, Jones et al. 2004, Graham et al. 2006, 2007, 2008, Mumby
et al. 2006, Wilson et al. 2006, Mora 2008, Sandin et al. 2008). The observed declines
have ecological and management implications, as they provide the first assessment
of reef fish assemblage changes over time for the Florida Keys coral reef ecosystem
and demonstrate the importance of considering the entire fish assemblage when assessing the effects of stressors on coral reef ecosystems. The implications of the observed guild-specific reductions are difficult to predict, given that a single or few
species may provide the majority of ecosystem services attributed to trophic of functional guilds (e.g., Bellwood et al. 2006). For example, although a majority of herbivore species declined in frequency between periods in our study, further research
would be required to determine if a decrease in system-wide herbivory has been realized. Regardless, because ecological resilience of a system (in theory) increases with
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functional redundancy (Palumbi et al. 2008 and references therein), the apparent
assemblage-wide declines observed in our study suggest a loss of coral reef ecosystem resilience has occurred in BNP.
Results from the present study should inform public debate over the (1) status of
coral reef fish resources in BNP and (2) utility of potential BNP resource management strategies under BNP’s General Management Plan and Fishery Management
Plan. Because the mechanisms underlying the assemblage-wide changes observed in
our study are likely multiple and interacting, management actions designed to affect
multiple mechanisms (e.g., restrictions on fishing effort, restoration efforts to increase coral cover and structural complexity, and alteration of water quality) would
likely be necessary to alter the apparent trends documented here.
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Herbivore

Planktivore

Trophic guild
Spongivore

ocean surgeon
doctorfish
blue tang
orange filefish
Bermuda chub

Acanthuridae
Acanthuridae
Acanthuridae
Balistidae
Kyphosidae

97.0
86.2
98.5
1.1
44.2

0.0
13.4
9.5
4.8
6.6
31.7
4.2
0.7
2.4
4.4
0.0

round scad
larger silver baitfishes
DARTFISHES
creole wrasse
yellowhead jawfish
glassy sweeper
blue chromis
yellowtail reeffish
brown chromis
purple reeffish
chalk bass

Acanthurus bahianus (Castelnau, 1855)
Acanthurus chirurgus (Bloch, 1787)
Acanthurus coeruleus (Bloch and Schneider, 1801)
Aluterus schoepfii (Walbaum, 1792)
Kyphosus sectatrix (Linnaeus, 1758)

5.4
1.1

59.0
83.5
9.0

barred cardinalfish
SILVERSIDES

blue angelfish
queen angelfish
rock beauty

Common name

Apogon binotatus (Poey, 1867)
Menidia menidia (Linnaeus ,1766)
Atherinomorus stipes (Müller and Troschel in Schomburgk, 1848)
Carangidae
Decapterus punctatus (Cuvier, 1829)
Clupeidae, Egraulidae Clupeid herrings, Engraulid anchovies
Gobiidae
Ptereleotris spp.
Labridae
Clepticus parrae (Bloch and Schneider, 1801)
Opistognathidae
Opistognathus aurifrons (Jordan and Thompson, 1905)
Pempheridae
Pempheris schomburgkii (Müller and Troschel in Schomburgk, 1848)
Pomacentridae
Chromis cyanea (Poey, 1860)
Pomacentridae
Chromis enchrysura (Jordan and Gilbert, 1882)
Pomacentridae
Chromis multilineata (Guichenot, 1853)
Pomacentridae
Chromis scotti (Emery, 1968)
Serranidae
Serranus tortugarum (Longley, 1935)

Holacanthus bermudensis (Goode, 1876)
Holacanthus ciliaris (Linnaeus, 1758)
Holacanthus tricolor (Bloch, 1795)

Pomacanthidae
Pomacanthidae
Pomacanthidae

Apogonidae
Atherinidae

Scientific name

Family

94.2
81.3
96.2
1.2
47.4

0.3
0.3
4.1
1.8
3.8
4.4
5.0
0.0
4.4
0.3
0.3

2.0
1.2

10.8
61.4
11.4

−2.8
−4.9
−2.3
0.1
3.2

0.3
−13.1
−5.4
−3.0
−2.8
−27.3
0.8
−0.7
2.0
−4.1
0.3

−3.4
0.1

−48.2
−22.1
2.4

Change
Historical Recent between
period period periods

Appendix 1. List of taxa by trophic guild, with percent frequency of occurrence observed in each period and change in frequency of occurrence between historical and recent periods.
Common names in all capital letters indicate species grouped for analyses based on difficulties differentiating species within those groups. An asterisk after the common name
indicates inclusion of that species in the “fishery-targeted” analysis (n = 16).
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Omnivore

Trophic guild
Herbivore

Scientific name
Stegastes diencaeus (Jordan and Rutter, 1897)
Cryptotomus roseus (Cope, 1871)
Scarus coelestinus (Valenciennes in Cuvier and Valenciennes, 1840)
Scarus coeruleus (Bloch, 1786)
Scarus guacamaia (Cuvier, 1829)
Scarus iseri (Bloch, 1786)
Scarus sp.
Scarus taeniopterus (Desmarest in Bory de Saint-Vincent, 1831)
Scarus vetula (Bloch and Schneider, 1801)
Sparisoma atomarium (Poey, 1861)
Sparisoma aurofrenatum (Valenciennes in Cuvier and Valenciennes, 1840)
Sparisoma chrysopterum (Bloch and Schneider, 1801)
Sparisoma radians (Valenciennes in Cuvier and Valenciennes, 1840)
Sparisoma rubripinne (Valenciennes in Cuvier and Valenciennes, 1840)
Sparisoma viride (Bonnaterre, 1788)
Aluterus scriptus (Osbeck, 1765)
Cantherhines macrocerus (Hollard in Guichenot, 1853)
Cantherhines pullus (Ranzani, 1842)
Monacanthus ciliatus (Mitchill, 1818)
Monacanthus tuckeri (Bean, 1906)
Stephanolepis setifer (Bennett, 1831)
Hemiramphus brasiliensis (Linnaeus, 1758)
Acanthostracion polygonius (Poey, 1876)
Acanthostracion quadricornis (Linnaeus, 1758)

Family

Pomacentridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae
Scaridae

Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Balistidae
Exocetidae
Ostraciidae
Ostraciidae

Appendix 1. Continued.

scrawled filefish
whitespotted filefish
orangespotted filefish
fringed filefish
slender filefish
pygmy filefish
ballyhoo
honeycomb cowfish
scrawled cowfish

longfin damselfish
bluelip parrotfish
midnight parrotfish
blue parrotfish
rainbow parrotfish
striped parrotfish
unidentified parrotfish
princess parrotfish
queen parrotfish
greenblotch parrotfish
redband parrotfish
redtail parrotfish
bucktooth parrotfish
yellowtail parrotfish
stoplight parrotfish

Common name

8.0
0.4
16.4
2.0
3.6
0.0
10.5
3.6
7.4

5.4
15.7
78.5
54.0
30.4
98.1
0.0
13.4
38.7
0.0
98.2
73.4
25.7
50.2
99.6

8.5
0.0
15.8
0.6
1.2
0.3
8.8
1.5
8.5

13.5
4.1
58.2
52.9
31.6
92.7
0.3
31.0
13.7
25.1
94.4
45.0
19.0
71.3
98.5

0.5
−0.4
−0.6
−1.4
−2.4
0.3
−1.7
−2.1
1.1

8.1
−11.6
−20.3
−1.1
1.2
−5.4
0.3
17.6
−25.0
25.1
−3.8
−28.4
−6.7
21.1
−1.1

Change
Historical Recent between
period period periods
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Invertivore

Trophic guild
Omnivore

Scientific name
Lactophrys bicaudalis (Linnaeus, 1758)
Lactophrys trigonus (Linnaeus, 1758)
Lactophrys triqueter (Linnaeus, 1758)
Pomacanthus arcuatus (Linnaeus, 1758)
Pomacanthus paru (Bloch, 1787)
Abudefduf saxatilis (Linnaeus, 1758)
Microspathodon chrysurus (Cuvier in Cuvier and Valenciennes, 1840)
Stegastes adustus (Troschel in Müller, 1865)
Stegastes leucostictus (Müller and Troschel in Schomburgk, 1848)
Stegastes partitus (Poey, 1868)
Stegastes planifrons (Cuvier in Cuvier and Valenciennes, 1830)
Stegastes variabilis (Castelnau, 1855)
Archosargus rhomboidalis (Linnaeus, 1758)
Sphyrna tiburo (Linnaeus, 1758)
Canthigaster rostrata (Bloch, 1786)
Apogon maculatus (Poey, 1860)
Apogon pseudomaculatus (Longley,1932)
Apogon townsendi (Breder, 1927)
Astrapogon puncticulatus (Poey, 1867)
Astrapogon stellatus (Cope, 1867)
Phaeoptyx xenus (Böhlke and Randall, 1968)
Unidentified cardinalfish
Balistes capriscus (Gmelin, 1789)
Balistes vetula (Linnaeus, 1758)

Family

Ostraciidae
Ostraciidae
Ostraciidae
Pomacanthidae
Pomacanthidae
Pomacanthidae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Pomacentridae
Sparidae
Sphyrnidae
Tetraodontidae

Apogonidae
Apogonidae
Apogonidae
Apogonidae
Apogonidae
Apogonidae
Apogonidae
Balistidae
Balistidae

Appendix 1. Continued.

flamefish
twospot cardinalfish
belted cardinalfish
blackfin cardinalfish
conchfish
sponge cardinalfish
unidentified cardinalfish
gray triggerfish*
queen triggerfish

spotted trunkfish
trunkfish
smooth trunkfish
gray angelfish
French angelfish
sergeant major
yellowtail damselfish
dusky damselfish
beaugregory
bicolor damselfish
threespot damselfish
cocoa damselfish
sea bream
bonnethead
sharpnose puffer

Common name

19.6
0.6
9.9
0.0
0.2
0.0
1.1
0.2
3.5

16.2
0.2
38.5
97.8
61.6
92.7
55.1
78.5
60.5
95.2
97.1
96.4
0.0
0.2
69.0

3.8
1.2
0.6
0.3
0.0
1.8
0.0
1.5
0.0

8.2
2.0
35.7
89.2
47.1
78.4
39.5
49.1
57.0
93.0
62.9
81.3
0.3
0.0
70.2

−15.8
0.6
−9.3
0.3
−0.2
1.8
−1.1
1.3
−3.5

−8.0
1.8
−2.8
−8.6
−14.5
−14.3
−15.6
−29.4
−3.5
−2.2
−34.2
−15.1
0.3
−0.2
1.2

Change
Historical Recent between
period period periods
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Trophic guild
Invertivore

Scientific name
Canthidermis sufflamen (Mitchill, 1815)
Trachinotus falcatus (Linnaeus, 1758)
Chaetodon capistratus (Linnaeus, 1758)
Chaetodon ocellatus (Bloch, 1781)
Chaetodon sedentarius (Poey, 1860)
Chaetodon striatus (Linnaeus, 1758)
Amblycirrhitus pinos (Mowbray in Breder, 1927)
Chilomycterus atringa (Linnaeus, 1758)
Diodon holocanthus (Linnaeus, 1758)
Diodon hystrix (Linnaeus, 1758)
Chaetodipterus faber (Broussonet, 1782)
Eucinostomus argenteus (Baird and Girard in Baird, 1855)
Eucinostomus jonesii (Günther, 1879)
Gerres cinereus (Walbaum, 1792)
Anisotremus surinamensis (Bloch, 1791)
Anisotremus virginicus Linnaeus, 1758)
Haemulon album (Cuvier in Cuvier and Valenciennes, 1830)
Haemulon aurolineatum (Cuvier in Cuvier and Valenciennes, 1830)
Haemulon carbonarium (Poey, 1860)
Haemulon chrysargyreum (Günther, 1859)
Haemulon flavolineatum (Desmarest, 1823)
Haemulon macrostomum (Günther, 1859)
Haemulon melanurum (Linnaeus, 1758)
Haemulon parra (Desmarest, 1823)
Haemulon plumierii (Lacépède, 1801)

Family

Balistidae
Carangidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Chaetodontidae
Cirrhitidae
Diodontidae
Diodontidae
Diodontidae
Ephippidae
Gerreidae
Gerreidae
Gerreidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae
Haemulidae

Appendix 1. Continued.

ocean triggerfish
permit
foureye butterflyfish
spotfin butterflyfish
reef butterflyfish
banded butterflyfish
redspotted hawkfish
spotted burrfish
balloonfish
porcupinefish
Atlantic spadefish
spotfin mojarra
slender mojarra
yellowfin mojarra
black margate
porkfish
margate
tomtate
caesar grunt
smallmouth grunt
French grunt
Spanish grunt
cottonwick
sailors choice
white grunt*

Common name
7.0
0.4
47.3
37.8
32.5
22.6
1.0
0.0
21.1
17.2
6.3
0.0
0.8
2.3
26.1
83.2
2.9
76.5
34.4
43.8
96.8
63.0
1.1
12.9
99.3

0.9
0.0
23.7
20.2
22.5
15.8
0.0
0.9
25.1
14.6
18.1
0.3
0.0
2.9
10.5
83.9
0.0
40.9
24.9
24.6
88.9
50.9
5.3
10.2
97.4

−6.1
−0.4
−23.6
−17.6
−10.0
−6.8
−1.0
0.9
4.0
−2.6
11.8
0.3
−0.8
0.6
−15.6
0.7
−2.9
−35.6
−9.5
−19.2
−7.9
−12.1
4.2
−2.7
−1.9

Change
Historical Recent between
period period periods
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Trophic guild
Invertivore

Scientific name
Haemulon sciurus (Shaw, 1803)
Holocentrus adscensionis (Osbeck, 1765)
Holocentrus marianus (Cuvier in Cuvier and Valenciennes, 1829)
Holocentrus rufus (Walbaum)
Myripristis jacobus (Cuvier in Cuvier and Valenciennes, 1829)
Sargocentron vexillarium (Poey, 1860)
Bodianus pulchellus (Poey, 1860)
Bodianus rufus (Linnaeus, 1758)
Halichoeres bivittatus (Bloch, 1791)
Halichoeres garnoti (Valenciennes in Cuvier and Valenciennes, 1839)
Halichoeres maculipinna (Müller and Troschel in Schomburgk, 1848)
Halichoeres pictus (Poey, 1860)
Halichoeres poeyi (Steindachner, 1867)
Halichoeres radiatus (Linnaeus, 1758)
Lachnolaimus maximus (Walbaum, 1792)
Thalassoma bifasciatum (Bloch, 1791)
Xyrichtys martinicensis (Valenciennes in Cuvier and Valenciennes, 1840)
Xyrichtys novacula (Linnaeus, 1758)
Xyrichtys splendens (Castelnau, 1855)
Mulloidichthys martinicus (Cuvier in Cuvier and Valenciennes, 1829)
Pseudupeneus maculatus (Bloch, 1793)
Aetobatus narinari (Euphrasen, 1790)
Myrichthys ocellatus (Lesueur, 1825)
Ophichthus sp.
Opistognathus macrognathus (Poey, 1860)

Family

Haemulidae
Holocentridae
Holocentridae
Holocentridae
Holocentridae
Holocentridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Labridae
Mullidae
Mullidae
Myliobatidae
Ophichthidae
Ophichthidae
Opistognathidae

Appendix 1. Continued.

bluestriped grunt
squirrelfish
longjaw squirrelfish
longspine squirrelfish
blackbar soldierfish
dusky squirrelfish
spotfin hogfish
Spanish hogfish
slippery dick
yellowhead wrasse
clown wrasse
rainbow wrasse
blackear wrasse
puddingwife
hogfish*
bluehead
rosy razorfish
pearly razorfish
green razorfish
yellow goatfish
spotted goatfish
spotted eagle ray
goldspotted eel
unidentified snake eel
banded jawfish

Common name
85.7
12.1
0.5
11.3
1.7
0.0
0.1
47.3
89.0
69.4
75.1
0.0
27.2
69.7
62.1
99.3
0.0
1.6
0.4
6.6
37.3
1.4
0.6
0.2
0.0

84.8
24.3
0.0
3.5
3.2
0.6
0.6
29.2
84.5
59.4
65.5
1.2
33.3
49.1
74.9
93.0
0.6
0.0
5.8
8.5
31.3
0.3
0.3
0.0
0.3

−0.9
12.2
−0.5
−7.8
1.5
0.6
0.5
−18.1
−4.5
−10.0
−9.6
1.2
6.1
−20.6
12.8
−6.3
0.6
−1.6
5.4
1.9
−6.0
−1.1
−0.3
−0.2
0.3

Change
Historical Recent between
period period periods
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Generalist carnivore

Trophic guild
Invertivore

Scientific name
Opistognathus sp.
Opistognathus whitehursti (Longley, 1927)
Equetus lanceolatus (Linnaeus, 1758)
Equetus punctatus (Bloch and Schneider, 1801)
Pareques acuminatus (Bloch and Schneider, 1801)
Pareques umbrosus (Jordan and Eigenmann, 1889)
Liopropoma rubre (Poey, 1861)
Serranus tigrinus (Bloch, 1790)
Calamus bajonado (Bloch and Schneider, 1801)
Calamus calamus (Valenciennes in Cuvier and Valenciennes, 1830)
Calamus spp.
Hippocampus sp.
Sphoeroides spengleri (Bloch, 1785)
Sphoeroides testudineus (Linnaeus, 1758)
Antennarius multiocellatus (Valenciennes in Cuvier and Valenciennes, 1837)
Bothus lunatus (Linnaeus, 1758)
Bothus sp.
Caranx crysos (Mitchill, 1815)
Caranx latus (Agassiz in Spix and Agassiz, 1831)
Oligoplites saurus (Bloch and Schneider, 1801)
Carcharhinus sp.
Centropomus undecimalis (Bloch, 1792)
Dasyatis americana (Hildebrand and Schroeder, 1928)
Urobatis jamaicensis (Cuvier, 1816)

Family

Opistognathidae
Opistognathidae
Sciaenidae
Sciaenidae
Sciaenidae
Sciaenidae
Serranidae
Serranidae
Sparidae
Sparidae
Sparidae
Syngnathidae
Tetraodontidae
Tetraodontidae

Antennariidae
Bothidae
Bothidae
Carangidae
Carangidae
Carangidae
Carcharhinidae
Centropomidae
Dasyatidae
Dasyatidae

Appendix 1. Continued.

longlure frogfish
peacock flounder
unidentified flounder
blue runner
horse-eye jack
Leatherjack
unidentified shark
common snook
southern stingray
yellow stingray

unidentified jawfish
dusky jawfish
jackknife-fish
spotted drum
high-hat
cubbyu
peppermint basslet
harlequin bass
jolthead porgy
saucereye porgy
SIMILAR PORGIES
unidentified seahorse
bandtail puffer
checkered puffer

Common name

0.2
0.2
0.3
8.0
0.7
1.7
0.0
0.2
1.3
12.7

0.1
1.1
1.2
0.7
26.8
42.6
0.3
38.1
29.0
61.7
0.3
0.2
2.4
0.2

0.0
0.0
0.0
6.4
0.3
0.6
0.3
0.6
0.3
10.8

0.0
0.9
1.2
2.9
40.6
1.5
0.0
11.7
1.2
74.3
4.1
0.0
4.4
0.0

−0.2
−0.2
−0.3
−1.6
−0.4
−1.1
0.3
0.4
−1.0
−1.9

−0.1
−0.2
0.0
2.2
13.8
−41.1
−0.3
−26.4
−27.8
12.6
3.8
−0.2
2.0
−0.2

Change
Historical Recent between
period period periods
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Trophic guild
Family
Generalist carnivore
Echeneidae
Echeneidae
Grammistidae
Grammistidae
Grammistidae
Grammistidae
Labridae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Lutjanidae
Malacanthidae
Muraenidae
Muraenidae
Muraenidae
Orectolobidae
Paralichthyidae
Priacanthidae
Priacanthidae
Sciaenidae
Scorpaenidae
Serranidae

Appendix 1. Continued.

Common name
SHARKSUCKERS
remora
freckled soapfish
whitespotted soapfish
greater soapfish
spotted soapfish
yellowcheek wrasse
mutton snapper*
schoolmaster*
gray snapper*
dog snapper
mahogany snapper*
lane snapper
yellowtail snapper*
sand tilefish
green moray
blackedge moray
purplemouth moray
nurse shark
Gulf flounder
glasseye snapper
bigeye
reef croaker
spotted scorpionfish
coney

Scientific name
Echeneis sp.
Remora remora (Linnaeus, 1758)
Rypticus bistrispinus (Mitchill, 1818)
Rypticus maculatus (Holbrook, 1855)
Rypticus saponaceus (Bloch and Schneider, 1801)
Rypticus subbifrenatus (Gill, 1861)
Halichoeres cyanocephalus (Bloch, 1791)
Lutjanus analis (Cuvier in Cuvier and Valenciennes, 1828)
Lutjanus apodus (Walbaum, 1792)
Lutjanus griseus (Linnaeus, 1758)
Lutjanus jocu (Bloch and Schneider, 1801)
Lutjanus mahogoni (Cuvier in Cuvier and Valenciennes, 1828)
Lutjanus synagris (Linnaeus, 1758)
Ocyurus chrysurus (Bloch, 1791)
Malacanthus plumieri (Bloch, 1786)
Gymnothorax funebris (Ranzani, 1839)
Gymnothorax nigromarginatus (Girard, 1858)
Gymnothorax vicinus (Castelnau, 1855)
Ginglymostoma cirratum (Bonnaterre, 1788)
Paralichthys albigutta (Jordan and Gilbert, 1882)
Heteropriacanthus cruentatus (Lacepède, 1801)
Priacanthus arenatus (Cuvier in Cuvier and Valenciennes, 1829)
Odontoscion dentex (Cuvier in Cuvier and Valenciennes, 1830)
Scorpaena plumieri (Bloch, 1789)
Cephalopholis fulva (Linnaeus, 1758)

8.1
0.4
0.0
0.0
4.2
0.6
0.2
4.7
67.5
46.4
3.3
21.4
3.6
84.9
0.2
4.6
0.1
0.7
0.9
0.0
12.3
8.4
35.1
4.2
1.7

9.9
0.9
0.3
0.6
4.4
0.0
0.3
6.7
64.6
49.1
0.3
5.6
19.3
90.6
0.0
2.6
0.0
0.0
1.8
0.3
0.0
0.0
11.7
3.5
0.3

1.8
0.5
0.3
0.6
0.2
−0.6
0.1
2.0
−2.9
2.7
−3.0
−15.8
15.7
5.7
−0.2
−2.0
−0.1
−0.7
0.9
0.3
−12.3
−8.4
−23.4
−0.7
−1.4

Change
Historical Recent between
period period periods
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Trophic guild
Family
Generalist carnivore
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Sphyraenidae
Sphyrnidae
Piscivore
Aulostomidae
Belonidae
Belonidae
Carangidae
Carangidae
Carangidae
Carangidae

Appendix 1. Continued.

Common name
sand perch
rock hind
red hind
red grouper*
Nassau grouper*
yellowbelly hamlet
blue hamlet
shy hamlet
indigo hamlet
black hamlet
barred hamlet
hamlet species
tan hamlet
butter hamlet
lantern bass
southern sennet
great hammerhead
Atlantic trumpetfish
redfin needlefish
houndfish
yellow jack
crevalle jack
bar jack
unidentified jack

Scientific name
Diplectrum formosum (Linnaeus, 1758)
Epinephelus adscensionis (Osbeck, 1765)
Epinephelus guttatus (Linnaeus, 1758)
Epinephelus morio (Cuvier in Cuvier and Valenciennes, 1828)
Epinephelus striatus (Bloch, 1792)
Hypoplectrus aberrans (Poey, 1868)
Hypoplectrus gemma (Goode and Bean, 1882)
Hypoplectrus guttavarius (Poey, 1852)
Hypoplectrus indigo (Poey, 1851)
Hypoplectrus nigricans (Poey, 1852)
Hypoplectrus puella (Cuvier in Cuvier and Valenciennes, 1828)
Hypoplectrus sp.
Hypoplectrus sp.
Hypoplectrus unicolor (Walbaum, 1792)
Serranus baldwini (Evermann and Marsh, 1899)
Sphyraena picudilla (Poey, 1860)
Sphyrna mokarran (Rüppell, 1837)
Aulostomus maculatus (Valenciennes, 1837)
Strongylura notata (Poey, 1860)
Tylosurus crocodilus (Péron and Lesueur in Lesueur, 1821)
Caranx bartholomaei (Cuvier in Cuvier and Valenciennes)
Caranx hippos (Linnaeus, 1766)
Caranx ruber (Bloch, 1793)
Caranx sp.

72.9
0.4
1.2
8.0
2.7
63.7
0.0

0.0
4.8
11.9
19.5
32.5
0.2
55.4
0.3
3.9
22.6
53.2
0.5
11.6
76.5
1.7
0.5
0.1

74.9
0.0
0.9
12.0
0.0
62.0
0.3

0.3
1.2
1.2
27.5
1.5
0.0
14.9
0.0
0.6
7.6
31.0
5.0
3.2
63.7
1.2
0.0
0.0

2.0
−0.4
−0.3
4.0
−2.7
−1.7
0.3

0.3
−3.6
−10.7
8.0
−31.0
−0.2
−40.5
−0.3
−3.3
−15.0
−22.2
4.5
−8.4
−12.8
−0.5
−0.5
−0.1

Change
Historical Recent between
period period periods
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Trophic guild
Piscivore

Scientific name
Seriola dumerili (Risso, 1810)
Fistularia tabacaria (Linnaeus, 1758)
Gymnothorax miliaris (Kaup, 1856)
Gymnothorax moringa (Cuvier, 1829)
Scomberomorus maculatus (Mitchill, 1815)
Scomberomorus regalis (Bloch, 1793)
Cephalopholis cruentata (Lacepède, 1802)
Mycteroperca bonaci (Poey, 1860)
Mycteroperca interstitialis (Poey, 1860)
Mycteroperca phenax (Jordan and Swain, 1884)
Mycteroperca tigris (Valenciennes in Cuvier and Valenciennes, 1833)
Mycteroperca venenosa (Linnaeus, 1758)
Serranus tabacarius (Cuvier in Cuvier and Valenciennes, 1829)
Sphyraena barracuda (Walbaum, 1792)
Synodus spp.

Family

Carangidae
Fistulariidae
Muraenidae
Muraenidae
Scombridae
Scombridae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Serranidae
Sphyraenidae
Synodontidae

Appendix 1. Continued.

greater amberjack
0.2
bluespotted cornetfish
0.3
goldentail moray
1.4
spotted moray
10.1
Spanish mackerel
0.2
cero
3.6
graysby
23.1
black grouper*
15.4
yellowmouth grouper*
1.1
scamp*
0.0
tiger grouper*
0.5
yellowfin grouper*
2.3
tobaccofish
3.9
great barracuda*
38.2
LIZARDFISHES
16.2
No. of taxa
186
No. of taxa unique to era 34

Common name

0.3
0.6
3.5
14.0
0.3
8.5
5.6
10.8
0.0
5.3
0.0
0.9
2.9
14.3
10.8
173
21

0.1
0.3
2.1
3.9
0.1
4.9
−17.5
−4.6
−1.1
5.3
−0.5
−1.4
−1.0
−23.9
−5.4

Change
Historical Recent between
period period periods
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Appendix 2. SIMPER-determined contributions to dissimilarity and changes in frequency of occurrence
between periods for the top five ranked (by dissimilarity contribution) species within each trophic guild. Only
three spongivore species were observed. A negative value in the “% change” column indicates that frequency
of occurrence declined between historical and recent periods.
% change in
Contribution to
frequency
dissimilarity between periods
57.69
−49.62
27.90
−18.02
14.41
3.78

Trophic guild
Spongivore

Species
Blue angelfish, Holacanthus bermudensis
Queen angelfish, Holacanthus ciliaris
Rock beauty, Holacanthus tricolor

Planktivore

Glassy sweeper, Pemphiris schomburgki
Larger silver baitfish
Blue chromis, Chromis cyanea
Dartfishes, Ptereleotris and Microgobius spp.
Brown chromis, Chromis multilineata

27.15
15.31
11.68
10.10
9.62

−26.22
−13.07
2.87
−4.70
4.50

Herbivore

Bermuda/yellow chub, Kyphosus spp.
Queen parrotfish, Scarus vetula
Yellowtail parrotfish, Sparisoma rubripinne
Redtail parrotfish, Sparisoma chrysopterum
Rainbow parrotfish, Scarus guacamaia

10.26
9.68
9.19
8.68
8.04

0.24
−22.71
21.94
−28.55
0.02

Omnivore

Yellowtail damselfish, Microspathodon chrysurus
Dusky damselfish, Stegastes adustus
French angelfish, Pomacentrus paru
Threespot damselfish, Stegastes planifrons
Sergeant major, Abudefduf saxatilis

13.96
11.19
10.15
9.93
6.80

−15.47
−31.19
−16.84
−31.44
−15.65

Invertivore

Spanish hogfish, Bodianus rufus
Cubbyu, Pareques umbrosus
Tomtate, Haemulon aurolineatum
Smallmouth grunt, Haemulon chrysargyreum
Foureye butterflyfish, Chaetodon capistratus

4.80
4.65
4.59
4.36
4.14

−18.08
−40.87
−32.08
−18.20
−23.66

Generalist carnivore

Blue hamlet, Hypoplectrus gemma
Gray snapper, Lutjanus griseus
Barred hamlet, Hypoplectrus puella
Reef croaker, Odontoscion dentex
Schoolmaster, Lutjanus apodus

8.79
8.72
7.34
6.89
6.87

−54.11
2.61
−21.83
−25.49
−1.66

Piscivore

Great barracuda, Sphyraena barracuda
Graysby, Cephalopholis cruentatus
Atlantic trumpetfish, Aulostomus maculates
Bar jack, Caranx rubder
Lizardfishes, Synodus spp.

16.25
11.84
11.83
10.69
8.23

−25.56
−16.81
5.80
−1.51
−5.71

