Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Chapter 4: Fish Communities

4.1 INTRODUCTION

The fish community on the FGBNMS coral caps is very similar to that of the Caribbean and represents the
northernmost coral reef fish community in the US. Unlike many Caribbean reefs, the sanctuary is comparatively
isolated from land based impacts as well as other coral reef ecosystems. This isolation has resulted in the fish
fauna being recognized as more characteristic of historical coral reef communities prior to declines caused by
deteriorating habitats, overfishing and other factors (Caldow et al., 2008). Anthropogenic and environmental
stresses do occur; however, a better understanding of the sanctuary’s natural resources is needed for the
sanctuary to accomplish its goals and mission (NOAA, 1991).

Fish population data necessary for guiding management
decisions on the banks is relatively sparse. While monitoring
efforts at FGBNMS began in the 1970s (Table 4.1) early work
focused primarily on monitoring the benthos with video transects
and photostations documenting changes in coral, algae and
sponge communities over time. Until relatively recently, little
was done to monitor the associated fish community. Initial
efforts centered on providing species lists and examining
habitat associations with depth. Researchers utilized a variety
of techniques including scuba diving, hook and line, trawls,
and submersibles to determine assemblage composition
on the banks. In 1996 the Reef Environmental Education
Foundation (REEF) began surveys of the sanctuary and utilized
a combination of REEF personnel, volunteers, and sanctuary Manta ray (Manta birostris) (CCMA)
staff to visually census reef fish populations via roving diver

surveys. These surveys have been invaluable in terms of species list development and understanding the ranges
of these species.

Monitoring of the fish communities began with video transects conducted in the late 1980s and early 1990s and
was replicated in 1996 and 1997; however, this work was limited to large bodied fishes identifiable in the footage.
A more quantitative approach was taken by Pattengill-Semmens et al. (1997) who utilized a stationary point-count
technique to quantify community metrics such as species abundance and trophic structure at selected locations.
This work was followed up in 2002 by PBS&J who employed the same technique in their current monitoring
efforts. Both PBS&J surveys and those conducted by Pattengill-Semmens et al. (1997) focused on a relatively
small portion of the East Bank (EB) and West Bank’s (WB) coral cap environments. Many species which live on
the coral caps are likely to be underrepresented in these spatially-constrained surveys. Therefore, their scope
of inference is limited to these portions of the banks making them difficult to utilize in developing population
estimates at the scale of the sanctuary; however, both data
sets provide important starting points for characterizing the
fish community.

The current effort complements these prior studies with the
development of a spatial framework and sampling design that
can be used to cover the entirety of the shallow coral caps
(SCC; <33.5 m). The data, analysis and results presented
here provide a spatially-explicit characterization and baseline
of fish community structure for this extent that will support
FGBNMS management strategies. Additional analyses were
performed comparing the resident fish communities of on
the SCC with those in other US coral reef ecosystems in
Puerto Rico as well as St. Croix and St. John in the U.S.
Virgin Islands (USVI) to explore the community structure of
relatively undisturbed locations versus those more heavily
impacted.

Blue angelfish (Holacanthus bermudensis) (CCMA)
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4.2 METHODS

4.2.1 Survey

Visual fish surveys and accompanying benthic habitat information were collected along 100 m? transects at
randomly selected sites as detailed in Chapter 2. All fish were identified to species or the lowest possible taxon
and enumerated. All fish were sized using fork length (FL) in 5 cm categories up to 35 cm and actual values were
used for fish greater than 35 cm (refer to Appendix A for detailed methods).

4.2.2 Data analysis

Domain-wide Population Estimates

Domain-wide estimates were computed employing methods described by Cochran (1977) for a stratified sampling
design using 2006 data, strata and corresponding sampling weights. Measurements collected in 2007 were
not included because the incomplete field mission imposed spatial bias (see Chapter 2 for details regarding
sampling design).

Summary statistics including: total species occurrence, percent occurrence, total abundance, mean abundance
(+ standard error [SE]), total biomass and mean biomass (+ SE), were generated for all species observed for
each bank. Biomass was calculated using published length-weight relationships using the formula,

W=alf

where L is length is in centimeters and weight is in grams. The midpoint of each size class was used for L values,
or actual length was used for fish >35 cm (for fish at 0-5 cm, 3 cm was used as we don'’t typically observed fish
<1 cm). Values for the a and B coefficients were obtained from FishBase (Froese and Pauly, 2007). Biomass for
species with no published length-weight relationships was calculated using terms for the closest congener based
on morphology.

Community metrics were compared with historical surveys that used different sampling methods to provide
insights into the benefits of each method and to examine patterns between the surveys.

Strata Comparisons

For comparative analyses, the 73 sample sites surveyed in 2006 were classified into three different strata: East
Bank High relief (EBH), East Bank Low relief (EBL) and West Bank High relief (WBH) depending on benthic relief
and geographic location. There were no low relief habitat sites surveyed on West Bank, and therefore no West
Bank Low relief stratum was used in the analyses or presented in results. Benthic relief was taken from a benthic
habitat map developed for this study (see Appendix C).

These strata are different from those actually used for the 2006 sampling design. It must be noted therefore, that
estimates of means and variances are not technically valid; however since a random proportional-to-area design
was used, the difference between the valid and computed estimates are assumed to be negligible. As with the
domain-wide calculations, data from the 2007 mission were not included because the incomplete field mission
imposed spatial bias.

Differences in fish communities among strata were evaluated by comparing overall abundance, biomass, species
richness (number of species), Shannon’s index of diversity (H’) and Peilou’s evenness (J') index for strata.
Shannon’s index of diversity is defined as,

H’:_Si pi (ln p,)
where H’ is a weighted combination of species richness and the extent to which the total abundance is spread
equally among the observed species and p, is the proportion of the total count arising from the i th species.

Pielou’s evenness is represented as:
J=H/InS
where S is the total number of species.

Data were log transformed to meet normality and homogeneity of variance assumptions, with the exception of
species richness which exhibited a normal distribution. Analysis of Variance (ANOVA) was used to compare
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groups and if appropriate multiple means comparisons were completed using Tukey-Kramer tests. Species
diversity, evenness, and density data from FGBNMS and the Caribbean locations did not meet assumptions for
homogeneity of variances using Bartlett’s test; therefore, non-parameteric Kruskal-Wallis tests were performed
on the raw (non-transformed) data to explore potential differences. Pairwise comparisons were performed using
the Nemenyi test (Zar, 1999). Biomass data among the locations were log transformed to meet assumptions of
normality and an ANOVA test was performed. Pairwise comparisons were evaluated using Tukey-Kramer. All
analyses were performed using JMP® statistical software (SAS Institute Inc., 2000).
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Additionally, fish species were grouped by trophic guild and abundance and biomass were compared among bank
and relief types. These groups include: herbivores, piscivores, invertivores and zooplanktivores (Randall, 1967).

Comparison with REEF and FGBNMS Long-term Monitoring (FGBNMS LTM) Surveys

Prior survey data, using a variety of survey techniques, were compared. REEF surveys from 1995-2005 were
examined. Fish data were collected using the Roving Diver Technique (RDT) in close proximity to mooring
buoys on both banks (Figure 4.1). The RDT is a non-point survey method where divers move freely about a site.
Only data collected by divers classified in the REEF database as being experts were used. Mean frequency of
occurrence estimates were calculated and compared. Where appropriate, point count data collected during 1994-
1995 were used to examine fish trophic structure (Pattengill-Semmens et al., 1997). This modified Bohnsack and
Bannerot (1986) stationary visual census technique samples fish in a cylinder with a radius of 6.5 m and height
of 4 m. Fishes were identified and enumerated within a 5 minute duration. Fish survey data collected by the
Minerals Management Service (MMS) as part of the FGBNMS LTM surveys was also available for comparison
(Figure 4.1). These data were collected during survey missions conducted in October 2002 and August 2003.
The surveys also employed a modified Bohnsack and Bannerot (1986) stationary visual census technique with a
7.5 m cylinder radius and height (Precht et al., 2006). Survey time was between 10 and 15 minute duration. Only
total abundance values were available, thus presence/absence data for fish species were used for comparison.

Flower Garden Banks

REEF & FGBNMS
Long term monitoring

. Mooring Buoys

[ reer
[JFeBLM™

Relief
High Relief

[ Low Relief

Figure 4.1. Locations of REEF and FGNMS long-term monitoring stations.

Correlative Analyses
Correlations between community metrics, trophic groups and taxonomic groups with benthic habitat parameters
such as percent coral cover, macroalgae cover and depth were examined using non-parameteric Spearman’s
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analysis on percent cover. Data collected during both the 2006 and 2007 field missions were utilized for these
analyses. Results are reported as Spearman’s p (Rho).

Interpolations

Fish community metrics were interpolated and mapped using inverse distance weighting (IDW) to guide
interpretation of spatial patterns. These interpolations were created without separating data by strata; therefore,
where observed patterns cross strata they must be interpreted with consideration given to strata differences
(e.g., a site containing high biomass in the EBH strata near the border of EBL may result in the adjacent area
in EBL appearing high as well which may not reflect reality). Interpolated surfaces were generated for each
bank with ArcGIS spatial analyst (ESRI, 2006) using all data from 2006 and 2007. By combining the years we
increase our coverage of sample points on EB; however, this assumes no differences between years. EB was
further segregated into two portions: the main portion of the bank and a smaller mound that is approximately
470 m northeast of the main portion. Only three surveys were conducted on this smaller portion of EB, thus an
interpolated surface for this region was not generated.

Select families were separately analyzed and mapped based on ecological or economical importance. Fishes
from the families: Serranidae (groupers), Lutjanidae (snappers), Scaridae (parrotfishes), Carangidae (jacks) and
Pomacentridae (damselfish) were examined to quantify spatial patterns of abundance, biomass and evaluate
ontogenetic preferences or shifts in habitat use.

Cluster Analysis

A hierarchical cluster analysis was used to identify fish species assemblages. A second hierarchical cluster
analysis was used to identify spatial patterns of the sample site groups within the sanctuary. A nodal analysis, the
intersection of the species clusters and the site clusters, was used to identify the species assemblages defining
the site groupings.

Prior to the cluster analysis of the data, rare species (species that occurred in four or less samples) were omitted
from the analysis, resulting in 74 species for all sample sites (n=105). The remaining species density data were
transformed with the natural log transformation [log (density + 1)]. A matrix of Pearson product moment correlation
coefficients were calculated for transformed species data. This matrix was converted to a matrix of distances
by subtracting each Pearson coefficient from one. This matrix was processed by the SAS/STAT® software (SAS
Institute Inc., 2006). Scree plots of cluster distances were examined to determine where breaks in the similarity
level among the species clusters occurred. A similar process was used to identify site groupings. Nodal analysis
was used to relate fish assemblages with site groups. Principal component analysis (PCA) was also used to
identify assemblages and to compare with the hierarchical technique. Assemblages are further investigated to
identify the major species components and possible relationships with coral assemblages (described in Chapter
3) and other habitat parameters.

Comparison with U.S. Caribbean

Spatial patterns of abundance, biomass, and species richness were examined across three Caribbean reef
ecosystems that have been monitored using the same methods since 2001 (Christensen et al., 2003; Pittman et
al., 2007; Pittman et al., 2008). Transect data from La Parguera in Puerto Rico, and St. John and northeastern
St. Croix, USVI were subset using only data from sites located in waters deeper than 18 m (60 ft), to match the
bathymetric conditions observed within the SCC. Transect data from the Caribbean locations were collected
using the same methods.

4.3 RESULTS AND DISCUSSION

During 2006, 39 sites were surveyed on EBH, 10 on EBL and 24 on WBH. Only 32 stations (nine on EBL and 23
on EBH) were surveyed during 2007 as the mission was interrupted and canceled due to Hurricane Humberto.
During this period, 89 of the 105 surveys were conducted on high relief while 19 surveys were conducted on
low relief habitats. Overall, 37,517 individuals representing 117 species and 37 families were observed and
total biomass exceeded 21,000 kg. On EB, a total of 30,109 individuals from 103 species and 33 families were
observed with biomass totaling 17,188 kg (Table 4.2). On WB, a total of 7,408 individuals represented by 85
species and 30 families were observed and biomass amounted to 11,830 kg (Table 4.2). High relief habitats (both
banks combined) yielded 30,661 individuals comprised by 114 species from 39 families. Total abundance on low
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Table 4.2. Mean (+SE) density and biomass for fishes observed at East and West Flower Garden Banks in 2006.

Abudefduf saxatilis
Acanthemblemaria spp.
Acanthostracion polygonia
Acanthurus bahianus
Acanthurus chirurgus
Acanthurus coeruleus
Amblycirrhitus pinos
Balistes vetula

Bodianus pulchellus
Bodianus rufus

Calamus calamus
Calamus nodosus
Calamus spp.
Cantherhines macrocerus
Cantherhines pullus
Canthidermis sufflamen
Canthigaster jamestyleri
Canthigaster rostrata
Carangoides ruber
Caranx crysos

Caranx latus

Caranx lugubris
Centropyge aurantonotus
Cephalopholis cruentata
Cephalopholis fulvus
Chaetodon ocellatus
Chaetodon sedentarius
Chaetodon striatus
Chromis cyanea

Chromis insolata
Chromis multilineata
Chromis scotti

Clepticus parrae
Coryphopterus eidolon
Coryphopterus glaucofraenum

Coryphopterus personatus/
hyalinus

Dasyatis americana
Dermatolepis inermis
Diodon holocanthus
Echeneis naucrates
Elacatinus chancei
Elacatinus oceanops
Emmelichthyops atlanticus
Epinephelus adscensionis
Epinephelus guttatus
Ginglymostoma cirratum
Gnatholepis thompsoni
Gymnothorax miliaris
Gymnothorax moringa
Haemulon parra
Halichoeres bivittatus
Halichoeres burekae

Halichoeres garnoti

sargeant major
blenny

honeycomb cowfish
ocean surgeonfish
doctorfish

blue tang
redspotted hawkfish
queen triggerfish
spotfin hogfish
Spanish hogfish
saucereye porgy
knobbed porgy
porgy species
whitespotted filefish
orangespotted filefish
ocean triggerfish
goldface toby
sharpnose puffer
bar jack

blue runner
horse-eye jack
black jack
flameback angelfish
graysby

coney

spotfin butterflyfish
reef butterflyfish
banded butterflyfish
blue chromis
sunshinefish

brown chromis
purple reeffish
creole wrasse

pallid goby

bridled goby

masked goby

southern stingray
marbled grouper
balloonfish
sharksucker
shortstripe goby
neon goby
bonnetmouth

rock hind

red hind

nurse shark
goldspot goby
goldentail moray
spotted moray
sailors choice
slippery dick
mardi gras wrasse
yellowhead wrasse
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0.03 (0.03)
0.05 (0.04)
0.64 (0.18)
0.46 (0.22)
4.79 (1.28)
0.05 (0.04)
0.03 (0.03)
0.51 (0.15)
4.59 (0.53)
0.05 (0.04)
0.05 (0.04)
0.03 (0.03)

0.08 (0.04)
0.21 (0.10)
0.03 (0.03)
5.85 (0.56)
13.21 (10.40)

0.05 (0.04)
0.21 (0.07)
0.05 (0.04)
0.77 (0.18)
0.03 (0.03)
0.56 (0.15)
2.33 (0.29)
0.03 (0.03)
2.31 (0.46)
7.62 (2.15)

43.51 (8.16)
4.46 (1.16)

31.62 (9.81)

0.05 (0.04)
0.49 (0.28)

0.21 (0.11)
0.03 (0.03)

0.38 (0.15)
0.51 (0.51)
0.13 (0.05)
0.10 (0.06)

1.85 (0.46)
0.03 (0.03)
0.05 (0.04)
0.03 (0.03)
0.18 (0.13)
0.21 (0.18)
2.77 (0.42)

0.40 (0.31)
0.70 (0.40)
0.70 (0.40)
0.10 (0.10)
0.40 (0.40)
0.80 (0.51)
6.40 (1.69)
0.10 (0.10)
0.20 (0.13)

0.20 (0.20)

2.70 (0.52)
1.00 (0.89)

0.10 (0.10)
0.80 (0.42)

0.40 (0.22)

1.70 (0.37)
3.10 (1.12)
36.80 (14.07)
19.00 (11.81)

27.40 (23.44)
0.10 (0.10)

0.20 (0.13)

0.50 (0.34)

0.10 (0.10)

2.40 (0.75)

3.50 (1.38)

0.25 (0.14)

0.29 (0.15)
0.92 (0.38)
3.38 (0.72)
0.08 (0.06)
0.08 (0.06)
0.79 (0.29)
8.50 (1.14)

0.08 (0.06)
0.08 (0.08)
0.04 (0.04)

5.75 (0.61)
3.92 (2.95)
2.29 (2.29)
0.58 (0.50)
0.58 (0.18)

1.17 (0.27)

0.42 (0.21)
2.46 (0.32)

6.04 (1.14)
13.67 (4.38)
39.08 (12.32)
5.67 (1.45)
32.13 (18.83)
0.08 (0.06)
0.04 (0.04)

0.25 (0.25)

0.04 (0.04)
0.13 (0.07)
0.08 (0.06)
0.04 (0.04)
0.04 (0.04)
0.33 (0.16)

0.25 (0.17)
0.04 (0.04)
0.75 (0.36)
0.08 (0.06)
0.04 (0.04)

0.38 (0.26)
3.00 (0.50)

0.01 (0.01)
<0.01 (<0.01)
0.03 (0.02)
0.05(0.02)  0.01(0.01)  0.01 (0.01)
0.02 (0.01)  0.06 (0.05)  0.05 (0.03)
0.40 (0.21)  0.09 (0.09)  0.38 (0.10)
<0.01 (<0.01) <0.01 (<0.01) <0.01 (<0.01)
0.01 (0.01)  0.60 (0.60)  0.16 (0.12)
0.01 (<0.01) 0.02 (0.02)  0.02 (0.01)
0.06 (0.01)  0.09 (0.05)  0.23 (0.09)
0.02 (0.01)  0.13 (0.13)
0.04 (0.03)  0.08 (0.06)
0.02 (0.02)

0.09 (0.08)
<0.01 (<0.01) <0.01 (<0.01)
0.20 (0.10)  0.15 (0.15)  0.01 (0.01)

<0.01 (<0.01)
0.05 (0.03)  0.01 (<0.01) 0.02 (<0.01)
0.25 (0.18)  0.03 (0.03)  0.07 (0.03)
1.40 (1.40)
0.05 (0.04) 023 (0.23)  1.04 (0.82)
0.26 (0.10)  0.53 (0.24)  0.31 (0.10)
<0.01 (<0.01)
0.07 (0.02)  0.06 (0.08)  0.15 (0.04)
<0.01 (<0.01)
0.03 (0.01) 0.03 (0.01)
0.20 (0.14)  0.04 (0.02)  0.08 (0.02)
<0.01 (<0.01)
0.02 (<0.01) 0.02 (0.01)  0.04 (0.01)
0.01 (<0.01) 0.07 (0.04)  0.03 (0.01)
0.29 (0.06) 0.15(0.09)  0.62 (0.37)
0.02 (0.01)  0.26 (0.26)  0.02 (<0.01)
1.21 (0.48) <0.01 (<0.01) 0.82 (0.47)

<0.01 (<0.01)

<0.01 (<0.01)

0.07 (0.05)
0.01 (0.01)

<0.01 (<0.01)

<0.01 (<0.01)
0.06 (0.03)
0.07 (0.07)

0.01 (0.01)
<0.01 (<0.01)
0.04 (0.04)
0.01 (0.01)
<0.01 (<0.01)
<0.01 (<0.01)
0.03 (0.01)

0.09 (0.06)

<0.01 (<0.01)

0.01 (0.01)

<0.01 (<0.01)

0.03 (0.01)

<0.01 (<0.01)
<0.01 (<0.01)

<0.01 (<0.01)

<0.01 (<0.01)
0.04 (0.02)
0.09 (0.08)
<0.01 (<0.01)
<0.01 (<0.01)
<0.01 (<0.01)

0.11 (0.08)
0.72 (0.72)
<0.01 (<0.01)
<0.01 (<0.01)
0.03 (0.03)

<0.01 (<0.01)
0.05 (0.01)




Table 4.2 Continued...

Halichoeres maculipinna
Halichoeres radiatus

Holacanthus ciliaris
Holacanthus tricolor
Holacanthus bermudensis
Holocentrus adscensionis
Holocentrus rufus
Kyphosus sectatrix/incisor
Lactophrys triqueter
Lutjanus analis

Lutjanus cyanopterus
Lutjanus griseus
Lutjanus jocu

Lutjanus spp.
Malacanthus plumieri
Manta birostris
Melichthys niger
Microspathodon chrysurus
Mulloidichthys martinicus
Mycteroperca bonaci
Mycteroperca interstitialis
Mycteroperca phenax
Mycteroperca spp.
Mycteroperca tigris
Mycteroperca venenosa
Myripristis jacobus
Neoniphon marianus
Ophioblennius macclurei
Opistognathus aurifrons
Paranthias furcifer
Pomacanthus paru
Prognathodes aculeatus
Pseudupeneus maculatus
Remora remora
Sargocentron bullisi
Sargocentron vexillarium
Scarus iseri

Scarus taeniopterus
Scarus vetula

Serranus tigrinus
Sparisoma atomarium
Sparisoma aurofrenatum
Sparisoma viride
Sphyraena barracuda
Stegastes adustus
Stegastes diencaeus
Stegastes leucostictus
Stegastes partitus
Stegastes planifrons
Stegastes variabilis
Synodus intermedius
Synodus saurus
Thalassoma bifasciatum

Heteropriacanthus cruentatus

clown wrasse
puddingwife
glasseye

queen angelfish

rock beauty

blue angelfish
squirrelfish
longspine squirrelfish
bermudal/yellow chub
smooth trunkfish
mutton snapper
cubera snapper

gray snapper

dog snapper
snapper species
sand tilefish

manta ray

black durgon
yellowtail damselfish
yellow goatfish

black grouper
yellowmouth grouper
scamp

grouper species
tiger grouper
yellowfin grouper
blackbar soldierfish
longjaw squirrelfish
redlip blenny
yellowhead jawfish
Atlantic creolefish
French angelfish
longsnout butterflyfish
spotted goatfish
remora

deepwater squirrelfish
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striped parrotfish
princess parrotfish
queen parrotfish
harlequin bass
greenblotch parrotfish
redband parrotfish
stoplight parrotfish
great barracuda
dusky damselfish
longfin damselfish
beaugregory

bicolor damselfish
threespot damselfish
cocoa damselfish
sand diver

Atlantic lizardfish
bluehead wrasse
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relief habitats was lower, 6,856 individuals represented by 68 species from 25 families. Two of three species
recently added to the FGBNMS species list were also recorded during the course of this study: 18 mardi gras
wrasses (Halichoeres burekae) first described at FGBNMS in 2006 (Weaver and Rocha, 2007) and 11 sergeant
majors (Abudefduf saxatilis). No observations of the third species, yellowtail snapper (Ocyurus chrysurus), were
reported during 2006-2007.

Fish density was higher on East Bank low relief (EBL) habitats, although the relationship was not statistically
significant (Table 4.3). Mean biomass on West Bank high relief (WBH) was more than twice that observed on
either relief type on EB. The estimate in Table 4.3 includes the single observation of a large manta ray (Manta
birostris) and if excluded biomass was not significantly different between banks. Species richness on both East
Bank high relief (EBH) and WBH were significantly greater than EBL habitats (p=0.017). Species diversity,
evenness and family representation was similar among all bank/habitat types.

Table 4.3. Summary statistics (mean +SE) for fish community metrics by bank/habitat type for 2006. H’ =Shannon’s diversity index; J’ =
evenness. Asterisks (*) indicate statistical significance.

EBH 39 308 (24.88)  19.71 (3.28) 25.72 (0.55) 2.14 (0.06) 0.66 (0.02) 11.38 (0.23)
EBL 10 339.2 (73.66)  16.13 (3.19)  22.70* (1.14) 2.13 (0.07) 0.68 (0.03) 10.5 (0.58)
WBH 24 30921 (46.23)  30.84 (9.55) 26.83 (0.88) 2.21 (0.06) 0.68 (0.02) 12.29 (0.47)

Peak areas of fish density were predominantly observed on the edges of the coral caps (including both high and
low relief) while fewer peaks were observed in the shallower, high relief, central area of EB (Figure 4.2). Biomass
peaks were also predominant on the edges of the coral caps, most notably WB where M. birostris and large black
grouper (Mycteroperca bonaci) were observed (Figure 4.3). Localized areas of low and high species richness
were evident throughout the sanctuary (Figure 4.4).

Flower Garden Banks
Cephalopholis cruentata
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Figure 4.2. Observed (dots) and spatially interpolated density (#/100 m?) for all species observed in CCMA surveys for
2006-2007.
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Figure 4.3. Observed (dots) and spatially interpolated biomass (kg/100 m?) for all species observed in CCMA surveys
for 2006-2007.
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IDW results highlight the significantly lower species richness on EBL habitats. Species diversity was uniform <
on WB with small localized areas of lower diversity (Figure 4.5). In contrast, a horseshoe shaped area of high &S
diversity that surrounds the central portion of the EB coral cap was observed. This pattern strongly resembles BN¢b]
that of the interpolated distribution for Montastraea franksi (see Figure 3.3 in Chapter 3), the dominant coral "5_
species observed. Patterns of species evenness were patchy across both banks (Figure 4.6) ©
Fish density was not correlated with B Density @ Biomass L
percent total coral cover (Figure 4.7) turf mRichness @ Diversity O
and negatively correlated with the

remaining benthic parameters. These sponge

results indicate higher fish density on the

shallowerportionsofthebanksregardless depth

of total coral cover; however, density was
positively correlated with specific coral  nacroalgae
species, such as Montastraea annularis
(p = 0.26), one of the key coral species
on the banks. Fish biomass was also
positively correlated with Mo. annularis
cover (p = 0.32) and total coral cover (p
= 0.21). Species richness was positively : ' ' ' ' ' '
correlated with coral cover (p =0.27) and

depth (p = 0.25), but inversely correlated Spearman's p
with Madracis mirabilis (p = -0.28), which  Figure 4.7. Summary results of Spearman’s p correlation between community metrics

was the key coral species on low reli of and benthic cover and depth from CCMA observations for 2006-2007.

habitats. Both species richness and

diversity (p = 0.24 and p = 0.23, respectively) were positively correlated with Mo. franksi, the most abundant
coral species on the banks. These patterns reflect the numerous micro-habitat types on the banks, especially on
the deeper portions.

CcCa

Approximately 65% of the total abundance was comprised
of wrasse (Labridae) and damselfish (Pomacentridae)
species (Figure 4.8). Most notably, the bluehead wrasse
(Thalassoma bifasciatum), creole wrasse (Clepticus parrae)
and brown chromis (Chromis multilineata) were among the
top four species in total abundance (Figure 4.9). Serranidae
(groupers)were the next most abundant family, predominantly
represented by the Atlantic creolefish (Paranthias furcifer).
Patterns of abundance by the most abundant species were
variable compared to REEF and FGBNMS LTM surveys
(Tables 4.4 and 4.5).

Chromis multilineata and Diploria species (CCMA)

Scaridae Others T. bifasciatum
4% 10%

21%

Labridae Others
35% 37%

Inermiidae
7%

Serranidae P. furcifer
14% 13%
Pomacentridae E. atl_;a;ticus C parae C.mu;h;:f:jzeata
300/0 1 1 0/0
Figure 4.8. Top five most abundant families during CCMA surveys  Figure 4.9. Top five most abundant species during CCMA surveys
for 2006-2007. for 2006-2007.
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Table 4.4. The 20 most abundant species at East Bank for CCMA, MMS and REEF surveys. Asterisk (*) indicates relative density
(Pattengill-Semmens, 2006).
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Thalassoma bifasciatum 69.38 Clepticus parrae 67.97 Emmelichthyops atlanticus 3.86
Paranthias furcifer 49.98 Chromis multilineata 33.00 Chromis multilineata 3.79
Clepticus parrae 41.40 Chromis cyanea 22.03 Paranthias furcifer 3.44
Chromis multilineata 40.96 Thalassoma bifasciatum 20.93 Thalassoma bifasciatum 3.44
Emmelichthyops atlanticus 34.32 Paranthias furcifer 18.40 Kyphosus sectatrix/incisor 3.21
Chromis insolata 22.42 Stegastes planifrons 9.57 Clepticus parrae 3.07
Stegastes partitus 19.47 Kyphosus sectatrix/incisor 7.60 Stegastes planifrons 3.07
Stegastes planifrons 17.86 Stegastes partitus 7.37 Stegastes partitus 3.04
Chromis scaotti 6.94 Emmelichthyops atlanticus 6.67 Canthigaster rostrata 2.80
Carangoides ruber 6.75 Atherinidae &.33) Scarus vetula 2.73
Canthigaster rostrata 5.58 Scarus vetula 2.37 Chromis cyanea 2.66
Bodianus rufus 4.74 Acanthurus chirurgus 1.50 Sphyraena barracuda 2.66
Sparisoma aurofrenatum 4.69 Melichthys niger 1.47 Sparisoma viride 2.57
Kyphosus sectatrix/incisor 3.94 Sparisoma viride 1.40 Bodianus rufus 2.53
Chromis cyanea 3.84 Acanthurus coeruleus 1.37 Acanthurus coeruleus 2.50
Acanthurus coeruleus BNES Chaetodon sedentarius 1.37 Lactophrys triqueter 2.44
Sparisoma viride 3.20 Bodianus rufus 1.27 Melichthys niger 2.44
Halichoeres garnoti 2.65 Scarus taeniopterus 1.03 Stegastes variabilis 2.36
Chaetodon sedentarius 2.46 Carangoides ruber 0.90 Halichoeres garnoti 2.34
Scarus taeniopterus 2.43 Elacatinus oceanops 0.87 Chromis scotti 2.33

Table 4.5. The 20 most abundant species at West Bank for CCMA, MMS and REEF surveys. Asterisk (*) indicates relative density
(Pattengill-Semmens, 2006).

Thalassoma bifasciatum 93.00 Paranthias furcifer 26.25 Emmelichthyops atlanticus 3.80
Chromis multilineata 39.08 Thalassoma bifasciatum 20.94 Chromis multilineata 3.68
Paranthias furcifer 33.29 Chromis multilineata 20.94 Paranthias furcifer 3.53
Clepticus parrae 32.13 Clepticus parrae 14.72 Thalassoma bifasciatum 3.48
Stegastes planifrons 16.58 Stegastes planifrons 9.00 Clepticus parrae 3.20
Chromis insolata 13.67 Chromis cyanea 8.25 Stegastes planifrons 3.05
Bodianus rufus 8.50 Emmelichthyops atlanticus 6.88 Chromis cyanea 2.98
Chromis cyanea 6.04 Stegastes partitus 6.25 Kyphosus sectatrix/incisor 2.98
Stegastes partitus 5.83 Acanthurus coeruleus 2.41 Stegastes partitus 2.88
Canthigaster rostrata 5.75 Melichthys niger 2.31 Chromis scotti 2.73
Chromis scotti 5.67 Scarus vetula 2.31 Sphyraena barracuda 2.73
Sparisoma aurofrenatum 4.75 Sphyraena barracuda 219 Scarus vetula 2.68
Kyphosus sectatrix/incisor 4.67 Halichoeres garnoti 2.00 Canthigaster rostrata 2.65
Carangoides ruber 3.92 Chaetodon sedentarius 1.56 Chromis insolata 2.60
Acanthurus coeruleus 3.38 Bodianus rufus 1.56 Bodianus rufus 2.58
Halichoeres garnoti 3.00 Sparisoma viride 1.53 Caranx crysos 2.50
Chaetodon sedentarius 2.46 Kyphosus sectatrix/incisor 1.47 Melichthys niger 2.48
Caranx crysos 2.29 Stegastes variabilis 1.47 Lactophrys triqueter 2.45
Scarus vetula 1.92 Elacatinus oceanops 1.38 Sparisoma viride 2.43
Sparisoma viride 1.83 Canthigaster rostrata 1.28 Acanthurus coeruleus 2.38
Others P. furcifer

24% 21%

Serranidae Others
42% 44%

Scaridae

6% K. sectatrix

15%

Carangidae
6% o Kyphosidae L jocu ¢ M. bonaci
L d . parrae o
utj;gl/; ae 15% % o 12%
Figure 4.10. Top five families in total biomass (%) during CCMA  Figure 4.11. Top five species in total biomass (%) during CCMA
surveys for 2006-2007. surveys for 2006-2007.
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Biomass was dominated by species from
the family Serranidae, accounting for almost
half of the total biomass observed in the
sanctuary (Figure 4.10). Most notably,
the numerically abundant P. furcifer and
the heavy bodied M. bonaci account for
the majority of serranid biomass (Figure
4.11). The family Kyphosidae, comprised
of the single species bermuda/yellow chub
(Kyphosus sectatrix/incisor) ranked second,
followed by snappers (Lutjanidae), jacks
(Carangidae) and parrotfish (Scaridae). The
abundant medium sized C. parrae (fourth in
total abundance) enabled it to rank fourth
in total biomass. While not particularly
abundant, large dog snappers (Lutjanus
jocu) amassed considerable biomass
ranking fifth overall.

4.3.1 Size Frequency

Figure 4.12 displays mean length frequency
for all bank/relief type combinations. As
expected, fish density (# individuals/100 m?)
was greatest in the smaller size categories
and declines with increasing fish size. Mean
density totaled 311/100 m? and over 70%
were less than 10 cm. Density significantly
declined for individuals greater than 10 cm
and mean density for fish >30 cm totaled
7/100 m2. Fish in the size class 0-5 cm were
more abundant on low relief habitats, but
were not significantly greater than high relief
on either bank.

4.3.2 Trophic Groups

Planktivores and invertivores  were
numerically dominant (p<0.0001) regardless
of bank or relief type (Figure 4.13). Mean
piscivore abundance was significantly lower
than all other trophic groups (p<0.0001) for
all bank/habitat type combinations, while
herbivore mean abundance was significantly
greater than piscivores and significantly
lower than planktivores and invertivores
(p<0.001). Herbivore abundance was
significantly greater on EBL (p<0.001)
than high relief on either bank. Piscivore
abundance was lowest on low relief habitats,
but not significantly different than high relief
on either bank. Herbivore composition was
nearly twice as high as REEF observations
(Table 4.6).

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Kyphosus sectatrix/incisor (CCMA)
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Figure 4.12. Size frequency (+ SE) for all fish species observed in CCMA surveys
for 2006-2007. Dashed line represents overall mean density per 100 m?.
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Figure 4.13. Trophic group mean density (+ SE) by bank/relief. H= herbivore,
P= piscivore, INV= invertivore, Z= zooplanktivore. EBH= East Bank High relief;
EBL= East Bank Low relief; WBH= West Bank High relief.

Table 4.6. Percentage of total density by trophic groups observed by CCMA
(2006) and REEF (1994-1995).

Herbivore 12.36 8.96 23.00 17.00
Invertivore 29.92 44.57 34.30 26.60
Zooplanktivore 44.59 42.09 41.40 53.80
Piscivore 12.36 4.38 1.30 1.90
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Overall, piscivore biomass accounted
for 46% of the total biomass. This ratio
is comparable to coral reef ecosystems
with limited anthropogenic impacts in
the Pacific where piscivores and apex
predators dominated (Friedlander and
DeMartini, 2002). Several large (150 cm)
M. bonaci were observed on WB resulting
in significantly greater piscivore biomass
on high relief habitats (Figure 4.14) than all
other trophic groups for any bank/habitat
combination (p<0.0001). Biomass for all
other groups was not significantly different
for all bank/habitat type combinations.

In general, herbivore abundance was three
times greaterthan piscivores and only seven
surveys yielded a ratio of 1:1 or greater for
piscivore abundance. Due to significantly
lower piscivore abundance on low relief
habitats (Figure 4.15), piscivore/herbivore
abundance ratio was also significantly
lower there (p=0.03) compared to high
relief habitats. Overall, piscivore biomass
was six times greater than herbivores, but
no significant differences were observed
between the bank/relief type combinations.

Piscivore density (Figure 4.16) was
positively correlated with percent coral cover
(p = 0.12) and negatively correlated with
the other benthic parameters. Invertivore
density was negatively correlated with
depth (p = -0.28). Abundance and biomass
for each trophic group were not significantly
correlated with coral or macroalgae cover;
invertivore abundance was negative
correlated with depth (p = -0.30) while
depth was not a significant factor for other
trophic groups.

Zooplanktivores were the dominant
trophic group on both banks during 2006
and 2007 (Table 4.6). This pattern was
similar for surveys using a stationary
point-count technique conducted in 1994-
1995 (Pattengill-Semmens et al., 1997).
Observed herbivore density was lower
on East and West Banks while piscivore
abundance was 10 times greater on EB
and twice as high on WB. Differences in
trophic structure are presumed to reflect the
sampling method used where the stationary
point count method which may under-
sample fishes, that hide in the crevices of
reef structure.
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EEBH BEBL OWBH
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Figure 4.14. Trophic group mean biomass (kg; + SE) by bank/relief. H= herbivore,
P= piscivore, INV= invertivore, Z= zooplanktivore. EBH= East Bank High relief;
EBL= East Bank Low relief; WBH= West Bank High relief.
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Figure 4.15. Piscivore/herbivore abundance and biomass mean ratio (+ SE) for
each bank/relief type combination. Asterisk (*) indicates statistical significance.
EBH= East Bank High relief; EBL= East Bank Low relief; WBH= West Bank High

relief.
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Figure 4.16. Spearman’s p correlations between trophic groups and percent cover
of benthic habitat parameters. H= herbivore, INV= invertivore, P= piscivore, Z=

zooplanktivore.
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Figure 4.17. Percent of total mean (a) density and (b) biomass for five ecologically
and commercial/recreationally important families observed during CCMA surveys
for 2006-2007. Poma= Pomacentridae; Serr= Serranidae; Scar= Scaridae; Cara=
Carangidae; Lutj= Lutjanidae.

4.3.3 Taxonomic Groups

Five families of fish within the SCC were selected for additional analysis because of their ecological or commercial/
recreational importance (Serranidae, Lutjanidae, Scaridae, Carangidae and Pomacentridae). Combined, these
families comprised nearly 50% of the total fish density and up to 70% of the biomass on each bank/habitat type
combination (Figure 4.17). A more detailed description of the spatial patterns of abundance and biomass for the
families as a whole and select species within each family follows.

Fish assemblage (CCMA)

Chapter 4
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4.3.3.1 Serranidae (Groupers)

With the exception of a few species that have been assessed in U.S.
waters, there is little data on many grouper species in the Gulf of Mexico
and Caribbean, making it difficult to adequately assess the status of
many species. Estimates of total abundance are difficult to obtain for
species such as groupers that are strongly associated with physical
structures, like reefs, where they typically hide during the day.

Many grouper species, including those evaluated here, are protogynous
hermaphrodites. They begin their lives as females and become males
as they grow larger (Heemstra and Randall, 1993). The larger males
are often targeted by commercial and sport fishing, thus altering
natural gender ratios. The tendency of groupers to exhibit site-specificity combined with slow growth rates create
an enhanced susceptibility to overfishing (Heemstra and Randall, 1993).

Mycteroperca tigris (CCMA)

P. furcifer, a planktivore, and 10 species of commercially and/or recreationally important species of serranids
belonging to the genera Cephalopholis, Epinephelus and Mycteroperca, here-after referred to as groupers,
(Cephalopholis cruentata, Cephalopholis fulva, *Dermatolepis inermis, *Epinephelus adscensionis, *Epinephelus
guttatus, *Mycteroperca bonaci, *Mycteroperca interstitialis, *Mycteroperca phenax, Mycteroperca tigris and
*Mycteroperca venenosa)were observed within the SCC during the study period. Seven of these species (indicated
previously with an asterisk) are managed as the reef fish complex in the Gulf of Mexico Fishery Management
Council (GOMFMC) Plan (GOMFMC, 2004). Approximately 70 million pounds of grouper from the shallow water
complex have been commercially harvested within the Gulf of Mexico during 2000-2006 (GOMFMC, 2004) and
nearly 99% of this harvest was landed in Florida. Approximately 115,000 pounds of grouper have been landed
in Texas since 2000 including three species (M. bonaci, M. phenax and M. venenosa) observed within the SCC;
however, these constitute a small proportion of Gulf-wide landings. Recreational landings of groupers within the
Gulf are infrequent and are not described herein.

Sighting frequencies were comparable between the two sets of surveys with some exceptions (Table 4.7). C.
cruentata and M. tigris were sighted considerably more frequently by REEF on both East and West Banks.
Surveys during 2006 and 2007 yielded greater sighting frequency for M. bonaci, D. inermis and E. guttatus on
both banks. The first sighting of Nassau grouper (Epinephelus striatus) and second sighting of goliath grouper
(Epinephelus itajara) within the sanctuary occurred during the study period (Foley et al., 2007).

Serranids as a whole were the third most Table 4.7. Sighting frequency of select Serranidae species from CCMA, REEF

; ; ; ; and MMS surveys. REEF estimates (means) are from expert surveys only.
abundant family during the time period and MMS data only reflect presence/absence indicated by +/- .

were observed on all banks and relief types.
+

different between bank and habitat type [paranthias furcifer 96.30 93.76 +  83.33 9543
combinations (Figure 4.19). Ingeneral, density | cephalopholis cruentata ~ 44.44 8813 -  58.33 79.40
was greatest on the margins of the coral caps | mycteroperca interstitialis ~ 48.15 69.76 +  66.67 4583 -
with fewer individuals observed in the central, | mycteroperca tigris 2840 60.89 + 3750 45.78 -
shallow region. Density was dominated by P. |Epinephelus adscensionis 12.35 23.39 + 0 560 +
furcifercomprising 93% of serranid abundance. | Mycteroperca bonaci 1358 7.09 - 2500 993 -
Similarly, grouper biomass (Figure 4.19) was | Mycteroperca venenosa 370 525 + 417 238 -
not significantly different between bank and | Cephalophoalis fulva 247 293 + 0 8.85 +
habitat type combinations and was highest on | Dermatolepis inermis 13.58 228 + 1250 0 +
the margins of the coral caps. Biomass was | Mycteroperca phenax 123 093 - 4.17 0
dominated by the larger groupers, such as M. |Epinephelus guttatus 8.64 064 - 12.50 2.90

bonaci and M. tigris. The majority of groupers

observed were in the 20-40 cm size class,

with the larger individuals typically found at the edges of the coral caps (Figure 4.20). Grouper abundance and
biomass were not correlated with coral, macroalgae cover or depth.

The following contains more detailed information regarding spatial patterns of density and biomass for each
grouper species and for P. furcifer.
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Figure 4.18. Observed (dots) and spatially interpolated density (#/100 m?) for selected grouper species observed in
CCMA surveys for 2006-2007.
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Figure 4.19. Observed (dots) and spatially interpolated biomass (kg) for selected grouper species observed in CCMA
surveys for 2006-2007.
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4.3.3.1.1 Graysby (Cephalopholis cruentata)

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

at depths from 5-170 m and ranging from North Carolina to the Gulf
of Mexico and Caribbean (SAFMC, 2005). C. cruentata is typically
sedentary, hiding in the reef during the day and feeding nocturnally.
Adults are primarily piscivores (Randall, 1967) and attain maximum
size of 42.6 cm and approximately 1.1 kg (Erdman, 1976). Adults
attain sexual maturity at 14 cm total length (TL)/FL in the Caribbean
(Nagelkerken, 1979). Due to its small size, there is no commercial value
for this species; however it has significant value to subsistence fisheries
in the Caribbean (Heemstra and Randall, 1993).

ehalopholis cruentat (CM)

Frequency of occurrence for C. cruentata was considerably lower than that observed by REEF (Table 4.7). This
pattern is most notable on EB, but frequency of occurrence was reduced on WB as well. REEF’s roving diver
method is not restrained to predefined observation areas and may have an influence on this pattern.

The majority of C. cruentata observed
were 10-25 cm FL with few less than five
and greater than 30 cm (Figure 4.21).
C. cruentata density (Figure 4.22) was
generally higher on WBH, but was not
significantly different from EBL or WBH.
Mean density (individuals/100 m?), by
bank, was slightly higher on WB (1.14/100
m?) than EB (0.71/100 m?2). Density
appears to be higher on the western edge
of EB and eastern portion of WB. Little
difference was observed between mean
biomass on EB (0.07 kg/100 m?) and WB
(0.11 kg/100 m?). Biomass was higher
on WBH (Figure 4.23), but this pattern
was not significantly different compared
to habitats on EB. Modal size frequency

Frequency

20 -

—_
o
1

0-5

5-10

10-15

15-20 20-25
Size Class (cm)

EEBH EEBL OWBH

25-30 30-35 >35

Figure 4.21. Length frequency of graysby (C. cruentata) from CCMA surveys for 2006-
2007. Vertical black line represents size at maturity (Nagelkerken, 1979). EBH=East

was smaller on EBH compared to WBH  Bank High relief: EBL=East Bank Low relief: WBH=West Bank High relief.

(Figure 4.24).

C. cruentata density was positively correlated with coral cover (p = 0.20) but not correlated with macroalgae
cover or depth. Biomass and fish size were not correlated with any of the benthic parameters.

Chapter 4
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Figure 4.22. Observed (dots) and spatially interpolated density (#/100 m?) for graysby (C
surveys for 2006-2007.
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Figure 4.23. Observed (dots) and spatially interpolat
surveys for 2006-2007.

s

TR

AN,

o

s

o W

i S




Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Chapter 4

%)
S
ks
=
S
ES
w0
-
@
<
)
(%]
o
S
o
kS
<
@
)
Q£
o
ES
<
IS
Q
g
o
)
kS
2
<
RS
=
N
S
S
N
©
S
S
Y

for graysby (C. cruentata) size frequency observed in CCMA surveys

Size Frequency (cm
+ No Sightings
[ ] High Relief
[ Low Relief

Flower Garden Banks
Cephalopholis cruentata




q.
| -
)
)
o
®
L
O

page
64

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

4.3.3.1.2 Marbled grouper (Dermatolepis inermis)

D. inermis is a medium sized serranid capable of reaching 91 &
cm TL and 10 kg (Heemstra and Randall, 1993). It is found }“p
on reefs, especially caves and crevices, at depths between
3-213 m from North Carolina to Brazil, including the Gulf of
Mexico and the Caribbean. Maximum age and size at maturity
are not currently known. Population status throughout its range
is uncertain; however it is listed on the International Union
for Conservation of Nature (IUCN) list of threatened species
(Huntsman, 1996).

D. inermis sighting frequency ranged from 12-13% on West and
East Banks, respectively (Table 4.7). In comparison, D. inermis
frequency estimated by REEF was only 2.2% on EB and none
were sighted on WB. Differences in sampling methods could
explain these contrasting patterns. CCMA transect method is more efficient for observing secretive fish that
hide in reef crevices. Additionally, REEF surveys were conducted near the mooring buoys in the central, shallow
portion of the coral caps while CCMA surveys were more spatially comprehensive and sightings were not in close
proximity to the mooring buoys.

Dermatolepis inermis (CCMA)

Only 15 individuals were observed during 4 1 B EBH BEBL EWBH
2006-2007 and, with the exception of one
transect where two fish were sighted,
single fish observations were recorded.
Individuals were all greater than 20 cm
FL and the majority were in the 40-60
cm size class (Figure 4.25). Density was
concentrated at the edges of the coral
caps (Figure 4.26) with limited sightings in
the center or shallow portion of the coral
caps. Mean density was similar on both
banks (EB=0.16/100 m?, WB=0.12/100

Frequency
N

m?). Consequently, biomass was also 0 . :

centered around the coral cap edges 1-20 20-40 40-60 60-80 80-100
(Figure 4.27). Although observations Size class (cm)

were limited, D. inermis exhibited greater

. . ’ Figure 4.25. Length frequency of marbled grouper (D. inermis) observed in CCMA
density and size on EB (Figure 4.28). surveys for 2006-2007.

Due to low sighting frequency, statistical correlations with benthic features were not possible; however, D. inermis
were generally found on habitats with >60% coral cover, <40% macroalgae cover and at depths >24 m around
bank edges.
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Figure 4.26. Observed (dots) and spatially interpolated density (#/100 m?) for marbled grouper (D
CCMA surveys for 2006-2007.

Flower Garden Banks
Dermatolepis inermis

Biomass (kg)

@ o7 7T Hion

@ os5-06 - )
ow
([ J

0.1-04
+ 0

Relief

[ High
Low

surveys for 2006-2007.




Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Chapter 4

-
S
RS}
=
3
£
[0
<
o
a2
=y
[
(%]
g
®
o
=
()
>
KYJ
()
s
£
P
®©
Q
IS
o
>
i)
2
<
el
(%}
2
8
RS
~
N
S
S
o\
©
S
S
N
(%]
X
()
S
>
(73]
<
S
%)
O
£
3
S
()
(%]
Q
o
>
<
()
S
g
&
(0]
N
(%)
@
£
(V)
£
Q
P
g
=)
9
>
5
2
Q
®©
IS
-

IS Inermis

%+ No sightings

[ ] High Relief
[ Low Relief

Flower Garden Banks
Size Frequency (cm)

Dermatolep
Figure 4.28. Spatial distribution




Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

4.3.3.1.3 Rock hind (Epinephelus adscensionis)

E. adscensionis is a common serranid on rocky reefs at
depths from 5-120 m, ranging from Massachusetts to Brazil,
including the Gulf of Mexico and Caribbean (Smith, 1997).
E. adscensionis attain maximum size at approximately 61
cm and weigh up to 4 kg (Heemstra and Randall, 1993).
Similar to other serranids, growth is slow where individuals
off Florida (Bullock and Smith, 1991) reach sexual maturity
at 25 cm FL with an approximate age of 6.1 years (Potts and
Manooch, 1995). E. adscensionis is of minor importance to
commercial and sport fisheries in the western Atlantic and
Caribbean, as it seems to be less common than most other
groupers (Heemstra and Randall, 1993); however, they are e g : _
susceptible to overfishing due to their size and age at maturity Epinephelus ads

(Cheung et al., 2005).

'::-‘::-. % b A
- o it 2w L

censionis (CCMA)

E. adscensionis sighting frequency was generally lower than that reported by REEF (Table 4.7). REEF sighting
frequency averaged 23% on EB, approximately twice the frequency observed during 2006-2007. No E.
adscensionis were sighted on WB; however, REEF and MMS observed them but at considerably lower frequency

than EB.

During 2006-2007, observations of E.
adscensionis were low (n=12) and the
majority were juveniles (Figure 4.29). All
sightings occurred on EB (Figure 4.30)
with a mean density of 0.12/100 m2.
Density was patchy with mostobservations
occurring on the edge of EB. Density was
greatest on high relief habitat, as only
one individual was observed on low relief.
Biomass was also concentrated at the
edge of the coral cap (Figure 4.31). Size
frequency is displayed in Figure 4.32,
however, no spatial patterns emerged
with limited observations. Both juveniles
and adults were observed on high relief
habitats in equal proportions, while only
a single juvenile was observed on low
relief.

4 -
B EBH MEBL @WBH

0_| | I r I T I ‘ 'I 1
0-5 5

-10 10-15 15-20 20-25 25-30 30-35 35-40
Size class (cm)

Frequency
N

Figure 4.29. Length frequency of rock hind (E. adscensionis) observed in CCMA
surveys for 2006-2007. Vertical black line represents estimated size at maturity
(Bullock and Smith, 1991).

Due to low numbers of individuals observed, correlations with benthic features were not conducted.

Chapter 4
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Figure 4.30. Observed (dots) and spatially interpolated density (#/100
CCMA surveys for 2006-2007.

Flower Garden Banks
Epinephelus adscensionis

Biomass (kg)
. 05-10 T High

@ o03-04 -
Low

@® 01-02
+ 0

Relief

[ Hign
V] Low

Figure 4.31. Observed (dots) and spatially interpolated biomass (kg) fo
surveys for 2006-2007.
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4.3.3.1.4 Red hind (Epinephelus quttatus)

E. guttatus exhibit similar habitat preferences as the rock
hind. E. guttatus distribution extends from North Carolina to
Venezuela, including the Gulf of Mexico and the Caribbean
(Smith, 1997). E. guttatus are typically found over shallow reefs
and rocky habitats at depths from 2-100 m (Froese and Pauly,
2007). E. guttatus exhibit faster growth than rock hind attaining
maximum size of 76 cm TL and can weigh up to 25 kg (Heemstra
and Randall, 1993). E. guttatus are considered moderately
vulnerable to fishing pressure (Cheung et al., 2005). E. guttatus
collected in Puerto Rico attain sexual maturity at approximately
21.5 cm FL (Sadovy et al., 1994) and the size at which 50% of
individuals were mature for fish captured in Jamaica was 25

"f 4

Epinephelus guttatus (CCMA)

cm FL (Thompson and Munro, 1978). Although not as large as
some other groupers, it is the most important species in the Caribbean grouper fishery (Heemstra and Randall,
1993) and contributes a minor component of grouper landings in the Gulf of Mexico (GOMFMC, 2004)

Sighting frequency for E. guttatus was greater than that documented by REEF (Table 4.7). Again, this discrepancy
is likely explained by the nature of the two methods where the transect method is more efficient to observe fish

that tend to hide in reef crevices.

E. guttatus abundance was low during
the study period (n=15) where adults
and juveniles were found on high relief
habitats (Figure 4.33). Mean density was
higher on WB (0.24/100 m?) compared
to EB (0.08/100 m?). High E. guttatus
density and biomass on EB (Figures 4.34
and 4.35) was primarily observed on the
south and eastern edge of the bank, while
no specific pattern was observed on WB.
While density was generally lower on EB,
larger individuals predominated (Figure
4.36).

Due to the limited sighting frequency,
habitat correlations were not conducted,
but in general E. guttatus were only
observed on high relief habitats
associated with relatively high coral
cover (>40%) and low macroalgae cover
(<30%).

EEBH BEBL OWBH

0 1 T I- I- | T

0-5 5-10 10-15 15-20 20-25 25-30 30-35  35-40
Size class (cm)

Figure 4.33. Length frequency for red hind (E. guttatus) observed in CCMA surveys
for 2006-2007. Vertical black line represents estimated size at maturity (Sadovy et
al., 1994).
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Figure 4.35. Observed (dots) and spatially interpolated biomass (kg) for red hind (E. guttatus) observed in CCMA surveys
for 2006-2007.
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4.3.3.1.5 Black grouper (Mycteroperca bonaci)

M. bonaci range from New England to southeastern Brazil,
including Bermuda, Florida, the Gulf of Mexico, the Bahamas and
the Caribbean (Fischer, 1978; Bohlke and Chaplin, 1993). They
are abundant in south Florida, the Florida Keys, Cuba and the
Bahamas, but less common in the eastern Gulf of Mexico (Randall,
1968; Smith et al., 1975; Jory and Iversen, 1989). M. bonaci attain
a maximum size of approximately 150 cm TL and 81 kg (Mowbray,
1950); however, most are caught at less than 70 cm and weigh less
than 26 kg. They may live 33 years or longer (Crabtree and Bullock,
1998). Adults are found over hard bottoms such as coral reefs and
rocky ledges and occur at depths of 9 to 30 m; maximum depth is
approximately 100 m (Heemstra and Randall, 1993). Juveniles are
typically found at shallower depths than adults (Bullock and Smith,
1991). M. bonaci exhibit fast growth throughout the first 10 years (Crabtree and Bullock, 1998) and slowing
thereafter. Size of 50% maturity for females caught off the Yucatan, Mexico was 72.1 cm and 82.6 cm FL in
Florida (Brule et al., 2003).

Mycteroperca bonaci (CCMA)

M. bonaci are the dominant commercial grouper species in the Florida Keys (SAFMC, 2005) and the second
most commercial species (by pounds) in Texas waters during 2000-2006 (NMFS, unpublished data; http://www.
st.nmfs.noaa.gov/st1/commercial/index.html). M. bonaci are important in hook and line and trap fisheries in
the southern Gulf of Mexico, West Indies and the eastern coast of Venezuela (Heemstra and Randall, 1993).
M. bonaci is federally managed under the GOMFMC’s shallow water grouper complex and size limits for the
commercial and recreational fisheries are 60.9 cm and 55.8 cm, respectively (GOMFMC, 2008a,b).

CCMA sighting frequency was nearly three times higher on EB and twice as high on WB than that reported by
REEF during 1995-2005 (Table 4.7). M. bonaci sightings by CCMA were predominately located on the edges
of banks, where REEF surveys were not
conducted, which in combination with
differing sampling methods, might account
for the variability.

4 - - WEBH EEBL @WBH

Most M. bonaci were singly observed
throughout the sanctuary (Figure 4.37).
All adults were observed on high relief

habitats, while only juveniles were found

across all relieftypes. Most M. bonaci were

greater than commercial and recreational

size limits. Overall, 21 M. bonaci were I

for 12% of the total biomass among all 0 - T T T
20 30 40

Frequency
N

observed during the study period with a
total biomass of 3,116 kg that accounts

50 60 70

species observed during the surveys. 80 100 110 120 150 180

Mean density was comparable between
the two banks (0.22/100 m? on EB and
0.29/100 m? on WB). The majority of
sightings occurred on high relief habitats
near the edge of the coral caps (Figure

Size class (cm)

Figure 4.37. Length frequency of black grouper (M. bonaci) observed in CCMA
surveys for 2006-2007. Vertical solid black and red lines represents size of
50% maturity for females observed in the southern Gulf of Mexico and Florida,
respectively (Brule et al., 2003). Dashed black and red lines represent the size limits
for the recreational and commercial fisheries, respectively (GOMFMC, 2008a,b).

4.38).

While density was comparable among the banks, biomass was nearly three times higher on WB (Figure 4.39)
due to three sightings of individuals 150 cm or greater (Figure 4.40). One fish was recorded at 175 cm FL, which
is greater than the maximum size reported (IGFA, 2001). Density and biomass distribution were predominately
located near the bank edge of EB, while no pattern was discernible on WB. Due to low sighting frequency,
correlations with benthic features and depth were not conducted. Sites where M. bonaci were found were variable
in coral (20-80%) and macroalgal (0-70%) cover.

Chapter 4
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4.3.3.1.6 Yellowmouth grouper (Mycteroperca interstitialis)
M. interstitialis range from the southeast U.S. through
the Gulf of Mexico, Caribbean and West Indies to
southern Brazil (Heemstra and Randall, 1993). Adults
are commonly found over rocky hard bottom and coral
reefs near the shoreline to depths of 55 m. Individuals
have been found as deep as 150 m (SAFMC, 2005).
M. interstitialis attain maximum size at approximately
84 cm and can weigh as much as 10.2 kg (Froese and
Pauly, 2007). Females become mature at 40-45 cm TL
and sexual transition occurs from 50.3 to 64.3 cm and
(SAFMC, 2005). Heemstra and Randall (1993) state that
the yellowmouth is an important component of the Gulf
and Caribbean grouper fishery; however, detailed landings

data in the Gulf of Mexico is limited. Yellowmouth are federally managed in
the GOMFMC shallow-water grouper complex; however, no size limit exists

for either commercial or recreational fisheries (GOMFMC, 2008a,b).

Sighting frequencies of M. interstitialis were variable between surveys (Table
4.7). REEF frequencies were higher on EB, while higher frequency was
observed on WB during 2006-2007. M. interstitialis were the most frequently
sighted grouper at FGBNMS for both surveys. FGBNMS LTM surveys only

documented M. interstitialis on EB.

Most of the individuals were not sexually
mature, based on reported size at maturity 14 -
data (Figure 4.41). During the study period,
108 M. interstitialis were observed and
no significant differences were observed
between density and bank/habitat type.
Density was also comparable by bank
comparison: 1.03/100 m? on EB, 1.30/100
m? on WB. Overall, M. interstitialis
exhibited the highest density among the
grouper species observed on the SCC
(1.12/100 m?). Yellowmouth density
(Figure 4.42) and biomass (Figure 4.43)
were greater on the edges of both banks, 0

Frequency
~

Color variations of Mycteroperca interstitialis (G.P. Schmahl)

Juvenile Mycteroperca interstitialis (CCMA)

B EBH WEBL @WBH

Ll .

while fewer individuals were observed in 0-10 1020 20-30 30-40 40-50 50-60 60-70 70-80

the central portions of the banks. Biomass
was significantly lower on low relief

Size class (cm)

Figure 4.41. Length frequency for yellowmouth grouper (M. interstitialis) observed

habitats (p=0'04_)’ as larger indiVidu_aIS in CCMA surveys for 2006-2007. Vertical solid black represents estimated size at
and greater density was observed on high  maturity (SAFMC, 2005).

relief habitats on both banks (Figure 4.44).

Neither density nor biomass was correlated with coral or algal cover or depth. Density was inversely correlated
with the spatial cover of crustose coralline algae (p = -0.20) and Ma. mirabilis (p = -0.28) both of which exhibited

significantly higher cover on low relief habitats than high relief habitats.
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Figure 4.42. Observed (dots) and spatially interpolated density (#/100 m?) for yellowmouth grouper (M. interstitialis)
observed in CCMA surveys for 2006-2007.

Flower Garden Banks
Mycteroperca interstitialis
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Figure 4.43. Observed (dots) and spatially interpolated biomass (kg) for yellowmouth grouper (M. interstitialis) observed
in CCMA surveys for 2006-2007.
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4.3.3.1.7 Tiger grouper (Mycteroperca tigris)

M. tigris are large-bodied serranids attaining a maximum
size of 100 cm and capable of weighing 10 kg (Heemstra
and Randall, 1993). M. tigris are found on coral reefs and
rocky substrates at depths between 10-40 m from Bermuda,
south Florida, Gulf of Mexico, Caribbean/West Indies, and
oceanic islands off Venezuela and Brazil (Heemstra and
Randall, 1993). Fish collected from Bermuda and Puerto
Rico indicate that maturity is attained at 25 cm standard
length (SL) while sex transition occurs between 37-45 cm
and (28.5 cm FL; Sadovy et al., 1994). M. tigris abundance
has been documented to be common throughout its range
but commercial and recreational catches are high at sights of
spawning aggregations (Matos and Posada, 1998). As most
individuals caught during such aggregations are mature
(Matos and Padilla, 1995), their large-scale removal is severely detrimental to the reproductive potential of
the species. M. tigris are commercially important in Bermuda and the Caribbean, although population status
and commercial landings data are lacking. In U.S. waters, M. tigris are managed in the shallow-water grouper
complex by the South Atlantic Fishery Management Council (SAFMC) and GOMFMC (SAFMC, 2005; GOMFMC,
2005) and in the Reef Fish Fishery Management Plan in the U.S. Caribbean (CFMC, 1985).

L L )
Mycteroperca tigris (CCMA)

M. tigris sighting frequency was considerably lower than REEF estimates for EB and slightly lower on WB (Table
4.7). Despite this, M. tigris were the second most abundant grouper species among both surveys.

Most individuals observed were adults 14 1
based on estimated size at maturity
information (Figure 4.45). Few juveniles
were observed and only occurred on EBH
habitats. M. tigris density (Figure 4.46)
was comparable between the two banks,
EB (0.56/100 m?) and WB (0.41/100

m?). Both density and biomass were
significantly greater (p=0.0036, p=0.0067,
respectively) on EBH habitats than WBH
habitats (Figures 4.46 and 4.47). This is
largely reflected in the size structure of I

fish observed on each bank. Significantly 0 T
greater numbers of fish (p<0.0001) were 0-10  10-20 20-30 30-40 40-50 50-60 60-70 70-80
observed in all size classes on EBH Size class (cm)

(Figure 4.48), in particular those greater Figure 4.45. Length frequency of tiger grouper (M. tigris) observed in CCMA surveys
than 60 cm for 2006-2007. Vertical solid black represents estimated size at maturity (Heemstra
) and Randall, 1993).

B EBH BEBL BWBH

Frequency
~

Density and biomass (Figures 4.46 and 4.47) were positively correlated with total coral cover (p = 0.19, p =
0.20, respectively) but not correlated with macroalgal cover or depth. More specifically, density and biomass
were positively correlated with Mo. franksi (p = 0.26 and p = 0.27, respectively) the dominant coral on high relief
habitats.
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surveys for 2006-2007.

Figure 4.46. Observed (dots) and spatially interpolated density (#/100 m?) for tiger grouper (M. tigris) observed in CCMA

Flower Garden Banks
Mycteroperca tigris
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Figure 4.47. Observed (dots) and spatially interpolated biomass (kg) for tiger grouper (M. tigris) observed in CCMA
surveys for 2006-2007.
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4.3.3.1.8 Atlantic creolefish (Paranthias furcifer)

The P. furcifer is a subtropical fish whose distribution is found
at depths between 10-64 m (FAO) throughout the Western
Atlantic from Bermuda to Brazil (Heemstra and Randall,
1993). It is an abundant zooplanktivore whose numerical
dominance has been documented on FGBNMS coral caps
by REEF and MMS (Table 4.4). Because of its small size,
there is not much of a commercial or recreational fishery
for this species; however, they are a preferred baitfish for
other fisheries (Heemstra and Randall, 1993). Information
regarding size at sexual maturity is scarce; however,
Posada-Lopez and Appeldoorn (1996) noted minimum size
of sexual maturity at approximately 14 cm in southwestern
Puerto Rico.

et weia e T ™ L“"'ﬁq.." J -l
Adult Paranthias furcifer (larger fish) and initial phase Bodianus rufus (Burek)

P. furcifer sighting frequency was comparable to that of REEF with slightly lower values on WB (Table 4.7).
Density values from both surveys ranked in the top three for all species observed on both banks (Tables 4.4 and

4.5).

Adults were observed predominantly on
EBH, while juveniles were found on all
bank/habitat type combinations (Figure
4.49). Density ranked second among all
fish observed on EB (48.53/100 m?) and
third on WB (32.57/100 m?2); however,
spatial patterns were patchy (Figure 4.50).
Distribution patterns show that P. furcifer
were observed throughout the sanctuary,
but with areas of peak density near the
coral cap margins on both banks. Density
was not significantly different among
bank/habitat types, but the general pattern
displayed higher density on EB.

2000 -

1000 A

Frequency

N 1

0-5 5-10

P. furcifer ranked first in mean biomass

B EBH BEBL @WBH

ﬂ

10-15

15-20 20-25 25-30 30-35

Size class (cm)

(3.31 kg/100 m?) on EBH which was
significantly greater (p=0.019) on high
relief habitats than WBH (0.87 kg/100 m2).
Biomass on low relief was not significantly

Figure 4.49. Length frequency of Atlantic creolefish (P. furcifer) observed in CCMA
surveys for 2006-2007. Vertical black line represents size at maturity (Posada-
Lopez and Appeldoorn, 1996). EBH=East Bank High relief; EBL=East Bank Low
relief; WBH=West Bank High relief.

different from high relief on either bank. Biomass followed the same spatial pattern as density where higher
values were observed on the margins of the coral caps (Figure 4.51). Examination of the spatial distribution of
length frequency indicate that larger fish were found on EB compared to WB (Figure 4.52).

Both density and biomass were not correlated with coral cover, macroalgal cover or depth.
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Figure 4.50. Observed (dots) and spatially interpolated density (#/100
CCMA surveys for 2006-2007.
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Figure 4.51. Observed (dots) and spatially interpolated biomass (kg) for A
surveys for 2006-2007.

tlantic creolefish (P. furcifer) observed in CCMA
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4.3.3.2 Lutjanidae (Snappers)

Snappers of the genus Lutjanus are common inhabitants of coral reefs and rocky
substrates in the Gulf of Mexico and Caribbean and are keystone species in
coral reef ecosystems (Parrish, 1987). Snappers are generally slow-growing and
moderately long-lived (CFMC, 1985) thus populations can be sensitive to fishing
and habitat disturbances.

All species have complex life histories, with most dependent on different habitats
during the egg, larval, juvenile and adult phases of their life cycle. Eggs and early
larvae are typically pelagic. No long-lived oceanic larval or post-larval phases have been reported for snappers,
as have been reported for many other reef fish families. Thus, they probably have a relatively short planktonic
larval or post-larval life (Thompson and Munro, 1974a). Larvae settle into various nearshore nursery habitats such
as seagrass beds, mangroves, oyster reefs and marshes (Coleman et al., 2000). These habitats are noticeably
absent from FGBNMS and snapper recruitment into the sanctuary is unknown. Adults are generally sedentary
and residential. Movement is generally localized and exhibits an offshore-inshore pattern, usually associated with
spawning events. Many species have been reported to form mass spawning aggregations, where hundreds or even
thousands of fish convene to reproduce (Rielinger, 1999). Snapper movement at FGBNMS is currently unknown.

LuUanuséﬂsuskBurem

Snappers are important to artisanal fisheries, but seldom  Table 4.f8. Sigfét;'\r;’% i;%yggncyd% Aj;/ect snap%eéEgzLuUanidae)
: ; ; ol fichi Nitiaa. | Species from , an surveys. estimates

the prime !nterest (_)f major commercial fls_hlng activities; (means) are from expert surveys only. MMS data only reflect

many are fine foodfishes, frequently foundinmarkets. The  presence/absence indicated by +/-.

species that reach large sizes are important recreational

fishes in some areas (Coleman et al., 2000).

Lutjanus analis 1.23 0 - 416 0.14 -
In the quwer Gardens, s_hallow vyater species, suc_:h as tzgzzzz s;lszzzzis 1_23 0(')8 426 0(')8
dog (L. jocu), gray (Lutjanus griseus), lane (Lutjanus |Lutianus griseus 16.1 3395 - 4167 33.95 +
synagris), mahogany (Lutjanus mahogoni) and mutton |Lutjanus jocu 2222 2120 + 25 212 +
(Lutjanus analis) snappers; and deep-water species, |Lutianus mahogoni o 13 - o 13 -
such as blackfin (Lutjanus buccanella) and red (Lutjanus |Lufjianus synagris 0 08 - 0 08 -

campechanus)snappers, have beenobservedinsurveys

by REEF (Pattengill-Semmens and Semmens, 1998) and MMS (Precht et al., 2006). Overall, lutjanids were not a
dominant species in CCMA surveys (Table 4.8) with only two species (L. griseus and L. jocu) exhibiting sighting
frequencies greater than 1.5% in REEF surveys (Pattengill-Semmens, 2006). These species were also the only
species observed in FGBNMS LTM surveys where abundance was low (Precht et al., 2006). Sighting frequency
for L. jocu was similar between CCMA and REEF surveys, while L. griseus were sighted more frequently on
EB by REEF. CCMA recorded slightly higher sighting frequency on WB. L. buccanella, L. mahogoni and L.
synagris were not observed by CCMA and cubera snapper (Lutjanus cyanopterus) was not documented in
REEF or FGBNMS LTM surveys. O. chrysurus a common continental/insular reef species, has been observed
at FGBNMS in REEF observations.

Less than 1% of the total abundance of fish observed were from the family Lutjanidae. Overall, 104 individuals
were observed from four species (L. analis, L. cyanopterus, L. griseus, L. jocu). Similar to the results observed
by REEF, sighting frequencies were highest for L. griseus and L. jocu. Snappers were observed on both East and
West Banks and density (Figure 4.53) was not significantly different among the bank/habitat type combinations.
No discernible spatial pattern was evident for density on either bank.

Total snapper biomass amounted to 1,686 kg which accounted for 7% of the total biomass observed during the study
period. No apparent spatial pattern was observed for biomass, although one area of peak biomass is noticeable
on the western end of WB (Figure 4.54). Snapper biomass was not significantly different among banks or relief
types. Snapper density and biomass were not correlated with any of the benthic cover parameters or depth.

Only two individuals were less than 20 cm, while nearly half of the snappers observed were greater than 35 cm
(Figure 4.55). As previously mentioned, typical snapper nursery/recruitment habitats (mangroves, seagrass) are
not present at FGBNMS. At present, it is uncertain as to how the sanctuary maintains its snapper population.
Currently it is uncertain if larval or juvenile recruitment occurs in the sanctuary and from where they come from.
These questions are critical to understanding the snapper population structure and ecological function.
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Figure 4.53. Observed (dots) and spatially interpolated de
CCMA surveys for 2006-2007.
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Figure 4.54. Observed (dots) and spatially interpolated
surveys for 2006-2007.
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4.3.3.2.1 Gray snapper (Lutjanus griseus)

L. griseus are tropical/sub-tropical species that occur from the U.S.
mid-Atlantic south to Rio de Janeiro, Brazil, including the Gulf of Mexico
and Caribbean. Aside from FGBNMS, L. griseus are found in a variety
of habitats, including coral reefs, rocky areas, mangrove sloughs,
estuaries, tidal creeks, lower reaches of rivers, and on occasion fresh
waters (Carpenter, 2002). L. griseus can grow to about 76 cm TL
(Manooch and Matheson, 1981) but are more commonly observed
at 55 cm (Carpenter, 2002). Size at maturity varies throughout its
range: 23 cm FL in Florida and 28 cm FL in Cuba (Garcia-Cagide et
al., 1994).

Lutjanus griseus (Burek)

There is a considerable commercial fishery for L. griseus, primarily in Florida and Louisiana, exceeding 922,000
kg and 112,000 kg, respectively, during 2000-2006. The fishery appears to be minimal in the western Gulf
of Mexico. Recreational landings throughout the Gulf have averaged over four million individuals weighing
approximately 753,000 kg (NMFS, unpublished data; http://www.st.nmfs.noaa.gov/st1/commercial/index.html)
where landings from Florida comprise approximately 67% of the total landings by biomass. L. griseus in federal
waters are managed by the GOMFMC under the Reef Fish Fishery Management Plan. Size limits for both the
recreational and commercial fisheries are 32 cm FL.

Sighting frequency on EB (16.05%) was 15 1
similar to that of REEF (19%) and nearly
twice as high on WB (41.67% and 22%,
respectively). Only one L. griseus was
observed by MMS in 64 surveys from
2002-2003.

EEBH BEBL @WBH

The majority of L. griseus observed were
adults and were found on all bank/habitat
types (Figure 4.56). Nearly all individuals
were larger than the minimum take size for
the commercial and recreational fisheries.
L. griseus was the most abundant snapper

Frequency

L el L ,IH.

species observed (n=65) exhibiting a total
biomass of 535 kg. Although sighting
frequency was higher on WB, density
(individuals/100 m?) was not significantly
greater (WB=1.02/100 m?, EB=0.74/100
m?; Figure 4.57). Density was lower on
low relief habitats than high relief, but this

30-35
Size class (cm)

Figure 4.56. Length frequency of gray snapper (L. griseus) observed in CCMA
surveys for 2006-2007. Vertical solid black line represents size of maturity for
females observed in Florida (Garcia-Cagide et al., 1994). Dashed black line
represents the size limit for the recreational and commercial fisheries (GOMFMC,
2008a,b).

15-20 20-25 25-30 35-40 40-45 45-50

difference was not statistically significant. Similarly, biomass (Figure 4.58) was not significantly different on either
bank, but slightly higher on EB (1.31 kg/100 m?) compared to WB (0.85 kg/100 m?). Density and biomass were
both generally greater on the edge of the EB coral cap, while no apparent patterns were obvious on WB.

No size specific spatial patterns were observed throughout the sanctuary (Figure 4.59).

Coral cover, macroalgal cover and depth were not significantly correlated with L. griseus abundance or biomass;
however, in general, density was highest at sites with greater than 40% coral cover and low macroalgae cover.
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Figure 4.57. Observed (dots) and spatially rnterpolated density (#/1 00 mz)for gray snapper (L. grrseus) observed in
CCMA surveys for 2006-2007.

Flower Garden Banks
Lutjanus griseus
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Figure 4.58. Observed (dots) and spatially mterpolated biomass (kg) for gray snapper (L. griseus) observed in CCMA
surveys for 2006-2007.
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4.3.3.2.2 Dog snapper (Lutjanus jocu)

L. jocu are distributed in the western Atlantic from
Massachusetts to northern Brazil, including the Gulf of Mexico
and Caribbean (SAFMC, 2005). They are common on rocky
or coral reefs at depths from 5-30 m. Maximum reported size
is 128 cm TL with a biomass of 28.6 kg (Allen, 1985). Mean
length of sexually mature males (48 cm) and females (43 cm)
have been determined from fish collected in Cuba (Garcia-

Cagide et al., 1994).

Commercial catches primarily occur with handlines, gill nets,

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Lutjanus jocu (CCMA)

and traps and recreational captures typically are harvested with
hook and line and spearfishing (SAFMC, 2005). L. jocu are infrequently recorded in Gulf of Mexico commercial
landings (NMFS, unpublished data; http://www.st.nmfs.noaa.gov/st1/commercial/index.html).

L. jocu sighting frequency was equivalent to that observed by REEF: 22% of surveys on EB and 25% on WB
(Table 4.8). Much lower values were documented by MMS (6%) and exhibited density ranging from 0.03-0.13/100
m? on East and West Banks, respectively (Precht et al., 2006).

Mean size of individuals was smaller on
WB than EB and approximately half were
considered adults (Figure 4.60). Nearly
all individuals observed were greater than
the minimum take size in the commercial
and recreational fisheries.

L. jocu density (EB=0.40/100 m?
WB=0.29/100 m?) were lower than
that observed for L. griseus; however,
biomass was nearly two times greater
(1,006 Kkg). Density was distributed
primarily on the edges of the coral caps
(Figure 4.61) and was significantly
greater on EBH (p<0.0001). Density was
generally lower on low relief habitats, but
was not statistically significant. Biomass
was greater on EB, but no significant
differences were observed between
habitat relief types (Figure 4.62). Density

10 1
EEBH BEBL OWBH

Frequency
(6]

25-30 30-35 35-40 40-45 45-50 50-55 55-60 60-65 65-70 70-75 75-80 80-85

Size class (cm)

Figure 4.60. Length frequency of dog snapper (L. jocu) observed in CCMA surveys
for 2006-2007. Vertical solid black and red lines represent mean size of maturity for
females and males, respectively, observed in Cuba (Garcia-Cagide et al., 1994).
Dashed black line represents the size limit for the recreational and commercial
fisheries (GOMFMC, 2008a,b).

and biomass were predominately distributed on the edges of the coral caps, with no obvious spatial pattern for

size frequency (Figure 4.63).

Abundance and biomass were not correlated with depth, coral or macroalgae cover.

Chapter 4
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Figure 4.61. Observed (dots) and spatially interpolate
surveys for 2006-2007.
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Figure 4.62. Observed (dots) and spatially interpolated biomass (kg) for dog snapper (L. jocu) observed in CCMA
surveys for 2006-2007.
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4.3.3.3 Scaridae (Parrotfishes)

Parrotfishes are abundant herbivores on tropical coral reefs, where they are
often the largest component of the fish biomass. Depth distribution is primarily
1-30 m, with some species occurring down to 80 m. Adult scarids are grazing
animals, feeding on the close-cropped algal and bacterial mat covering dead
corals and rocks, sea grasses and coral. Juveniles feed on small invertebrates.
Parrotfishes feed continuously during the day, often in mixed schools, biting
at rocks and corals. In pulverizing the coral and rock fragments and sand they
create substantial quantities of sediment. In many areas they are probably the
principal producers of sand.

Initial phase Sparisoma viride (Burek)

Herbivores are a key functional group on coral reefs by mediating space competition between corals and benthic
macroalgae (Mumby, 2006). Experiments have shown that exclusion of herbivores, such as parrotfishes and
others, cause a shift from a coral to macroalgal dominated state (Hughes et al., 2007). Some Caribbean parrotfish
species, such as rainbow parrotfish (Scarus guacamaia), queen parrotfish (Scarus vetula), redband parrotfish
(Sparisoma aurofrenatum) and stoplight parrotfish (Sparisoma viride) feed directly on live corals, and thus have
the potential to negatively impact coral fitness and survival. Due to the significant role parrotfish contribute to reef
functionality, an in-depth examination of abundance and distribution patterns for this family is investigated further.

Six species of parrotfish were common during this I[ab/ec‘él?/-lASi’gggg ffqu\ﬁ;scy of all Plgggl;:ﬁsh (Scaridae) species
study period and REEF surveys from 1995-2005 /o7 ’ an SUrveys. estimates (means) are

™ : - from expert surveys only. MMS data only reflect presence/absence
(Table 4.9). Sighting frequencies were considerably indicated by +/-.
lower than REEF estimates for princess parrotfish
(Scarus taeniopterus), Sc. vetula and Sp. viride on

both banks, while higher estimates were observed gzzzz :‘/ae;%.zpterus ggﬁg 78.31 : ;g;g 32:28 :
for greenblotch parrotfish (Sparisoma atomarium) |scarus iseri 1235 1113 + 0 878 +
on both banks. Sp. aurofrenatum sightings were |Sparisoma viride 75.31 9198 + 75 9182 +
comparable on EB and higher than that of REEF on |Sparisoma aurofrenatum 85.18 86.68 + 100 8225 +
WB. Sc. vetula was the most abundant parrotfish [Sparisoma atomarium _ 40.74 1516 - 833 580 -

(72-86% of surveys); densities (individuals/100 m?)
ranged from 0.66-1.06/100 m? during FGBNMS LTM surveys (Precht et al., 2006).

Overall, 1,439 individual scarids were observed within the sanctuary with a total biomass of 148 kg. Total mean
density for all scarids was 13.7/100 m? and was higher on EB than WB. Scarid density by bank and habitat
type indicated greater density (18.1/100 m?) on EBL habitats, followed by 14.2/100 m? on EBH habitats and
significantly lower density (9.6/100 m?) on WBH habitats (p<0.0001; Figure 4.64). The pattern of high density on
low relief was strongly influenced by the high abundance of Sp. atomarium which ranked tenth among all species
observed on low relief habitat.

Sp. aurofrenatum was the most abundant parrotfish observed, and its abundance was equitable throughout the
sanctuary. Striped parrotfish (Scarus iseri) and Sc. taeniopterus density were significantly greater (p<0.0001)
on EB (on both high and low relief) than WB, although these species were the least abundant of the parrotfish.
Sp. viride was the second most abundant and its density was significantly lower (p=0.04) on low relief habitat
than high relief habitat on either bank. The same pattern was observed for Sc. vetula but was not statistically
significant. Sp. atomarium density was low on high relief habitats on both banks, yet significantly greater on EB
(p<0.0001). Overall, parrotfish density was highest in the central, shallower portion of the coral caps.

The distribution of parrotfish biomass (Figure 4.65) was patchy, primarily driven by the abundance of larger-
bodied species, such as Sc. vetula and Sp. viride (Figure 4.66). Total parrotfish biomass was not significantly
different between banks or between bank/habitat type combinations. Mean biomass was greatest for Sp. viride
(0.84 kg/100 m?), followed by Sc. vetula (0.43 kg/100 m?), Sp. aurofrenatum (0.07 kg/100 m?), Sc. taeniopterus
(0.06 kg/100 m?), Sc. iseri (0.003 kg/100 m?) and Sp. atomarium (0.002 kg/100 m?).

Overall, parrotfish abundance and biomass were not correlated with depth, coral or macroalgae cover. However,
individual species exhibited significant correlations. For example, Sp. atomarium density was positively correlated
with depth (p = 0.37) and macroalgae cover (p = 0.32) and negatively correlated with coral cover (p = -0.32).
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Figure 4.64. Observed (dots) and spatially interpolated density (#/100 m?) for all parro
surveys for 2006-2007.
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Figure 4.65. Observed (dots) and spatially interpolated biomass (kg) for all parrotfish (Scaridae) observed in CCM
surveys for 2006-2007.




Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Chapter 4

X%
T
S

i)

=

©
£

AN

N

2
S
@
(%]
g
S
Q

©
S
@
>

2
®

s

£
o
&

Q
g
o
>

L

2

<

o
(2]

2

T

2

=

N

S

S

N

o

S

S

N
=

tfish (Scaridae) size frequency observed in CCMA surveys f

Flower Garden Banks
Size Frequency (cm)
22
>30
[ ] High Relief

Family Scaridae
Figure 4.66. Spatial distribution for all pa




Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

Grazers, such as parrotfish, are functionally important in coral reef ecosystems. Algal growth can negatively
influence coral recruitment and out-compete corals for space. Mumby et al. (2007) claim that herbivores, such as
parrotfish, are necessary for coral health and reef function. As such, the two largest parrotfish observed in CCMA
surveys are examined in more detail.

4.3.3.3.1 Stoplight parrotfish (Sparisoma viride)

Sp. viride are tropical/sub-tropical reef species found in the western Atlantic from south
Florida to Brazil, including the Gulf of Mexico and the Caribbean (Carpenter, 2002). Sp.
viride are one of the larger members of the scarids reaching a
maximum size of 64 cm, biomass of 1.6 kg (Claro, 1994) and
maximum age of approximately nine years (Choat et al., 2002).
Adults typically are found on reefs, while juveniles may be
found on seagrass beds or other heavily vegetated substrates.
Food items include mainly macroalgae, but grazing also occurs
on live corals, such as Mo. annularis (Frydl, 1979). As an
excavating substratum feeder (Bellwood, 1994) this species
is responsible for a significant component of the grazing and
bioerosion of Caribbean reefs (Bruggemann et al., 1996; van
Rooij et al., 1998). Size at maturity data from Bermuda indicate that females reach maturity at 16.3 cm SL (19.6
cm FL; Choat et al., 2002).

Terminal and initial has Sparisoma viride (Burek)

Sp. viride was the second most abundant scarid species with 75% frequency of occurrence on each bank. It
was also common among REEF surveys during 1995-2005 throughout the sanctuary with sighting frequencies
of 88.9% and 84.7% on EB and WB, respectively.

Adults and juveniles were proportionally 90 -
abundant on both banks, but few ®mEBH mEBL mWBH
individuals were observed on low relief
habitats (Figure 4.67). Overall, 303
individuals were observed with a collective
biomass of 88.7 kg. Mean density was
greater on EB (3.03/100 m?) compared
to WB (1.79/100 m?). Density was
significantly greater (p=0.005) on EBH
than EBL but not significantly different
than WBH (Figure 4.68). Mean biomass
(Figure 4.69) was slightly higher on EB
(0.40 kg/100 m?) than WB (0.26 kg/100
m?) but not significantly different between
bank/habitat type combinations.

Frequency
N
(6]

I'l .

0-5 5-10 10-15 15-20 20-25 25-30 30-35 35-40 40-45
Size class (cm)

N t tial patt b d Figure 4.67. Length frequency for stoplight parrotfish (Sp. viride) observed in CCMA
0 a_ppa rent spatia Pa ern was observe surveys for 2006-2007. Vertical solid black line represents mean size of maturity for
for size frequency (Figure 4.70). females (Winn and Bardach, 1960).

Density and biomass were inversely correlated with depth (p = -0.49 and p = -0.27, respectively). Neither were
correlated with coral or macroalgal cover.

Chapter 4
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Figure 4.68. Observed (dots) and spatially interpolated density (#/100 m?) for stoplight parrotfish (Sp. viride) observed in
CCMA surveys for 2006-2007.
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Figure 4.69. Observed (dots) and spatially interpolated biomass (kg) for stoplight parrotfish (Sp. viride) observed in
CCMA surveys for 2006-2007.
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4.3.3.3.2 Queen parroftfish (Scarus vetula)

Sc. vetula are a tropical/subtropical reef species ranging
from Bermuda, Florida, and the Bahamas to South America,
and including the Gulf of Mexico and Caribbean (Carpenter,
2002). Sc. vetula inhabit coral reefs and adjacent habitats at
depths from 3-25 m. Maximum size has been reported to be
approximately 50 cm, but they are more commonly observed
to 32 cm. They are largely herbivorous, scraping algal mats
from reef surfaces and occasionally bite at corals (Carpenter,

2002). Life history information is lacking for this species, 3 =
therefore, size at sexual maturity and other characteristics are Terminal (left) and initial (right) phase Scarus vetula (CCMA)
not available.

Frequency of occurrence was high on both EB (64%) and WB (79%; Table 4.9). Observations made by REEF
exhibited higher sighting frequency and were among the top 10 most frequently sighted fishes on both banks
during 1995-2005 (Pattengill-Semmens, 2006). Sighting frequency was not provided by MMS, but documented
high abundance with 2.37/100 m? on EB and 2.31/100 m? on WB (Precht et al., 2006).

Individuals from all size classes were 100 1
observed on all bank/habitat type
combinations; however, larger individuals
(>30 cm) were observed on high relief
habitats (Figure 4.71). Overall, 200
individuals were observed with a total
biomass of 45.3 kg. Similar to stoplight
parrotfish, Sc. vetula density was
greater on EBH habitats, compared
to EBL habitats (p=0.005). There was
no significant difference between EBL
and WBH. Mean density for each bank/
habitat type was comparable among high
relief habitats, while lower on low relief:
EBH (2.2/100 m?), EBL (0.6/100 m?); and Size class (cm)

WB_H (1.9/100 m?). These values were Figure 4.71. Length frequency for queen parrotfish (Sc. vetula) observed in CCMA
similar to those reported by MMS (by surveys for 2006-2007.

bank comparison). Patterns of density

throughout the sanctuary are displayed in Figure 4.72. On EB, density appeared to be greatest in the central/
southern portion of the coral cap, while no obvious patterns emerged on WB.

EEBH EEBL @WBH

Frequency

0-10 10-20 20-30 30-40 40-50

Patterns of biomass (Figure 4.73) were similar to density patterns. Due to greater abundance on high relief
habitats, biomass was significantly lower on EBL habitats (p=0.002) than on high relief habitats on either bank.
This pattern was particularly influenced by larger numbers of smaller individuals (10-25 cm) which enhanced
biomass considerably (Figure 4.74). Fish greater than 10 cm were most frequently observed on high relief habitat
on both banks, but fish smaller than 10 cm displayed correlation with low relief habits. While the sample size
on low relief habitats was small (n=9), these results indicate possible ontogenetic habitat shifts from low to high
relief. Sc. iseri and Sc. taeniopterus were both shown to exhibit ontogenetic shifts in habitat preference in Puerto
Rico (Christensen et al., 2003) and juvenile Sc. vetula there were also found to be very abundant on low relief
habitats (Cerveny, 2006).

Both density and biomass were positively correlated with coral cover (p = 0.24 and p = 0.32, respectively).
Density and biomass were inversely correlated with depth (p =-0.35 and p = -0.32, respectively).
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Figure 4.72. Observed (dots) and spatially interpolated density (#/100 m?) for queen parrotfish (Sc. vetula) observed in
CCMA surveys for 2006-2007.
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Figure 4.73. Observed (dots) and spatially interpolated biomass (kg) for queen parrotfish (Sc. vetula) observed in CCMA
surveys for 2006-2007.
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4.3.3.4 Carangidae (Jacks)

Carangids are pelagic over continental and insular shelves that
occur globally in tropical to warm temperate seas (McEachran and
Fechhelm, 1998). There are approximately 14 species in the Gulf
of Mexico. Carangids are generally described as fast-swimming
carnivores and pursuit predators; although smaller members of this
family are planktivores. Carnivorous carangids are significant apex
predators on reef ecosystems capable of consuming 30 tons of
biomass annually (Honebrink, 2000). Jacks are highly valued food
and gamefish in Hawaii and elsewhere (Thompson and Munro,
1974b); however, little is known about their biology and ecology.

During 2006 and 2007 four carangid species (Carangoides ruber,
Caranx latus, Caranx lugubris and Caranx crysos) exhibited

mOde.rate to low frequency of °°°”rfer?ce Table 4.10. Sighting frequency of all jacks (Carangidae) species from CCMA,
on either bank. These values were similar ReeF and MMS surveys. REEF estimates (means) are from expert surveys
to those reported by REEF for bar jacks only. MMS data only reflect presence/absence indicated by +/-.

(Cg. ruber) and blue runners (Cx. crysos);
however, horse-eye jacks (Cx. latus) were less

Caranx latus (CCMA)

frequently observed on both banks by CCMA | Carangoides bartholomaei 0~ 3.95 - U B :
(Table 4.10). In contrast, CCMA observed Carangoides ruber 321 64.13 + 375 69.28 +
greater frequency of black jacks (Cx. lugubris) | Ga"anx crysos L 416 43+
on WB. The crevalle jack (Caranx hippos) |S2r@mxhippos 0 1837+ 0 2008 -
and yellow jack (Carangoides bartholomaei) |S2@n latus At 4949 - 1254528 -

Caranx lugubris 16.05 24.03 + 37.5 34.93 -

were not observed by CCMA.

Overall, 758 individuals were observed with a total biomass of 151 kg. Carangids comprised approximately 2%
of the total abundance and 6% of the total biomass during the study period. Cg. ruber was the dominant carangid
species (n=641) and Cx. latus exhibited the greatest biomass (80 kg).

Spatial patterns of density (individuals/100 m?; Figure 4.75) were dominated
by Cg. ruber (11.1/100 m? on EB and 3.8/100 m? on WB) and no significant
correlations were observed among bank/habitat types. In general, density
was evenly spread throughout East and West Banks, with the exception of
several locations with large schools. Areas of high biomass (Figure 4.76) were
reflected by larger species, Cx. latus and Cx. lugubris, and were not correlated
with bank or habitat type. Patterns of density were not correlated with coral
and algae percent cover or depth, although there was a general pattern of
increased abundance with greater percent coral cover.

Carangoides ruber (CCMA)

Figure 4.77 displays length frequency across the sanctuary for all carangids observed on transects. Peak
abundance is noted in the center of EB, reflective of the large school of Cg. ruber. No spatial patterns are obvious
in relation to carangid size structure within the sanctuary.

As expected for pelagic species, none of the Carangidae species exhibited a significant correlation with coral,
macroalgae or depth.

Chapter 4
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Figure 4.75. Observed (dots) and spatially interpolate
surveys for 2006-2007.
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Figure 4.76. Observed (dots) and spatially interpolated biomass (kg) for all jacks (Carangidae) observed in CCMA
surveys for 2006-2007.
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4.3.3.5 Pomacentridae (Damselfish)

Damselfish are one of the most diverse reef fish families in tropical seas.
Species ofthe family Pomacentridae are found in coastal waters associated
with rocky substrates, usually occurring at moderate depths (20-30 m) and
often assembling in large schools (Allen, 1975; Menezes and Figueiredo,
1985). Many of the damselfish species are highly territorial (Randall,
1996). Food habits vary throughout the taxa, but most are herbivorous
(Allen, 1991). Damselfish, as well as other herbivorous species, play a
significant role in the function of coral reefs where it has been shown that
damselfish have suppressed coral recruitment by cultivating algal mats
(Birkeland, 1977). In contrast, increases of coral recruitment have also
been observed within damselfish territories (Sammarco and Carleton,
1981) and coral survival and zonation has been related to damselfish presence on a reef (Wellington, 1982).

q.
| -
)
)
o
®
L
O

Stegastes variabilis (CCMA)

. o Table 4.11. Sighting frequency of all Pomacentridae species from CCMA,
App_rOX|mater 30% of the total abundance REEF and MMS surveys. REEF estimates (means) are from expert surveys
of fishes observed on CCMA surveys were only. MMS data only reflect presence/absence indicated by +/-.

comprised of damselfish. Overall, 11,301
individuals comprising 12 species were

observed and comprising 630 kg of biomass. é:’\‘:g;‘;g”; Z’g"'s ;62439 gg'gg : ;2'50 gg'gg I
Sighting frequency was comparable to most |y o igsolata 74.07 3636 - 733 7433  +
REEF damselfish estimates (Table 4.11) and | chromis multilineata 8025 9713 +  66.67 9498 +
large deviations may be a result of differences | chromis scotti 59.26 69.53 - 79.17 7463 +
in sampling methods. As such, A. saxatilis, |Microspathodon chrysurus 8.64 85.27 + 20.83 62.10 +
yellowtail (Microspathodon chrysurus), dusky |Stegastes adustus e I
(Stegastes adustus) and cocoa (Stegastes Stegastes dlencagus 741 1243 - 417 10.70 +

iabilis) damselfish sightings were much lower | S\edastes leucostictus - 8.64 = 558 ~ = 25 = 7.23 -
varia , Stegastes partitus 93.83 93.16 + 9167 9335 +
than REEF estimates for both banks. FGBNMS Stegastes planifrons 98.77 9221 + 100 9298 +
LTM surveys documented 12 species. Stegastes variabilis 4198 81.64 + 833 66.95 +
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Figure 4.78. Observed (dots) and spatially interpolated density (#/100 mz) for all omentrldae observed in CCMA
surveys for 2006-2007.
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Pomacentrid density (individuals/100 m?) was comparable on both banks and among all habitat types (Figure
4.78). C. multilineata exhibited the highest density (approximately 40/100 m? on both banks) among all
pomacentrids and was the second most abundant fish species observed on WB and fourth most abundant on
EB (Tables 4.4 and 4.5). The sunshine fish (Chromis insolata) was also highly abundant on EB (22/100 m?) but
exhibited lower density on WB (13/100 m?). Bicolor (Stegastes partitus) and threespot (Stegastes planifrons)
damselfish exhibited densities greater than 15/100 m? on EB; however, density for S. partitus was much lower on
WB (5.8/100 m?). The remaining pomacentrid species exhibited density less than 10/100 m? and did not exhibit
any considerable differences between banks.

Total pomacentrid abundance did not
exhibit a significant relationship with
depth or coral and macroalgal cover;
however, correlations were evident at
the species level that provides significant
insight into habitat partitioning within the
sanctuary (Figure 4.79). Two species
(C. multilineata and S. planifrons)
biomass and density were positively
correlated with coral cover, while an
inverse correlation was observed
for S. partitus. C. multilineata and S.
planifrons were also inversely correlated
with macroalgae cover (Figure 4.79).
Depth was positively correlated with two
species biomass and density, the purple
reeffish (Chromis scotti) and C. insolata,
while four species were inversely
correlated (A. saxatilis, C. multilineata,
M. chrysurus and S. adustus). Neither
biomass nor density were correlated
with depth, coral cover and macroalgae
cover for Chromis cyanea, Stegastes
diencaeus, Stegastes leucostictus and
S. variabilis.

a)
Stegastes variabilis
Stegastes planifrons
Stegastes partitus
Stegastes leucostictus
Stegastes diencaeus
Stegastes adustus
Microspathodon chrysurus
Chromis scotti

Chromis multilineata
Chromis insolata

Chromis cyanea

Abudefduf saxatilis

b) Stegastes variabilis
Stegastes planifrons
Stegastes partitus
Stegastes leucostictus
Stegastes diencaeus
Stegastes adustus
Microspathodon chrysurus
Chromis scotti

Chromis multilineata
Chromis insolata

Chromis cyanea

Abudefduf saxatilis

B Depth (m) BEMacroalgae B Coral

0.5 -0.3 -0.1 0.1 0.3 0.5
-0.5 -0.3 -0.1 0.1 0.3 0.5

Spearman's p

Figure 4.79. Pearson’s correlation (p) results displaying all Pomacentridae species
(a) density and (b) biomass correlations with depth, coral cover and macroalgae

cover.
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4.3.3.5.1 Threespot damselfish (Stegastes planifrons)

S. planifrons are a herbivorous and territorial damselfish that is very abundant
on Caribbean reefs. They typically occur on shallow reefs from 1-30 m and
are often found near staghorn coral (Acropora cervicornis; Randall, 1996), star
corals (Montastraea spp.) and leaf/plate corals (Agaricia spp.). S. planifrons
have been reported to 19 years of age in Florida and 17 years at FGBNMS
making them a long-lived resident of the banks (Caldow and Wellington,
2003).

q.
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S. planifrons were highly abundant on both banks ranking eighth in mean
density (17.8/100 m?2) on EB. This estimate was nearly twice as high (9.57/100

exhibited high relative density among REEF
surveys on both EB and WB from 1995-2005.
Overall, 1,845 individuals were observed on
104 of 105 transects. Total biomass amounted
to 12.9 kg.

22 q

S. planifrons was distributed widely throughout
the sanctuary. Individuals <5 cm were dominant
on EBL while fish >10 cm were more abundant
on high relief habitats on both banks (Figure
4.80). Density was not significantly different
among bank/habitat type combinations (Figure
4.81). 0

Mean Frequency

0-5 5-10
Density and biomass were positively correlated Size class (cm)
with percent coral and macroalgal cover (Figure  °c = "> ~cma surveys for 2006.

Flower Garden Banks
Stegastes planifrons

Density
. 18- 64 T High

[ ) 36-47-LOW
@ 24-35

® 1-23

+ 0

Relief

[ Hign
Low {ﬁ> #

Figure 4.81. Observed (dots) and spatially interpolated density (#/100 m?) for threespot damselfish (S. planifrons)

observed in CCMA surveys for 2006-2007.

Stegastes planifrons (E. Hickerson,FGBNMS)

m?) as that estimated by MMS (Precht et al., 2006). Similarly, mean density on WB (16.5/100 m?) was nearly
double the estimate provided by MMS (9/100 m?). S. planifrons ranked 14" overall in sighting frequency and

BEEBH BEBL OWBH

10-15

Figure 4.80. Mean length frequency for threespot damselfish (S. planifrons)
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4.79). Density was not correlated with depth; however, biomass
was inversely correlated.

4.3.4 Fish assemblages

Cluster analysis identified three distinct fish assemblages within
the sanctuary (Figure 4.82). Adeep water assemblage contained
a small number of species at sites with average depths of 32 m
on EB. Typically these sites occurred on low relief habitat and
were considerably lower in coral cover (Table 4.12) and differing
coral species composition than the other assemblages. These
deep, low relief sites were also higher in macroalgae and sponge
cover. The deep water assemblage was typically observed on
EBL which was characterized by low coral cover. Members of Clepticus parrae (CCMA)
this assemblage including, Sp. atomarium, S. planifrons, S. variabilis, goldspot goby (Gnatholepis thompsoni)
and yellowhead jawfish (Opistognathus aurifrons) were
dominant among these habitats and rare elsewhere. Other
species, such as S. partitus and C. insolata, were linked to
this assemblage, but were also commonly found among
other habitat types. Shallow 24

Mixed 29
Deep 32 30 45 2

Table 4.12. Fish assemblages and associated habitat
characteristics. MA=macroalgae.

A shallow water assemblage contained the most species
and encompasses the central shallow portion of the coral
caps. This assemblage inhabits areas of shallow depth,
high coral cover consisting primarily of boulder star corals (Montastraea spp.)
and brain coral (Diploria strigosa), low macroalgal and sponge cover (Table
4.12). This diverse assemblage includes most of the parrotfish (notably Sp.
viride, Sc. iseri and Sc. vetula), S. planifrons, C. multilineata, black durgon
(Melichthys niger), sharpnose puffer (Canthigaster rostrata) and C. parrae. The
third assemblage also contained a high diversity of species and overlapped
substantially with many species from the deep and shallow assemblages.
Overlapping species, such as S. partitus, C. insolata, C. multilineata and
parrotfish species were common throughout the sanctuary but not as dominant
numerically as in other assemblages. This assemblage could be termed a
transition assemblage that resides between the shallow and deep assemblages, primarily along the transition
of low and high relief habitats (Figure 4.82). These sites also exhibited high coral cover (characterized by the
plating forms of Montastraea spp.), and low macroalgal and sponge cover (Table 4.13). Nearly all the piscivores
were contained in this assemblage (groupers, jacks, snappers) as well as Spanish hogfish (Bodianus rufus), P.
furcifer and surgeonfish (Acanthurus spp.).

Canthigaster rostrata (CMA)

PCA results confirmed the species structure for the deep and shallow assemblages. The mixed assemblage
was less well defined; however, dominant species listed above were still the primary species comprising the
assemblage. PCA indicated that S. planifrons was a dominant member of the deep assemblage while cluster
analysis identified it as a primary component of the shallow assemblage.

Chapter 4
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4.4 COMPARISON OF FGBNMS COMMUNITY STRUCTURE AND SELECT CARIBBEAN LOCATIONS
Impacts such as chronic over-fishing, pollution, climate change and disease have deteriorated reefs globally.
Resulting losses observed in coral cover and large predators have serious ramifications to supporting ecological
function and diversity in reef ecosystems (Gardner et al., 2003; Sandin et al., 2008). As a mechanism for estimating
the measure of these impacts, scientists have provided examples of comparatively pristine reefs in the Pacific
Ocean (Friedlander and DeMartini, 2002). Few examples exist (e.g., Bonaire) or have yet to be described in the
tropical western Atlantic Ocean. While we recognize the physical and geomorphological differences between
the FGBNMS coral reefs and those in the Caribbean, the similarities in marine fauna, provide us an excellent
opportunity to make similar comparisons between impacted and relatively non-impacted systems.

Fish survey information from CCMA monitoring during 2006 are compared to three sites (La Parguera, Puerto
Rico; St. Croix and St. John, USVI) that have been extensively monitored by CCMA using the same methods. To
obtain sufficient sample size for analysis 2003-2006 data from the Caribbean locations was pooled. Preliminary
results have been reported (Caldow et al., 2008) and herein a more detailed comparison is made between these
locations.

T

- 3 z Z et €% - N e - ]
Epinephelus striatus in St. John. (CC Mangroves in Puerto Rico (CCMA) Acropora palmata, St. Croix. (CCMA)

4.4.1 Methods

4.4.1.1 Study Areas
The FGBNMS study area has been previously described in Chapter 2 and the Caribbean study areas in Chapter
3.

4.4.1.2 Survey Data

Section 4.2.1 describes sampling methods and Appendix A further details specifics of data collection. See
Chapter 2 for information on site selection. Only sites at depths greater than 18 m (60 ft) were included from
the Caribbean data to match bathymetric conditions at FGBNMS. As such, total sites for comparison from each
location were: FGBNMS (n=73), La Parguera (n=61), St. Croix (n=66) and St. John (n=222). It must be noted
that dives conducted in La Parguera and St. Croix typically do not exceed 27 m (90 ft) and so differences in
depth profiles may contribute to observed differences at these locations. Other factors differing between study
locations that may impact observed differences between communities include: oceanography, local geology, and
availability and configuration of habitat types.

4.4.1.3 Data Analysis
FGBNMS community metrics (richness, density and biomass) were compared to those from La Parguera, St.
Croix and St. John.

Species richness and density data did not meet homogeneity of variance assumptions using Bartlett’s test,
thus nonparametric Kruskal-Wallis tests were used to examine potential differences in community metrics
between locations. Where differences were statistically significant, pairwise comparisons were conducted using
the Nemenyi test. Biomass data were log transformed to meet normality assumptions and ANOVA was used
to examine differences between locations. Tukey-Kramer HSD test was used to evaluate pairwise statistical
significance. All analyses were performed using JMP® statistical software (SAS Institute Inc., 2000). Composition
and biomass of trophic groups were also compared between locations. As previously mentioned, four trophic
groups were classified (herbivore, invertivore, piscivore, zooplanktivore). For this analysis, piscivores have been
further categorized as apex predators and other piscivores. Lastly, abundance, biomass and size frequency of
groupers, snappers and parrotfish were compared between locations.

Chapter 4




q.
| -
)
)
o
®
L
O

page
112

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

4.4.2 Results and Discussion

All community metrics exhibited statistically significant
differences for mean density, biomass and species
richness among locations (p<0.0001 for each). Mean
density of fishes was greatest at St. John, but not
significantly greater than FGBNMS. Fish density at
both sites was significantly greater than St. Croix and
La Parguera; density at St. Croix was significantly
greater than La Parguera (Figure 4.83a).

Biomass (M. birostris excluded) was significantly greater
(p<0.0001) at FGBNMS (22.8 kg/100 m?) than any of
the Caribbean locations. In fact, mean biomass was
greater at FGBNMS than the combination of all three
Caribbean sites (Figure 4.83b). The presence of large
groupers (Mycteroperca, Dermatolepis, Epinephelus
and Cephalopholis spp.) at FGBNMS accounts for a
large portion of this discrepancy. Mean biomass at
FGBNMS (5.06 kg) was nearly seven times greater
than St. Croix (0.78 kg), eight times greater than St.
John (0.65 kg) and 46 times greater than Puerto Rico
(0.11 kg).

Species richness was greatest at FGBNMS; however,
it was not significantly greater than St. John. Richness
at FGBNMS and St. John were significantly greater
than St. Croix and La Parguera; La Parguera species
richness was significantly greater than St. Croix (Figure
4.83c).

Greaterdensity offishatF GBNMS wasdriven primarily by
piscivores, invertivores, and zooplanktivore dominance.
Piscivore density was greater than that observed at St.
John (although not statistically significant), but both
were significantly greater (p<0.0001) than St. Croix and
Puerto Rico (Figure 4.84). Invertivore density was most
abundantat St. John; howeverthey were not significantly
greater than that observed at FGBNMS. Invertivore
density at St. John and FGBNMS was significantly
greater (p<0.0001) than St. Croix and Puerto Rico.
Herbivore density at FGBNMS was significantly lower
(p<0.0001) than all Caribbean locations, while St. John
exhibited the highest herbivore density.

Biomass at FGBNMS was dominated by apex predators
(Table 4.13), comprising 36% of the total observed
biomass (Figure 4.85). This percentage was nearly
twice that of observations at St. John (20%) and Puerto
Rico (16%), and six times greater than St. Croix (6%).
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Figure 4.83. Community metric comparisons (+ SE) for a) density,
b) biomass, c) species richness between FGBNMS, St. Croix, St.
John and Puerto Rico.
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Figure 4.84. Mean density of apex predators (Apex), piscivores
(P), herbivores (H), invertivores (INV), and zooplanktivores (Z) at
FGBNMS, St. John, St. Croix and Puerto Rico.
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Table 4.13. Apex predators observed at FGBNMS and Caribbean

Figure 4.86. Mean piscivore/herbivore density ratio (+ SE) at
FGBNMS in comparison to locations in St. John, St. Croix and

Puerto Rico.

The ratio of piscivore (all piscivores) to herbivore density (Figure 4.86) was significantly greater at FGBNMS
(p<0.0001) than all Caribbean locations. Values approaching one are representative of equal density while
values approaching zero typify communities dominated by herbivores. FGBNMS piscivore/herbivore ratio (0.52)
was nearly three times higher than observed at St. John (0.19), over five times higher than St. Croix (0.13), and
8.5 times greater than Puerto Rico (0.08). This comparison demonstrates the strong piscivore community at

FGBNMS.

Biomass at FGBNMS was dominated by species
from Serranidae, Lutjanidae and Carangidae
families. Mycteroperca spp. accounted for
nearly half of the total apex predator biomass
at FGBNMS. Mycteroperca spp. were absent
in Puerto Rico and St. Croix but present, in low
abundance, at St. John (Figure 4.87). Large
Mycteroperca spp. (>35 cm) density was
common throughout the FGBNMS averaging
1.3/100 m?. Lutjanids were common at three
of the four locations (Table 4.13), although
species composition was variable. Lutjanids
greater than 30 cm (L. griseus and L. jocu)
were considerably more common at FGBNMS
than the Caribbean locations (Figure 4.88).
Lutjanids were smaller at the Caribbean

Density/100 m?

0-5 5-10 10-15 15-20 20-25 25-30 30-35 =35
Size class (cm)

EPR OSTJ @STX BFGBNMS

Figure 4.87. Size frequency of Mycteroperca spp from FGBNMS, Puerto Rico
(PR), St. John (STJ) and St. Croix (STX).
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locations and species composition was
comprised of smaller-bodied species,
such as L. apodus and the invertivore
O. chrysurus. Carangidae species were
abundant at both FGBNMS and St.
John; however, size frequency, and thus
biomass, were considerably different
(Figure 4.89). In St. John, mean size for
Carangidae species is approximately 14
cm, while at FGBNMS mean size is over
21 cm. Large fish, such as Cx. lugubris
and Cx. latus, exhibited mean sizes of
37 and 51 cm, respectively, at FGBNMS.
Only a few jack species were observed
in Puerto Rico and St. Croix and these
were dominated by the smaller sized
Cg. ruber.

Herbivores comprised approximately
11% of the total abundance and 25% of
total biomass at FGBNMS. Herbivore
biomass was significantly greater at
FGBNMS than all Caribbean locations
(p<0.0001).

Parrotfish were the most common
herbivores among all locations;
however, species composition, density
and biomass varied among the locations
(Table 4.14). Sp. aurofrenatum was the
most abundant parrotfish species at
FGBNMS and was also highly abundant
atthe Caribbean locations. Sp. viride and
Sc. vetula were also highly abundant at
FGBNMS and exhibited high biomass.
Sc. iseri was highly abundant at St.
John and Puerto Rico while uncommon
at FGBNMS. Overall, density was
equivalent or greater for parrotfish less
than 25 cm (Figure 4.90). Density for
larger parrotfish was greater at FGBNMS
than all Caribbean locations.

Fish density at St. John was dominated
by invertivores and was significantly
greater than FGBNMS, Puerto Rico
and St. Croix (p<0.0001). Invertivore
biomass was also significantly greater at
St. John (p<0.0001) than other locations.
Invertivore biomass and density were
similar between the four locations with
one exception. Grunts (Haemulon spp.)
are common throughout the Caribbean
but are poorly represented (two species,
five individuals) at FGBNMS. Grunts are
typically found in diverse ecosystems

Density/100 m?
o
w

0

0-5 5-10 10-15 15-20 20-25 25-30 30-35 >35
Size class (cm)

ESTX OSTJ PR mFGBNMS

Figure 4.88. Size frequency of select Lutjanidae species from FGBNMS, Puerto Rico
(PR), St. John (STJ) and St. Croix (STX).
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Figure 4.89. Size frequency of select Carangidae species from FGBNMS, Puerto
Rico (PR), St. John (STJ) and St. Croix (STX).

Table 4.14. Parrotfish species density (D; # indiv./100 m?) and biomass (B; kg/100 m?)
at FGBNMS and Caribbean locations.

Cryptotomus roseus 0 0 0.69 0.001 0.74 0.005 0.59 0.002
Scarus coeruleus 0 0 0 0 0 0 0.005 0.01

Scarus iseri 0.30 0.003 7.26 0.20 0.74 0.04 6.00 0.16
Scarus taeniopterus 206 006 756 031 192 0.16 13.70 0.57
Scarus vetula 1.92 043 0 0 0.11 0.03 0.25 0.06

Sparisoma atomarium 1.86 0.002 0.64 <0.001 1.11 0.001 0.86 0.001
Sparisoma aurofrenatum 4.70 0.07 569 021 573 0.31 995 0.25
Sparisoma chrysopterum 0 0 0.03 0.01 0.03 0.003 0.08 0.02

Sparisoma radians 0 0 0.02 <0.001 0.21 0.002 0.09 <0.001
Sparisoma rubripinne 0 0 0.02 <0.001 0.09 0.02 0.01 0.005
Sparisoma viride 292 085 0.87 023 026 0.13 129 0.29




with large areal extents of sand, seagrass,
and mangrove habitats and the lack of these
habitats at FGBNMS may suppress the
presence of this family.

Zooplanktivore density at FGBNMS was
significantly greater than the Caribbean
locations (p<0.0001) where three species
(C. multilineata, C. parrae, P. furcifer) were
numerically dominant. Biomass was also
significantly greater at FGBNMS (p<0.0001)
accounting for approximately 25% of the total
biomass observed. Zooplanktivore biomass
contributed less than 10% of total biomass at
Caribbean locations.

This section examines community structure
among locations with geomorphic and habitat
component differences; however, the focus
was to compare fish community structure
with differing levels of anthropogenic factors.
As such, fish trophic structure at FGBNMS
is considerably different from coral reef
ecosystems in the USVI and Puerto Rico
where piscivore and apex predator abundance
and biomass were substantially reduced
(Table 4.15). Trophic group ratios at FGBNMS
closely resemble those with limited or no
anthropogenic stressors (see Friedlander and
DeMartini, 2002) and are skewed towards
herbivores and planktivores in the USVI with
greater anthropogenic stressors, most notably
fishing pressure. While the ecosystems under
comparison are vastly different between

Biogeographic Characterization of the Flower Garden Banks National Marine Sanctuary

1247

Density/100 m?
»

0-5 5-10 10-15 15-20 20-25 25-30 30-35 >35
Size class (cm)

EFGBNMS @STX HPR @STJ

Figure 4.90. Size frequency of select Scaridae species from FGBNMS, Puerto
Rico (PR), St. John (STJ) and St. Croix (STX).

Table 4.15. Trophic structure by density (# individuals/100 m?) and biomass
(kg/100 m?) at East and West FGB, St. John, St. Croix and Puerto Rico.

Density

Herbivore 49.11 27.71 66.93 56.34 4477
Invertivore 111.83 137.83  228.79 90.14 48.20
Zooplanktivore 166.67 130.17 66.38 4.95 19.89
Apex predator 4.98 8.54 1.24 0.42 0.67
Piscivore 41.21 5.00 7.83 6.09 3.54
Biomass

Herbivore 6.01 5.58 2.09 1.60 1.63
Invertivore 2.49 1.84 3.16 2.32 1.1
Zooplanktivore 6.97 22.52 0.80 0.05 0.20
Apex predator 5.60 19.07 1.77 0.31 0.59
Piscivore 0.44 0.28 0.67 0.80 0.09

geomorphology, latitude and depth structure, the dominance of apex predator biomass at FGBNMS completely
distinguishes the sanctuary from the Caribbean locations. Non-apex predator piscivores were generally less
abundant at FGBNMS as these populations may be suppressed due to increased apex predator abundance.
In contrast, these species may be more abundant in the Caribbean where apex predators are diminished.
Additionally, the strong planktivore community at FGBNMS is significantly different both in density and biomass
from that observed in the Caribbean and may be reflective of a more “oceanic” reef ecosystem. Herbivores are
generally less abundant at FGBNMS than in the Caribbean, but attain larger size and greater biomass. More
information throughout the Caribbean and other similar coral cap reefs are necessary to further examine these

patterns.
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Al 4.5 SUMMARY AND RECOMMENDATIONS

This work is a complement to earlier studies, which provided both a general overall characterization and
quantitative information for a relatively spatially constrained portion of the SCC. This characterization
provides the necessary quantitative density, size structure and habitat related information crucial to monitor
change across the coral cap community.

A total of 117 species from 37 families were observed during the course of the surveys including the first
sighting of the Nassau grouper (E. striatus) and the second of the goliath grouper (E. itajara).

Two of three species recently added to the FGBNMS species list were also recorded during the course of
this study: sergeant major (A. saxatilis) and mardi gras wrasse (H. burekae).

With the exception of species richness, which was significantly lower in the low relief habitat than the high
relief at either bank, the other community level metrics, biomass, density and diversity were not significantly
different among strata.

The three most abundant families observed at the banks were Labridae (35%), Pomacentridae (30%),
and Serranidae (14%). Biomass was dominated by species in the family Serranidae (42%) followed by
Kyphosidae (15%), Lutjanidae (7%), Carangidae (6%) and Scaridae (6%). The invertivore and zooplanktivore
trophic groupings dominate numerically while the piscivores (including apex predators) along with the
zooplanktivores dominate by biomass.

Three distinct fish assemblages were identified on the banks separated by depth: a deep water assemblage
typically associated with the low relief habitat; a shallow water assemblage associated primarily with high
relief habitat; and an assemblage near the interface of the two habitat types.

The trophic structure observed on the SCC is comparable to many “pristine” coral reef ecosystems recently
described in the Pacific. The dominance of large apex predators and other high trophic level species
distinguish the community from coral ecosystems in the U.S. Caribbean.

Monitoring these assemblages through time will provide information to strengthen the relationships and
species memberships observed by CCMA and provide a valuable quantitative indicator for measuring
ecosystem change.

Since these species (groupers, snappers, etc.) are targeted by commercial and recreational fisheries,
activities to quantify fishing effort and extraction should be implemented to better understand the level of
fishing effort within the sanctuary and its impact to the resource.

In addition to continued monitoring, emphasis should be placed on identifying potential sources for
recruitment into the sanctuary. Currently, only inferences are made as to larval fish origin and limited
information exists confirming spawning activity inside the sanctuary.

Monitoring of the deeper (>30 m) portions of the sanctuary is recommended to understand the connectivity
between the deep and shallow habitats. While different sampling methods will have to be implemented, this
is an important data gap given that the coral caps comprise only 1% of the sanctuary.
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