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Abstract Since 1989 a federally supported long-term coral

reef monitoring program has focused on two study sites

atop East and West Flower Garden Banks in the north-

western Gulf of Mexico. We examined 25 yr of benthic

cover data to provide a multi-decadal baseline and trend

analysis of the community structure for this coral reef

system. Despite global coral reef decline in recent decades,

mean coral cover at East and West Flower Garden Banks

was above 50% for the combined 25 yr of continuous

monitoring, and represented a stable coral community.

However, mean macroalgal cover increased significantly

between 1998 and 1999, rising from approximately 3 to

20%, and reaching a maximum above 30% in 2012. In

contrast to many other shallow water reefs in the Caribbean

region, increases in mean macroalgal cover have not been

concomitant with coral cover decline at the Flower Garden

Banks.
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Introduction

East and West Flower Garden Banks (EFGB and WFGB)

are part of a series of coral reefs and coral communities

along the outer continental shelf in the northwestern Gulf

of Mexico (Bright et al. 1985). These habitats provide

favorable conditions for hermatypic corals and support

abundant fish and invertebrate populations (Clark et al.

2014; Johnston et al. 2015). In 1989, the United States

Department of the Interior established a long-term coral

reef monitoring program at EFGB and WFGB to monitor

for potential impacts from nearby oil and gas development.

In 1992, EFGB and WFGB were designated as Flower

Garden Banks National Marine Sanctuary, and Stetson

Bank was later added in 1996. The purpose of this study

was to examine 25 yr of benthic cover data at EFGB and

WFGB and provide a multi-decadal baseline and trend

analysis of the community structure of this unique coral

reef that continues to flourish when many other reefs in the

Atlantic and Caribbean region are declining due to envi-

ronmental and anthropogenic stressors (Gardner et al.

2003; Mumby and Steneck 2011; DeBose et al. 2012;

Jackson et al. 2014).

Materials and methods

EFGB and WFGB are located approximately 190 km south

of the Texas and Louisiana border, with a variety of

habitats ranging in depth from 17–140 m (Fig. 1). The

shallowest portions of each bank are topped by well-de-

veloped coral reefs, in depths ranging 17–50 m. Benthic

percentage cover data have been collected annually during

summer months since 1989 at permanent 10,000 m2 study

sites (hereafter referred to as ‘‘study sites’’) on each bank

(Fig. 2). Within the study sites, depths ranged 17–27 m.

Benthic cover was determined through analysis of a

series of non-overlapping randomly located 10-m photo-

transects. Like many long-term monitoring programs, a

variety of underwater camera setups was used to capture
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benthic cover as technology advanced from 35-mm slides

(1989–2001), digital videography using video still frame

grabs (2002–2009), and digital still images (2010–2014)

(Gittings et al. 1992; CSA 1996; Dokken et al. 1999, 2003;

Precht et al. 2006; Zimmer et al. 2010; Johnston et al.

2015). Currently, a Canon Power Shot G11 digital camera

in an Ikelite housing and 28-mm equivalent wet mount lens

adaptor, mounted on a 0.65-m t-frame with bubble level

and two Inon Z240 strobes is used to capture images along

16 transects per study site. The mounted camera was

placed at intervals marked on a spooled measuring tape at

80 cm apart producing 17 non-overlapping images along

the transect.

Since 2004, mean percent benthic cover has been ana-

lyzed using Coral Point Count with Microsoft Excel

extensions (CPCe) versions 3.3 and 4.1 with a 500 point

overlay distributed among all images within a transect

(Aronson et al. 1994; Kohler and Gill 2006). Organisms

positioned beneath each random point were identified to

the lowest possible taxonomic level and grouped into four

primary functional groups: (1) coral; (2) sponge; (3)

macroalgae; and (4) ‘‘CTB,’’ a composite substrate cate-

gory that includes crustose coralline algae, fine turf algae,

and bare rock (Aronson and Precht 2000; Aronson et al.

2005). Macroalgae included algae longer than approxi-

mately 3 mm and thick algal turfs. Point counts were

analyzed for photos within a transect, and mean percentage

cover was determined for all groups by averaging all

transects per bank. Prior to the use of CPCe, percent cover

was calculated with myler traces and a calibrated

planimeter from 1989 to 1995 (Gittings et al. 1992; CSA

1996). From 1996 to 2003, random dot layers were gen-

erated manually in photo software programs (Dokken et al.

1999, 2003).

The range of data collected has varied slightly over the

years. From 1989 to 1991, only mean percentage coral

cover was collected; other major functional groups were

added in 1992. No data were collected in 1993 due to poor

weather. Significant long-term trends in mean percentage

cover were detected using the Mann–Kendall trend test in

R version 3.2.0 (Hipel and McLeod 1994). Functional

group means by year and bank were compared using

Fig. 1 Bathymetric map of outlined Flower Garden Banks National Marine Sanctuary boundaries, consisting of Stetson Bank (2.18 km2), East

Flower Garden Bank (65.86 km2), and West Flower Garden Bank (77.54 km2), located on the outer Texas-Louisiana continental shelf (inset)
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multidimensional scaling with a time series trajectory in

Primer version 6.0 (Anderson et al. 2008). Cluster analyses

were performed on Bray–Curtis similarity matrices with

SIMPROF tests to identify significant (a = 0.05) clusters

within the data. Significant community differences were

identified using ANOSIM (Clarke and Warwick 2001;

Anderson et al. 2008).

Results and discussion

Mean coral cover at EFGB and WFGB during the period

1989–2014 ranged 39–62%, significantly increasing over

time (s = 0.571, p\ 0.001) (Fig. 3). Dominant coral

species with the greatest mean percent cover were the

Orbicella species group (31.8%) (primarily Orbicella

franksi), followed by Pseudodiploria strigosa (8.4%)

(Fig. 4). There were no significant differences in coral

species composition between banks from 1989 to 2014.

Macroalgae and CTB cover generally varied inversely, with

macroalgae significantly increasing (s = 0.648, p\ 0.001)

and CTB significantly decreasing (s = -0.552, p\ 0.001)

over time (Fig. 3). ANOSIM results comparing the bank

communities revealed no significant dissimilarities, sug-

gesting that EFGB and WFGB were similar to each other in

overall benthic community composition from 1989–2014.

Prior to 1999, macroalgal cover was consistently below

3%; however, in 1999, macroalgal cover increased to

approximately 20% and has remained high ever since

(peaking above 30% in 2012 and remaining near 30% since

2013). Multivariate historical percent cover analysis was

compared among years for which appropriate data was

Fig. 2 Bathymetric map showing the study sites at both banks. The areas in red are generally those that are shallow enough to support coral reef

growth

Coral Reefs (2016) 35:821–826 823

123



available (1994–2014) to evaluate benthic cover change

over time. SIMPROF tests from cluster analysis resulted in

two significant (p = 3.290, p\ 0.001) clusters (85%

similar) corresponding to the shift in increased macroalgae.

In the cluster defined by the years 1999–2014, a smaller

variation of two non-significant clusters (90% similar) was

also identified, one generally for the period 2002–2008,

and the other for the period 2009–2014 (Fig. 5).

An inverse relationship between macroalgae and CTB

has been observed throughout the monitoring program.

However, after 2008, macroalgal cover was greater than

CTB cover, continuing to increase until 2012. These trends

suggest that from 1994 to 1998 the reef community was

stable but there was a shift beginning in 1999 as CTB

Fig. 3 Mean percentage cover

of coral (red triangles),

macroalgae (green circles),

crustose coralline algae/turf/

bare rock (CTB, gray squares)

and sponges (orange diamonds)

at (a) East Flower Garden Bank

and (b) West Flower Garden

Bank. Error bars are standard

errors (not available before

1996). Data from Gittings et al.

(1992); CSA (1996); Dokken

et al. (2003); Precht et al. (2006,

2008); Johnston et al. (2013,

2015)

Fig. 4 Percentage cover of dominant coral species at East Flower

Garden Bank and West Flower Garden Bank 1989–2014. The

Orbicella species group combines O. franksi, O. faveolata, and O.

annularis. These species have been recognized as separate in recent

years, but are grouped to compare historical data
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declined and macroalgae cover increased, causing the

community to change due to significantly higher macroal-

gal cover.

This shift in macroalgal cover is consistent with other

reefs in the Gulf of Mexico and Caribbean region. Nearby

Stetson Bank, located 48 km northwest of WFGB, is a

series of claystone and siltstone pinnacles covered by a

diverse coral and sponge community, which has shown a

similar but more pronounced trend (DeBose et al. 2012).

Prior to 1999 mean coral cover on high relief pinnacles at

Stetson Bank ranged 23–32%, mean sponge cover ranged

27–39%, and mean macroalgal cover ranged 13–20%.

After 1999, coral and sponge cover decreased to 7 and

16%, respectively, while macroalgal cover increased to

62%, presumably from river discharge flowing offshore,

hurricanes, and thermal stress leading to bleaching events

(DeBose et al. 2012). Toth et al. (2014) reported increased

macroalgae cover and significant coral decline from 1998

to 2012 at study sites in Florida Keys National Marine

Sanctuary where mean coral cover had declined to 2% by

2011, likely due to disease, hurricane damage, and thermal

stress. Other reefs in the wider Caribbean region are also

showing declines largely due to algal competition, over-

fishing, bleaching, and coral disease (Gardner et al. 2003;

Steneck and Lang 2003; Jackson et al. 2014).

In contrast, EFGB and WFGB have not shown a decline

in coral cover, despite periodic hurricanes and bleaching

events (Hagman and Gittings 1992; Dudgeon et al. 2010).

Some possible reasons for the relatively stable condition of

the banks include: (1) deep water (17–25 m) that provides

a more stable environment than shallow reefs; (2) the

remote offshore location (190 km offshore), limiting

anthropogenic stressors from coastal runoff; (3) olig-

otrophic oceanic conditions; and (4) protective federal

regulations (Aronson et al. 2005; Johnston et al. 2015). It

should be noted the FGB coral community lacks acroporid

corals that have contributed to regional decline in coral

cover (Aronson et al. 2005).

Despite their remoteness, EFGB and WFGB are not

immune to impacts. Climate change, invasive species,

storms, and water quality degradation are potential threats

(ONMS 2008; Nuttall et al. 2014). As the Gulf of Mexico

ecosystem continues to change (Karnauskas et al. 2015),

ongoing monitoring will be critical to document ecosystem

variation. The relatively high coral cover since the begin-

ning of the monitoring program make EFGB and WGB

ideal for protection and conservation. Continued monitor-

ing will document changes in the reef community condition

compared to the historical baseline and enable resource

managers to make decisions regarding management and

research activities focused on the dynamics of the benthic

communities and the biota they support.
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