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“Connectivity of the Pulley Ridge –
South Florida Coral Reef Ecosystem”

• NOAA-NOS-NCCOS Grant
• NOAA Center for Sponsored Coastal 

Ocean Research  NA11NOS4780045
• $5 million grant- 5 years

• Synergistic Activity-35 Principal 
investigators:

• Univ. Miami, CIOERT HBOI-FAU, 
UM-CIMAS, NOAA AOML, NOAA 
Fisheries, FSU

• Sub-Theme: Benthic Community 
Structure

• J. Reed, S. Farrington, D. Hanisak
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This work was part of a 5 yr grant from NOAA; and included several universities and agencies including FAU, University of Miami, FSU, and NOAA Fisheries



Presenter
Presentation Notes
Pulley Ridge is a Mesophotic Coral Ecosystem or MCE Protected by a Habitat Area of Particular Concern – OR HAPC,  that is 100 miles off the coast of Florida in the Gulf of Mexico



“Connectivity of the Pulley Ridge –
South Florida Coral Reef Ecosystem”

• Sub-themes: 
• Community structure, 
• Coral genetics and connectivity,
• Oceanographic currents and 

modeling
• Purpose:  

• Understand the coral ecosystem 
connectivity between mesophotic 
reefs 

• Pulley Ridge, Gulf of Mexico
• & shallow water reefs 

• Florida Keys

Presenter
Presentation Notes
1 This 5 year NOAA grant consisted of 5 sub-themes.  Ours was to understand the benthic community structure.  2 The Purpose was to understand the coral ecosystem connectivity between mesophotic Pulley Ridge and shallow water Florida Keys.



Objectives of the Community 
Structure Sub-Theme

• Quantify and characterize: 
habitat and benthic community
• Analyze percent cover and density 

of benthic community 
• Calculate coral size distribution
• Determine health of coral and 

degree of coral morbidity

• Compare benthic communities 
among regions at PR 

• Compare to historical data 
collected 35 years ago

Agaricia sp. Lamarck, 1801

Presenter
Presentation Notes
The objectives of our Community Structure theme were to quantify and characterize: the habitat and benthic community, compare benthic communities among regions at Pulley Ridge and  to compare the community to historical data collected from 35 years ago



Deep Refugia Hypothesis

• Suggests that MCEs may be 
less impacted from natural and 
human impacts 

• Provide increased resilience for 
shallow water reef species 
through the export of fish and 
coral larvae.

• To prove this, we need to 
understand the long term 
stability and resilience of 
MCEs.

Glynn 1996, Bongaerts et al. 2011

Montastraea cavernosa (Linnaeus, 1767)
Pulley Ridge (60-80 m)Tortugas (30-40 m)

Presenter
Presentation Notes
The deep reef refugia hypothesis suggests that Mesophotic Coral Ecosystems may be less impacted from natural and human impacts and thus provide increased resilience for shallow water reef species through the export of fish and coral larvae.To prove this, we need to understand the long term stability and resilience of Mesophotic Coral Ecosystems.



Data Collection & Analysis



• Mohawk ROV- high 
definition video/photos w/ 
lasers 

• Digital Still Images– to 
quantify benthic habitat, 
macrobiota 

• ROV Collections- 5 
function manipulator and 
collection skid

Presenter
Presentation Notes
We used the UNCW/CIOERT Mohawk ROV Collected Digital Still Images– to quantify benthic habitat, macrobiota And collected specimens



Methods
Site Selection
• Multibeam of Pulley Ridge 

and HAPC showing drowned 
paleo-shoreline from 15,000 
ybp

• (D. Naar,USF)

• 1 km2 Fishnet layover 
• Randomly selected 1 km2

blocks

Presenter
Presentation Notes
Starting with the Multibeam we had available (10 m) Sites were selected by creating a 1 km fishnet in ArcGIS andRandomly selecting blocks 



Methods
Over the 4 Cruises- Univ. 
Miami R/V Walton Smith, 
2012- 2015:
• 9 Zones defined
• 69 1-km2 blocks surveyed 
• 237 hrs video for analysis of 

fish populations
• All data (digital images, dive 

annotations etc.) 
georeferenced to ROV 
position for plotting in ArcGIS

Presenter
Presentation Notes
We defined 9 zones across Pulley RidgeAnd surveyed at total of 69 1 square kilometer blocksWhich included 237 hours of video for fish analysis and Georeferencing all the data in the process



Methods
• Randomly conducted 5 -

1km transects in each block 
(at ~¼ knot & 1-m altitude)

• At least 24 pictures per 
Transect 

• Used CPCe to analyze each 
image for:

• % cover  
• coral density, size & disease 

frequency 
• 8,280 photos used for 

quantitative analysis
• 62,627! corals counted and 

measured

2011 Nancy Foster 2 m Multibeam2011 Nancy Foster 2 m Multibeam

Presenter
Presentation Notes
With in each block we conducted 5 randomly selected transectsTaking images every 30 seconds, resulting in at least 24 images per each transect and 120 images per blockUsing CPCe, Coral Point Count software from NCRI, these 8,300 images were then analyzed for % cover of all fauna and substrate as well as for Coral Density and size, I ended up counting a total of 62,627 corals. 



Overall Habitat Characterization from Percent Cover



Habitat Characterization by Zone

• Low Rugosity
• Low Relief (<1 m rise)
• Low Slope < 10o

• Depth Range: 60-105 m

13%

87%

Overall Bottom Cover

Soft
Bottom

Hard
Bottom
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Presentation Notes
All sites are low relief, flat, low slope, mostly rock pavement and cobble; average HB cover is 87%; depth range is 60-105 getting deeper as go west  from Main Ridge to the West Ridge. 



Habitat Characterization by Zone

50%

7%

35%

8%

Overall Biota vs. Substrate 
Cover

Biota

Bare Rock

Bare Rubble

Bare Soft
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Overall, 50% of Pulley Ridge is covered in fauna which is very high with up to 76% at the Main Ridge South region



Habitat Characterization by Zone
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Coral
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Other Fauna
Non-Fauna

3%
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And 46% overall, and 72% of the cover on Main Ridge South with 3% other fauna.  



Percent cover of fauna only 
(excl. algae)
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Excluding algae, the dominant biota are sponges, scleractinian coral, gorgonian coral, and black corals



Multi-dimensional scaling (MDS)

Ridge
Main Ridge- North

Main Ridge- Middle

Main Ridge- South

Central Basin- North

Central Basin- South

West Ridge- North

West Ridge- South

Off Reef

Similarity
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2D Stress: 0.02
Transform: Square root
Resemblance: S17 Bray Curtis similarity

ANOSIM Global Test
Sample statistic (Global R): 0.809
Significance level of sample statistic: 
0.4%
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Using PRIMER 6, The MDS plot shows the similarity of the benthic communities among the regions;  Each region – Main Ridge, Central Basin and West Ridge have distinct biotic communities. Which results in an R statistic of 0.809 (P<0.05) in ANOSIM



Species Richness by Region
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there are >200 total benthic species including 92 sponges, 44 cnidarians and 29 species of algae. 



Coral Community



Scleractinia Identified at Pulley 
Ridge (60-105 m)

Class- Anthozoa
• Order- Scleractinia

• Agaricia fragilis Dana, 1848
• Agaricia grahamae/ lamarcki Wells, 1973
• Agaricia undata (Ellis & Solander, 1786)
• Helioseris cucullata (Ellis & Solander, 1786
• Madracis brueggemanni (Ridley, 1881)
• Madracis decactis (Lyman, 1859)
• Madracis formosa Wells, 1973
• Madracis myriaster (Milne Edwards & 

Haime, 1850)
• Madracis sp. Milne Edwards & Haime, 184
• Montastraea cavernosa (Linnaeus, 1767)
• Oculina diffusa Lamarck, 1816
• Scleractinia- unid colonial 
• Scleractinia- unid solitary cup 
• Scolymia sp. Haime, 1852

Presenter
Presentation Notes
�(AUTO SLIDE) Of the 44 species of Cnidarians, there were 14 species of scleractinian corals; mainly Agaricia, Helioseris, Madracis, and Montastraea.  In the Central Basin, outside of the HAPC, we discovered huge expanses of Agaricia corals.



Presenter
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Using Kernel Smoothing Method in ArcGIS Geostatistical Analyst Predication Modeling on Coral Density, we get a hot spot in the central basin of up to 30 corals per square meter and less then 1 colony per square meter on Main Ridge – North and MiddleOverall density of all hard corals was 8 colonies per square meter. The greatest density occurring in the Central Basin South at about 16 colonies per square meter. 



Distribution of corals by size



Distribution of Plate Corals by 
Size Class

• Distribution of 
plate corals by size 
class (5 cm 
increments) 

• 68.7% <5 cm; 
94.8% <10 cm 
diameter.
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This analysis of coral size distribution shows the majority of corals on Pulley Ridge are apparently from a relatively recent spawning events with 95% of them being less then 10 cm in diam.



0-4 cm5-9 cm10-14 cm20-29 cm
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The highest quantity of small corals is in the central basin As the coral size increases the quantity decreases and moves southeast towards Main Ridge South. 5-9 cm10-14 cm20-30 cm



Comparing Current Coral Cover to the Past 



Long Term Stability, Changes & 
Resilience of Corals

• 1980’s Bureau of Land 
Management

• 2003 USGS Surveys
• Same methodology as our 

surveys.
• Using HBOI Code recoded 4 

sites.
• No lasers, so only % cover 

was completed

Presenter
Presentation Notes
Our data was compared to two historical data sets; one in 1981 and one in 2003these historical data sets were on the Main Ridge



Transform: Square root
Resemblance: S17 Bray Curtis similarity
2D Stress: 0.09 Project Ridge
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Sample statistic (Global R): 0.583
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Presenter
Presentation Notes
Comparing the sites collected in 2003 (Blue Icons) and the 2015 Blocks (Red Icons) the MDS plot shows a VERY Distinct difference between the years which resulted in a GLOBAL R of 0.583.



• Increase in Algae Average 
Abundance

• Decrease in Corals Average 
Abundance

• +0.16A. 
menziesii

• +0.05
Lobophora, 

Peyssonnelia, 
Dictyota 

• +0.04Corallinales, 
Halymenia, Codium

• <-
0.07

Madracis & 
Helioseris

• -0.09Montastraea 
cavernosa 

• -0.18 & -0.27
Agaricia 

spp.

Species Differences 2003 to 2015
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Presentation Notes
The SIMPER Test shows the differences between the two years comes from an increase in mostly algae Anadyomene increased the most followed by Lobophora, Peyssonnelia and DictyotaAnd Corallinales, Halymenia, Codiumand a decrease in mostly Scleractinian Corals Madracis and Helioseris cucullataMontastraeaMostly Agaricia grahamae and Agaricia sp.
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Looking at strictly corals, USGS 2003 data had an overall % Cover of 12 % across the Main Ridge (with the highest cover in the Main Ridge Middle area) compared to the 2015 HBOI data which had an overall of 1.5 % concentrating mostly in the south. Overall this about a 95% loss of coral on the main ridge from 2003 to today. 



Coral % Cover Over Time

20032015 20152003
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The Kriging Model for the 2003 USGS data for coral cover is a stark difference from the 2015 model.Side by side 



Potential Causes on Pulley Ridge in 30 Year Period



Potential Causes of Coral Loss 

• 95% Coral Loss 
from 2003 to 
today

• Central Basin 
has explosive 
new coral 
growth. 

Presenter
Presentation Notes
So what could have caused this die off, nearly 95% loss of coral on the Main Ridge over the past 10 years? [don’t read bullets; hold slide for 6 sec or so]  



Climate Change and Bleaching 
Events

• 3 Yr CTD Record-
• 18.47 (Aug) to 28.48oC (Nov.) and averaged 23oC (Ryan Smith, NOAA/AOML).

• Cold water upwelling events from Loop Current and nearby Florida shelf 
escarpment

• Florida Keys have had cold water events dropping shallow water reefs to 
13oC causing coral death.

Presenter
Presentation Notes
Is climate change or cold water upwelling the cause? We only have 3 years of continuous CTD bottom data at PR.  Temperatures ranged from 18 to 28 degrees, which were never warm or cold enough to cause bleaching. Cold water upwelling events could be possible from the Loop Current and nearby Florida shelf escarpment. 



Sedimentation and River Runoff

• Satellite imagery from 
NOAA VIIRS 
chlorophyll A sensor 

• Satellite imagery 
shows the clear 
influence of the 
Mississippi River 
plumes, over 375 miles 
away over Pulley 
Ridge

(Hine et al. 2008; CoastWatch, 2015).

Pulley Ridge

Presenter
Presentation Notes
Even though PR is 100 miles offshore, satellite imagery of chlorophyll clearly shows the influence of the Mississippi River plumes, over 375 miles away. 



Deepwater Horizon Oil Spill

• In 2010, HBOI-CIOERT 
conducted Johnson-Sea-Link II 
(JSL) submersible dives to 
survey the mesophotic reefs all 
along the west Florida shelf

• We saw no visible evidence of 
oil on any of the MCEs along 
the west Florida shelf or Pulley 
Ridge, 340 nmi away from the 
wellhead.

Reed & Rogers 2011

Presenter
Presentation Notes
Also PR would have been downstream of the huge Deepwater Horizon oil spill in 2010. But, During our submersible cruise in 2010 we saw no visible evidence of oil at any location along the west Florida shelf including Pulley Ridge.



Hurricanes
• 339 hurricanes passed through 

eastern GOM since 1900
• Major Hurricanes to cross 

Pulley Ridge
• 1998- Cat 3
• 2005 (after USGS survey)- Cat 2

• In 2012 Hurricane Isaac (Cat 1) 
crossed directly over Pulley 
Ridge
• No visible damage
• Bottom ADCP current records 

never exceeded 50 cm/s.

(Bongaerts et al. 2013. NOAA 2016)

Pulley Ridge

Presenter
Presentation Notes
Hurricanes are annual major events in this region.And at least 2 have directly crossed PR since 2005. In 2012 Hurricane Isaac crossed directly over Pulley Ridge; ROV dives in the following year did not indicate any obvious damage. Bottom ADCP did not show any current peak and never exceeded 50 cm/s.Hurricane damage at Pulley Ridge, where depths are 60-80 m, may not be the likely cause of coral loss but it is a possibility



Fisheries

• MCEs are just as prone as 
shallow water reefs to 
damage from overfishing

• With GPS even these deep 
and far offshore 
mesophotic reefs can be 
easily targeted

• There is documentation 
that Trawling has destroyed 
MCEs 

(Reed et al. 2007; Andradi-Brown et al. 2016)

Presenter
Presentation Notes
MCEs are just as prone as shallow water reefs to damage especially with the advent of highly precise GPS, even these deep and far offshore mesophotic reefs can be easily targeted. 



Ocean Acidification

• The impact of ocean 
acidification on 
carbonate reef building 
species is well known 

• Acidification is expected 
to impact MCEs 
worldwide

http://c-can.msi.ucsb.edu/

(Langdon 2005, Albright 2010, Andradi-Brown et al. 2016)

Presenter
Presentation Notes
Acidification will likely continue to impact MCEs worldwide effecting coral reefs and Mesophotic Coral Ecosystems



Disease

• Recent surveys indicate 
that mesophotic coral 
communities are indeed 
susceptible to biotic 
diseases.

• Only 1.76% of the corals 
showed signs of bleaching 
or disease (primarily some 
white syndrome).

• Main Ridge North had the 
highest % of White 
Syndrome and bleaching 
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1) Recent surveys of MCEs in Puerto Rico and the U.S. Virgin Islands indicate that mesophotic coral communities are indeed susceptible to biotic diseases.2) These diseases are very similar to what we have seen for many of the PR agariciids.Only 1.76% (or 653 colonies) of the corals showed signs of bleaching or disease.Main Ridge North had the highest % of White Syndrome and bleaching (7%) – keeping in mind that there were only 99 corals counted on the main ridge, 7 of them showed signs of disease. 



• Lionfish are now prevalent throughout the Pulley Ridge 
HAPC and in particular associated with red grouper 
burrows– depopulating the small and juvenile reef fish?

Presenter
Presentation Notes
Lionfish are an invasive species around the southeast US. In 2010, during the Deep-water Horizon oil spill cruise we reported the 1st 6 lionfish sightings on Pulley Ridge.  



Invasive Lionfish

• Lionfish on 
Pulley Ridge

• 53  Lionfish
• 1 Grouper

Presenter
Presentation Notes
This was taken in the 2014 ; Can you Count the lionfishIn this imageThere are 53 lionfish And 1 grouperThere is a small rock pile that normally would be used as a refuge for the natural resident the red grouper.  



Trophic Cascade 
and Lionfish

Lionfish

Small 
Herbivorous 
Fish

Algal Cover

Corals

http://nas.er.usgs.gov/

Pulley Ridge

Presenter
Presentation Notes
The sudden invasion of the predatory Lionfish can be causing a decrease in the population of small herbivorous reef fish, which in turn is increasing the algal cover and these large leafy macroalgae are then smothering the corals?  We know there were very few Lionfish on Pulley before 2010? We need more data to determine this one!** SIDE NOTE**  In studies of mesophotic reefs in the Bahamas, lionfish predation on herbivorous fish has caused a shift in the benthic community to an increase of algae relative to corals (Slattery and Lesser 2011).    





Conclusions
• Comparing the 2003 

year USGS data 
with our data of 
2012-2015:
• ~95% loss of coral 

cover! 

• There is no smoking 
gun: 
• could have been 

disease outbreak, 
cold water upwelling 
event, or hurricane 
loss or lionfish caused 
trophic cascades?
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So in Conclusion, in the past 10 years we have seen a 95% loss of coral; However, there is no smoking gun: This could have been due to disease, upwelling event, Lionfish trophic cascade.



Resilience of the Coral Community 
at PR MCE

• Resilience- A clear 
shift in the epicenter 
of the major coral 
density also 
occurred in that 10 
year period.  

• Coral cover is now 
greatest in Central 
Basin South 
(average 3.5% cover, 
maximum 6.71% by 
block).

• 94.8% of the coral at 
this new epicenter 
are <10 cm diameter 
(68.7% <5 cm).  
Clearly a new coral 
settlement within 
the past 10-15 years.
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Talk: However the PR mesophotic coral community clearly showed resilience in surviving the aftermath of the coral die off. The coral has clearly shifted to the Central Basin area and the coral size distribution clearly shows this is a relatively recent settlement event within the past 10 years.



Proposal for New MPA at Pulley Ridge 
and Florida Keys National Marine 
Sanctuary

Reed, J. and S. Farrington. 2014. Proposed
HAPCs/MPAs for mesophotic and
deepwater coral/sponge habitat and
essential fish habitat in the eastern
Gulf of Mexico. A proposal to the Gulf
of Mexico Fishery Management
Council. GOMFMC Webinar,
September 22, 2014. 38 pp. Harbor
Branch Oceanographic Technical
Report Number 152.

Presenter
Presentation Notes
As a result of this work, we have submitted a proposal to the regional fisheries council and the FKNMS to expand the protected area of PR to include the entire area of reef habitat.
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