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ABSTRACT 

Photographic transects were taken in 2009 and 2010 on the VK826, VK906 and GB535 

lease blocks to quantify the amount of the seafloor covered by living or dead colonies of the 

deep-sea coral L. pertusa, as well as species composition of associated fauna. Carbonate coral 

skeletons were collected from the same reefs and were analyzed for δ13C, δ18O and ∆14C. The 

photographic evidence shows the VK826 reef had a total coral cover area of 1289 m2 with 

33±19.2% live coral cover in areas that had coral in 2009. In 2010 the total coral coverage was 

280 m2 with 31±13.5% live coral cover. VK906 had 53 m2 of total coral coverage area showing 

22±26.0% live coral cover in areas containing coral in 2010, while GB535 showed no corals in 

the photographic evidence in 2010. Total coral coverage for the entire survey (2009 and 2010) 

was 4.25±15.5%.  The carbonate substrates at these sites have formed due to natural hydrocarbon 

seepage, which is ongoing in localized areas. The dissolved methane water samples show small 

amounts of CH4 in the water above the reefs. The values of δ13C (-6.5‰-0.5‰) and δ18O (0.8‰-

3.7‰) measured in the coral skeletons were consistent with the previously reported values for L. 

pertusa from the Gulf of Mexico. The δ13C skeleton values show evidence of an environmental 

gradient among these coral communities. ∆14C showed growth rates (Linear extension rates) of 4 

to 15mm yr-1 and ages of 90 to 440 ybp.  
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CHAPTER ONE 

INTRODUCTION 

1.1 Distribution 

 Lophelia pertusa (Linnaeus 1758) is a cosmopolitan, framework building scleractinian 

coral that has settled in many regions (Figure 1.1) (Roberts et al., 2009). The reefs have a wide 

range of habitable area, they have been found from 55 degrees South up to 71 degrees North 

(Cairns and Opresko, 1994; Dons, 1944), including the Antarctic, Atlantic, Indian, and Pacific 

oceans (Rogers, 1999). In the Gulf of Mexico, L. pertusa are believed to be less dense and more 

scattered than other known coral regions (Brooke and Schroeder, 2007; Ross and Nizinski, 

2007). 

1.2 Subpopulations 

 There are two different morphotypes (Figure 1.2) of Lophelia pertusa worldwide (Brooke 

et al., 2009; Newton et al., 1987): brachycephala and gracilis. Brachycephala is heavily calcified 

with thick branches and very large calices, while gracilis has smaller branches, a prominent 

septal ridge, and is more fragile (Brooke et al., 2009). The brachycephala morphotype is found 

in the Viosca Knoll region and the gracilis morphotype is found in the Green Canyon region. 

There could be a number of factors that are the cause for these different morphologies including 

current speed, food availability, temperature, and aragonite saturation. However, to date there is 

no overlap in the distribution of the morphotypes (Brooke et al., 2009). 
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1.3 Radiation of Lophelia pertusa 

 The deep-water scleractinian coral Lophelia pertusa is in the family Caryophylliidae 

(Rogers, 1999), and  is found to cluster with other corals of the same family, unlike the other 

sclearctinian corals such as Madrepora oculata (Le Goff-Vitry et al., 2004). The family 

Caryophylliidae is not classified by a well defined set of morphological characters, and is found 

throughout the phylogenetic tree of scleractinians (Figure 1.3), leading to the suggestion that the 

suborder is polyphyletic (Romano and Cairns, 2000) and will henceforth be referred to as 

Lophelia in this paper. Lophelia specimens from Brazil and the Northeast Atlantic had a genetic 

difference of 6.96%. This indicates a high level of genetic differentiation, and suggests that 

Eastern and Western Atlantic populations have been reproductively isolated for a considerable 

time or may even represent different species (Le Goff-Vitry and Rogers, 2005; Le Goff-Vitry et 

al., 2004). A genetic difference of 2.96% was reported between an Acropora palifera and 

collected from the Pacific Ocean and an Acropora muricata from the Indian Ocean (Le Goff-

Vitry et al., 2004). Two different species of coral are shown to have better genetic connectivity 

than the samples of Lophelia from the Northeast Atlantic and Brazil. 

Studies of the subpopulations off the European coast found that the fjord subpopulations 

were highly genetically different from the continental margin populations, suggesting low gene 

flow between the fjords and continental margins (Le Goff-Vitry and Rogers, 2005). These 

authors suggest that this could arise due to the physical distance between these corals and those 

on the European continental margins. Alternatively, fjord populations are often isolated by 

shallow sills that can create a barrier to larval transport into or out of the fjords. Some 

populations have undergone recent gene recombinations in areas with low gene recruitment and 

are not currently in Hardy-Weinberg equilibrium with the other sampled populations, showing 
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differences in the level of population differentiation between subpopulations. The moderate 

genetic differentiations reported among the subpopulation distributed along the European margin 

suggest that a certain genetic cohesion is maintained over the open slope over a long periodic 

time and the differences cannot be explained solely by geographic isolation (Le Goff-Vitry and 

Rogers, 2005). 

Gulf of Mexico and Southeastern United States populations are genetically distinct 

compared to the populations in the Northern Atlantic. They also appear to closely related yet 

distinct from one another (Morrison et al., 2011). Long distance dispersal is likely to play a 

major role in the colonization of manmade structures by Lophelia (Roberts, 2002b), but occurs 

only enough to produce regional cohesion of populations (Morrison et al., 2011). 

1.4 Habitat for Associated Fauna 

 Lophelia is a framework building deep-water coral that has an associated fauna that is 

nearly as diverse as that of a tropical coral reef (Freiwald, 1998; Hovland and Mortensen, 1999; 

Jensen and Frederiksen, 1992; Mortensen et al., 1995; Rogers, 1999). Over 1300 species have 

been recorded living on Lophelia reefs (Henry and Roberts, 2007; Roberts et al., 2006). Lophelia 

reefs support a species diversity that is nearly three times that of the soft bottom surroundings 

and may function as a point for spreading of associated fauna (Group, 2000). The coral acts to 

reduce velocity or increase turbulence of the water allows for other suspension feeders to settle 

(Duineveld et al., 2007; Wilson, 1979). Complex dimensions of these reefs have served to trap 

sediment as well as cryptic worms, crustaceans, mollusks and echinoderms (Hall-Spencer et al., 

2002). Dead portions, which may vary in their accumulations from mound to mound or reef to 

reef depending on the conditions surrounding the corals, also provided suitable habitat for sessile 



4 

 

suspension feeders like sponges, hydroids, serpulids, bryozoans, and tunicates (Hall-Spencer et 

al., 2002). Fishes are known to aggregate on deep-sea coral reefs and species such as redfish 

(Sebastes spp.), ling, tusk, and saithe have all been found on Lophelia reefs (Furevik et al., 1999; 

Mortensen et al., 1995). These corals may also play a role in the reproduction cycle of some 

species of redfish (Sebastes spp.) (Fossa et al., 2000). The physical structure and presence of the 

reef could provide attractiveness that brings redfish to aggregate on these areas along with the 

food provided by the reef (Husebo et al., 2002; Mortensen, 2000). 

1.5 Spawning 

 Lophelia is a gonochoristic species found to have two major skeletal colors: orange and 

white and morphologies: brachycephala and gracilis (Newton et al., 1987; Waller and Tyler, 

2005). All female colonies found in the sampled area (Tisler reef) were of the orange morph and 

the white morph appeared to be low. All mesenteries found at the time of collection were fertile. 

The gametes are in two to three pockets throughout the mesentery. Mesenteries on the polyps can 

range from 13 to 24 (Waller and Tyler, 2005). The oocytes seem to grow rapidly between the 

months of September and October then are released in the January and February season in order 

to match spring phytoplankton blooms, which is a food supply (Waller, 2005), those times 

coincide with other species of the benthos that are seasonal spawning species in the studied 

region of the Northeast Atlantic (Tyler and Young, 1992). The populations of the Gulf of Mexico 

and Southeastern United States release their gametes between September to October (Brooke et 

al., 2007).  The seasonality of regional primary production may cause regional populations to let 

their gametes go at different times leading to incongruous reproduction and speciation among 

Lophelia populations (Morrison et al., 2011). 
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1.6 Settlement 

 Lophelia has settled in many regions around the world with only a few exceptions (Figure 

1.1) (Roberts et al., 2009). These corals are most likely to have lecithotrophic larvae, as they 

would be able to survive long distance dispersals in an uncertain environment (Waller and Tyler, 

2005). Continental shelf breaks, dead coral mounds, pre-existing topographic highs, moraine 

ridges, ice plow marks, levees, and diagenetic hard surfaces are all areas that Lophelia corals are 

found growing or have grown in past climates with favorable conditions (Freiwald et al., 1999; 

Mortensen et al., 2001). The sediments that these mounds build on tend to have been altered by 

anaerobic methane oxidation, microbial alteration of hydrocarbons (Formolo et al., 2004; Thiel 

et al., 2001; Wallmann et al., 1997), and often contain accumulations of terrigenuous muds and 

nanofossil oozes (Coles et al., 1996).  

 After the initial settlement, Lophelia forms small dendiform bushes, followed by roughly 

hemispherical colonies, which eventually from thickets (Squires, 1964). The hemispherical 

colonies are the main occurrence of the Lophelia population in the Gulf of Mexico (Brooke and 

Schroeder, 2007).  

1.7 Environmental Requirements for Life 

 The favorable conditions for the coral must be met, in order to sustain growth comparable 

to that of their shallow water cousins. In the mid Norwegian area the growth rates are of 2-3 m2 

ka. Cold water corals on average are believed to grow an order of magnitude slower than tropical 

corals (Bosence and Waltham, 1990; Freiwald et al., 1999). Growth rates in the Gulf of Mexico 

can vary from 5 to 16 mm yr-1 (Table 1.1) (Brooke et al., 2009). Depth, temperature, salinity, 
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oxygen minimum zones, and aragonite saturation all play a role in the optimal growth of 

Lophelia.  

Lophelia colonies are generally found with an average depth of 300 to 800 meters on the 

upper continental slope (Ross and Nizinski, 2007), but corals have been found to settle in a range 

as shallow as 39 meters (Rapp and Sneli, 1999) and deeper than 4,000 meters (Freiwald et al., 

2004). The average range for the corals observed in the Gulf of Mexico, Viosca Knoll, is 450 to 

550 meters.  

 These corals have a narrow tolerance for salinity and temperature (Rogers, 1999). They 

prefer water temperatures that remain constant in the range of 4° to 12° Celsius for optimal 

growth (Dons, 1944; Frederiksen et al., 1992; Freiwald, 1998; Teichert, 1958), though they have 

been found residing in temperatures of below 4° Celsius for most of the year (Bett, 2001). The 

preferred salinity range is near 35 on the practical scale (Davies et al., 2008; Freiwald et al., 

2002). The temperature and salinity in Gulf of Mexico range from 6.5 to 11.6 degrees Celsius 

and 34.95-35.4 on the practical salinity scale (Mienis et al., 2012).  

Aragonite concentration plays a role in where Lophelia is found. A change in the depth of 

the aragonite saturation horizon (ASH) in the world’s oceans could have an impact on 

scleractinian corals, but the change that it may have on the corals is uncertain. Of the 95 percent 

of corals that are currently in or above the ASH, with an useable amount of aragonite for 

consumption available, nearly 70 percent of the corals will be in unsaturated water by 2099 

(Guinotte et al., 2006). Little evidence has been found to show carbonate under-saturation of up 

to 30% affects distribution, skeletal composition, or growth rates of corals (Thresher et al., 

2011).  The surrounding waters are saturated (Ωarag>1) and prefer a density envelope of 27.35-
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27.65 kg m-3 (Dullo et al., 2008; Guinotte et al., 2006).  In the Gulf of Mexico the aragonite 

density envelope is 27.1-27.2 kg m-3 (Davies et al., 2010). 

1.8 Feeding 

 Corals occur in areas with topographic anomalies, where local accelerated currents keep 

the corals from being buried by sediment and increase the amount of food the coral can obtain 

(Cairns and Stanley, 1981; Freiwald, 1998; Mortensen, 2000). It is known that Lophelia, an 

azooxanthellic coral, lives heterotrophically by filtering its food particles out of the water column 

and has a diet that consist mainly of zooplankton shown by the enriched monosaturated fatty 

acids and 15N concentrations (Kiriakoulakis, 2005; Mortensen et al., 2001). Lophelia has larger 

polyps than other deep-sea scleractinian corals such as Madrepora oculata (Kiriakoulakis, 2005) 

and has been seen feeding on calanoid copepods and occasionally on semipelagic crustaceans 

(Henrich et al., 1997). Mortensen (2000) showed that Lophelia is able to use dead particulate 

matter. 

Warmer downwelling surface water transporting fresh surface material can act to speed 

up the metabolic rate and increase the feeding rates of Lophelia. It has been discovered that 

during times exposed to warmer water, in a laboratory setting, that Lophelia increased its oxygen 

consumption by 30 to 50 percent (Dodds et al., 2007). Dodds et al. (2007) also showed that 

Lophelia has the ability to lower its metabolism in lower oxygen environments. The wide 

distribution of this species may result from the numerous food sources that it has been seen 

feeding on (Roberts et al., 2009). 
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1.9 Stress Factors 

 Burial by sediment may cause death by suffocation in deep-sea corals and has been 

shown to limit fertilization (Gilmour, 1999) and larval settlement (Babcock and Davies, 1991; 

Gilmour, 1999). Hurricanes can increase the sediment load up to 500 meters. Lophelia has 

shown a resistance to high levels of sedimentation and its survival decreases in steps until it may 

no longer be able to recover (Brooke et al., 2009).  

 Each polyp on these corals contains two types of cilia, which are oral disc cilia and 

pharyngeal cilia (Shelton, 1980). Once buried, Lophelia has around 2 to 4 days to remove the 

sand before it suffocates. The average removal time of sediment is near 246 minutes, and the 

sediment is usually moved towards the lower edge of the calyx in a laboratory setting (Brooke et 

al., 2009). Lophelia has been seen digesting sediment, but it does not feed simultaneously 

(Mortensen et al., 2001). In cases where there is a prolonged period of suspended sediment, the 

constant removal of sand may cause the coral to starve to death even with food readily available 

(Brooke et al., 2009).  

1.10 Anthropogenic Effects 

 Lophelia reefs represent a highly complex habitat on the continental shelf, slope, and 

seamount environments with a highly diverse associated fauna (Fossa and Mortensen, 1998; 

Rogers, 1999). The ecological carry-over of degraded or completely destroyed reefs on these 

fauna may be substantial (Fossa et al., 2002). There is concern over potential damage to deep-

water coral reefs since they are built over centuries to millennia, and therefore require a longtime 

to recover from impacts (Freiwald et al., 1999). 
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 Towed gear has caused extensive damage to deep-water coral reefs off Norway, 

Tasmania, and the Southeastern coastline of the United States (Fossa et al., 2000; Koslow et al., 

2000; Koslow et al., 2001; Reed et al., 2007). Photographic and acoustic surveys have located 

trawl marks at 200-1,400 meters depth all along the Northeast Atlantic shelf-break area from 

Ireland, Scotland, and Norway (Fossa et al., 2000; Roberts et al., 2000; Rogers, 1999). These 

trawl scars are up to 4 km long and characterized by parallel trenches where otter doors, rock 

hopper gear, and nets have damaged epifauna, dragged rocks and turned over sediment (Hall-

Spencer et al., 2002). The corals maybe crushed or buried, and wounds in the tissue for possible 

microbial infection may also reduce the health of the corals (Fossa et al., 2002). These corals are 

especially fragile and easily reduced to rubble by towed fishing gear (Hall-Spencer et al., 2002) 

and increased mortality, nearly 100% (Reed et al., 2007), is the most obvious effect from the 

mechanical impact by bottom trawling making the damage detrimental (Fossa et al., 2002).  

Anchor scars, drilling deposits, and debris can all be directly linked to petroleum 

exploration in the Gulf of Mexico (Continental Shelf Associates, 2006). Concerns about the 

impacts from petroleum exploitation activities on cold-water corals have become an issue in 

recent studies (Butler and Gass, 2001; Cimberg et al., 1981; Rogers, 1999). Lophelia was 

reported on oil and gas infrastructure in the North Sea in the late 1990’s with the 

decommissioning of the Brent Spar oil storage buoy (Bell and Smith, 1999) and visual surveys of 

live coral colonies on infrastructure in the Beryl Field (Pearce, 1999; Roberts, 2002a) and in 

2000 from the actively drilling Brent Alpha platform (Roberts, 2002a). The presence of Lophelia 

on these oil structures, including observations of drill cuttings on living coral colonies (Roberts, 

2000) leads to questions regarding the species sensitivity to oil and gas activities (Gass and 

Roberts, 2006). Exposure to drill muds and cuttings was evident from visual discoloration of 
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colonies, accumulated sediment on coral skeletons and up to 30% polyp mortality (Gass and 

Roberts, 2006). It also appears colonies are able to partially exist in these environments where 

polyps on the tops and bottoms of colonies are fully expanded while the other half of the colony 

is dead. It is likely that the lethal effects observed are a consequence of physical smothering by 

drill mud and cuttings, but it remains unknown if and to what degree coral colonies were affected 

by the toxicity of hydrocarbons, metals, and other potentially toxic additives found in drill muds 

(Gass and Roberts, 2006). The drill muds can extend for nearly a kilometer and make deposits up 

to 45 centimeters thick, while creating zones of lower diversity, evenness and richness for certain 

species (Continental Shelf Associates, 2006).  

 The Gulf of Mexico is a major hydrocarbon basin. Natural and accidental releases of oil 

and gas occur in association with Lophelia reefs. Moreover, carbonates formed by hydrocarbon 

seepages are an important settlement substrate for Lophelia larvae (Brooke and Schroeder, 2007; 

Cordes et al., 2008). Oil is a complex mixture of many compounds that can cause short and long 

term damage in corals (NOAA, 2001). The impact of oil on a coral community involves the 

physical, chemical, and biological factors that affect the oil and differ for each spill and 

ecosystem (Haapkyla et al., 2007) such as the type of oil, dosage, physical environmental factors, 

prevailing weather conditions, nature of biota, seasonal factors, prior exposure of the area to oil, 

presence of other pollutants, and the remedial action (Straughan, 1972). The dispersants used to 

break the oil into smaller particles can be harmful to the coral as it is more integrated in the water 

as well as incorporated into bottom sediments. The droplets of oil can also combine with other 

particles and sink to the bottom to affect deeper corals (NOAA, 2001). Acute impacts from oil on 

deep-sea coral communities have been reported in the Gulf of Mexico. The impacted 
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communities showed visible signs of excessive mucous production, tissue damage, and were 

partially or fully covered in a brown flocculent (White et al., 2012).  

1.11 Questions 

 With documented recent impacts to deep-water coral communities in the Gulf of Mexico 

(White et al., 2012) an assessment of the coral communities current state in the Gulf of Mexico is 

needed. This study compares the Lophelia communities on the Northern Gulf of Mexico 

continental slope. Photographic surveys of Viosca Knoll and Garden Banks will used to establish 

live-to-dead ratios and differences in megafauna for the communities. Radiometric carbon dating 

was used to determine the age and calculate linear extension rates of the coral mounds. Samples 

from the water column were used to determine the concentrations of light hydrocarbons, if any, 

surrounding the reefs. δ13C and δ18O values were collected from carbonate coral skeletons at the 

different communities. 

Table 1.1. Reported growth rates of Lophelia pertusa from studied regions. 

Region Rate Type of Growth Age Method used 

North sea Oil Rig 26 mm/yr Linear Extension Rate ~20 ybp 

(Bell and Smith, 

1999) 

Sula Ridge 2-3 m/ka Accumulation Rate 8150 ybp 

(Freiwald et al., 

1999) 

Aquarium 15-17 mm/yr Linear Extension Rate N/A (Mortensen, 2001) 

Gulf of Mexico 5-16 mm/yr Linear Extension Rate N/A 

(Brooke and Young, 

2009) 

Gulf of Mexico 6 mm/yr Linear Extension Rate 390 ybp 

(Continental Shelf 

Associates, 2007) 

Norway 5.5 mm/yr Linear Extension Rate N/A 

(Mortensen and 

Rapp, 1998) 

Northern Norway 19 mm/yr Linear Extension Rate N/A 
(Freiwald et al., 
1997) 

Ireland/United Kingdom 4.5-7.1 mm/yr Linear Extension Rate N/A (Duncan, 1877) 

Norway 25 mm/yr Linear Extension Rate N/A 

(Mikkelsen et al., 

1982) 

Gulf of Mexico 4-15 mm/yr Linear Extension Rate 

90-440 

ybp This study 
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Figure 1.1.  Worldwide distribution of the deep-sea cold-water coral Lophelia pertusa (Davies et 

al., 2008).  

 

 

Figure 1.2 Lophelia pertusa (A) Brachycephala morphotype and (B) Gracilis morphotype 

(Brooke et al., 2009). 
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Figure 1.3. Phylogram from a Bayesian analysis. Note the Lophelia pertusa (B) Brazil and the 
Lophelia pertusa (NEA) North East Atlantic. Genetic difference of 6.96% was observed between 

the two samples. (Le Goff-Vitry et al., 2004).  
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CHAPTER TWO 

METHODS 

2.1 Field Methodology 

2.1.1 Photographic Transects 

 Photographic data (Table 2.1) were used to quantify live-to-dead ratios as a part of the 

Exploration and Research of Northern Gulf of Mexico Deepwater Natural and Artificial Hard 

Bottom Habitats with Emphasis on Coral Communities: Reefs, Rigs, and Wrecks project, which 

included two research cruises during 2009 and 2010. The first cruise was during August and 

September of 2009 on the R/V Brooks McCall. It used the SENTRY Autonomous Underwater 

Vehicle (AUV) equipped with a Prosilica 1380C camera (1360x1024) with a Schneider-

Kreuznach Cinegon 8mm lens over a plotted route to collect photos of the Lophelia community 

below. The photographs were downloaded from the camera to an external hard drive and given 

file names corresponding to time, date, and photograph number to facilitate geo-reference for the 

images.  The community selected for the AUV survey was located at the Viosca Knoll block 826 

(VK 826). This survey (Figure 4)  covered the major portion of the known reef  (Schroeder, 

2002). The average altitude for the AUV was 6.68 meters. The second cruise, on  R/V Ronald H. 

Brown, during October and November of 2010, used the JASON II Remotely Operated Vehicle 

(ROV) to collect photographs over random transects on known Lophelia communities (Figure 

2.1). The average altitude for the ROV was 4.74 meters. 

The photographic surveys collected by the JASON II, used a Nikon E995 camera 

(1536x2048) in a Scorpio underwater housing. Images were stored as jpeg files using the date-

time naming convention. The survey regions were rectangular regions of 200X200m or 
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250X250m positioned in areas known to contain corals. Prior to beginning the survey, a series of 

100-m long transects were chosen at random within the survey area (MacDonald et al., 2010).  

2.1.2 Coral Samples 

 Samples of Lophelia were collected using the robotic arms on the JASON II. The corals 

were sealed in bioboxes and quivers, which also collected the ambient water from the seafloor. 

The samples were brought to the surface and rinsed with the bottom water to remove all organic 

matter. The coral samples were then separated into smaller sections of live and dead pieces along 

the branch and placed into jars and sealed. The samples were collected from 22 stations at 5 sites 

during the cruise which included Viosca Knoll, Garden Banks and Green Canyon (Table 2.2).  

2.1.3 Dissolved Methane Water Samples 

 Dissolved methane water samples were collected on the cruise using Niskin bottles 

attached to a rosette sampling rack on the JASON II ROV. A conductivity, temperature, depth 

sensor (CTD) on the ROV provided synoptic measurements of the temperature and salinity at the 

time of the collection. The water collected was from the deepest part of the dive using the Niskin 

bottles on the rosette sampling rack and directly over the coral reef with the Niskin bottles on the 

ROV. The Niskin bottles allowed the researchers to target the location for the collection of water 

samples.  The water was then placed in a 100 mL vial which was rinsed three times. 2 to 3 pellets 

of Potassium Hydroxide (KOH) were added to the water and then it was sealed with a rubber 

stopper. Following the stopper two small needles were added while 10mL of Helium (He) was 

added. One of the needles was then removed and the water sample was pressurized with 5 mL of 

He. The methane samples were collected from sites at Viosca Knoll, DeSoto Canyon, Garden 

Banks, Green Canyon, and Mississippi Canyon (Table 2.3). 
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2.2 Analytical Methodology 

2.2.1 Photographic Transects 

The photographs were reviewed in detail to determine the presence of Lophelia and 

visible associated fauna. When a  photograph was found to contain images of Lophelia, the file 

was opened in ImageJ, an image processing program  (Burger, 2009), to measure the total area 

cover of coral, both live and dead. The area of live and dead coral was measured by selecting the 

perimeter of the coral. The perimeter was traced using the ImageJ freehand tool. The total area of 

both types of coral was selected and measured, followed by the measurement of the live region 

of the corals. The dead area was determined by subtracting the live portion of coral from the total 

amount of coral. These measurements were first collected as the number of image pixels within a 

perimeter. These values were converted to real area based on the altitude of the camera for a 

given photograph and the acceptance angle of the camera system. The acceptance angle was 

calculated with arctangent function. The pixel ratio is displayed in the ImageJ program. An 

equation using the acceptance angle (a), altitude (h), and pixel ratio of the photograph will 

provide the area of the photograph. The area equation for the camera system of the AUV 

SENTRY was attained from personal communication with D. Yeoger (2012).  

Area= ((h*0.95)*(1360/1024))*0.95 [SENTRY] 

Area=W*H [JASON II] 

W=2(arc (a/2)*h) [JASON II] 

H=W*(1536/2048) [JASON II] 
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From these numbers a ratio of area live to dead colonies was calculated for the observed corals. 

The ratio was established by dividing either the live or dead coral by the total amount of coral. 

Then the percentage was converted to decimals to be used for obtaining the area in m2 of corals 

in the photographs. This was done by taking the total area of coral in the photograph and 

dividing it by the decimal percentage of live or dead coral.  

2.2.2 Species Composition 

 Fauna at all sites were identified to the nearest practical taxon (Table 2.4). Faunal 

diversity was quantified using the Shannon-Weiner index and all the sites were compared using a 

Bray-Curtis similarity index. Primer6 software was used to model the indexes (Clarke and 

Warwick, 2001).  

2.2.3 Coral Samples 

 The coral skeleton samples (Table 2.2) were analyzed for δ13C, δ18O, and ∆14C values to 

determine the source carbon and age of the corals. To obtain the δ13C and δ18O values of the 

coral skeleton,  twenty-nine of the forty-eight coral skeleton samples  collected were selected 

based on the location  (i.e. top, middle, bottom) on the branch. Small pieces of each sample were 

soaked in 10-14% sodium hypochlorite (NaClO) to remove any remaining organic matter. 

Samples were then dried in a chemical hood and crushed to a fine powder. Powdered samples 

were then thoroughly dried, weighed out into batches between 250-500 µg and flushed with He 

to remove all the air trapped in the test tube. Samples were acidified using 5 drops of 100% 

H3PO4 and allowed to sit overnight for the coral to dissolve completely. The samples were run 

through a MS to determine δ13C and δ180 values at the National High Magnetic Field Laboratory. 
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 To determine the age of the corals, CO2 gas was collected by dissolving coral skeletons 

before the samples could be sent off to the National Ocean Services Accelerator Mass 

Spectrometry Facility (NOSAMS) for analysis. The samples weighed between 10-20 mg 

(milligrams) and were dissolved in 3mL of 21% H3PO4 overnight. The samples were then 

injected with 10mL of He, and 10mL of gas were then withdrawn and put into a clean vial. The 

gas was stripped from the vial and then run through three different gas traps and isolated in a 

glass tube which was flamed sealed (Chanton et al., 2008).  

 Samples of coral skeletal material were analyzed to estimate growth rates. Subsamples of 

material were taken from the skeletal component of the living polyp at the distal end of the 

branch closer to its base. The skeletal components of living polyps all showed non-zero ∆ 14C 

ages. Assuming that the living polyp had an age of zero, actual ages of the subsamples were 

estimated by subtracting the ∆14C age of the old branch. 

2.2.4 Dissolved Methane Water Samples 

 The methane samples were shaken to extract methane, and injected with 5 mL of He. 

Then 6 mL of gas was drawn into a syringe and analyzed using a gas chromatograph (GC). 

These results indicate the amount of light hydrocarbons in the water column around the reefs.  

2.2.5 Dissolved Inorganic Carbon Water Samples 

 DIC was analyzed by headspace equilibrium injection on a Thermo Finnigan MAT Delta 

Vmass spectrometer (Chanton and Lewis, 1999).  
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Table 2.1. Summary of photographic samples taken at each site including the number of 

photographs and total area in meters of the area surveyed.  

 

Table 2.2. Summary of coral samples collected during the 2010 cruise using the JASON II ROV 

including the site and analysis performed.  

Sample # Site Depth (m) Latitude Longitude Analysis 

1-5 GC-354 528 27 35.862 N 91 49.613 W δ18O δ13C  

6-8 VK-906 403 29 4.123 N 88 22.649 W δ18O δ13C ∆14C 

9-10 VK-906 410 29 4.111 N 88 22.671 W δ18O δ13C  

12-14 GB-535 518 27 25.680 N 93 35.008 W δ18O δ13C ∆14C 

15-17 GB-535 542 27 25.278 N 93 35.754 W δ18O δ13C ∆14C 

18-23, 25-26 VK-826 491 29 9.500 N 88 1.154 W δ18O δ13C ∆14C 

24, 27-29 VK-826 631 29 9.555 N 88 0.634 W δ18O δ13C ∆14C 

 

Table 2.3. Summary of sites, locations, and methods used to collect dissolved methane water 

samples during the 2010 cruise.  

Site Depth (m) Latitude Longitude Cast 

VK-826 477 29 9.505 N 88 0.974 W ROV 

MC-885 630.6 30 24.07 N 87 12.63 W Rosette 

MC-885 619.4 28 3.991 N 89 42.743 W ROV 

GC-246 825.8 27 43.35 N 90 38.99 W Rosette 

GC-246 832 27 42.104 N 90 38.902 W ROV 

GC-354 550 27 35.84 N 91 49.36 W Rosette 

GC-354 528 27 35.893 N 91 49.578 W ROV 

GB-299 340.4 27 41.18 N 92 13.06 W Rosette 

GB-299 361.93 27 41.153 N 92 13.171 W ROV 

GB-535 490.3 27 25.69 N 93 36.95 W Rosette 

GB-535 525.94 27 25.557 N 93 35.410 W ROV 

Site Year 
Depth 

(m) 
Latitude Longitude Photographs 

Photographs with 

Coral 

Total Area 

(m2) 

VK-826 2009 436-542 29 9.521 N 88 1.368 W 1331 271 33029 

VK-826 2010 501-546 29 9.270 N 88 1.368 W 71 33 850 

VK-906 2010 383-465 29 4.251 N 88 23.208 W 168 13 2013 

GB-535 2010 497-535 27 25.687 N 93 34.52 W 191 0 2288 
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Table 2.3 - continued 
 

Site Depth (m) Latitude Longitude Cast 

GB-140 318.24 27 48.709 N 91 32.166 W ROV 

GC-249 1500 27 06.45 N 91 16.33 W Rosette 

GC-249 786.621 27 81.180 N 90 31.176 W ROV 

VK-906 400.62 29 4.1832 N 88 22.655 W ROV 

VK-906 420.8 29 04.12 N 88 22.86 W Rosette 

VK-906/862 310.98 29 6.404 N 88 23.055 W ROV 

MC-751 439.31 28 11.645 N 89 47.898 W ROV 

MC-794 523.3 29 9.685 N 89 45.135 W ROV 

DC-673 2601.09 28 18.589 N 87 18.628 W ROV 

VK-826 465.6 29 9.37 N 88 00.90 W Rosette 

 

Table 2.4. Contains taxa of all species observed during the 2009 and 2010 photographic surveys.  

 

VK826 (2009) VK826 (2010) VK906 (2010) GB535(2010) 

Porferia 

         Porferia spp.  

  

2 

 Cnidaria 

         Actinoscyphia saginata 30 3 76 

      Actinoscyphia sp. 1 13 1 9 

      Actinoscyphia sp. 2 

  

24 

      Actinoscyphia sp. 3 

 

17 

       Actinoscyphia sp. 4 

  

5 

      Actinoscyphia sp. 5 13 

   Cnidaria: Antipathaians 

         Callagorgia americana 

 

4 

       Gorgonacea sp. 5 

        Leiopathes sp. 54 3 26 

      Stichopathes sp.  

   

30 

     Unid coral 20 

 

1 

 Annelida: Polychaeta 

         Lamellibrachia sp.  9 1 

       Serpulidae sp. 

  

1 

      Unid polychaete 1 1 

        Unid polychaete 2 

  

3 

 Mollusca: Cephalopoda 

         Unid squid 

  

3 

 Arthropoda: Crustacea 

         Bathynectes longispinia 4 

 

1 4 

     Bathynomous giganteus 1 

  

1 

     Chaceon fenneri 14 1 3 
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Table 2.4 - continued 
 

 VK826 (2009) VK826 (2010) VK906 (2010) GB535(2010) 

     Eumunida picta 41 17 

 

6 

     Eumunida sp. 1 

   

1 

     Eumunida sp. 2 2 

        Pleoticus robostus 1 

 

7 

      Systellaspis pellucida 5 

        Rochinia crassa 1 

 

2 1 

Arthropoda: Pycnogondia 

         Pycnogonida sp. 1 

 

4 

       Pycnogonida sp. 2 2 

   Echinodermata 

         Asterioda spp. 1 25 3 7 

      Asterioda spp. 2 11 

        Brisingida sp.  

   

1 

    Centrostephanus longispinus  

rubricgulus 

 
14 

       Comactinia meridionalis hartlaubi 3 
        Echinoidea spp. 1 82 
        Echinoidea spp. 2 

 
4 1 

      Luidia sp.  7 
 

1 
      Novodinia antellensis 

  
7 4 

     Ophiuroidea sp. 
 

3 
       Stylocidaris affinis 20 2 
       Tethyaster grandis 8 

  
1 

Chordata: Actinopterygii 
         Cephalopholis cruentata 5 

        Gephyroberyx darwinii 1 
        Chaunax suttkusi  

   
1 

     Hoplpstethus atlanticus 39 
        Hyperglypha perciformis 25 3 1 2 

     Prionotus paralatus 

  
2 

      Synodus sp. 31 
        Urophycis cirrata 57 5 19 7 

     Nezumia aequalis 

  
1 

 Chordata: Chondrichthyes 
         Unid shark 1 

 
1 

 Chordata: Sirenidae 
         Psuedobranchus sp.  16 

   Unid sp. 1 8 
 

57 
 Unid sp. 2 

  
1 

 Unid sp. 3 
   

1 

Unid sp. 4 
 

15 34 
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Unid sp. 5 

   

2 

Unid sp. 6 

   

5 

Unid sp. 7 2 3 

  Unid sp. 8 

 

2 

  Unid sp. 9 

 

2 

  

     

      

 

 

Figure 2.1. Map of regions surveyed using the AUV and ROV. VK826 in 2009 and 2010 (A), 

VK906 (B), and GB535 (C).  
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CHAPTER THREE 

RESULTS AND DISCUSSION 

3.1 Photographic Surveys 

 The AUV survey at VK826 in 2009 comprised an area of 33029 m2; 96% of the area 

surveyed had no coral cover. The total area of living and dead corals was 1289 m2.The live to 

dead ratio was 1:5.6. The average amount of coral coverage per photograph containing coral was 

4.74 m2 with 0.72 m2 being live coral. 

 The ROV transects at VK826 in 2010 covered 851 m2. The photographs revealed 67% of 

the area containing no coral coverage. The total area of coral was 280 m2. The live to dead ratio 

was 1:4.2. The photographs containing coral had an average of 8.48 m2 of coral with 1.64 m2 of 

the coral being live.  

 The ROV photographic transects at VK906 in 2010 covered an area of 2013 m2. The 

photographs showed no coral coverage for 97% of the area. Total coral coverage was 53 m2. The 

live to dead ratio was 1:11.5. The photographs containing coral had an average of 4.41 m2 of 

coral with 0.30 m2 being live. GB535 covered an area of 2288 m2. The photographic transects 

resulted in no coral cover observed.    

The dive tracks for the AUV/ROV are different for the two years. 2009 was a regular 

grid, a major portion of the reef, while the 2010 transects were placed randomly over a 250 X 

250 meter plot of the reef (MacDonald et al., 2010). Even with the difference of 1208 m2 of 

overall coral coverage for transects of VK826, the live-to-dead ratios between the two years are 

very similar, a 4% difference. A standard two-tailed T-test resulted in a p-value of less than 
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0.0001. These results show a high confidence that randomly transecting or specifically targeting 

an area with corals can produce an accurate account of the live to dead ratios of coral mounds for 

a region. Refer to Table 3.1 for year, area, and coral percentage of photographs taken.  

Lophelia are a relatively rare occurrence. In regions where Lophelia are known to be 

abundant, Lophelia colonies, including living and dead cover a small fraction of the total bottom 

area (4.25±15.5%). The Lophelia communities’ live-to-dead ratio shows that 1/4 or less of the 

surface area contains living coral. These results record the current status of the coral 

communities surveyed on the Northern Gulf of Mexico continental slope, and can be used as a 

baseline to study the possible long-term, sub lethal effects from the Deepwater Horizon oil spill 

on the surveyed communities. No immediate damage from the Deepwater Horizon oil spill was 

visible at VK826 in the live-to-dead ratios from 2009 to 2010. 

The live-to-dead cover ratio shows a trend of the live cover ratio decreasing from 

northeast to southwest (Figure 3.1). This decrease may result from the reefs proximity to the 

Mississippi River delta, as the nutrient inputs vary with proximity to the Mississippi River 

outfall. Chlorophyll-a abundance has its steepest concentration gradient in the Northern Gulf of 

Mexico, also with proximity to the Mississippi River outfall (Baguley et al., 2006). The ratio of 

live coral decreases along this gradient. The Viosca Knoll sites likely have more living coral due 

to the shallower depth and closer proximity to the Mississippi River delta (Cordes et al., 2008) 

compared to the Garden Banks region.   

3.2 Description of Communities 

Viosca Knoll 826 site contained areas of large coral mounds that are 5 meters wide and a 

minimum of 1 meter tall. These mounds were comprised largely of dead coral matrix that 
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contained sediment and resident mobile fauna. The tips of branches were generally where the 

living (white) coral was found. The large colonies formed sub-circular terraces across the slope. 

In the densest areas of mounds, the terraces were almost contiguous. The large mounds were 

surrounded by coral rubble and small living communities. Most pieces of rubble were just a few 

centimeters in length. The coral rubble had signs of sedimentation building up on the rubble. 

Some of the rubble had patches up to 0.5 meters in diameter of bacterial mats growing on them 

and the mats were grey, light brown, and white in color. These mounds had mobile fauna hiding 

in the dead coral matrix as well as on top of the living material. Crustaceans (Eumundia picta) 

and urchins were seen on top of the living coral, while fish were observed inside the dead coral 

matrix. Filter-feeding associates were not generally seen on the largest coral banks.  

 The profile of a typical large carbonate terrace would have a scattering of dead and 

broken mussel shells at the base than a steep rise of 0.5 to 2.5 m. At the upper edge of the rise, 

and extending onto flat portion of the outcrop. Large, closely spaced colonies of the sea fan 

Callagorgia americana were often seen. 

 Mounds smaller in size, 2 meters in diameter, were also seen throughout the site. These 

mounds were similar to the larger mounds with their construction. They were solitary and had 

rings of coral rubble around them. Unlike the larger mounds they had filter-feeders attached to 

the coral matrix along with mobile fauna.  

 Other areas of the site contained small communities of Lophelia of 0.5 meters in diameter 

that were 0.5 to 1 meter apart. These communities were attached to visible carbonate substrate 

and had anemones and serpulidids nearby or attached to the same substrate. These areas were 

towards the edges of the reef community and had a scattered trail of coral rubble leading to them 
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from the mounds above. Anemones were settled randomly in patches of up to 5 per m2 along this 

rubble field.   

 The bottom most part of the slope surveyed had sediment that consisted mainly of clay 

that contained 10’s of burrows per photograph with fauna tracks in every direction and 

pockmarks throughout. This area contained no coral rubble and very little life was visible, 

though tracks were all over the area.  

 Viosca Knoll 906 had coral mounds, up to 2 meters in diameter, at the highest point of 

the survey. These mounds were similar to one of a similar size at VK826. The mounds were 

mainly constructed of a dead coral matrix with living tips at the top of the mound. The dead coral 

matrix was home to filter feeders and soft coral. Crustaceans, fish, and urchins also called the 

matrix home. The living coral material, which became as large as 0.5 m2 patches, had 

crustaceans and urchins on it.  

 From the mounds, areas of high coral rubble fields were colonized by anemones and soft 

corals. The rubble in most cases has sediment, most likely silts and sands, covering it partially. 

This dense field of coral rubble had many crustaceans, enchinoderms, fish, and urchins 

throughout. The corals and anemones were seen in densities of up to 5 per m2.  

 As the slope continued down, the amount of coral rubble decreased. More of the clay 

sediment of the seafloor becomes visible, while the coral rubble appears to have more coarse 

sediment on and directly around it. The rubble was colonized by anemones and soft corals, but in 

lower abundance than the higher coral rubble area up slope.  

 Continuing down the slope further, the rubble disappears and the seafloor emerges. This 

area contains burrows, pockmarks, and faunal tracks throughout. This area is scarcely settled by 
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anemones and soft corals. All the mobile fauna seen up slope are observed here with the addition 

of polychaetes. An observation witnessed in this area as well as the others of this site is the 

occurrence of the Venus flytrap anemone (Actinoscyphia saginata) and unidentified species 1 

right next to each other. They were both seen on their own, but a large number of them were 

observed in close proximity to each other.  

 Garden Banks 535 was the only site where no coral mounds were seen. There were a 

couple patches of coral rubble among the carbonate outcroppings. The rubble was dead material 

and little sign of sedimentation unlike the other sites at Viosca Knoll. The patches were around 2 

meters in diameter and had soft corals on the rubble.  

 The majority of the site was stretches of fine sediments with intermittent carbonate 

outcroppings (>1 m diameter). The sedimented areas feature numerous burrows, pockmarks and 

lebensspuren like the other sites. Crustaceans and fish were seen throughout the clay areas. The 

areas containing the carbonate outcroppings generally had soft corals and demosponges, from the 

family Coralistidae. One of the areas featured a grey bacterial mat with a white outer edge. The 

demosponges were up to 0.5 meters in diameter. A few of demosponges also had crustaceans on 

or near them. 

 One large carbonate platform greater than 3 meters in width was seen and had several 

demisponges on its surface. An area containing small, less than a meter, carbonate outcroppings 

had the remnants of a mussel bed scattered throughout. This mussel bed was similar to the one 

observed at other sites with partially buried and degraded shells, although some of the shells had 

soft corals attached to them.  
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3.3 Species Composition 

 Sixty different taxa were observed from the transect photographs (Table 5). Each survey 

contained between 15 and 35 species. Fauna were identified to the lowest practical taxon. The 

species diversity measured on the on Lophelia  reefs at the Faroe Islands by the Shannon-Weiner 

diversity index was 5.50 (Jensen and Frederiksen, 1992). Values for the reefs surveyed during 

this study ranged from 1.75 to 3.01.   

 The species-accumulation curves (Figure 3.2) showed a tendency to level off between 80 

to 500 samplings with the exception of GB535. VK826 in 2009 had the most species (35) and 

individuals (556). The 2010 survey at VK826 found fewer species (18) and individuals (89), but 

all of the species had been seen in the previous year. VK906 had 27 different species and 302 

individuals, while GB535 had 15 species and 62 individuals. This indicates that additional 

samplings would not have yielded substantially more taxa among the associated fauna. The 

GB535 site had the least favorable curve and the lowest species density. Nearly half (30) of the 

individuals captured were from one species. The difference seen in the species at VK826 site 

between 2009 and 2010 is likely due to the high number of photographs reviewed for the 2009 

survey, which covered the entire reef, while the 2010 transects covered a smaller more 

concentrated portion of the reef. 

The fauna visible in the photographs were presented in many different ways. The 

crustaceans had a tendency to be hidden in or on the coral mounds and by other filter feeders. 

Some fauna were easily visible resting over the sediment, while tails of some fish could only be 

seen from under the coral mounds.  
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A trend of decreasing number of species can be seen along the same northeast to 

southwest gradient as the live-to-dead ratios of the corals. Increases in depth and proximity, 

moving away from the Mississippi River out fall, are reflected in decreases in meiofaunal 

biomass (Baguley et al., 2006). Certain species found at Viosca Knoll maybe more adapted for a 

higher nutrient environment (Cordes et al., 2008), explaining why there is the shift in species 

from Viosca Knoll to the Garden Banks block. 

3.4 Coral and Water Samples 

The δ13C values of Lophelia ranged from -6.5‰ to 0.5‰, while the δ180 ranged from 

0.8‰ to 3.7‰ (Figure 3.3). The carbonate Lophelia skeleton showed linear results between δ180 

and δ13C for a biological carbonate that is not at isotopic equilibrium with the surrounding 

seawater (Figure 3.4) (Spiro et al., 2000). 

The δ13C values for the coral skeleton are depleted from the surrounding water column. 

Photosynthetic organisms, which are considered a main source of food for Lophelia, have a δ13C 

range of -22‰ to -15‰ (Gearing et al., 1984). It is likely that a majority of the 13C in the 

skeleton is from the seawater. The depletion of up to 7‰ from the water column could be 

accounted for by the surface derived primary production.  

A range of 4 to 10% of DIC in deep-sea corals has been estimated by the carbonate 

effects at the calcification site (Adkins et al., 2003). A dietary δ13C contribution of less than 10% 

has been reported in the shells of the abyssal methanotrohic mussels (Paull et al., 1989) and the 

estuarine mussel Mytilus edulis (Gillikin et al., 2006). Differences in δ13C values for coral 

skeletons between sites could be a result of seasonal and systematic δ13C differences in regions 
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(Spiro et al., 2000) or quality of the food may influence the relative contribution of dietary δ13C 

relative to ambient water DIC δ13C (Nelson et al., 2011).  

Along the same environmental gradient the corals transition from the relatively robust 

brachycephala morphotype at VK826 and VK906 to the more fragile gracilis at GB535. The 

δ13C values going from East (Viosca Knoll) to West (Garden Banks) get overall get higher (less 

negative). The difference in δ13C values (more negative) in corals are attributed to photosynthetic 

activity (Erez, 1978; McConnaughey, 1989). Higher rates of photosynthesis were shown to be 

associated with lower δ13C values (Erez, 1978). This suggests that nutrient input from the 

Mississippi River delta may have an influence on the coral morphotypes in the Gulf of Mexico. 

The 14C ages for the corals range from 220 to 1060 years (Figure 3.5). The relative ages, 

which are the difference of 14C ages from the living tip to the dead base of the coral branch, 

range from 90 to 440 years. The ∆14C values range from -130.56 to -34.34 (Table 6). The linear 

extension rates from these branches are 4 to 15mm yr-1.  

 The ∆14C ages indicate that Lophelia corals in the Northern Gulf of Mexico grow at 4-

15mm yr-1. One branch of 19.05 mm had a ∆14C age of 305 ybp. A 1.5 meter high mound would 

take a minimum of 300 years to grow assuming that is does not break. To achieve this height the 

mound would have most likely gone through a series of successive steps (Squires, 1964). At 

these growth rates a several meter high mound would take a much longer time to form. 

Accumulation rates of 2-3 m2 ka in height have been reported in the mid-Norwegian area 

(Bosence and Waltham, 1990; Freiwald et al., 1999). That appears to be faster than the corals of 

Gulf of Mexico, and it has been suggested that the lower dissolved oxygen concentrations might 
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be the cause for slower growth rates (Davies et al., 2010). The lowering of metabolism in low 

oxygen environments was reported in the laboratory (Dodds et al., 2007).  

Alkalinity (pH) could be another factor in skeletal growth rates. Growth rates of up to 

25mm yr-1 have been reported in the Northeast Atlantic (Mikkelsen et al., 1982) and up to 16 

mm yr-1 in the Gulf of Mexico (Brooke and Young, 2009). A pH of 8.2 was reported in the 

Northeast Atlantic (Ireland) from a Lophelia collection (Rollion-Bard et al., 2010) and the 

Viosca Knoll region has an average pH of 7.95-7.98 (Davies et al., 2010). A short-term study 

involving the effects of pH drops (0.15) in Lophelia revealed a decreased growth rate of 26 to 

29%. The long-term experiment showed an increase in the growth rate at reduced pH for 6 

months (Form and Riebesell, 2012). It is currently believed that coral skeletons calcify from a 

fluid (extracytoplasmic calcifying fluid) that is replenished via channels or vacuoles (Cohen and 

McConnaughey, 2003; Erez and Braun, 2007). Corals in a lower pH environment may have to 

expend more energy to achieve the correct level internally to calcify their skeleton and this 

adaption to lower pH and oxygen environments could lead to a slower growing coral long-term.  

The slower growth rates of the corals in the Gulf of Mexico, compared to other regions, is also 

cause to argue that the mounds in the Gulf of Mexico could be on the order of 500 to 1000 years 

old.  

Samples over-lying the coral reefs and surrounding waters showed low concentrations of 

CH4. These concentrations ranged from 0.39nM to 24.79nM of CH4 (Figure 3.6). Lophelia 

generally settles on the carbonate substrate, which is formed of authegenic carbonate via 

microbial alteration (Formolo et al., 2004; Thiel et al., 2001; Wallmann et al., 1997). Because 

δ13C and δ180 values of the carbonate skeletons are similar to previous studies, at VK826, in the 

Gulf of Mexico (Becker et al., 2009) and low concentrations of methane the present results 
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indicate that Lophelia settles largely after the initial seep has subsided as has been suggested by 

previous findings (Becker et al., 2009). 

Samples were collected from DeSoto Canyon at depths of 5 to 1200 meters and had a 

δ13C range of -2.28‰ to 2.48‰. Samples from 400 to 600 meters were used during this study for 

comparison; the same depth range as the corals (Table 3.2). The samples from the water at 400 to 

600 meters have a δ13C range of 1.41‰ to 2.48‰.  

In the notebooks of Leonardo da Vinci he noticed that “all branches of a tree at every 

stage of its height when put together are equal in thickness to the trunk” (Richter, 1970). It is 

believed that this pattern is seen as a coping mechanism for the stresses induced by wind (Eloy, 

2011). It has been suggested that trunk diameter varies to evenly distribute the stress from wind 

along the entire tree’s length (Metzger, 1893). The model tree in this example has a thick trunk 

that splits in to two smaller branches and continues this pattern though the entire tree never 

exceeding the width of the trunk. An examination of Lophelia coral branches shows that the 

coral branches do not follow this rule. Branches and polyps are found to grow in multiple 

orientations (3 Dimensional) and will merge into or around other branches, both living and dead. 

The polychaete Eunice sp. parchment-like tubes that become calcified by the coral (Cordes et al., 

2008) were seen between the branches, and may add to the stability of the structure. These 

multiple orientations among the branches and polyps may be an attempt to cover as much area as 

possible for food or serve as a mode of spreading for the reef. This mode of growth may serve 

more durable under the stresses the mounds endure such as changing currents, mobile fauna 

walking on, sedimentation and storm events.  
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3.5 Conclusion 

The results of this investigation and inference with other studies from the same region 

suggest the presence of an environmental gradient trending from the northeast to the southwest 

among the Lophelia communities of the Northern Gulf of Mexico. The gradient can be seen in 

the percentage of total coral coverage, species composition, and δ13C and δ18O values among the 

sites. It is likely that differences among the communities come from environmental differences 

between each other as well as other Lophelia communities worldwide. The only other instance of 

age estimates for Lophelia in the Gulf of Mexico were done on the VK826 block and yielded that 

the reef was about 390 years old (Continental Shelf Associates, 2007). This study concludes, in 

concurrence with the previous study, that the 390 year old estimate is likely a low estimate. Our 

estimates suggest that the reefs are likely 500 to 1000 years old and further samples of corals and 

the mounds are needed to confirm our findings. Conservation and future studies of how these 

unique communities are ecologically important are needed to fully understand the role they play 

in the Gulf of Mexico ecosystem.  

 

Table 3.1. Percentage of live coral cover, total area surveyed (m2), surface coral area (m2), 
amount of surface coral coverage per image (m2), and amount of live surface coral coverage per 
image. The sites included VK826 in 2009 and 2010, VK906 in 2010, and GB535 in 2010. The 

2010 images were taken post Deepwater Horizon.  

Site Year  

Percentage 

Live 

Total Area 

(m2) 

Coral Area 

(m2) 

Coral per Image 

(m2) 

Live Coral per 

Image (m2) 

VK-826 2009 33 33029 1289 4.75 0.7 

VK-826 2010 31 851 280 8.48 1.64 

VK-906 2010 23 2013 53 4.11 0.3 

GB-535 2010 0 2288 0 0 0 
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Table 3.2. δ13C values for the DeSoto canyon water column and coral samples taken during 

2010. 

Sample # Site δ13C Depth (m) 

N/A DC-1 1.48 400 

N/A DC-1 1.41 400 

N/A DC-1 1.99 500 

N/A DC-1 2.13 500 

N/A DC-1 2.22 600 

N/A DC-1 2.48 600 

N/A DC-3 1.53 400 

N/A DC-3 1.51 400 

N/A DC-3 1.46 500 

N/A DC-3 1.62 500 

N/A DC-3 1.69 600 

N/A DC-3 1.59 600 

N/A DC-4 1.46 400 

N/A DC-4 1.48 400 

N/A DC-4 1.78 500 

N/A DC-4 2 500 

N/A DC-4 1.62 600 

N/A DC-4 1.69 600 

1 GC354 -2.5 528 

2 GC354 -5.3 528 

3 GC354 -6.1 528 

4 GC354 -5.5 528 

5 GC354 -4.3 528 

6 VK906 -3.2 402.83 

7 VK906 -4.9 402.83 

8 VK906 -5.8 402.83 

10 VK906 -3.5 410.26 

11 VK906 -4.6 410.26 

12 GB535 -0.3 518.15 

13 GB535 0.5 518.15 

14 GB535 0.1 518.15 

15 GB535 -4.0 542.68 

16 GB535 -0.9 542.68 

17 GB535 -6.5 542.68 

18 VK826 -1.5 491.36 

19 VK826 -0.1 491.36 

20 VK826 -4.4 491.36 

21 VK826 -0.6 491.36 

22 VK826 -1.0 491.36 

23 VK826 -1.9 491.36 

24 VK826 -3.3 630.65 

25 VK826 -2.4 491.36 

26 VK826 -0.9 491.36 

27 VK826 -3.2 630.65 

28 VK826 -0.5 630.65 

29 VK826 -1.6 630.65 
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Figure 3.1. Average percentage of live coral cover at VK826, 906, and GB535. There is a 
decreasing in living coral cover by percentage from the most northeastern site VK826 to the 

most southwestern site GB535.  

 

Figure 3.2. Lophelia associated fauna curve for VK826 in 2009 (A), 2010 (B), VK906 in 2010 
(C), and GB535 in 2010 (D). GB535 is the only curve that doesn’t begin to level off from the 

organisms visible in the photographs. 
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Figure 3.3. δ13C and  δ18O values recorded for Lophelia collected in 2010. Each set of vertical 

points represents the same sample on a branch. All samples correspond in order with Table 2.2. 

 

 

Figure 3.4. δ13C and  δ18O cross plot of regression lines for Lophelia samples. 
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Figure 3.5. Lophelia ∆14C values from samples taken at GB535, VK826 and VK906 in 2010 (A). 
Open points were living coral (tips) at the time of collection, while the closed points were dead 

material. Lophelia and DeSoto Canyon water samples and their corresponding ∆14C values (B).   

 

0 

100 

200 

300 

400 

500 

600 

700 

-140 -120 -100 -80 -60 -40 -20 0 

D
e

p
th

 (
m

) 

∆14C values 

∆14C Values 

VK906 

GB535 Big 

Coral 

GB535 

VK826 Branch 

2 

VK826 Branch 

1 

455 ybp 

825 ybp 

1060 ybp 
640 ybp 

455 ybp 

825 ybp 

1060 ybp 
640 ybp 

455 ybp 

1060 ybp 
640 ybp 

0 

100 

200 

300 

400 

500 

600 

700 

800 

900 

-140 -120 -100 -80 -60 -40 -20 0 

D
e

p
th

 (
m

) 

∆14C values 

∆14C Values 

Corals 

DeSoto Canyon 



38 

 

 

Figure 3.6. Dissolved methane values in nM for the water column. The samples come from the 

deepest region of the of a dive (Rosette) or directly over the coral reef (ROV). 
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APPENDIX A 

SUPPLEMENTAL TABLES 

Table A1. ∆14C values for coral samples taken in 2010. 

Sample # Site Depth(m) Latitude Longitude ∆14C  

6 VK906 400 29 4.123 N 88 22.649 W -34.34 

7 VK906 400 29 4.123 N 88 22.649 W -44.98 

12 GB535 518.15 27 25.680 N 93 35.008 W -130.56 

14 GB535 518.15 27 25.680 N 93 35.008 W -108.98 

16 GB535 542.68 27 25.278 N 93 35.754 W -104.36 

17 GB535 542.68 27 25.278 N 93 35.754 W -53.46 

22 VK826 491.36 29 9.500 N 88 1.154 W -47.56 

24 VK826 630.65 29 9.555 N 88 0.634 W -44.48 

25 VK826 491.36 29 9.500 N 88 1.154 W -83.22 

26 VK826 491.36 29 9.500 N 88 1.154 W -55.15 

27 VK826 630.65 29 9.555 N 88 0.634 W -56.04 

29 VK826 630.65 29 9.555 N 88 0.634 W -61.77 
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Table A2. Results from NOSAMS laboratory for ∆13C and ∆14C for select coral skeleton 

samples. 

Submitter Identification Type Process 

Accession 

# 

F 

Modern Fm Err Age 

Age 

Err D13C D14C 

6, VK906 Rest of Lop Coral  Gas Sample 

OS-

91859    0.97280 0.00300 220 25 -6.72 -34.34 

7, VK906 Dead Lop Coral  Gas Sample 

OS-

91063    0.96200 0.00400 310 35 -5.63 -44.98 

12, GB535 Old Dead Lop 
Big Coral Coral  Gas Sample 

OS-
91064    0.87580 0.00440 1060 40 -4.7 

-
130.56 

14, GB535 Rec Dead Big 

Coral Coral  Gas Sample 

OS-

91090    0.89750 0.00370 870 35 -1.26 

-

108.98 

16, GB535 Rec Dead Lop Coral  Gas Sample 

OS-

91096    0.90220 0.00470 825 40 -3.91 

-

104.36 

17, GB535 Live Lop Coral  Gas Sample 
OS-
91060    0.95340 0.00350 385 30 -5.11 -53.46 

22, VK826 B1 Top Live Coral Gas Sample 

OS-

91056    0.95940 0.00370 335 30 -2.18 -47.56 

24, VK826 Live Top Coral  Gas Sample 

OS-

91091    0.96250 0.00420 305 35 -2.68 -44.48 

25, VK826 B1 Bottom 
Dead Coral Gas Sample 

OS-
91057    0.92350 0.00480 640 40 -4.75 -83.22 

26, VK826 B1 Mid Bottom 

Dead Coral Gas Sample 

OS-

91051    0.95170 0.00360 395 30 -4.03 -55.15 

27, VK826 Dead Lop Base Coral Gas Sample 

OS-

91054    0.95080 0.00380 405 30 -3.2 -56.04 

29, VK826 Mid Live Coral Gas Sample 

OS-

91047    0.94510 0.00330 455 25 -2.89 -61.77 
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Table A3. DIC from water column at Desoto Canyon. 

Station D14C Depth (m) Latitude  Longitude 

DS1 39.37 5 29 12.3 N 87 03.7 W 

DS1 62.22 100 29 12.3 N 87 03.7 W 

DS1 55.26 200 29 12.3 N 87 03.7 W 

DS1 14.85 300 29 12.3 N 87 03.7 W 

DS1 -12.98 400 29 12.3 N 87 03.7 W 

DS1 -85.59 775 29 12.3 N 87 03.7 W 

DS1 -89.44 980 29 12.3 N 87 03.7 W 

DS1 -88.5 980 29 12.3 N 87 03.7 W 

DS2 39.76 5 30 10.02 N 86 39.78 W 

DS2 47.49 20 30 10.02 N 86 39.78 W 

DS3 37.56 5 28 49.555 N 88 16.07 W 

DS3 -98.3 1200 28 49.555 N 88 16.07 W 

DS3 -95.95 1200 28 49.555 N 88 16.07 W 

DS3 -84.32 700 28 49.555 N 88 16.07 W 

DS3 -80.02 700 28 49.555 N 88 16.07 W 

DS3 45.03 5 28 49.555 N 88 16.07 W 

DS3 43.15 5 28 49.555 N 88 16.07 W 

DS4 32.23 200 29 10.993 N 87 44.921 W 

DS4 -17.35 400 29 10.993 N 87 44.921 W 

DS4 -46.05 500 29 10.993 N 87 44.921 W 

GIP 24 46.42 5 28 46.25 N 88 22.85 W 

GIP24 44.63 25 28 46.25 N 88 22.85 W 

GIP 24 27.06 100 28 46.25 N 88 22.85 W 

GIP 24 -52.43 500 28 46.25 N 88 22.85 W 

GIP 24 -99.08 1000 28 46.25 N 88 22.85 W 

GIP 24 -102.46 1400 28 46.25 N 88 22.85 W 

gipLB 41.65 5 28 06.08 N 88 22.85 W 

gipLB 64.5 100 28 06.08 N 88 22.85 W 

gipLB -101.2 1000 28 06.08 N 88 22.85 W 
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Table A4. Samples with area of branch they were collected from and distance from base where 

applicable. 

Sample 

# Sample Name Segment  

Distance From 

Base (cm) 

1 Oct-19-10 Live Lop. GC354 528m (1) Tip N/A 

2 Oct-19-10 L/D Lop. GC354 528m Recently Middle N/A 

3 Oct-19-10 Dead Lop. GC354 528m Older (1) Base N/A 

4 Oct-19-10 Live Lop. GC354 528m (2) Tip N/A 

5 Oct-19-10 Dead Lop. GC354 528m old (2) Base N/A 

6 VK906 Live Lop. Oct-25-10 Bio Box Tip N/A 

7 VK906 Dead Lop. Oct-25-10 Bio Box Base N/A 

8 VK906 Rest of Lop. Oct-25-10 Bio Box Middle N/A 

9 VK906 Live Lop. Oct-25-10 Q3A Top Tip N/A 

10 VK906 Dead Lop. Oct-25-10 Q3A Bottom Base N/A 

11 VK906 Dead Lop. Oct-25-10 Q3A Old Piece  Middle N/A 

12 Oct-21-10 Rec. Dead GB535 Big Coral Middle 10.16 

13 Oct-21-10 B/W Dead GB535 Big Coral Middle N/A 

14 Oct-21-10 Old Dead GB535 Big Coral Base 0 

15 Oct-21-10  Live Lop. GB535 Tip N/A 

16 Oct-21-10 Rec. Dead Lop. GB535 ------- Middle N/A 

17 Oct-21-10 Rec. Dead Lop. GB535 Middle N/A 

18 VK826 B(2) Dead End Processed Oct-26-10 Base N/A 

19 VK826 B(2) Dead End (2) Processed Oct-26-10 Base N/A 

20 VK826 Branch(2) Bottom dead Processed Oct-26-10 Base N/A 

21 VK826 B(2) Live End Processed Oct-26-10 Tip N/A 

22 VK826 B(1) Top Live Processed Oct-26-10 Tip 22.35 

23 VK826 B(1) Mid top dead Processed Oct-26-10 Middle N/A 

24 VK826 B(1) Mid bottom dead Processed Oct-26-10 Middle 19.56 

25 VK826 Branch(1) Bottom Dead Processed Oct-26-10 Base 0 

26 VK826 J2-540 Nov-1-10 Live Top Tip 15.55 

27 VK826 J2-540 Nov-1-10 Mid Live Middle 9.14 

28 VK826 J2-540 Nov-1-10 Dead Lop Mid Dead Middle N/A 

29 VK826 J2-540 Nov-1-10 Dead Lop Bottom Base 0 
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