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To assess the potential impact of the Deepwater Horizon oil spill on 
offshore ecosystems, 11 sites hosting deep-w ater coral communities 
w ere examined B to  4 mo after the well w as capped. Healthy coral 
communities w ere observed a t all sites >20 km from the Macondo 
well, including seven sites previously visited in September 2009, 
w here the corals and communities appeared unchanged. However, 
a t one site 11 km southw est of th e  Macondo well, coral colonies 
presented widespread signs of stress, including varying degrees of 
tissue loss, sderite enlargement, excess mucous production, bleached 
commensal ophiuroids, and covering by brown flocculent material 
(floe). On th e  basis of these criteria th e  level of impact to  individual 
colonies w as ranked from 0 (least impact) to  4 (greatest impact). Of 
the 43 corals imaged a t tha t site, 46% exhibited evidence of impact 
on more than half o fth e  colony, w hereas nearly a quarter of all of the 
corals showed impact to  >90% of the colony. Additionally, 53% of 
these corals' ophiuroid associates displayed abnormal color and/or 
attachm ent posture. Analysis of hopanoid petroleum biomarkers iso­
lated from the floe provides strong evidence th a t this material con­
tained oil from th e  Macondo well. The presence of recently damaged 
and deceased corals beneath th e  path of a previously documented 
plume emanating from the Macondo well provides compelling evi­
dence th a t the oil impacted deep-w ater ecosystems. Our findings 
underscore the unprecedented nature o fth e  spill in term s of its mag­
nitude, release a t depth, and impact to  deep-w ater ecosystems.
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Betw een O ctober 15 and N ovem ber 1, 2010, approximately 6  

months after the Deepwater Horizon blowout and 3 months 
after the M acondo well was capped, nine sites hosting deep-w ater 
coral comm unities w ere exam ined w ith the rem otely operated  
vehicle (R O V ) Jason II. This effort was p a rt o f an ongoing study 
funded by the B ureau of O cean Energy M anagem ent (BO EM ) 
and the N ational Oceanic and A tm ospheric A dm inistration’s 
O cean Exploration and R esearch program . These sites, located 
betw een 93.60 °W and 87.31 °W and betw een -27 .42  °N and 
-29 .16  °N (Fig. SI), w ere >20 km from  the M acondo well, ranged 
in depth  from 290 to  2600 m, and hosted coral comm unities in­
cluding scleractinian, gorgonian, and antipatharian corals. A t 
these sites, no visible evidence o f im pact to  the corals and asso­
ciated comm unities was observed (Fig. 1). However, on Novem­
ber 2, 2010, the R O V  Jason I I  investigated an area in lease blocks 
Mississippi Canyon (M C) 294 and 338, 11 km to the SW of the 
site o f the Deepwater Horizon spill. This area was explored b e ­
cause 3D seismic reflectivity data (Fig. S I) suggested there was 
a strong likelihood o f hard  grounds, and hence likely coral sub­
strate present. Its location (28.40N, 88.29W, 1,370 m) also placed 
it in the path  o f a 1 0 0 -m-thick deep-w ater plum e of neutrally 
buoyant w ater enriched with petro leum  hydrocarbons from the 
M acondo well tha t was docum ented at 1,100 m in June 2010

vwwv.pnas.org/cg i/d oi/10.1073/pnas. 1118029109

(1, 2). N um erous coral colonies w ere discovered at this location 
and many were partially o r completely covered in a brown, floc­
culent m aterial (hereafter referred to as floe). They showed signs 
o f recent and ongoing tissue dam age (Fig. 2) no t observed else­
w here at this tim e (Fig. 1) o r in the previous 10 y of baseline 
studies in the G ulf o f Mexico (G oM ) (3-5). Betw een D ecem ber 8  

and 14, 2010 additional surveys were perform ed w ith the deep 
subm ergence vehicle (DSV) Alvin  at M C 294 and a newly dis­
covered site 22 km to the E SE o f the M acondo well in M C 388 
(1,850 m depth). Visible signs o f recent im pact o r stress w ere not 
evident in the corals im aged at M C 388.

To determ ine w hether the cause o f the overall decrease in 
coral health  at M C 294 was related  to  the Deepwater Horizon oil 
spill, the floe covering the corals and nearby sedim ent was ex­
am ined for the presence o f petro leum  hydrocarbons originating 
from  the M acondo well. D eterm ining the source of petroleum  
hydrocarbons in these sam ples posed a significant challenge. The 
complexity of the petrogeochem ical signatures in  the G oM  en­
vironm ent is considerable (6 ). Specific crude oils can be differ­
en tiated  from  their source rock groups using biom arkers (m o­
lecular fossils), which are highly resistant to  abiotic and biotic 
processes and have been  invaluable tools for characterizing and 
fingerprinting crude oils (7). F or example, sterane biom arkers are 
derived primarily from  m arine phytoplankton and vary depending 
on geologic age. H opanes, which are ano ther class o f biom arkers, 
can be used individually or in concert w ith sterane distributions to 
provide even greater certainty in  characterizing oils (7). The use 
o f biom arkers by the petro leum  industry and subsequently in 
environm ental forensics has, however, been perform ed in much 
different environments than  the Deepwater Horizon spill, where 
oil and gas at 105 °C w ere released at pressure into 5 °C seawater 
at ~1,400 m depth  (2). W e used traditional ID  gas chrom atog­
raphy (GC) and comprehensive two-dimensional gas chrom a­
tography (G C xG C , as in refs. 8 , 9 and 10) to  analyze floe and 
sedim ent sam ples from  M C 294. These samples were com pared
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Fig. 1. H ealthy d e ep -w a te r  coral com m unities observed  in N ovem ber 2010 from  various sites >20 km from  th e  M acondo w ell (show n as a  s ta r  on  m ap). (A)
Paramuricea sp. ty p e  E an d  Asteroschema sp. a t  360 m d e p th  in G arden Banks (GB) 299; (B) Paramuricea sp. ty p e  E a n d  Asteroschema sp. a t  440 m d e p th  in 
Mississippi Canyon (MC) 751; (C) Paramuricea sp. ty p e  A and  Eumunida picta a t  530 m d e p th  in G reen Canyon (GC) 354; (D) Paramuricea sp. ty p e  E and  
Asteroschema sp., a long  w ith  a  brisingid b ask e t s ta r  a t  360 m d e p th  in Viosca Knoll (VK) 906; (£) P. biscaya an d  A. clavigerum  a t  2,300 m d e p th  in D esoto 
Canyon (DC) 673. Phylogenetic species iden tifications o f corals an d  associated  oph iuroids a re  given in Fig. S2.

with oil collected from  directly above the broken riser pipe a t the 
M acondo well (2) and field samples from  surface w ater and salt 
marshes in areas oiled by the Deepwater Horizon spill.

H ere  we report on the analyses of the visible im pact to  the 
gorgonian corals and coral associates a t M C 294 based on  in situ 
video imagery, shipboard microscopic analyses, and petro leum  
biom arker analysis o f the floe adheren t to  the coral. In  addition, 
we com pare the petro leum  hydrocarbon content and biom arkers 
w ith the surrounding surface and subsurface sedim ents and 
com pare the condition o f the corals and associates betw een 
N ovem ber and D ecem ber 2010 visits.

Results and  Discussion
G orgonian and o ther corals present at M C 294 are p re ­
dom inantly found in a central area 1 0  x  1 2  m  in extent, com posed 
of two adjacent carbonate slabs. Scattered boulders surround this 
region over an area o f 50 x  50 m, and some of the isolated 
boulders host one or two additional coral colonies. The majority 
o f the colonial corals w ere Paramuricea biscaya, w ith one o r two 
colonies o f Swiftia pallida, Paragorgia regalis, Acanthogorgia 
aspera, and Clavularia rudis (Fig. S2). The majority o f these col­
onies exhibited signs o f stress response, including excessive m u­
cous production and retracted  polyps, which have been observed 
in corals experimentally exposed to  crude oil (11). Im pact to the 
corals was quantified from close-up images (<1 m away) for 43 of 
the 58 coral colonies identified in the central area (Fig. S3) (not 
all o f the corals could be approached for close-up imaging with 
R O V  Jason I I  o r DSV Alvin  w ithout disturbing o ther colonies). 
The level o f im pact to  individual colonies was ranked from 
0 (least im pact) to  4 (greatest im pact) according to  the percen t­
age of the colony exhibiting one or m ore o f the following visual

indications o f stress: bare skeleton above the basal region, loose 
tissue or heavy mucous hanging from  the skeleton, and/or cov­
erage w ith brown flocculent m aterial (Fig. 3). Eighty-six percent 
o f the coral colonies im aged in the central area exhibited signs of 
impact. Forty-six percen t exhibited im pact to  at least 50%  o f the 
colony (im pact level 3 o r 4), and 23% of the colonies sustained 
im pact to  m ore than  90% of the colony (im pact level 4).

B etw een the N ovem ber and D ecem ber 2010 research cruises, 
changes in condition w ere assessed for all corals o r portions of 
colonies for which high-resolution imagery was available from 
similar perspectives. A lthough differences in cam era placem ent

November
2010

December
2010

Fig. 2. I m pacted  corals a t  MC 294. Brown floccu len t m ateria l a n d  tissue  loss 
is observed on  th e  la rge r coral, A10, in N ovem ber an d  D ecem ber 2010. Al­
th o u g h  th e re  is no  ev idence o f  recovery on  A10, n o te  th a t  th e  tip s  o f  som e 
branches th a t  w e re  living in N ovem ber w e re  still living in D ecem ber 
(arrows). Coral A14 in th e  red  box  w as th e  only colony show ing a p p a re n t 
signs o f recovery from  co verage  by th e  floe b e tw ee n  visits.

20304 I www.pnas.org/cgi/doi/10.1073/pnas.1118029109 W hite e t  al.
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Fig. 3. Im pact assessm ent fo r coral colonies (n = 43) w h e re  high-quality  
im ages could be  o b ta in ed  from  a t  least th e  N ovem ber o r D ecem ber 2010 
cruise. The levels o f im pact a re  ranked  according to  th e  p ropo rtion  o f a coral 
exhib iting  obvious tissue d am age, bare  skele ton  above  basal reg ion , o r 
covered by brow n flocculation: rank  0 (0-1% ), rank  1 (<10% ), rank  2 (10- 
50%), rank  3 (50-90% ), rank  4 (>90% ). Num bers above  bars a re  pe rcen tages  
o f corals in a ra ting  re la tive  to  all assessed colonies.

on the two underw ater vehicles, lighting, and quality o f images 
lim ited the size of this data set to  18 colonies, neither progression 
of the visible dam age nor clear evidence o f recovery or growth 
was apparent in the majority o f corals. Possible recovery was 
noted  for one colony (A14, highlighted by box in Fig. 2). The 
relatively light covering of floe over m ore than  50% (impact 
level 3) o f this colony in Novem ber was ranked as less than  10% 
im pacted (im pact level 1) by the tim e it was revisited in D e­
cember, w hen extended polyps were visible in areas tha t had been 
partially covered with floe in November.

Sampling of a P. biscaya coral (E3) in D ecem ber enabled m i­
croscopic analysis to be m ade after rem oval o f the floe. Varying 
degrees o f tissue loss and sclerite enlargem ent w ere observed 
(Fig. S4). The skeleton was bare and entirely devoid o f tissue at 
the base and along the m ain axis o f the colony. A t increasing 
distances from the basal point o f attachm ent, less extensive tissue 
loss resulted in the exposure o f the calcite skeletal elem ents that 
are normally em bedded in the tissue layers and coenenchyme. 
These sclerites were still in their norm al form  of a polyp but 
appeared enlarged. The localized alteration of growth form, in­
cluding excessive secretion of gorgonin and sclerite production to 
form granuloma-like structures, has previously been observed in 
gorgonians as an acute stress response (12, 13). N ear the tips of 
some branches, which w ere no t covered by the floe in situ, a few 
polyps on  this coral appeared normal.

Coral associates a t M C 294 included 13 actinarian anem ones 
and 78 Asteroschema clavigerum (a symbiotic ophiuroid). O f the 52 
individual corals exam ined for coral associates, 25% hosted none, 
2%  hosted actinarian anemones, and 73% hosted A. clavigerum, 
w ith 70%  o f the ophiuroids p resen t on P. biscaya, 18% on the 
single individual o fP . regalis, and 12% onM. aspera. A . clavigerum 
is typically tan  to  red  in color (Fig. 1); however, at this site only 
47% were tan  to  red, w hereas 44% had distinctly white arms (Fig. 
2), and 9%  (all hosted by P. biscaya), w ere bleached alm ost entirely 
white. In  November, 27% of the ophiuroids displayed behaviors 
o ther than  their norm al attached posture of arm s tightly coiled 
around their coral host (Fig. 1). Betw een visits, 13% of the 
ophiuroids transitioned from  tightly to  loosely coiled (i.e., Fig. 2). 
Two ophiuroids (Fig. S5) transitioned from  tightly coiled to  a 
posture with splayed ou t arms, a previously undocum ented b e ­
havior in this species.

The floe sam ples collected (>72 pm in size) w ere rem oved 
from  the surface of the corals in situ and w hen filtered w ere 
found to  contain dead coral polyp fragments, detached sclerites, 
and small brown droplets (Fig. S6 ). Solvent extracts o f all o f the 
floe exam ined w ere dom inated  by C i6  and Cig saturated  and 
unsaturated  fatty acids and cholesterol, which are dom inant 
lipids in biological tissue. Petroleum  residues w ere also present 
and quantified via ID  gas chrom atography coupled to  a flame

ionization detec tor (G C -FID ; Table 1). A n unresolved complex 
mixture (U C M ) w ith n-alkane carbon range of C 1 5 -C 4 2  indicates 
the presence o f w eathered  petro leum  (e.g., ref. 8 ; Table 1). Slight 
variations in U CM  carbon range and distributions o f n-alkanes 
am ong samples showed no consistent relationship to  the pure 
M acondo W ell oil (described in ref. 2; Table 1). R ather, it is 
evident th a t the n-alkanes in the sam ples represen t input from  
a mixture o f sources such as plants, biofilms, and differentially 
w eathered subsurface hydrocarbons, including some th a t may 
have com e from  natural seeps. Acoustic m apping cruises p e r­
form ed from  late M ay to  A ugust 2010 m apped several natural 
gas seeps in near proximity to  bo th  the M acondo well and the 
sam ple sites presen ted  here, which could provide additional 
sources o f subsurface hydrocarbons (14).

Polycyclic arom atic hydrocarbon (PA H ) distributions from 
coral E3 and sedim ent sam ple 4664 0 -2  cm show good corre­
spondence to  M acondo well oil, w ith similar relative abundances 
o f naphthalene, phenanthrene, and their alkylated derivatives as 
well as dibenzothiophenes, benzo[a]anthracene, and chrysene. 
The rem aining coral samples are inconclusive owing to  the small 
quantity o f sample available for analysis, as well as the fact that 
these samples have been  extensively w eathered, as evidenced by 
the dom inance of biodegradation-resistant chrysene in all extracts.

Petroleum  systems in the G oM  do no t display significant dif­
ferences in the presence or absence of specific biom arkers; instead, 
differences in the relative am ounts o f biom arkers p resent have 
previously allowed sources to  be determ ined (15, 16). Analysis of 
biom arkers such as hopanes is critical because these com pounds 
are m ore resistant to biodégradation and w ater washing than 
n-alkanes and PA Hs and provide insight into petro leum  source 
determ ination (as in ref. 17). A t the M acondo well, oil sam pled 
from  above the broken riser pipe (2 ) contains abundant hopa- 
noids, diasteranes, and steranes (Fig. S7). H opanoid biom arker 
ratios have been  calculated for com parison with coral and sedi­
m ent samples, as well a reference surface w ater (S I) and two 
reference coastal w ater (M l and M 2) samples (shown in Fig. 1 and 
described in ref. 18). These reference samples represent M acondo 
well oil th a t has undergone vertical transport from  the seabed to 
the ocean surface (~1,400 m ) and subsequent lateral dispersion 
over ranges o f 1-175 km, respectively (Table 1).

Com parison of the hopanoid portion  of the G C xG C  chro­
m atographic plane for the M acondo well oil to  the S I and M l 
sam ples indicates a high degree of similarity (Fig. S8  A -C ).  This 
similarity is also seen in the floe from  coral B 8  (Fig. S8 D ) and in 
the surface sedim ent sam ple taken in the im m ediate vicinity of 
the corals (core 4664 0 -2  cm; Fig. S8 E ). Slight bu t significant 
differences in hopanoid biom arker ratios are observed, by con­
trast, bo th  in com parable core-top sedim ents collected away 
from  the im pacted corals at the M C 294 site (core 4662 0 -2  cm; 
Table 1 and Fig. S8 F ) and at greater depths (2-5 cm and 5-10 
cm; Table 1) in the core 4664 sediments. Further, the concen­
trations of oil p resen t in  the upperm ost sedim ents o f core 4664 
(0-2  cm) are m uch higher (9.25 mg/g; Table 1) than  the deeper 
sedim ents (2-5 cm and 5-10 cm) in the sam e core, which range 
in concentration from  0.02 to 0.03 mg/g (Table 1). They are also 
higher than  the oil concentrations observed in surface sediments 
(0 -2  cm) collected away from  the im pacted corals at the M C 294 
site (3.46 mg/g; Table 1), w here a bim odal n-alkane distribution 
indicative o f inputs from  mixed sources is observed. Significant 
variations in sedim ent oil concentrations have been  previously 
docum ented in the GoM , particularly in areas o f known natural 
oil seepage such as G reen Canyon, w here oil concentrations may 
be as high as 39.0 mg/g (19). The oil concentration and bio­
m arker data from  sedim ents collected away from  the im pacted 
corals and sedim ents at depth  at MC294, are, however m ost 
consistent w ith long-term  background inputs o f oil derived from  
petro leum  sources tha t are quite distinct to  tha t p resen t in the 
m ost superficial (hence, recent) core-top sedim ents and floe
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Table 1. Oil content, alkane distribution, and hopanoid biomarker ratios of brown flocculent material and sedim ent sam ples compared 
w ith Macondo Well oil

Sam ple
Oil c o n ten t*  

(m g/g extract)

Oil c o n te n t*  
(m g/g d ry  w e ig h t 

sed im ent)
UCM n-alkane 
carbon range

Ci7-n-alkane/
pristane

C is-n-alkane/
ph y tan e

Carbon Preference 
Index (CPI)f Ts/(Ts+Tm) C29-Ts/NH

Source oil
M acondo well* NAS N A NA 1.71 2.33 0.86 0.59 0.49

Surface w a te r  sam ples^
1 km from  w ell (S1) NA N A C l 2 - ^ 4 0 2.21 2.66 0.81 0.59 0.50
175 km from  w ell (M1) NA N A C l6 “ C40 1.89 2.72 0.83 0.59 0.50
175 km from  w ell (M2) NA N A C l6 “ C40 1.89 2.72 0.83 0.58 0.51

Flocculent m ateria l sam ples
MC 294 coral (B8) 310 ND11 C l 5—C4o 2.42 2.69 1.15 0.60 0.43
MC 294 coral (F6) 8.0 ND C l 7 - ^ 3 4 2.41 2.21 1.09 0.58 0.48
MC 294 coral (A5) 74 ND Ck--C4i 2.43 1.87 0.38 0.59 0.45
MC 294 coral (E3) 73 ND C l 5—C42 1.34 2.28 1.22 0.58 0.48

S ed im ent sam ples
MC 294 4662 0 -2  cm 630 3.46 C l 5- C 37 0.42 0.47 1.12 0.57 0.46
MC 294 4664 0-2  cm 570 9.25 C l7 “ C42 0.44 0.29 0.99 0.59 0.50
MC 294 4664 2-5  cm 68 0.03 C l6 “ C42 0.56 0.81 1.31 0.52 0.38
MC 294 4664 5-10 cm 120 0.02 c, i-C42 0.80 1.21 1.37 0.54 0.42

A bbreviations fo r b iom arkers: C29-Ts, 18a(H ),21ß(H )-30-norneohopane; NH, 17a(H),21 ß(H)-30-norhopane; Tm, 17a(H )-22,29,30-trinorhopane; Ts, 18a(H)- 
22 ,29 ,30-trino rneohopane.
*Oil co n te n t w as calculated  by in teg ra tio n  o f th e  UCM observed via GC-FID.
f CPI = I f  odd num b ered  a lk an e  abu n d an ces  from  n-C23 to  n-C35)/S(even num b ered  a lk an e  abu n d an ces  from  n-C22 to  n-C34).
*Described in ref. 2.
sNot applicable  to  sam ple as pu re  oil w as collected.
^Described in ref. 18.
"Not d e te rm in ed  d u e  to  collection p ro tocol o f flocculent o n to  filters, w hich did n o t allow  fo r d ry w eigh ts  o f th e  flocculent m ateria l to  b e ta k e n  post collection 
and  b e fo re  ex traction .

samples collected from  site M C 294. Similarly, a com parison o f 
the sterane portion  of the G C xG C  chrom atographic plane for 
the M acondo well oil and floe from  the coral samples also shows 
significant differences, particularly in the relative distributions of 
D iaC29pa-20S, C27aßß-20R, and C27aßß-20S in steranes (e.g., B8, 
Fig. S9B). A lthough preferential loss o f steranes and diasteranes 
relative to  hopanoids w ould no t be expected from  traditional 
biodégradation sequences, this trend  has been  observed p re ­
viously for oil tha t undergoes severe w eathering in energetic and 
aerobic conditions (20). This could result from  either biodég­
radation or chemical and physical processes arising from  the p re ­
cipitation of the wax com ponent o f oil at the low tem peratures 
p resen t in the deep G oM  (21, 22). W ax form ation may have 
resulted from  turbulen t mixing of the well’s ho t source-jet fluids 
w ith the surrounding cold seawater, fractionating constituent 
hydrocarbons according to  their m olecular characteristics (1, 2). 
Nevertheless, the data from  the hopanoids, which have a greater 
fidelity, confirm the presence o f M acondo well oil in the floe and 
surrounding surface sedim ent samples. The constant, albeit re l­
atively low level, input o f hydrocarbons from  natural seepage in 
the G oM  may also com plicate these biom arker ratios (14).

Conclusions
Observations o f recently dam aged corals and the presence of 
M acondo well oil on  corals indicates im pact a t a depth  o f 1,370 
m, 11 km from  the site o f the blowout. This finding provides 
insight into the extent o f the im pact o f the spill, which is signif­
icantly com plicated by physical mixing processes (23) and frac­
tionation of the oil constituents (24). Because deep-w ater corals 
are sessile and release mucous tha t may trap  m aterial from the 
w ater column, these corals may provide a m ore sensitive indicator 
o f the im pact from  petro leum  hydrocarbons than  m arine sedi­
m ent cores and may record impacts from  w ater masses passing 
through a community, even if no deposition to  the sedim ent 
occurs. D eep-w ater colonial corals exhibit extrem e longevity as 
sessile adults (hundreds to thousands of years; 25-27) and typi­

cally inhabit areas exposed to  a m oderate current regime (28). 
The presence of a deep-w ater coral comm unity dom inated by 
recently im pacted, visibly unhealthy, and recently dead individ­
uals (as evidenced by skeletons free of encrusting organisms), 
together w ith ophiuroid symbionts w ith unhealthy color and 
atypical posture, provides evidence of a recent w aterborne im ­
pact. A lthough the spatial and tem poral proximity o f this im pact 
to the Deepwater Horizon oil spill might be coincidental, the 
norm al longevity of deep-w ater corals and the lack o f visual ev­
idence of im pact to  deep-w ater corals elsewhere in the GoM  
suggest tha t this may no t be the case. Im portantly, even though 
there are m ultiple inputs o f oil to  the GoM , the use o f hopanoid 
biom arker compositions and ratios in the floe collected from  the 
surface o f corals allows us to  establish a connection to  the oil spill 
even though o ther biom arkers for characterizing oil in these 
environm ents (e.g., PA H s and sterane biom arker ratios) are af­
fected by severe weathering (20) and, hence, are no t robust under 
the conditions o f this spill.

T he data  suggest the Deepwater Horizon oil spill im pacted 
a community o f deep-w ater corals near the M acondo well. The 
num erous apparently healthy deep-w ater coral comm unities in 
o ther parts o f the G oM  may indicate th a t the localized im pact in 
M C 294 found to  date, is no t part o f a much larger, acute, GoM - 
wide event. However, life in  deep-w ater coral ecosystems is 
known to operate a t a slow pace. Consequently it is too early to 
fully evaluate the footprint and long-term  effects o f acute and 
subacute exposure to potential w aterborne contam inants result­
ing from  the Deepwater Horizon oil spill.

M ateria ls and  M ethods
Discovery. A reas fo r  exp lo ra tion  w e re  chosen  according  to  e xam ination  o f 3D 
seismic d a ta  in th e  BOEM d a ta b ase . A reas o f high  reflectivity  an d  ba thym etric  
relief w e re  ta rg e te d  fo r  visual exam ination , an d  du ring  th e  ROV dive, 
o nboard  so n ar w as used  to  find  exposed  carb o n ates  th a t  m igh t host corals.

Image Analyses. A dow n-look ing  m osaic (as in ref. 29) w as constructed  from  
379 partially  overlapping  im ages, ta k e n  3 m above  th e  sea floo r using
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a  Nikon E995 cam era in p ressure  housing m o u n ted  on  th e  ROV Jason II. 
Individual coral colonies w e re  labeled  (Fig. S3). Close-up im ages o f  individual 
corals from  a side-looking perspec tive  w e re  o b ta in ed  from  fram e  g rab s  us­
ing a d ed ica ted  NDSF/AIVL A dim ec 2000 HDTV dig ital v ideo  cam era  m o u n ­
te d  on th e  ROV Jason //veh ic le  fram e  an d  th e  s ta rb o ard  m an ip u la to r o f DSV 
Alvin. Close-up im agery  w as used  fo r  assessm ent o f im pact to  all corals th a t  
could be ap p ro ach ed  by ROV Jason II or DSV Alvin  w ith o u t dam ag in g  o th e r  
corals. Bare skele ton  ab o v e  th e  coral's  basal reg ion , obviously d am ag ed  
tissue  (strands o f  m ucous o r  loose tissue  h ang ing  from  th e  skele ton), and  
a reas  covered  by floe w e re  scored as im pacted . Levels o f im pact w e re  
b roadly  b inned  in to  five catego ries  according  to  th e  p e rc en ta g e  o f th e  im­
ag ed  portion  o f th e  colony show ing im pact: ran k  0, 0 -1%  o f th e  colony 
im pacted; ra n k  1, 1 -10%  o f th e  colony im pacted ; ran k  2, 10-50%  o f th e  
colony im pacted ; ran k  3, 50-90%  o f th e  colony im pacted ; o r  rank  4, >90%  o f 
th e  colony im pacted . In th re e  cases in w hich th e  ranking  ca teg o ry  changed  
b e tw een  th e  N ovem ber an d  D ecem ber visits, reexam ination  o f im ages and  
th e  original v ideo  did n o t s u b sta n tia te  significant changes  in th e  corals, and  
th e  h igher-quality  im ages o b ta in e d  from  DSV Alvin  in D ecem ber w e re  used 
fo r  th e  overall rankings (Fig. 3). All im ages can b e  accessed th ro u g h  th e  US 
National O ceanograph ic  D ata C en ter (accession no . 0084636).

Coral and In vertebrate  Associate Collection. Corals an d  th e ir  associate 
oph iuroids w e re  collected by th e  ROV Jason II an d  DSV Alvin  in O ctober and  
D ecem ber 2010, respectively. The m a n ip u la to r claws w e re  m odified  w ith  
a  cu tting  b lad e  to  a id  in th e  collection o f  host corals and  a tta c h e d  ophiuroid  
associates. Individuals w e re  collected in to  te m p e ra tu re -in su la ted  b ioboxes 
on th e  sea flo o r and  processed im m ediate ly  a f te r  recovery o f  th e  vehicles. 
A pproxim ately  2 to  3 cm o f a  coral b ranch  o r arm s o f  individual oph iu ro ids 
w e re  subsam pled  and  fro zen  a t  - 8 0  °C o r  in 70%  e th a n o l fo r shore-based  
m orphological an d  g en etic  analyses. V oucher specim ens w e re  e ith e r  p re ­
served in 95%  e th an o l o r  d ried .

Microscopic Examination. Tissue necrosis an d  th e  p resence  o f b a re  skele ton  
w ere  d o cu m en ted  on  a  Leica S6D m icroscope w ith  an  a tta ch e d  Nikon 
D300 cam era.

Octocoral Identification. Octocorals w e re  iden tified  to  th e  low est possible 
taxon  using m olecular barcodes an d  m orphological charac te rs  (follow ing 
refs. 30-32). DNA w as ex trac ted  from  fro zen  o r  preserved  (95%  e th an o l) 
specim ens using th e  Q iagen DNeasy kit. T he 5 ' e n d  o f th e  m itochondria l msh 
g e n e  an d  th e  COI+igr reg ion  w e re  PCR am plified  (33). Sequences w e re  
ed ited , com bined  w ith  re la ted  sequences from  GenBank, an d  a ligned  by 
ClustalW , resu lting  in a 1,430-bp reg ion . Bayesian phy logenetic  in ference 
w as co nducted  using th e  GTR+G+I m odel (M rBayes v3; n u m b e r o f g e n ­
e ra tio n s  = 2,000,000; sam ple  frequency  = 100; burnin = 5,000). Because th e  
COI+igr reg ion  has n o t b een  previously am plified  fo r  m any  octocorals, th e se  
reg ions w e re  coded  as missing d a ta  fo r  th e  a p p ro p ria te  G enBank specim ens.

Ophiuroid Identification. O phiuroids w e re  iden tified  to  th e  low est possible 
tax o n  using m orphological an d  g en etic  d a ta . M orphological exam ination  o f 
ty p e  an d  v o u ch er specim ens w as co nducted  a t  th e  Sm ithsonian  Institution 
(W ashington, DC), and  DNA from  v o ucher specim ens w as o b ta in e d  fo r
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g en e tic  com parison . DNA w as ex trac ted  from  frozen  o r  preserved  (95% 
e th an o l) oph iu ro id s living on  MC 294 corals using th e  Q iagen DNeasy kit. 
A fra g m e n t o f th e  m itochondria l 16S rRNA (16S) g e n e  w as am plified  w ith 
th e  universal prim ers 16SarL an d  16SbrH, seq u en ced , an d  a ligned  using 
SEQUEN CHER 4.8 (G ene Codes C orporation) an d  previously described 
m e thods (34). Phylogenetic  in ference  (and su b seq u e n t species iden tification) 
w as co nducted  using parsim ony (PAUP* 4.0b10), ne ighboring-jo in ing  dis­
tan ce-b ased  an d  Bayesian app ro ach es  associated  w ith  G eneious (version 5).

Sedim ent and Floe Collection. Floe w as collected a t  d e p th  th ro u g h  1.5-m-long 
precleaned  tu b in g  in to  a  4-L carboy, w h e re  it w as collected o n to  tw o  15-cm 
d ia m e te r p recom busted  glass fib e r filters (GF/Ç, >1 pm) m o u n ted  b e tw een  
tw o  layers o f Nytex (63 pm). T he m ajority  o f  th e  floe did n o t sorb  to  th e  filters 
and  rem ained  suspended  in th e  sea w a te r  collected in th e  carboy. Once 
o nboard  ship, th is  m ateria l w as im m ediate ly  filtered  o n to  47-m m -diam eter 
p recom busted  GF/F filters (0.7 pm), w hich w e re  th e n  placed in com busted  foil 
and  frozen  a t  -2 0  °C be fo re  fu r th e r  analysis. Push cores (6.35 cm d iam eter) 
w ere  used to  collect sed im en t sam ples. Im m ediately a f te r  reaching th e  ship's 
deck, th e  cores w e re  sectioned  as 0 -2  cm, 2 -5  cm, an d  5 -10  cm intervals in to  
com busted  glass jars and  th e n  frozen  a t  - 2 0  °C until analysis. M acondo well 
re ference  oil w as collected d irectly  a bove  th e  well on  June  21, 2010 (as in ref. 
2). This sam ple is th e  re ference  M acondo w ell oil w ith  w hich sam ples a re  
com pared  th ro u g h o u t th e  study. O th e r sam ples (described in ref. 18) w e re  
also ob ta in ed  on M ay 31, 2010 from  a  saltm arsh «175 km from  th e  spill n ear 
Cocodrie Louisiana (29.29 °N; -9 0 .4 9  °W) as a  2-cm -d iam eter d ro p le t o f  sur­
face  oil (M1) and  from  a  scraping o f  Spartina a lterniflora  saltm arsh grass 
tak en  w ith in  m eters  o f  th e  d ro p le t (M2). A n o th e r sam ple (S1) w as collected 
on  June  20, 2010 w ith  th e  R/V Endeavor from  a  1-cm-thick layer o f oil floa ting  
on th e  surface w a te r  a t  28.74 °N, 88.38 °W (18). All sam ples w e re  placed in 
com busted  glass jars and  frozen  until fu r th e r  analysis.

Oil Analysis. Sam ples w e re  so lven t ex trac ted  an d  purified  w ith  fully activated  
silica gel. Extracts w e re  analyzed  fo r hydrocarbons via GC-FID, gas chrom a- 
to g ra p h y -m ass  spec trom etry  (GC-MS), an d  com prehensive  GCxGC. For 
qu an tifica tio n  a n d  iden tification , GCxGC w as coup led  to  an  FID (GCxGC- 
FID), an d  iden tities  o f  b iom arkers w e re  confirm ed by coupling w ith  MS 
(GCxGC-MS). SI Materials and Methods provides a  co m p le te  discussion o f 
th e se  analyses.
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