In their own way, fiddler crabs (Uca pugnax) revealed an answer to scientists’ nagging questions about coastal oil pollution.

Still toxic after all these years

Does oil spilled in 1969 still have impacts on wildlife? Ask a fiddler crab.

Bv Christopher Reddy, Associate Scientist
Marine Chemistry and Geochemistry Dept.
Waoods Hole Oceanographic Institution

his is a story abour persistence—of oil,
aned of peaple,

It began in 1969 when the barge Florids
ran aground off Cape Cod, spilling 189,000
_k_:il:]l.lﬁl‘- of fuel. Bur it Eu'.!_!;all for me in 2000,
when Aubrey Hounshell just kep
calling me and calling me, asking
il he conilbd come 1o Wonds Hole
[h':illqlrgrilirhi: Institution 4.|III5|||_1__:
the summer to do some science.

He was a 20-year-old under-
graduate at the University of Ha-
waii, with less-than-stellar grades,
particulardy in my ficld, chemistry.
Still, there was something about him
that reminded me of myself at thar
age: someont perhaps a linde rough
around the edges, whom people had
taken a chance on and given a shot.

So | let Aubrey come as a sum-
mer guest student inomy lab, 1o get a
taste of science, to test=drive it 1o see

whether he might want to pursue it, Maybe
it was lis persistence, 1 uzelul ateribute i
the scientific endeavor, which often winds
down long pathways, hits temporary dead-

ends, seues serendipitously, cireles around,

and oecasionally leads to an unexpected des-

tinarion, That's what happened in this case,
| confiess to having second thoughts

0l washed ashore after the barge Florida spilled 189,000
gallons of fuel off Cape Cod in 1964,

when Aubrey arrived in Woads Hole, He
was sporting long hair, a black leather jack-
et, an array of tattoos, and mirronesd sun-
glasses thar covered half his face.
For bas summer project, we dispatehed
Aubrey to the Wild Harbor salt marsh in
West Falmouth, which had taken a sav-
age hit from the 1969 Floride ofl spill. In
its wltermath, WHO! biologises amd
chemists had raken advanrage of the
unfortunate incident. They brought
to bear a full suite of expertise and
technology 1o document the dev-
astation to plants and wildlife and
tov learm how natural ecosvatems re-
spone 1o uninwited guests such as vl
And they found, contrary 1o prevail-
ing ideas, that il persisted in marsh
sexdiments vears after it disappeared
from the water and beaches. We

v thought it might be an interesting

= scientific project for Aubrey to see

= whether, three decades later, vil re-
mained in Wild Harbor.,

I asked [}L‘(!I.‘EI; ”:|I1|I'm1!|1, o ol



the WHOH biologists who had conducied
the original research on the 1969 spill, if he
conld give us advice, “I'll try 1o find some
funding to pay for your time,” | said. Cleorge
seofled at my offer, accompanied ws 10 Wild
Harber, and pointed out several locations,
saying, “Look in those places.”

Aubrey took cores of marsh sediments
and helped analyze them. He was prowd
to be an author on the scientific papers we
published documenting our surprising find-
ing: Ol from the 1969 spill resided in the
muarsh in 2000,

This finding inspired a cascade of in-
triguing questions: How much oil from the
1969 spill actually reminined* Where was it
mest concentrated? Which paricular ehem-
ical components of the oil remained? Were
these components toxic o life? Had bacteria
decompesed the oil? Since Aubrey’s summer
diseovery, my research group and many eol-
leagues, armed with some of the most ad-
vanced chemical instruments in the world,
hawve attacked these questions,

With colleagues from the United Stares
Coast Guard Academy, we emplayed com-
prehensive two-dimensional gas chroma-
tography to determine that the remaining
oil was not substantially weathered or bio-
logically degraded, as we expected; in fact,
it hadn't changed much since the mid-1970s
when most of the work ar this site stopped.

Emily Peacock, a Boston University Ma-
rine Program student and 2 WHOH gues
student, took 26 additional cores over a wid-
er area of Wikl Harbor, We analyeed mone
than 150 oil samples. With Andy Solow, di-
rector of the WHOI Marine Policy Center,
we developed a stanistical mode] thar helped
fill in the gaps where we didn’t sample and
ereate a map identifying where oil most
likely remained in Wild Harbor, The map
was cssential to caloulating how much oil
was left in the marsh—abour 100 kilograms
{220 ponnds). Not much, but was it enough

to sl have impacts on the ecosvstem?

’ I Yo answer that question, Helen White,
a former MITYWHOT Joint Program

gradugte student and now a posudoctoral
investigator at Harvard, analyzed our Wild
Harbor oil samples to see if they contained
specilic compounds, known as palyeyelic
aromatic hydrocarbons, or PAHs, which
are suspected to be toxie to life, PAHs were

Graduate student Jennifer Culbertson used plaster of Paris casts of fiddler crab burrows to show

that the crabs turned back when they came In contact with buried residual oll.



Wild Harbor appears pristi

there, an indication (though not proof} thar
lifie in the marsh might still be aflected by
the 196% spill.

Next we wondered if bacteria were siill
d decomposing the remaining
oil—a question explored by a postdoctoral
investigator, Cireg Slater, who is now an as-

consumi g

sistant professor at MeMaster University in
Canada, He had 1o build a special stainless
steel device to collect sulficient amounes of
miarsh sediments 1o obtain and isolate in-
finitesimal amounts of bacterial biomass for
analysis. Using the National Ocean Sciences
Acvelerator Mass Spectrometry facility
(NOSAMS) st WHO, Slater measured the
radiocarbon content of phospholipids from
bacterial cell membranes and found thar
bacteria in 2000 were not cating the oil,

Wiich bed ro the next question: Did
bacteria merely stop eating the oil recently,
after consuming the most easily digestible
chemical components 10 ar 20 years ago?
For her Ph.DD. dissertation, Helen Whine
analyzed remnants of organic matter in the
marsh, also using the NOSAMS facility.
She showed that it was not ereated by bacie-
rial degradation of the oil. Both Slarer’s and
White's results revealed rhat bacteria de-
graded the most easily caten oil compaounsds
soon after the spill and then moved on 1o
their more typical fare,

om our geochemical perspective, this
flurry of research on Wild Harbor has

Q A1 o

ne today, but oil from the 1969 spill still lies buried in marsh sediments.

added a wealth of valuable knowledge on
ail spills. Yet, whenever | gave tlks or was
interviewed about the research, | was never
able to answer the most frequently asked
question: Does the oil sill affecr wildlife in
the marsh?

My standard response had been that the
levels of 1oxic PAHs we found suggest tha
wildlife would still feel impacts. This an-
swer frustrated not only the sudiences, but
me, too. My saviors for this problem have
been Jennifer Culbertson, a Boston Univer-
sity Marine Program Ph.D), candidare and
WHOI guest student, and her advisor, lvan

Prevailing winds blew oil from the barge
Florida into Wild Harbor in Falmouth, Mass.,
but not into Great Sippewlissett Marsh,

Valiela, a noted marine ecologist from the

Marine Biological Laboratory, When Pro-
fessor Valiela approached me about studying
the biological effects of the 1969 spill, | was
thrilled with the prospect of working with
R, 1 was such a junior seientist in another
discipline, and he could address the ques-
tions that | could not answer,

He also had the ideal student in Jenniler,
Before attending graduate school, she had
worked on salt marsh restoration for the UL,
Army Corps of Engineers and was interest-
ed in salt marsh recovery from ol spills,

ennifer then trumped our faney geochem-

ical dara and provided irrefutable evidence
that the oil from the 1969 spill still affects
wildlife, in particular fiddler crabs. The re-
searel, published April 2007 in Marine Pol
Katron Brolleting showed that the crabs do not
burrow as deeply in the areas still affected
by oil as they do in oil-free areas in Wild
Harbor or in a control site, Grear Sippewis-
scit Marsh.

Using only elbow grease and a few gal-
lonis of plaster of Paris, Jennifer and several
summer students made casts of the erab
burrows ut these locations, Though | jest

2 rhat our geochemical data were insignifi-

cant, Jennifer’s fieklwork was guided by
Emily Peacock's maps identifying ail hoi-

spots in the marsh.
Jennifer fournd thar in areas where Emily
had found ail, there were fewer crabs, and



they moved more slowly—as if they were
lirerally intoxicated from exposure o the
residual oil. More significantly, Jennifer ob-
served that in areas where ail concentrations
were higher, the crabs stopped burrowing
downwand when they ran into oil, began

to burrows sidewavs in the sediments, and
then turned back up.

The crabs” inability to make normal deep
ritrrows has direet implications for the eribs
and other biota in the marsh. The crabs
canniot hide as well from predators, such as
raceoons, in shallow burrows, In addition,
fiddler crabs t||:-r|1|:||'|:l. |l'|..|_l. a erucial role in

tilling the salt marsh, which helps provide

oxygen to the roots of salt marsh grasses.
Somewhar like the iron rods in poured con-
crete, salt marsh grasses provide strength
and stabilize the marsh against erosion.

he consequences of these results are

far-reaching. For example, this work
provides direct answers 1o a high-prior-
ir:r i in the MNational Research Councils
2003 stdy Q4 in the Sea T, which stated
thi
the chronic biological effecrs resulting from
petrolenm hydrocarbons in sediments.

mone information was needed abour

Jenmifer’s experimental design was similar
tor research done within a few vears of the
spill by graduate studenrs Kathy Burns of
the MITAWHOI Joint Program and Char-
lie Krebs of the Boston Univeristy Marine
I’rlrgr:uu. who abserved the same pattems
for the crabs’ burrowing capacity in oil-pol

huted sediments. Henee, Jennifer's resulis

indicate that ||s|:|q i eXposire does pot

[rrofmete resistance, bt ;']1t‘|:-||.ir:l||.:|.' .I'III‘I"'.I..IF-
thiese crabs.

This research will also help damage-
AsseeRiment T t".'JIIIJrirIR how o restoe
and rehabilitate oil-pe lluted locations per
the Ol Pollution Act of 19940, This law
states that the responsible party (the spiller),
under the guidance of government scien
tists, st make every effort to elean up and
rerliTn any ecosvsiemn to its pre-spill status,
Ofien the health of an ec DEVETETT is H;lll_:nl
by its visual appearance. In the case of Wild
Harbor, this would be misleading, because
it now has a |1i4,'ll|'r|::-|1|:-~sli";|ui Bppearance.

Whoever would have known that only
a few inches below the surface, a nearly
four-decade-old ol spill woukl be wreak-
ing havoc on these erabs? For me, | learned

Great Sippewiisett Marsh

Wild Harbor

Scientists made plaster of Paris casts (below] of fiddler crab burrows in Great Sippewissett
Marsh, which did not receive oll from a 1969 spill, and in nearby Wild Harbor, which did. The
Sippewissett burrows were straight and deep. Burrows in Wild Harbor did not descend as far
and were stunted. The crabs appeared to turn back when they encountered oil.

avaluable lesson that sometimes the {in-

el r]]rn|||:|.|:1|j;|':1]r1|~s and mass SpReCTFOrelers
cannot outdo simple, old-fashioned, get
vour-hands-dirty rescarch.

Aubrey Hounshell, by rhe way, is now a
disc jockey in San Francisco,

This research was supperied fry funds from
the W Sea Grnnt f'r'r.-_l{.r.:.r.l.', the WHOT
Cowrstal Ocean Institute, the UK, Qffice of
Naval Besearch, and the Hollis and Ermine
Leovelf Charitable Fonndation,




