Seasons In the Field:
Reflections from a Career Studying the Consequences of Catastrophe
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Alaska Flight 261, 2000
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Thoughts & Lessons...
..from Post-Incident Monitoring of/Research on Major U.S. Spills

Incident overviews
Spill-response-focused monitoring
Impact assessment monitoring

- Broader lessons learned

- Closing thoughts and apologies




Torrey Canyon — March 1967

Recolonization of Rocky Shores in Cornwall After Use of Toxic
Dispersants to Clean Up the Torrey Canyon Spill*

A.J. SOUTHWARD AND EVE C. SOUTHWARD
Marine Biological Association, Citadel Hill, Plymouth, U K.,

SOUTHWARD, A. J., anD E. C. SouTHwarp. 1978. Recolonization of rocky shores in Corn-

wall after use of toxic dispersants to clean up the Torrey Canyon spill. J. Fish.
Res. Board Can. 35: 682-706,

Fourteen thousand tons of Kuwait crude oil, reduced from 18 (00 tons by weathering
al sea, was stranded along 150 km of the coast of West Cornwall, England, in March 1967.
'_l"he oil was treated with 10 000 tons of toxic dispersants during cleaning operations. By
itself the oil was not very toxic, although it killed some limpets and barnacles, and most
of the mortalities that followed cleaning were due to the dispersants. There was a graded
effect. Most animals and some algae were killed on the shores treated heavily with dis-
persants, while a few animals and most algae survived in places less heavily treated. How-
ever, long stretches of coast were contaminated to some extent by drifting of patches of
oil and dispersants along the shore and by indiscriminate dispersant use in remote coves.
The general sequence of recolonization was similar to that which has been found after
small-scale experiments, where the rocks were scraped clean, or where limpets were
removed, but took longer to complete. There was first a rapid “greening” by the alga
Eme_romorm'm: then a heavy settlement and growth of perenmial brown algae (Fucus
spgmes), leading to loss of surviving barnacles. A settlement of limpets and other grazing
animals followed, with eventual removal or loss of the brown algae. The final phases were
a reduction in the limpet population and a resettlement of barnacles. Lightly oiled, wave-
beaten rocks that received light dispersant treatment showed the most complete return
to normal, taking about 5-8 yr; heavily oiled places that received repeated application
of dispersanls have taken 9-10 yr and may not be completely normal yet. Most common
species returned within 10 yr, but one rare hermit crab is still missing from places directly
treated _with dispersants. The early recolonization by algae resulted in a raising of the
upper limit of Laminaria digitata and Himanthalia elongata by as much as 2 m in wave-
beaten places, demonstrating that grazing pressure by limpets must be one of the factors
controlling the zonation of these plants. Later, other species of plants and animals were
found higher up the shore than usual, under the shade and shelter provided by the dense
canopy of Fueus. Fluctuations in the populations of algae and herbivorous animals during
the course of the recolonization illustrate the importance of biological interactions in
controlling the structure of intertidal communities. Pollution disturbance affects the
herbivores more than plants, hence the point of stability of the community is shifted
towards the sheltered shore condition of low species richness and greater biomass.

Key words: petroleum, dispersant, rocky shore, Torrey Canyon, recolonization, coastal
ecology, pollution

Fifty vears after the wreck of the Torrey Canyon

The work of the Marine Biclogical Association of the UK on
acute impact: and subsequent recovery

The Torrey Compon was wmcksd on 1Bt March 1567 ean the Pollard Eock of the
Seven Stomes reef, 17 miles (25 km) from Land’s End, Cormwall, UK (Figure 1} The
570 foot (300 m) taxker was bound for ol miimenes at Milford Haven with 117,000
tons of Ewwait crode odl. She struck the rodks at 17 knots, teanng opan six of har 18
storepe tanks and Jeus severchy dameging the cthars. Salvags attompts failed. The chip
i baoks up ower tha pext six weaks dus to storm damape and bombing on
the ZBth, 25th and 30th March in am aftempt to bum wp the oil She Smithed a
broksn wreck. baing officially declared to contam mo morm of fowards

thie end of April 1967,

At the tinse, the Tevrey Compon ol spill stracted omch media attention and peliical
tervention. The Prime Mindcter at the time, Harcld Wilzon, took a porsonal inforast.
Ha kad a holiday homo on thae Llos of Sdlly, wven mules to the souwthwust of the
wreck. |t was aleo the first spill iovolving the fimt generation of s=per-tankors.
Furthermsors, it was trested — sxoessively in many mstamces — by the first generation.
of dispersants. These were W effect industrial cleanmg agenn - oupbsmistcally
calied detorgents at the tme {e.g. Smith 1965 Mo was dome by thae
dispemant applied (10,000 toms) than by the odl dself {14,000 tons) that came ashore
m wost Commwall

All the staff of the Marine Biological Associstion of the TUE (MBA) wars mobilized
to deal writh tho snvironmestal mpacts of the spil for wix weeks (Smith 1%58). Tha
MBA's research wessel Sorsa was oo the scane within a week or so after the wreck.
MBA staff memhbars Alan and Eve Sowthwand wrem subsequently mvohed = lomg-
terms stadiss of mecovery of rocky cheres for the next tea yeam or so {Sontwrand 1979,
Southward and Sontrard 157E)L comtiomed & comoert with Steve Hawlking since
190 2t cme of the worst afected shores — Porthlewsa (Hawkims of al. 1983, Hawking
gt al. 7002, Hawking and Sowmthoard 1902, Hawkins of al. in press, in prap.) and mom
recantly {sinca 2007) with Nova Micudkoumka

A notwork of shores knd bean stedied in the sontiroest of England for owver a decade
before the spill (Sonthoeard 1967), primanly to understand the inflesncs of chmatic
flocmations on intertidal species, particalarly barnacles (Sounthward and Crisp 1554,
19356). Thess observations were sobeequenthy mantamed by the Southmrands {eg.
Southward 1991, Southward et a2l 1597) and contnued by Stweve Hawldns, Howm
Misszkearika and co-mrorkers (e.g., Hawlcins ot al 2003, 2008, 2005, Misakownka et
al 3006, Ml4ab, Micwkowsks and Sogden 2016) (Fig 1). The tmajactory of
mecovery following the Tormey Campon odl spill was determined by mreraction with
climate ffacmations and other sources of chronic pollution wch as Tributyltn from
anti-fonling paints {Bryan ot 2l 1986, Spence ot all 199070

Smith (1968)
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Exxon Valdez: Recovery from Cleanup

198

Initially. a greater degree of recovery was necessary at washed

sites, but little difference could be discerned between washed &
unwashed sites after around three years.






Exxon Valdez: The Legacy of Mearns Rock
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Maturity state of community

O1l Spill Response Tradeoffs: ldealized Recovery

Observed variability in climax  Oil spill impact
community |

“Recovered” condition when

:

the natural biota have been

established and are within
the range of variability
expected for that habitat

Degradation of
community

4

¥

opportunists

Time

“‘Recovery” to enter range of
climax community

“Initial colonisation” by macroscopic

Sell et al.,(1995)



Recovery from Spills:

Maturity state of community

QOil spill impact

Exxon Valdez “Parallelism”

“Recovered” condition
when the natural biota

- AVAILABLE

NO PRE-SPILL DATA

have been re-established
and show trends of
response similar to that at
reference sites

Difference between
communities at time of
spill

Time

Difference between
communities when
“recovered”
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Lower Herring Bay Experiment:
2000-2012




Lessons Learned from Exxon Valdez Response Monitoring

- Short-term inte

diminished wit
PRINCE WILLIAM SOUND

- Recovery from SET AS|DE
precedes biolog FAll STUDY SITE NO.2 |
- Drivers of change g NO TREATMENT .
. : § BETWEEN SIGNS » -
complicate impact as | :

- Ulility & criticality of ‘set asi



Footnote: Exxon Valdez Lingering OIl
Disc Island, Prince William Sound, 4 June 2018...

David Janka, R/V Auklet



Exxon Valdez 1989

Timeline of Recovery from Exxon Valdez Spill
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Pigeon Kittlitz's Marbled
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Clams Black
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Species and Habitats not Recovering

Herring

* NOAA determination
** USGS determination



Pre-Exxon Valdez Assumptions about Cetaceans & Ol

“On the whole, it is quite iImprobable that a species or
population of celaceans will be disabled by a spill at sea,

whatever the likelihood that one or a few animals might be
affected or even killed.”

J.R. Geraci, in Sea Mammals and Oil: Confronting the Risks

"An assessment of the toxicological literature and of the
avallable empirical data on EVOS leads to the conclusion that

direct, long-term sublethal toxic elfects on wildlife appear to be
very unlikely.”

R. Hartung, in Exxon Valdez Ol Spill: Fate and Effects in Alaskan Waters
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- Mobile Offshore
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- Sank 21 April, ' OSt ‘Vi .;; trolled flow for 87 days
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Post-Deepwater Horizon Research & Monitoring
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.« What I’ll Discuss ré: Deepwater Horizon o

ALT: 48

OPT: 4820° 110 x4 . |
uoG: 004 ‘Macondo, MC252) BTY: 4984
Intensive studle e mammal (dolphin) impacts in heavily
olled location
- Consistency & col n " of Impacts across species
- Marsh impact, mediation studies during and after
response
@D E ool









Mandy Tumlin/Louisiana Department of Fish & Wildlife




Deepwater Horizon Bottlenose Dolphin Assessments

2. Observational & remote biopsies

» Genetics |
» Hormones (pregnancy)
. PerS/sz‘ 11 organ/cs

* Infectious a’/agnosz‘ics

T NMFS Permit No. 932-1905/MA-009526



Marine Mammal (Cetacean) Routes of Exposure

e /nhalation « Dermal & ocular contact

- Oil on surface,
Vapors / VOCs/ Liquid water column
Aerosols Oil/Droplets

Incidental
from water,

e /n gest/o n sediments

\'\;5 . = . S g i il ‘-....'\,..-.'» - ::\
Contaminated N TN
prey . S




Conceptual Model of Oiled Dolphin Health Effects

\

Decreased Hyperkalemia /
mineralcorticoids . hyponatremia

-~ Adrenal effects 1 J; serum aldosterone T potassium,
(hypoadrenoconlcismL J, sodium

Decreased
glucocorticoids ™ Hypoglycemia Poor body condition

J serum cortisol 1 glucose Js mass:length ratio

(during stress response)

Qil Exposure T Inflammation
(ingestion)

T WBC, globulin,
< albumin

Chronic pulmonary Fetal death, calf
Ol] ExDo‘Sure Lung injuw —— abnoma"tles' — Anemia (Of chronic R
{inhialation) secondary infection ) w‘

Ultrasound

J, .hemoglﬁbin

1 Hepatobiliary

Hepatic inj
.2 B, enzymes

A ALT, AST, GGT, LDH _J/

Maternal transfer

Schwacke et al. (2013)




Deepwater Horizon Dolphin Injury Assessment Findings

Increased
Mortality Rates

Low Reproductive Success

Moderate-Severe Lung Impaired Stress Response /
Rates

Disease Adrenal Injury

LIVE ANIMALS

DEAD ANIMALS

Histopath Necropsy; LDM Necropsy

Mammal exposure to DWH olil contributed to the largest, longest lasting marine mammal
Unusual Mortality Event (UME) recorded in the northern Gulf of Mexico (> 1000 stranded)



DWH Physiological Oil Response “Constellation”

Additional . Salinity  Temperature Infectious
stressors: changes changes disease

Sediment

Air  Food Exposure

_Hobrnlwone Inhalation Water routes
Sensc Pl e DNA Aspiration
inhibition

Ingestion
Oxidative damage Foulin
b damage oD Absorption d Oxidative e Clinical ;—#onv:l?fa
Kidney Low Altered stress Anemia in('iil?a;i?)rs
disease gene o600 s

blood sugar A
o0 expression  |5n channel gaerITngIS‘rE‘ Inflammation Devglgfgr&gntal

o0 .
. Electrolyte D dysfunction o Y )
Rg)f)sﬁcrijlé%té\ée imbalance .. o Eagzgrlrgveesr Organ anc’issue
000 siemcel Immunecell @ @ effects

destruction . Lung/gill dvsfunction Liver
dysfunction Hypothermia damage y. disease

Cardiac Ll 1)

disease Organism

Infection o Adrenal disease Ma'absdorp_“onldehy o0 effects
ration

Abnormal O Low body
behavior weight

i Reproductive
o0 Mortality Reduced Growth failure ee
00000 fitness inhibition 'Y )

mhgr?{mgls tusﬁlaes Birds Fish Invertebrates  Phytoplankton

Edema

s )
ensory Mechanisms

of action Necrosis

Lung disease

Resources
affected

Deepwater Horizon Natural Resource Damage Assessment Trustees (2016)
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Los Angeles Tirhes/Caronn Cole






Deepwater Horizon:
Bay Jimmy (Barataria Bay), Louisiana Test Plots

Bay Jimmy

Oiled Control
)
Mechanical Treatment <

Mechanical Treatment, Planted
Reference

€3 i
vV p,
e,%t
(s o)
77,
7/

Barataria Bay
Site Location
" /

Southeast Louisiana

0 50 100 Meters
— ]

Ref,
€rence Conditions




Reference 2013 Oiled Control 2013
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...from Monitorin eepwater Horizon

- Long-term ajor oll spills
has shown
. ..but noti
- Marine anisms are
sensitive

The case fc

Post-incident
cases, restoratio

Incident; in some
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USCG/15 May 2012
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C. Andersen/Washington Department of Ecology




F/\V Deep Sea — Penn Cove WA

Our “Small Science” Hypotheses

- Ol would be at the surface and not contaminate submerged (=1 m)
mussels;

. [fthey were contaminated, depuration half-life of PAHs would be
several days to several weeks following completion of the response

C. Andersen/Washington Department of Ecology






-Sea — Penn Cove WA
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ur “Small Science” Hypotheses



TPAH ug/Kg DW
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The Tempest, Act Il Scene |

“Life can c be lived
forwards.”

ren Kierkegaard, Journals, 1843

“Those who Ig

George Santayana, The Life of Reason, 1905




