APPENDIX 9.C

BROAD GAVMMA ANALYSI S OF FOOD CHAI N ORGANI SM5

by Joanna Burger

Qur initial human health screen was ainmed at species that are key
in understanding the risk to human consuners, and involves a broad
range of radionuclides. However, the cost involved results in a
l[imt in the nunber of analyses that are possible. Thus our
strategy is to have a three-pronged approach of having a |NEL
human health screen, a broad gamma analysis of a |arger nunber of
nore different species, and a followup analysis of nore species
at INEL with the full range of i sotopes.

What follows are a series of tables that |ay out the strategy
for selection of species for the broad ganma screen at Vanderbilt.

TABLE 1. FEATURES USED IN SELECTION O SPECIES FOR BROADER
RADI CCESI UM AND OTHER GAMVA ANALYSI S

FEATURE | MPORTANCE

Bi oi ndi cat or | ndi cat es whet her the organi sns represent
di rect exposure to humans through consunpti on,
direct exposure to higher |evel predators, or
to the organi sns thensel ves

Met hodol ogi cal I ncl udes whether it will be useful in the
future as a bioindicator for protective
sustainability

Soci et al | ndi cates whether it is understandabl e and
useful to the Al euts, resource trustees,
conmerci al fisheries, and other publics

Mobi lity | ndi cat es whet her the organi smrepresents
| ocal , | andscape, or regional exposure



TABLE 2. BI O ND CATOR QUALITIES FOR HUVAN EXPOSURE, TOP-LEVEL
PREDATORS, AND SELF- EXPOSURE

FEATURE | MPORTANCE SPECI ES

Human Exposure Can it directly affect Al'l speci es,
peopl e because they are Except :
eaten by peopl e brown al gae

eagl e

Food-chain Exposure |Is it at the base of the Al al gae
food chain

Receptor Exposure Can it directly inpact Bl ue Mussel
the health of top-Ievel Li npet s
predators (predatory fish, Chiton
mari ne birds, and marine Sea Urchin
manmal s At ka Mackere

Top-| evel Predators

Qi | | enot

Sel f - exposure

Bl ack Rockfi sh
Red Irish Lord
Rock Sol e
Dol |y Vardin
Rock Geenling

Bi oi ndi cators of exposureEagle

of humans and of ot her G aucous- w nged
top-l evel predators Tufted Puffin
Pi geon
Cct opus
Hal i but
Paci fic Cod
Bi oi ndi cator of effects of Al'l species
exposure on the organi sns
t hensel ves




TABLE 3. METHODOLOG CAL CONSI DERATI ONS

FEATURE SPECI ES
Easy to use in the field Al fish, birds, eider
eggs
Al eut foods (nussels,
[ i npets,
Al'l al gae except A
fistul osa
Can be used by non-specialists Data coul d be, but species
identification is not
Readi | y identified
speci es could, such as
al | birds, Al eut foods,

and common fi sh

Easy to anal yze and interpret data Only common, abundant
speci es

Useful to test managenent questions Al top-level predators,
Al eut foods, primary
Producers.

Can be used for hypothesis testing Common abundant speci es
t hat can be tested
statistically.

Can be conducted in reasonable tinme The constraint here is the
r enot eness of the
study site



TABLE 4. EFFECTS OF MOBI LI TY FOR GAMVA ANALYSI S AT W

MBI LI TY

| MPORTANCE

SPECI ES

Sedent ary

Local ly nobile

Mobi | e

M gratory

Provi des an indication
of poi nt exposure

| nt egr at es exposure
over a snall area

Provi des an indication
| ocal novenent within
a few km of designated
site

Provi des an indication
of regional exposure

Fucus

Al ari a nana
Alaria fistul oa
U va
Hedophy! | um

Bl ue Mussel s

Li npets

Snai |

Chi ton

Sea Urchin

Rock Jingle

Bl ack Rockfi sh
Rock Greenling
Rock Sol e

d aucous-w nged &l
Nor t hern Rockfi sh

YellowIrish Lord
Ccean Perch
Wal | eye Pol | ock
Tufted Puffin

Pi geon Cuil | enot
Conmmon Ei der
Brown King Crab
Red-Irish Lord
Dol | y Varden
Eagl e

At ka Mackere
Paci fi ¢ Cod
Hal i but

Sea Lion




TABLE 5: RATIONALE FOR SPECIES SELECTION FOR GAMVA ANALYSI S
(about 300 for WU

PRI MARY PRODUCERS: The followng species are all primry
producers in the nmarine ecosystem are sedentary (and thus
represent | ocal exposure), and are the base of food chains. There
is good representation of the sedentary species from the four
study sites (MIrow, Long Shot, Cannikin, Kiska), and for the
nobi | e speci es from Anthitka and Ki ska.

Alaria fistulosus - This kelp occurs at several depths,
representing the subtidal environnent.

Al aria nana - This kel p occurs mainly in the intertidal.

Fucus - This brown algae occurs in the intertidal, and there
is reference data from ot her places.

Uva - This green algae is eaten by people, and data are
avail abl e.

Hedophyl lum - There are data on this green algae from the
regi on

| N\VERTEBRATES: Invertebrates are often the primary consunmers in
mari ne ecosystens, are eaten by organisns higher on the food
chain, and are fairly sedentary representing |ocal exposure. They
are also eaten by the Al eut people.

Geen Uchin - Uchins were abundant in nost of the diving
transects at 15, 30 and 60 feet and thus represent good coverage
of the marine floor environment. They are a primary food of Sea
Oters, a species of concern. They are also eaten by Eiders and
@Qulls (based on the literature and on stomach contents we
exam ned). And they are considered a delicacy by Al euts.

Rock Jingle - They are | ess abundant, but are sedentary.

Blue Mussel - They are not very abundant, but are eaten by
peopl e and marine birds, and are used extensively in other regions
as a bioindicator.

Li npets - Known as Chinese Hats by Al euts, they are prized as
food, and are eaten by marine birds. W have them collected by
our Aleut collectors in their traditional manner

Snail - Eaten by higher |evel organisns, including humans,
they are prized by Al euts.

Cctopus - Top level predators of extreme interest to Al euts.

This was a species added after neetings with A euts in N kol ski
At ka, and Unal aska.
Brown Crab - Inportant to comercial fisheries.

VERTEBRATES: Vertebrates are often secondary or tertiary
consuners, and have different degrees of nobility. The species
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selected, at sone stage in their life cycle, are all eaten by
Al euts and sone are part of commercial fisheries.

FI SH:

Rock Geenling - This is a sedentary species, each nale
maintaining a small territory, hence representing |ocal exposure,
that lives in the kelp zone. It is eaten by Aleuts (as are its

eggs), and is eaten by fish higher on the trophic chain, such as
Cod and &l Is.

Bl ack Rockfish - This is a relatively sedentary species
(representing | ocal exposure) that lives in the kelp zone and j ust
outside the kelp zone. It is eaten by Aleuts and is a little

hi gher on the food chain than the Rock Geenling. Northern/Dusky
Rockfish were captured by the NOAA trawl, and are of comercia
interest.

Sculpin (Yellow Irish Lord, Red-Irish Lord) - This is a |ess
sedentary (but not mgratory) species that is larger than Bl ack
Rockfish, eats invertebrates, and is an A eut food.

At ka Mackerel - This is a deep water, bottom fish that is
relatively low on the food chain, but is of commercial value and
is mgratory.

Pacific Cod - This fish can reach 50-60 pounds, and eats
smal |l er fish, such as Rock Greenling and Atka Mackerel, as well as
Cctopus, squid, fish eggs, and crabs (all found in our specinen's
stomachs). It is both a preferred fish for the Al eut people and a

maj or commercial species. It is nobile to mgratory.
Ccean Perch - Top |l evel predator of commercial interest that
is nobile.

Wl | eye Pollock - This predatory fish is a major commercia
speci es that is nobile.

Halibut - This fish is a top-level predator, can reach |arge
sizes (up to 500 pounds) and advanced ages, and is highly prized
both by Al euts and commercial fisheries, and is mgratory.

Rock Sole - O interest both commercially and for Aleuts,
intermediate in the food chain.

Dolly Varden - O interest to the Aleuts, this species is
unusual in having a fresh/saltwater phases. The Al euts on our

collecting trip were particularly interested in this species.

BIRDS (all are year round residents on or near Anthitka):

Eiders - Commobn Eiders are hunted extensively by Al euts and
their eggs are also eaten. It represents a low trophic level for
birds, eating nussels, snails, and urchins.

@Qulls - daucous-winged Qull eggs are considered a delicacy
by Aleuts, and gulls represent an omnivorous sSpecies. W found
ur chi ns, starfi sh, and fish (including Dolly Varden and
Geenlings) in their stomachs. Since there are nesting colonies
at each of the test sites, and they normally feed within 5 mles
of their colony, they represent |ocal exposure. They do not
mgrate and so represent |longer term exposure in the vicinity of
Anthitka. They also can live to be 30 + years ol d.

Young Gull - There were nesting colonies adjacent to each of
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the 3 test shot areas, and on Kiska. Since parents feed their
young entirely fromlocal foods (usually within 5 mles of nesting
colonies), they represent |ocal exposure.

Tufted Puffin - They eat entirely fish of small to
i nternedi ate sizes. They are less localized to test shots, and
represent |ocal exposure within a local area. Birds were noving
back and forth fromthe Long Shot to the Canni kin shoreline.

Pigeon @illemt - They eat mainly snall fish and
invertebrates, and are localized to the sides of islands during
the breeding season. Birds were noving back and forth from the
Long Shot to the Cannikin shoreline.

Eagle - They are top level predators of particular interest
to a wde range of stakeholders, including the US Fish &
WIldlife Service

MARI NE MAMVALS

Sea Lion - Qur Al eut hunters/fishermen conducted a
subsi stence hunt while on the trip, and have requested that we
exam ne radionuclides in this animals that they were eating.




TABLE 6. RATI ONALE FOR SELECTI ON OF GAMVA NUMBERS AT UV.

1. Wiere possible, sanples from each of the four study sites
(Mlrow, Long Shot, Cannikin, Kiska) for species that are
sedentary or are locally nobile will be selected for anal ysis.

Fucus Sea Urchin

U va Brown Crab
Hedophyl | um Rock Jingle

Al ari a nana Rock Sol e
Alaria fistul osa Bl ack Rockfi sh

d aucous-w nged Qull Rock Geenling

(adults, chicks, eggs) Yellowirish Lord
Bl ue Mussel s Red-1rish Lord
Chi nese Hats Snail s

2. Species that are nmobile within a few km of a designated site
will be examned from both sides of Anthitka (Bering Seal/Pacific
Ccean), and from Ki ska.

Common Ei der (adults and eggs)
Pi geon Cuil | enot
Tufted Puffin

3. Species that are highly nobile or mgratory will be exam ned
from Anthitka and from Ki ska

Ccean Perch
At ka Macker el
Wal | eye Pol | ock

4. Species where we obtained few individuals that are of high
interest to Aleuts and others. Unlike the others above, anal yses
may be by individual.

Eagl e
Hal i but
Cct opus
Sea Lion




APPENDI X 1. Features of bioindicators for human and ecol ogi ca
heal th assessnent. These features apply for making decisions
before and after renediation and restoration, and to evaluate the
efficacy and integrity of nmanagenent, renediation, or other
environnental actions (adopted for Anthitka Project, after Burger
and Gochfeld 2001).

Bi ol ogi cal Rel evance * Provi des early warning
* Exhi bits changes in response to stress
* Changes can be neasured
* Intensity of changes relate to
intensity of stressors
* Change occurs when effect is real
* Changes are biologically inportant and
occur early enough to prevent
catastrophic effects
* Change can be attributed to a cause
Met hodol ogi cal Rel evance * Easy to use in the field
* Can be used by non-specialists
* Easy to analyze and interpret data
* Measures what it is suppose to nmeasure
* Useful to test managenent questions
* Can be used for hypothesis testing
* Can be conducted in reasonable tine
Soci etal Rel evance * O interest to the public
* Easily understood by the public
* Met hods transparent to the public
* Measures related to human health or
ecol ogical integrity
Cost-effective
* O interest to regulators and public
pol i cy makers

Burger, J. and Gochfeld, M 200la. On devel opi ng bioindicators for
human and ecol ogi cal health. Environ Mnit Assess 66: 23-46.



