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Abstract Results
Based on criteria identified for a national Hg ntoring network, candidate wildlife species for

A principle concern with elevated mercury in the eowiment is the potential for adverse effects inanigms.
Methylmercury is of particular concern due to iteager ability to bioaccumulate in food webs thanrgamic| exposure, by habitat type, include Bicknell's thirasid raccoon (terrestrial), common loon (lakele tr
mercury. Both humans and certain wildlife species at greater risk of effects from methylmercury doe swallow (freshwater wetland), herring gull, baldjleaand common tern (lake/coastal), mink (riverine)
exposures at higher trophic levels on food webscHaracterize these exposures in wildlife and be &bimonito saltmarsh sharp-tailed and seaside sparrows (estaiarbor porpoise (or other smaller marine malsima
changes with time thus requires a comprehensiveoaph that considers mercury releases, atmosptrarisport (nearshore marine), Leach’s storm petrel (offshoaéime) and belted kingfisher (comparison acrosstiqu
and deposition and watershed transport, cycling teamisformations within water bodies, and bioacdaton up) habitats). All of these species meet a large nuroberiteria for bioindicators identified, althougisome
the food web. cases, other species in the same taxa rank relatiigiyas well, and ongoing research may identify

A bioindicator can be defined as an organism teaponds predictably to contamination in ways tmetraadil additional reasons for their inclusion as suitabtecury bioindicators. For species included in tasuork,
observable and quantifiable. This response couldtbeny level of physiological or ecosystem orgatiizafrom itis recommended that each species be monitonedadiy (generally at a fixed time after arrival at
molecular or cellular at one end of the spectrurpdpulation or community at the other end. Wikllipecies ai breeding sites, for migratory species).

good indicators of the status of contaminants sehvironment because they reflect not just theepres but th

bioavailability of the contaminant of interest, igtate over time and space and among local, regiandlglobal Wildlife indicator species chosen for the NationaMercury Monitoring Network

sources, and respond to toxic insult in ways &natrelevant to human health at both the wholerasgaand subj Habitat
organismal level. Type

Issues of importance in designing a strategy to adessd changes in wildlife exposures to mercury (thitso Terrestrial | Bicknell's Blood Ability for significant uptake of Hg in
must be considered in design of a broader mercugitoring network) include geographic and broad itaal thrush montane habitats; high priority for
considerations (e.g. lake vs. riverine vs. coastad, laydrological factors such as extent of wetlamtiging/wetting| conservation; blood levels related to
cycles and any potential gradient in mercury logs)nother watershed and within water body charisties (sucl _ ﬂ““_fJSPhe"C deP°§'“°D models _
as size of water body, soil and water chemistrgijmsent biogeochemistry), and food web charactesstsuch a Raccoon Wiqeslpread distribution andlgasi
number of trophic levels and changes through eutcagibn or introduction of exotic species). In adiit recen studied; prey for endangered species
studies indicating relatively high mercury exposuie some terrestrial wildlife species indicate Waue off (Florida panther)

N N o . L . . Common , Widespread distribution and easily
Lr;glaurii;ngn?g:msg;cies in a biomonitoring networkerethough mechanisms of mercury cycling and upéakeno e studied; large existing database:

sensitivity to Hg; existing database fol
continental Hg exposure and lab and
field effects

Lake/coastal| Herring gull | Adult Egg Widespread distribution agakily
Introduction studied; large existing database

de ing trends in Great Lakes
Bald Eagle | Juvenile, | Blood, Widespread distribution, large existin
In designing a mercury monitoring network that intés a wildlife component, a principal objectivedsiocument Adult Feather pp: reproductive effes
changes in mercury exposure (and potentially efjetative to changes in mercury loadings to asgstem. Mord Common | Adult Feather, | Widespread distribution and easily
specific objectives might include the ability to: tern egg studied; |a;gi|‘;>“5“"9 database;

1. Discern spatial differences and temporal chafmyesercury exposures (and potentially effects) in Estuarine Saltmar_sh _Adu"{ Blood Obiigate gstuarine specigs,_ gy
ide., i e Sharp-tailed | juvenile conservation concern, existing databa
wide-ranging individual species; T e I h
Discern temporal changes in exposures (and paligreffects) in more limited range species in gna"easi e oriexpostielsma tomelande
SPECiB ISR GHEEs: Riverine N’IJink Adult Fut Widespread distribution and easil
Identify the role of loadings vs. other factoesy( food web changes) in mercury exposure changes; P! y

Identify the impact of changes in mercury relsasem specific sectors and/or geographic areas on ?::Sf?écelzl'sggrg\sijtmtaosign exposul
exposures in specific locations. Marine Harbor Adult Musclé Widespread distribution; some existin|

. . ) nearshore porpoisé data; concern about immunological
The development of such a network must take inbmamt the numerous variables and factors affectiegcury effects

exposure and effects in wildlife species, |nc|udyupgraph|c and habitat differences (both the bepdifferences Marine Leach's Adul, Blood Widespread distribution, common,
between four major habitat types considered — €O uarine, and marined-ai 1ces| Offshore Storm-Petrel| juvenile easily sampled at nest site, potential
(including trophic changes) within each habitatetyand host faclors (including species migratoagust home connection with global Hg signal
range size, functional niche, diet, sex, and a§erjercury monitoring network for wildlife must betegrated into Comparison | Belted Adult, Blood, Widespread distribution across habitd
the broader mercury monitoring context, taking iabzount sources and atmospheric transport, déposind across kingfisher fledged egg types; large and consistent clutch size;
watershed transport, cycling within a water bodyd aptake within the aquatic food web. Becausdlifél (in aguatic young ease of capture; relatively high mercu)
particular top-level predators) are the integratifra mercury signal that has already been intedratross several habitats exposures

media (air, water, sediments, and fish), the iriolusf wildlife is therefore challenging, and wittquire careful
attention in overall network development.

Species Age Tissue Rationale

Notes:
a: May require better understanding of relationstith internal tissue mercury concentrations (sseubsion in Section 5.6)
Methods b Harbor seal or grey seal would also be candidatesimilar reasons, and ringed seal would be apate marine mammal target for Arctic
o ) : " o : biomonitoring, due to wide distribution, signifidauptake rates for Hg importance in diet of poleats.
Wildlife indicators can establish baseline conditipact as early warning signals of environmentablems, c: Liver and kidney are more typically analyzedriarine mammal species, but due to both accumnlatil detoxification as discussed
identify the extent of contamination, define cafipathways and responses at multiple trophic el well as previously, muscle tissue may be more in particular for she issues are
. e - B . - " 4 resolved (see Becker, 1991).
integrate biological exposure with the physical ahdmical environment. Indicator selection wasebasn a
combination of criteria or characteristics thatliied:

. Well-characterized life history;

Capable of concentrating and accumulating comtant(s) of concern;
Common in the environment;

Geographically widespread; . L
Sensitive and hence indicative of change; The National Mercury Monitoring Network
Easily collected and measured;

. Adequate size to permit resampling of tissue;
Occurrence in both polluted and unpolluted areas;
Display correlation with environmental levelsoohtaminants; *Sampling scheme involves clusterd intensivesites
10. Has background data on the natural condition.

«Envision sampling within each of approximately 10
ecoregions in U.S. (or North America)

COoNOOAWNE

«Sites would be preferentially linked with MDN site
Issues of Concern

Cluster Intensive
Geographical and Habitat Differences:Geography and habitat variability affect MeHg proiion, #Sites/ | Approx. 15-20 Approx. 1
bioaccessibility and uptake into wildlife. Interfation of mercury in wildlife also requires a wanigi ecoregion
knowledge of sex, age and tissue differences. Bicgemical differences in aquatic and terrestriatays are Selection | Similar broad ecological | Include sites where changing
" N " 5 - Py basis | characteristics but different| loads are expected
particularly important determinants of Hg methylatior example, in the Northeast, there is likelpiegh site conditions
atmospherically ited Hg to create ecologi ywhere in that region. However, adjacenesagan ParameterkPrimary Hg indicators Generally primary Hg indicators|
have drastically different levels of MeHg and thésiation is related to nonlinear biogeochemical an measured + additional parameters
hydrological processes. Similarly, among 15 Wistoakes within the same airshed, concentrationdetfig Purpose | Identify general trends Address me;":_mﬁ'c 4"95"&;""5
in water and fish varied by an order of magnitiitfee strongest environmental correlate of MeHg ineatas g&;?.’:ﬂ'wm"gﬁamz:?"ﬂ_‘:"
DOC which accounted for >80% of the variabilityween lakes; pH was the strongest correlate of\iehig deposition)
(12> 0.70).
Methodological issues:Both the d ication of bicindicafresent a number of methodologig +Outline of indicators by major compartment for ritoring intensity
ns. One key req i studies in the laboratory, and residuel$/effects
studies in the field. For many years these studim® conducted by different groups of scientists] the Comparioei o] £ [Compamaan oG

connections were not made. Bioindicator speciesresthere were clear links between exposure letistsie Airand Total weekdy' ‘deposiion | Cluster e |
levels and effects were the most useful. watersheds. i

Cluster
Host factors: The ecological constraints of any species must le#f vharacterized. Diet, functional nicl ‘Watershed yiek! Intensive Wikdifer* Cluster
migratory status, and home range size lnfluenmales suitability as an indicator. Seasonal gesnin thes: . sx:"‘n‘:; caue ‘K T}
. Water ant 0 igin
parameters also reflect aminant cor trati 's age and sex, overall body conditiord &ealtl R e T " ]
status also influence its suitability as an indicat All of these factors can also alter the biokakility, Cer Harbor porpoise & Leach's storm | Cluster
perel

toxicokinetics and toxicodynamics of a contaminangréfy altering uptake, distribution, and effects. iTosdl

Bicknells thrush Cluster

Types of Indicators: Mercury exposure may be in many cc i Obj
logistical consi dictate cc nt choicNon-lethal choices |nc|ude abandoned eggs, d) pCOUL Sneves pani ey
feathers, fur, scales, and tails for lizards arakes. With some additional effort muscle and ewegam biopsie: e ehee <‘"'"‘SE"S“M‘V‘°SEM"3'“‘P’
may be included in this category. These compartsngrovide avenues for sampling individuals overetiand
can provide short-term and long-term insights omaumg bioaccumulation. Availability of fresh carsas cau
also provide information on mercury exposure; emsishés typically on the liver, kidney, spleen, miesand | o et st o s eyt g
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*Release of the national Hg monitoring plan *National Mg monitoring plan legislatio|

Be it cnacted by the Senate and House of Repraseaf the Unied
Statesof Amarica in Congress assembled

Secrion 1 svoRTTILE
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+Legislative bill soon to be introduced in the Natur:
Resources Committee of the House of Represental

~Overview paper iEnvironmental Science and Technology
(Mason et al, 2005, 39(1):14A-22A)
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