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EXECUTIVE SUMMARY 

A critical component of any emlogical risk assessment is the specrfication of me assessment 
endpoints. However, selecting assessment endpoints !or risk assessment is often a fomidable 
task The Guidelines for Ecological Flisk Assessment (EPA 1998, ER ID 62809) rccognims this, 
4sating: 

All ccosystems are diverse, wlth many lovels of ecological organization (e.g., individ- 
pcpulztions, communities. ecosystems. and landscapes) and multiple ecosy2ern 
processes. It is rarely clear which af these charadenstics are most cntical to #3sySrem 
function, nor do professionals or the public atways agee on which are most valuable. As 
a result, it is atten a challenge to consider the array cf possibili?ies and choose which 
ecological cbraeeristics to protea to meet mnnagement goals 

There are approxirnafety So0 7hrC speclas on or near the Lcs AIamw Natitnal Laboratory (the 
Laboratory) property, 29 mammal species, 20U bird species. 19 reptilc spedm. 8 amphibian 
species. and many thousands of invortebnte specks. These spxks inhabit a van&y of 
comrnunlry types including mixed conifer fora's piknjuniper wcadkd,  gr;lssranc? riparian 
wwdfand and aquatic communities. The =array of possibilicles" ferselechng assessmen: 
endpoirrts is very large, indeed. A Snrc!ur& process is needed in selectins assessment 
endpoim, and to pravide documentation as to why partimhr rexrurceswere selaeb and others 
were not, The General issessment  Endwint (a€) grocess provides a canprehemive. 
systematic and defensible basis fcr reaching cottsensus with w l a r o t s  and otherS=akeholders 
on just what the -array of possibilities- should be when seleEing assessment endpoinS for 
ecofogiui risk afsessmerrts. Doughs Reapan of U R S  Gteiner Woodward w e  anC others 
(Panmetrix 1945. ER ID 63307) developed the GAE process The (%E appmach has been 
succesdulty used forthe ecalog'kal risk asses;ment at tf?e Lavaca Bay Sperfznd Site and is 
currently being implernemed at CERCW and RCFW sires in the United SCaes ax! for risk 
iissessments at wemas locations. 

This rewort provides an overview of the GAE process tor the Pajanto Plateau ecasystem. me 
ecosystem patentrally atlec!ed by Ljt>oratay historical conaminarioh niis repon incarponRts 
input from representatives of 31+? New ? d e w  E m / i r o m  
Game and Fsh. U.S. Fish anb Wildlife. Me Deparmm of 
Environmentill Restontion (ER) Project (including rep-- fram 
develop G A B  for ecological risk as.ses~mems. m u s h  mis loarmem teflecs the ~o~sensus 
opinions a! the NMED. NM Game and Fah, US. Fsh and WiIdMe, W E  
representatives, it does not reflm an afficra! pasition of +& o~anis.icm repmsmec 

Seaion 7 .  me IntroCubion. provides me mativatton and pumse for dmelopq %e W€s. 
S c i o n  2 gives an overview of *h? GAE process The process of id-g a accns in rwo 
pans. Firs, ecolqicaUy relevant values are idMi for L !  -em un&r consideration arc! 
the zswciatcd GAB are speailed (e- for the Pajarho Ptateau ecosystem in Sxxn 3). 
Second, h u m 3  values associated wi?h the ecolqical resguhes under evaluation and +& 
associated GAG are iden*jf,ed (described in Seam 4). SecSon 5 presenzs & c I i i  for 
developing sizwqecifk assessment endp5nrs. using tbe W E  tramewark :o m ~ e  
com3rehansive, consisttsrrt. and defemthre endpaints for ecokgcal r i s k a s a s m e m ~ c e C  
Sy the €3 Projee. 

(NMED). New h.te>pco 
and me tabararo~Js 
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1.0 INTRODUCTION 

An ecological risk asseOSmont must soecify assessment endpoints in order for there to be a risk. 
based docision framework. The EPA, in borh the Ecological Risk Assessment Guidance for 
Superfund (€PA 1997, ER ID 59370) and tne Guidelines for Ecological Risk Assessment (the 
Guidelines) (€PA 1998, ER ID 62809), dofincs an assessment endpoint as 'an explicit expression 
of the environmental values that are to be protected". The Guidelines also say that assessment 
endpoints ore "operationally delifwd by an ecalcgical entity and its atmbutes". By limiting the 
assessment endpoints to those that are to be protetzed, a policy call must Se mado, thus, a risk 
management decision is implicit ir: tka specification of assessment endpoints. 

Selecting assassment endpoints far risk assessment is otren a formidable task The Guidelines 
recognize this, stating: 

All ecosystems are diverse. with many levels of ecological Organization (e.g,. individuals, 
populations. communities, ecosystems, and landscapes) and multlple ecosystem 
processes, It is rarely clear which of these charadenstics are most critical to ocosysern 
function, nor do profossionals or the public always agree on which am most valuable, As 
a rosult, is ofton a challonge to consider the array of possibilities and chocrsa which 
ecological chanctoristicr, to protect to meet managemont goals. 

The scope of the task for tho Los Alamos National LaSontory (LANL or Labontoryj 
Environmental Ftenoration (ER) Project ecological risk assessors is made clearwhen considering 
the spacies list for the Laboratory, shown in Appendix 1. There are approximately 500 plant 
specios on or near the Laboratory property, 29 mammal species, 200 bird species, 19 reptile 
species, 8 amphibian species, and many thousands ot invertebrate species. Thebmy of 
possibilities" for selecting assessment endpoints is very large indeed. A stnrctured process for  
reaching consensus on the a m y  specificaation is needed to ensure that all relevant mlueC 
reSOurCeS aro considerecf in selecting assessmenl endpoints, and to provide docurnentatior? as To 
why these resourcos were selectod ana others wero not. The Genenl Assessment Endpoint 
(GAE) process provides a comprehensive, systematic and defensible bask for reaching 
Consensus with mgulators and other stakeholders on just wh! the *amy of possibilities" shoulr: 
be when solecing asSessmeM encipoints for ecological risk assessments, 

GAEs are intended to reflect ecological values of broad significance to risk managers and othar 
stakeholders. GAEs encompass ec3logical and human use values at all levels of ecul0c;icaJ 
organization (ecosystems. communities. and individual specios). The dwelcpment of GAS vieh 
diroct involvement of the risk managers and ather srakehalaers. should provide essmtjaJ inpurun 
the values of concern to risk managers :hat will be considered when selmng the 2m.al 
assessment endpoirrts to bo used in conducting ccoio~iul risk assessments a? LANL 

This repoR provides an introduction to ?he GAE process (-ion 2). describes the GAFC 
developed for LANL wirh input from siakoholders (Smions 3 and 4). and provides some 
preliminary guidelines for identdying assessrnem endpoim in the antext of the GAE fmewcrk 
(Section 3. 

The GAE process is applied :o me Pajanto PUeau ecosystem. me ecosysem patentidly affe3ed 
by Laboratory historical commination. Thoso participa~ng in this firs; azemp: at applytnS the 
process at !he Laboratory wem members of me New Mexico Envimnmenr D e p a m m  (NMER), 
New Mexico Game and Fish, US. Fish and Wildlife, DOE, and the Laboratory's EFl P m j e  
(including represemtives from the E w l o ~  Gnup). The identifiitition of GAEs isan ongoing 



pmcess  that will incorporate the  values of other stakeholders (e.g.. Pueblos) as the ecological risk 
assessment process proceeds. 

2 0  OVERWEW OF GAE PROCESS 

The process of identifying GAEs occurs in two parts. First, ecologically relevant values are 
identified for the system under considentlon, and seccnd. human values associated with tho 
ecolosical resources under evaluation are identified. The GAE process is based on the 
assumption that the ultimate ecological value under considention is a hoalthy, sustainable 
ecasysiem. Ecologkal relevance. therefore, rofeis to the propanies necessary for unimpaired 
ecosystorn function. 

The ecological evaluation begins with the identification of chariiaeristics and processes integrally 
important. yet wmmon to all ecosystems, This evalualion progresses to o consideration at the 
particular ecosystem present at the specific location under investigation (e& the Pajarito 
Plateau). This progression provides a hierarchical and objective means of determining which 
compcnents of the ecosystem are potentially relevant W the assessment of ecological risk This 
PrOCaSS COrIdStS Of five S0pS. 

7 Ecological values, common ro sll ecosystems, are ider-tifiod (Section 3.1). 
2 Functional components of the specific ecosystcm (e.g., Pajarito Plateau) are identified 

( W o n  3.27). 
3 A funaional food web of the ecosystem is developea (often done concomitantly with step 

2) (Section 32.1)- 
4 Attributes of the functional components of the ecosystem are determined (0.g. ecological 

d u e s  ccmmcn to tho Pajanto Plateau) (Section 322). 
5 Ecologically relevant GAEs are described (Secion 32.3). 

Once ecologically relevant GAEs have bem determined, ecological values relevant to societal 
values andormanagement  goals am identifiod to supp!ement GAEs that were based diroaly on 
ecolo&al relevanco (Section 4.0). 

In mstollowing sections, the details of the  process are presented in the context of the Pajarito 
Plateau ecosystem. Sedon 3.1 describes ecological values that are relevant to all ecosystems. 
indudingthe Pajarfto Plaeau. The content of Wssec',icn reflects the consensus opinion of the 
NMED, NM Game and Fish. U.S. Fish and Wildlife, and ER Prcjea representatives. However, 
this consensus opinicn does not reflea an  official position of that oqanizations represented. it 
merelyrefleas me ideas of ?he representatives involved in tho developmen: of this document. 

' 

3.0. GAEs FOR W E  PAJARITO PLATEAU BASED ON ECOLOGICAL RELEVANCE 

The Pajarit0 Plateau ecosystem is Cefined as the habitats, both aquatic and terrestrial, of the 
Pajaritu Plateau on and adjacent to the Laboratory. Tho plateau is situated on the eastern slopes 
of the Jemez Mol;nt;u'ns in normem New Mexico. Desdptions of tho habitats and biota of this 
ecasystem are found in numerous documents, including the Installation Work P:an (IWP) ( L A M  

Sustaining a healthy Pajsuiro Plateau ecosystcm is the ultimate ocolo~ical vatue to protect; 
however. ro achieve this goal, a vanety of ecological values must bo considered and protected. 
The pmcess of icentifyins these values, besinning at tho ecosysrem level and progressing to 
lower Isvets of ecologid oqanization is descnbed in the following sections. 

" 19% ER ID 58605). 
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3.1 VALUES CO t m O N  TO ALL ECOSYSTEMS 

Recognizing that assessmen: enepoinrs are defimd as values :o be pmeced (EPA t99i. ER ID 
59370; EPA 1998. ER ID 62805). :he agprcach to developing GAEs girt5 by identifyq valr;er; 
common ro all ecosyscms at me hig!ws level pcssible: :he value of prmrvlng a h e a m  and 
sustainable ccxysem. De L e o  and Lcvin (1997. ER ID 62897') preferthe nction of ccslqicrtl 
intcgnry f a r m  t,Un ecologrcal health. as ?hey feel 9ut in:egmy indcees me a~w: ut valuaricns 
?hat are based on human use. whim tbey believe is the appfopnate value smcture for 
environmental management decisions. Recqvizing that ecalogcal mlues are utbm:cty hurran 
values (Harwell or (il. 1994, ER ID 633Oe), we use the r em ewlogical hcaJth and i n r g m y  or 
intactness in:orchanseaS:y. For the purpxss  at this projec, a healthy ecQsyStem is defined a % 
one :har conains all essemial funabnal components and interaeiom whL3 opcmc a: levels 
typical of that rype of ccosysern. 

There are a number of characcnstics that one may identify !hat are seminal to tfie healmy slate 
and function of an ewsyizern. Fol!owing the GAE approach. c!nceristics were organized into 
three scoanto. but imerrelated. attriSu:es common to all ecosysems; Siolagbl diversity. 
funcional intepri. and nutriern and energy dynamics. While these ambutcs un be eomidererd 
in various combinations (e.g.. functional intognty can 5e defined :o oncompass b t h  b&ivorsi?,t 
and process dynamics), this division allows one to look at the componenrs, paEems at 
organiraticn. and process m:es somewhat independently. 

In the sections that follow, rho attributes common to all ecosystems are detined and discussed in 
the context of why they are valued and how :hey are related to the goal of presewing a hcal'hy 
and sustainable ecosystem. 

3.1 .f Biological Diversity (Biodiversity) 

A simplo definition of Siological oivorsity is The number a! species in a communqf. The more 
species, the greater the biological diversity. However, biologiczl divcrsiv descritiet in this way 
misses much that is relevant to why Siobiversity is valued (De Lea and Levin 1997, ER 10 62897'). 
and honco why tho maintenance of biological divorsiry is a foundational GAE. 

Biological diversky is valued from a human perspective for muttiple reasons. These indude mu 
value of extncrable resources (fisheries, and forests), t he  aesrheric value. rho value of nmy, the 
value of undiscovered natural products of potential benefit to human health, and the indirec! mnlue 
o! the processes pedOrmr3d by diverse assemblages of species (e.g.. nutrient cycling. erosion 
control, cleansing of water and air}. 

Moreover, biologically diverse systems in tompente regions of the world may be genonlly more 
resilient !o natural and anthropogenic perturbations and chanps than less diverse systems (De 
Leo and Levin, 199f. ER ID 62897). Maintaining diversity can be important for maintaining the 
structure and !undOn of :he sysrcm. In biologically diverse systems we otten find mukiple 
species within a particular functional group, or guild. To the extent that these species p e r f o n  the 
same ecological funcion, they provide functional redundancy. Functional redundancy has been 
shown to play an inponant role in maintaining an ecosystem's ability to respond to change (Ot, 
Leo and Levin, 1997. ER ID 62897). The maintenance of biologicif Civersity is recognized as an 
impoflant foeor that keeps !he Pnjarito Plateau habitable and functional for indigenous bicta, as 
well as humans. 

When attcmpring to measuro biological diversity, it is impomnt to carefully delineate me 
geographical and temporal domain prior to taking any measurements, and then accurately 
identify species and the vanation within species that are present within these bounds. There are 
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seven1 S m d  approaches to defining biological diversity. includins assemklage diversity, genetic 
diversify. and phenotypic dversiry. as oudined below. 

Assombhge dfvedty.  Biociversity is most aten defined in terms of species richness (number of 
species) and evenness (relative abundjnce of species) in a given area at a Given time. In order 
tc evade confusion overthe breadth of definitions for biological diversity, we referto this form of 
diversity as nssemh'ag3 diversity. This definition has I& to many attempts at the quan!ifiwtion 
anC intiexins at bblogiu1 diversi?,r, all of which have evident shortcominEs (Magman 1988. ER 
ID 6287).  However. me simplestane mos: constructive way to consider and quantify 
assemblag? diversity. is to simply count the number of specilss (species richness) in a 
Seognphidty and temporally defined space (or alternately. at several scales of interest), while 
simultaneously measuring the dative abundance of each spacies (species evenness). These 
rn perha2s *e simples: measures of biological diversity' and are applicable in many 
manaSenal pncices. Assenbhgo diversity will fom the basis for measuring biological diversity 
in tfie common pndce of cefining assessment endpoints for ecolo$ical risk assessment as 
pmdce0 for3w Laboratory. 

Assemblqe diversity chanses 2iruugh time and acrcss ~eogmphy. There havo been many 
attempts to chsnczeri assemblage diversity on landscape levels (he. across geographic 
expanses mat exceed the nngo cf one or more species in an assemblage). Most of the 
landscape-level measures of assemblase diversity are characterized with respec: to :he 
funcional relationships (roles. niche space. and trophic posibon) of oqanisms in and among 
bide communities. These measures include the asscmblilgs diversity and the panicular species 
Ma: comprise me assemblacje. Such measures are ofren useful when considenng expeexion for 
the presence or absence of par5cularspecies in a cornmunirj, the replacement of species by 
cthers that provide the same funaion across Communities. and the relative abundance of these 
species given the anstmints of the community dynamics. This form of assemblage diversity 
(often coined p m m a  diversity) u n  be used as a meirsure Of functional redundancy bebeen 
communities or ecosystems. For example, a community in one Secgnphic locale may have an 
equivalent assemblage diversity an2 functional redundancy within guilds, to another, very 
different communiv in a ~eognphiul ly distinc: place. The geographic realms of this type of 
divefsiv are arSitnry: 12.5. noch-facins slopes vs. south-facing slopes in montane environment, or 
deciduous forests of the Rio G m d e  Valley vs. deciduous forests of the New River, West Virginia. 
This measure may be useful for assetsin$ the biodivtmity of communities on the Pajarito Ptatoau 
wi!h respect to "reference communities" (cofimunities that serve as a benchmark for 
measurement). 

Cammunin'os ma! 3re more diverse am not necessarily more relevant to GAE development than 
less diverse communities. Communities in disturbed ecosystems m3y be more or less diverso 
char; those in comparable but unlishrrbed ecosystems: this includes communities comprised of 
nonin6senous members, Although many different assemblage diversity indices have been 
developed and used. ecolcgists recognize a vanety of measures are needed to capture the 
essence of assemblage diversity (Magumn 1988, EA 10 62877). 

Genetic dlversiiyis most often measwed in terms oi diversity at "type" or, more procisely, 
'genotype* of a given organism in geographically and iemporally bounded environs. This is a 
rather precise and complex measure, and is not usually constdered in ecological risk assessment, 
unless there is a special case, e.g. an enC3n~ered species at stake or a unique population at risk. 
Hawever, the maintenance af genetic diversity may be at the crux of an ecosystem's ability to 
sustain perturl3ation (e.g. influx of Contamination). O f m ,  a species or population can sustain the 
impact of strong selection (a strong perturbation) in the near-tom only because of the genetic 
basis for resistance to the selective force (pomrbation). If more than one perturbation impacts o 
popufation under conditions of reduced genetic basis for popularion resilience, then a po;3clation 



may not be able to recover. for example, Clcmen3 and eo-researchers (NIEHS'EPk tS9. ER 
ID 62896) have found tha: communities of beehic i n w s  in Colcndo Streams are no less 
diverso, in terms of species composition. ir: s:cam wlluteb by heavy metals, man in simihr 
streams ?hat are relatively unimpaced. These researchers have also found ?ha! 3 e  genetic 
diversky of :he inset2 populations stuc!icc! rms far less in wlluted vs, unpollutec! Srcafltf. The 
reduced Genetic Civersity. obsewed Sy Clemem. may put t h e  pagutations at a muc3 greater 
risk :o oxtimation due :o nxun l  pxuhation (e.9. drough:. disease) m n  3 i h e  more gme:lcally 
diverse papulatims. Therefore. in oeer  to minimke the implicit impac! to biahc pc~ula tms  troll  
anthropogenic disuhance. it is impomn: to minimae dtstur9ances that reduce genetic dmm?+. 
and axempf to maintain genetically diverse populations, 

Phenotypic cfivcrsjfy, Le. variation cf ecol~cal type. mQh. ar form. is often r e c o g m z  as a 
movhological emression of a ~enatic basis of diversity within s3edes. and h m  on be viewed 
as an expression of :rre genetic diversity, discussed abave. Phenotypic civersity is depcrvdm ~n 
many faaors. but is relevan? ?o a species crnly whh rcspecr :o nits tflat arc ackptivc, acd 
there!ore confer selmivc advantage to inCividuals underthe fiotic and abioric cofidmorrs in whi& 
:he organisms carry ou? phenolocjc (lite hWory) evens. Pnencty$c diversiry m y  be a useful 
sunoga:e fcr :he measuremen? of $ene:c diversi?y. There!ore. in order to minime the iqliot 
impact to biotic popuirttions from arxhra~~enic CistuF;mce. it is i m r t a n t  :b minrnhe 
c!iSurbances that r&uce pheno?ygic ctrversiv. 

3.72 Functional Integrity 

Ecosysem imegnty was defined by Karrand Dudley (1981. as quoted by DeLm and L m n  1997. 
ER IO 62697) as "me CapaSiltty of sugparjns and mainsining a balanced intqmt&. &a$ive, 
cornmunay of oqanisms having s3ecies composition, diversty and funCicnal o p + + k a ? i m  
amparable :o that of nawural habias in ?he rqion.' For the p u p x e  of definiq asseswe a nt 
endpoin's, i: is convenient to define fueional intqrrty mre narrowly as the pa!'!m of 
irrteraeions among components af %e mxiysem. This aflavs us :a diKnminate Sewem 
species compcsition in ~e ecosystem (e.$. 3 i o d i v W )  and tfie tunaicml ircemmom amcq 
componcrr?? Thus we t a r  didnguish panems such as trofrhic structure or habitat rclar;oMiFs 
among spcific species or funcnona! gi16 in addtion to cvalming biabgtcaf drvcsi+ In 
pracice. to assess functional irxegrzy, facots such as f o d  chain knm, canmm. C e p e  of 
omnivov. extent of roaprom! predation (food loops), and suhHeS orgmizmon can be cmluiccd. 
(Pimm 1982. EFI ID 53305: Reagan et al. 1E6, EFl ID 6291i; !%5inUereaI. 7 9 8 s .  ER ID 62!3:6: 
Wade 1991, ER ID 63306). 

Funaional in!egrity is a valued ambu?e -use i: conmK)tes an intac: +em - cm in w n d  
there is no missing link that woule! resuit in s t r ~ ~ ~ r a l  c r f u n m m l  imbalances zat meerafie 
entire system more vulnerable (less resilient) ?o pemrSa:ton. U&derstancinq chanps in mphk 
Srumros can atso elucid;l!e the mecfla3tsm for manges in process n*es. For e w e .  me l a s  
of funcional intcgrcy migk agpear as :ne accurrulation of c!e?rrtrrs. sh& in ne =hive 
abunc?ance (evenness) of species (e.5. eutmphimrion cf lemc ant2 loticsysems) a r m  
disappearance or replacement of species in an assemblage. Newnan and co-reseazhers (in 
Clements 1997. ER ID 62917 reponed that reduced lizer pmccssing in Streams d w x !  wb 
chlorine resulted primarily from :he e1imim:ion of shredders (a funcmnsl group of aquatic 
invecebmes). 

Measures of intenbion among species. accorcing t3 princ#es at oryanization applicable to 'slat 
system. may be more subtle than the measures ?or assessing fumional intepty. nen?ianeC 
above, but may be e:ually impofan: for recognixins shifts in the fundional intwv of :he system. 
For exampla, sublethal doses of contaminants can alter key txalc&al p r o c ~  (prcc!a?or prny 
rolationships. competition, ability to take up numents, oqsnismal behawr. etc), bur may 50 
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unnoa'cec! due to me coarseness of measuremenL These measaros vary with sales of biotic 
relevance. geosnphy and time. 

3-72 Energy and Nutrient Dynamics 

h e  flow ate8 and partems of nutrient and eneqy processing in 3 given ecosystem are critical for 
maintainins popula~ons of indipenaus speaes ar levels chan~oriatic of mar ccosystem. 
Oismption of nmont and eneq flow rates (e.5. by rutnent cmnchment or chemical 
contamination) u n  lead !u accl;mulation of dentus. reduction of primary productivity, or loss of 
top predators (NcNaumn 79;"s. El? ID 63309). Each of these changes could affect ecosystem 
stn~Cure. !unction. and overall health. Just as GAEs Ixuvide a framework for the orpnization of 
a5sessmentend;oinn. the qualities of tiodiversity. knetional integrity, and nutnent and eneqy 
c!ysamics are esseneral ecolo~ical values across all ecosystems. These propecios offer a 
samare for amsidefins the intac: nature at an ecosystem. a: all scales of oeological 
ovpnimian. The values (GAS) identified in the follo4nS sections are founded on the vision of 
an ime ecospern, 

32 VAfUESCOMMON TO THE PAJARl7O PUTEAU ECOSYSTEM 

In *e GAE p r o a s s ,  ecoIogiuI values common to n e  resicnal ecosystem are identified ne* 
These values are idenrtfied MreuSh a sys?crnatic proojss that includes first identifying the 
principal fundonal ccrnponents of the reSionjl ecosystem. Functional components are identified 
&5 fcaC webs bas& on feetiins g,Jilbs. A able associating acributes w i a  the funeional 
ccmponmts is then developed. The anibute table provides the ecological values common to the 
mnal ecosysern and is the h i s  for identifyins the rqjonal CAS. 

3Z7 

8etzuse fcod ~ b 5  p&le eSSentiaI Sr~Cunl OQanintion of producertonsumer relationships 
in easystems [Galtcpin f972. EF? ID 63360) and because dI organisms in an ecosystem are par: 
of ne fcoc! wet. food webs we med to identify basic funeiond components of the Pajanto 
Plateau ecosystem, 

Functional CornpOnenb of the Pajarito Plateau Ecosystem 

FccC webs am ~iul lycomprisx!  of 3ree basic trophic wtepories. These wtesones are 
prcducers, consumers, and decomposers (which are a special category of consumer). The 
follmin~ Cefinitons aptly f i t  these broad wtogoriex - m a r e  aqanisms tha: m a r . u t m r e  tbeir awn food from inof!pk compounds by 

photosynthesis or chernosynrhesis (a.g., Green plants). These organisms are often re!crred 
to as autotrophs". 

I Cansumerf are 0rr;anisms that inScsr other osmisms (e& animals that consume plants or 
other animls). 

m C e c ~ m a c ~  are ogarkms that derive their nourishment from dead oGanic macer (e.$., 
fungi and baceria). 

These u t q o r i e s  are bas& on the broad interrelationships among goups of organisms but do 
no: describe *e many ways ir: which these intoracions may occur. Osanisms mar obtain their 
b e d  in a fundonslly similar wayconsritu:e il Yesdins guild". Food webs based on feeding Guilds 
fadliate ttre idecUfiafton of &tical ecosystem funcions above the guild level. and aid in the 
ideotifica3an of internlatianships anon5 guilds, which may affect other ecosysem propecies. A5 
we consider the many farms cf fooc webs for the Pajarito Plateau, we will focus on the feeding 
guild approach orYundonal !ood wet". 
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Whilo exotic (nonhdigenous) plant and animal species are components of most msystems,  
they are frequently considered stressors for indigonous species. For the gurpose of developing 
GAEs for tho Pajnrito Plamu, exotic organisms are not considered valuod components of the  
ecosystem. All functional groups identified herein include only native species. 

Below, we will first consider terrestrial and aquatic functional food webs combifled. than these 
food webs will bo considered indepcndenrly for the sake of clarity. 

Integrated Food Web 
The aquatic and terrestrial ecosystems of tho Pajarito Plateau can bo considered as a single 
integrated ecosystem due to ?he close association of aquatic and terrestrial biota in this semi-arid 
environment. Water availability in this region can be limiting for the nnge, fonging and rnigatory 
pattoms of many organisms in the region. Additionally, aquatic and tenesfrial environs are 
closely linked in terms of energy and nutriont flows. 

Figuro 3.1 illus:rares a currenr undorsranding of an integzxed functional food web tor the Pajarrro 
Plateau. Tabla 3.1 provides a non-exhaus?ive list of representative organisms for each of t h e  
functional compononts iflustratod in Figure 3.1. The species list in Appendix I provides t h e  
uotailed list of organisms at ?he Laboratory and their associated fundional components. T h e  
Ecology Group, ESHQO, has provided this list and continues to work on iL A final list will be 
issuod as a W-MS repon :his year. 

Figure 3.1: integrated Food Web for the Los Alamos National LaSontory 
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I recriles (aq. lizards) 
I rsptlles (e.q snakes). birCs (e.c;l. kestrel [in part]) 
I frIaRmcils (e& mountain lion), birds (0.g. red-tailed 

Irmmediate Carnivores 
TCF Carnivores 

Decomposers 
Mechanical Decomposers 

I 

' Consumers of dead oflanc matenal 
invecebntes (e.$ eafzhwormc, stoneflios), detritivores 
(e.9. amphipods). filter feeders (e.g. caddisflies). 
*avengers (e.g. turkey vultures), shredders (e.g. 
stonefliesl 
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Figure 3 2  Terrestrial Food Web 

~ 

ecosystems inefuding mollusks, various worms, crustaceans, and many species of insects. 
Several spocies of frogs and :he tiger salamande: ( A m b p o m a  tigrinurn) inhabit aquatic systems 
lor all or a portion of their lifeeydos. No fish aro known to naturally inhabit the =earns that 
traverso tho Laboratory. although some non-native fishories have been osablished in mme 
limited areas (for example. Los Alamos Roservoir). A functional food web of aquaric biota is 
presonted in Figure 3.3. 

Aquatic resources are important to many terrestrial species, particularly because of the generally 
and conditions throughout the region. Some terrestrial species (e.g., garter snakos. n c w n )  
also forage on aquatic species, Wa:erlowl and shorebirds seasonally inhabit wetlands nnc! forage 
an aquatic plants and animals. 

32.2 

The funclonal components of tho Psjarito Plateau are defined on the basis O? their rule in the 
food web. howover, each of these components possess additional ecologically important 
attributes. for example, while trees may supply leavcs and seeds fcr food, they also provide 
important structural habitat for nosting birds and squirrels. Nectar and pollen-feeding animals 
may be relativoly unimportant in terms of nutrient and energy transfer through the food web, kut 
critically important as plant pollinators. Relevant attributes of the ecological components of the 
Prljarito Plateau ecosystem are defined below (Tale 3-2). 

Attributes of the Functlonal Components 
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Figurc3.3: Aquatlc Food Web 

Table 3-2 Attributes of the Paiadto Plateau Ecosystem 

"Faaz 
A7?RIBUTE 1 DEFINITION 

Habitat 
I Source(s) of enerqy and nutrients for organisms 
The biotic and abiotic structural environment in which organisms carry our I thnir life functions. . . . . -. . . . - - . -. ._. . -. , - 

Enefgyand I The processes by'which inorgunic chemicals are yielded useful to living 1 
Nutrient Fixation 1 orqanisms. 

/'Dscornposihcr? I The breakdown,of dead omanc matter by mschanical or chemical 
I 

Propagule 
I Dispersal 
Pollination 

I processes (both biotic andbiotic). 
' The distribution of reproductivt! propagules (e.g. soeds, spores, or 
vegetative bodies) from a parent orGanism into the environment. 
The sexual reproductive mechanism of flowering and seed-bearing plant 
species. For many plants, this process is mediated solely by symbionts 

I (e.0. bees). 
I The DmceSSes by which the abundance anc! dis!ribution of oraanisms are 

' 

Control 
I 

1 I affhed by preddtian, herbivory and parasitism. I 
Am'butes of each functional component of the ocosystem are presented in Table 3-3. Each 
functianal compomnt has at least one seribute. While some attributes could be considerod mom 
importantthan others, the table summarizes ecological values useful for identifying GAEs. One 
may read G A B  from the table in Sentence form: for emmple, Top carnivores anc! intermediate 
carnivores are valued components ot tho Pajari:o Plamu ecosys:em because of their role in 
control", 
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33 GAES BAS= ON ECOLCGICAL RaEVANCE 

-7 Globally Relevant Endpoins 

The followins GAEs are based on ecolo~iu l  values characteristic of all ecosystems: 

- Biceiwmity is a valuec! ecolc~ical a ~ b u t e  because of its importance to human use, 
untnbution a redieme. and impomce for maint3ininG strumre and funaion. 

c Furrc5oion31 intecnk is a valued ambute bemuse it connotes an intact system - one in which 
mere is no missing link tha:waufd result in s:ruc?unl or tuntzional imbalances that render the 
entire system more wlnenble (less resilient) to perturbation. 

* @ w v a n d  wURie.nt &narks is a valuer2 amibu:e because tlcw rates and pazerns of nutrient 
and eneqy prccessinp are cntica! tor maintainin!; populations of indiGenous species at levels 
charaeens3c of the eaxystem. 

3.32 RegionalIy Relevant Endpoints 

The following %ion31 GAB are bas& on the definilions provided in Table 3.2 anb the amibute 
able (Table 33). 

Tcp camvores anC intermediate carnivores are rialued components of the Pajarito Plateau 
ecosystem because of Meir role in control. 
fenes3id imeCivures are a valued component of the Pajarito Plateau ecosystem because 
of their impomcs both in control anb as a food source to hisher level carnivores. 
A e d  in-voms am a vduec! component of !he Pajarit0 Plateau ecosystem because of 
their irnpohnce in processes of control. 
Ternstrid and aquatic omnivores &?e valued components of !he Pajarho Plateau terrestriat 
anC aquatic ecqserns Sacause af their roles irr decomposition a d  as a food source to 
higher level ramivores. 
Gmivoms and !rusivcres are valuod componem of *e Pajarito Platoau ecosystem 
because of theirinpomce as 3 food source to nisher Isvel carnivores and their role as 
pm~oqule dispersers, 
Folimms and bruwsers am a valued component cf the Pajarito Plateal: ecosystem bewuse 
of ttreir irnpohnce as a food source to hipher level carnivores and their role as non-food 
&a!n based propagile dispersers (e.s.. seeds cling to theircoat). 
N m w r e s  and polfen eaters are valued components ct !he Pnjarito Plateau ecosystorn 
because of their impamnce in pollination and value as a fool source. 
Fungiwres are a voluec! cornponen:of the Pajarrto Plareau ecosystem because of their 
irnpomnce in f u n p l  species propogule dispersal. 
Aquatic ket2ivares are a value2 component of the Pajarito Plateau ecasys?em because of 
theirimpormce as a food sources and role in aquatic docamposition. 
Plant and animal parasites are valuec! components of the Pajarito Plateau ecosystem 
because of their influence on ~opulation dynamics. 
All native herbaceous and woody plants and shnrbs. conifers, deciduous trees, emergent 
planes, epiphyres. and lianas are valued compon,snt.5 of lhe Pajarito Plateau ecosystem 
because of their importance as fooc! sources anc habitat, as well as their rolo in nutrient 
cytlins. 
Aquatjc plants are a valued component of the Pajarito Plateau ecosysem because of their 
impoltance as food sources and habitat and :heii* role in nu:rient cycling. 
Mycrrohizae are a valued component of the Pajarito Plateau ecosystem bemuse af their 
imponnce in nutrient recycling and regenera!ion of soils. 
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- Mechanical and chemical decomposers arc a valued a m p a n e n t  of the  Pajarito Pta:eau 
ecosystem because of their impomnce in decomposition. nu:riont recyding and as a fnod 
source. 

4.0 
RELEVANCE 

VALUES AND GAEs FOR THE PAJARIO PLAfEAU BASED ON SOCIETAL 

Ecological risk assessments should be conduced to reveal or predic: adverse impacts of 
environmental Stressors. Ultimately, however, the effectiveness of a n  ecological risk assessment 
depends on how it improves the quality of management decisions. Risk managers are more 
willing to use a risk assessment as the basis for m k m g  remedial decisions if the r t s k a s e s s m e n t  
considers acological values that people care about (€PA 7998, ER ID 622809). Therefore. ;in 
ecological risk assessment must consider both ecological and &eta1 values to be eff ecmrrj, 

4.1 Criteria 

Management goals aro inextricabty tiod to the societal values of ecalogictl resources. Ai LANl 
develops management goals for W L  habitats, thoy wll be reflected in me GAEL Values 
include fomrally recognized znd protected ecological fosources such as threatened and 
endangered swcies. as welt as recreationally important tpecles (e.$ game and non-game 
wildlife). Identification of societal values should inwlve input from risk managers, risk assessors. 
ecologists, appropriate regulatory authormes (e&.. Sh?o Depament of Game an0 Fsh. U. S. 
Fish and Wildlife Service), other expees (e.g. anthropologists) tribal reprmmhres anc 
municipalides. and the general public 

The h b h t  Management Plan !or Los ;Uamos National (WNL 7999, ER tD 6") reflees the 
sentiments of paflies interested in *e ecological resources of the Pajarno Plateau. This p1-m 
provides a n  outlook on the management of reghnnl ecologcal texrunes, and :iSs phm and 
animal specios regulated in various categories of pmecrion Syfederat, sate, and local 
authorities. (Categories include federally $maten& and endangered sate threz- 3Rrl 
endangered. and both federal and Sate species of special concern). R e c r c a E o ~  important 
wildlife species idmtified in the plan indude mule d e r .  elk squirrels. wile turkey. ax! u p W  
Same. The federalty lked spectes indude m0 soutfrwestem willow fIycaxcMr. ;\merican 
peregrine talcon, antic peregrine falcon, whooping crane. W eagle. black-footed fern ax! 
Mexican spmed WI. Occupancy has been confirmed !or only federally lis!& spmes-the 
bald eagle and Meximn spoeed owl ( W L  t999. ER IO 628.87). The A m e m  pew* fdcxs 
has had tengstanding aeries immediately adjacen? to me Lasorarory and forases m bbomrory 
hnds. Statelisted s w e s  indude the G r e a  Plains hcjestresses. J e m  Momsins abmander. 
gray viroo. sponed bat. and New Nlexmn jumping muse. Mere  detliled infomatian on T&E 
species may be fuund in LAN1 (7999. ER ID m?) and toftin and H a a m n  (7998.  ER 13 
62881). 

Other socier;ll values for the ecosystem may be idemfe2 bas& oil a mkw of * m o m s  
goals and plans for areas potentidy aff wed by Labm*cry achities For exam@@. a @en m a  
may 5e under simultaneous rampemem for ptodudon ot !ores prcducls. proteeion of =&I 
habitat, erosion ccml. fire sqpress ion  CT proteeion of a.rcheo-1 sites 

Socretal values recognited for tne development of Giiti shvujc incamme amcems for cle;tn 
water and watershed ixxecian, bsm of which nay fall &erne xJu*Liny G? reg,~ta?ory 
compliance. GAB should also be Ceveloped *A a n  eye cn neighSoris SySrefrts of !ai'& use 
and control, as 3ese may impat2 opemtions on the area of convderatfon 
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4 2  G A B  Based on Sodetal Relevance 

The specifia:lon of assessment endpcints with societal relevance is the last step in the process 
of identifyins 3 comprehensive list of GAEs. For this last step, the involvemont of stakeholders 
and :ne Natural Resource Trustees is critical. The following GAEs were identified for :he Pajarito 
Plateau eco:;ystem, and are proposed for considantion by the Trustees and other stakeholders. 

* Recreationally and commercially important species are valued components of the ecosystem 
and are 3 be protected because of their impomnee for consunptive ues  such as hunting 
and fishiq. and for non-consurnprive usos. such as bird watching. - Threatened and endangered species, their habitats. me! migrator# bird nesting, roosting anC 
lighting si!es are valued components of the ecosysem !a be protected because of thQir 
regulatory sfarum. 

+ The quality and quantityof waterwithin each watershed are valued components of the 
ecosystem and require management of point and non-point sauces of contaminants, 

. consumptive wa:er usage or diversion. erosion and total suspended materials to meet 
regularory limits anb Total Maximum Daily Loads (TMDLs) 
Certain indigenous plants and animals are valued components of the ecosystem and are lo 
be proteocc because Of their ernnoloEiol and other consumptive and non-consumpttve 
uses 
The esthetic quality cf the landscape 15 a valued component of !he ecosystem because of its 
value to society. - Wadands within each watershed are valued due to their unique pmtecticn by the CWA. as 
well as their irnpcrovlt ecological fundons. 

' - 

SA 
RISK ASSESSMENT PROC€SS 

APPLICATION OFGENERAL ASSESSMENT ENDPOlNrS IN THE ECOLOGICAL 

GAES am developed using a process bas& an ecological principles and knowledse of the 
ecdogdcal Ecmpcnents and charaaeristics of an ecosystem. Additlonally. GAEs reflect societal 
values an0 rqulatory n?quirernerCs. Oevelcprnent of G A B  involves regulators, trustees, and 
atner stakeholders. Thtszhe GAE process delineates the "amy of possibilities" from which the 
spedfcassesment endpoints am derivec!. 

GAEs have been developed to ensure *hat vslues at all levels of ecd05ical organization will be 
considered in the sukequern idemifica5on of sire-specific assessment endpoints. The GAE 
proc8ess provk!esa franreworkfcrsystem~ully considechg how effects on pafilcular species or 
cmerraxCnomkgruupings awlC a!!- funcional components as well as higher levels of 
ecologiul orprtizaton (e& biclogiul diversity, funclonal integty or nutrient and energy 
cycling). Habins sated me GAEs in Seeions 3 and 4, it is now appropriate to apply the third 
miarcrimrim for seledng assessment endpoints. i.e. susceptibility of receptors to known or 
p~tontiaZ environmed suessors. 

Qlaracterizin~ the spedes anc habitats at 8 site and identifying which of these are sensitlve to 
site oon8minamsm neaSSary  first seps in the identification of site-specific assessment 
endp4ints, Kncwledge of mptarsusct3ptibility may be usad to idectify sitsspocific assessment 
mc@aink. The bllowinS questions sfi.culd be answered in order to determine which G A B  are 
petenVally affected by site-relatec! connminanrs: 

* Which potential receptors (specks represenaive of each funcionat group) and habitats 
am present in the m a  af concern? - Which pomndal mceptorsare sensitive to which contaminants in the area of concern? 



- What exposure pathways exist between contaminant sotlrces and sensitive species (e.& 
direct exposuro, food chain transfer, etc)? 

Not all contaminants need to be considered simultaneously when identifying assessment 
endpoints. Dosails of the specific area under study such as contaminants, contaminant pnxrt ias 
(e.g., bioavailabilily, bioaccJrnulation potential), ecological receptors present. sensitiwty of 
receptors to contaminants, and exposure pa!hways, are evaluated by constructing conceptual site 
models and conducing a toxicify-basad assossmont Multiple contaminants presant at a site m y  
act on various racepton through different expcsure pathways. rhus assessment endpoints may 
ditfer for each contaminant. 

There are a number of ways that the GAE process is used to develop sitespecific assessmer2 
endpoints. For insance, w h w  aquatic crumcoans may be adversely affected, crusracetrns 
would be an obvious value to be protected. It follows that the biodivedty of aquatic 
macroinvenobntes, including cwS*aceans, could also be considered as an appropriate 
assessment endpoint. However, it is less obvious that b e u u s e  the 'dettitiare" functional 
component of the aquatic ecosystem is compriicd partially of crusraceans. decompasitjor rates 
for the aquatic system could be diminished as a result of contaminant etfects on the demmres. 

Variability in ecological, time, and gmgrzphic scale is important in deciding how to apply G A k  to 
the solaction of assessment endpoints. For axample, contaminated sediments ir: a spring may 
have undetectabla offaas on the tom1 biodivemify of the entire Pajarito Plateau ecosystem but 
may advorsely attect the benthic biodiversity of the spring. It is important To consider geapphic 
scale of affect (0.9. local, watorshed, regional) when considering 3 spocjfic assessment endpoint 
It is also importanr to distinguish between effects on variable time scales, as this may, in :urn, 
effect the selection of assessment endpoints, 7irnedepandsnt Scales of effec: may include 
processes that are population based (e.g. population viability measures) or community &is& 

(9.5, spocies exclusion based on competitive inhibitiotdrelease duo to contaminant effect!;). For 
example. popula?ion-bused effects from contamination may be more readily observed in short- 
lived organisms (e.g. rabbits) than in long-lived organisms (e.$ elk), 

Once spitespecific assessment endpoints have beon identified, at least one measure of affect or 
exposure mcst be selected to evaluate the porentlal risk posed to each assessment endpint. [It 
is beyond the scope of this aocument to treat the development of appropriate measures in detail. 
Tho purpose of this discussion is to show how tho GAE process can be of assistance d d n g  the 
scoping process, when sitespecific assessment and measurement endpoints are develaped) A 
measurement endpoint is a measunbls characteristic that is related to the valued charaeeristic 
chosen as the assessment endpoint (EPA 1997, ER ID 593701. €PA (1998, ERlD 62802) 
namwly de!incs measurement endpoint as a measure of effect but recognizes that othef 
measures may be needed or appropriate. When selecting appropriate measures. it is inportant 
to consider the way in which the resub will be used to contribute to the risk assessmenr. 
Typically a weight of evidenco approach is used, combinins multiples lines of evidence together 
in a qualitative or quantitative fashion. Thinking ahead a b u t  which lines of evidence will be 
supponive during the risk chrrraU6ri=3tion phase will ensure !hat usetul measures are sl7lmd 

Most assessment endpoints are addressed by measurw that indude one O f  more crf tht? 
following: 

Mediaspecific contaminant measuremem 
0 Tssuo analysis of plants and lower trophic-level animals. 

Food chain modeling io hiSher trophic-level organwms, 
Biological roxicrty testing and bioaccunularion studies conduded under camlkd cundtmns. 

9 Field measurements of biodiversity a id  va90us aspees of ecosystem funaion arrc health, 
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In some instances biomarkers (metabolic byproduets of specific contaminants} am also useful 
.measures, since they a n  be used to de:ermine more directly whether a receptor ha5 actually 
been exposed to the stressor ot concern. 

fable 5-t provides an example of a tool that can be used for moving from GAEs to the 
informaran necessary to conduc: site specific ecologiul riskassessmects. Site specific 
eedogid  riskassessments require identification of specific assessment endpoints. risk 
questions, and measures of effectorexposure, This summary table provides a format for 
capturing sitespecific information in the GAE context Specifically. one row of the table should be 
completed foreach GAE functional group, with supporting rationale for why and how each group 
is, or is not important in tfie context of the ERA. @y using this Bble, risk assessors can ensure 

' thar each of the GAEs are considered, and addressed by a site-specific assessment endpoint, or 
fiatan explanatlon is documented forwhy no site-specific assessment endpoint is necessary. 
for example, a sitespecific assessment endpoint is not required if a GAE is not pertinent to an 
ossessm0nL e.g. duo to an incomplete exposure pathway or lack of !oxic offects. Table 5-7 
prcvides a checklist forproblem forrnulatlon of an ecological risk assessment. Inputs to Table 5-1 
must be consistent witb the conceptual site model and food web for the specific area under study. 

I .  
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able 5-1, Summary2f GAEs, Sile S p  
General Site Spccifc AEs 
Assessmcnl Rcpresen!atjves d 
---- Endpoint 

iclfic Ass e ssm en I 
Risk Qvoslions 

Stato eac ti d tf.e 
GAEs identlfic4 in 
this cbcumer8l. 
includng system 
kvel GAEs sudr 
as biodiversifyl, and 
ScH5t.l a? inlpfi3nt i GAEs such as 

i ~ l G f C € h l  d TAE I species. 

- Sunivaland 
reproducth - Maintainirig 
sirmlar dwersity 
within this 
funclional group 
as at a rdcrenco 
sit0 - hlainlain ralcs d 
cncrgy and 
nlrtrient cjcl:n[~ 
sihlar lo a 
relerenco sifo, or 
ch~rartcristic of 
Ihe t r q i c  status 
of tho system. 

Stale tho spcrific 
question(s) lhal 
relate lo tho AEs. 
For example: 

- AIO 
concentrations of 
W L  rr-fated 
contaminants 
present a1 levcls 
# m o m  to have 
chronic or acuto 
loricily to 
important 
spccios in this 
lunctional grwp7 

ccinconirations of 
LANL rchted 
contarnlnmts 
high enough lo 
causo odvcrso 
hpacls  lo tho 
bloclivorsity 01 
spccies 
comprisiq this 
luncfional group? 

CGfKcntrat~Ims 01 
I PL!I r&?!rd 
constdu cn t s t Jgh 
cnou& lo affect 
rater 01 energy 

nutrient cycling? 

AIO 

Aro 

produttion, or 

hdpolnts (AEs), 
Surrogate S p k s  
~ ~ f A t ~ ~ ~ ~ u o i t y  . 

Slalo tho r.pocie(s) 
that are good 
carldidJ!os lor uso 
in cvatua!hg Sit0 
spocifchpxt$: 
For oram@, a 
r;pcdii spxjos 
prcscnt at tho site 
bittin tho 
funcliord group, 01 
a surrogdo lor this 
spccios that could 
bo usod in 
biotoxiciti tests. 
Al1ernakt.j tho 
nb!a tomrnuni!y 
teprosonlativo ol  
tho lunclional 
group could bo 
sfalcd hero. 

'sk Questions ai 
&proprialo 
hkasuras 

l ist  tho spccifi 
measuros cclalcd 
lo tho spxios, 
and risk 
quoslions, that 
are in turn relalcd 
to the 
assessrncnl 
e r d p h t  ot 
intetos1. For 
ex anipto: 

lebratory 
tidoxicity tost. - Aspocite 
biodluer 6 11,' 
indOlc 
measured for 
itla silo and ror 
a rclercnco 
arca. 

m a s u m  ol 
energy tlow, 
such as 
primary 
ptoducfhlty to 
bo masured 
a1 iho sito find 
B rE.!Cl!@KCn 
area. 

- Specific 

I Appropriate hleasu 
--c_-- 

D~XIJSS thfl tpCS Cf 
unccilalnlies tha! nJl, 
at a minimum, bo 
considered in 
ovaluathg tho 
measures. For 
OXdITplO: 

- laboratory lest may 
no1 rcficcl held 
condtions. 01 

respond sarm as 
&pocks picscnt in 
field 
ntproscntativcncss 
ol sclcctcd rclercnco 
silo. 

confoilnd:ng hcIors 
lor inferprcting 
bloloxkill t o s h  

adcquslcty rcproscnl 
CpCiGS dlvcrsitf in 
limcframo avaifat>to 
lor assessment 

surtqato rrny not 

. Potential 

Inabibtylo 

!S. 
--_I_ 

flationale for 
Addrossing or 
rlol Addressing 
CUE 
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Mammals 

I;" - . Family ', .; ; - I  .' : , . GcnudSpecies . 

.... .. . . . . . . .  . . . . . . . . . . .  "_,. . .  0 _.... . . . . .  Coyote TO , , ". 
._-., ..-. . .- _... ..+ ... _-.. "ulpes vulFJes .... I. .. .._ . Redfox , . ..... . . c  " . . .  7c. ~ 

. . . .  . . .  
. . :_. 

, I  . . :  
4 . \ ' .  . .  , I . , I . , ' . S .  

: -. C*?JlDAE .-. .-.-I- ~."^_. Canis latrans 

Urocycn Gny fox C TC 
. . .  ....... . . . . . .  

H BG .' 



G s n e r s l A s J I l a m a f ~ f a f ~ r r s r r ~  . .a?- 

Common Name Functional ~uncrionai + 
. Group' , !wlqmup7 

H BG Abefs squlnel 
I Family GcnusCSpecies ' 

Saurus abem 
s. spllosoma Sponed ground sq;llrrel 0 TC 
Spemaphilus iatenlis Gotden-h??ntled ground H BG 

S. variegatus 
Tamiasciurus 
hudsonicus 

SORlClDAE %rex vagnns 
. . . .  S. nanus 

URSIDAE Ursus americanus 
VERSPER-TILIONIDAE Antrozous pallidus 

. . . . .  Eptesicus fuscus 
. . . . . . .  . .  . .  Euderma macula:um 

, -  . . . .  . . . .  noctivagans 
. . . . . . .  .~ . . -  1 .  Lasiurus cinereus 

Myotis californms 
M. ciliolabrun 

S. palustns 

lasiorrp%ris 

.. I 

. - .- 

M. ovotis 
M. leibii 
M. t h p n o d e s  
M. yumnnensis . . 

M. volons 
Plecotus townsendii 
Pipistrellus hoswnrs 

squirrel 
Rock squirrel 
R e d  spinel  

Vagrant shrew 
Dwarf shrew 
Normem water shrew 
Black bear 
Pallid bzt 
Big brown hat 

Silver-haired bn: 

Hoary bat 
California myo!rs 
Wosom small-footed 
myotis 
Langsarcd myotis 
Sma It-f w e d  myo tis 
Fnnged myotls 
Y u m  myotis 
Lcng-legged myotis 
Townsend's big-earod bat 
Western pipistrella 

Sponed bat 

- -  

0 
H 

0 
0 
0 
0 
CII 
CII 
GI 
cI1 

' ,*  Functional groups and subgroups arc a Laborarory standard and clo not reflect thosf! of Figures 
3.1, 3.2 or 3.3. 

TO 
BG 

TO 
70 
TO 
TO 
IC 
IC 
IC 
IC 

IC 
IC 
IC 

iC 
IC 
IC 
IC 
IC 
AI 
AI 



. . . . .  ', 
. _ .  

-.-... 1 1  .... ........ abscurus I , . , , - .-..__..- 
. . . . .  .... . . .  Meleagris gal:opavo. Wild turkey 

.. _. . . .  

H . . . . .  .~.- ....... . Rock dove - . .r . .  I. ....... I ..- . . . . . . . . .  C. livia ..--I-.- .- -___--._. . 
tenaida mamum ' Moumicg dove H 

Gr. Fo, 
Gr. Fo. 

f3G. I 
-- BCJ I 
, BG,I 

I 
Gr, FO 
Fr, Fo 

Gr 

I 
I' ..... 

. .  - 
- .. 

-_. . ~ 

cucu U.DA~. - -. - --I I I . . . . . . . .  -... . . .  . . . . .  "I I. .- ._.... . . . . . .  
Geococcyx i3rea:er roadrunner C I, IC 



PIClDAE 

PIClDAE 

platycercus 
Archllochus alexandn 

Colaptcs aurirus 
Melanerpcs lewts 
M. fOCniCiVQ!US 
PicoiCes p u b e x e n s  
P. viliosus 

P. scalari 
P. :riC!aIzy1us 

Sphyrapicus numl is  
S. thymiceus 
s. a n u s  
Conropus Sarealis 

Ernprde*?ax 
hamncndii ..... 

f4CW"IDAE __,_, . . 
-- C. sorddulus 

I~ . - .  . . . . .  E. osenolseri 

. . . . . . . . . . .  

-- . .. - . . . . . .  - __ . . . .  

. .  E. ocdderralis 
E, :railti earnus 

E. wripbtii 
MyiaEhus 

Tyrannus voafenrs 
Sayomis saya 

- - . - . - . , . . . .  

. .  . cinerascens 

..... I-. . . .  . I I  thal&ina 

CORVl D AE A p h e l m m a  
. .  - coemlescens 
. . . . .  . . . . . . . .  C ~ ~ O C I ? . ~  stelien 

Gymnominus 

... -._ .. 
. .  Hirundo oyrrhone:a 

. . . . . . .  qanocephalus 

Blackchinned 
hummingbird 
Nochem flicker 
Lewis' woocpecker 
Acorn woodpxker 
Downy woOdpecker 
Hairy woodpecker 
mrec-toec Lvoodwkcr 
Ladder-backed 
woodpec;c~ 
Red-naw sapsucker 
L'Jilliamsan's s p u k e r  
Yeliow-bellied sapsucker 
Olivc-sided flyuxtw 
W e e m  wood-pewee 
Hammond's ftyurchcr 

Dusky flyu:cher 
Cordilkran flycatcher 
Sauthwesem wlnaw 
ttycatcher 
Gray flycatcher 
;ish-mm~ed ttymcher 

Casn 's  kingStrd 
say's phoese 
Black phoebe 
Vtoletgeen swallow 

Cliff swallow 
SnrS jay 

. . .  

Stellef s j3y 
Piricn jay 

0 

0 
0 
H 
0 
0 
C 
C 

C 
C 
0 
C 
C 
C 

C -  
. I  

C 
C 

C 
C 

C 
- -. .- 2- -. 

- r  - .  
C 

C 
0 

0. 

... _I - .  

0 

Cams bmchyqmchos American crow 0 
Corvus Cor jx  Common m e n  0 

. . .  . .  Corvus cryetoleucus Chihuahuan raven 0 

Perisoreus Gray jay 0 
- .  . . . . . . . . . . . . .  . canadensis 

. .  Pica pica Slack-bill& magpie 0 
0. 

P. inomatus Juniper titmouse G 

. .  0. 
I .  SIlTIDAE Sitta canadensis Red-breas:ed nuthatch 0 
. . .  . . . . .  S. carolinensis Whitebreasted nu?hatch 0 
... _. . . I . . . . . . .  ....- . . . . . . . .  S. pygmaoa Pysmy nGhaa:ch 0. 

. . . . . .  . .  . -  I 0 ._ -..- ..__. .l.__ Nucifnga colunbhna ClarKs nutctacker 

PARIDAE , Paws garnSoli Moumain &ickadee 

AEG ITHALIDAE~ _. Psaltripams minimus Bushrr? 

. . .  

NP, 1 

1. Gr 
1. Gr 
Gr 

I, Gr 
I. Gr 
I, Gr 

I 

I 
I 

1. Cr 
I 
1 
I 

I 
1 
1 

1 
I 

I 

. . .  

.... - . . . . . .  
I 

I. Gr 

1. Gr 
1. Gr 

1. Cr. TC 
1. Gr, TC 
1. Gr. TC 
!, Gr,.IC . 
1. Gr. IC 

1. Gr. 'IC . 
. I .  

1. Cr 
I, Gr 

I, Gr 
I. G r  
1. Gr 
I ,  Gr 
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dAi _.- --.,-... . .  
Cerhia arnericann Grown creeper 0 I, Gr 

TROGLODY~D-S, :- T ~ ~ I c + =  aodon Eouse wren C I 
. . . . . . .  . . . . . . .  T. troglodytes Winter wren C I 

. , &*eves mexicanus Canyon wren C I 
.. -..- . . . .  --l.---..l-... Slpinces obsaletus Rock wmn . .  I . . . . . .  C . . .  

. . . . . .  Thrycrnanes bewickii Bewick's wren Q 1. Gr 

MUSC~CAPIOAE~,~'~",  Cathams g u n w  Hermit finrsh 0 I. Cr 
. . . . . .  . . .  Myadastes townscndi Townsend's solitaire 0 .  I, Gr 

, CINCUDAE' Cinclus mexicanus American dipper C I 

. -- ._ - I -__ - - --. . PoliOFrilaclerulea~ I ......... 
M!!=!.aP_r*A_E_ ..I R w l u s  calendula . .  Ruby-crownod kinglet I , .  ,_ "_ C~ . . . . . . . . .  I . . . . . . . . .  
-*.-_ .* R . = m a ? .  _. I . _. . Cclden-crawned, kinglet ,, . , , ....... 

. . . . .  . ............ Sialia curmaides ~ Mountain bluebird , , ,,.., , C 1 
_ _ " .  _..."_I-._ . ._ _.__ S mexicana _ I  Western ,bluebird ,, , . , , ' = ~ .  . . . .  I 

. . . . .  . . . . .  Receptcr . . . . . .  

...... .......... . . . . . . .  BlUWreY sna*=*chor-- c- 

- ._ . . . ... . c I 

I .. 
Tuidus rnigsorius American rcbin - Screening 0 I, Gr 

,.~RNIDkEI- ~ I I ~ I I D A E  

. ~ ~ l z I u n ' E -  .-- -. v- . =lirnrius.. SOliQlY v i m  . . . . . .  . . . . . .  

. -_- ..... Mimus palyClortas.., . . Nornarn mockingbid.,, _ _  ,, __ _.- ,O I",, ' ,, , , 1, . _  _. 

,.VIRK)FIIDAE___-. mx si1vus.- . I _-.  Wahling vireo c . . . . . . .  I . . . . .  
c: I 

- _- ..... -. Vormivura ceiara . Onncpxawned wahler c 1 
. ..... I 

- - - - - . - . _ _ I "  _.I. --_ V. viqiniae - Viqinia's warbler . . . . .  c . . . . . .  

-_ DenC=i=. Pet=%-- Yellow wamler ..... - .. __ .  .. .-... . - c ""-1 ..-, .. -._. .-.. .... .,-"I - - D,cjeFlr+ms . .  ...--. Glack-thmat~plue-wwPrbler . . . . .  - . . . .  _.---1 c . -..- I .-.-.-- . 
I ......... I..-I. --__ -̂-_-__.. D- cmm= ..I " .  , ._ Yellow-mrnped wa&ler_ . , ._ . 

0. nigescens Black-throareb grey C I 
. . . . . .  - - - . ~ - . .  wa@'eL-. - . .  ._..--I -..-- --..... .. -._-- . -. . .__-.__ 

* ._..C__..-_ - -._.-.. - D- wdae.-- 'Gnce's wam3r . . . . . . . . . . . . . . . .  c . . . . . . . . . . . . . . . . . . .  I ; 

-- -------. Oparprnis tclmiei - MacGillivmy's warbler . ~ . . - "  ... -..-. .G.. ............................. 

.- -_ -_-. ._ . .- _. Wsonia . pusitla ._ I . ~ i ison 's  warbler .. .c..- . . . .  - . . . _ . .  I . ~ .  .".. 
Pi-nsa - I. -.. fla"a--. ..-. ' Hepatic-ranagey_ . . . . . .  __ - ! - - - - l R . - -  

4 - - - - - - . * - , - - I I t .  P- I ludcviciana . , Wegem mn3wr_< ..... .....-. . . . . . . .  I" .... 1. Gr ... 

....................... . .  I, Gr 

- -. - .-_I._._- _. - Passerina ,amcena . , I ' Lazuli bunting , . , . , 1. Gr.. .. 
..... . . . . . . . . . .  . . . . . . . . . . . .  1.e . . .  

. ......................... ._ ---. ---.- . PdtnPa= t== - C w f o =  tfwhee. ..... 1. Gr ~ - . ~  . 

....... -. ...... 0-. . . . . . .  -. . .  '* e. . .  

" 1 . . _ . . X . I  - _- -- Airnophila mficepq _, Rufous-crowned sparrow . . . . . .  0 .  . I 

.. ._ . - - Shrrn--Y?!W5 Eu~Peanstarling __- _.__---.._. .O.-~.... .. -.___ I*-(?*- 
. . . . . . . . . . . .  

. . . . . . . . .  ................. 

I 

C 

_.I_-- 

I 

0 
...l-_l. Summer tanaljer _ _  _ _  , . ....... . . .  0 I_ .. ._ .... 1, Gr. _.._ . P. rubn 

'-..I.-.-I-__C- . 
._... Cuinca caerulea , . Blue grosbeak ' .. . . . . .  4' . ., . 

Pheucticw Black-headed grosbeak C I 
... - -_ . . . . . . . . . . . . . . .  melanocephalus 

.............. ........... - P, cyanea Indigo buntin5 - Pipilo~.&!oryru:S . ,G n?en+iled towt.l_ao..- o-~,,--. 0 .. d*.Gr- ... I---- 

-I M- melcdis ______-__ Sons sparrow ......... - ..... ...-.. .. "_.I.. o~'  0 -. ............ 1, Gr ....... 

....... "I_-.-.. P-.maculahrs - 4 Spec& towhee 
I, Gr 

--__.-_ -- Melospira lintdlnii . .  . Lincoln's sparfow. , , _ _  , , _. __. - Q . . . . . . .  1. Gr 

--.-.~-. .......... .........- Paoecetos gramheus Vesper sparrow . .  I, Gr 

- . ".  . . . . .  S. atmgilaris Blaek-chinnec! sparrow 0 I, Gr 

.--- 

.- .-_._-. .- -,_- Spizelh passerina Chipping spamw C I 

. . . . . . . . . . . . . . . . . .  Junco hyemalis Darkeyed junco c .  . 
-.--.I .--. _&_3 - .-- .... SNmelI~.n@W=.-. .... Westem mead~wh* 

I 
. . . . . .  _I 0. ............. 1. e. ...... 

.- ... ........... 1, Gr . . .  0 . .--.--.---.--- Agelaius phoeniceus,, Red-winsed blackbiFc! ,_ ,_ , , 



. .  

FRlNGlLLlDAE 

. . . ... . _. ._ .I 

- .  

. ._ _. . , . . I . -.- .. 
PASSER I DAE 

Euphagus 
cyanocophalus 
Molothrus ater 
Chondestos 
grammacus 
Icterus bullockii 
1. parisorurn 
Zonorrichia 
hcophrys 
Carduolis pinus 
C. pwltria 
.Carpadacus cassinii 
Catherpes.mexiwnus 
Coccothmustas 
vespeflinus- -. ~ , _ _ _ _  

Loxia 'iuivirostn 
Passer domesticus 

Erewets blackbird 

Brown-headed cowbird 
Lark sparrow 

Bulluck's oriole 
Scott's oriole 
Whi!e-crowned sparrow 

Pine srskrn 
Lesser gcldfinch 

House finc!-i 
Evening grosbeak 

. Cassin's finch . . - . . . . , 

. - .. 
Red crossbill 
House sparrow 

0 

0 
0 

0 
0 
0 

0 
H 

0 
0 

H 
0 

0 .  

1. Cr 

I. Gr 
I ,  Gr 

I. G r  
I. Gr 
1. Gr 

I, Gr 
Gr. Fa 

1, G: 
I.Gr 
1. Gr 

Gr 
I ,  Gt 

. . .  .. 

'.' Functional groups and subgroups are a Laboratory standard and do not reflec: *os@ a! Figures 
3.1,3.2 or 3.3. 



Common,Narna . , , GcnusJSpocies. 
, . .  

. Family- 

_I_. - ............. "-.-_"._.._l. . nttlesna!?s ...... .--_- I__-1_ .... -..- ............ .I--- 
Crat;l)us viridis sub. Pnirie rattlesnake C IC 

Functional Functional;, 
' Group' Subgroup'' 

. . . . . . . . . . . . . .  . .  . .  I G u ~ I D A E -  viridis , , _, 

TI 
2 h rynoscma Shorr-homed lizard C TI 

- y _  ...... ,_-- _ C r o t o ~ h y n r s . . ~ l l a n ~ - . - ~ c ~ ~ ! ~ ~ ~ " ! i ~ ~  _I .... II.I___c __ ..-c*- .__-- .... ...-. . --_. .. 

._ dW=,s i -  I-, _.  _."' , .............. __.._. .... -.._ .........-... ........ "I~ .. I .. 
TI ...---- ..I ...... ..I. ...... Sceloporus undulatus &em fence lizarc! , , , I , ,  ,, , ,C - , . . . . . .  

Scelop horns 'Southern plateau lizard C TI 

---..- -.-- --- -- .- multivi%mJs. . __  , - ._ __. , 

.y+JIQAE CflemiCOFhOU Chihujhuan spot%! C TI 

---I __.-.- -__- -._ C. neomexiunus , __ : New Mexico whipail. . ....- ....... c ........ 

. . . . . . . . . . . . .  .-.... __-~_- . . . . . . . . . . . .  _I 

. .  71 ........................ Eumeces obsolerus Grear Plains skink . .  c . , .  . 
------."- -. e=nguis- . . . . . . . . . . . .  whiptail ........... . _  . - 

TI . . . .  

-_..--*_._ . . . . . . . . . . . . . . . . .  Cinoranatus. , ,_ , Little striped whiptail, , I, c "  TI 

s r  -.. Cnernidopho_nrs . . .  velcx ".-. Plateau-stiped . whip,hil ' -,C ,__., -, _.__ ~ _. TI _ _  
'A FumZional g c u p  and s u ~ g o u ~  are a Labantory standard and do nor reflect those at FiSures 
L7.3.2 O r  33. 



Family Gcnus/Sp+cles CommonName - Functional Functional 
Group' Subgroup* 

BUFONIDAE - 

Plothodon Jemer Mountains 
neamexicanus salamander 

But0 woodhousei Woodhouse's toad 

C n 

C n 
.--I ....... -.."---.-~-..-- ~ . . - - -  l-I".t- ................................ "__"_.f  ........ -.I__ --__. 

Bufo puncrarus .Red sponed toad C n-"'-"' 
...... ___I___--_-_. ....... _._"__- -__  ....... .... .....-- . . I t _  . --_-- I  - _ . -  . -__.____. 
* HYLIDAE Pseudacris Western chorus frog C TI 

triseriata 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  , 

Hyla arenicolor Canyon tree frog C n- 
p.Elo BAfl D.AE . . . . . . . .  - . . . . . . . . .  ......... . . . . . . . . . .  - _ .  _. . .  -. 

'&aphiopus couchi Couch's spadefoot toad C TI 

. . . .  ...... . . . . . . . . . . . . .  . . .  - .  . _. - . . . . . .  .. .._ _ .  
C TI- 

.- r. 
S. multipticatus. . 'Now Mexi& spadefoot 

load 
__. . "  _..1~--_.. .-.---- . .... - .._-_ .---- . _---.. .--.- -- .- .. _ . _ _ - ~  -- _l-- ~ '"Functional groups and subgroups are a taboratory standara and do not reflec tho= of Figures 

3.7.3.2 or 3.3. 
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