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EXECUTIVE SUMMARY 

A critical component of any ecological risk assessment is the specrlication of tne assessment 
endpoints. However, selecting assessment endpoints tor risk assessment is often a formidable 
task. The Guidelines for Ecological Risk Assessment (EPA 1998, ER 10 6280S) recognizes this,. 
SUlting: 

All ecosystems are diverse, WJth many levels of ecological organization (<".g •• indMduats. 
popul<ltions. communities, ecosystems, and landscapes) and multiple ecosys!em 
processes. It is rarely clear which of these characteristics are most critic:al to ecosystem 
function, nor do professionals or the public always agree on which are most valuable. As 
a result. it is often a challenge to consider tl'le array cf possibilities and choose whieh 
ecological characteristics to protect to meet management goals. 

There are approximately 500 plant spec1os on or near the Los Alamos Natienal Laboratory (tr'le 
Laboratory) property. 29 mammal species, 200 birc: species. 19 reptile species. 8 amphibian 
species. and many 1housands of invortebmte speciftS. These species inhabit a variety of 
community types including mixed conifer forest. pinon-juniper woodland. grassla.nC!. ri'parian 
woodland and aquatic communities. The •array of possibilities• tor selecting assessmen: 
endpoints is very large, ineeed. A stn.~c:ured process is needed in selecting assessment 
endpoints, and to provide documentation as to why particular resources were selec:ed and othe1's 
wore not. The General Assessment Endpoint (GAF:) ;~recess provideS a comprehensive. 
systematic and defensible basis 1or reaching consensus with regula:ors and other s:akeholders 
on just what tne "array of possibilities· Should be when selec:ing assessment enC'poin:s for 
ecological risk assessments. Douglas Reagan of URS GreinerWooCward Clyde anc:: o:ners 
(Parametrix 1995, ER 10 63307) developed the GAE process. The GAE approach has been 
successfully used for the ecological tisk assessment at the Lavaca Bay Supeff'.:nd Site and is 
currently being implemented at CERCLA and RCRA sites in tM United States anc for ri:sk 
assessments at overseas locations. 

This report provides 3n ovel'lliew or the GAE process for 'ltle Pajanto Plateau et:O$y$tem. the 
ecosystem potentially affected by l..ilboratory historical contamination. This report ineor,:xlrates 
input from representatives of the New MexicO Environment Department (NMEO}. New l'w'lexico 
Game and FISh, u.s. Fish and Wildlife, the Department of Energy {OOE} and the L.at>oratoty's 
Environmental Restomtion (ER) Project (includin~ reoreser.tatives trcm the Ecology Group) to 
develop GAEs for ecological riSk a.ssessl"'"'entS. Alttlcu~t'l tniS cocument refled.s 12'le consenstJS 
opinions at the NMEO, NM Game and FISh, U.S. F"ISh and Wi!Clife. DOE c:nC ER Project 
representatives. it does not reflect an d.fidal position of the organiza:icns represented. 

Section , , the lntroeuetion, provides the motivatiOn and pur';)Ose for deVelo?ing the GAEs. 
Soc::ion 2 gives an ovel'lliew of the GAE process. The proeeoss of identfying GAEs. oc::c:urs in two 
parts. First. ecologically relevant values are identified fort."'e ecosystem under consideration ana 
the assoc:iatcd GAEs are specified (Cescribee for the Paja.rito Plateau ecosystem in Sec:ion 3}. 
Second, ht.ll':'l3:'1 values associated with the ec:clogical resources under evalu:Jtien anc the 
associa1ed GAEs are identified (cescrioec in Section 4). Sections presen:s some gui<:ermes for 
developing site-specific assessment endpoints, using the GAE framework~ ensure 
comprehensive. consistent. and de1ens~le endpoints for ec:oiOgic:al risk assessments eorr...uc:ee 
by the ER. Proj~ 
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1.0 INTROCUCTION 

An ecological risk asse!';smont must soecity assessment endpoints in order for there to be a risk· 
based decision framework. The EPA, in both the Ecological Risk Assessment Guidance for 
Superfund (EPA 1997, ER 10 59370) and tl'le Guidelines for Ecological Risk Assessment (the 
Guidelines) (EPA 1998, ER 10 62809), definos an assessment endpoint as •an explicit expression 
of the environmental values that are to be protected•. The Guidelines also say that ass~ment 
endpoints are "operotionnlly defined by an ecolcgical entity and its attributes'". By limiting the 
assessment endpoints to those that ore to be protected, a policy call must be mado, tnus, a risk 
management decision is implicit in tl'!a specification of assessment endpoints. 

Selecting asso:lsment endpoint& for risk assessment is often a formidable task. The Guidelines. 
recognize tnis, stating: 

All ecosystems are diverse. with many levels of ecological organization (e.g.. individual~>, 
populations. communities, ecosystems, and landscapes) and multiple ecosystem 
processes. It is rorely cloarwhich of those cnarac::eristics are most critical to ecosystem 
fundi on, nor do professionals or the publiC always agree on which aro mos! valuable. As 
a result, it is often a challenge :o consider the array of possibilities and choose which 
ecological charaderistic:s to protect to meet management goals. 

The scope of the task for tno Los Alamos National Laborntory (LAN!. or Labomtory) 
Environmental Restoration (EA) Project ecological risk assessors is made Clear when considering 
the species list tor the Laboratory, shown in Appendix I. There are approximately 500 plant 
species on or nearthe Laboratory property, 29 mammal species. 200 bird ::;pedes. 19 reptile 
species, 8 amphibian species, and many tnousands of invertebrate species. The •array of 
possibilities" for selecting assessment endpoints is very large indeed. A structuree process for 
reaching consensus on tne array spectfication is needed to ensure tnat all relevant valued 
resources aro considered in selecting assessment endpoims, and to provide documentation as to 
why these resources were selected and otncrs wero not. The General A:>sessment Endpoint 
(GAE) proeoss provides a comprehensive, systematic and defensible basls for reaening 
consensus wrth rogulators and other stakeholders on just what the ":trray of possibilities• shoutr: 
be when sclec::ing assessment enapcints for ecological risk assessments. · 

GAEs are intended to reflect ecological values of broad significance to risk managers and other 
stakeholders. GAEs encompass ecological and human use values at all levels of eeoJosical 
organiZation (ecosystems. communities, and individual species). The development of GAEs. vlith 
direct involvement of the risk managers and other stakeholoers. should provide essential input on 
tl'le values of concem to risk managers 1hat win be considered when selecting the actual 
assessment endpoints to be used in conducting ecological risk assessments at t.ANl.. 

This report provides an introduction to tho GAE process (Section 2). describe'S the GAEs 
developed for L.ANL with input trom stakeholders (Sections 3 llnd 4), and prcVides some 
preliminary guidelines for identifying assessment end~ints in the context o~ the GAE framewcrl< 
(Section 5), 

The GAE process is applied to ttle Pajarrto Plateau ecosystem. the ecosystem potent:Ullly atfer:ted 
by Laboratory historic:al contamination. Those participating in this firs: attempt at applying the 
process at the Laboratory were members of me New Mexico Environment Oepar:ment (NMEO). 
New Mexico Game and Fish, U.S. FtSh and Wildlife, DOE. :tnd the ~mtory's ER Projec: 
(including re!'resentatives from the Ecology Group). The identifiCation of GAEs is an on;cing 
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process. that will incorporate the values of other :stlkeholdern (e.g •• Pueblos) as the ecological risk 
assessment process P!'OCeeds. 

2.0 .OVEFIV1EW OF GAE PROCESS 

The process ot identifying GAE.s oc:c:urs in t'NO parts. First. ecologically relevant values are 
idt!ntified for the $YStem under consideration. and sec:cnd. human values associated with the 
· ecolos;ic:al resources under evaluation are identified. n1e GAE process is based on the 
assumption that the ultimate ecologleal value under consideration is a hoalthy, sustainable 
ec:osy.stem. Ecological relevance, therefore, refers ro the propEtrties necessary tor unimpaired 
ecosystem fundion • 

Th& ecological evaluation begins with the identification of cnamcteristics and processes integrally 
important. yet common to all ecosystems. This evaluation progresses to a consideration oC the 
particular ecosystem present at the specific location under investigation (e.g., the Pajarito 
Plateau). This progression provides a hierarchical and objective means of determining which 
c:ompcnents of tne ecosystem 011'8 potl!ntially relevant to the ass.assment of ecoiogicall'isi<. This 
process consists of five s:eps. 

1 Ecological values.. common to nil ecosystems. are ider.tifled (Section 3.1 ). 
2 Functional components of the specific ecosystem (e.g., Pajarito Plateau) are identified 

(Section 3.2'.1). 
3 A functional food web of the ecosystem is developea (often done concomitantly with step 

2) (Section 3.2. 1 ). 
4 Attributes of tne functional components ot the ecosystem are determined (e.g. ecological 

V3Jues common to tho Pajarito Plateau) (Section 3.2.2). 
5 Ecologically relevant GAEs are described (See:ion 3.2.3). 

Once ecologically relevant GAEs have been determined, ec:ologic:al values relevant to societal 
values and/or management goals are identified to suj:)p!ement GAEs that were based directly on 
ecolosic:aJ relevance (Section 4.0). 

In the- following sections, the details of the pi'Qcess are presented in the context ot the Pajarito 
· Plateau ecosystem. Section 3.1 describes occlogical val~es that are relevant to all ecosystems. 
induding·the Pajarito Plateau. The content of this. sec:ticn reflects the consensus opinion of the 
NMEO. NM Game and Fish. U.S. Fish and Wildlife, and ER Prcjec:t representatives. However, 
this-consonsus opinicn does not reflect :1n official position of the 01'1;anizations represented. it 
merely reflec::s tne ideas of the representatives involvec: in the develop men: ot this document. 

3.0 · . GAEs FOR THE PAJAArro PLATEAU BASEO ON ECOLOGICAL RELEVANCE 

The ?ajarito Plateau ecosystem is aefined as the habitats, both aquatic and terrestrial, of the 
Pajarito Plateau on and adjacent to the t.aboratory. The plateau is situated on the eastem slopes 
of tt'le Jemez Mountains In no11t1em New Mexico. Oesc:iptions of tho habitats and biota of this 
eccsystem are found. in numei'Qus documents, inCluding the Installation Work Plan (IWP) (LANL 
1998. ER 10 58605}. 

Sustaining a healthy PajaritO P!3teau. ecosystem is. the ultimate ecolo;ical value to protect; 
h~r. to achieve this goal. a variety of ecological values mu:st bo considered and protected. 
The process of ic:entlfying these values, be~inning at the ecosystem level and progressing to 
lower l.:ntel$ ot ecological organization is described in the following sections. 

----- ----------------------~-------------------------



3.1 VALUES COMMON TO ALL ECOSYSTEMS 

Recogn~ing that assessment endpoints are defir:ee ~values :o be protected (EPA 1997. ER 10 
59370; EPA 1998. ER 10 02809), :he apprcac:tl to developing GAEs s+.ar:s by ide1'1tifying values 
common to all ecos~cms at me highest level possible: the value of prcseMng a heam,y and 
sustainable ccosys:em. De Leo and Levin (,997, ER ID 62897) prefer the notion of cccl~ical 
intcgmy ramer than ecological health, as they feel that integnty inc:tuc::es the CO!"~Cel:t of valu.aticns 
that are based on human use, wrticn they Delieve is me appropnate value stnJcture for 
environmental management decisions. ~ecognizing that ecological values are ultimately hui'T".an 
values (Harwell et al. 1994, ER ID 63308), we use the ten'I'IS ecological health and inr~ or 
intactness intorr:hangeab:y. For the pu~ses of this projec .. a healthy ec:csys:tem is defined !0 oe 
one that contains an essential functional components and interac:tiorrs. whid't operate at levels 
typical of tnar type o1 ecosystem. 

There :tre a number of charactenstics that one may !centify that are seminal to the healthy st3te 
and function of an ecosys:em. Fol!owing the GAE approach, c!·\arnc:eristics were organ~ed 1nto 
three scparato, but interrelated, at:ributes common to all ecosystems: biological diversity. 
functional integrity, and nutriem and energy dynamics. While these at:ributes can be cor:sicerE.!d 
in various combinations (e.g., functional integrity can be ccfinect to encompass both bioc:iversit'l 
and process dynamics), this division allows one to rook at the componentS, patterns ot 
organization, and procass ra:es somewl"\at incependemly. 

ln the sections that1ollow, the attributes common to all ecosystems are defined and discussed in 
the context of why they are valued anc: how they are rel:tted to the goal of preser1ing a heal~ 
and sustlinnble ecosystem. 

3.1.1 Biological Olverslty (Biodiversity) 

A simple definitton of biological oivorsrty is "the number of species in a commun~. The morn 
species, the greater the biological diversity. However, biological diversity descri~ in this way 
misses much that is relevant to why biodiverstty is valued (De Leo and Levin 1997, ER 10 62897). 
and hence why thO maintenance of biological diversity is a foundational GAE. 

Biological diversity is valued from a human perspective for multiple reasons. These include tho 
value of extractable rescurces (fisheries, and forests), the aesthetic value. tha value of rnrrty. the 
value of undiscovered natural products of potential benefit to human henltn, and the indirect value 
o! the processes performed by diverse assemblages of species (e.g .• nutrient cycling, erosion 
control, cleansing of water and air). 

Moreove:-, biologically oiverse systems in temperate regio:1s of the world may be generally more 
resilient to natural and anthropogenic perturbations and changes than less diverse sys1ems (Oe 
Leo nnd Levm. 1997, ER ID 62897). Maintaining diversity can be important for maintaining the 
structure and function of the system. In biologically diverse systems we etten find multiple 
species within a particular functional group, or guild. To the extent tl'lat these spedes perform the 
same ecological function, they provide functional redundancy. Functional redundancy has been 
shown to play an important role in maintaining an ec:osystem's ability to respond to change (Du 
Leo and Levin, , 997, ER ID 62897). The matntenance of tliologicn: di"Jersity is recognized as an 
important foetor that keeps the Pajarito Plateau habitable and functional for indigenous biota. t~s 
well as humans. 

When attempting to measure biological diversity, it is important to carefully delineate the 
geographical and tempoml domain prior to taking any measurements, and then accurately 
identify species and the variation within species that are present within these bounds. There are 

3 

6 
;...;. 

' --• _. 

-
r , -
; .. ._, 
~~. 

._;. -; 
.. 



severnJ brood approaches to defining biological diversity, including asseml:lase diversity, genetic 
diversity. and phenotypic diversity. tlS outlined below. 

Assllmb~ dlvet'Sity. Biodiversity is most of!en defined in terms of species richness (number of 
spec:if!S) and evenness (relative abundance ot spacicts) in a given area at a given time. In order 
tc evade confusion over the bread:h of detinitior.s tor biolo;ical diversity, we refer to this form of 
diversity as assembla~e diversity. This definition has led to many attempts at the Quantification 
anc:: indexing ot biological diversity, allot which have evident shortcomir.gs (Magurt'iln 1988, ER 
10 62877). However. the simplest and most constructive way to consider and quantity 
a:ssemblase diversity, is to simply count the number of species (species richness) in a 
geogr.lPhic:ally and temporally cetinec: spaeo (or alternately. at several scales of interest), while 
5Unultaneously measuring the relative abuncbnee ot each s;:ecies (species evenness). These 
are- perha;ls. :he simplest mc3Sures ot "biological diversity• and are applic:lble In many 
managerial prac:ices. Assemblage diversity will form the basis for measuring biological diversity 
In the common practice of defining assessment encpoints for ecological risk assessment as 
prac:iced fortt'le t.aborntcry. 

Assembt.lge diversity changes throush time and acrcss geogrophy. There have been many 
attemr::ts to c:har::u:teri..."'' assemblage diversity on landscape levels (i.e. across geographic 
~nses that exceed the range c:t one or more species in an assemblage). Most of the 
landscape-level measures of assemblage diversity are characterized with respec: to the 
func:icnat relationships (roles. niche space. and trophic position) of o~anisms in and among 
biotic communities. These metlSures include the assemt:lage diversity and the particular species 
tnat c:cmprise tne assemblage. Such measures are often USI!ful when considering expec".ation tor 
the presence or absence of particular species in a community, the replacement of species by 
ethers that provide the same function across communities. and the relative abundance of those 
species. given the constraints of the community dynamics. This form of assemblage diversity 
(often c:cined gamma diversity) can be used as a me~asure ot functional redundancy between 
communities or ecosystems. For example. a commu:1ity in one ;eogrophic locale may have an 
e<;uivalent assemblage diversity and functional redundancy within guilds, to another, very 
different community in a geographically di:stinct place. The geographic realms of this type of 
diversity are arbitrary: e.g. nor:h-facing slopes vs. south-facing slopes in montane environment, or 
decidue~us forests of the Rio Grande Valley vs. deciduous forests of the New River, West Virginia. 
This measure may be useful for assessing the biodiversity of communities on the Pajarito Plataau 
with respect to •reterence communities• (communities that serve as a benchmark for 
measurement). 

Ccmmunitios that are more diverse are not necess.arily more relevant to GAE development than 
less diverse communities. Communities in disturbed ecosystems may be more or less diverso 
than those in ccmparoble but undisturbed ecosystems: this includes communities comprised of 
non-inC:genous members. Although many different assemblage diversity indices have been 
develo~ed and used. ecolcgists recognize a vanety of measures are needed to capture the 
essence of assemblage diversity (Magul'r.ln 1988, ER 10 62677). 

~netic diversity is most often measured In terms of diversity ot "type" or, more precisely, 
•genotype"' of a given organism in geogrnphically and temporally bounded environs. This is a 
rather precise and complex measure, and is not usually cons.cered in ecological risk assessment, 
unless there is a special case, e.g. an endangered species at stake or a unique population at risk. 
However. the maintenance of genetic: diversity may b·~ at the crux ot an ecosystem's ability to 
sus:ain perturbation (e.g. influx of contamination). Ot:en. a species or population can sustain the 
impact of strong selection (a strong perturbation) in the near·torm only because of the genetic 
basis for resistance to the selective force (perturbation). If moro than one perturbation impacts il 
population under conditions of reduced genetic basis for population resilience, then a population 



may not be able to recover. For example, Clemen:s .lnd co-researchers (NIEHStE?A 1999. ER 
10 62896) have found that communities of benthic insects in Colorodo streams are no less 
diverse, in terms of species compositien. in streams polluted by heavy metals. than in similar 
streams that are relatively unimpa~ed. These rcsearcners have also found that tne t;enetic: 
civcrsity of the insec:: populations studied was far less in ooiiUled vs. unpolluted ~eams. The 
reduced ger:etic diversity. observed by Clements. may out these pc;::~ulations at a mud'~ greater 
risk to extirpation due to naturnl pcrturtlation (e.g. drought. disease) than the more geneticllly 
diverse populati~ns. Therefore. in order to minimi::e the implicit impac:t to biotie ~ulations fro~ 
anthropogenic disturnance. it is important to minimize disturnances that reduce genetic divers.ir,.. 
and attempt to maintain genetiC311y diverse populations. 

Ph~norypic div~rsity. i.e. variation cf ecoiQSic:ll type, mor?h. or form. is often recogn~ as a 
mofj)hologieal ex;:~ression of a genetic basis of diversity within soeeies. and l'lenec ean be viewf!d 
as an expression of ~,o,e genetic diversity, discussed abo\le. Phenotypic diversity is cependent on 
many factors. but is relevant to a species only with respect to traits tt'lat 01rc adaptive. and 
therefore comer selec:tivo adv<lrr'".age to individuals under the !:iotic: and ~1oti<: conditions in which 
~he organisms carry out j:)henologic (lrte hr~ory) evems. Phenotypic diversi-cy moly be a usetul 
surrogllte fer the measurement ot senetic: civersity. There!ore. in order to minimize the implicit 
impact to biotic ;::oouiations from arr.nroposenie C:isturoance. it is i~rtant ~o min:tniZe 
disturbances that reduce phenotypic dJVersi~. 

3.1.2 Func:tlonallntegrity 

Ecosystem integrity was defined by Karr and Dudley (1 981. as quoted by DeLco and Levin 1997. 
ER 10 62897) as "the c:apa!)itity of suppor:ins; and maintaining a balanced. integrate<=. ~rive. 
community of organisms having species composition, Civci'Sity anc:! func:icnal orga..,i=a:icn 
comparable :o that of natural habitats in me region.· For :he purpose of deflnin; assessrnent 
endpoints, it is convenient to define func;jonal integrity mere narrowly as the pattern of 
interactions among components of :no eeosyr.em. This allO\vs us to di:sc:nminato between 
species composition in the ecosys1em (e.~. oiodiversity) a..,c the functional interactio!'IS amo~ 
comoonents.. Thus we ca."' distingursh patterns suCh as tropl'lie structure or naoitat rolatic~i;:s 
among specific species or fundonal gtJiiC:S in adCitron to evaluating biologiCal c!Ve!Si:y. In 
prac:ice. to assess func:rional imegmy, fac:ors Sl.lch as food d'lain length. eonnec::ivi:y. degee of 
omnivory, extent of reopi'OC3l predation (food loops}, anc: subweb o~io::ltion can be cvaJua:l)d. 
(Pimm 1982. EA 10 63305: Reagan et al. 1996, ER 10 529g; Schindler at al. 1985. ER 10 S2:So'T6: 
Wa~e 'T99'T, ER 10 63306). 

;:unctional integrity is a valued ar.nbute oec3use it connotes an intact system - one in wruch 
there is no missing link that wouiC1 result in struc:ural ertunc::ional iml:'lalances :!'!at renc:er:1'1e 
entira system more vulnerable (less resiliem) !o per:umation. Ur:derstanein~ Chan£;eS i1'1 trophic 
structures can also elucicate the mec.~~ism tor cnanges in process rates. Fore~. me toss 
of tunc::ional intcgrr.y might appear as ~e accumulation o1 detntus. shits in me ~lative 
abundance (evenn~) of species (e.g. eutrophication cf lerr..ic and !otic sys:ems) or :ne 
disappearance or replacement of species in an assemblage. Newman and eo.researc:he1"S (in 
Clements 1997. ER tO 629'T7) re;JQrtec! that recuced liner processing in streams c~ \viti'\ 
chlorine resulted primarily trom the elimination of shredders (a func::ion~ group of ac;uatic 
inver:ebrates). 

Measures of interaction among species. accoraing to principles of organization a;:plicable to :nat 
system. may be mora subtle tl"lan the measures tor assessing tunc::ional imegnty. mentioned 
above, but may be equally impor-.ant for recogni;:in; shifts in the functional imeSfity of the sysmm. 
For example, sublethal doses of contaminants can alter key ecol~ieal processes (prodator ~1'1)y 
rolntionships, competition, ability to take up nutrrents. or;a:1ismal behaVIOr. etc.). but may so 
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unnoticed cue to the ccnrseness of measurement. These measures vnry with scnles ot biotic 
relevance. geogr:tphy anc time. 

3.1.3 Energy and Nutrient Dynamics 

The flow rates anc pattems of nutrient and ene~ processing in a given ecosystem are critical for 
maintainin~ populations of indigenous speces at lev•Jis char:lcteristic of thllt ecosystem. 
Oi:sruption of nutrient anc energy flow rates (e.g. by rurnent ~~nrichment or chemical 
contamir13tion) c::1n lead :o .;:accumulation ot ce:ritus. reduction ot prim.;:ary ptt:~ductivity. or loss of 
top preeators (Nc:Nau;ton 1978. ER 10 63309). Each of these changes could .;:affect ecosystem 
strudure. function. and overall health. Just as GAEs provide 3 framework for the organization of 
as:;essmenr enC;::oints. the qualities of t:ioc!iversity. fl.:nctional integrity. and nutrient and energy 
eynamic::s. ~ essential ecologic:ll vlllues across all Etl:osystems. These properties offer 3 
structure for c:onsidering the intact nature ot an ecosystem. a: :::111 sc:ales of ocologicnl 
or;ani:a:ion. The values (GAEs) identitiec! in the folloNing sections are founded on the vision of 
an intact ecosystem. 

:U V~UESCOMMON TO THE PAJARITO PLATEAU ECOSYSTEM 

In :rte GAE process. ecolostcal values common to the regicnal ecosystem are identified nex:. 
These values are identified tnrcugh a systematic prcoass that includes first identifying the 
prltlcipal tunc::ional <Xlmpcnen:s ct the resional ecosr.;tem. Functional components are identified 
t:Sirlg food webs baseC on feeding suiiCS. A :able associating at:ributes with the tunc:ional 
c:cm1=onents is then cevelcc;~ec:. The amibure t.tble provides me ecologicaJ values common to the 
f'e9clnal ecosys:em and is the basis tor identifying the resional GASs. 

3.2.1 Functional Components of the Pajarito Plateau Ecosystem 

Because tcoc webs provide essential s:r .. u::ural o~ani.t:Jtion of producer-consumer relationships 
in eccsystems tGallopin 197'2. ER 10 63340) and because aJI organisms in an ecosystem are par: 
of the feed wet:. ~od. web$ are used to identify basic func::ional components of the Paianto 
Ptateau ecosystem. 

Face webs ant typie:1lly comprised of tl'\ree basic trophic categories. These ategories nre 
prodUcers. consumers. and decomposers (whiCh are a speci31 cntegcry of consumer). The 
foiiC'Ning detinitons apUy fit tnese broad cat~ories. 

• Pn;cw:er:s are organisms that manu:ac:ure their own food from inorganic compounds by 
photosynthesis or chemosynthesis (e.g .• green 1=11ants). These organisms are often re!erred 
to as "'autotrophs .... 

• C()~y!"!'!ers are organisms that ingast other organism~ (e.g •• animals that consume plants or 
other animnls). 

• Qes:omggs-:o are organisms that derive their nourishment tram dead orsanic matter (e.g •• 
fungi ana bac::eria). 

These Cltesories are based on the broac1 interrekttionships among groups of organisms but do 
no: de5C:ribe the many ways in which these interactions may oc:etJr. Organisms :nat obtain their 
toed in a func:ionally similar way constitute a "'feeding guild·. Food webs based on feeding guiles 
facilitate t:'le icer.tificanon of critical ecosystem tunc::ions above the guild level. and oid in the 
icentiticatlon of interrelationShi!:lS among guiles. which may affect other ecosystem proper:ies. As 
we c:cnsic!er the many forms et fcoc webs for the Pajaritc Plateau. we will focus en the feeding 
guild approad".,. or"func::ional :ood web•. 
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Whilo exotic {non-indigenous) plant and animal specie~ are components of most ecosystems, 
they are freCluontly considered stressors for indigenous species. For the purpose of developing 
GAEs for tho Pnjarito Platcnu, e)(otic organisms are not considered valued components of the 
ecosystem. All tune1onal groups identified herein include only native species. 

Below, we will first con~ider terrestrial and aQuatic functional food webs combined. then these 
food webs will be considered independently for the snke of clariry. 

Integrated Food Web 
The aquatic and terrestrial ecosystems or tho Pajarito Plateau can be considered as a single 
integrated ecosystem due to the close association of aquatic and terrestrial biota in this semi-arid 
environment Water availability in this region can be limiting for the r.1nge, foraging and misratory 
panoms of many org.:tnisms in the region. Additionally. aquatic and terrestrial environs are 
closely linked in terms of energy and nutrient flows. 

Figure 3.1 illustrates a current understanding of tln integr:1tcd functional food web torthe Pajar1t0 
Plateau. Table 3.1 provides a non-exhaustive list of representative organisms for each of the 
functional components illustr:ltod in Figure 3.1. The species list in Appendil< I provides the 
detailed list of organisms at the Laboratory and their associated functional components. The 
Ecology Group, ESH-20, has proviaec this list and continues to work on it A final list will be 
issuod as a LA·MS raport this year. 

Figure 3.,; Integrated Food Web for the l.os Alamos National ubor.story 
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Tbi31AI' 1 t a e .. 1st o regresentat ve orqan sms or eac h f hef 'ld f h P . . PI 0 t unct1ona 1_g_u1 so t e arar1to ateau 
FUNCTlONAL COMPONENTS REPRESENTATIVE ORGANISMS 
Producers Autotrochic org_anisms 
Herbaceous Pl:111ts ~rasses. torbs. annuals. perennials 
Woody Shrubs chamisa. willow. gambel oak 
Conifers OouC'llas fir. cir'lon Sl)ruc:e ponderosa _pJne 
OP.Ciduous TMes ast=~en, cottonwood, box elder 
&lbmergent. Emergent. and Floating cattails, duckweed, watercress 
Vascular Plants 
Alcae c:reen tilamentous algae. diatoms 
Eciohvtes I lichens. mosses 
Mveorrt'li::ae mvcorrt'li:ml tunql 
Consumers Flesh and clant eaters 
Granivores/Frur.:ivores (seed and fruit eaters) insects (o.n. some ants), rodents. birds 
Folivores rreat eaters) insects (e.Q. orassho!)pers), mammals (e.r:. elk) 
BrcWSl!rs mammals {e.!l. deer. rabbits and hare.,;l 
Nec:atlrivores (n~.ar and pollen feeders) insects (e.g. bees) , birds (e.g. hummins;birds), 

mammals (e.g. some bats) 
Fung•vores insects (e.g. some beetles. flies). mammals (e.g. 

scuirrels and mico [incidental]) 
Aauatic HerDivores Colant eaters) I invertebrates (e.g. snails. insects), tadpoles 
Parasites I invertebratos {e.g. ticks. lice. worms) 
Terrestrial Omnivores mammals (e.~. skunk. fox), birds le.a. robin. ravenl 
Ac:uatic Omnivores invertebrates_te_,g, isopods. mollusks) 
Aenallnsectivores mammals te.CJ. bats). birds te.c:. tlveatchersl 
Terrestnal Insectivores !•nverteorntos (e.g. spie!ers), mammals (e.g. shrews}, 

reotiles (e.g. li::ordsl 
lntermtadiate carnivores I rl)ptlles (e.c;. snakes}. birCS (e.~. kestrel [in part]) 
Tc:r: Carnivores I m3JT:mals (e.g. mountain lion), birds (e.g. rec·tailed 

howkl 
Decomposers Consumers of delld omanic mote nat 
Mechanical Decomposers inver:ebmtes (e.g. earthworms, stoneflies), detrit1vores 

I 
(e.g. am,:~hipods). filter feeders (e.g. caddistlies), 
scavengers (e.g. turkey wltures), shredders (e.g. 
stonefliesl 

Ch6t'l"'ic:al Oeccmoosers I fun~i. bacterin 

Terrestrial Fa« Web 
Terrestrial habitats cf the Pajarito Plateau ecosystem include grassland, juniper savanna. pii'lon .. 
juniperwccdlane!, PQnderosa pine forest. mixed conifer forest. and aspen forest. While scme 
sp«ies of plants anc animals are limite<! to one or two of these habitats (e.g. the Mexican spotted 
owe in mixed c:cnrfer forest), otners such as deer mice (Peromyscus maniculatus) occur in nearly 
all terres:rial habtats. ~e herbivores, such as mule deer and elk. range over the entire 
Pnjarito Plateau,. usins vanous combinations ot hobitaiS :luring different seasons. Top eamivores 
such as mountain lion, eagle~ ane ~wks also range widely over the various habitats ot the 
Pnjaritc Pl:lteau. A tunc::ioi'W food web ot terrestrial biota is presented in Figure 3.2. 

Aquatic: Food Web 
A~e ecosystems ot tho Pajarito Plateau consis: ot springs.I'Srennial streams and associa:ed 
wetlands. j:!Onds. and ephemer:ll streams and pocls. A variety of inver:ebmtes inhabit these 

---------------------------------------------------------------------------



Figure 3.2: Terrestrial Food Web 
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ecosystems including mollusks, various worms, crustaceans, and many species of insects. 
Several species of frogs and the tiger salamande~ (Ambystoma tigrinum) inhabit aquatic systems 
for all or a portion of their lifecyclos. No fish are known to naturnlly inhabit the streams that 
traverse the Laboratory. although some non·n~ltive fisheries have been established in some 
limited areas (for example, Los Alamos Reservoir). A functional food web ot aquatic biota is 
presented in Figure 3.3. 

Aquatic resources are important to many terrestrial species, particularly because of tl'lo generally 
arid conditions throughout the region. Some terrestrial species (e.g., garter snakos. raccoon) 
also forage on aquatic species. Waterfowl and shorebirds seasonally inhabit wetlands and forage 
on aquatic plants and animals. 

3.2.2 Attributes of the Functional Components 

The functional components of tho Pajarito Plateau are defined on the basis ot their role in the 
food web. however, each of these components possess additional ecologically imPQrtant 
attributes. For example, while trees may supply leaves and seeds for food, they also provide 
important structural habitat for noS1ing birds and SQuirrels. Noctar and pollcn·feeciing anima It 
may be relatively unimportant in terms of nutrieM and energy tmnsfer through the fOOd wob.l:ut 
critically important as plant pollinators. Relevant attributes of the ecological components of tt1e 
Pnjarito Plateau ecosystem are defined below (Table 3·2). 
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Figure-3.3: AquatJc Food Web 
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Tab .. 3-2. Attributes. of thf! Paiarito Plateau Ecosystem 
ATTRIBUTE OEFINITION 
Food I Soun::e(s) of enertW and nutrle·nts tor Qrganisms 
Habitat 1 The biotic and abiotie structun11 environment in which organisms carry out 

their life functions. 
Ener;yand 1 The processes bywl'liCJ'I inorg11nic chemicals are yielded useful to living 
Nutrient Fixation orqanisms. 
Oecompositicn 1 The breakdown. of dead organte maner by mechanical or chemical 

orocesses_(both biotic and abic,tlc). 
Propagule The distribution ot reproductlvct propagules (e.g. seeds, spores, or 
Oisoersal vecetltive bodieslfrom a_parentorganism Into the environment. 
Pollination The sexual reproductive mechanism of flowerins and seed-bearing plant 

species. For many plants, this process is mediated solely by symbionts 
(e.a. bees). 

Control The processes by wl'lteh the abundance anc: distribution of organisms are 
affected bv !lredation herbivorv ancl~.arasitism. 

Attributes ot each functional component or the ocosystem are presentod in Table 3-3. Each 
functional component has at least one attribute. While some attributes could be considered moro 
important than others. the table summarizes ecological values useful for identifying GAEs. One 
may read GAEs from the table in sentence form: for e>:ample, "top carnivores and intermediate 
carnivores are valued components ot tho Pajarito Pla:oau ecosystem bee:1use of their role in 
contrc~. 
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3.3 GA& BASED ON ECOLOGICAL. RELEVANCE 

3.3. 'T Globally Relevant Endpoints 

ihe following- GAEs are based on ec:ologiQI vnlues characteristic of all ecosystems: 

• Siet;M:r;;jtv is a valued ecologiQJ at:ribute because of its import.lnce to human use, 
c:ontnbution :o resilience. and importance for maintlinin!i struc:ure and func::ion. 

• ful"c;jonal ipW;rit{ is a valued attr:bute because it c:cnnotes an intact system- one in which 
tnere- is no missing link that would result in structurol or functional imbalances that render the 
entire sy:stem more vulnerable (less resilient) to 1:::1erturtlation. 

• Ec.:2 ilrc: I'!Utri-:nt dynamiais a valu~ attribute !:lee::li..'Se flew rates :1nd patterns of nutrient 
and energy precessing are cntical for maintainin!; populations of indigenous species at levels 
chatac::eristie of the «eeystem. 

3.3.2 Regionally Relevant Endpoints 

The foUowing regional GAEs are based on the definitions provided in iable 3.2 and the at*.ribute 
::lble (Table 3.3). 

• Tc:p c:arrWores and intem"lediate carnivores are vnlued components of the Pajarito Plateau 
ecosystem t:eeause of :neir role in control. 

• 7 erres:rial in~vores are a valued component .,t the Pajarito Plateau ecosystem because 
of their impor:ance both in control and as a food source to higher level camivores. 

• Aerial insec::ivcres are a valued component of tl'l•:t P3j3rito Plateau ecosystem because of 
their importance in pi"Qces:ses of control. 

• Terrestrial anc: ac;uatic omnivores a."e valued components of the Pajnrito Plateau terrestrial 
and ac;uatie ecosys:ems because of their roles ir. decomposition and as a food source to 
higner level c::univores. 

• Gmnivores. and :rugivcres are valued components of the Paj:uito Plateau ecosyst~m 
beeluse ot their impor:ance as a food source ro nigher l•:tvel eamivores and their role as 
r:rcpogule di~r.sers.. 

• Eolivores and browsers are a valued component of the Pajarito Plateau ecosystem beC:luse 
ot tneir impor:anc:e as a fOQd source to higher level carnivores and their role as non-food 
chain based prcpoQUie dispersers (e.s; •• seeds clir.s to their coat). 

• Noc::arivores and pollen eaters are valued compJ>nents c:t the Pajarito Plateau ec:osy::otem 
because of their importance in pollination and value as a food source. 

• Fungivores are a v::tlued componen~ of the Pajar.to Plateau ecosystem because ot their 
impor:ance in fungal species. propogule dispersal. 

• Ac;uatie hertivares are a valuec! component of the Pajarito Plateau ecosystem because of 
their importance as a tooc: sources and role in aquatic doecmposition. 

• Plant and animaJ parasites are valued components of th•:. Pajilrito Plateau ecosystem 
because of their influence on J:Opulatlon dynamics. 

• All native hertlaceous and wooey plants and shrubs. conifers. deciC:uous trees, emergent 
;JiantS. epiphytes. and lianas are valuec: compon·9n!'S of the Pajarito Plateau ecosystem 
bee:luse ot their importance as food sources anc habitat. as well as their role in nutrient 
c:yclins. 

• Aquatic plants are a valued component of the Pajarito Plateau ecosys:em because of their 
importance as fOQC: sources anC: habitat and thei1· role in nutrient cycling. 

• Mycrrohi:ae are a valued component of the Piljarito Plateau ecosystem because of their 
importance in nutrient recycling and regenemtiol"l of soils. 

1:: 
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• Mechanical and chemical decomposers aro a valued component ot the Pajarito Plateau 
ecosystem because of their impol'tlnce in decomposition. nLt.rient recycling and as a food 
source. 

4.0 VAL.UES AND GAEs FOR THE PAJARIO PL.ATEAU BASED ON SOCIETAl. 
RELEVANCE 

Ecological risk assessments should be conducted to reveal or predict adverse impacts of 
environmental stressors. Ultimately, however, tM effectiveness of an ecological risk asse!:smont 
depends on how it improves the quality of management decisions. Risk managers are more 
wilting to use a risl< assessment as 1he basis for making remedial decisions if the risk asser.sment 
considers ecological values that people care about (E?A 1998, ER 10 62809). Therefore. nn 
ecological risk assessment must consider both ecological and societal values to be effec:tive. 

4.1 Criteria 

Management goals aro inextricably tioc! to the societal values of ecologiCll resources. As LANL 
develops management goals for LANL hatlitats. they will be re!lected in the GAEs. Values 
include formally recognized and protec:ed ecological resources such as threatened and 
endangered species. as well as recreationally important sl)eeies {e.g. game and non.game 
wildlife). Identification of societal values should involve input 1rom risk managers. risk assessors. 
ecoloQists, appropriate regulatory authorities (e.; .. State Department of Game and FISh. U. S. 
Fish and Wildlife Service). other exper:s (e.g. anthropologists) tribal repre5A!mtatives anc: 
municipalities. and the general public. 

The Habr.at Management Plan for l.os Alamos National (LANL 1999, eR 10 62887) reflec::!. the 
sentiments of parties interested in :he ecolOgical M$0Urces of the Pajarito Plateau. This pL-ln 
provides an out1ook on the management of regional ecological resources. and :ists plant and 
animal species regulated in V3rious categones of prcr.ection by federal. state. and local 
authorities. (categories include federally threatened and eneangered.. state tnrea:enec: atld 
encmngered. and both fecerat and s:ate species ot special coneem). Rec:rcationally important 
wildlife species identified in the plan include mule deer. elk. squirrels. Wlla turkey. am ~lane 
~me. The federally listed species include tho southwestern willaw flyeater'.er. American 
peregrine falcon, arctic peregrine falcon, whooping crane. bald eagle. black-footed ferret. a~ 
Mexican spotted owl. Occupancy has~ confirmed tor only ':'NO federally lis1ed speeies-the 
bclld eagle and Mexican spotted OWl (LANL 1999. ER 10 62887). The Amencan peresrine falcon 
has had longstanding aeries immediately adjacent to the t..a!;:)oratory and forages on t.a.bomtory 
lands. State.listed species inc!ude the Grea: Plains ladies tresses. Jemez Moun:ains salamander. 
gray viroo. sPOtted bat. and New Mexican !umping mouse. More detailed infonnaticn en T&E 
species may be found in LANL (1999. ER ro 62887) and Loftin and HaaTmann (1998. ER 0 
62881). 

Other societal values for the ecosystem may be identified based on a review o1 ':he mat139:1ment 
goals and plans for are.:tS potentially affec:ed by L.abomtcry ac:ivities. For exatn;lle. a give:"' area. 
may be under simultaneous rr.anagemont for produdon of ~ores: PTQduas. protec:ion of s;:ecifrc: 
habitat. erosion centro!. fire suppression cr prctec::ion of ard'leoiOgic::a sites. 

Societal values recogni:ed tor tne development of GAEs shouk: incoli)Orate concerns for clean 
water and wa1ei'Shed prc:ec:tion, bo:n of wl'lich may fan undC1"~ scn.rtiny of resuJ,a:oty 
compliance. GAEs should also be developed ~.han eye on neig:hOoring systems of ta1"C use 
and control. as these may impac: operations on tho area of consideration. 
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4.2. GAEs Based on Socletal Rel~vance 

The :speciflca:lon of assessment endpcints with societal relevance is the last step in the process 
of identityins: a comprehensive list of GAEs. For this last step, the involvement of stakeholders 
and me Natural Resource Trustees is critic31. The following GAEs were identified for the Pajarito 
Plnteau ec:csystem. and are prcposed for consider:Ltion by the Trustees and other smkeholders. 

• ·. Recreationally and commercially important species are valued components of the ecosystem 
and are ~ be protected because ot their importance for consumptive uses such as hunting 
and fishing. and tor non-consumptive usos, such as bird w::ttching. 

• Threatened and endangered specjes, their habitats, and migratory bird nesting, I'OQSting and 
. lighting sites 3re valued components of the ecosystem to be protected because of their 

·regulatory stature. 
• The Quality and c;uantityot water within each watershed. are valued components of the 

ecosystem and require management of point and non-point sot.:rces of contaminants, 
_ COI1$U!Tiptlve wa:er usage or diversion. erosion and total suspended materials to meet 
regulatory limits and Total Maximum Oaily Loads ('I'MOLs) 

• Certain indigenous plants and animals are valuee components ot the ecosystem and are to 
be preted~ because of tr'leiretf'lnologic:ll and other consumptive and non-consumptive 
uses. 

• The esthetic Q\:31ity cf the landsc:ape is a valued c:omponent of the ecosystem because of its 
value to scciety. 

• Wetlands within each watershed are valued due to their uniQue protection by the c:.NA. as 
welt as their impcrtant ecological functions. 

5.0 APPUCATION OF GENERAL ASSESSMENT ENDPOINTS IN THE ECOLOGICAL 
AISIC ASSESSMENT PROCESS 

GAEs are de<Jaloped usin; a pn:~cess based on ecological principles and knowled;e of the 
ecclos;ical c:cmpcnents and characteristics of an ecosystem. Additionally. GAEs reflect societal 
values and regulatory requiremen:s. Oevelcpment of GAEs involves regulators, trustees, and 
ott1f!r stakeholders.. Thus ttle GAE process delineates the •array of possioilities· from which the 
~fiC assessment endpoints are derived. 

GAEs have been devf!loped to ensure that values at an revels of ecoloslcaJ organization will be 
COnsiderec1 in the subsec;uent identification of site-specific: assessment endpoints. The GAE 
precess. provides a framewotkforsystematically considering how effects on particular species or 
ether taxonomic groupings coule affect tun donal components as well as higher levels ot 

. ec:clogical ors;anizl!ion (e.g .. biological diversity, functional integrity or nutrient and energy 
c:yding). Ha'lting stated the GAEs in Sec:lons 3 and 4, it is now appropriate to apply the third 
major criteriett tor selec::ing assessment endpoints. i.e. susceptibility of receptors to known or 
potential' environmental stresscrs. 

Charadet'i2inc: the- species anc: habirats·at a site- ond identifying which of these- are sensitive to 
Site contaminantS are necessary first Steps in the idendtlcatlon ot stte-specltfc: assessment 
endpoints. K.~ge of receptersusceptjbillty may be used to ider.tify site-spocitie assessment 
endpOints.. The fortowins QUestions sJ".culd be answered in order to determine which GAEs are 
potenUally affected by site-relatee contaminants: 

• Which potential receptors (s;::ecias representative of each functional group) and habitats 
ar& present in the area of concern? 

• Which potential receptors are sensitive to which contaminants in the area of concern? 



• What exposure pathways exist between contaminant sources and sensitive stleci~ (e.;.. 
direct exposure, food chain transfer. etc.}? 

Not all contaminants need to be considered simultaneously when identifying assessment 
endpoints. Details of the specific area under study such as contaminants. contaminant prc~rties 
(e.g., bioavailal:lility, bioacC'.Jmulation potential), ecological receptors present. sensitivity of 
receptors to contaminants, and exposure pa!hways. are evaluated by constructing conc~t!Jal site 
models and conducting a toxicity-based as!:ossment Multiple contaminants present at a Site may 
act on various receptors through different exposure pathways. thus assessment endpoints may 
differ for each contaminant. 

There are a number of ways that the GAE process is used to develop site-specific assessMer:t 
endpoints. For instance, where aquatic erustacoans may be adversely affected. austaceMs 
would be an obvious value to be protected. It follows that the biodiversity of aquatic 
macroinvenobmtes, including crustaceans, could also be considered as an appropriate 
assessment endpoint However, it is less obvious that because the ·detritivore• fundlonal 
component of the ac;uatic ecosystem is comprised partially it. crustaceans. deeomposltior rates 
tor the aquatic system couiCl be diminisMd as a result of contaminant effects on the detntvores. 

Variability in ecological, time, and geographic scale is important in deciding how to apply GAEs to 
the selection ot assessment endpoints. For oxample, contaminated sediments ir. a sprinsl may 
have undetectable effects on the total biodiversity of the entire Pajarito Plateau ecosystem but 
may adversely affect the benthic biodiversity of the spring. It is important to consider geo!jraphic 
scale of off~ct (o.g. local, watershed, regional) when considering :t specific assessment endpoint. 
It is also tmportant to distinguish between effects on variable time scales. as this may. in ~um. 
effect the selection of assessment endpoints. Time-dependent scales of effect may include 
processes that are population based (e.g. population viability measures) or community bnsed 
(e.g. spocies exclusion based on competitive inhibi1ion/release duo to contaminant effect:~). For 
example. population-bused effects trom contamination may be more rendity observed in !:hort· 
lived organisms (e.g. rabbits) than in long-lived organisms (e.g. elk) • 

. Once spite-specific assessment endpoints nave been identified. at least one measure of effect or 
exposure must be selected to evaluare the potentlal risk posed to each assessment endr.cint. (It 
is beyond the scope of this document to treat the development of appropri<lte measures in detail. 
Tho purpose of this discussion is to show how tho GAE process can be of assist:mce during the 
seeping process, when site-specific assessment and measurement endpoints are developed.) A 
measurement endpoint is a measurable characteristic that is related to the valuec eharac:eristic 
chosen as the assessment endpoint (EPA ,997, ER tO 59370). EPA (,998, ERIO 6280:1) 
narrowly de!incs measurement endpoint as a mellSure of effect but reeogni:es that other 
measures may be needed or appropriate. When selecting appropriate measures. it is in·.portant 
to consider the way in which the results will be used to contritu.rte to the risk assessment. 
Typically a weight of evidenc~ approach is used. combining multiples lines of evidence 1ogether 
in a qualitative or C!Uantitativ~ tashion. Thinking ahead about which lines of evidence will be 
supportive during the risk charaderi::ltion phase will ensure that useful measures are s.c1lected.. 

Most assessment endpoints are addressed by measures that include one or more of th•! 
following: 

• Media-specific contaminant measuremems. 
• Tissue analysis of plants and lower trophic..rcvel animals. 
• Food chain modeling to higl'tertrophic-level organisms. 
• Biological toxicity testing and bioaccumulation studies conduded under controlled •:onditcns. 
• Field measurements ot biodiversity a:'ld va:ious aspec:s ot ecosystem function am: health. 
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In some instances biomarkers (metabolic byproducts of specific contaminants} are also useful 
. measures. since they can be used to determine more directly whether a receptor has actually 
been e)(J)osed to the stres:;or ot concern • 

. . Table 5-l provides. an example of a tool that Qn be used for moving from GAEs to the 
information necessary to conduc:: sire specific ecologic:ll riskassessmertts. Site specific 
ecofogicaJ risk. assessments require identification of specific assessment endpoints, risk 
questions • .and measures of effect or exposure. This summary table provides a format for 
capturing site specific information in the GAE context Specifically. one row of the table should be 
ccmplete<i for each GAE tundional group, with supporting rationale for why and how each group 
is. or is not. important in tne context of the ERA. By using this table, risk assessors can ensure 

· that each of the GAEs are considered, and addressed by a site-specific assessment endpoint. or 
. that an exptanatlon is. documented for why no :slte-spacitlc assessment endpoint Is necessary. 

For example. a site-specific assessment endpoint is not required it a GAE is not pertinent to an 
ossessmenr. e.g. duo to an incomplete exposure pathway or lack of toxic affects. Table 5-1 

. prcvides a checklist fer problem formulation of an ecological risk assessment. Inputs to Table >1 
must b& consistent with the conceptual site model and food web for the speclfie area under study • 
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General AssesSITl('nf C.r4Un/s l.v £cologie &I! rut Assessment aiLA.a..t 

Table 5-1. Summary of GAEs SiteS ecific Assessment End ofnts (AEs), AJsk Ouestrons and Appropriate Measures. 
Site Sp«D: AE• Risk Ouostioo3 S~nogale Speckls ~roprlale 'Uncertainties lationale lor Gen~:~ral 

~ssmcnl 
Endpoint 

Stale each ollt.e 
GAE s ident.fic-:t in 
this documcr.t, 
includng S)l$fem 
lc\"CI GAEs such 
as biociversif)', and 
soctcta~ irr{>c·rt.lnt 
G.I,Es such as 
p1otcdion ol T&E 
species. 

R!'pl'esen!a!ives o1 01 Community Maasuros Addressing or 
OAE · flol Addeo~ sing 

Slalo ~ifJC vaLe 
to be protected 
relative to the 
functional group. 
for ClarJl>fe: 

• Sunival and 
reproduction 

• Maintaining 
simlar dl'\-er~;t/ 
within this 
furxfionalgroup 
as ala reli!rc-nco 
silo 

• Maintain rate-s of 
cnctgyand 
nutrient q•dng 
sim:l,lf to a 
reference sito, or 
c.h.1raderi$.lic of 
the tropic ~latus 
of tho s~tcm. 

Stale tho Sp()(:ific 
queslioo(s) thai 
relata to tt.o AEs. 
For example: 

• Aro 
concentrations ot 
LANl r£:1alcd 
rontarninanls 
present at levels 
mo .... n to hava 
t.hrooie or acuto 
IOJM:i1y to 
~ctant 
spocios In this 
functional group? 

• Aro 
cvocontrations of 
lAtll rcLltcd 
conlam:n3nls 
high enough to 
causo odycrso 
impac.ls to tho 
bkxfivorsitf ol 
species 
comprising thi~ 
tunc.lion.11 groop? 

• Aro 
roocr:ntrations ot 
f ,M!I tt'1.,fN1 
ron!.Mucnls tJgll 
cnolJ!)Il to affcd 
rale$ c.f energy 
produttion, or 

Stalo tho c.poclc(s) 
thai are good 
candida!es for uso 
In cvalu<~!iog sito 
!-J>OCif'C lmp.Jcts: 
For exa~le, a 
spt'cific spec.ics 
pre sene at tho site 
v.ithlntho 
tunctior.algroup, or 
a surr<>g1to for this 
f.pCCiosthal could 
bousodin 
biotoxicitf tc~ts. 
Alternattt<jtho 
v.ho!o community 
rcprcsonlativo of 
tho functional 
group coufd be 
stated hero. 

List tho specific 
measures related 
lolho~ios, 
and rlsloi 
questions, lh.:\1 
are in tum rel.llcd 
to lt.e 
assessment 
endpoint of 
interos.l. For 
e•amplo: 

• l&bor a lory 
t..totoJ.icity tcs.t. 

• A spocifiC 
blod1\'C f!ilf f 
indo• 
mca;ured for 
1t1o silo and for 
a rc:ler(lnC'o 
area. 

• Specific 
measuro of 
energy flow, 
SlXhBS 
primarv 
prod•Ktroity to 
bo measured 
a1 lho ~ito Md 
.1 ((·fN(It'C~ 

~rca. 

Disc-uss the rwc s c.t 
uncertainties that v.•IJ, 
at a minimum, bo 
cons!d·Ncd In 
ova!ult;ng tho 
measures. r or 
oxaCT.plo: 

• Laboratory ~~~t m.lJ' 
ne-t t!Jfl«X t f.etd 
tomJ.tions. or 
&UUO!).liO may ool 
rcsponcJ sarno as 
sr<1des p1C$Cnt in 
field 

• Rt'proscnlativcncss 
ot &clctlecJ rcfcrcnco 
silo. 

• Polcnliat 
toofOllnd:n!J taclots 
for lntcrprtting 
blotoxlc•l)' Costs 

• ln3bH)'tO 
adequlltfy rc-proscnl 
&poci(ls d.vort.ilf in 
timcftamo ava~.1hlo 
for assessment 

OAE 

Stato lho 
rationa'o tor 
includ;ng or not 
indud.ng tho 
assessment 
endpoints and 
~wropriato 
IIXOISUTCS. 

E1pl.lin strt'nglh 
c.t tho p;Hti<'vtar 
flOC(&) of 
cvidcnco, rcl.ltivo 
tcns•ti-. ity. 
l'li.\diC'aT,ty, ttc. 

L-------------~------------~·~~n=~~rl~c~nt~og? .J<------------~ 
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Mammals 

CANIDAE Cnnis latrans 
; ........ " . . ' ·-· ·-·-·- ... __ . 
.-... ·--· __ -··--·-····--· • Vulpesvulpes ...... . 

Urocyon 

Coyote 
Redfox 
G1'3yfox 

. . .... ·---- cinereoarsenteus ... 
; CEF!VIOAE Cervus elaphus Sk 
_ --·-----~·------ _sul::~p. nelso~i . _____ . .. . ................... . 

H BG 

Odocoileus hemionus Mule deer H BG 
! EOUiOAE .. -. ------- ·- Equus asin.us - .. · Fr)tal ass ....•...... -- ·--- .. H -·--- .... - . BG 
-~ERETH!ZONtJOAE=-~ _Erethizon. doi'SaiUm~-- .- P•:lrcupin.t . ~. -~-~~-~~~ -.-.·~-~~~-_:: .:--. H ~ -~-~: :·. - . BG 
~Q~~-____ .. Lynx_~fiJS. _________ S:lb~L.. .. __ ... __________ C ___ ........ T~-----
. Felis eoncolor Mountain lion C TC 
~ee-M-flo"Ae-.-~-:::=:-·,;,c,morriyS"botw:C-·. ~ttae's Po<:k~t--9oP"tiO~~---··H .:-.=~~- -- aG···-
:.t:fETEROMXJOAE _______ Percgnathus tlavus __ . 'S•Iky poeJ<et mouse __ .... ___ ; --...... H ..... _ .. :. BG 
: f:!EJ:Ef:IOM)'J~~E_____ P~ flavescens .. _... .•. : P13ins pocket mouse ___ ...... ,.-- ... 0 ... . . TO 
~ ·-·-·· •. ---·· ----.. P;. intermedius..__ .... :Rock pocketmouso ___ ·--------·-- 0_, _____ •. ... TO 
;_~O~ID~E Sy_l_lf!!agus _au(j!J~~_!!!i_;_oeserr:cott~~tail_ . --· tl._ .. --·---.. ·· .. 

6
BGG ___ _ 

. S. nuttallli Nuttlll's cottontail H 
C~5'.LQ.S$jo~e:_ _____ ~NYdinorjjops m~-. Big freE!-tailed ba(·--=~~---~·-·:c ~-~-:-. ··:·- IC 

Tadarida brasiliensis 8razilian free-tailed bat C IC 
: .MURI.OA.E ---.. - ---: Clethrionc:~mys : Southem red-backed voie , ... _. 0 ·- . - .. . . TO 
: ________ ·--.. -·---·----···--~gapperi _ ..... -----· .· . .. .. . . ____ ...... _ . . ... 
·, _________________ MiC!Otus .. lo.~;icaudus .. :Lo~g·tailod_vole ....... ______ : _____ H _..... .. .. BG 

~P{i:.~O.~~'.:'~~-----· Mo_n~~e_v.o_le ____________ o __________ BG 
,-------- ~~-~<!ma~~ig~la Y'{~t~thJ~~t~~~~-<!.~~~ ; lj __ e_G _ 
'---------.. N~ cinerea-----···; Bushy·tailed .w_OCl_c!rat ______ ..;. __ H .. ----·-- .... BG _____ _ 
~ . N. mexieana :Mexican wood rat H BG 
i_:_-::-~-~ .. ·-------·---._Peromyscus_boyii(-=~~Brush mouse ...... ~~--~-..:..=:~:=-_·_ .. _o:.~~~·.:_:~-~--- ·_TO-=~-~~-
: _______________ ... _p_~_leucopus --~ _____ :.White-footed ~0!-J:S& _______________ .... o_ ...... :... . TO 
: · P. maniculatus Deer mouse 0 TO 
i ?.-ruisurus·- :Fiocr<mcluso -o- To-

-,.;:tJ.uei •· ·· -~-· :Pii'lon mcuse ····---------· ·o--·--··:-· .... To···-·-
----Reithrc~ontomYs ___ -·:Western harvest mouse·------ .. 0 .... _ ... _._ ·-·-. TO_ .. __ __ 

•. ------_meg:tlotis -· ~-- _ ......... ____ . "··-------·--·· .. _____ -·· 
:--- _____ ,. _______ Sig~odet:t_hispid~s __ .Cottc~.f!lt. ·------ . _ H·-··-··· •... BG 
; MIJ~Q~~-_____ Mustela errni~ea --· -~· . Ermine weasel_-- .... ·--· ~·- --- c ----·-. -~ IC_ ........ _; ________ M_._~~.t:a .l.o_ns:~il~-w~~l ...:.__ .• ~ ___ IC __ _ 
------· ~~_dea_~_s ____ ·Bad~e.r... __ ·-------~c _ ___;_ ___ TC __ _ 

. ;_MUs:t:ElJOAE . __ Mephitis mepJ:!itis •• ___ :Striped skunk .... ···----- _ ·- ___ . 0 .......... _ TO __ ·----. 
:OCHOTONIDAE Oehotona prineeps 

1 
Goat Peak pika H BG 

... . .•.. _ ..... ·---· nis;rescens _ . .. .. • ......... -.~- .... . 
· PAOCYONIOAE Sassariscus astutus Ringtail cat . . .. ·--· _. _ 0 TO 
: -.· _ _ · _ ~-- _-:__-=--:-~- ·Procyon lotor . _.. R3ccoon . . . 0 TO 
· SOU_F:l!OAE. __ .... _. .... ... Cynomys 9U-'1ni:so_nni . Gunnison's pr:lirie dog .. . .. .. H... . . BG _ _ . 
___ Eutamias mir:timus ____ Least_ Chipmunk_ ------- ___ 0 _______ ..... TO __ ~· 

Eutatnias Colorado ehipmunk 0 TO 
______ c;uadrivittatus __ ···~. . .. -~--- .. ·---·---- ... - ......... ·-···-·· 
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Family 

SORICIDAE 

GenuS/Species Common Name 

Sciurus abertl Abert's SQuirrel 
S. spilosoma Spotted ground SQ"Jirref 
SpermophiiiJS laterafis Golden-~l.antled ground 

S. vanegatus 
Tamiasc1urus 
hudsonicus 
Sorox vagrans 
S. nanu~ 

squirrel 
Reek squirrel 
Red squirrel 

Vagrant snrcw 

0 TO 
H SG 

0 TO 
0 TO 

S. palustns 
URSIDAE Ursus amerieanus 
VERSPEFI·TILIONJDAE Antro:zous pallidus 

Eptesicus fuscus 

Owart shrew 
Nortnem water shrew 
Black bear 
Pallid bat 
Big brown bat 
Spotted bat 
Silver-haired bn: 

0 TO 
0 TO 

C/1 IC 
C/1 IC 

Euderma maculatum 
Lasionycteris 
noctivngans 
Lasiurus ::inereus 
Myotis califom•cus 
M. ciliolilbrun 

Hoary bat 
California myotis 
Wos!om small·footed 
myotis 

C1 
Cit 

Cll 
Cit 
C/1 

IC 
IC 

IC 
tC 
IC 

M. ovotis Long-eared myotis C/1 IC 
M. leibii Small-footed myotis Cit IC 
M. thys<lnodes Fnnged myotis Cit IC 
M. yumonensis Yuma myotis . __ . .. _ Cll_ IC 
M. volans Lcng·legged myotis C/1 IC 
Plecotus townscndii Townsend's big-eared bat Cl1 AI 
Pipistrellus hesperus Westem pipistrellc C/1 AI 

'· t Functional groups and subgroups arc a Laboratory standard and do not reflect thOS(I of Figures 
3.,, 3.2 or 3.3. 
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Family Genus/Species Common Name 

GAVUOAE Gavia immer Common loon C 
G. s:ella::l Red·throared loon C 

ARCEIOAE Atdea herocias Great blue hercn C 
CATHARTIC-:\E ·----· _ Cilthartes aura Turkey vulturo C 
-ANATIO~E _________ Chenc::lerulesccms Snow goose --····--- ·--····-· .. H 

An.as pla:yrhynctlos Mallard 0 
Mergus merganser Common merganser_ . C 

... . Accipiterc:ooperii. Cooper's hawk . C ACciPITRIOAE 
•. _ . A. ger.tilis Notthem goshawk C 

-··· ______ -----------··-· A. striatus_ .. ____ _ Snarp:-shinned hawk ... ~----· ........ c •. _ ___ TC, I 
___ -------_Aquila _cf:lrysaetos ___ Golde_n eagle __ --------____ 9 --------· __ TC 
--·-·-- _ .. --------·---- Buteo jamaicensis_.... Red·tliled hawk ____ ..... _. C TC 

8. 31bonotatus Zone--t3ilect hawk C TC 
-~~~~~:~-~-~-=-~~~-::~~~---- _Circuscyaneu,S ·:~--~-- Nor:hem harrier .. -· ___ ... · C TC 

HaJiaeetus Bald e..J;Ie C TC 
luecoceph<llus _ ... _ _ . ... 

::F~LCONu:)_~t::"_·:~~--=----~ Falco_ sparverius American kestrel 0 TC. I 
F. mexie1nus Proirie falcon C TC ----.-_ -_ -_ -.... ---_-__ -_-F •. peregnn.us---:- Peresiine ta1eon-------------- c· -- ·- --- ·Tc 

: PHASIANICAE Callipepla gambelli Gambel's (luail H Gr, Fo ··- ·· .. ·- ·- ·· · ---· · ··- - · Oenc!rag:~pus · - Slue grouse H Gr, Fe 
____ .. ·----· _ - ............... obsc:urus _ 

Meleagris gallopavo. Wild turkey 0 Gr, Fo, I 
· ~~WOAE ------- __ Fulie1 americana 'Americ!ln coot . __ .. .. .. . 0 _ _ Gr. Fo, I 

Rallus limicola . ~-~-~- · Virginia rail . .. • . ... . 0 · 6G, I .... 
;§AUlD A~--·--- ... GI)Js _a~~_riea~a_)~~-oop1ng Cl!lr:te ~ o_· ~--- BG,I __ ·_· 
. G. canadensi5 Sandhill crane 0 SG, I 
~SCOLc5PA~Io~(=-== Actitis maeUiaria~~-:~: Spotted sandpipEir·=-~~~~=~~-·.:.·_c~:-.-·~-- .·... . . I 
C_9~U_M810~E _________ Cclumba _taseiata __ . Band·tailed_ piseo, _ .... ... ..: _. . H.... . Gr. Fo 

C. Iivia ·Rock dove H Fr, Fo ··----·- ·- --------- Zenaida macrciira ... -: V.oumir.g dove . - .. -· .. - ... - -~ .... H Gr 

CliCUUDAE·--·-·-··· Geococcyx . 1:3rea:er roadrunner -. -- - . -- . .. c I,IC 
califomianus 

-~!~T¢"~0~~== ~~-~~~~~-Glaucidiufl! gno~_a·~~- . Nor:he.m PY9f!.IY"()~~ .. :· .:~-----~ ~::··-~- C .• _ _ . .... . I, TC.. .. 
:__ __ Aegolius_acadi~_s, ___ Northe~ .. saw_:~her.~~~-----· _ C __ ·-·- __ TC -----
. --·-·--------------Bubo virginianus . __ .Great homed owl .............. _____ .. C..... TC . 

__ ·----· ___________ .. Otustlammeolus :Aammulatedowl C I, TC 
___________ ----- ....... -·- O.kennic:ottii · Westemscreech.owl · C · TC · 

· Srrix occidentalis Mexican spotted owl C I, TC 
Iucida 

CAPAIMULGIOAE ~ -~.:~. Caprimulgus vocite..Us · Whip·poor-will . . C 
__ _ __ Chotdeiles_m_inor ____ ... Common nighthaw.k ___ ...... : ... ___ c ... ___ , ___ . 
--------·- ---·---~halaenoptilus nuttallii_ Commol} poorwill ...... -·---· ....... C 
APOOIOAE Aeronautes sax:1talis V'lhite-tf'lroated swift C 
~~OCHIUO~E------~ ·selasphoi'!Js · Broac·tairec: hummingbird. o. 

[~ 

I 
I 
I 
I 

NP.I 



~-------------------------------------------------------.. 

c; -·· -::· ,_. 
• , 
~ . : -

platycerecs 
Arch1lochus alexanen Black-chinned 0 NP.I 

humming:,ircl 
PICIDAE Cola~tes auritus Northem flicker 0 I. Gr 

Melanerpos lewts Lewis' wooc:~ker 0 I.Gr 
M. formicivOn.JS Acom wooc!P«~cer H Gr 

• .. 
..J.. ----· 

PICIDAE Picoioes puee~ns Downy wOOd~ker 0 I. Gl" 
P. villosus Hairy woodpeci<or 0 I. Gr 
P. tricac:ytus Threc.toeo wooc:!pecker c I, Gr 
P. scalaris Ladder·backed c I 

wooc:!peci<er 
$phyrapicus nud'lalis Red·napee sapsuCker c I 
S. myroideus Williamson's sapsucker c I 

-.-. c. 
S.varius Yeflow·bellied sapsucker 0 I. Gr ... 

TYRANNIDAE Contopus t:>orealis Olivc.sided flycatcher _ c I ·-•-/ 

C. sorc:idulus W~em WOOd·pewee .. c I . -:-
Empid:nax Hammond's flycatcher c I 

-- ·---· ·- .. - --- --- - -· hammor:dii .. 
E. obemolseri Dusky flyciltcher c ---E. occidenta.lis Cordilleran ffyc:atcl'ler c 
E. :railli ex:imus Southwestem willew c 

tlyca!Cher 
E. wriglitu Gray flycatCher c -· 
Myiar::hus Ash-ttlroated ~lyca~c:her c 
cinerascens 
Tyrannus voeifernns Cassin's i<ingbird c 

_____________ ·- --·- _ Sayomis saya _Say's phoebe c __ -· I 
S. nigncans Black phoebe c I ·-······ ......... --···· -- .... --·· . -···- __ .. HIRUNOINIDAE Tachycineta Violet-geen swallow c I 
thalassina 

~-- .... --- ' ..... .- , .......... 
Hit\Jndo pyrrhono~a Cliff swallow c I 

.CORVIOAE A~neloeoma Serubjay 0 I.Gr 
c:oeruleseens 
Cyanocit'.a stellen Steller's jay 0 I.Gr 
Gymnominus Pinon jay 0 I. Gr 
c:yanocephalus 
Corvus brachyrynchos American crow 0 I. Gr. iC 
Corvus coro.x Common raven 0 I.Gr. TC 
Corvus c:ry;:toleucus Chihuahuan raven 0 I. Gr. TC 

-··- _ . Nucifraga columbiana Clar1<'s nutcracker 0 _I.Gr,_IC 
Perisoreus Gray jay 0 I, Gr. IC 
canadensis ·-----------
Pica pica Black·b11lec: magpie 0 I. Gr. IC 

PARiDAE Parus gamboli Moumain Chickadee 0 I. Gr 
P. inornatus Juniper titmouse 0 I.Gr 

AEGITHALIDAE 
·- Psaltriparus rninimus Susntrt 0 I,Gr .. 

SITTIDAE Sitta canadensis Red·breastod nuthatch 0 I. Gr 
S. c:arolinensis Wnf.e-breasted nuthatch 0 I. Gr 
S. pygmaea Pygmy nuthatCh 0 I,Gr . . ... - ~ .... . 

I·S 



'cERtHnOAE ··- ...... Cer:hia americana Brown creeper 0 
TROGLOOYTlOAE Troslc:~es 3edon House wren c 

T. troglodytes . Winter wren C 
Ca:her,:les mexicanus Canyon wren C 

. ---·-·-·-·.. Salpinc::es obsoletus Rock wren . . . ... C 
Thryomanes bewickii Bewick's wren 0 

CINCUOAE Cincfus mexicanus American dipper C 
MUSCJCAPIOAE. Catharus gu:t:J.tus Hermit :hrush 0 
... . _ Myadestes townsenci Townsend's solitaire 0 
· ______________ . Polioptila._c:ter:ulea_ . ... . Blue-grey gnatc:atchor __ .... _ ... C 
~~~~~J?JD~E- ____ RegulusCllendula___ Ruby-crowned kinglet ... C 

.. -·- ·-·· .... - _ R.satrapa_ ...... _ Golden-crowned kinglet . ·--. .. C 
Sialia currucoides Mountain bluebird C 
S. mexic:an:l Western bluebird C ·- .... 
Turdus migratorius American rebin • Screening 0 

Receptor 

I,Gr 
I 
I 

I, Gr 
I 

. I, Gr 
I,Gr 

I 

I 
I, Gr 

MJMIOAE. -== --·~~:_: .. Mimus gc~ror.cs .. __ Nor:nem mOclcingbird .. __ ·- --~ o .. . 1. Gr 
· snJRNJOAE §tuJ!tUS_~Jgmjs __ . Europea'.". s.tar1J..f!g -·- -----···-- .0 ___ .... ____ I._ G~----
yJ~!;9~lOAE _ Vireo gilvus._ •. _ __ Warbling virec .. _ . . . .• _ .. C I __ .. ______ . ,v. solirarius ... _. _ _ Solitary vireo _.. __ . . __ . C I 
EMBER,JZIPAE ___ .... -. Vormivora celatl . Omnge-crowned warbler C I 
____ -·. _ -· •• _ _ __ V. virsiniae . _ .... _ Virginia's warbler _ _ _ . . . C . . I 
__________ OenC:rcica_petecn.ia_ Yellcwwalt)ler -· ... ____ . -·-·- C ________ ----· _..1, ______ _ 

0. c:aerulescens Slack-throated blue w01rbler C I -.. --. --·---------·- o:-cercn3:a ... ·.---:-.=-·verlow~rumped' warblet:·.·_· ~:-=------c------- ·-- _ ... ,-------
o. nis;rescen:s. Black-thrtHlted grey C 

warbler 
~·------- -~-·---- •.. J:i-sr.leiae-=:-~==·::Grace·s-;artiler·:·-.-·.~~~~ .. ~-c-_·~.=-=---~: :,-~---
- _______ <:)pc~mis.tolmiei_, __ MacGillivr;ay'swarbler ... - ... - -.. ~ .. ~ .................. 1 ....... . 
_________________ 'II'Jilscniapusilla _____ .. Wilson'swarbler __ -·---- .. --- _C __ .......... I 
:__ _________ P.i~gaJ.~~2----' l:f_epa~!~_ta!!_ager:_ O ____ I,_G!_ __ 
·--·---·-·----·P • .fudcvieiana .wes:emt&tnage~- .......... _. ---·. 0 _ I, Gr ... __ _ 
-·-- P. rubra .---··.Summer tanager ..... __ ....... _____ 0__ __ .. ·- .... 1. Gr 
. ___ ... _ _ Guiraca caerulea Blue grosbeak _ 0 I, Gr 

Pheucticus · Black·headed grosbeak C I 
... ___ .. _ . . melanccephalus 
--· _ ·-·- ·-··- ________ .. _ Passerina ameen:1 ~li bunting C .. _ .. . I, Gr 
._ ........... ______ ......... P. cyanea .. . Indigo bunting _ 0 I, Gr .. . 
---- ~ipilo .. ch_lorun.:s ___ Grec~;ttliled _towJ!ee _________ q __ --· __ ) .. Gr .... ___ _ 
.----------. Psaltriparus fuscus _ Canyon towhee ..• ___ .................. 0 ..... __ ... _ I, Gr ____ . 
····---- _______ P._maculatus ..... __ ·Spot:ee towhee . ____ -· ...... 0 __ .. _ ____ I, Gr __ 
_ .. ------ ____________ .. _.Aimophila ruticeps__ Rufous-crowned sparrcw 0 I, Gr 

_____ Melo:spi:a lineolt:Jii _ _ Lincoln's sparrow _ _ .. . . . . .. _ 0 __ .. . . ... 1. Gr 
M. melcdia ---------Song sparro~----. -···· ·----· ·---·· 0_ .... ... ... I, Gr --·- ___ .................. __ Poo~etes gramlneus Vesper sparrow 0 I, Gr 

___ .. ____ _ __ .. ~----- ... _,_ Spi:ella. passerina Chipping sparrow C I 
S. atrogularis Slack-chinned sparrow 0 I, Gr 

.. . . . . . _ .. Junco hyemalis .. Dark-eyed junco C I 
-----------------·· .Stumell.a.negleaa_ .... Western meadowlark ... _ ·-· 0 I, Gr_ ...... 
. ---·------·-·Agelaius phoeniceus Red-winsec bl:~ckbird ..... ·-.. 0 I, Gr . 



Euphagus Brewer's blackbird 0 I,Gr 
cyanoccphalus 
Molothrus atar Brown-headed cowbird 0 r. Gr 
Chondestes Lark sparrow 0 I, Gr 
grammacus 
Icterus bullockii Bulluck's oriole 0 I, Gr 
I. parisorum Scott's oriole 0 I, Gr 
Zonotrichia White-crowned sparrow 0 I,Gr 
laucophrys 

FRINGILLIDAE Carduolis pinus Pine SISkin 0 I, Gr 
C. psaltria Lesser goldfinch H Gr. Fo 

_.Carpodacu!: eassinii Cassin's finch_ . _ 0 I, Gr 
Catherpes. mexican us House finch 0 l,Gr 
Coccothraustos Evening grosbeak 0 I. Gr 
vespe_!!i~us __ ..... __ . 

. ... -·- ... 
Gr Loxia curvirostra Red crossbill H 

Passer domesticus House sparrow 0 I. Gr 
. PASSEAIOAE 

u Functional groups and subgroups are a Laboratory standard and do not reflect t!"lose ot Figures 
3.1, 3.2 or 3.3. 
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Reptiles 

. Farnny· Genuli/Spedes- Common. Name .. 

COLUBAIOA_E _. ___ . _ Oiadophis punctlltus Ringneck snake 
Com snake Elphae guttata 

Hypsiglena torguata 
Masticopi'lis taenioltus 
M. flagellum . 
Pituophis 
melo1noleucus 

Night snake 
Stnped whipsnake 
Coachwhip snake 
Gopher snake 

Salvadora grahami3e' Mountain patch-nosed C 
. .. snake . _ .. .. ... .. . . 

IC 

... - Tham~_optJ~s _cyr:opsis _ Bla_ck~~-eaded_gn:.rer_ sr:ta~e -·-·---C ___ .... --· _ . IC 
Thamnophis eleg:1ns · Westem terres:rial gar:ar C IC 

snake 
~=-~~~~-~·-···-.- Op~eodrY$ -~~n!~s- . Smooth_ gre~n _ s_ry1ke_~_· . ____ -.. ~-C ______ .... ___ rc:._.: -~~-

Pituor:~his . Bull snake C IC 

vrP-e"RioA'e-:------~~~~~e~:~-sayi- -- wesreni diamondback~---··--·-·· ·c--- ..... -·-· IC 
rattlesnake CrCiilh:lS-;iridiS··su-b.-· Pmirie rames;;are---~--·-·c-··-·- .... -- . ···ic--·-

viridis 
j_GUAN.rp_~;=--.:..:.__· _-_·· _ Cr:ot!Jphytu_s_'Ccua~~~--Col_lar:ed_!imrd __ .... --·--·-·. _ ... C ······-· ...... - .. Tl ___ .. _ 

Phryr.osoma Short-homod lizard C Tl 

__ -·--··------ ·-· _____ . --=~=sunduraru-s·· eas~em-ionC:ei-;i3fd~-------··-·-····c--·· .. ·------- -r, ... ----
Scerophorus ·Southern plateau liZ3rd C Tl 
undulatus tristichus 

·---------urasaurus-o.rriiuus.:~-·T~'iiiil'd --·--·-· -- -c-··--- -··--·-- Tl~----_-sCIN"cioAe ___ ·--··· Eumeces Many-lined skink _____ " _______ . ·c--.. Tl 
------------- _multivirgatus ___ •.. --·--. .. ..... _ ..... _ .. _____ .. ______ , ___ .... 

..... _ ............. _ .... Eumeces obsoletus Grear Plains skink C 
·TEIIDAE Cnemido~horus Chih~uan spotted C 
------------· exangui$_ .......... whiptail ·-- ____ ... . 

Tl 
Tl. 

____ ... .. .. . . .. . . _. _ . C. inoranatus . . .. :Little striped whiptail. . ... C . . Tl 
--------·- _______ C. neomexicnnus __ :New Mexico whiptail_ _ _ __ .. . .... C _ .. ... . Tl 
, _ --~~emidophO_!US yelc_x __ Plateau _striped whiptlil __ -_ -·-C ___ .. • . .... _. ~~-----
'·a Func:ional srcur:s an~ sut:grcups are a Lnbclrato'Y standard and c:o not reflect tnose ot Fisures 3.,. 3.2 or3.3. 



Amphibians 

I 
Genus/Species 

I 
Common Name . · Functional FunctionaJ 

Group" . · Su~usf" 
Family· · 

. AMBYSTOMATIOAE Ambystoma Tiger salamander c T1 
tigrinum 

Plethodon Jemez Mountains c Tl 
neomexicanus salamander 

BUFONIDAE Buto woodhousci ·Woodhouse's toad c Tl 

:·i=ivClo.A:e··-----·---- ·PseuC!acriS···----- weS1em-d1orus .. iT09 __ .. ___ ·--c-· -·· --- -r;---· 
triseriata 

--· ·-· . ·- - . . - ·- - . 
Hyla arenicolor Canyon tree frog c Tl 

Scaphiopus couchi Couch's spadefoot toad c Tl 

. ' . - . . .... ' ·-
S. multiplicatus · New MexiC3n spadefoot c TI 

toad 
,,l-Functloiia(groups.aiiCi -subgroi7ps are .. a-Lclbciratory standa~anddo not reiieaihOse aT Figures-. -
3.1. 3.2 or 3.3. 

1·9 

., ... 
5 
8 .. 
6 
w. • 
l. 
3 _, 
f 

• ., -.., 
J 

--. .. 
L• -I 
., --• ' 



.:· ~. · .... 

. .. . . . . . 

., ...... . 

Insects t 

. ···· ... Order. -. · ~.- , · Sdenutlc:Name ... · Common1Nam•···· . · -Functional· ,•.Functional:: 
•· ·.·:··; · .... ~· · ·.·.: .•.. >': ··. · · · :·· · ~-· · ~- ··. · · · :: ·: ·Grou ·-'·. · ·su rou .· 

-Coleoptera MANY SPECIES Beetles MANY MANY 
· .. Co!~!!!b~~-----=--==FEW~~~ECIES_=~:Spri.nstiils ~-----=~=:·=--:=~. : .. _-. FEW.·_. .. . F~--- ... 
_Oem:uaptelfl .. (~igs)_ ___ ·~SPECIES ..... Earwigs ___ _ .. FEW FEW 
Oipte~ -~--------·--·-MAN''(SP_ECIES~----·Trueflies ... _ --··----·· ____ .. ··-_MANY MANY 
_Ep_~e~rop~e~-----------,'MANYSPECIES_ ... Mayflies ..... _.. .. ... ..... _FEW FEW·. 
:~e~!pt~~- .. --·-·--·--·--MA~Y~PECIES .... :rruebugs .. -----·-- ........... MANY ...... ___ MANY . 
:_J:l_o_~P~!l~--- ___ MAN'(_S~~IES ____ :Cieaca_s •. ~p~j~s_and.~iry __ , _______ ~EW ------ _ FEW __ _ 

.. l:fyme_nopte~ _____ ··- _____ MAN'( SPECIES _ . . Bees, ants, wasp_s . .. .. __ _ MANY ,MANY 
· Lepidcptera. . MANY SPECIES Butter11ios and moths FEW _FEW 
;Neuroprera --- --- ... -··MANYSPECIES- ·Net-veined insects . Few FEVoi" 
; Oc!oiiata - - .. - - ----- -.-- . MANY .SPECIES. . . ; Oragonflles and .. FEW . . FEW . 
: : damselflies 
i ~r1tiQptor.l~-==~::_:_-=~~ MANYSPECiEf.~~-. :~ Gra5s~oppers .an-~ cricketS~:-~_·:: FEW. ~- .- . . . FEW 
f~J!!i~"!- · ~-SJ:EC:_I~ __ )~!.al~~g~!c;l_<s__ ~ew. ______ FB\f __ _ 
;_PI~P.!_e~ :~~'(_S~E~I_ES __ ;.S~~'!~fl!~s___ _F_~_. ____ FeN __ 
~ry5JP.t!~ : M~Y. _s~eeres __ :.:r!1~ps ___ ·--·--- ·-_ ... __________ F.~ ____ .. ___ Fay_·-· __ _ 
:_~u_r,a. __________ _:FEW~PE~JES_, __ ,:Bristletnilsand.silver1lst?:. ______ .F.SN _ ....... FEW .. 
!Tri~p_te~----·- .. ~M~~~ S~ .. E~_IES ___ -~ddisflies ___ ........ ·-· .. ____ :.__ ._ fv1ANY .... _ _ M~NY 
~The current species list of Insects Is very lncorrplete, therefore only known orders are listed. 



Legend 

Category 
Functional feeding group 
Functional feeding subgroup 

Functional feeding subgroup 

MOdes of exis:er.cc 

· Functional!ceding group_ 

t.esend Deflnjlion 
He 
AI A&riaJ insec:ivore 
AG Annual Grass 
A~l Ac;uatic ln:Sec:ivore 
A Aspen forest 
Bu _______ ----.. -- Browser ... ____ ... 
8G Browscrs.'Gra..""Ors 
Ca cacti 
C ~re 
Cll Camavorellnsodiven:-

MOdesOfeXJStence-- --------- -~----------------=:Oecc~~·e,. ___ _:_ ___ ~ 
Modes-of existence... • ·- ·------- · Cl C:imber · ·· · · · · · · · · ··-· ···-
Functional feeding g.ro·up -.- ---- · ·-- ·- Cf Collec:tor1Fitterer5 .. · ... ----- - - ---- ·-
~unctionalfeec!ing g~oup.. . _ ... __ . CG Collector/Gatherers ____ ... _. __ .... 
------··-·- .... -- --------· -·---- __ CE Conifers&_narr:owleaf_~_t:IS ___ _ 

. . . ....... _. _ __ __ DT Deciduous trees . _ _ ... __ _ 
_ _ __ _ .......... __ ....... D Deco~ . __ .. .. 

Modes of existence .. ______ .. _ .. Dv Diver 
_____ . __ ---· .... . Ep . . Epiphytes _ .. _ ... ... .. . .. . ___ .... ___ __ FE Federal eneangered --- Fr --- _ ... -----· .. ______ Federal Threateneo ----

----------~- ·- --· Fo-----·-·--- · FclivereS-·- - · · · ·--··-.. ---·-----·· ···- ---- --~~-~~-=~-~-~~-- _ Fr ...... · ----- · · ~FnJgivores_ _ ·.: ~---~~- ·_:·:·_~: ...... . 
·HEADINGS FG Functional Group 

___ .... __ FS __ . . . . Functional_Subgroup ______ _ 
---.. --------------------- ___ Fu ____________ Fungivores_ .--·- __ -------
.. . ......... __ ..... -------··----- Gr ___ .. ...... Granivcres ________ ----· 

G Grasslands 
HP Herbaceous plants. . . . 

:F.unctio.naJ1~edinggroup ______ ~ H ________ He~ivores .. --··-· ------------
---·------ IC lnt~~ediate_Cal_!l~~------·------ . --.. ------ JS __ ·--··--- ___ Juniper Savanna ___________ _ _ ____ ··-- ___ _ _______ ... MD _____________ Medlanical_Decof!!P·~~r ____________ _ 
....... ___ .... _ ... _ .. _____ ----· ______ MC _____ .... ____ . _ ... Mixed Conifer ___ .. _____ .. ______ ..• 
. _ . _ _ . . ... _ __ _ . . .. • .. My . Mycormizae 
··-----·-····------·--------- _NP. __________________ Nec:;tiyores&_~~nen_•!aters_ ·------

N ---·- ...... - .. - Non.vascular:. --------------------
0 Omnivore 
P Pa~rta 
PG Perennial Grass 
PW Pinon WOOdlands 
PP Ponderosa Pine ____ ·- .. _ •. ______ .. -.-

:·~~ri-Ci~nal)~edinigroup_=_-=-=~~-=-· ~~-.-.-... ------~-~~:=.-~-- :::;:~i~isk.Asr.essmeni _________ _ 
SF . . . Sap Feed or 
Sc Scrapers 
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~-~~a(t~!'g.Sfiu"P:-~-~:~-=-- ~ -~ Si:·~ ~~-- -~~=~·: :~--·~~ .: .. :~sri~~~rs·~--~·.·:-.. ·~- ·_:~· · · · 
'ModeS of exis:ence Sic Skater ... --~~ ---~-~ -~~~--=_:_~-~-~-~.:~=~~:~-~~c.~-··:··=-~~-- ...... :.·_- Species_ot~neem .. ·:· _ .. 
11.~~~~-~~- ··-···-----· ·-··· ... Sp_ .. . .... Sprawler ...... . 

SL S~te Listed 
·~~~-ot~e"~----·-··-----------··_~sw--=-~~--=·~--~·-~swimmer---~-·-----····-----· 
·~---- --------·-- ____ .... -·--···---·-...... n ............ __ . . Terrestrial. Insectivore 

TO iemtstrial Omnivore -- ·--- ------- - -- -.. .. .. · · - ·- ---- -TC ... - - ··- - · Top Cnmivores · 
--····-··-····--· ....... ·-····- ._ ................ --· ..... ·· VP · · ··--·~-·-· · ·· ..... ··:vasU13rPtanr ... -·· · -=-==-- ----------~~==-== _____ ·~-- ·w.oody_-~tii:u~s_&_rian·.-?35-;-.. -.. -... . .. _ -·· . 


