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EXECUTIVE SUMMARY 

A critical component of any ecologiall risk assessment is the specification of the assessment 
endpoints. However, selecting ~ssessment endpoints ror risk assessment Is often a formidable 
task. The Guidelines for Ecological Risk Assessment (EPA 1998, ER 10 62809) recognizes this, 
stating: 

All ecosystems are diverse. with many levels of ocologic:JI organization (o.g., Individuals, 
populations, communities, ecosystems, and landscapes) and multiple ecosystem 
processes. It Is rarely clear which of these .characteristics are most critical to ecosystem 
function, nor do professionals or tho public always. agree on which arc most valuable. As 
a rer.ult, It is often a challenge co consider the array of pesslbllilies and choose which 
ecolooicai characteristics to protect to meet management goals. 

ihere arc approximately 500 plant species on or near the L.os Alamos National Laborntory (the 
Laboratory) property, 29 mammal species, 200 bird species, 19 reptile species, 8-amphlblan 
species. and many thousands of Invertebrate species. These species inhabit a variety or 
community types Including mixed conifer forest, pinon-juniper woOdland, grassland,. riparlon 
woodland and at~ua!ic communities. The -arrarot possibilities" for selecting assessment 
endpoints is·very large, indeed. A structured process. is needed In :::electing assessment 
endpoints.· and to provide documentation as to why particular resources were selected and others 
were not. The Gonorol Assessrnent Endpoint (CAE) process providos a comprehensive, 
systematic and cterensible basis for reaching consensus with regulators-and otl'\er stakeholders 
on just what the "array of posslbllitlesw should be when selecting assessment endpoints for 
ecological rlsk assessments. Douglas Reagan of URS Greiner Woodward Clyde and others 
(Parametrlx 1996, ER 10·63307) developed the GAE process. The GAE approach has been 
successfully used tor the ecological risk assessment at the Lavaca Bay Superfund Site and is 
currently being Implemented at CERCI.A and RCRA sites In the United States and for risk 
asse!>sments at overseas locations. 

This report provides an overview of the GAE proeess for the Pajarlto Plateau ecosystem, the 
ecosystem potentially affected by Laboratory historical contamination. This report Incorporates 
input from representatives of the Now Mexico Environment Department (NMEO), New Mexico 
Game ana Fish, U.S. Fish ond Wildlife, the Department of Enorgy (DOE) and the Laboratory's 
Environmental Restoration (ER) Project (including representatives from the Ecology Group) to 
develop GAEs for ecological risk assessments. Although this document reflects. tho consansuG 
opinions of the NMEO, NM Game and Fish, U.S. Fish and.WIIdllfe. DOE and ER Project 
representatives, it does not reflect an official position or the organi::ations represented; 

Section 1, the Introduction, provides the motivation and purpose for developing the GAEs. 
Section 2 gives an ovarview of the GAE process. The process of identifying GAEs occurs in two 
parts. First, ecologically relevant values are Identified for the ecosystem undor consideration and 
the associated GAEs are specified (described for the Pajarito Plateau ecosystem in Section 3). 
Second, !'Iuman values associated with the ocologi<::ll resources under evaluation and the 
associated GAEs are identified (described in Section 4). Section 5 presents some guidelln&s for 
developing site-specific assessment endpoints, using the GAE framework to ensure 
comprehensive, consistent, and defensible endpoints for ecological risk assessments conducted 
by the ER Project. 
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1.0 INTROOUCTION 

An ecological risk assessment must specify assessment endpoints in order for there to be a risk· 
based decision framework. The EPA, in both the Ecclogical Risk Assessment Guidance for 
Superfund (EPA 1997, ER 10 59370) and the Guidelines for Ecological Risk Assessment (the 
Guidelines) (EPA 1998,. ER 10·62809), defines an assessment endpoint as "an explicit. expression 
of the environmental values that are to be protected". The Guidelines also say th3t assessment 
endpoints are "op~ratlonally defined by an ecological entity and Its ottributes". By limiting the 
assessment endpoints to those u,at are to bo protected, a policy C<~ll must be made, thus, a risk 
management decision is implicit in thO specification of assessment endpoints. 

Selecting assessment endpoints for risk assessment is often a formidable task. Tho Guidelines 
recognize this, stating: 

All ecosystems are diverse, with many levels of ecological organization (e.g., Individuals, 
populations, communities, ecosystems, and landscapes) and multiple ecosystem 
processes. It is rarely clear which of these c..,ar3c:teristies are most critical 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 tho array of possibilities and choose which 
ecologl~l characteristics to protect to meet management goals. 

Tho scope of the :ask for the l.os Alamos Natlonnl Laboratory (I.ANt. or Laboratory) 
Envlronmentai"Re~toratlon (ER) Project ecological risk assessors is made clear when considering 
the species Jist tor the L.aboratory, shown in Appendix 1. There are approximately 500 plant 
species on or near the Laboratory property, 29 mammal species, 200 bird species, 19 reptile 
species, 8 amphibian species, and m::tny thousands of invertebrate species. The Morray of 
possibilities"' for selecting assessment endpoints Is very large Indeed. A structured process for 
reaching consensus on the nrray specification is needed to ensure th3t all relevant valued 
resources are considered in selecting assessment endpoints, and to provide documentation as to 
why these resources were selected and others wore not. The General Assessment Endpoint 
(GAE) process provides. a comprehensive, systematic and defensible basis for reaching 
consensus with regulators and other stakeholders on just what the "array of possibilities" should 
be when selecting assessment endpoints 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 ecological 
organization (ecosystems, communities, and individual species). Tho development of GAEs, with 
c!lroct involvement of the risk managers and other stakeholders, should provide essential input on 
the values of concern to risk managers that will be considered when selecting tho actual 
assessment endpoints to be used in conducting ecological risk assessments at LANL. 

This report provides an Introduction to the GAE process (Section 2), describes the GAEs 
developed for LANL with Input from stakeholders (Sections 3 and 4), and provides some 
preliminary guidelines. for Identifying assessment encpol11ts in the context of the GAE framework 
(Section 5). 

The GAE proce~s Is applied to the Pajarito Plateau ecosystem, the ecosystem potentially affected 
by L.aboratory historical contamination. Those participating in thls. first attempt at applying the 
process at the Laboratory were members of the New Mexico Environment· Department (NMEO), 
New Mexico Game and Fish, U.S. Fish and Wildlife, OOE, and the Laboratory's ER Project 
(Including representatives from the Ecology Group). The Identification of GAEs is an ongoing 
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process that will incorporate the values of other stakeholders (e.g., Pueblos) as the ecological risl 
assessment process proceeds. 

2.0 OVERVIEW 0~ GAE PROCESS 

The process cf identifying GAEs occurs in two parts. First ecologically relevant values are 
identified for the system under consideration, and second, human values associated with the 
eeologl~l resources under evaluation are identified. The GAE process is basod on tho 
assumption that the ultimate ecological value under consideration Is a healthy, sustainable 
ecosystem. Ecological relevance, therefore, refers to the properties necessary for unimpaired 
ecosystem function. 

The ecological evaluation boglns with the Identification of Characteristics and processes Integrally 
Important. yot common to all ecosystems. This evaluation progresses to a consideration of the 
particular ecosystem present at tho specific location under investigation (e.g., the Pajarlto 
Plateau). This progression provides a hierarchical and objective means or determining which 
components of tho ecosystem are potentially relevant to the assessment or ecological risk. This 
process consists or five steps. 

1 Ecological values, common to all ecosystems, are ldentlfiP.d (section 3.1 ), 
2 Functional components of the speclflc ecosystem (e.g., Pajarlto Plateau) are identified 

(Section 3.2.1 ). 
3 A functional food web of tho ecosystem Is developed (often done concomitantly with step 

2) (Section 3.2.1 ). 
4 Attributes of the functional components of the ecosystem are determined (e.g. ecological 

values common to tho Pajarlto Plateau) (Section 3.2.2). 
5. Ecologically relevant GAEs are described (Section 3.2.3). 

Once ecologically relev:Jnt GAEs have been determined, ecological values relevant to societal 
values and/or management goals are Identified to supplement GAEs that were based directly on 
ecological relevance (Section 4.0). 

In the following sections, the details of the process.are presented in the context or tl'le Pajarlto 
Plateau ecosystem. Section 3.1 describes ocologie;al values that aro relevant to all ecosystems, 
including the Pajarlto Plateau. The content of this section reflects the consensus opinion of the 
NMEO, NM Game and Fish, U.S. Fish and Wildlife, and ER Project representatives. However, 
this consensus opinion does not reflect an otficiat position of the organizations represented, It 
merely reflects the Ideas of the representatives involved in the development of this document. 

3.0 GAEs FOR THE PAJARITO PLATEAU BASED ON ECOLOGICAL RELEVANCE 

The Pajarlto Plateau ecosystem Is defined as tho habitats, both aquatic and terrestrial, of the 
Pajarito Plateau on and adjacent to tho Laboratory. The plateau is situated on the eastem slopes 
of the Jemez Mountains. in northern New Mexico. Oescriptlons of the habitats and biota of this 
ecosystem are found In numerous documents, including tho Installation Work Plan {IWP) (LANL 
1998, ER 10 58605). 

Sustaining a healthy Pnjarlto Plateau ecosystem is the ultimate ecological value to protect: 
however, to·achieve this goal, a variety of ecological values must be considered and protected. 
The process of identifying these values, beginning at the ecosystem level and progressing to 
lower levels of ecological organization Is described in the following sections. 
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3.1 VALUES COMMON TO ALL ECOSYSTEMS 

Reco~nizing that ossessment endpoints aro deftned ns values to be protected (EPA 1997, ER ID 
59370: EPA 1998, ER ID 62809), the approach to developinG GAEs starts by identifying vnlues 
common :o all ecosystems at the highest level possible: the value of preserving a healthy and 
sustainable ecosystem. De Leo and Levin (1997, ER 10 62897) prefer the notion of ecological 
integrity rather than ecological heolth, as they feel that integrity includes the concept of valuations 
that aro cased on human use, which tney believe is thO appropriate value structure for 
environmental management decisions. Recogni:;:ing that ecological values are ultimately human 
values (Harwell et al. 1994, ER 10 63308), we use the terms ecological health and integrity or 
intactness interchangeably. For the purposes of tnis project, a healthy ecosystem is defined to be 
one that contains all essential ~unctional components and interactions, which operata at levels 
typical of :hat type or ecosystem. 

There are a number of characteristics that one may identify that arc semlt'lal to the healthy state 
and function of an ecosystem. Following the GAE approach, characteristics were organized into 
three scporote, but interrelated, ottributes common to all ocosystoms; biological diversity, 
functional integrity, and nutrient and energy dynamics. While these attributes C4ln bo considered 
in various combinations (e.g., functional integrity can bo defined to encompass both biodiversity 
<Jnd process dynamics), this division allows one to look ot the components, patterns of 
organization, ::md process rates somowMt independently. 

In the sections that follow, the attributes common to all ecosystems are defined and discussed in 
the context of why they aro valued and how they are related to tho goal of preserving a healthy 
and sustainable ecosystem. 

3.1.1 Biological Olvorslty (Biodiversity) 

A simple definition of biologicnl diversity is Mthe number of species In a community". The more 
species, tha greater the biological diversity. However. biological diversity described in this way 
misses much that is relevant to why biodiversity Is valued (De L.eo and l.ovin 1997, ER 10 62897), 
and hence why the maintenance of biological diversity is a foundational GAE. 

Biological diversity is valued from a human perspective for multiple reasons. These Include the 
value of extractable resources (fisheries, and forests), !he aesthetic value, the value or rarity, the 
value of undiscovered natural products of potential benefit to human health, and the indirect value 
of tM processes performed by diverse assemblages of species (e.g .. nutrient cycling, erosion 
control, cleansing of water and oir). 

Moreover, biologically diverse systems in temperate regions of tho world may be generally more 
resilient to natural and anthropogenic perturbations and changes than less diverse systems (De 
Leo and l.cvin, 1997, ER 10 62897). Maintaining diversity can be important for maintaining the 
structure and function of tho system. In blologic::llly diverse systems we often find multiple 
species within a particular functional group, or guild. To the extent that these species perform the 
same ecological function, they provide functional rl!!dundancy. Functional redundancy has ceon 
shown to play an important role in maintaining an ecosystem's ability to respond to change (De 
Leo and Levin, 1997, ER 10 62897). The maintenance of biological diversity Is recognized as an 
import:~nt factor that keep:; the F>ajarito Plateou habitable and functional for Indigenous biota, as 
well as humMs. 

When attempting to measure biological diversity, it is important to carefully delineate tha 
geographical and temporol domain prior to taking any measurements, and then accurately 
identify species and the variation within species that arc present within these bounds. There are 
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several broad approaches to defining biological diversity, including assemblage diversity, genetic 
diversity, and phenotypic diversity, as outlined below. 

Assemblage diversity. Biodiversity is most often defined in terms of species richness (number of 
species) and evenness (relative abundance of species) In a given arcc:l at a given time. In order 
to evade confusion over the breadth of definitions for biological diversity, we refer to this form of 
d/vorslty as assemblage diversity. This definition has led to many anempts at the quanlincation 
and index1ng or biological diversity, all of whiCh have evident shortcomings (Magurran 1988, ER 
10 62877). However, the simplest and most constructive way to consider ond Quantify 
as:.emblage diversity, is to simply count the number of s~cles {species riChness) in a 
geographically and temporally defined space (or altomotcly, at several scales of Interest), wnile 
simultaneously measuring the relative abundance of eaen species (species evenness). These 
are perhaps the simplest measures of "biological diversity" and are applicable in many 
managerial practices. Assemblage diversity will form the basis for measuring biological diversity 
in tho common proctlc~ of defining assessment endpoints for ecologi~l risk ~ssessmcnt as 
practiced for the Laborotory. 

Assemblage diversity changes through time and ocross geography. There have been many 
attempts to characterize m;sembl~ge diversity on landscape levels (i.e. across geographic 
expanses that exceed the range of one or more species in an assemblage). Most of the 
landscape-level measures of assemblage diversity are characterized with respect to the 
functional relationships (roles, niche space, and trophic position) of organisms in and among 
biotic communities. These measures include tho assemblage diversity and the !)articular species 
that comprise the assemblage. Such measures ore often useful when considering expectation for 
the presence or absence of porticular species in a community, the replacement of species by 
others that PI'Ovlda the same function across communities, and the relative abundance of these 
species, given the constraints of the community dynamics. This form of assemblage diversity 
(often coined gamma diversity) can be used as a measure or functional redundancy betw~n 
communities or ecosystems. For example, 3 community in one geogrephic locale may have an 
equivalent assemblage diversity and functional redundancy within guilds, to another, very 
different community in a geographically distinct place. Tho geographic realm!> of this type or 
diversity are arbitrary: e.g. north·facing slopes vs. south•f3cing slopes in montane environment. or 
declduoun 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 Plateau 
with respect to "reference communities" (communities that serve as a benchmark for 
measurement). 

Communities that are more diverse are not necessarily more relevant to GAE development than 
less diverse communities. Communities In disturbed ecosystems may be more or less diverse 
than those in comparable but undisturbed P.COsystems; this includes communities comprised of 
non-indigenous members. Although many different assemblage diversity indices have t:leen 
dovaloped ana used, ecologisls rocognizo D variety of measures are needed to capture the 
essence of assemblage diversity (Magurran 1988, ER 10 62Sn). 

Genetic diversity is most often measured In terms of diversity or "type" or, mora precisely, 
•genotype" of a given organism in geographically and temporally bounced environs. Tnis is a 
rnthor precise and complex measure, ond is not usually considered in ecological risk assessment, 
unless there is a special ease, e.g. an endangerea species at stake or a uniQue population at risk. 
However, the maintenance of genetic diversity may be at the crux of an ecosystem's ability to 
sustain perturbation (e.g. influx of contamination). Otten, a speeies or population can sustain the 
Impact of strong selection (a strong pcrturtlation) in the near-1erm only because of tl'le genetic 
basis for resistance to the selective force (perturbation). If more than one perturbation impacts a 
population under conditions of reduced genetic bosis for population resilience, then a population 
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may not be able to recover. For exomplc, Clements and co-rcseorchcrs (NIEHS/EPA 1999, ER 
10 62896) have found that communities of benthic insects In Colorado streams are no less 
diverse, in terms of species composition, in streams polluted by heavy metals, than in similar 
streams that are relatively unimpocted. These researchers have also found that the genetic 
diversity of the Insect populations studied was far less in polluted vs. unpolluted streams. The 
reduced genetic diversity, observed by Clements, may put these populallons at a much greater 
risk to extirpation due to natural pel'1urbation (e.g. drought. disease) than the more genetically 
diverse populations. Thcrerorc, in order to minimi:ze the implicit impact to biotic populations from 
anthropogenic disturbance, it is important to minimize disturbances that reduce genetic diversity, 
and attempt to maintain genetically diverse popula:ions. 

PhOnotypic diversity, i.e. variation of ecological type, morph, or form. is often recognized as a 
morphological expression of o genetic basis of diversity within sp~cies, and hence can be viewed 
os an expression of the genetic diversity, discussed above. Phenotypic diversity is dependent on 
many factors, but is relevant to a species only with respect to traits that are odaptivc, and 
therefore confer selective advantage to indlvicuats under the biotic and abiotic conditions In which 
the organisms carry out phenologic (life history) events. Phenotypic diversily may be a useful 
surrogate ror the measurement or genetic diversity. Therefore, in order to minimize the implicit 
impact to biotic populations from anthropogenic disturb:mce, it is Important to minimi:ze 
disturbances that reduce phenotypic diversity. 

3.1.2 Func:tlon~llntogrlty 

Ecosystem integrity was defined by Knrr and Dudley (1981, t"JS quoted by OeLoo and Levin 1997, 
ER tO 62897) as "the capability of supporting and maintaining a bolanced, integrated, adoptive, 
community of organisms hoving species composition, diversity and functional org::mi:o:atlon 
comparable to that or natural habitats in the region." For the purpose or defining ~ssessmcnt 
endpoints, it is convenient to define functional integrity mora narrowly as the pattem of 
interactions among components of the ecosystem. This allows us to discriminate between 
species composition In the ecosystem (e.g., biodiversity) and the functional interactions among 
components. Thus we con distinguish patterns such as trophic structure or habitat relatlon!lhips 
nmong :;pecific species or functional guilds in addition to evaluating biological diversity. In 
practice, to assess functional integrity, factors such as food chain length, connectivity, degree of 
omnivory, extent of reciprocal predation {food loops), and subweb orgMizatlon can be evaluated. 
(Pimm 1982. ER ID 63305: Reagan et al. 1996, ER 10 62914: Schindler ct at. 1985, ER 10 62916 
Waide ~991, ER ID 63306). 

Functional integrity is a valued attribute b1;1cause it connotes an Intact system -one in which 
there is no missing link that would result in structural or functional Imbalances that render the 
entire system more vulnerable (less resilient) to perturbation. Understanding changes in trophic 
structures can also elucidate the mechanism for changes in process rates. I= or example, the loss 
of functiont:~l integrity might appear DS the accumulation of detritus. shifts In the relative 
abunaance (evenness) or species (e.g. eutrophication of lentlc and lotic systems) or the 
disappearance or replacement of species in an assemblage. Newman and co-researchers (in 
Clements 1997. ER tO 6291 7) roportcd that reduced litter processing in streams dosed with 
chlorine resulted primarily from the elimination of shredders (o functional group or aQuatic 
invertebrates). 

Measures of interaction among species, according to principles of organization applicable to that 
sys:em. mCJy be more subtle than the measures for assessing functional integrity, mentioned 
above, but may be equally important for recognizing shifts in tM functional integrity of the system 
For example, sublethal doses ot contaminants can alter key ecological processes (predator prey 
relationships, competition, ability to toke up nutrients, organismal bel'lavior, etc.), out may go 
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unnoticed due to tho coarseness of measurement. These measures vary with scales of biotic 
relevance. geography and time. 

3.1.3 Energy and Nutrient Dynamics 

The flow rates and pattems of nutrient and energy processing in a given ecosys1em are critical for 
maintaining populations of indigenous species at levels characteristic of that ecosystem. 
Disruption of nutrient ond energy flow rates (e.g. by nutrient enrichment or chemical 
contamination) can lead to <:Jccumulatlon of detritus, reduction of primary productivity. or loss of 
top predators (NcNaugton 1978. ER 10 63309). Each of these changes could affect ecosystem 
structure, function. and overall heolth. Just as GAEs provide a framework for the organization of 
assessment endpoints. the Qualities of biodiversity, functional integrity, and nutrient and energy 
dynamics are essential ecological values across all ecosystems. These properties offer a 
structure for considering the intact nature or an ecosystem, at all scales of ecological 
organization. The values (GAEs) identlried in the following sections are rounded on tho vision of 
an intact ecosystem. 

3.2 VALUES COMMON TO THE PAJARITO PLATEAU ECOSYSTEM 

In the GAE process, ecological volucs common to the regional ecosystem are identified next 
Those values aro Identified through a systematic process that includes first identifying the 
principal functional components or the regional ecosystem. Functional components are identified 
using food webs based on feeding guilds. A table associating attributes with the functional 
components is then developed. The attribute table provides the ecological values common to tne 
reglonol ecosystem ond is the basis for identifying tno regional GAEs. 

3.2.1 Functional Components of tho Pajarlro Plateau Ecosystem 

Because food webs provide essential structural organization of prOducer-consumer relationships 
in ecosystems (Gallopin 1972, ER ID 63340} and because all organisms in ::~n ecosystem are part 
of the food web, food webs are used to identify basic functional components of the Pajarito 
Plate::~u ecosystem. 

Food webs arc typically comprised of three basic trophic categories. These categories are 
producers, consumers, and decomposers (which are a special catogory of consumer). The 
following definitions aptly fit these broad categories. 

• Prodyeers are organisms that manufacture their own foOd from inorganic compounds by 
photosynthesis or chemosynthesis (e.g., green plants). These organisms are otten referred 
to as "outotrophs", 

• Qgns~mer:s t"Jre organisms that ingest other organisms (o.g., animols that consume plants or 
other animals). 

• ~CO!:!JR9~ are organisms that derive their nourishment from dead organic: mar.er (e.g., 
fungi and bacteri::~). 

Theso categories are basod on the broad interrelationships among groups of organisms but do 
not deserlbo the many ways In which tl'lese interactions may occur. Organisms that obtain their 
food in a functionally similar way constitute D "feeding guild". Food webs based on feeding guilds 
facilitate the Identification of crltleal ecosystem functions. above the guild lev~l. and aid In the 
identification of Interrelationships among guilds. which may affect other ecosystem properties. As 
we consider the many forms of food webs for 1tle Pajarito Plateau, we will focus on tl'le feeding 
guild approach, or "functional food web". 
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While exotic (non-Indigenous) plant and onimal species are components of most ecosystems. 
they are frequently considered strcssors for indigenous species. For the purpose of developing 
GAEs for the Pajarrto Plateau, exotic organisms are not considered valued components of :he 
ecosystem. All functional groups. identified herein include only Mlive species. 

Below, we will first consider terrestrial and aquatic functional food webs combined, then these 
food webs will be considered independently for the sake of clarity. 

Integrated Food Wob 
The aQuatic and terrestrial ecosystems of the Pojarlto Plateau can be considered as a single 
integrated ecosystem duo to tho close association of aquatic and terrestrial biota In this semi-mid 
environment. Water availability In this roglon can be limiting for tne range, foraging and migratory 
patterns of many organisms in the region. Addltioni:tlly, aquatic and terrestrial environs are 
closely linked in terms of energy and nutrient !lows. 

Figure 3.1 illustrates a current understanding of an integrated functional food web for the Pajarlto 
Plateau. Table 3.1 provides a non-exhaustive list of representative organisms for each of the 
functional components illustrated in Figure 3.1 •. The species list In Appendix I provides the 
detailed list of organisms ot the t.aboratory and their a:;sociatcd functional components. The 
Ecology Group, ESH .. 20. has provided this list and continues to work on it. A final list will be 
issued as a LA·MS report this year. 

Figure 3.1: Integrated Food Wob for the t.os Alamos National Laboratory 
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Table 3.1. A list of ropresentativo organisms for oach of tho functional guilds of tho Pajaritc 
FUNCTIONAl. COMPONENTS REPRESENi ATIVE ORGANISMS 
Producers Autotrophic o:-ganisms 
Herbaceous Plants _gtasses. forb::;l annuals, eerennials 
WOOdy Shrubs chamisa, willow gambel oak 
Conifers Douolas fll",_j)II'\On spruce _ponderosa !)inc 
Deciduous Trcas aspen cononwood box elder 
Submcrgent, Emergent, and Floating canails, duckweed, watercress 
Vascular Plants 
A!_g_ae oreen filamentous aloae diatoms 
Eplphvtos lid'lons mosses 
M_y_corrhlzae mycorrhizal funoi 
Consumers Flesh andJ'Iant caters 
Grnntvores/Frugivoros (seed and fruit eaters) Insects (e.g. some ants)j_ rodents birds 
Follvores _(leaf eaters) insects _(c.g._grasshoppers}. mammals (e.g. elk) 
Browsers mammals (e.a. doer. rabbits and hares) 
Necatarivores (nectar and pollen feeders) insects (e.g. bees), birds (o.g. hummingbirds), 

mammals_te.g. some bats) 
Fungivores insects (e.g. some beetles, flies), mammals (e.g. 

sQuirrels and mice nncidentaiJ) 
Aquotlc Herbivores (plant eatersl Invertebrates (e.~. snails, Insects), tadpoles 
Parasites invert~brates («Ml.,ticks1 llce1 womH>l 
Terrestrial Omnivores m~mmals (e.~. skunk fox), birds_iB.g, robin. rav~ 
Aquatic Omnivores Invertebrates (e.g. isopods, mollusks) 
Aerial Insectivores mammals_(e.g. bats), bil'ds_(e_,g, fly_catchArsj 
Terrestrial Insectivores invertebrates (e.g. spiders), mammals (e.g. shre, 

reptiles (e.g. li:ards) 
Intermediate Carnivores repllles (e.g. sMkes), birds 'e.g. kestreljln_part]J 
Top Carnivores mammals (e.g. mountain lion), birds (e.g. red-tail 

hawk) 
Decomposers Consumt!rs of dead organic material 
Mechanical Decomposers invertebrates (e.g. earthworms, stonemos), detrit 

(e.g. amphipods), filter feeders (e.g. csddisflies), 
scavengers (e.g. turkey vultures), shredders (e.g 
stoneflies) 

Chemical Oecorrw_oscrs fun~i bacteria 

Terrestrial Food Web 
Terrestrial hobitats of the Pajarito Plateau ecosystem include grassland, juniper savanna, pinon­
juniper woodland, ponderosa pine forest, mixed conifer forest, and aspen forest. While some 
species of plants and animals are limited to one or two of these habitats (o.g. tho Mexican spotted 
owl in mixed conifer forest), oth<!rs such as deer mice (Peromyseus maniculatus) occur in nearly 
all terrestrial habitats. Large herbivores, suCh as mule deer and elk, range over the entire 
Pajorlto Plateau, using various combinations of habitats during different seasons. Top carnivores 
such as mountain lion, eagles, and hawks also range widely over the various habitats of the 
~ajarito Plateau. A functional food web of terrestrial biota is presented in Figure 3.2. 

Aquatic Food Web 
Aquatic ecosystems of the Pajarito Plateau consist of springs, perennial streams and associated 
wetlands, ponds, and ephemeral streams and pools. A variety of invertebrates inhabit these 
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Figure 3.2: Terrestrial Food Web 
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ecosystems including mollusks, various worms. crustoceons. and many species or insects. 
Several species of frogs and the tiger salamander (Ambystomo tigrinum) Inhabit aquatic systems 
for all or a :lOrtion of their lifocyclcs. No fish are known to naturally inhabit the streams !hal 
traverse the Laboratory. although some non~natlve fisheries h::~ve boon established in some 
limited areas (for example, Los Alamos Reservoir). A functional food web of aquatic biota is 
presented in Figure 3.3. 

Aquatic: resources are lmport£lnt to many terrestrial species, particularly because of lt'le generally 
arid conditions throughout the region. Somo terrestrial species (e.g., garter snakes, raccoon) 
also forage on aquatic speeios. Waterfowl and shorebirds seosonally Inhabit wetlands and forage 
on aquatic plants and animals. 

3.2.2 Attributes of the Functional Components 

The functional components of the Pajarito Plateau are defined on the basis of their role in the 
food web, however, oach of these components possess additional ecologically Important 
attributes. For example, while trees may supply leaves and seed$ for food, they also provide 
important stru~urnl habitat for nesting birds and squirrels. Nectar and pollen-feeding animals 
may be rol~:~:lvoly unimportant In terms of nutrient and energy transfP.r through the food web, but 
critically Important as plant pollinator:;. Relevant attributes of the ocological compoMnts of tho 
Pajarito Plateau ecosystem are defined below (Table 3·2). 
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Figure 3.3: Aquatic Food Web 
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Table 3~2. Attributes of tho Pajarlto Plateau Ecosystem 
ATTRIBUTE DEFINITION 
Food Source(s) or energy_ and nutnents for organisms 
Habitat The biotic and abiotic structural environment tn which organisms carry out 

their life functions. 
Energy ond The processes by whlcn inorganic chemicals are yielded useful to living 
Nutrient Fixation orQanlsms. 
Decomposition The breakdown of dead organic matter by mechanical or cnemlcal 

. proeesses{both biotic and abiotic). 
Propagule The distribution of reproductive propagules (e.g. seeds, spores. or 
Olsp_ersal vegetotlve bodiesl from a earent organism Into the environment. 
Pollination The sexual reproduc:ive mechanism of flowering and seed~bearing plant 

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

Control The processes by which the abundance and distribution of organisms are 
affected bV predation, herbivory andj)_arasitlsm. 

Attributes of each functional component of the ecosystem are presented in Table 3.a. Each 
functional component has at least one attribute. While some attributes eould be considered more 
Important than others, the table summarizes eeologiC31 values useful for identifying GAEs. One 
may read GAEs from the table In sentence form: for example, "top carnivores and intermediate 
carnivores aro valuod components of the Pajarito Plateau ecosystem because of their role in 
control". 
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3.3 GAEs BASED ON ECOLOGICAl.. RELEVANCE 

3.3.1 Globally Relevant Endpoints 

The following GAEs are based on ecological values characteristic of all ecosystems: 

• Slodlvecsltv Is a valued ecological attribute because of its importance to human use, 
contribution to resilience, ond importance for maintaining structure and function. 

• Functional integrity Is a valued attribute because It connotes an Intact system -one in which 
there Is no missing link that would result 'in structural or functional imbalances thllt render the 
entire system more vulnerable (less res11ient) to perturbation. 

• Energy and nutrient dynamics is a valued attribute becauso now rates and pattems or nutrien1 
and energy processing are critical for maintaining populations or Indigenous species at levels 
characteristic of tho ocosys:om. 

3.3.2 Regionally Relevant Endpoints 

The following regional GAEs are based on the definitions provided In Table 3.2 and the ar.ribute 
table (Table 3.3). 

• Top carnivores and Intermediate carnivores are valued components of the Pajarito Plateau 
ecosystem because of their role in control. 

• Terrestrial insectivores are a valued component of the Pajarlto Plateau ecosystem because 
of their Importance both in control and as a food source to higher level camlvoros. 

• Aerial Insectivores are a valued component of the Pajarito Plateau ecosystem because of 
their Importance In processes of control. 

• Terrestrial and aquatic omnivores are valued components or t!"'c Pajarlto Platoou terrestrial 
and aquatic ecosystems because of their roles in decomposition and as a fOOd source to 
higher level carnivores. 

• Granlvores and fruglvorcs are valued components of the Pajarlto Plateau ecosystem 
because of their importance as a food :ooiJrce to higher level carnivores and tneir role as 
propogulc dispersers. 

• Follvores and browsers are a valued component or the Pajarito Plateau ecosystem because 
of their Importance as a fOOd source to higher level carnivores and their rolo ns non·food 
chain based propogule dispersers (e.g., seeds cling to their coat). 

• Nectarivores aM pollen eaters are valued components of tne Pajarito Plateau ecosystem 
because of their importance in pollinatiot, and value as a food soureo. 

• Fungivores are a valued component of the Pajarito Plateau ecosystem beCause of their 
Importance in fungal species propogule dispersal. 

• Aquatic herbivores are a valued component of the Pajarito Plateau ecosystem because of 
their lmportonce os a food sources and role in aquatic decomposition. 

• Plant and animal parasites ore volued components of the Pajarito Plateau ecosystem 
because of their influence on population dynamics. 

• All native herbaceous and woody plants and shrubs, conifers, deciduous trees, emergent 
plants, epiphytes, and IIanas are valued components of the Pajarito Plateau ecosystem 
because or their Importance as food sources and habitat. as well as their role in nutrient 
cycling. 

• Aquatic plants are a valued component of the Pajarlto Plateau ecosystem becauso of their 
Importance as food sources and habitat and their rolo In nutrient c:ycling. 

• Mycrrohi:zae are a valued component of the Pajarlto Plateau ecosystem because of their 
importance in nutrient recycling and regeneration of soils. 
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• Mechanical and chemical decomposers are a valued component of the P3jarito Plateau 
ecosystem because of their importance In decomposition, nutrient recycling and as a food 
source. 

4.0 VALUES ANO·GAEs FOR THE F-'AJARtO PLATEAU BASED ON SOCIETAL 
RELEVANCE 

Ecological risk assessments should be conducted to reveal or predict adverse Impacts of 
environmental stressors. Ultimately, however, the effectiveness of an ecological risk assessment 
depends on how it improves the quality of management decisions. Risk manilgers are more 
willing to uso a risk assessment as tho bosis for making remedial decisions If the risk assessment 
considers ecological values that people care about (EPA 1998, ER 10 62809). Therefore, an 
ecological risk assessment must consider both ecological and societal values to be effective. 

4.1 CriteriA 

Management goals are inextricably tied to the societal values of ecological resources. As LANL 
develops management goals for LANL habitats, they will be reflected in the GAEs. Values 
include formally recognized and protected ocologiC31 resources such as threatened and 
endangered species, as well as recreatlonally important species (o.g. game and non·game 
wildlife). Identification of societal values should Involve input from risk managers. risk assessors, 
ecologists, appropriate regulatory authorities (e.g., State Oeportment of Game and Fish, U. S. 
Fish and Wildlife Service), other experts (e.g. anthropologists) tribal representallves and 
municipalities, 3nd the gen13ral public. 

The Habitat Management Plan for Los Alamos National (l.ANL 1999, ER 10 62887) ref112cts the 
sentiments of parties Interested In the ecological-resources of the Pajarito Plateau. This plan 
provides an outlook on the management of regional ecological resources, and lists plant and 
animal species regulated in various categories. of protection. by federal, state, and local 
authorities. (Categories include federally threatened and endangered, state threatened and 
endangered, and both federal and state species of special eoncem). Recreationally Important 
wlldli!e species identified In the plan include mule deer; elk, squirrels, wild· turkey. and upland 
game. The federally listed species include the southwestern willow flycatcher, American 
perFJ9rlne falcon, arctic peregrine falcon. whooping crane, bald eaglo, black-footed ferret, and 
Mexican spotted owl. Occupancy has been confirmed for only two federally listed species-the 
bald eagle and Mexican spotted owl (LANL ,999, ER:ID 62887). The American peregrine falcon 
has. had longstanding aeries immediately adjacent to the L.aboratory and forages on Laboratory 
lands. State·llsted species include the Great Plains ladles tresses, Jemez Mountains salam::mder, 
gray viroo, spotted bat, and New Mexican jumping mouse. More detailed Information on T&E 
species may·be found in LANL (1999, ER 10 62887) and l.oftln and Ha<:lrmonn (,998, ER 10 
62881). 

Other societal values for the ecosystem may be Identified based on a review of the management 
goals and plans for areas potentially affected by Laboratory activities. For example, o given area 
may be under simultaneous management for production of forest products. protection of specific 
habitat, etosion control, fire suppression or protection of archeological sites. 

Societal valuos recognized for tho development·of GAEs should Incorporate concerns for clean 
water and watershed protection, both of which may fall under the scrutiny of regulatory 
compliance. GAEs should also be developed with an eye on neighboring systems of land use 
and control, a:s these may lmoact operotlons, on tl'le area of consideration. 
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4.2 GAEs Based on Societal Relevance 

The specification of assessment endpoints with societal relevance is the last step in the process 
of identifYing a comprehensive list of GAEs, ·For this last step, tho involvement or stakeholders 
and the Natural Resource Trustees is critical. The following GAEs were identified for the Pajarito 
Plateau ecosystem, and aro proposed for consideration by the Trustees and other stakeholders. 

• Rocreatlonally and commercially Important species are valued components or the ecosystem 
and are to be protected. because of their Importance for consumptive uses such as l'lunting 
and fishing, and for non-consumptive uses, such as bird watching. 

• Threatened and endangered speclos, their habitats, and migratory bird nesting, roosting and 
lighting sites are valued components of the ecosystem to be protected because of their 
regulatory stature. 

• The quality and quantity of water within each watershed are valued components of the 
ecosystem and require management of point and non-point sources of contaminants, 
consumptive water usage or diversion,. erosion and total suspended materials to moot 
regulatory limits and Total Maximum Daily Loads (TMOLs) 

• Certain Indigenous plants and onlmals are valued components of the ecosystem and arc to 
be protected becauso of their ethnological and other consumptive and non-consumptive 
uses. 

• The esthetic quality of the landscape is a valued component of tho ecosystem because of its 
value to society. 

• Wetlands within each watershed are valued due to their uniQue protection by the CWA. as 
well as their important ecological functions. 

5.0 APPLICATION OF GENERAL ASSESSMENT ENDPOINTS IN THE ECOLOGICAL 
RISK ASSESSMENT PROCESS 

GAEs are d~veloped using a process based on ecological principles and knowledge cf the 
ecologlct~J:eomponents and characteristics of an ecosystem. Additionally. GAEs reflect societ31 
values and regulatory requirements. Development of GAEs involves regulators, trustees, and 
other stakeholders •. Thus the GAE process delineates the "array or possibilities" from whicn the 
specific assessment endpoints are dorived. 

GAEs· hove been developed to ensure that value:. at an levels of ecological organl:atlon will be 
considered· In the_ subsequent identification of site-specific assessment endpoints. The GAE 
process provides a framework for systematically considering how effects on particular species or 
other taxonomic groupings could affect'functional components as well as· higher ievels of 
ecological organization (e.g .• biological divorslly,. functional Integrity or nutrient and energy 
cycling), Having stated the GAEs In Sections 3 and 4, It Is now appropriate to apply the third 
major criterion for selecting assessment endpoints, i.e. susceptibility of receptors to known or 
potential' environmental stressors. 

Characterizing the species and habitats at a site and identifying whiCh of these aro sensitive to 
site contaminants are necessary first steps in the identification of slltrspeclflc assessment 
endpoints. Knowledge of receptor susceptibility may be used to identify slt~speclfic assessment 
endpoints. The. following questions should be answered in order to determine which GAEs are 
potentially affected by site-related contaminants: 

• Which potential receptors (species representative of each functional group) and habitats 
are presenlln the area or concern? 

• Whicn potential receptors are sensitive to whiCh contaminants In the area of concem? 
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• What exposure pathways exist between contaminant sources and sensitive species (e.g., 
direct exposure, food chain transfer, etc.)? 

Not ~II contaminants need to be considered simultaneously when identifying assessment 
endpoints. Details of the specific area under study sucn os contaminants, contaminant properties 
(e.g .. bioavailability, bioaccumulation potential), ecological receptors present, sensitivity of 
receptors to contaminants. and exposure pathways, are evaluated by constructing concepluDI site 
models and conducting a toxtcity·based assessment. Multiple contaminants present at a site may 
act on various receptors through different exposure pathways, thus assessment endpoints moy 
differ for each contaminant. 

There are a numbFJr of ways that the GAE process is usod to develop site-specific assessment 
endpoints. For instance, where aquatic crustace<Jns may be odvorsely affected, crustaceans 
would be an obvious value to be protected. It followt; that the biodiversity of aquatic 
macroinvertebrates, including crustaceans, could olso bo considered as an appropriate 
assessment endpoint. However. It is less obvious that because the "detritlvoro" functional 
component of the aquatic ecosystem is comprised partially of crustaceans. decomposition rates 
for the aquatic system could be diminished as a resut: of contaminant effects on the detrilivores. 

Variability in ecological, time, and geographic scale is important in decicing how to apply GAEs to 
the selection of assessment endpoints. For example, contaminated sediments in a spring moy 
have undetectable effects on the total biodiversity of the entire Pajarlto Plateau ecosystem but 
may adversely affect tho benthic biodiversity of tl'lo spring. It is important to consider geographic 
scale of effect (e.g. local, watershed, regional) when considering a specific ossessment endpoint. 
1: is also Important :o distinguish between effects on variable time se<Jies, as this may, in turn, 
effect tho selection of assessment endpoints. Time-dependent scales of effect may include 
processes tMt are population based (e.g. population viability measures) or community based 
(e.g. species exclu:;ion oased on competitive inhibition/release due to contaminant effectsi. For 
example, population-based effects from contamination may be moro readily observed in short· 
lived organisms (e.g. rabbits) than in long-lived organisms (e.g. elk). 

Once spite-specific assessment endpoints have been identlfiea. at least one measuro of effect or 
exposure must be selected to evalunte the potential risk po5ed to each assessment endpoint. {It 
is beyond the scope of this document to treat the development of appropriate measures in detail. 
The purpose of this dtscussion 1s to show how tne GAE process can bo of assistance during the 
scoping process, when site-specific assessment and measurement endpoints are developed.) A 
measurement endpoint is a measurable characteristic that is related to the valued characteristic 
chosen as the assessment endpoint (EPA 1997, ER 10 59370). EPA (1998, ERIO 62809) 
n<:~rrowly deftMs measurement endpoint as n measure or effect but recognizes that other 
measures may oc needed or appropriate. When selecting appropriate measures, it is important 
to consider the way in which the results will be used to contribute to the risk assessment. 
Typically a weight of evidence approach is used. combining multiples lines of evidence together 
in a qualitt~tive or Quantitative fashion. Thinking ahead about which lines of evidence will be 
supportive during the risk characterization phase will ensure that useful measures are selected. 

Most assessment encpoints aro addressed by measures that include one or more of the 
following: 

• Modia·specific cont<:~minant measurements. 
• Tissue analysis of plants and lower trophic-level animals. 
• Food chain modeling to higher trophic-level organisms. 
• Biological toxicity testing and bioaccumulallon studies conducted under controlled conditions. 
• Field measurements of biodiversity and various aspects or ecosystem function and health. 
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In some instances biomarkers (metabolic byproducts of specific contaminants) are also useful 
measures, sinco they can be used to determine more directly whetner a receptor has actually 
been exposed to the stressor of concern. .. 

Table 5·1 provides an example of a tool that can be usod for moving from GAEs to the 
information necessary to conduct site specific ecological risk assessments. Site specific 
ecological risk assessments require identification of specific assessment endpoints, risk 
questions, and measures of effect or exposure. This summary table proviaes a format for 
capturing site specific: lnformallon In the GAE context. Specifically, one row of the table should be 
completed for eacn GAE functional group, with supporting rationale for why and now each group 
is, or Is not, important In the context of the ERA. By using this table, risk assessors can ensure 
that each of the GAEs arc considered, and addressed by a site·speclnc assessment endpoint, or 
that an explanation is documented for why no si:e·specific assessment endpoint is necessary. 
For example, a site-specific assessment endpoint is not required if a GAE is not pertinent to an 
o:~ssessment, o.g. due to an lncomploto exposure pathwoy or rack or toxlc effects. Tables., 
provides a checklist for problem formulation of an ecologiC31 risk asscssmont. Inputs to Table 5-, 
must be consistent with the conceptual site model and food web for the ~pecific area under study. 
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State each of the State specific va!ue State the spEcifiC State the specie{s) list the specific Discuss the tj-pes of Stata the 
GAE s identified ln to be protected question(s) that that are good maasures related uncertainties that vo.'ill, ra!iona:e for 
lhis documeol, relat.'ve to the relate lo the AEs_ candidates for use to the species, at a minimum, be [r:du0Lfl9 or not 
i0clu<flll9 system fUf'.ctional group_ for exa;np!e: in evafua!ing s;te and risk considered in incluatr.gthe 
le'Jel GAEs sudl For example: specifiC impacts: questior.s, that eva!uating the assassment 
as bioOr;ersity, and - Ne For example, a are in tum related measures_ For eodpcjnls and 
societally important - Sur.ivat and concentrations of specifiC species to the example: appropriate 
GAEs such as reproduction l.ANL related present at the site assessment measures-
protection of T & E - Maintaining c.oo!aminanls V'tithin the endpoint of - Labora!Ol)' test may Expla'ln strength 
species, similar diver~ty P,.esgnt al !evets functional group, or interest For ool ref!ect f~eld of the particliar 

within this known lo have a surrogate for this example: col"'dCOns, or line(s) of 
functional group chronic or acme species that could surrogate may not evidence, rela!f..·e 
as ala reference IOxJc.~ to be used in - labora!ory respondsar.te as sensiti-.-ity, 
site important blo!oxk:ity rests- bioloxici!y lest species pce.c;eot in practicaf.ly, etc_ 

- Ma!nta!n rates of species in this Altemate!y the - Aspecific field 
energy and functional group? ,,hore oorr.munity bio<fJYersily - Representa&•eness 
nutrient cyding -Are representative ol indeJt of selected reference 
simlar to a conc;e.-;lrations of the functional measured for site. 
reference site, or l.ANl related g~oup cou!d be the Site and for - Potentiat 
characterisoc of contaminants stated here_ a reference confounding ractors 
the tropic status high enough Co a'ea_ for interpreting 
of the system_ cause adverse - SpecifiC biotoxkity tests 

impacts to the measure of - lnabl1ify to 
biod'Nersity of energyfbw, adequately represent 
species such as species d'l'lr-ersity In 
comprising lhis primary timeframe available 
functional group? productivity to for assessment 

- Are be measured 
c;oncentrations of at the site 2nd 
LANL reTa~ed a reference 
constluents high area_ 
enough 10 affect 
ra!es of energy 
production, !'r 



Gonoro/ As.sossmonr Enclpo/nrs for EcologiCDI rl!k Asaownont ot l.ANI. 

6.0 REFERENCES 

Clements, W.H. 1997. Effects or contaminants at higher levels of biological organization in 
aquatic ecosystems. Reviews in Toxicology pp, 107·146. (Clements 1997, ER ID 62917) 

De Leo, G.A. and S. Levin. 1997. The multifaceted aspects of ecosystem Integrity. Conservation 
Ecology [online] 1(1): 3. (De Loo and Lovin 1997, ER 10 62891) 

EPA (U.S. Environmental Flrotcctlon Agency), 1997. "Ecological Risk Assessment Guidance for 
Superfund: Process for Designing and Conducting Ecological Risk Assessments; U.S. 
Environmental Protection Agency Interim Final Report. {EPA 1997, ER tO 59370) 

EPA (U.S. Environmental Protection Agency), 1998. •Guidelines for Ecological Risk Assessment: 
Final," U.S. Environmental Flrotcctlon Agoncy Report EPA1630/R·951002F. Washington, 
D.C. {EPA 1998, ER 10 62809) 

Gallop in, G.C. 1972. Structural Properties of Food Webs. In Systems Analysis and Simulation in 
Ecology, 6. C. Flatten, 241-82. New York, Academic Press. (Gallopln 1972, ER 10 
63340) 

Harwell, M.,J. Gentile, B. Norton, and w. Cooper. 1994. Issue paper on ecological significance. In 
Ecoloolcal Risk Assessment Issue Papers. U.S. Environmental Protection Agency. 
EPA/630/R-94/009. Novomber 1994. (Harwell et al.1994, ER 10 63308) 

LANL (Los Alamos National Laborntory). 1 998. •Installation Work Plan for Environmental 
Restoration Program, Revision 7." Los Alamos National Laboratory Report LA-UR-98-
4652, Los Alamos, Now Mexico. (LANL 1998, ER ID 58605) 

LANL (Los Alamos National Laborotory), 1999. Biological Evaluntion or the 
Impacts from the Implementation of the threatened and Endangered Species 
Habitat Management Plan. Los Alamos National Laboratory Report 
LA·CP-98·6005. (LANL , 999, ER 10 62887) 

Loftin, S. and T. Haarmann. 1998. Biological Evaluation of the Impact of Conveyonce and 
Transfer of Land Tracts at Los Alamos National Laboratory on State of New Mexico 
Tlueatened and Endangered Species. Los Alamos National Laboratory report LA·UR·98· 
5863. (Loftin and Haarm:ann 1998, ER ID 62881) 

Magurran, A. E. 1988. EcologiC31 Diversity and its Measurement. Princeton University Press, 
Princeton, New Jersey. (Magurran 1988, ER 10 62877) 

McNaughton, S.J. 1978. Stability and diversity or ecological communities. Nature 274:252·253. 
(McNaughton 1978, ER 10 63309) 

NIEHSIEPA (National Institute of Environmental Health Sciences/U.S. Environmental Protection 
Agency) 1999. Molecular, population, and community responses of aquatic insects to 
heavy metals. Superfund Basic Rosearch Program Research Brief41. (NIEHSIEPA 
1999, ERIO 62896) 

Parametrix, Inc., Woodward-Clyde Consultants, and Aquatic Resources Center. 1996. 
ldentlflca!ion of general ecologically relevant issues and general assessment endpoints. 
Report to Alcoa for Lavaca Bay Superfund Site. (Parametrlx 1966, ER 10 63307) 

Plmm, S.L.,1982. Food wobs. Chapman and Hall, NewYorl<. (Pimm 1982, ER 10 63305) 

18 

' i 



Genom/ As3oumen/ Endpoints for Ecological nsk Asso~mont a/ LAN 

Reagan, D.P., G.R. Camilo, and R.B. Waide. ~996. The community food web: major properties 
and patterns of organiZ<~tion, Chapter 14 (pp 461-510) In D. P; Reagan and R. B. Waide 
(eds.)·The foOd wob of a tropical rain forest. Chicago University Press. Chicago. (Reagan 
et al.1996, ER·to 62914) 

Schindler, o.w., K.H. Mills. D.F. Malley. O.L. Findlay, J.A. Shearer, I.J, Davies, M.A. Turner, G.A. 
Linsey, and D.R. Cruikshank. 1985. Long·term ecosystem stress: the effects of years of 
experimental acidification on a small lake. Science 228:1395-1401. (Schindler et al, 
1 985,. ER 10 62916) 

Waide, R.B. 1991. The effect of Hurricane Hugo .. on bira populations In the LuQulllo Experimental 
Forest, Puerto Rico. Biotropica 23{4A):475-480. (Walde 1991, ER 10 63306) 

!9 



Gonoral As::ossmont Endpoints for EcOiogicol risk Assos:~mont ot I.AN 

APPENDIX I : Partial• Species List 

"reflects current knowledge 

1·1 



Gonerol Assossmonr EnctpOints for ccolcgiCllf risk Assessmont at I.ANl. 

Mammals 

I e_q_u_r~~E ____ ____j_ E~y-~s asinus l_~eral flSS I H 
[ERETHIZONTIOAE iErethlzon dorsatum !Porcupine ... 1--H--:·-
I_E._ELLD..A~ ILy_nJC_rufu_s L~~~cat __ c __ ~-

' Felis concolor 'Mountain lion C 
_q~_O_MYIDAE ITho~~!?_ottae B_p_!tae's ~ocke.!.g~~~..r.._j_l::f __ _J __ 
HETEROMYIOAE !F'eregnathus flavus ISJ!l5Y_Eocket mouse : H 
j~tfETEROMY..!_~_JP. fl~_Ecns i Plai~-~cko.!_~ouso 0 __J __ _ 
1--- 'P •. intermedius !Rock pocket mouse I 0 : 

l
l_l:_f:;PORIOAE I Syl_vJt~g~s ~u~_I.!_I?_C!ll!_j.D_~s-~~ cott~~-~il 1_ H __ ; __ _ 

:s. nuttallii 1Nuttall's col1ontail H : 

1 MOLQ.~ID~E -1 ~cllno_m~e~rotls 1 Bjg_,!ree.tail~~~~l c : 

~ 
Todarida brasiliensis !Brazilian fr~tailed bat C---:-·-·-

MURIDAE lCiethrlonomys ISoutl'lem rod-backed voiB 0 
________ _.lga~p~ri !_. -------~- ----·--·-· 

I Microtus longlcaudus 1 Long-tailed vole : H 

1 ; M. montanus 1 Montane vole 0 

1
------------,-:-::Neo'"iOiiia alblgulaWhit~throatcd woodrat 1 ~:----

1

. : N. clner~~ 1.1?..~~-tailed ~~.!._3_t____; __ lj ___ __;_ __ 
'N. moxlcana I Mexican woodrat 1 H I 

,__ ________ , Pero.!:!D!C_!.Ill_o_y_!!!__.!.f3rush mouse I _ o ___ _ 

~ ________ .,.;f~='~·.;.;le::.:u::.::c=oP.US IWhit~footed mouso 0 : 
IF'. manlculatus I Deer mouse 0 

I ------, P':liasutus ,·Rock mouse 0--...--
1" ------o.:!P. truel iPinon mouse 0 r- 'Relthro~ontomys !Western harvest mouse 0-----
... ~---·-----.o..:::megalotls 1 

ISigmodOn his~idus 1Cot1on rat H 
MUSTEL.IOAE:-----'lMustelaeniii'nea-IErmin-;;.;e:..;.w=.;e;..a_s_e~l --------c='"----
~------------~~~~ena~ !~g-~lledweas~l c~-------

fTaxldea taxus ! Badger C 
MUSTEL!DA~E-=----*IM.,:.:.:e_P-hitls meP.hl!ls JStriP.ed skunk 1 ___ 9:--_... __ 

· OCHOTONIDAE ~~otona princeps jGoat Peak pika H 
r=~:::-:-:~=-=--=----"'="''grescens 
re~OCYONIOAE _ _J_Bassaris~~s IR!!J_g!!!L_ca=:..t _____ ...__-:0 1 

~F'rocyon lotor --rRaccoon 0~-
SCIURIOAE iCynomys gunnisonnl !Gunnison's prairie dog H 

t !=utaml~lnimus r-L~~~u_!'!.IL_ 0 I 
jEutamlos Colorado chipmunk 0-,~~-· 
. quadrlvlttatus 

~---------------~lScluNsabertl IAbe~ssg~ui~rr~e_I ________ ~ __ :..;.H~--~ 
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I 

'.I --····---~?..:_~I?.!I~_C?!!l.i:!_. __ __J_~~otted_g~..':!~~~~rreJ ___ ~---9 _____ _ 
Spormophilus lateralis !Golden-Mantled Qround H 

:squirrel 

___ --···- ·····-····-··· ...... _ __ S..: .. ~i'.rJ~O~.!JS ______ _J_f39~-~~-q~J!~.~-- ....... _____ ----- .. Q_________ . .J.9 _____ -
Tamiasciurus iRed squirrel H BG 

· hudsonicus 

_§_q_~-~-~D~E..~_ .... --···---~~~~~~xn:~gran~-------*iga~!1;h~~-:w .... ·--6-- --· ·- ----~~--- _. 
_____ --~---·-------··---~!.P_~~~iris · ·· iNorttierii·~~ier s_hrcw ______________ q__ ________ T~-----
URSIDAE Ursus america nus 1 Black bear 0 TO 
:y_;RSPER_:_Tl~.QNIOAE -;An~!_~~us_e?.!!l~~~~~U9~_.:. ___ . ~-- ___ .... ···--· __ C!_I ____ ~----~~~ . ---

. .. . .. Eptcsieus fuscus _ _;_Big brow(l_ bat C/1 . IC 

----------- .... ---·-····------Eud~.r.!!'~ . .!!!~~.'-!t~turn_~~P.~~ted b"~---·----------·· .... ______ q{l __ --·- ... ---~-~--- ....... 
l.4lsionycteris : Sitvcr-l'laimd bot C/1 IC 

. _ nocti~agans _ . .. _. 
---------- ------~asiu~eincr~~~________;~oary bat __________ ---~C{! __ .. ______ JC_· __ _ 

: Myotis ca!i_fo~nic_us .... : C~lifornia _f'!ly_otis C/1 I C 
M. ciliolabrun !Western small-footed Cll IC 

---------·~--------·- ------~~otis ------·---·------· ________ ............ ___ .. _ 
, . . . _ . . M. ovotis . . . . . .. _:Long-ear~~ rryyotis . . C~l. IC 
··------·----· --.. -~~J.~i!?,!L_ ____ .. -~ Sm?ll·fE_oted my~li~ ~-··· _ ·---Cj_l_ ___ ,. _ .. ·--~c ___ .. ____ 

. . .. M . .thysanod~~--.. . __ ! Fringo_d _rr~yo_tis. . . . C/1 IC_ 
--·-·---------.. ---- ________ }~:..Y!J~!:!~n~-- .. __ _;_'!:~_!!l_a !T).Y.C?!~s ---- ·-···. . ... __ ... C:!l__ IC 
. .. . . _ .. . . _M._v_ola(lS _ __ • __ .. : Lo~g~~egg~d fl'l!fOiis . __ . .. : Cl: . . IC 
.. _ .. ______________ ........ -----~L~c.o~u~ _to~r:~.~t:!..d.L._T,o~'!_S_er.d'S. _ big·-~~recJ..?.~~--~ _ ........ <:~'--~-·. _:. __ ·-· .~l-...... __ 
. ., . . . .. . . . _ .... . . f'lpistrellus_~espc~us. _l Wester_!! pipistrcll~__ . . . _ _ Cll_ . AI 
'· • Functional groups and subgroups t~ro a Laboratory slnndard and do not reflect those of 
Figures 3.1, 3.2 or 3.3. 
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lGAVIIOAE ·Common loon C 
i :G. stellata :Red·throated loon ·-c----iARDEiDAE ________ -··"ArC!ea 11-erodias·--· --rG·reai bii.ie-n·ero·r;-· · ·- --- ···- · · · c· · ~ ·· ... ·· · 
~ q~ !.H~f3J"ID_~E- ... - • : Ca_.!_h_~~c~ .~1.:1~ -----~-Turkcy __ yu~!urc _ .. ____ . .. .. • . ---· C. . . 
. ANATJ DAE ·Chen caerulescens ·Snow goose H G 

L------- ___ ---··----· .. ·---~~~~~-~.a~Y!.!:!XI.:~-o~_[M_~II~~~-- _ ·--·····--- ... __ .. _ ~ ...... _ 0 .... 
I · Mergus merganser :Common merganser C _ 
~~~91r:!J_f31 ~~~---___ _;~c_cjP.!!_er_~o-~P.~~i_!_ .. ___:_ C.oop_er::_s Q_a~-~ --···· .. ____ ...... _ . -··-··· C _ ... _., .... .. 
,_ _______ ......;'A~. gentills iNorthem gosMwk C 
; _________ ---------....... J~_stria!_u~------·-..J_S~a~·s.!!Jrl~~-l!a~~-- .. _____ ~---·· C_____ _ , 
: ;Aguila chrysaelos ;~_olden eagle I c ___ . __ 
; ____ . ----------·- _;_B_~L~.~~.r!'l .. l:!icen~_Ls _ _j_R~~..-:!~!1~~-~a~k. ·- _ .. __ .... : ....... C._ . : 
! :e. albonotatus IZone-tailed hawk: ' C 

j---------·--~~~~~!o~~ne~s.-----~ ~~~~"::~~-~rrlc.!:_ ____ -;· ·--.... g _ · .... ·: .. - ... 
: :1!-JCCCX::ep.;.;.hD::.:I:.:::u=...s ___ ~ ~~-~-~-------.::----
!.E~~f_~JPAE _______ )~~C9_SP.!l_!Y_e_!j_u_s ____ _i.Am~rica_!l._!<O~~~~- _______ .. ____ .:,_, .... 0 ..... -· ....•. ~ 
: . F. mexican us 1 Prairie falcon · C 
~-----~-----.....:f:.P~~~grln_u_s _____ _j_P~~~g~~e_f_a.r.c~t:!_- ...... _ . _; ~~¢~. . ... 
~SIANiqAE ;~allip_£pJE._gambclli !Gambel's guoil H G 

; Ocndragapus ; Blue grouse ----·i-1------G 
iobscurus : :. --.=----·- -----;-Melea9~~=9~uopavol wild '~:JI~ --= ·-- -· -----· _o .. · -_· .. _._·· _G! 

'RALLIDAE · Fulica omericana !American cool · 0 Gr ·---·-····· ~ ·-·----------+ ..... ·- -· ------·------""' .......................... --.. .. ~- .- ......... _. __ -~--- ___ .. , ........ -.... . 
L- :Ralfuslimicola :Virg~il 0 ___ E 
1.9 R.l:l.!l?~E _________ ,__J_G~~.il.!!l .. ~9.!!! __ ___J.Y)(.~~op!!"g_~~~~------. ~-----0 ___ ; __ ! 
1 IG. canadensis !Sandhill crane ' 0 . E 
[.S~9~QPt.C]_D_~~----:f.._~ttt~ m~cul~r:!~------;~P._ottc~~-~D..~P!e..e! _____ ... ~--·· ... c ..... =~ 
tPOLUMBIDAE •Columba fasclala ~B.and·tailed ~geon · H ___ G 
I iC.livla 'Rock dove H : F 
,-.. --·--------·--:-zenaiclamacroura iMciumi.ng ... dove-·---;~-----H--·--------
1 I ' ' 

jCUCULIOAE !Geococcyx :Greater read runner 
I 

c 
1 I californlanu5 
lsTRIGIDAE ·Gioucldi=.:um=g-n-om_a_ .. i_ N~o-rt-h-em_ex ___ 9!!!Y._-o_w_l -----C,---_,..1, 

! __ ··-· ____ ..... -___ ,!A~g~I.Lu~-a~di~l:J.S __ J.N.~.~h~m ~~-~.:Wh~t o~l__ ·- _; __ • ·-· ~ _ -·-· : ..... _ 
I i8ubo virginianus lGroat homed owl C 1 

1 Otus nammeolus I Flommulaled owl C _ .... _ .. -· __ I, 
·-~--------- -.. ·--·----·-;·o~keiiriiCO:t;i- -· ----TWeSierri. s~C:reec:h-owi -·: -~- ..... c -----iStrix occidentalis !Mexican spotted owl C 
I lluclda 1 

I, 

~--.. ···-------.. -----~ -- ·-· I ----.. -------·-·-· ·---·····-.... ·CAPRIMULGIDAE iCaP-rlmulgus vociferu!> WhiP.:P-OOt•Will : C ~ 

1~-----·----------~;-~~~r~~~~;trZ~Oi ____ ', 26~~~~ ~~:~~t~--- · -... i·-· ...... g------.:.-- .. ·-· 
1nuttallil · 
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--····- ··--·-·--·· .. ··-·- . ~~~~~~~~~~- ~l~x~-ndri re:~~~~~~-~~-n~~--- ...... ------ ·- ----;;~-----· ~ 
-·-- ----·- -·---- ---·--- ----·-- ihumming~lr.d ______ .. __________ .. _ .. _____ , ........ .. 
. PICIDAE .Colaptcsauritus !Northernflicker 0 I, 
~---·--·---- ....... ___ ~el~~r.~~J!?_~;s· ... J.~~wis'-wog~~~~~~:~~--- .... ~--.---.. <? __ · _. ___ _j._ 
. _ . . M.Jormicivon.J~ ..... ____ ;Ac_o~n.VIo_odp_~e~e~ . H _.. ' 
f1_910~§_ __________ ..-£>lt!P.!.des_p_ub~~~-c.0..Ll.Q..q~-wood~E!<_~_r _____ -·· ; ____ .. 9 _______ .. __ ... 1. 

. .. . .. . .. -~· villosus ..... __ jHt!irY .. ~~-o_dpecke~. . . 0 . . I, 
:........ ___ ·--------- ___ !::J!Ldac_!Y..I.~-----l.lhrce·t~~~~~p_c.~~e..!. ·--·---·-··-9--.......... l. 

P. scalar is : Ladder·backod C 
. . . .. .. . . _ ... _ . .. .. __ _Jw_oodp_eE!<_er. _ . _ . . _ . ... . 
'-------··---- ---~~I..C!P.l~U_S_flLJChalis _: R~~·n_(!eed sapsucke_r ------c ___ _;_- ...... . 

S. thyroidcus !Williamson's sapsucker . C 
_______ .. ,_ ---·-- __ -~~~- vn_!!_l!._s_____ -,y_cuow·~~U~~ sa~s.uck~c_--~---- __ 0·----~- .. - -'·· 
: TYf3AN.~ IOAE. . .. : Contopus borea)!s ... __ ! OILv~~s~d-~d_.~yc=:atchor . C. , . . 
~--·-·---· .... _ ---~C..:...~~!~!c:!l:l.~u§. ____ ~~~!El_!!l_ woo_d:P.ew~.~--- ........ ____ c _____ ~ .. ----· 

Empidonax ! Hammond's flycatchOr C 
• hammondii ~ 

: ... _·_~:..:.=~~: ... ~ .. -___ -____ _:_e:..~§~ili.otse-ri~~---·~.=.Joii~}tJ!Y.c:.ii~tiar·-~---~- .. ~ : __ c~--=-- -··~-----
-- · · .... ··· ~~~6ft{f-~:;~~s· ..... ,~g~~~~Zt?e~~·c!:,~S!r · · .. ·· 2 · 

------- --------------· .. :·--e-_._w-_r-ig-hDi-........ ____ ·7J'~!_W}~!ch.~~~------- ... ~-- ---·-e:·--.. -- -·· .... 
Myiarchus 1 Ash· throated flyc<Jicher C 
cinerascens · 

~:~-~ -----~~~- · -~-~--.. ·!yr~n~~-s-vo_c_ire.~_a!"s __ ;:Cassi~:s .~Jn.g)?.ir( ..... ------- :·-· -:-c ~-----··-· .. 
·---- _________________ s_~Y.':l!f.ll~-s.aya ____ :_~~Y:~J?hO.~l'..~.--------· ------·-·-· ___ c ___ . --·----
.. . . _ . . .. ...... _ .. S .. n.igr!cans .. ..: Black p~oeb~.. .. C 
HIRUNDINIDAE Tachycineta !Violet-green swnllow C 
~ ·------ ------······--:.!_'!_a_!!~~slf!.~-----.i.- -------··· .... ____ ,_ ---~.: .. ---· 
:CORVIDAE- .... · ..... -~~~~i~~~~~~onot~ ·~-!~~~~1=~0~-- · · · :. .. g .. -· · 1 . 

. coerulescens 1 

---------- ---~~ c·yanoc~lia __ sleu~~~ _. --~ste!ler's J<:!Y._ .. ·_~----- --------o-------~---
Gymnorhinus :Pinon joy · .. o'- ··· · .. · 

; __________ . _______ CYIJ~~q€!P.!lcs.!_u_s ___ _;_ _____________________ ~-- __ ...... ____ _: __ _ 
... .... .. ...:CO!Y_US_!;)r:J~h.Yr'J.~C!:IO_s_JAf.l:l~rlc.a0.C!O~-- 0 __ , ....... I._C 

Corvus corax ! Common raven 0 t. G 
·---· · ·- ----.----·=cor:vus-:-c!.Y'Piol~~.c:~~ ]Pbi.~~~h'Uii~ .rov_er)~ -~~-~:·--~~o ___ ~-:-.=-_-i.~C: 
~------ ___ ~---- _____ . _Nucifrog~c«?!u'!l!JJ~..'2~C_Igrk's nul~_c_~f3..!:_ _______ ~--- ___ o __ _; __ !._ < 
· ·perisoreus !Grayjay 0 I,C 
..... _ .............. _ ... :ca~a~e.Q.s_i_s ____ .. ---·-·-·· ...... ____ ...... ---· ..... . . .. ....... : ....... . 
~_ .. _______ ..,£.!,c_a_plca i B~£K·billed~~9Pl~-----~---o---~ __ I!.S 
:P.~8!t:l~E ........... _ ..... ..:?..ar~_s_ga_rn_b_t?!i .. _______ J.MOuQ.tiJLr:t_cnl_<;:_k~~~~-- ___ . _; _ ... q ___ .. .... 1 

P. inornatus ;Juniper titmouse 0 I 
I l , 

!~~~i~feiipAE~.---;~~:~~~~~~5e~~rnu.s_j=~eaSied·;,u:tha.tc;:~~-------g- .. -~~---~ 
---.. ·~----- .. ·--s--:-caroli'nensis--:white·breasted ~nUih'atch-! ---0--;·--.. -
~-= =-.=::..==.·-~-~~.:.P..Y~ma~~- · ... -· -· i'~.Ysifl.Y. nuth.atch-- ....... :..___;_~~-~~o----=-~~~ 
: CE~T_t:IUO~E _ . .. __ .. __ · 9erthia. ameriC<J_~a _____ ; Brown_C!_o_eP.~r ................. L _ _o_ .. . .. _ ... _I 
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!IB99.L9.0..Y.!IJ2~E ___ ;:rr_~gLo_~yt~~ -~~~~-~ ·-. ~.J:l.o_us_~ -~~~-----· ____ ... c -----------:T. tr2g~cs :WinJerwren C,__ __ _ 

;~---------------·-------:~:i~~~~-~~~ft~~~-~+~6~k~~D....... ... ··- ... -. -- .. g .. 
:.·-·- ___ ... --------·- __ _:_T~r.Y.O..!:"~~e_s~e.wic_~_!i __ JB_~~L~~t!_~e_l}__ .. __ . ____ ,___ 0-----
~INCLIDAE ·ctnclus mexleanus !American diP.~cr C 
[Ml:J.~.£~C~PIDA; ______ ;_C~!~an-!_~.9~~-a.t~~-_i.Hcr_mltJ_!'!~.~h-____ •.. ------ .. 0=:-=-.-:~ 
'-------_;_~Y.adestes townsendi :Townsend's solitaire _:._ ___ 0 I 
1---------~~~lo.~tila -~~~l~a_j_~!Y~~y_g~~~~~~~~!. ____ ; _________ c_____ ~ .. _ 
iMUSCICAPIDAE :Regulus calend~la iRu~~rowned kinglet : __ f _______ _ 
; ______________ ---~~ •. satr.ap~ _____ ___J_G~J~-~!}_:er.o.~c~L~!n.gtot _____ ; ____ .. c ........ ___ .... . 
: Sialia currucoides ~ Mount3in bluebird · C 
: ---;-s-:-mcxTcana !Westem bluebi~ . c-·-----,--.... -.---- .......... ~-... - - ... ----- .... _____ ... ...__..,. ~--· ... _ ....... -··-'""· .. ---- ··- ·- ....... ·-·· 
: ·Turdus migratorius :American robin- Screening, 0 I 
~ IRece~~to~r--~~~~-------~~----
:_MIMIOAE____ __:_~!!'!:l..':!.s_p_o}Y.gl~t!_o~ __ !_N_o_~_tl~m~~c;~i~g~i!.d _____ ____; _____ 0 ..... _____ _ 
ISTURNIDAE 'Stumus vulgaris !Euro_Rean starling__ Oc.-__ _ 
lYIR_~O-~LDAE ______ ;Y!!..~o_gilxu_s _____ !yy_ar_bl_i!)g_vlr_e_5) ____ -----·---!----· _C __ --· ..... 
;.._ v. solitarius :Solltn_!'Y.vireo ;_____c ___ _ 
:_~M_f?.E.13!Z_!_QA~-----~Y-~r.r!:I~V_Or:<l_CCJ~ta __ J9.~1'!9ej:r_o~ed_~aibJ~!:.. ... : ____ .C ____ ---··· .. . . 
-------------:·v. virginlae !VIrginia's warbler _:.___C __ _ 
~--- ___________ ._c_~~d~l~. Ret~c-~!<!_~x_euo~~~rble~. ______ .:. ___ c ------·· ·-·· 
; ·0. caerulcscens i8Jack-throated blue warbler C 
- -o--:cororialci ;veno~P-Cd'warbier. c----

. 0. nlgrescens ! Black·throated gray C 
· :warblor 

:~----------------~ ----------:~rnclae :Grace's warbler C:-----
~-----···---·-----------~-~~~6~i~~~-~~~~e_i ______ ~~~{-~~~l~v~:~~~~b!f3!. ---· -----g---. ___ _ 
'-·--·--___ -----~-P~rn~9.~-~-a.'!_a _____ _2_tf.~p_ot~c_.!_an~g~r ........ ___ .. ____ _; ___ __ 9_ __ . 

!P.Iudoviciana iWestem tanager 0:--__ _ 
; _______________ :P._r:u,!)~~-·--··---_JS~~'!'~.r-~~age_!:. ____ . ___ L, ______ o ________ . 
' G_'-!iroca caorulea 1 Blue grosbeak : 0::------
i Pheucticus IBI~c;k-hcaded grosbeak . C 
; _______________________ ..:_m_~l~.n~_ap_h_~!_u~-----·-J·---------·--- ......... ; ... _. _____ .... . 
-----------------~-P~a~s=s=er~in~a~a~m~o=e~n~a~~~~unting . C~------
i------------------~--. ....:_P.:..~~,!'IC.3 ____ ~--J.Indigo_~u.f2l~~9-. ___ ----~-----· 9 ______ ~ .. 
: : PIP-ilo chlorurus I GreeMailed towhee 0:------:-
i- --------· __ ..... ___ -l_P_s_D!!~P.Bi!JS _fl.!_~~ u.s __ __j~a-~YE.!:' -~~!'!_~e ____ -------- _j _ ..... __ o__ -· _ .. ·-- _. 
1 'P. maculatus I_S__f!otted towhee : 0:-----
! _____ ~·- --· · ~.i~~~~~~~ _ ~flc_eP.~-J~i3~t?~-~:CLO~~e~ .. ~P.~~~~- !. ___ o --·- .. _ ... 

IMelospiza lincolnii I Lincoln's sparrow 0 I 
__ --!,M_._m_e!o9ia ISong_~~a~-~~--------:._ .. __ 0 _____ ~---· _ I . 

...._ ________ ,~P=oo::.:ccctes graminous rves2er SP.arrow 0 ~ 

; ____________ ~: SpJz_clla_p~~!i.!l.!!!!~-L~!!!P.P.i~g~p~~~~---........:.-.... __ c __ ----·· ... ··--- _ 
L :s. atrogularis :e~aek-ehinned sparrow J 0 , ~ 

~----- ~J-~~~~ma~__JP..~~~J~.'!.~----j __ c ____ l.,_ ___ · 
L__ Stumclla ncglecta IWQstem mep~owlark 1 0 1_. 
L---------~A9!!l~i_u_s_pho~!!!~-~8_e~:.~~g~-~L~c-~bird __ l_-~_o_~- _; __ I. 
I 'Eu2hogus I Brewer's blackbird i 0 L 
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··- ·----- ·----···· -·--·- ----·-cyanocephaius · ---,-- ·····--·--- ·---····-- · · -------- ·-· ·· · ·· -- ····· 
·---- ---·~·- :_~'?J91hrus.aJ~._J.Brown:_headed co!'birr.l _____ 9 ________ _ 

Chondcstcs ; Lark sparrow 0 
· gramn1acus . I 
Icterus bullockii - .. ! Bulruck's or"i'ole 0 

. ··-·---------·,, paris-orum ___ ----~-·. :.scott's olioie- ------------------ ·o-..... - ·- ..... 
Zonotrichia ;White-crowned sparrow 0 

------------· ___ le~CC!PJ2!Y.~------·:.____ --------------··----------. _. ----
FRINGILLIDAE Carduelis_ pinus :Pine siskin 0 I 
:·-·---·-·----~---· ____ _:_c_ji_s~Hria · · 2l..css_~go~~rif!~.b. .... ~.--· -~-- _H_·~---··· ....... c: 

Carpodacus cassinii I Cassin's finch 0 I 
I ' " I ' • " ~ ' ' • ·~·• .... • • •• • • ,_ ' • ' ' I 

•-.. -----·----··· _____ C_2!~2!QeS '!ICXi~0_~1j9_!:!!'2 finE!]__-------···· __ ..... .9 ___________ .. _ 
Coccothraustes ! Evening grosbeak 0 I 

.. v~sporti~us .. _ ... 
Loxia curvirostra 'Red crossbill H 

~P-ASSERIDAE ____ ----·--Passer dO'iiiesticus-·iHciusesparrow--·-···---~---6-- .. ----
. I , 
r::-Functional groups-and subgroups oro a Laboratory stDndl.lrd ~nddonoir0ficctii1os(;Ot ____ ..... 
Figures 3.1, 3.2 or 3.3. 
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I 
I 
1-- --·-····· .. -.-
I 
I 
i 

._ ............. . 
' 
: 

Reptiles 

!·-··--------·· -·-·--- --~~~~~6g~r;s _y_e!f!aJ!~-- --+~mff;~~~o~n_s~a~~- .. ·---~ .. . g _ . _ ~-· _ .. 
! • melaonleucus sayi I 
iVi'PERIDAE !Crotalus atrox iWestem diamondb<:tck C 
! . :rattlesnake 
i - ·---·-. ·-·- ---·:crotal~is"Viii~iS-sub.-·· ·: Prairlerattlesnake ____ ---·- .. ·-··- ... c-· .. 
! viridis . G---------·-- ..... _. ___ .- ----·---.............. -------·--- ........ ---··-- ·--··--· --~----·· 
~~~~~J.r;>~.E __________ .;.. C~.!.O.I?nyt~~~l!_a_ri_s ____ ! q~~~!e_d J!~rE! _____ . ... _. . . .. . c __ .... _ ..... 
l . Phrynosoma : Short·homed lizard : C . 
·--··-· ... ___ ···-------~dS!~9!t!_S_S! ______ _..:. --------· ____ : ___ ......... ~--- . __ 
!---------· .. -·-·· __ :~cei~~C!!.U!.':lD~~~~-t~~-:.EE~te_!:~ .. ~I!~~Jiza~~----·--·.: . ..... c._ .. ...... .. 
1 Scelophorus Southem plateau lizard C . 
! undulatus trlstichus • · 
~---·- · · ·- --~-------urc,saurusOrfiEitUs ---:Tree lizard ·· ---------···----------c ---------- --- -
/"5C:INc.ioA·E---- ·--·-····-:·eumeccs· __ .. --. --~!'Many~rinedskin·k"·--- ..... ·: ·-·-· -c- .. . .... 
~------·---_;.~U~i.'!~9i~!U_S -~---_:· --~-----·-·--; ________ 1 .. -- ·--
! 'Eumeces obsoletus 1 Great Plains skink · C 
jTEIIDAE :ciiemidophorus---rchihuanuan spotted _C ___ _ 
,_ ___________ ,_cx_a~g_!JJ..S _______ _;~hiP.~~----·-___; __ ·-·----·--.. -··· 
~---- ! C. lnomnatus _;_Little striped whiEtail · C · 

:C. neomoxicanus i New Mexico whiptail C'-----, 
:r. .. -___ -····· _ ....... _____ :.C.n~~i~~pt.!._O_I3J_S ye!o~JP!at~a_u._s~r~p_ed_~hjp~~[l ___ .l_.__ . ~---- . ..:. 
· • Functional groups and subgroups are o Laboratory standard and do not reflect those of 

Figures 3.1, 3.2 or 3.3. 
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Amphibians 

!Jemez Mountains C 
neomexicanus ISalamander 

' . 
t,BUFONIOAE -!Bufo woodhousei .,·Woodhouse's toaci--~--·-c--:-
• I ~ I 
[. ______ ...... ·- --·~-- .. ---··---~ --------------L-~--------- .. --; ....... -· --------•--·--· . 
1 Bufo punctatus ! Red spotted toad C i 
' • I . I 

I . • ' I 
.... ---- ·-----··· . .-----------·· .. ------·--·--· -- -'---------····· .. -·-··-· -- --·--·-·-···t"·-·--
1 HYLIDAE 'P~oudacrls 1 Westem ehorus frog 1 C ! 
· i triserlata i · i 1 

\-------- ~---·-··... ; Hyla aronTcOJO·r-~Canyon tree -frog _______ ·--i ---·-·c-··-.··:·-·····-

JPELOBATIOAE ;scaphiopus couch! \Couch's spadcroot toad C i 
L ______ _; _ _j_ 
i :s. multiplicatus ~ew Mexican spadefoot C 
J : toad 1 . 
. ,, . ..,.. .. --·--·~·-----····--·-·--·------............ _.__ - ......... __ .... _ _.._. _ _.... ___ .... .~ __ _. ......... _____ . t ............ . 

· • Functional groups and subgroups are a Laboratory standard and do not reflect those or 
Figures 3.1, 3.2 or 3.3. 

1·9 



~neml Assossment EndJJOints fOI' Ecoi<>Qical risk .A.wts.smont aii.ANl. 

lnsocts T 

Orthoptera IM~-~Y-~~E_9.LE§__J_GE!_~shop~rs and crickets J-f..'e!! _F 
PhasmTC!a !FEW SP~.!_ES !Walklngcticks , FEW F 
Pleeo~ter~ !M~~y SPE~.!.E~_j_$toneflies_. __ __j_FEYj _ _j ____ F 
Th anoptera !MANY SPECIES )Thrips : t:_~ ! ~ 
j~h~anuro .J_E;W SJ:E_ClsS _ ___JJ3ristle.!.ails and silverfish 1 F~- J__J 
~~lcoptera :MANY SPECIES iCaddlsflles ; MANY ; tJ 

The current species list of insects is very Incomplete, therefore only known orders arc listed. 
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Legend 

E_unctlonal fecding_g!:£1.,!(;! He 

: f.!J.~~~I!-~!..tEI~~~~9.~':1.~9r_o_up_ . _ ..........• :.1\! ~·· ... ___ -·-····- --L~c.~!aLJ~s~c_t~~o~o __ .... 
: AG :Annual Gross 

~E_u~-~~~~:3L~e_e_d~t:~.9 ~u_b.gr:g_\.!P __ ... ~ .. ~q-1_ .. -···- _________ !~qY.a.~~-'D.S.~~.!!~~-1?..~-............. _ 
----:· ~ AsP-en forest ------

! ~~SI~s.o!_e_~i~!.(!r:tc.e ________ ... · Bu ; Browser ...... -- .. :eG ---· --· ·- ····· · --- · ---- ·:erowsersie3iiioi-s·--- ·· ·· ·- .. -
-----------------=:·Ca ~Cacti -
iFunciiori-aftaecilng}ro~~·------ 'c ------ · ............ · -- -·:corrii'Voro ... ···--- ----- ····--·--·-·-· 
I CIJ · Carnivoro/rnsoctlvore 
~-------··--·--· · ····· .... · ........ · ~-----~9···- -··· · · ·-:·chemical O"ecorii~osar· · · · · .... ·· 

1Mooe~ of existence Cb :Climber !Moclesot-oxistence _______ --- ··- --- ········ :·c,···-----·· ···-------·--·-:ciirrlb·a;.--····------·-------·--.. · ..... .. 

[F~-~~l~~_e!_!)e_e_lj!!19.9r:5ll!P ____ .. -==~~Cf ···--·-· .... ···- ___ ;_c_o_n~c~~~/f.il.tO.!:~r.n __ ·- .... __ .. _ 
~nctlona~lng_group . C_G _____ ~__!.9ollector/~."""a_th.;.:o""'rc""'r.::s--::----
L---~-~-·-~-, _ --·-- .. ___ . . _ .... ,_C.E ___ .... . ...... ____ __;_Cgi!.!f~.LS -~.'}~":'?~...!.~~- ~-Y..0£9~~-e, 
1 

• OT 'Deciduous trees 
r=_ ____ _____::=-~=~=-:-:~:o ___ ......... ____ ---=.D_e~o-~p_o_s._er ___________ .. ~- .. -~ 
; Modes of existence Ov 1 0:,.:-lv:,:-e:.:.r __ _ 

~--==----=--=---·-·--·-· ..... --- _ ... ; EP:"_ .... .. .. ... _ ---·---= EP!P.bY.!es __ _:~~·~ -·· ____ .. ·-= 
~ -~-- __;_!:_E. _.:_Federal endDng~red _____ _ 
1 FT , Federol Threatened 
,.-- --· ·-·--·----·-·-·--------- .. ---- ........... !. -------. ··---. ·--·-- ------ .... - .• ·-·---- ........ - ............ . 
, , Fo 'Folivores 

------- . F'r -----:-f~.L~US~i;:;.;.~o.;;.r::e._s ____ ~-=-== 

!tiEAOIN~-~--... ............ . ... .... ·FG ·Functional Group 
··---·--Fs··-·------·- ··----- · ·;Funetiiiriarsubgrou~~- ·· ........ · 

.. __ ---· . ..... ... .. ·-···- ____ ....... __ ..... ·-·---·--·-- ~-F.~----.... . ... -----· !Fu~g~~es -------- ..... ____ •.. 
: · Gr 1 Granivores 

~G ~G~ra~s-s~la·n~ds~------------
~ .. -..... ---·· ···-····· ····-·-... ·--". ··-·-··- .......... -............. .-·-···· - .................... --··-------4--~-----·--··-· . -........ -
~.:=---:---:-:-~----- : HP i Herbaceous E~----
[f_u~c~l-~r,~.oLf_e~~ing _gr.o_up .. .. .......... ___ . )i ________ .. .. _________ _;_lj~.t:..~ivo.r.o..~. _ -------.. -----· ... . 
: liC 'Intermediate C<:~mivore 

~--------~-·--------- .. -··· ·····-·· ·-----~~s ___ ·--···--·-----.... ;.J_u~P~!-~~.'!a':.~~ .................... ___ 
I ~ , Mechanical DecomP-oser _ 

:MC ·Mixed Conifer ........ _ ', ___ ......_ .. ____ ...._ ..... _____ .........,_ .......... _._.,_ ------.--..... ___ ....... _____ ---- ............... , -- _____ .. ·-------·-......... ___ _ 
: ~ .2!1Y.corrhizDe l : N P 'Nac~t;:;.;lv.:.:o..;..;re:=;s;;.;&::-::P:-o-11-en-e·o~-te-rs--
,_ -------- ---··--· -· · --- -· -----~N---~~- --· ---- .. ··--· - ..... -:-iiioli.:Vasculrir _____ --·--- ··--·-·---· 
; io- ----Omnivore--------
,__ .. ......------------·~------.. -~------·-~----------·····--------... ---~----~----····· ... -·. 
1 : P :Paras ito 
:- ----- ! p-c;----.. --~P-=c:.:.;re::::n:.;;n:.::la_I_G_r-as-s·------
, ______ .,. __ ~---····----........... ____ .. _ ---·-------- --···· .... ---·----·-·----···- ... --~- ________ _.._, ____ ..,. __ ----
: , PW i Pinon Woodlands 
I : pp· 1 Ponderosa Pl-.;..ne~----
ti---------------~------------·--· ·-· ---··------·· -----· 
1 Functional feeding_g1·oue_____ : Pr 1 Predators. 
~~--~-~------ ....... - _______ ___:?_~--- __________ ...:f're!_j!!Jinary_Risk ~s_e~.=!!!t_e_Q.t._ L :!3F <Sa~ Fe_e;.:;d;.:;e_r ______ _ 

1£~nctl<?.~IJ~_!:!di!'!9_gr~~P _________ .J?~----------.-l§~rap_~rs-.-·---------
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~I ----------------------------~S9C ~§~~i~~L~~~~m ______ _ 
~· M:.;.;o;..;;d;.;:e.;;.s..:;o:-f..;;.cx;.;.;l.;;..st;.;;;c.-nc.;:..c:;.... ______ --:!SJ.! 1 Sprawler 

~SL 1Stato Listed !MO'desoiexiiieiiCe ______ [sw lsV..in·lrner-· ,_ _____ _ 
l iT! !Terrestriallnsectivore 
~ iTO :Terrestrial Omnivore 

t:llC_ T C I --------~ l~-~m~v~o~r~os~--------
IVP 1Vasular Plant 


