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Threatened and Endangered Species Habitat Management ?fan 
Summary of Tasks Completed 
Teralane S. Foxx: Prdjoct Managor 

1 .O Introduction 

gathered towxd prcpwation of a Habitat 
Managcment Plan (W) for species of 
conccrn (SOC) and those threatened and 
cndrmgexd spccics (TES) that may occur on 
or utilize the 43 squarc miles of Los Almos 
Xatjonal Laboratory (LAVL). The Record of 
Decision (ROD) for the Dual Axis Radio- 
graphic Hydrodynamic Test ( D M )  Facility 
Environmcntd Impact Statement (EIS) (Octo- 
ber 1995) mudatcs complction of the J 3 l P  
by Octobcr 10, 1998. The papers presented in 
this notebook represent the studics and the 
products from those studies for the first year 
of activity, FY96. 

This notebook contains the information 

The data reported hcrc rcprcscnts the 
combined effom of personnel within h N L ,  
including individuals in the Ecology Group 
(ESH-20), Environmental Scicnccs Group 
(EES-15), Fdciliy for Infomaron Manage- 
ment, Analysis, and Display (FIMAD) (EES- 
5), Facilities Manngcrncnt Unit 67 (FMJ-67), 
and Computing, Information, and Communi- 
cations Group (CIC-l), Thc effort also rcprc- 
scnts collaboration between Hntiond Biologi- 
cal Scrvice (NBS), LA%, and Bandclier 
National Monument (BNM) for the study of 
bats and rare bat species. Various consultants 
supplcmcnted the internal Laboratory expcr- 
tise in supplying information about spccific 
species: Tcrrell Johnson for bald ctlglc. per- 
egrine falcon and Mexican spotted owl; 
Xclson Jarmk ud Fran Rogcrs for fungi: 
David Hdncr (Museum of Natural History) 
for Goat Peak pika; and Louise Trippe, US 
Forcst Servicc, for salamanders, Thc papers 
in this notebook are draft interim rrports of 
on-going studics. 

The HMP effort covers spccics that are 
considered thrcatened or endangered under the 
Endangered Spccics Act (ESA). Additionally, 
we considcrcd all "species of concern." prcvi- 
ously known u candidate species (C1 and 
C2), and spccics listed by the State of Ncw 
Mcxico as sensitive, threatcncd, or tndan- 
gcrcd. In this documcni "species of concern" 
and statc listed specics will collcctivcly bu 
cdlcd species ofconccrn (SOC). Fur dcfini- 
tions of t c m s  used in this report see Appendix 
A. See Appendix B for a list of acronyms. 

2.0 Background 

lished at'ind EIS on the DAlCHT Facilicy at 

U, S. Environmental Protection Agency (EPA) 
published a Notice of Availability of this EIS 
in  the Fcdcrd Register on Scptcmbcr 8, 1995 
(60 FR 46833). The Final EIS identifies and 
discusses rncuures that DO€ considered in 
order to mitigate potential advcrsc effeca 
resulting from the vVious dtcrnatives promul- 
gated in the Draft EIS, 

The D c p m c n t  of Energy (DOE) pub- 

LPUXL @OEEIS-O22S, AupSt 1995). The 

DOE issued a ROD on thc DARHT pro- 
posal on October 10, 1995, and published thc 
ROD Monday, Octobcr 16, 1995 (60 FR 
535SS), pursuant to regulations of the Council 
of Environmcntd Quality (40 CFR 1500.. 
1508). Among other things, t h t  ROD states 
that DOE will develop sevcrd m i d p i o n  
actom to protect soils, water. and biotic 
resourccs. In thesc mitigation mcuurcs, DOE 
will take special precautions to protect the 
Mexican spotted owl (Strir occidcicnralis 
lucidu), will prcpuc a hbontory-widc MMP 
for al! TES species occumng at LAX. and 



will implement rnitigntion m e s u r d  discussed 
in section 5.1 1, Volume 1 of the DARHT Final 
EIS, The Mitigation Action Plan for the 
DARXI', published Jyluvy 23,1996, pm * 

vides additional information on how DOE and 
LFLNL will meet the commimcnts msdc in the 
DAWT ROD. Thc HbP must bc complctcd: 
within 3 y w  of the ROD or by October 10; I 
199s. 

In addition to the mandate resulting from 
the D M  ROD, the Endangered Species ' 

Act of 1973 (16 USC 1531 ct scq.) @SA 
1973) mvldates protection, consemation, and 
perpetuation of species. This law ww enacted 
to help prevent tbc extinction of animals and 
plmmts considcrcd TES, Under the 13% the 
Sccrctvy of the Interior. acting through the 
U.S. Fish and Wildlife Service ( U S W S ) ,  is 
grtntcd broad powers to protect and COMC~VC 
terrestrial and nonmarine wildlife and p l v l t ~  
in serious jeopardy of extinction, Noncornpli- 
mcc with the ESA can m u l e  in f i n s  andjd . 
terms. 

I 

' 

Under the ESA it is illegal to kill, collcct 
rcmovc, hams, import, or export aTES, The , 

Act also calls for interagency coopcmuon and 1 

imposes three requirements on dl fcdcd  
' 

agencies through Section 7: 1) thc Act directs 
fcdenl agencies to utilize their autho~tics to 
carry out conservation proguns  for listed ' 

species: 2) cvcry fcdenl agency is requind to. 
ensurc that its activities or p r o b g  will not 
jcopardizc the continued ccistcncc of a listed 
spccies: and 3) Section 7 directs all fcdenl 
qcncics to ensure their activities or programs 
do not result in the destruction or adverse 
modification of a critical habitat. 

2 
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Section 4 (FI (i) of the ESA of 1973 
requires thc Secretary of the Interior (usually 
delegated to the Dirccror of the USFWS) to ". . , dcvciop and implcment (rccovcp) plus 
for the conscrvation of tndmgcercrd spccics and 
threatened specics . .:. unlcss hc finds that 
such a plan will not promote the conservation 
of the s p i e s .  Recovery t ems ,  composcd of 
specialisrs on a species, develop recommcnda- 
tions on steps neccs.sary to remove ;I specics 
from the List of T I 3  Wddlife and Plants." 
Federal agencics m a i  5c involvcd in implc- 
mentation I of ncovcry I @ns. 

Beyond thc federal protection under thc 
S A .  New Mexico's Wfidlifc Conscmtion 
Act and Xcw McXicoIs Endvlgcrcd Plant 
Species Act (EPSA) arc state laws designated 
to protect h e  ptmt and d m d  rcsourccs of 
chc S u e  of New M d c o ,  T i e  HMP will also 
consider species listcdks TES under state law 
and will coordinate wit? state authorities in an 
effort to idcnm and COI~SCNC thcsc specie. 
AJthough state listed specics arc not prvtectcd 
under the ESA, they my be protected under 
othcr fcdcml laws sucb as tht Migratov Bird 
Treaty Act the Bald Eqle Protection Act and 
othcr ngutacictns protecting biou (scc Appen- 
dix C). AdditionalIy, Sente listed specks arc 
p d y  prime c;uldi&tcs for fcdenl listing 
if populaaons decline and may be considered 
SOC by USFWS. The inclusion of thcsc 
spkies in thc €MP will also help to avoid 
future project delays. i - >  

I 

. .  

I 



3.0 Description of the area 
3.7 Geographic Serting 

LAM, is situated in Los Alamos County 
in norch-central New Mexico, approximately 
100 km (60 miles) north-northeast of Albu- 
querque and 40 kn~ (25 miles) northwest of 
Smta Fe (Figure 1). The county is approxi- 
mately 283 km: (109 mi2) and is situcatcd in 
thc Jerncz Mountains. The wcstcrn boundary 
cncornpuscs some pc&s of thc Sierra dc Los 
W c s ,  thc mountainous rim of the Valles 
Caldera and portions of the table-like cxtcn- 
sion on thc cutcrn slopcs, known u the 
Pajarito Platcau. This plateau extend$ sp- 
proximately 16 h (10 miles) from rhc basc of 
the mounmin slopes and ends at thc Rio 
Grandt. It is dissected by narrow precipitous 

L A X  is located at tchc base of the Sierra dc 
Los Vdles and on portions of thc plateau. It 
comprises 1 12 km: (43 mi :) of the Ian& 
within the county. Because of the rugged 
topography, most of thc f3cilitics x c  confincd 
to the mesa tops and concentrated in dcvcl- 
oped technical mu, The rernotcncss. thc 
lack of dcveloprncnt. and the rugged topogn- 
phy provide habitat for ;I variety of plant and 
animal species including spccics listed LS 
endangered or thrcatencd and SOC under the 
ESA. 

canyons separated by finger - f  l'k c n e s u .  

3.2 Geologic Setting 
The Jcmez Mountains uc a rcmnant ot'a 

massive volcano that cruptcd 1,4 to 1 1 million 
ysars ago, Ash from the eruptions l i d  down 
300 m (9S5 ft) of wcldcc! and nonwcldcd tuff 
on the castern flanks. The rim of the collapscd 
volcano is called the S icm de LOS Vallcs, Thc 
rim has nine pcks including Cero Grandc, 

Pajarito Mountain, and Cabdlo Mountain, 
The tops of thc mountains range from 2S9S m 
(9500 ft) to over 3353 m ( 1  1.OOO ft) in clcva- 
tion. On the castem flank of the mountains, 
an apron-like plateau, thc Pajarito Platcau, is 
formed from a consolidated ash tuff. The 
plateau is dissected into canyons and mcsx 
(Burton 1982). 

4.0 Methods 
As stalcd in the Work Plan (April 1996). 

the dcvclopmcnt of aTES HMP will rcquirc a 
systematic step-by-step approach Sued on 
ecosystcms management. TES populations 
(both currcnt and god) will have to be LS- 

scsscd, TES habitats (present and future) must 
be idcntificd, and L A i i  mission requirements 
(present and futurc) for the identified m a s  
will bc defincd, DctaiIcd analyses of tfic 
above factors and the internlationships will be 
dcvcloped, The data gathering for thc W 
must span three years to provide the nccessq 
survey data required by U S F S  protocols for 
dctcrmination of species prcscnce aid popula- 
tion levels. Additionally, thc cxtensivc work 
needed to dcvclop the Geographic Information 
Systcms (GIS) rrpplicxions, to modcl :hc 
individual species for ecological risk, to 
develop monitoring plans, a id  to understand 
Laboratory activi tics wiU require thc first 2 
ycars. The third y c w  will be devoted to 
integration of all information into II tool that 
can he used for proactive uscssmcnt of 
impact of activities to E S  and SOC 

Tclblc 1 provides a general ovcrvicw of the 
thrce-year schedule outlincd in  thc 1996 Work 
Plan. 

3 



Figurr: 1 Locations of Los Almos County and Bandelier Xational Monumcnt 
I 
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Table 1: TES %IMP, General Overview. 

i 

Year 1 Ycar 2 Yeur 3 Subscqucnt Ycun 

DXI Acquisition Modeling of Habitats HMP Annuid Rcvicw of Plan 
and Initpation of 
Data (Tuk I ,  2,3, 
and 4) 

Detcnnininl: Laboratop Dctcrmininl: Labomtory Dctcrmining Laboramp On-golng through 
Projects and Activilies Projects and Activities Projccts and Activitics project rcvicw 
rcla1cd to Miasion r s l w d  to Mission rclatcd to Mission 
(Tasks 5 )  flasks 5 )  (Tasks 56, and 7) 

fntcjpt inp projcct and Dcvclopmcnt of Species Dcvclopmcnt of E P A  
s p c i c s  requirements Monitoring Plans/ Documcnmdon 
(617) Ecologicd Risk 

* 

Surveys (Task 5) Survcys Survcys Survcys 
w 

5.0 Results 
There arc 8 wks with subtssks that wcrc 

defined €or -96, The products resulting 
from activities rclatcd to each task and subtask 
are prcsentcd 3s a separate paper in this 
notebook. Although each paper smds ~ O R C .  
the information is integrated into P beginning 
GIS application to evduatc projccts, 

Thc results of the activities for FY96 x c  
presented in the following order in this over- 
view, The task number as prescnrcd jn the 
1996 Work Plan is in pucntheses. 

Thrcatencd, tndangcrcd. and species OF 

Survcys for spccics (Task 8). 
Dcvdopment of a land cover map 

Databac Design: Dstabaw Stmcturd 
Naming Convcntion/Data Entry (TAsk 2). 

conccrn lists (Task I ) .  

(Task 3). 

Assessing toxjcologjcd and ccc~lo@cd 

Determining Mission Requirements 

Intcption of Mission and TES require 

Litcnrurc review (Task 4). 

risk (Task 6). 

(Tuk 5 )  

menu (T&!!k 7). 

5.1 Threatened, Endangered, and 
Sensitive Species Profile 

The most nccnt listings for TES and SOC 
wcrc obtained from thc USFWS and the State 
of New Mcxico. From these listings the 
spccics that were reponed to occur, or poten- 
tially could occur in Los A m o s  County wcrc 
extnctcd and spccics profiles were dcvtlopcd, 
This information is reported in "Threxencd, 
Enduggtrcd. and Sensitive Species Profile" 
(Hiiiojosa 1996; Scction 2). 



This profile is intended to providc a 
thumbnail dcscription of various plant and 
animal spccics on state and fcdcral lists. 
Additionally, we have begun a listing of ' . 
spccics wc call "local concern". Thcsc spccics 
arc ones that at ryrly found in the m a  md , 
arc often associated with unique habitats. 
Under smtc ud federal regulations thcy arc 
not protected but thcy often occur in ma 
such as wetlands that m considered sensitive I 

or thcy at found in habiuts that arc disap- 
pearing bccausc of urbuint ion,  

: 

: I  

Wc have eliminated black hawk 
(Burcogailus antlimchrrs) from our list at the 
recommendation of TmIl Johnson and Sandy 
williams (SUIC of New Mexico, Enhgcrcd * 

Specics Unit). We have addcd zone-tailed , . : 
hawk (Burro dbonoram) to our lish also at 1 

their recommendation, 

5.2 Eeld Surveys and Studies to 
Determine the Status of TES and SOC : 
on LANL and in Los Alamos County I 

Field s w e y s  were conducted for Mcxiean 0 ~ 

spotted owl, percgrinc falcon (Fulcco 
pcregrinrcr manun), and southwestern willow ' . 

flycatcher (Empidonax mtilfilii &us) during ': 

ported by Kcllcr (1996). Johnson (1996) has ' 

studied bald cagic (Hafiacerlrs leucocephulnr) 
and golden caglc (Aquilu chrysacros) dong " ' : 
the No Gmdc. He has also monitored the . : 
sums of peregrine falcon in the JcmcZ for ' ,' 
many yem. Trippc and H m a n n  (1996) did. 
an cvaluation of thc use of satclIite imgcry as , .  

a tool to predict Jcmcz Mountains salamander. I 

(Pferhodon ncomaicanus). No systematic 
surveys were conducted for this organism. ' . , 

The NBS surveyed for bar species on the 
Pajruito Plateau including the Myoris bats . , 

. ,  FY96, The r ~ ~ u l t ~  OF ~ ~ C S C  surveys xc E- ..' '. . >  

'. . 

' I  " .  

I 
1 ,  

.! 

(SOC) and spotted bk (Eudcnna maculon~n) 
( B o p  et d. 1996). Experts wen contacted 
md litcnturr wssurvcytd for infomation 
about Goat Peak piG(0choronaprinceps 
nigmcens), bl;lck-footed ferret (Muvrcla 
nigripcs), and New Mutico madow jumping 
mouse (7mpw hudror;irrsLreuc) (Biggs 1996). 
Surveys for sensitive plmr spccics were not 
conducted because of the cxtrernc drought 
condition durini  thc nomd blwmi?g time, 
which would have invdidatcd the survcyi. 
Studies on m;lcroscopic fungi have been 
conducted o w  thc pur five years by JYmic 
;m'd Rogers (1996). i 
5.2.7 Surveys for Mexfcan Spotted Owl 

For thc past 3 ycyx thtet primrrry ;LPEELS at 
LA1\Jz were surveyed for,Mexicm spotted 
owl, The surveys revealed P nesting pair of 
owls &at subsequcntlykledgd a pair of young 
during two of the yevs (KcUer 1996: Section 
3).. 

surveys forbuthwestern wit- 
low Flycatcher ; 

were survcycd for tbc southwestern willow 
flycatcher. The southwestern willow fly- 
catcher was nor found (Kcllcr 1996: 
Section 3). 

During I995 and 1996, two p r i m q  areas 

a !  

6 
' *  , 

, .  

, ,  . 
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5.2.3 Goat Pcak Pika, Black-footed 
Ferret, and New Mexico Meadow Jump- 
ing Mouse 

Three mammals spccics, otlicr than bats, 
arc on state and federal lists for the County of 
Los Almos. They arc the Goat Pcak pika, the 
black-footed fcxtt, wd thc New Mexico 
rncadow jumping mouse. SO surveys wcrc 
done for thcsc three species during FY96, 
Once the land covcr map is completcd. an 
w e s s m e n t  of potcntid habitat will be done, 
Experts wcre qucricd for further infonation 
about thcsc species, Species such 3 ~ :  the New 
Mexico meadow jumping mouse have been 
surveyed for at LANL in past yem but have 
not been found (Biggs 1996; Section 3). 
Black-footed fcrrct hs not been rcported in 
Ncw Mexico sincc 1934 and Lpu?lz docs not 
have extcnsivc prairie dog towns. Goat Pcak 
pika has been found in Los A l m o s  County 
bct only on thc high mountain peaks. 

5.2.4 Bald Eagle HabiEit Management 
in the Los Alamos National Environ- 
mental Research Park 

Bald caglcs winter along the Rio Gnndc 
bur arc not known to ncst in the arca. Most 
wintcnng bald eagles congcgatc downstream 
from hi, but Mi contins winter 
foraging and roosting habitat and potcntial 
nesting habitat. Potential ncst and roost trees 
in White Rock Canyon have been mappcd and 
will be monitored for signs of use. Sensitive 
t m c s  around these trees haw bccn mapped to 
trigger rcvicw of potcntially disturbing frctivi- 
tics. Inte~gcncy coordination will incrcasc 
the cffccdvcness of the bald eagle habitat 
rnx-mgemcnt in the area (Johnson 1996: 
Scctjon 3). 

5.2.5 Golden Eagle Habitat Manage- 
ment in Los Alamos National Environ- 
mental Research Park 

Golden caglcs regularly brced in Whitc 
Rock Canyon and havc nested in IjL'JL. A 
sensitivc zone around an historic nesting cliff 
has  bccn mapped to triggcr rcvicw of patcn- 
;ially disturbing activities (Johnson 1996: 
Section 3). 

5.2.6 Peregrine Falcon Habikit Man- 
agement in tile Los Alamos National 
Environmental Research Park 

peregrine falcon is located in and around 
LA?L Thc entire area is suirablc fonging 
habitat. Suitablc breeding YCLS in and around 
LANL have been idcntificd, and thc most 
important sensitivc zones have been mapped 
to triggcr rcvicw of potentially disturbing 
aetivitics. A habiut management plan has 
been dmftcd for some suimblc bncding 
habitac, which will require interagency coop- 
tntion to complctt (Johnson 1996; Section 3). 

Suitable breeding habitat for the h e t i c a n  

5.2.7 J emez Mountains Sa lam an der 
Trippc and H m a n  (1 996: Section 3) 

designed a study to dctcrrninr h e  accuracy 
and fcasibiliy of using satcllitc imagery 
tcchnology to locate and predict specific 
habitat, using thc Jcrncz Mountains sals- 
mander % 3 model species. The satcliirc 
imagery did not prove succcssfd in predicting 
thc habitat sites but proved to bc a good first- 
cut tool in prcdicting UCLS of potcnunl habitat. 
Additionally, informal suwcys provided the 
tcscuchers with experience and information 
3s to the types of conditions in which the 
animals livc. 



I .  

5.28 Bats in the Jemez Mountains 
The second year of ;L multiyear study for 

bats was completed. The goals of the study 
wcrc to uscss thc c m n t  status of bats ( p k  ' 
ticulvly SOC), elucidate distribution and 
relativc abundance, and obtain infomation on 
sites uscd by bats ~5 roosts, Thus farS2S bats 1 

of 15 species have been captured and r c l ~ c c t -  
In 1995 the first spotted bats were captured at 
BiW and in 1996 they were heard at scvcnl 
locations on LAXL, Gcncnl searches of cliffs 
in canyons rcvcdcd active night roosts and 
rcccntly-used clay roosts of several spccics, 
including an unknown colony of over 500 
free-railed (Todan'da bats). Eight SOC WEE 1 
ncrted in thc Jcmcz, Many of these bots * I 

(Myotis evatir, M. rhyscnodes, and M. vofam)' ' 
wen frcqucntly captured and ;t fourth (E. 
macularm) was caprurcd occasionally and 
hcvd frcqucntly ( B o p  ct al. 1996: Section 
3). Additonally, from this study a video on 
bats is bcing produced for B n d b q  Scicncc 
Museum ;LS part of their nntunl  rcsourccs 

+ 

. . 
display. . ,  

$ 8  52.9 Survey for the Woodlily, Helfebo- % 

rine Orchid, Yellow lady's Slipper, and-; ' 
Grama Grass Cactus 

Surveys for the woodlily ( t i t im 
philodciphicum vx,  andinwn), helleborinc ' 1 .  ' 

orchid (Epipacris gigantea), and ycllow lady's. , 
slipper (Cypndium calccoius v u ,  pubescms) I 

were not conducted. Until July 1996, New 
Mexico was in cxucmc drought conditions. 

' 

Pxliminary surveys of vegetation indicated . 
that common species were not blooming, 
scrcm beds were dry and environmental 
conditions were not acceptablc for valid , 

surveys. Spot checks of spccics such zs the , , + 

g m a  gnss C ~ C C U S  (Toumqa papwacmrha) 8 

showed thac thcrc was drought stress and 

: 

i' 

1 
I '  

1 
I 

I 

I ,  

I \ 

many of the smaller mcd had died In FY97, 
we will do surveys ifnomal rain patterns 
CXiSt .  - i  

5.3 Development of a Land Cover Map 
and Land Cover Classification 

This task rcsultcdiin 4 products, TWO of 
h e  products werc dircetly r c l u d  to the land 
cover map; two prodllcts wcrc the complction 
of long-term daca bas& related to vascular and 
nonvascular species, Data about vacular and 
nonvascular plants will bc uscd for the basis of 
vtgcution dasssifiwrion for the land cover 
map. A systematic usc of naming conventions 
wiU bc uscd for the GIS d m  bises. 

53.1 The Land Cover Map 
The HMP calls foridentifying areas on 

LANL, p r o p r y  whiCfi.m suitable or potcn- 
tially suitable habitat f o r m .  The production 
of ;1 land cover map is ihc fmt stcp ncccssq 
to mcet that god, Landsu Themtic Msppcr 

using an ISODACA cl&knng technique h an 
unsupervised dssifiaion. This process 
resulted in o land cover map with 10 classes. 
C l d f k a t i o n  of the forest and w&and atas 
had the highest ~ c u m y ,  however, the cliEer- 
entiation of ~l;mds/shrublandsls3vannP 
was not well dctvmincd md will rcquire 
additional fidd study eo give the map t more 
s c c m c  definition in thosc cover cl;lsscs 
(Koch et al. 1996: Section 4). 

t 

1 

i 

images wcrc classified into 50 classes 

L I* 
I 

I 



5.3.2 Preliminary Land Cover Classifb 
cation 

Major land cover types were identified by 
using the satcllitc imagery. To describe the 
land cover types w d  to funhcr clusify them 
into community types, D Working Draft Key 
was devclopcd, The land cover cypes found in 
L?C area wcrc classified according to physiog- 
nomic and floristic chmctcristics. The 
hierarchical classification is modclcd from thc 
Sew Mexico Xatural Heritage Program 
(NbCUHP) Sew Mcxico Gap Analysis Map 
Lcgcnd. We identified the following cover 
types: mixed conifer, ponderosa pine, pinon- 
juniper, and juniper woodlands. Thc grassland 
and shrubland cl3sscs were not clssficd into 
cover types at this time. We also will do 
additional classification of the ripuim'wct- 
land arcs (Foxx ct al. 1996; Section 4). 

5.3.3 Annotated Checklist of Vascular 
Plants of the Jcrnez Mountains 

habitat modeling is an undcrsmding of thc 
species that occur in rn UCL Thcrcforc. wc 
have complctcd an updatc of a checklist that 
WLS devtlopcd by Foxx and Ticrncy (1985). 
The information prcscntcd for this review 
builds on the checklist done in the 19SOs, We 
have annotated the checklist with information 
about biology and ecology of each species. 
Thc checklist is annotated with taxonomic 
information, geographic and biological infor- 
mation, economic uscs, wildlife cover, rcvcg- 
etation potentid, and ethnographic USCS, 

There arc ncvly 1000 species that have been 
notcd for the Jcmcz Mountains (Foxx ct 31, 
1996: Section 4), 

Basic to a classification for land cover and 

5.3.4 Survey of Los Alamos County 
and Bandelier National Monument for 
Macroscopic Fungi 

Fungi YC ccologically imponant to forcst 
systems. Thcrcforc. a knowledge of the fungal 
flora is important in dcvcfoping ;1 f.I;Mp, 
Additionally, rm fungi have ken found in 
association with the Jcmcz Mountains sala- 
mander. 

In 1991. wc began I survey of ttic m x r o -  
scopic fungi living within thc ccosystcm:, of 
the Pajariro Platcau. During FY96, wc corn- 
plctcd the data basc for thc specimens col- 
lected. A spccics list has been gcnemtcd. 
Although most of rhc work WLS done prior to 
1996, the information is useful to this project 
and will become part of thc data bllscs dcvcl- 
oped and maintained on the GIs, To datc we 
have catdogucd 104s specimens and idcnti- 
ficd 241 species, Fifty-ont species arc ncw to 
thc Sntc  of New Mcxico mycology lists. Six 
spccics arc considcrcd mc (Jarmic and 
Rogers 1996; Scctjon 4). 

5.4 The GIS Phase, Devcloprnent of a 
Database Design. 

This task is csscntial to identifying hnbi- 
tats, locations of spccics, popuhtjon sizcs and 
dynamics, and long term management of 
species. Pcrsonncl within ESH-20 began 
development of a GIS data basc for thc TES 
W. The data b a c  is uscd to store ecologi- 
c d  data, both spatial and tabulu, and h e  GIs 
can be used to query, analyze. modcl, and 
display date In FY96 we developed il GI$ 
data dictionary, D data base dcsiF, and have 
imponcd data into the design. 

9 
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Four submks were completed: develop. ' 
ment of n dnft dm dictionuy, &a inventory/ 
data bast dcsisl/nm.ing conventions, data 
cntryfconvcrsion, and map production, 

Cumndy the database contains over 
12,000 rccords. The b t a  that have been 
imported into the data base an be queried, 
displayed. and analyzed. An Arcview applica- 
tion that can demonstrate thcsc abilities has ' 

been developed, W t h  the dtvtlopmcnt of this 
application, wc can assess project intcnctions 
with known TES habitats (Bennett et al. 1996: ' 

Scction 5). 

5.5 Preliminary EcologicA Risk As- 
sessment of the Mexican Spotted Owl 
at Los Alamos Natfonal Labontory 

ccmin species that are considered TES. TO do 
so, risk to species from my ndiolosicd or 
nomdiological contaminants must be evdu- 
atcd. During Fy96 ;1 prcliminuy c c o l o ~ d  
risk assessment on the Mexican spotted owl in ' 

two EcologicaI Exposure Units w a  performed 
using a modified EPA Quotient method, the 
FOI?TWGV model "ECORSKS" and a gco- ' 
graphic information system. Estimated doscs I 

to thc owl were compared against rcfercncc 
doscs gencnting h& indices for thrcc risk 
source types. 

' 

* 

Spccid measures must be caken to protect ' 

Hazard Quotient results, based on model- t i  

$id+' 4, ing nssumptions and conditions, indicated no ' 

rq*; ' unacccptablc risk to the owl, including P A \  ,:, ,,,I-\ ' 
{,#;i  !,** * l m e s u r e  of cumulative effects from multiple 

contaminants that assumes a linear additive I 

*I ' 
$ >  

ow1 habitnk faciliry' siting. and facility opcn- 
tions in ordcr to maintaia risk from contmi- 
nmts to accqcabty IOG Icvds (Grrllcgos ct d. 
1996: Section 6). 1' 

5.6. The Mlssion of tbe labontory and 
Threatened and Endangered Species 
and Species of Concern 

A key element ofhe  TES w is the 
dssion requirement cask. This nsk identified 
and considered thc c u k t  and future DOE 
and University of California 'mission" for 
LA"L as part of the p h .  In the mvlagcmcnt 
oE the TES and SOC, the goal is to evdutltt 
rhc relationship between activities done 
toward the mission and the requirements for 
protection, consewxion, and ncovcry of TES 
and SOC (Hqcnmd;l99& Scction 7). 

During FY96, we have dcvvcloped a pilot 
&Mew appl idon  that is used to identify 
and cvdutl: the interactions bctwccn mission- 
related activities a d  TES, SOC and their 
habitats. This FMU is lowtcd in the central 
portion of the Labontdiy, involves many types 
of activities, and has dmmcnted TES and 
SOC concerns. I n f o d o n  was gathered 
about;~ctivitics. ciafa availability, and proposed 

5.7 h e  Development of a GIS Applica- 
tion as b7ool in project Assessment; 
an IntegrationTask i : 

fcmd to the CIS, the task to integrate thc 
ccologicd data with thcidssion-related 
activities is possible. Motmation rcsiding in 

As tht C C O ~ O @ C ~  h t a  b m  YE WS- 

toxicity type, Information on risk by specific /'the various daeabascs (dcolo~cal and informa- 
geographical location w s  gencmtcd, which f tiond) and map layers (roads, land cover. 
can be uscd to managc contaminated mas, , topography, sensitive areas) can bc uscd for 

I 

. . e  I 
1 



for the purpose of cvaluating the potential 
impacts of a project to a specics. The 
integration tusks relics on information 
gathered in all other tasks including the GIS 
P h s e  (Tsk 2), development of thc land covcr 
m3p (Task 3). mission information (Task S), 
and survey information (Task 8). 

During FY96 we havc dcvclopcd an 
ArcVicw Program Application which allows 
the uscr to qucry thc data bases to determine 
the location of 3 hypot1ic:ical projcct at thc 
Laboratory. During FY97, the application will 
be rcfined and additional look-up ublcs 
devciopcd, F i p n  2 is 3 simplistic diagram of 
the application (Bcnnett et a], 1996, Foxx et 
nl. 1996; Scction 5 and 7). 

5.8 Survey of the Litcraturc 
Essential to underscanding :he habitat 

rcquirerncnts of TES and SOC is infonation 
gathcrcd from other researchers. Background 
information is needed for toxicological modcl- 
ing and ccological risk studies, devcloping 
Habitat Evaluation Procedures (MEP), con- 
ducting "ES survcys, developing moni!oring 
plans, and undcrstanding habitat rcquiremcnts, 
During FY96, wc did a systematic search of 
the Iitcnturc to find information about TES 
and SOC. To date, we havc entered refcrcnces 
related to thcsc spccics into 3 bibliographic 
data base called ProCitc. From thc litc:ature, 
we have developed habitat use and feeding 
habits tables for 10 of the species (Gonzales et 
al. 1996; Scction 8). 

1 

6.0 Conclusion 
This project received funding in mid-year. 

Wc have xcornplishcd a11 tlic tasks set forth in 
thc Work Plan for FY96. Wc have CI dnt't land 
c o w  map with preliminary clusificrition of 
the land cover c l ~ s c s ,  and wc havc succcss- 
fully surveyed E S  spccics and dcvclopcd an 
ecological risk modcl for Mexican spottcd 
owl. Data from biological surveys havc bccn 
cnrcrcd into :hc GIS making it: possible to 
access information that was previously buried 
in files. Wc have intcgmtcd informa?tion about 
TES and mission activitcs dcrnonstration 
project into an i ucv icw application, This 
application will bccomc the basis for project 
rtvicws and will inkgrate Labordtory activi- 
tics and TES and SOC habitat rcquircmcnts. 

Although we have accomplished a great 
deal in  this first year, much work stiil nccds to 
bc done. Thc sccond year will bc uscd to 
providc additional information ncedcd for the 
HMP. We anticipate furthcr refinement of the 
land covcr map and c1;LrsiFication. Modeling 
of habitas for spccics difficult to survey will 
begin. Habitat Evaluction Procedures (HEP) 
will be uscd to dctcrminc if nonchcmical 
impacts (c.g,, tree cutting) will altcr habitats. 
Monitoring plans will bc written for cnch 
spccics. Toxicological and ecological risk 
analyses will be conducted for thc bald caglc, 
peregrine falcon, and SOC. We will broaden 
:hc scopc and use of the GIS ArcVicw 
application for other typcs of acthitics at the 
Laboratory. 

Accomplishing :Iic tasks for W96 sct out 
in the Work Plan will assure that wc mcct a11 
tlic milestones to providc a Habitat Manage- 
mcnt Plan by Octobcr 199S, 



. -  . 

. 

a 
t J  

Display Base 
Map 

ArcView Application 

Display Project of 
Concern 

Display 
Cover types 

I 
I 

I 
J 

Query Profect on 
Missbn Drivers 

figure 2. Simplistic Diagram of [he Application. 

. .  
' .  

. .  - 



References and Guidance Documents 
Bcnnctt 1996: K. Bennett, 2: Garrison. M. 
Salisbury, and S. Koch, 'Threatened and 
Endmgcred Specks Plan, GIS Phase" Los 
Alamos National Laboratory draft report 

Biggs 1996: J. R. Biggs. "Goat Peak Pika, 
Black-Footed Fcrrct. and New Mcxico 
Meadow Jumping Mouse." Los A m o s  
Nationd Laboratory draft report LA-LX-96- 
3444, 

Bogan 1996: M. A.Bogan, T. J. 0 Shea, P, M. 
Crym. A. M. Ditto. W. EI. Schacdla, and L. 
Ellison, "Status and Trcnds of Bat Populations 
at Los A l m o s  National Labontory and 
Bandclicr Nation4 Monument, Jcmcz 
Mountains, Ncw Mexico," Annual Rcporc to 
Los A l m o s  National Laboratory and 
Bandclicr National Monumcnc, September 25, 
1996, 
h s  Alamos National Laboratory report LA- 
UR-96-3528, 

Burton 1982: B. W. Burton, "Gcologicd 
Evolution of the Jcmcz Mountans and Their 
Potential for Future Volcanic Activity,*' Los 
A l m o s  Naciond Laboratory report LA-S795- 
GEOL. 

DOE 1995: Dcparrmcnt of Energy, lDua1 Axis 
Radiographic Hydrodynamic Test Facility, 
Final Environmental h p ~ t  Statement, 
Dcpmmcnt of Energy, AI buqucrquc 
Opcratjons OFficc, Los Alamos Area Office. 
Albuquerque. New Mexico (August 1995). 

DOE 1995: Dcpmmcnt of Energy, iDud 
Axis R a d i o p p h i t  Hydrodynamic Test 
Facility, Rceord of Decision," Asisunt 
Secretary for Oefensc Programs, October IO. 
1995, (6OFR53588), 

Foxx 19SS: T, S. Foxx and G. D. Tirmcy. 
"Status of the Ron of thc Los Alamos 
National Environmental Rcscarch Park, 
Checklist ofV;L'icuIar Plants of thc Pajarito 
Plarcau md Jcmez Mountains," Los Anmos 
Sational bbontory report LA-8050-h33.P, 
Vol. m. 
Foxx 1936: T. S, Foxx. 'Thrcstcncd and 
Endangcrcd Species Xabint Mmagcrnent 
Plan," Ecolob,?, Group Document, April 19% 

FOXX 1996: T. S, FOXX, L. Pierce, G. Ticrncy. 
and L, Huscn, "Annotated Checklist and 
Database of Vascular Plants of rhc Jcrncz 
Mountains,'' Los Alamos National Laboratory 
d n f t  =port LA-UR-96-3542. 

Foxx 1996: T. S. Foxx, R. Ealicc, and M, 
Salisbury, "Preliminary Land Cover 
Classification for Los A l m o s  Xacional 
Laboratory md Los Nmos County," Los 
Alamos NaLonal Labontory draft rcpon W- 
bX-96-3525. 

Gallcgos 1996: A. F, Gallcgos, G. J. 
Conzdcs, K. D, Bennett, and L. E. Pntt  
"Preliminary Ecological Risk Aqscssment of 
the Mexican Spottcd Owl at Los i u m o s  
Sational Laboratory," Los Alamor; National 
Laboratory draft report LA-UR-96-336 I 

13 



>i 

Johnson 1996: T. HJohnson. "Pcrcgrint 
Falcon Habitat M;m&ment in the Los 
Alamos Natioed Environmmtal Rseuch 
Park" Los Almos National Labontory dnft 

KciIcr 1996: D. Kelkr..*MuCican Spotted 
Owl," Los Alvnos Ndond hbontory  dnft  

=port LA-UR-96-344,. 

=port W-tR-96-334.t. 

GonzaIcs 1996: G. Gonzales. R Robinson. S. 
Cross, H. Nottlcrnan, and T, S. Foxx, "Litem: 
rurc Rcvicw and Spccics Habitat Use Docu- 
mentation," Los Alamos National Laboratory 
E P O ~  LA-UR-96.3526. * '  

Hmgcnstad 1996: T, Hugcnsud "Integrating, 
,Mission Rcquircmcnts with k t e n c d  and 
Endmgcrcd Spccics Habitat Rcquircments," ' 

Los Atmos  Nation31 Labomory report 

Hinojosa 1996: H, Hinojose "Thrcatcned, 
Endmgcrcd, and Sensitive Spccics Profile," 
Los Alamos National Labontov report LA- 

% 

4 

UR-96-1269. 

JYmic 1996: N, Jamie and F. J. Rogers, "A 
Survey of Los Alvnos County and Banddim 3 

National Monument for Macroscopic Fungi." 
Los A l m o s  National Labontory d n t  report, 
LA-UR-96-358 1 

Johnson 1996: T. H. Johnson. "Bald Eagle ' , 

Habitat MYragcmcnt in the Us A m o s  
National Environmcntd Rescarch Par," Los 
,4.!mos National Laboratory dnft report L#+ , 

UR-96-2M. 

Johnson 1996: T. K Johnson, "Golden Eagle . 
Habinc Manngcmcnt in the Los Amos 
National Environmental Rcscvrh Psk" Los 
A l m o s  Nadond hbontory  dnfr rcporc LA- 
LR-9 6-344. 

14 

. .  . .  . . ~ . . . .  , 

. .  

. ,  

I /  

. .. . . .. 

Kcllcr 1996: D. Kell&, "Southwcstcm Willow 
Flycatcher," Los rUmos Nationid Laboratory 

Koch 1996: S. W. KO&. T, K. Budge, S. G. 
Faran, L. E SandoY3l. M. A hlullcn. K, D, 
Bennett, and R. Bdicc,"&s Amos National 
Labontory Land Cover Map." Los Namos 
National Laboratory dnft report LA-UR-96- 
3362. 

Trippe 1996: L. Trip+ and T. K. H x u ~ n m .  
"Evaluation of thc Us& oFS;rtdlitc Lmgery 35 
a To01 to Predict Habitat of tbc Juncz Moun- 
tains Salamander, Pkhodbn ncorr,exicmrrs," 
Los Alamos Nationd Labontory dnft report 

dnft report LbA-m-96-3444, 

t 

LA-UR-96-3392. 
I 

,, . 
- 1  . 

. .  
. ,  ' ,  I. 

- 1  



APPENDIX A 
DEFINITIOSS 

The fohwing definitions YC used in this 
Work Plan. 

Endangered Phnt Spccics Act: A New 
Mexico swc statute which provides the 
designation and protection of plant species 
which arc in danger of becoming extinct, 

Endangered Species Act: A fcdcrol statute 
which providcs for designation and protcction 
of wildlife, fish, and plant species which m in 
danger of bccoming cxtinct and to thc ccosys- 
tcms on which spccics depend. 

Fcderd Candidate Species: This designa- 
tion has bccn formerly called P C1 or C2 
specks. Because of changing concerns in 
Congress, thc USFWS recommends thcsc 
species be callcd species of concm (SOC) 
(personal infomation from USFWS to T. 
Foxx and D, E;cllcr, 316196). 

Federally Endangered Spedcs: Any spccics 
which is in danger of cxtinction throughout dl 
or a significant porcion of its range. 

Fcderdly Thrcatcncd Specics: Any species 
which is likely to become an c n h g c r r d  
spccics within the forcsccable futurc through- 
ou: dl or ;L significant portion of its range, 

Formal Consultation: Is initiated with 
USFWS when a fcderzl agency dc tedncs  I 
proposcd projcct is likely to impact a TES or 
critical habitat. 

SOC: SCC Fcdcral.Cmddatc Spccics. In thc 
context of this Plan it will also dcsignntc state 
sensitive spccics and fcdcrd cmdidatc spc- 
cics, 

State Endmgcrcd Plant: A plant which has 
been listed on New Mexico's smtc cndvlgcrcd 
list. Thc pImnt is mc in numbcrs andor 
occurrcnccs and its Furthcr existence in the 
SUIC is thrcatcncd without protection. 

S b t c  Group I. and 2 Spccics: Group 1 and 2 
ut animal species considcrcd to be TES in thc 
sutc of New Mcxico. Group 2 spccics arc 
those species whose prospects of survival or 
recruitment within the sute ~rll: likciy to 
bccomc jeopardized in the near future. 

Thrcatcncd and Endangered Species mS): 
In thc context of this plan, TI3 shal1 represent 
both Federal and State TES. 

Wildlife Conscrv3tion AcC A sutc s tmtc  
which bccamc cffectivc on July 1, 1974. This 
Act providcs for the protection of all animal 
species which arc t+rcatcncd or endangered 
within 'sc sutc. 

APPENDIX B 
LIST OF ACRONYMS 

ARC N O  A Gco,mphic Information 
System devclopcd by 
Envi ronmcn td S ys terns 
Research Institute, h c .  

Bhbl Bandclier National Monument 
CEQ Council on Environmental 

Quality 
DARllT Dual Axis Radiogmphic 

Hydrodynamic Test Facility 



DOE 
EIS I '  

EPA 

EPSA 
ESA 
ESH 

ESH-20 
FMAD 

GIS 

NBS 
NEFA 

NM 
NWI 
ROD 
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TES 

m 
usws 
m 
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, .  

D e p m e n t  of Energy . ,  

Environmental Impact .,. 

Se;ltcmcnt 
Envimnrncntal Protection 8 ;, t 
Agency ' .  . .  
Endangered Plant Species Act:; 
Endangered Species Act . :.: * .  . 
Environment, Safety, and ".t ,,' 
Wealth Division 

Facility for Information ' Y '  ',., ':: 
Management, Analysis, and , ' , I ,  i 

Gcopphic  Information "'I.: 

System 
Habitat Management Plan :. 

.:;: Los A l m o s  National 
Laboratory ' I  

Xationd Biologiieal Service .'I. 
National Environmcntal P o l i v  : 
Act , I  

New Mexico 
National Wetland Inventory " '  . .  

I .  . ,.. 

I .  

.., ! '  . I. . , : . 1  . ,  
r 

* . I  Ecology Group I 

Display . . ?  

8 '  * . .  

I. ,. , .  

. . I  

, .  

, .  

I ,  I 

Record of Decision . .  
Species of Concern'' .I' 

species , . . ,  

Thematic Mapper 1 .  

Threatened and Endangered .:.':; .. 3 

. , I .  
,. 

United Sntc Fish and Wildlife '. 
Scrvicc . t  

Universal Tmnsversc Memtor :'.; 
'. . 

., ., 

! a ,  

I 

AP$ENDfX C 
8 RIEGC&AZORY DW'VERS 

USC 668) .I" 

Bald and Goldcn E@c Protection Act (1 6 

Clem WatcrAct ( 3$U.S.C. 1251 et scq.) 
Endangered Species Act (16 USC 153 I et 

' ,  

1 - ,  

,'!,' ,' 
L .  .. , " 

Xationd Environmen& Policy Act (42 USC 
&l), md also 40 CFR 1500-150s (Compli- 
ance with NEPA, ~outicil'oa Environmcnd 
Quality (CEQI and 20 CFR 1022) 

Wildlifc Conservation Act @MSA 1 19-13 I 

? " I  

*I. 

c) j 1- 

thtough 17-2-16, July L 1974) 
,+ . 
4 



Big horn Re-establish ment Assess ment-Si g n if icant 
Issues, Concerns, and Questions to be Answered for 

Department of Energy (DOE)/ 
Los. Alamos National Laboratory (LANL) 



An Introduction to: 
Big horn Re-esta blis hment Assessment-Significant 

Issues, Concerns, and Questions to be Answered for 
Department of Energy (DOE)/Los Alamos National Laboratory (LANL) 

Ltlsfie A. Hanstln 

The Xcw Mcxico Dcpmmcnt of Game and Fish (BMDGF) has proposed re-establishing 
Rocky Mountah bighorn sheep in White Rock Canyon, This rc-csnblishrncnt is pan of a long- 
term plm for restoring and maintining at l ea t  7 populations of bighorns of over 100 individuals 
each in New Mcxico, Landowning agcncics, and Pueblos involved in the White Rock Canyon 
project includc thc National Park Scrvicc, thc US, Forest Scrvicc, thc Dcpmmcnt of Energy, 
Cochiti Pueblo, Sm Ildcfonso Pueblo, Santa Clara Pucblo and Los Ahmos County. Becausc 
fedcrdly-owned Imds YC affected, thc proposal for rc-csnblishmcnt of the bighorn sheep must 
go through the National Environmental Poljcy Act cnvironmcnt;ll usessmcnt process. 

Thc plan of I W G F  to expand the range of the Rocky Mountah bighorn shccp in Sew 

Mexico represents thc type of proactive efforts that are required to prevent species from bccom- 
ing threatened or cndmgcrcd in this state. Thcrc arc s m c  obvious economic ;IS well ;LS biologi- 
cd benefits to keeping specks off the thrcarcncd and endangered spccics (TES) lists, f i g h t  now, 
Rocky Mountin bighorn sheep do not require federal protcction or regulation, do not require the 
intensive surveying and management associated with TES, providc somc huntins oppomnitics, 
and may gcncntc economic benefits through tourism. By restoring bighorn populations in the 
state, W G F  is helping to rcstorc ;I missing ecosystem component and to sccurc present and 
future human options. 

Howevcr, the Environmental Assessment process already is revealing some of the con- 
tlicting social values which makc mmnagcmcnt of TES. and of dl specks, such o chdlcnge. This 
Y C ~  is richly endowed with archcologicd sitcs. which fcdcral agcncics are Icgdly mandated to 
protect. What effects might bighorns have in causing damage and crosion to these sites? 
Landowning agencies would like to d e t c d n c  the impacts of thc bighorns on thcir cnvironmcnt 
by monitoring soil erosion rates, range condition, bighorn movemcms, and population dyn3snics. 
This information is necessary to prcvcnr adversc cffcccs resulting from bighorn population 
growth and to properly manage thc herd. Yet, in this cm of budgctvy austcnty, where will the 
money come from to monitor thesc cnvironmcnral impacts? Private Imdowners may have 
concerns that bighorns will bccomc gvdcn pesa ;u thc rc-cstablishcd elk have. 

what is the approprintc course of action? Which vdues should take prcctdcncc? Mopc- 
fully, through involving landowners and thc public in thc cnvironrncntsl ;Lsscssment proccss, wc 
will bc ablc to identify and rcsolvc these types of' issues in thc best long-term intcrtsts 01' humans 
and our cnvironmcnt. Issucs idcntiticd by landowning agencies were cvn1u;ltcd by DOE/UC and 
arc prcscnted below, 
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Bighorn Roestnbllshmcnt Asscssment- 
Significant Issues, Concerns, and 
Questions to bc Answcrcd for Dcpartrncnt 
of Energy (DOE)/Los Alamos National 
Laboratory (LANL) 
lnsrructions: Answer questions, ciring ~'ourct-s arid 
jusrihins rcasonin,q: pmvidc backgvund 
information. ldenrifi possible conseqircnccs (frhe 
issue is ignored. Propose un impacrs mitixarion 
ucrian r i m  would clirniirurc? on adverse efccr 
finding und evaluate the consequences of'dtz 
proposed mitigation, Pkusc now uddirionul issut!.~ 
und concCrris thur arise as a resdr  ofyucrr 
addressing tircsc questions and conversing wirh 
members of your agency or an effec:cd enrify. If 
possible, address these concerns in rhc same 
manner as described above. 

Summary: Wc collectcd information to cvduatc 
issues and concerns involvcd with the proposed rc- 
csmblishrntnt of bighorn shccp in Whitc Rock 
Cayon .  Four issues are judged to be criiical to 
the re-cstablishmcnt cffon: ( I )  degradation of 
natural md culmd resources caused by activities 
of bighorn sheep. (2) properry damage mdor 
consumption of rcsidcntial landscape vegetation 
by bighorn sheep, (3) the scope and Funding of 
monitoring activities, and (A) actions to be takcn if 
problcms arc identified. Mitigation clcnons for 
issues ue proposcd. 

Prescribed firc Is roeognizcd as a valuablc 
tool to improve bighorn sheep habitat. 
NPS and U S W S  policies support the use 
of prescribed firc, but can DOUUNL and 
the County of Los Alamos support 
prescribed firc? If so, when and how? 
What are the DOE and LANL and LA 
County Plans rclative to firc and fuels 
managcmcnt ovcr the next 5-50 ycors? 
(John Wuchton, Elizabeth Withers, md 
John Powers) 

D0EILA.X is currcntly developing 3 program 
to rcducc risks of wildfix at livc-firing ranges with 
some limitcd prescribed burns, The p r i m q  aim 

of the furls mmagemcnt program on LASL ;It this 
time is to protcct facilities. A LAYL-wide fuels 
mmagemcnt propam is being dcvclopcd. 
Bccausc of thc dangerous nnrurc of mstcnds 
srored at some facilities on the lab (ndioactivr 
materials. explosives, and hazardous chemicals), 
and conccrn for thc protcction of humans and 
property, LANL will probably irnplcment 
prescribed burning very conscmtivcly. It is 
unlikcly that LANL. will supporr prescribed 
burning on LANL prcpcrcy to improve bighorn 
habitat in the nclv future unless i t  nlso sents thc 
function of protecting LAVL facilitics from 
wildfirc, 

Conscqucnces i/icsuc i~ ignored: New 
Mcxico D c p m e n t  of G m t  imd Fish has 
cvduaed thc suitability of this area for re- 
esublishmcnt of bighorn shccp in m unburned 
condition, and fccls the habiut is suinblc. 
Burning would bc P dcsinble tool for habitat 
improvement but is not necessary For the re- 
establishment 

I m p a s  midgation: No mitigation is 
ncccssuy. 

What is the value of bighorn shocp re 
esablishment in terms of the human 
condition? Wlll rc-establishment have a 
social Impact and, If to,  in what manner 
and form? ( A m y  Fisher and M. Dimna Wcbb, 
Group Lender, ESH-20, MS-MSS7) 

Evidcncc indicstcs that bighorn shccp wen: 
important to prchistoric human populations in this 
region, When the mhirnum number of individual 
an imds  prcscnt (as idcntificd from bone 
f n p c n t s )  wcrc calculatcd from ungulatc rcmains 
at 4S iuchcological sitcs in the Jcmcz Mountins, 
bighorn sheep was thc second most common 
spcics. following mule dccr (Allcn, in prcss). 
Wild shccp wen: the most prevalent animal 
dcpictcd in Southwest prehistoric rock im (Brown 
1993, as citcd in Edgar 1994), 
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In our time, bighorn sheep have become 3 
valued wildlife rcsourcc, p h d l y  for Viewing 
(Lewis 1995, Reel 1990, Stumpf 19SS), but also: .. 
for hunting (New Mexico D e p m c n t  of C m c  
and Fish 1993. Dunn (1996) sated that ROC@ 
Mountain bighorn sheep ;vr: "one of New 
Mcxico's more majestic wildlife species," Some ' 

communities have realized economic benefits from 
tourism associated with bighorn shcep (Lewis 
1995). Problems usociatcd with bighorn hcrds : 
have includcd occasionnl tnffic hazards (Reel 
1990) and conflicts between bighorn sheep 
management and other uses of n s m n l  fcsourccs 
such as livestock W n g  and nmber huvnting- 
(Lewis 1995). (Also SCC section on m c t i o n  of , 

bighorn sheep to rcsidcntid WSIS.) 

I (  

It h a  bccn cstimntcd that chc current 
population of bighorn sheep in the Unitcd Smtcs iS 
one-tenth of its lcvcl prior to Eumpean settlemat: 
in thc Rockies. Bighorn sheep m thrr;rtcncd by 
poaching, diswcs  (prhwrily a~lsmiacd from 
domatic sheep), livestock competition, and 
continuing h u m  cncroochmcnt on bighorn 
habitat, The ratontion strategy of New M&cO 
Depmcnc of G m e  and Fish for Roclry 
Moufi& bighorns is to establish 7 populations of 
over 100 m i d s  each in the smte @unn 1w6)!. 
Re-csoblishmcnt of bighorn sheep into White 
Rock Canyon would help to secure present and 
funtrc human options by maintaining bio1ogka.l 
diversicy and nstoMg a misstng ccosystan 
component (MmgcI et d. 1996). 

' 

4 
8 '  

. .  
' I  . 

" " .  .. . . . .  

L 

R e b d  issues: (l') Possiblt cETeets of w t c t  
level mvliputdon in Cochiti Rcscrvoir on bighorn 
movements (which my a f k t  human-bighorn 
htcnctions) need to bc considered (2) Possible 
dunage to archeological sitcs (see secdon on 
damage to ;rrrhcolosiicnl sites). 

Consequences i f k u c  ir ignorcd: hll 
cnvimnmcnd mipulidons, whether d e l i b e  
or M unintended consqucnce of other actions, 
have the potential fordinct and indircct impucs 
on the human environmcnC Restoration of 
bighorn shccp to White Rodc O n y o n  3ppc;rrs to 
be ;I mYlipuhtion wich:dvciy tow fo rcmblc  
ncgpdve impacts, whila offering I q c  befits in 
the arcs of maintaining biological dwrsip, 
providing m x d o n d  opporolnitics for wildlife 
vi~wing, and nstoringnrrtivc ecosystem, Public 
perception of the rela& costs and benefits w i l l  
determine public rcspoasc I to the rc-establishmtat 
Prnl>od. . L  

~mpacrs mitigctiod since thcn is little 
economic usc of rcsourtzcs i~ Wbitt Rock b y o n  
i d  (cxccpt for cattle &g pennits along the 
t;rsttm rim), no conflicts arc yltiapated TmEic 
hazards can be minimized by rrppmprhe signing 
dong rods and consmetion of bighorn viewing 
areas (Reel 1990). (Also scc scctioas on amaction 
of bighorn sheep to residentid areas, chmag to 
mbcologhl sites.) : 
Wlll tho bighorn she& be attracted to 
residential lends~ap vegetation, livestock 
feed, or gardens? @ill D u n ,  John Huehton, 
and ChVissc Sydorhk) I 

I 
I 

: Bighorns normally fonp on forbs, shrubs, 
and grasses. Potcntid fomgc Species in our a m  
include: sagebrush, m o u n ~ - ~ o ~ y ,  
c l h s c ,  blackbrush, saltbush, Momon tea. 
mountain lover, riccgms, mountain muhly. 
sedges fcscus, w h a t p s s  curd Willow (Klingel 
1996,Todd 1975). 9 2  

. .  . .  

. .  
,.. 



-- 

Bighorn shccp may well bc attncted to 
rcsidcntid gardens and Imdscapec! arcas, 
puticululy in White Rock, PcrjYito Acres, La 
Sends  thc Cochiti golf course, and the Cochiti 
applc orchard. Ln Boulder City, Nevada, bighorn 
sheep learned to rut in rcsidcntid yards and city 
parks (Stumpf 1988). In addition, bighorn shcrp 
UC attnctcd to sourccs of salt (Ncw Mexico 
Dcpmmcnt of  Game and Fish k USDA Forest 
Scrvicr 1993). and hcncc may be atmcrcd by salt 
and mincrjll licks put out for livcstock. 

Relotcd ~ S U E S :  Bighorn nms in the 3-5 y c u  
age clusrs may suffer injury o r  m o d i r y  while 
trying to cross batbcd wire fcnccs (Helvic 1971), 
Mnrurc m s  1250 Ib,) measure approxima[cly 3' at 
the shouldcr, with cwcs (150 Ib.) and lambs being 
propomonally shorter V e w  Mexico D c p m c n  t 
of Game and Fish 1996, Hclvic 1971), Bighorn 
sheep do not normally crass fences by jumping: 
they cross under or between lower rails or wires 
(Hclvic 1971), Thcrcforc, residents with woven 
wire fences or chain link fences probably will not 
suffcr m y  dqrcd3tions. 

I 

Consequences ificsuc is ignored: Rcsidcnt 
clk CfcQEdLIaOnS of gardens and landscape 
vegcntion ut currently perccived to be n serious 
problem by some residents of P;lj;lrito ACES 
(Shankland 1996). Fcm of bighorn shecp also 
becoming a problem may ctlusc local rcsidcnts to 
oppose the rccstablkhmcnt. 

Impacrs Mitigah'on: Depending on funding 
and authorh ion ,  L&XL is proposing to conduct a 
survey in Pajllrito Acres to drtcrminr thc types of 
livestock rcsidcnt in the a m +  the t y x s  of fcnccs, 
and the numbcr of sdlt licks, This survey should 
help further define the potential problems. In thc 
scoping process and press rclcucs, thc 
pilrticipating agcncics should cducate local 
residents about the much smdlc r  size of bighorns 
(than elk), the fact that thcy are primarily diurnal, 
thcir inability to cross ccmin typcs of fcnccs. and 
techniques rcsidcnts can use to avoid depredation 

problcms. Users or' public lands and privatc 
laidowners should be strongly discourigcd from 
habituating bighorn shccp to humans (see sections 
on trails and the Rmscy Wildlife Center), Sew 
Mcxico Gmc and Fish should be prepared to 
promisc to rcspond to lonptcrm dcptrdation 
complaints by: (1) removing sclcctcd problem 
individuals through nct-gunning or othcr 
techniques, or  (2) responding to an population 
problem (as dcfinrd in thc opcnriond constraints 
section), 

What operational canstmints c3n the 
ntfectcd agencies anticipate if the bighorn 
shecp are reintroduced? (All) 

R!xL!sL  

establishmeats is not cxpcctcd to causc any 
operational conscnints (see Monitoring issuc). 
Since Rocky Mountah bighorn sheep art 
regulated 3s a sync species by the SUE of Bcw 
Mcxieo, we do not anticipate any opcmiond 
c o n s r h t s  due to heir legal status. Our primary 
concerns iuc tbc possibility ofenvironmmul or 
cultural r e s o u c s  dcpdat ion,  contcuninanLs 
uptake by bighorns, propcrty damage, and 
bighorn-vehicle inrcnctions M the bighorn sheep 
population grows. TA-33, one of the whnical 
mu which would provide bighorn habiut on 
h C ' L  (Dunn 1993), contains areas of muurn 
conumina tion. 

Monitoring of bighorn shccp d l c r  thc re- 

Conscquences ifissue ir ignored: DOEY 
LANL would like mcllsurcs to bc put in p l x e  prior 
10 the rc-cstablishrncnt to deal with these issues if 
they should occur, 

Impacts Mitipzh'on: Wc suggcsc that DOE/ 
LANL, Sew Mexico Depmmcnt ot' Cilmc and 
Fish, and other affected cntirjcs agec on 
monitoring methods and action levels in thc 
following UEW range condition. rcsotxcc 
damngc, propcrty damage, bighorn-vchicle 
interactions, and conurninmu Ievcls. A 
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monitoring prognm for m g c  condition, soil , 

crosion, and Southwestern Willow Flycatcher ' 

habitat should be impltmcntcd prior to ;L r c l ~ c  of 
bighorns. We dso suggest that a c o ~ t t c c  bc ' .  
formed with rcprescnntivcs from all affected 
entities to resolve unmdcipatcd problem th31 muy 
occur and to rcevnluatc action levels and 
monitoring methods at appropriate intervals, 

If an action Icvcl is exceeded due to the I 

brhavior of ;111 individual bighorn, we suggest that 
Xcw Mexico Dcpmmrnt of Game and Fish either 
nAoc;rtc or remove the individud using net- I 

pnning or ylothcr technique, or allow the affected 
agency to remove the individud using lethal 
means. Lf the action lcvcl is cxccedcd due to 
general population &row& and animal movcmult 
wc suggest that the committee dcclm that podon ' 

of the bighorn m g c  where action lcvcls uc 
cxcccdcd to have a population problem. A 
population problem would chcn be dlcviated by 
(1) a IC@ hunt which cffectivcly reduces the 
problem to bclow the action levcl (note: bec;luse 
of Icgd constraints orsecurity considemuons. 
USFS is likely to bc the only ugcncy which C;LII ' I  

allow hunting), (2) a relocation cfforr or ocher 
action by New Mcxico D c p m e n t  o f  Came and 
Fish which cffectivcly reduces thc problem to 
below the action level, or (3) action by the affcctcd 
agency, not limited to bur including culling, which 
tflcctively rcduccs the problem to below thc action 
levcl. 

, , 

To mitigate the cffccts of contaninants 
moving into the human food chin. we suggest 
than New Mexico Department of Game and Fish 
rrquirc that all animals hantstcd cithcr in a Irg3.t 
hunt or as part of nsponsr to an action Icvcl, or 
killed by a vchiclc, have a tissue samplc submitted 
to LkhI for contaminants analysis. Wc would 
also recommend that if Pueblo nsidcnts kill a , 

bighorn on their property that they submit a tissue 
sample for contaminants analysis, Rcsults of 
mdyscs would be rcported to individual hunters 
and would be publishcd in Labontory reports. 

I 

Wlll the presence of bighorn sheep have 
any affect on the Southwestern willow 
flycatcher, peregrine falcon. bald eagles, or 
any other sensitive animals? (Stephen Femg 
yldTcny Foxxl 

' We do not mticipatc thut bighorn sheep will 
deet any sensitive m h l ,  Browsing of willows 
dong the Ria Cmdc by bighorn sheep may 
contribute to pn unknown cumul;ltivc effect of 
ungulate browsing ( p b d y  by mpus cattlc 
and somewhat by ck) on thc avilability of habibt 
forSouthwestcrn Willow Flycatcher. This habitat 
is dso impacted by mYlagcrncnt of watcr levels at 
Cochiti Rcsmoir. During thc wintcr bald ugles 
roost within h e  mtidpa&d mgc of the bighorn 
shttp, howcvcr, wc do not forucc any impacts of 
Ihc rc-cst3blishment OD bald eagles. 

ConrequcncEs ifirjUr? & ignored' Agencies 
m legally and odW&vely  mandated to 
pmmr sensitive speciess. I 

* lmpactx mia'gariotqBccause of its ripYivr 
nature, Southwcstcrn Willow Flyurchct habits is 
subject to n;lNnl periodic change caused by 
fldoding, drought and othcrcvcnn. We do not 
anticipate that bighorn S h g ,  will bc a p r h l p  
c a w  of problems. However, rrco@ng the 
curnulxivt cffccu of m u d  nnd mm-c;luscd 
adviucs, including browsing by bighorn sheep, h 
important for cffcCtw manqerncnr of this habitat 
type for Southwcstcrn Wdlow FIyacchcr. 
Agencies cumntly monitor nimble habiut for the 
prcscncc of Southwestern Willow Flycatchers, Wc 
recommend expanding cumnt monitoring of Lhts 
habitat type widtin thc bighorn sheep m g c  to 
idcntify a problem if it should occu1: Lf funding is 
avdlablc, a study of the impacts of water lcvcl 
changes and browsing by different unbvlmcs on 
willow habitat should bc conducted in conjunction 
with the Cochid Biologid Group. 

i 

1% 
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How would shccp rnonitordrcsearchcrs 
access tho sheep once they arc r e  
established? Would monitoring ndivltics 
have an advcrsc effect on the shccp? How 
would monitors and researchers prcvcnt 
cnvironmcntal impacts? (Stcphcn Fettig, 
Bill Dunn. Amy Fisher, md John Huchton) 

Xcw Mexico D e p m c n t  of G m e  and Fish 
personnel arc planning on monitoring rclcued 
bighorn sheep using VFEF radiocollars and rrrrial 
telemetry (Bill Dunn, W D G F ,  pcn. comm.), 
ColIm which arc drtcctcd wirh a momlity signal 
uc then ndiomckcd on the ground to f i d  the 
animal. DOWLAXL strictly limits flyovers of 
Labontory property for security reasons. It is 
possible to ndequntcly ndiotnck bighorns without 
flying over LA?CL property ;IS long s flyovers ut 
permitted on USFS and Bandelicr Sntional 
Monument property (Bill D u m  NMDGF, pen. 
comm.). New Mexico D e p m c n t  of Gamc and 
Fish pcrsonncl could then bc escorted by LAX, 
prrsonnel for ground tclcrnctry i f  a rnortaliry is 
de:cctcd on LANL property. A n y  long-tcm 
population monitoring would also bc done using 

Periodic acrid tclcmcny m d  ground walk-ins on 
m o d i t i c s  ;LT~ not cxpcctcd to have im advcrsc 
impact on the stiecp or the environmcnt. 

I 

aerial surveys without flyovers of L r n i  properly. 

Consequences if h u e  iV ignored: Agcncies 
included in the mestablishmcnt effon: need to be 
aware of DOEILAlI policies regarding flyovcrs 
so (1) New %Ic:xico D c p m c n t  of Gme and Fish 
pcrsonncl can follow thcsc policies in conducting 
aerial survcys and tclernctv, and (2) all sgencics 
involved can makc nppropnatc plans for 
monitoring. 

lmpacrs nririgarion: So impacts are cxpcctcd, 
so no mitigation is ncccssury. 

Whcrc, whcn, and how wilt monitoring and 
research bc conducted to insure the 
continued hcnlth of thc ecosystcm? Who 
will pay for It? (Bill Dunn, Amy Fishcr. Stcphcn 
Frttig, and John Huchton) 

,Monitoring and rcscmh are ncrdcd to 
dctcrminc i f  the bighorn shecp rc-establishment is 
S U C C ~ S S F U I ,  if bighorn sheep arc contributins to 
erosion in sensitivc ;tlc;~'i, to delcminc if' rangc 
condition rcmnins tldcquntc, and to detcrminc if 
bighorn shccp arc h m i n g  Southwcstcm Willow 
Flycatcher habitat, New Mexico Dcpmmcnt of 
C;me and Fish will rnonhor the re-eshblishrnent 
of the bighorn shccp herd. Landowning agcncics 
can conduct monitoring and rcscvch activities on 
crosion r ims ,  m g c  condition, and Southwestern 
Willow Flycatcher habint if rnct$o& and tbnding 
sources for this monitoring arc identified and 
agreed upon cooperadvcly m o n c  thc pmicipnting 
agencies. 

Chscqucnces ifhsut! h ignored: Monitoring 
and evtlluation ;vc necessary componcnu of a rc- 
cstiblishrnrnt effort. Agcncies m lcgally and 
administratively mmhted to mansgc thck 
propcmcs to minu in  healthy functioning 
ccosysttm~, 

Imprrcts mitikon'on: Funding for monitoring 
tffom is difficult to acquire, yct monitoring is 
essential to d i t  retsmblishment cffon. Funding 
sources need to be identitied and confirmed during 
the asscssment process, 

Whctc would accclcratcd erosion causc 
cultural rcsoutce losses and how tlkcly is 
it that thc shccp could bc contributing 
clcments? (Bcv &on, gill DunnlAmy Fishcr, 
& Stephen Fettig) 

We arc in thc pnsccss ol' tlying to contact 
rcsourcc spccialists at Mcsa Vcrdc 10 dctcrminc 
what cffccts bighorn shccp arc having in ;I similar 
m a .  

7 



Would rclcstrlbllshmcnt affect traditional ' 

uses andlor the cultural significance of 
affected lands? It sa, would the effect be 
positive or ncgotlvc? (Bcv h o n  and Pueblo 
Councils) 

The bighorn re-cswblishment will bc 
discussed at the August working group mecchg, 
and points arising during that meeting will be 
transmitted to Ch;lrissr: Sydoriclit as saon as 
possiblc. 

Are bighorn sheep likely to uptake 
eontamtnants and, if they do, would sheep 
become o contaminants pathway for 
humans? (Elizabeth Withers nnd Mat Johmscn) 

Wc do not anticipate that bighorn shrcp will 
become signifiwtly contaminnlcd. Monitoring OF 
ndioactivc contaminants in elk suggests that elk 
m not xcumubcing greater levels of 
contaminants on LANL than thcy arc in conml 
muLS, and tbnt elk arc not a significant msport 
pahwuy of ndioactivc contaminmu to h u m s  
(Fresqutt 1994, Bighorn sheep food habits ax ' 

similar to those of elk (Lawson m d  Johnson 
1982), md their movements on the lab m 
anticipated to be much more limited than those of 
elk (Dum 1993), The starus of nonndioactivc 
contaminants in clk has not been documentcd but 
is not likely to be different than that of radioactive : 
c o n h a n u ,  

I 

' 4  

. ' I  

I '  

4 I '  

: Consequences f&se ir ignorcd: The 
possibility of c o n h t i o n  is likely to be 3 
significmmt public Concern. 

httpacrs mitigation= See operationid 
constnints section. LANZI C;UI test bighorn sheep 
for contamination. 

Could any exlstlng or potential trails (Le. 
those associated with the proposcd 
Ramsey Wildlife Center) in the identified 
bighorn habitat cause harm to the 
bighorn? When, where, and how? 
(Stephen FctCig and Elkibcth Witbus) 

I Habituation of bighorns to humans is 
undesinblt bcausc it makEs the bighorns more 
vuhcnblc to poachers, it incre3sts the chvlcrs of 
bighorns becoming nuisvlccs mud residential 
iues, it my incruse the dunce of mdic h&, 
and it my increase tht .pmtial for ucposurr of 
bighorns to dkascs Erorn.domatk l i v c s t d  in 
other areas. Habituation of bighorns may occur 
dong ,kqucntly-uscd sails in bighorn habitat 

: Consequences ;fir.& k ignored.  owing 
bighorns to becomc habi- would have dvme  
conscqucnccs for bighoks and humans, 

Impacts rniagtdoc: Usus of public lands and 
privafc landowners shodd be strongly discoungcd 
from approaching bighorns or off'g food or 
other nmcmts to them tl~rough cdutxtion 
concerning the addvttsc conxqucncrs of 
hobiution. 

.LI....., 4 . .  . .  



How likely 1s it thot thc Ramscy Wildlife 
Centcr will be built and whcrc would It be 
located? (Elizabeth Withcrs) 

DOE has agreed in principlc to lease DOE 
!and c w  of Sntc Road 4 in Wntcr Canyon for thc 
construction of the Ramscy Wildlife Center. 
However, Dr. R;unsey has  not providcd 
information nccdcd by DOE/LAii% to funhcr 
rvaluatc and initiate the leuc,  Thc process is 
inactive at this time, wd its futurc progrrss 
dcpcnds on Dr. Rarnscy’s actions, 

Consequences riysuc is ignorcd: 
Dcptnding on h e  movements of chc bighorns after 
rc-csublishmcnt, there might be hum-bighorn 
intenctions at the h s c y  Wildlife Center. This 
could create &IC hmuds, potcnddly cxposc 
bighorns to disczcs of other animal!% and 
hnbimte thc bighorns to h u m s .  h c r c a ~ h g  their 
vulncnbiliry to poachers and potcntially caushg 
problems in other arcas, 

Impacts rniril;.ation: We suggest that thc 
Ramsey Wildlife Center bc rcstrktcd from putting 
out amctult.5 to bighorns, such Y P water source 
or salt Licks. as o condition of h e  lease. 

Haw Ilkdy Is It that human trespass In the 
Water Canyon tract will affect D O W N 1  
security? Whcrc would trcspass be 
problematic? (Elizabeth Withers) 

Public LLCCCSS is dlrcady allowed by DOE in 
the Water Canyon m c t  of LANL (parts of TA-70 
and TA-71) for hiking, picnicking. imd horseback 
riding. Bighorn shccp viewing would be 
consistent with thcsc allowed activitics. DOE has 
an Intcngcncy Agrccmrnt with the XaUond Park 
Service to providc field scrviccs to enforcc 
authonzcd use restrictions in this 
does not include scrrrch and rcscuc functions 
which would be managcd b) the DOE Emergency 
,Manngcmcnt Center. 

Thc IA 

Howevcr, public ~ C C C S S  is not dlowed at 
Tcchnical &ca-33 which h u  specific controls for 
;ICCCSS md is also within thc likely proposed 
habitat ma. Although small, the potential for 
bighorn shrcp to a c t s  an attraction for 
unauthorizcd public access to TA-33 i s  ;1 concern, 

Consequcnccs  issue k ignured: Public 
cxposurc to the nntunl hazards at TA-33.md 
porcnfiailly to fin!’ facility h d s .  could incrussc, 

Impacts mitigation: Any incrc:isc in 
unauthorizcd access at TA-33 may require 
increurscd mmagcment controls such u more 
fcncing or sips.  

Where and how could bighorn shccp 
bccomo entangled In OOULANL 
cqulpment, fall Into sumps, and dofocotc In 
pollution sensitive area? (Elizabeth Wittier;) 

MI security and opcntions staff were 
conuctcd and they concluded that bighorn sheep 
would be no more of a problcm than tbc prcscnt 
clk population. Given their experience with thc 
relatively large population of elk, they do not 
considcr this a significant concern even though the 
potential for incidents cxist. 

Is the water quality and quantlty in the 
habitat adequate for thc sheep? (Bill Dunn 
and Mat fohulscn) 

Thc bighorn shccp will have PCCCSS to the Eo 
Grandc in White Rock Canyon as well as seasonal 
and some p-mancnt water sources in t r i b u t q  
canyons, Water quantity in the hnbiht is ildcquatc. 
U N L  monitors S U ~ ~ ~ C C  watcr quality at off-site 
regional stations. off=sitc perimctcr stations. and 
many sites on Laboratory property. DOWtAXL is 
evaluating rcducing thc number of on-sitc cfflucnt 
outfnlls ro bcncr comply with the Clean Water Act. 
In 1994, all ndiochcmical analyses of surl3cc 
water wcrc below DOE Ocrivcd Conccntritiorr 



Guide sat'ery limits for humans (tos Alamos 
National Labontory 1996). New Mexico Gencnl 
S t r c m  Standards for Livestock and Wdtifc 
Watering wen: exceeded at ;L limited number of ' 

snuons for aluminum, arsenic, and cadmium in 
1994: these cxccrdcnccs were bclicved to reflect 
natunl cnvitonmcntd conditions (Los Amos 
Xational Labontory t996), ' ,  

' ' 

Consequences fivsuc is ignored: Exposure . 
o f  bighorns to water con&nsticn may be ' : 
perceived ;LS D significant issuc by the public. . 
Limited aposure to contaminants in water sources 
is not likely to h a m  the bighorn population. . 

fmpacts mitigation: Hew Mcxico D e p m c n t  
of C m c  and Fish will monitor the success of thc 
rr-establishmcnt, and identify a population-level ' 

problem if it occurs, Bighorn sheep which M . : 
killed by hunters or in response to action levels 
wn bc tested for conwninmults, W Will 
continue its Environmcnol Surveillmcc npordng 
and will identify any changes in its wucr 
monitoring nsults, 

What are DOE'S plans in terms of land 
transfers and davelopment in the areas ' ' 

where bighorn sheep ate likely to occupy' 
or roam? Would a change In land 
ownership affect a bighorn 
establfshment and management plan, I f  
approved? (EIiztbctb Withers) 

L 

I 

Land in tlit White Rockhjarito ACES ma is 
on tlic list of mu bchg considered for mufcrs. '. ; 
Land transfers must go tlirough the =A pmcsE,. 
so then: will be no dccisions on l u d  tmnsfcrs for 
at least 3 y e m ,  The impact of land transfers 
depends on who rcccivcs the Imd. Los A m o s  
County, San Idcfonso Pucbto, and Bandclicr 
National iMonurncnt have dl aprcsscd intcrcst in , 

rccciving land within potential bighorn habitat. ' 

. .  

. .  
I '  

. .  

I 

' Comcguenccs i s  ignored: Develop 
m a t  of a y l s f d  luld'could impact bighorn 
habimt quality anndthdcvel of humm=bighorn 
interactions, 

I 

lmpa~rr m@ca&'o~ If the decision is made to 
klwc bighorns in White Rock &yon in 1998, 
thc rc-csublishmcnt will p&tc land msr'crs. In 
that cue. rhc prescnce:oF bighorns Will be 
considered in the NEFA process. Potentid effects 
of the msfer on bighorns wn be more closcfy 
considered with marc information at that time. 

~ a c  w c r  -cation: ~ h c  turn "LXNY 
needs somc chi fmt ioa for fucurt usc. Although 
it is often ustd to m a n  a.Vyicty of things, tLyt 
is saictly the nmc  of a f d i r y .  This facility is 
own& by DOE and opu3ted by the University of 
California undcrconwt wirh DOE. Fontnl 
opnizxion  lists should include DOE and UC but 
not U N L  Y i r i s  not a i  organization. 
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FOREWORD 
This document is intended to provide a thumbnail description of various plant and 
animal species that aro included in lists on the federal, state, or local level proclaiming 
them to be at risk to some degree and that may inhabit or potentially inhabit areas in 
and around Los Alarnos National laboratory lands. 

At the top of oach profile is the category for the current status of each organism, This 
status will range from federal endangered, which designates tho most serious condition 
for an organism, to species of local concern, which identifies an organism that is noted 
IO be ram on a local level. The different labels of status are dofined as follows: 

Federal endangered - Any species that is in danger of extinction throughout all or a 
significant portion of its range. 

Federal threatened - Any species that is likely to become endangered within :he 
foreseeable future throughout all or a significant portion of its range. 

Federal species of concern -Any species whose population numbers are 
declining o t  whose range is diminishing to the point where it may become threatened 
in the near future, 

State endangered - Any species listed in the New Mexico state endangered list 
because it is rare in numbers andor occurrences and, without protection, its funher 
existence in the stat0 is in serious jeopardy. 

State threatened - Any species whose prospees of survival or recruitment within 
the state are likely to become jeopardized in :he near future, 

Species of local concern -Any species known to exist or potentially exist within 
the 9roximity of Los Alamos National Laboratory lands and surrounding areas that 
are rare in numbers andlor occurrences and whose habitat requirements aro very 
specific, rare to this area, or threatened in any way. 

The nature of this document allows for ugdales to be madQ to species that are already 
included in this lis: as new information becomes available. At the same :ime we will be 
able to add new species to this profile as they become n part of a category listed in the 
status section and delete any species that have been removed from any of these 
designations. 



MEXCAN SPOITED OWL 
Strix occidentalis lucida 

Status: 
Federal threatened. 

p esc riptio n : 
Thc Mexican spotted owl is one of thrce subspecies 
of sponod owl-Muxican, California, and Northorn. 
This strictly nocturnal bird is fairly k q c .  42 to 53 
cm (1 6.5 to 21 in.) tall, It is dark brown with a p u b  
head and has white spots on its head, back, and 
chest and barred underparts. Unlike most other 
owls. tho Mexican spotted owl is dark-oyod nthor 
than yo1 low+ yod. 

Ha bitat: 
Mixod Conifer, Ponderosa Pino. Thc Maxican 
spottod owl profcrs tall, oldgrowth forests in 
canyons and moist arcas for breeding, It will fongc 

for woodrats and micd in forests, woodlands, and rocky areas. 

Occutrencq: 
The Mexican spotred owl is a rosidcnt and has bocn 
confirmed on Los Ahmos National Laboratory, Los 
Alamos County, Bandolier National Monument, and 
Santa Fe National Forest lands, Critical habitat has 
Seen designated in Santa Fe National Forest. 



Status: 
Fcderal endangered. 

B LACK-FO OED FERR m 
Mus:ela nigripes 

Des& B ti on: 
Thc weasel family, of which the black-footed fcrrct is c i  member, is tho smallcst of a group of 
predators that arc differcnt sizcs but are similar in shape and habits. The black-footed ferret 
has a long body, 38 to 46 cm (1 5 to 18 in,), with a 13- to 15-cm (5- to 64n.) long tail. This 
wmset can be identified by its yellowish brown to darker colored fur, black forehead, black- 
tipped tail, and black feet. 

Ha bitat: 
Prairie, The main pray of tho blttck=footod fcrret is the praine dog. Hcncc, this 
weasel-like animal will not stray far from a prairie dog town. Howcvcr, it may also occur in 
other areas whcrc othcr rodents, small enough to bo takon. abound. 

Occurrence: 
The presence of the black-footed ferrct on Los Alamos National Labontory and Los Alarnos 
County lands orsurrounding uplands is beliavcd to be highly unlikely. 



WOOD LILY 
Lilium philadelphicum var. andinurn 

a?.l!d2: 
Species of concern, State endangered. 

Qescri D-: 
On a slender stalk, the wood lily stands to 
43 cm (1 5 in,). Six petals that are yellowish in 
the center, changing to bright orange on the 
outside. mako up the flower that adorns the 
top, At regular intervals down the length of 
the stalk, grow numerous slender leaves. 

w: 
Riparian, Ponderosa Pine, Mixed Caniter, 
SprucelFir. The wood lily a n  be found in 
unyons above 2,285 m (7,500 tt) end usually 
occurs in areas of old growth conifers. 

-: 
The presence of the wood lily has been 
confimed on Los Alamos County, 
Bandelier National Monument, and 
S a m  Fe National Forest lands. 



si!!!&: 
State endangered, 

YELLOW LADY'S SLIPPER 
Cyprepedium cdceolus var. pubescens 

m: 
The yellow tndy's slipper orchid will stand from 15 to 60 em (6 to 23.5 in.) tall, topped by one or two 
large, yellow flowers. The lower segment of the flower is a pouch and resembles a ttldy's slipper. 
Three to five yellowish green, ellipticqshaped leaves ascend the stalk, growing out and over at 
regular intervals, 



. . . . . . . - . . 

GRAMA- GRASS CACTUS 
To urnsya papyracan tha 

m: 
Species of local concern, 

p-' 
The stems of grama grass cactus are sslrfari, ribbed, 
and 2.5 to 20 cm (1 10 8 in.) tall. Cen:ral sarnes 
elongate, resembling dry grass blades that are 
flattened, grooved, and flexible. Radial spines are shor 
and straight, Flowers are white and tmit is round, ton, 
and dry when mature. 

Hbitst: 
Juniper Savanna, Pilion/Juniper. Grama grass actus 
can be found trom 1,530 to 2,225 rn (5,000 to 7,300 ft) 
in the Jemez Mountains, usually where soil is sandy, 
and is associated with basalt outcrops. 

!2!uLmw: 
The presence of grama grass cactus has been 
conflrmed on Los Alamos County, Bondelier Noti 
Monument, and Smts Fa Nationnt forest lands. 
This cactus has recently Seen dropped from the 
is still rare in Los Alarnos County, 

ional 

list but 

t 



SOUTH WESTERN wt LLOW FLY CATCH El? 
Empidonax traillii exrimus 

m!: 
Federal endangered, State endangered, 

B s c r i s t i a :  
The southwestern willow flycatcher has J whitish throat, pale olive Sreas:. pale yellow belly, and 
brownish olive upper pans. This bird can be distinguished Itom peewees, a bird that is similar in 
appearance, by the upward flicking of tne :ail feathers. 

&-&!&!J: 
Riparian. The southwestern willow Ilyateher requires cononwoods or willows, I t  is gonerally found 
in dryer habitat, but near water, than the habitat of the closely related alder Ilycatcher. 

Qccurtcncg: 
Tile presence of the southwestern willow flycatcher has been confirmec! in the Jemer Mountains, 
and there may be possible breeding habitat on 10s Alamos National Laboratory and Bandelier 
National Monument lands. 



a?U: 
Species of local concern. 

GIANT HELLEBORINE 
€pipactis gigante2 

Dcsctiokm: 
The giant helleborino will stand kom 20 crn 10 1 m (8 to 40 in.) on a single stem. From a rounded 
base to a topsred point, four Io twelve leaves grow in allernating directions along t he  stem, The 
greenish-yellow flowers will grow in clus:ers with up IO fifteen llowers on one stern. This plant will 
flower from March to Acgust. 

- *  Hagt?l:  
Riparian, Juniper Savanna, ?inon/Juniper, The giant helleborine can b$ lound an sandbars of rivars 
and streams and in 3f83s around springs and seeps. 

-urrcna: 
The presence of the giant helleborine has been confirmed on Lo$ Alamos County lands but not on 
Los Alamos National Laboratory lands. 



I 

NEW MEXICO MEADOW JUMPING MOUSE 
Z ~ p u s  hudsonius luteus 

-I-- St3tUs: 
Spocios of concern, State threatcned. 

Dcscri mi on: 
Aswi:h all species of jumping mice, tho New Mexico maadow jumping mouse is equipped 
for jumping with long black feot and a long tail. Howcvdr, it prefers to crawl from placc to 
placc undcr leaves and other vegetation. If hurried, it will run by making EL quick scrics of 
short hops. Other chamctcristics of this species arc groovod uppcr incisors and a colorful 
fur, exhibiting various shadcs of brown. 

Hnbi ta t: 
Riparian. Mixed Conifer. Sprucelfir. The ncadow jumping mousc prcfers to live on ground 
surface in lush grassy or woody mcadows. By day it hides undcr heavy vogctation and by 
night in nests placed in protective arcas such CIS hollow logs or shor: burrows. The meadow 
jumping mouse hibornatas over the winter, 

Qccumnce: 
7'ho prescnco of New Mexico meadow jumpins mouse has  been confirmed on Los Alamos 
County and S a m  Fe National Forest lands and may bo possiblc on Los A l m o s  National 
Laboratory lands. 



-0  Status* 
Species of concorn. 

GOAT PEAK PIKA 
Ochotuna princeps 

Qescri D ti on: 
As with all pikas, the Goat Pcak pika is a small rodont, 15 to 22 cm (6 to 8.5 in.) in longth 
and weighing from 4 to 6.5 02. Its grayish buff or brodn coloring helps it to blend into thc 
favorite habitat of talus slopes. It has short cars that arc broad and rounded and no visible 
tail. 

- Habu: 
Mixed Conifer, SprucdFir. The Goat Pcak pika forages during the early morning, late 
afternoon, and nighttimct hours close to talus slopes, rock slides, or boulder piles that afford 
protoction and nesting areas. Pikas appear to utilize whatover plants are close to thoir 
burrows, Thoy eat tho leaves, stalks, and flowers of grasses, shrub twigs, and mosses and 
lichens. 

Occurrence: 
The presence cf tho Goat Peak pika has been confirmed on Los Alamos County, Bandolior 
National Monument, and S a m  Fo National Forcst lands but not on Los Alarnos National 
Laboratory lands. 

- 



BALD EAGLE 

Status: 
Federal threatened, State threatened. 
-- 

Dcscri ptim: 
The bald eagle is a huge raptor with a wingspan of 
2.0 to 2.4 m (6.5 to7.5 ft). The body plumageis 
dark, and the head and tail arc white. The iris, 
ccrc, bill. and logs are ycllow. An immature bald 
eagle is dark, usually with some white under the  
wings, and gradually develops a whito head and 
tai I. 

Habitat: 
Riparian and adjacent areas. Tho bald eagle 
prefers to inhabit areas near rivers and lakes with 
tall troes and d i t s  that am protoctod from the 
wind. It cats fish, waterfowl, carrion, and rabbits. 

- Occu mencq: 
The bald eagie is 8 mignnt and a winter rGsident 
along the Rio Grmndo and on adjacent Los Atamos 
National Laboratory, Los Alamos County, 
Bandalisr National Monument, and S a m  Fc 
National Forcs: lands. 

Cai rnosy of Nvw MexJco Cams and Fiah 



MYoTts BATS 
Family Vespertilionidae 

status: 
At least seven species of Myotis bats occur in this area4alifornia myotis, fringod myotjs, 
long-eared myotis, long-legged myotis, small-footed myotis, h m a  myotis. and occult littfo 
brown bat. All but the California myotis 
arc considered species of concern, anc! 
all but the occult little brown bat havc 
becn documented on Los Alamos 
National Labontory lands. 

- 

.Dcscriptios: 
Thc Myotis bats form tho tc l r cp t  group of 
bats and are widely distributed. Thcy arc 
ail rotatively small in size, somc sore of 
brown in color, and have simple snouts. 
Somc of tho diffcrencos in physical 
chamctcrisUcs of the Myotis bats in :his 
area can be surmised by their names. 

Flabitat: 
Pondcrosll Pine, PifiodJuniper, Mixcd Conifer. The long-eared and long-legged myotis 
roost in snags of ponderosa pine or mixed conifor and in rock crcviccs. The orhots roost in 
cliffs or caves with occult little brown bat and Yuma myotis nccdhg water close by. 

Occurrence: 
The prosence of all specios except the occult little brown bat has baen confirmed on Los 
Alamos National Labontory, Bandolier National Monument, and Smta Fc Nabonal Forest 
lands. Occult littlc brown bat has only boon men on Santtl Fc National Forcst lmds. 



-- 

WHOOPING CRANE 
Grus arnen’cana 

Status: 
Fedenl endangered, State endangered. 

I ‘  --- 

Description: 

& 

G ,.- 

a:] 

An adult whooping cram has an all-white plumage with black wngtips and red plumage on 
tho forehead. With long logs and neck, an adult stands at about 1.32 cm (52 in.). Tho 
immature whooping crane is whitish with a reddish=brown head and neck. 

Hsb ita$ 
River/Straams. The whooping cnne roosts on sand bars, often returning to the same 
location year after year. 

O C C U a q s  

The few remaining whooping cranes migrate along the Rio Gnndo  and Cochiti Resetvoir en 
route to southern New Mexico among flocks of sandhill crilncs. These flocks arc known to 
roost overnight in opanings on mesas and on sand bars along their route. They arc known 
to fly ovcr but have not bccn confirmed to stop on Los Alamos National Labontory lands. 



JEMEZ MOUNTAINS SALAMANDER 
Plcfhodon naomcxicanus 

-C.-- Status: 
Species of conccrn, Statc threatencd. 

-- Description: 
Tho J C ~ Q Z  Mountains salamander is elongatcd, from 50 to 710 mm (2 to 5 in.), is brown 
with fino brassy striping, and has small foro and hind limbs. It can be idennfied by EL hairline 
furrow that extends from the nostril to thc odge of the upper lip. 

Ha bit3f: 
Mixed Conifer. Tho Jornez Mountains salamander requires shaded and moist wooded 
canyon slopes with loose, rocky soils that arc at elevations from 2,200 to 2,620 m (7,225 to 
9,250 ft.). 

Occurrence: 
Tho prcscnca of tho Jcmoz Mountains salamander has Scon confirmed on Los Alamos 
County, Bandolier National Monumcnt, and Smta Fo National Forest lands and is bolicvcd 
to be on 10s Alclmos Natjonnl Labontory lands as wcll. 

i 

Courresyol Tardam FOAX. U N I .  



P €3 EG RI N E FA LC o N 

Falco percgrinus 

Status: 
Federal cndangcrcd, State endangered. 

Description: 
The peregrino falcon is a swtfbflying raptor with gray and while plurnago and a black nape 
and crown. The crown extends wcdgc shapod below tha eyes, forming a distinctive hclmet. 
An immature peregrine is dark brownish above and heavily streakod below. 

Ha bitat: 
PiiionNunipcr, Ponderosa Pine, Mixed Conifor, Riparian. Snsshnd. The porcgrinc falcon 
inhabits canyons with cliffs that are 
roquired for brooding, It ranges widely 
and preys on birds that are captured in 
flight. 

CI- Occurrcncc: 
Tho peregrine falcon is a mrgrant and 
summer resident and has been 
confirmod on Los Alamos National 
Laboratory, Bandclier National 
Monument, Santa FE! National Forest, 
and Los Alamos County lands. 

I .  

i 



Status: 
Species of cmcern, 
- 

LOGGERHEAD SHRIKE 
Lanius ludo vician us 

Descrbtion: 
The loggohead shrikc rcsombles a mockingbird in size and appcamnce but is more bluish 
grey than the grey of a mockingbird. This b i d  is big-headed and slim-biled with a black 
mask. an sll-cfctrk bill, and white, faintly barrcd undcrparts. A juvenile acquires adult coloring 
by the firs: fall but is paler and barred overall with brownish grey uppcrparrs early on. 

---.' Habitat- 
Juniper Savanna, PiiionlJuniper, Ponderosa Pino. Loggorhoad shrikes profcr arms whom 
they can hunt in fairly open or brushy tornin, diving from a low pcrch and swooping upward 
to another perch. 

Occurrence: 
Tho prescncs of the loggerhead shriko has bean confirmed on Los Alamos County, 
Bandelier National Monumcnt, and Santa Fe National Forest lands but not on Los Alarnos 
National Laboratory lands. 



I .  

SPOTTED BAT 

Status: 
Spccies of concern, Stare threarencd. 

Description: 
The spotted bat carries a uniqua whitc spot on its rump and each shoulder. It has huge 
pink ears and is dark sepia in color. 

Ha bitat: 
Riparian, Mixed Conifw, PitiodJunipor, Ponderosa Pine. The spotted bat roosts in cliff 
crevices and other situations, often near water with an abundance of moths and othcr 
insects in tho arm. 

Occurrence: 
Tho prosanco of the spotted bat has beon confirmed by capture ar watering sitos on 
adjacent lands of Bandelior National Monument and Sank Fc National Forest. Habitat and 

plant communities favored by 



BIG FREE-TAILED BAT 
Nyctin om ops ma crotis 

Sm!s: 
Species of concern. 

The big free-tailed bat is pale brown to 
black with a tail that extends beyond the 
tail membrane and ears that join at the 
midline of the forehead. With a wingspan 
of up to 42.5 em (17 in.), this animal can 
be a swift, poweriul flyer. 

m: 
PiiSodJuniper, Ponderosa Pine, Mixed 
Conifer. This bat profer, canyon country 
that is rocky, It will roost in crevices of cliff 
faces and in rock hollows, 

9ccu rrena: 
The big free-tailed bat is a confirmed 
migrant on Los Alamos County, Bandelkr 
National Monument, and Santa Fe 
National Formt lands. 

FLATREAD CHUB 
Pia tygo bio gracilis 

&&!s: 
Species of Concern. 

The flathead chub is a fish that, in New 
Mexico, typically does not exceed 145 mm 
(inches) in length. This fish is SCalQd with 
an olivaccous colored back and sides that 
are silver. The head is broad in relation to 
its slender body and looks somewhat 
flattened. The dorsal and pectoral fins are 
sickle=shaped and the anal and pelvic fins 
are triangular, 

mitat: 
The flathead chub can be found in rivers 
and larger streams with areas of highly 
turbid waters in moderate to strong cur- 
rents. This fish is omnivorous but seems to 
prbfer torrestrial insects. 

Q!x!uQm: 
The flathead chub can bo found in portions 
of the Rio Gnnde. 



GRAY VIREO 
V/mo vicinicv 

Status: 
State threatened. 

Description: 
The plumage of the gray vireo is gray 
above and white below, There is a white 
ring around the eye and two bars along the 
wings, Short wings give this bird the 
appearance of having a long tail. 

Habiu: 
Juniper Savanna, Pifion/Juniper, especially 
on rocky slopes, This bird will forage 
through the undergrovdh, flitting restlessly 
from place to place and flicking its tail 
feathers. 

ccu rrencQ: 
The presence of tho gray vireo has been 
confirmed on Los Alamos County, 
Bandeliet National Monument, and S a m  
Fe National Forest lands but not on 
Los Alamos National Laboratory lands. 

ZO NE-TAI LED HAWK 
Buteo albanora tus 

&s!ds: 
Species of local concern. 

mcrintion: 
The tone-tailed hawk is a long-winged 
raptor that is black to dark grey in body. 
When perched, this bird's wingtips will 
extend back as far as the tail feathers, The 
wings are also dark in color but with a 
silvery tint, giving the underwing a two-tone 
appearance. In flight, it strongly resembles 
the turkey vulturo (Cathams aura). On the 
tail feathers the male has one wide and 
one slender whitish band and the female 
has two slender bands. The logs and the 
cero are bright yellow. 

-: 
This buteo is relatively uncommon, but is 
widely distributed in Latin America and in 
the southwestern United Stares. In the US, 
it is most commonly found in the southern 
and central portions of Arizona and New 
Mexico. The zone-tailed hawk prefers 
mesa or mountain country where there are 
rivers or streams. Swooping down from a 
low glide, this hawk will prey upon rodents, 
lizards, fish, frogs, and small birds, 

-: 
The presence of the tone-tailed hawk has 
been confirmed on 10s Alamos National 
Laboratory and Bandlior Na?ional Monu- 
ment lands. 

Vorsion 4-96.002 
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'Ecology Group, Loa AQmos Nauonal Labaretory 

Abstract 
During the 1994, 1995, and 1996 Field seasons, three primary a r c s  at Los Namos 
Yational Laboratory were surveyed for the Mexican spotred owl (Srrk 
accidenrulis fucida), The surveys revealed a nesting pair of owls that subse- 
qucntly fledged a pair of young during two of the years. 

1 .O Introduction 

a fededly threatened species on April 15, 
1993. Mexican spotted OWIS YC bcnvecn 41 
to 48 cm (16 to 19 in.) in Icngtb with white 
spots on the h a d  and back and white 
horizontal stripes on the chest and no car tuffs. 
This owl is one of wo spccies, thc other being 
the f lmulntcd  owl (Oncr@mneofus), in the 
southwest that has compittcly dark eyes 
pationd Geographic Society 1983). 

The AMcxic3n Spottcd owl w s  dcsignatcd 

The Mcxicvl sported owl inhabits mixcd- 
conifer and ponderosa pine-Gambcl oak 
forcsts in mountains and canyons in the 
southwrstm United Starcs and northern 
Mexico. High canopy closure. high s a d  
diversity, multilayered canopy resulting from 
;UI uneven-aged stand lugc, mature trees, 
downed logs, snags, and s m d  decadence 3s 
indicated by the pmencc of mistletoe are 
characteristic of Mexican spotted ow! habitat. 
This owl rcquires approximately 800 ha (2000 
acres) of suitable habitat to insurc 
reproductive succcss. In addition, spotted 
owls favor n,mow, stecp canyons whcrc then 
is little light penemtion and cool 
tcmpcraturcs, They tend to prefer north- 
facing slopcs and to nest in LTCS, crcvices, or 
smdl caves (USDI Fish and Wildlife Service 
1995, Travis 1992). 

During the 1994, 1995, and 1996 breeding 
scasons, I survcycd the canyons in the western 
portion of Los Alamos National Laboratory 
U Y L )  LS part of thc mitigation mcziures for 
the construction of thc Dud a i s  
Radiognphk Hydrodynamic Test @A") 
faciliy and as part of the Ccvcloprnent of chc 
Thmtencd and Endangered Spedcs Habitat 
Management Plan. During the COL+C of thme 
surveys, n pair of Mexican spotted owls w s  
located in 1995 and in 1996. In both y m ,  
nests wcrc found cach with two young that 
ulha t t ly  fledged. Based on the proximity of 
each nest location, it is re;lsonable to assume 

continue to bc the only pair utilizing LA,?? 
lmds for breeding. 

that this is thc same pair of owls, They 

Tmcll Johnson (1 994), a recognized 
sponcd owl authority, dcvclopcd a topographic 
model of potential spotted owl habitat i n  New 
Mexico and is in thc process of dcveloping a 
similar modcl to bc used for WKL. Results 
from initial modeling indicate three areas 
within tabomtory boundaries that could have 
potential owl habitat, All of thc uas 
indicated in this model have been monitorcd 
for at least two ycars and occupied habitat will 
continue to bc monitored on a yearly basis. 

1 
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. ,  2.0 Methodology 

Sumeying for thc Mexican spotted owl: i .: 
follows thc USDA Forest Service protocol., ' .' 

Once an m a  of potential habitat is. idendficd .; 
bacd on habitst type, a suivcy mute is . , : 
plmncd. A route is dcsipcd to cover dl of .' 
thc available habiut within 0.S km (OS mi) of: 
the calling route. From approxirnmely 3, AM' ', 
until sunrise, survcys ;VE performed by " ;. 1 
broadcasting the call of the spotted owl and:? ..I 
waiting for an owl to respond. The surveyor:. .i 
will walk a canyon edge or boaom and play.? 
the cdl to cover rhc habitat in t&e area of the'. *! 
survey. The 31ti is covered completely in oec 
survey ouMg* Once an ow1 is found, the I 1 

preliminary survcys can bc discontinued and ;, 
more intensive ncsr location survcys can , : 
begin. AU owl species detected during the. !'I ,j 

survey arc recorded. Table 1 shows thc nsultr,;. 
of the surveys conducted in 1994,1995, and'':;; 1 
1996. The biologist records h e  time, spcdcs;.'j 
;md the I O C ~ ~ ~ O I I  of& owl d~tectcd 

Once ;I Mcdm spotted owl is locatcd, the,] 
ncxt step is to discover if therc is 3 pair of ,: : 
owls and if they have 3 nest in the 1oc;ltion~of i: 
interest. The owl, after dctcctcd during a night ? 

survey, is usually followed until dawn, and a' ' . :  ' 
physical description of the area what thc owl#': 
quit calling and thc location arc rccordcd. The. ; 
m a  whcrc the owl is n c u  dawn is the most , ' ) ,  !. ). 

likely roost location. I f n  pair has young, rhc:'?: : 
owl is usually near thc nest 10c;ttion. Once a : ) a  ; 
roost location is suspcctcd thc next day the :;.! '? 
biologist scarchcs the a m  for any cvidcnct of'm.!. 
nests or ;L pair of owls. Droppings, pellets, 
and thc rcmains of dead prey can be a duc to' 
the nest location. The ncxt stcp is for thc , ,,r. ; 
biologist to give the owl undcr survcillilncc a,::.,: : 
mouse. In the mousing proccss one or both ''. i ' 
owls are given o m o w  and the biologist ' . ,, :i:.. 

, .  ; 
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follows an owl to dctvmine the fate of thc 
mouse. Only mde &CC uscd to ensurt 
that a nonmtivt mouse sptcics is not 
introduced to thc  study^^-^ When thc female 

, Qwl is given a m o d ,  she will then usually 
take this mouse to aria& nvca~ing its 
Iyation. ~ b c  mdc oh wiu often give the 
mouse to the female and thc nest can bc 
lswtcd. If'ehc m o w  is consumed or storcd 
by h c  owl, ncsting ui i~ht  not b~ taking place 
but further mousing is conducted to confrrm 
that h e  pair is nor n&gi Once scvtm~ 
mousing attempts, noting mdt and female owl 
bchwior, result in no'nbt bcingloc;rtcd, it is 
rr3sonable to ;rssumcr*at a pair is not nesting. 
E an a m  is surveycd'hnd no owls arc found a 
sctics of 4 or more surveys pcr bmding 
season is nquircd fotnvo y c y s  before o sitc 
CUI be cleared for dsthrtrance actjvi tics during 
the spotted owl bruchg mso11. 

I '  
3.0 Results !* * 

i During the t994 ,hS.  and 1996 fidd 
seasons, 22 ngulard1 broadc;rsrsurvey 
were conducted Y UNL. Of thcsc s w c y s ,  7 
oErhem resulted in thydetection of P Mexican 
spotted owl, All of thbc loc3ttd cndvlgercd 
owh'wcre in or near the same m y o n  
co~~~pluc.  Foilowing tbe identification of the 
tposting locations, ovob'r thm ridditiond 
ficld outings WVI: r e q h  to locate the owl 
pair and the nestlings.. n e  first and second 
trip to thc nest am m h e d  P pair of adult 
owls and chicks on thc nest The third visit 
rcvc3Jtd the adult owl &rand two chickc out 
on a trcc away from the nest. Once tbe nest 
locjtion was c o n f i i ~ d :  physietrl' 
mcclsuremcnrs were csmblishcd as to the 
makeup of rhc nest lociation. Castings, owl 
pcllcts. arc collccred al'ihc site to dctcrminc 
the prey abundance md'Wtcristia of the 
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Date of Survey 
6130194 
711 8/94 
8/2/94 
8/23/94 
s/10/95 
5/ 16/95 
5/18/95 

Location of Survey 
Study Site (SS) 1 

ss I 
ss 1 
ss 1 
ss 2 
ss 2 
ss 3 

5/23/95 ss 2 
SPA/95 ss 3 
6/2/95 ss 2 
6/8/95 ss 3 
6f 199s ss 3 

61239s 
7/6/95 
7/27/95 
8/9/95 
4/26/96 
5/1/96 
5/7/96 

ss 1 
ss 1 
ss 1 
ss 1 
ss 3 
ss 2 
ss 3 

Si 17/96 ss 2 
6/5/96 ss 2 
5/25/96 ss 2 

Result of Survcy 
None 
None 
None 
None 
Great Horned Owl (4) Rammulared Owl (1) 
Mexican Spotted Ow! (1) Great Homed Owl (1) 
Mexican Spotted Owl (2) Great horned Owl (2) 
F l m u l a t t d  Owl (1) 
Flammulatcd Owl (1) 
FIammulatcd Owl (I) Great horned Owl (1) 
Great Horncd Owl (2) F l m u l a t c d  Owl (I) 
Mcxicm Spoctcd Owl (2) 
Northern Pyg111y-Owl(1) M C ~ C Z I  SpOtIcd Owl ( I )  
Great Homed Owl (1) 
Great Homed Owl (1) 
Xonc 
None 
None 
Great Homed Owl (23 Mcxicm Spotted Owl (1) 
Northern Pygmy-Owl (1) 
Grcat Homed Owl (1) Mexican Spottcd Owl (1) 
Nahhern Pygmy-Owl (I) 
None 
Norrhcm Pygmy-Owl (1) 
Mexican Spottcd Owl (1) 

Tablc 1. Rcsults of the three ycars of ,Mexican spotted owl survcys. 
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4.0 Conclusions 
For thc sccond year in a row a pair of 

Mc4can spotted owls at LANL havc 
successfully rcmd and fledged a pair of 
chicks. T h c  cnvironmcnt is c m n t l y  
protected from major dismrbllncc and 

. , .  , 

:, , , .  

continued protection of this cnvironmcnt will " 
cnsurc thar LANL will ploy a role in the 
conscmation and rccovtry of the Mexican ' . 
spotted owl. The lands of LAiiX arc capable' : 
of supponing more than one pair of Mcxich: + 

spotted and aggrcssivc noni tonng prognm.~ 
will ensun: that biologists know the location' ' . 
of nesting birds and arc able to assist in tbt 

' 

planning of projeers that could bc impwcd by I 
chc location of these birds. The continued . I 

monitoring of owl nest Iocations will bc a . . ,' 
valuable tool to plvlncrs to ensure chat owls '. 
and the mission of tht Labomtory a n  coexisT 

. I  I . I  
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Southwestern Willow Flycatcher 
David C. Keller' 
'Ecobgy Group, Lna Alamos Natl?nal Labornlory 

Abstract 
During the 1995 and 1996 ficld scuons, two primary arcxi were surveycd for the 
southwestern willow flycatcher (Empidona rmiffii cxtimus), The u e ~ s  searched 
were Pajarit0 Canyon and the Rio G m d c  ncx Buckman Crossing, The south- 
westem willow flycatchcr was not found. 

1 .O Introduction 
The southwcstrrn willow flycatchcr is 

listed ;IS fedcdly and state cndangcrcd, 
making the fedcnl list on March 29, ;995. 
This spccies has  cxpcricnccd extensive loss 
and modificxion of its habitat and is also 
endvrgcrcd by ncsc pansitism by the brown- 
headed cowbird (Mofurhrus a m ) .  

The southwcstcrn willow flycatcher is P 
small insectivorous bird, approximately 15 cm 
(5.75 in.) long. It has  a g~tyish-geen back 
and wings, whitish throat, light p y s l i v e  
breast, and light ycllowish belly, Two 
wingbus arc visible and an eye ring is faint or 
absent. The upper beak is datk cnd the lower 
is light. The song is a whctzy "fitz-bew" or 
"fit-zt-bcw," the call 3 repcatcd "whitk" 

The breeding range of the southwestern 
willow flycatcher includes southcrn 
California, southern Xcvada, southcrn Utah. 
Arizona, New Mexico. western Tcxu, and 
norrhern Mexico. Thc southwcstcrn willow 
flycatcher winters in Mexico, Ccntrrl 
Amcrica, and nonhcrn South America, 

The nest is a compact cup of bark and 
p s  with feathers on the rim fined with B 

layer of grass or silky plant msrerial. It is 
located in  a fork or on a horizontal tree branch 
1 to 4,s rn (3.2 to 15 f:) above ground in a 
rncdium-sized bush or small tree, with dcnsc 
vcgetation all around the ncsL. 

Southwestern willow flycatchers inhabit 
u c u  ncu water with 4- to 7-m- (1:- to Z-fr-) 
high thickets of willow (Sofir spp.), 
buttonbush (Cephafanrhur occdcnralis vu. 
pubesccns), sccpw ill ow (Bucchuris Slurinosa) , 
and tamarisk (Tamarirpcnfdro) (Tibbitts et 
al. 1994). Tbcrc is occsionally 3 sparse 
overstory of cottonwoods (Populur spp.) 
associated with this species. At some nest 
sites surface water may be present early in the 
brccding scason but only damp soi1 is present 
by late June or carly July. Habiut patches as 
small 3s 0.5 h 3  (1.2 ac) CM support one or two 
ncsting pairs. This species h u  not previously 
becn found on Los Almos  National 
Laboratory (LAX,) property or La Atmos 
County. Arcas in lower Pajxito Canyon ncar 
Pajari to wetlands contain marginal 
southwestern willow flycatchcr habitat. 

Thc southwestern willow flycatcher is 
present and singing on breeding temtorics by 
mid-May, This flycatcher builds nests and 
lays cggs in late May and early June and 
fledges young in early to midJuly. 
During thc 1995 and 1996 breeding scuons, 
monitoring of the potential southwestern 
willow flycatcher habinc did not rcvcal the 
prcsencc of any of this protectcd species. To 
datc, in  two consecutive years of surveys, this 
flycatcher h u  not been found on LANL lands. 



2.0 Methodology 
Thc following steps m taken in a 

southwestern willow flycatcher survey. Qncc ; 
an area of potential habitat is idenafied, J 
survey route is planned. A route is designed to 
cover d1 of the available habitat. The survey 
for the southwestern willow flycatcher begins 
at dawn and continues until thc survey area is 
completed Surveys arc prrfomed by 
broadcasting thc call of this flycatcher and ' 

waiting for it to respond. The surveyor walks 
P wetland arm and plays the call enough to 
cover the habitat in the area of the survey. 
Preliminary surveys an be discontinued once ' 

J flycatcher is found. More intensive nest 
location surveys can then bcgin. The physical ' 
description of chc site and the nest l d o n  are 
recorded but thc nest sitc is not disnubcd. 

If an ma is survcycd and no flyw*zhas 
at found, II series of4  or more surveys per 
breeding scason is required. Only then is a I ,  

site clcarcd for disturbance nccivitics during 
the breeding season. 

, 
~ 

Date of Sunty 
6/14/95 
6P395 
71 13/95 
71 W 9 S  
5/30/96 
SI3 1 /96 
6/13/96 
6/14/96 
7/ 17/96 
71 1 SI96 

: 4 1 

' .  
I I .  

3.0 Results 
r During the IS195 h d  1996 field sc3sons. 10 

regular call brodast surveys wcrc conductcd 
at LANL ;md adjacent Ian&. Of these scrvcys 
none or" them resulted in tbc location of a 
southwcstcrn willow Byca~chcr. Table I shows 
the rcsults of thc survtys conductcd in 1995 
and 1996, t 

4.0 Conclusions ' 

wiIlow flycatchhers wcrc located at LA$%. 
Although tlic ucisting.habitat at tlwL. is 
mYgind at best, I believe it should be 
pcriodiczllly monitored for futurc colonization 
by this spccics. Thc land covermapping will 
provide a too1 to defmc potennd habitat (Koch 
et al; 1996). Once habitat is established on 3 
map. any potential c o k ~ c t s  between LANL 
activities and endug& spcdcs cm bc d d t  
with very carly in the phuinl; smga of a 
habitat &curbing activity. 

1 For the second y k i n  row no southwestern 

I '  

Loc3tion orsurrey 
PajaritoCmyon 
Rio Gmde 
Pajarito Canyon ' 
Rio Gmdc 
Pajarito b y o n  ! 
Rio Gmdc ' 1 

PajaritoCllIIyon , 

Pajari to b y o n  ' 

EO G m d t  

Rio G m d C  

Table 1. Results of 1995 and 1996 southwcstcn willow flycatcher survcys. . .  
1 ", 

6 
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Goat Peak Pika, Black-Footed Ferret, and 
New Mexico Meadow Jumping Mouse 
James R. Siggs' 
'ECO~OQ~ Group, Los Alnmos Nntlenol Lnborarory 

Abstract 
Potentially c n d u g m d  mammal spccies of concern for Los A m o s  Nationd 
Labontory (LAX) include Goat Peak pika (Ochatonrr p r i m p s  nigrcsccns), 
black-footed femt (Mwtcfn nigripts) ,  and New Mexico meadow jumping mouse 
(Zapus huci5cmiu.r). Piku commonly occur within the Jcmcz Mountains including 
Frijoles Canyon. thc Ccrro Crandc, and Pajarit0 Mountain. This spccics is morc 
common in this arc3 than previously rccognizcd. Ncw activitics by thc Labora- 
tory arc cxpccted to rcsult in a low potcntid for impact to suitable habitat for this 
species. Meadow jumping mice arc found closc to permanent watcr and wet 
mcadows, Suiublc h a b i t s  for this spccics is limited on LANL property, Several 
sumcys have been conducted since 1990 with no specimens having been captured 
to date. Black-footcd ferrets usually inhabit large prairic dog towns which serve as 
a food source. However, no cxpansivc prairie dog towns have been found on 
LANL propcrry, thcreforc, the potential for this species to occur here is low. 
Suitable habitat on LAhl property for Goat Peak pika and meadow jumping 
mouse will need to be evaluated following the dcvclopmcnc of ;L detailed vegeta- 
tion map of this area. Appropriate survcys can then be conductcd to determine 
prcscncclabscncc. 

1 .O lntroduction 
Other than some bat species, three spccics 

of m m d s  listed 3s thrcatcned, cndangercd, 
or species of conccrn (SOC) may occur in 
habitats in the Los Ahnos National 
Laboratory (LANL) area or in the e x t  Jemcz 
Mountains. Thcsc species arc the Goat Peak 
pika (Ochotona princcps nigrescens), black- 
footed fcrrct (Murrcla nigripes), and Xcw 
,Mexico meadow jumping mouse (Zapus 
hudwnius), 

1.1 Goat Peak Pika (SOC) 
The Goat  Peak pika is genedly nocrurnd. 

Pikas occur commonly within the Jerncz 
Mountains on patches of large talus slopes on 
higher peaks, smdl rocky ucas at the hcad of 
Frijoles Canyon, older talus slopes of Cero 
Gmde, and cxposcd ski slopcs of Pajarito 
Mountain (Swickard et a]., 1971: Hafner, pen. 
obs.). Areas most heavily populated by pikas 
arc the Tschicomn Mountain and c s w n  rim 
01'thc Valles C:ddera, Rabbit Mountain, 
Rcdondo Peak, and Ccrros del Abrigo. 
Disturbance activities exposing talus such as 
logging and ski  slopc consaction have also 
produced suiublc habitat for pikas. 



b 

, . .  
1 .  

I ,  

1.2 New Mexico Meadow Jumping ' ' 

Mouse (SOC, StateThreatcnod) I ,  

Known populations of meadow jumping 
mouse in New Mexico have been found close, 
to pcrmmcnc free-flowing water, in riparizmi ; 
zones of scrc3ms and ditches, and in wet 
meadows neat cattail mushes associated with 
major rivers (Momson 1990,1992). Dry 
higher ground ncar waterways that providc ' 

locations €or nesting and hibernation are 
typical of habitat whcrc jumping mice have ~ 

been found. 

_ .  , .  

. ,I .. 

, 4. ' 

7.3 8lack-f00ted femt (Federal 
Endangered) 

Black-footed fcmts ;vc most commonly ' 

associated with pniric dog towns (Cynomys 
spp.) in thc western US, Pniric dogs serve as 
the main food sourcc for black-footed fcrrcts. 
During winter months black-footed fcrrcts 
move from burrow to burrow fccding on 
hibernating pnirk dog, Prairie dog t o w ,  
none of which have k e n  found within or ncatr 
LANL, vary in size but arc usually found in 
rclativcly open terrain whcrc vegetation does 
not hinder the line of sight to predators. 

'. ... 

2.0 Methodology: 
2.1 Goat PeakPika 
' 

on MI property forthe Goat Peak pika. 
However, numerous h c y s  in the Icmtz 
Mountains, including the c3sm portion, have 
rcvcalcd iodized high numbers of this 
spccics (Hafnc. pcrs. corn,: W n c r  1993. 
1994 1995: Swicl;;rrd et d, 1971). Specific 
methodology for sunkying this spccics wi!l bc 
bued on evaluations of cover and community 
typa at LAN,, Once'suiublt habitat h;ls been 
identified, ;L Site d u t i o n  will be made and 
if dcemcd necessary. formal s w c y s  for this 
species will bc pcrfomerl. The need to 
perform s w c y s  and the type of s w c y  used 
for Goat P u k  pikas wiIl dcpend on the 
p k n c c  and extent of suitable open talus and 
rocky IVC;LS on L A N L P ; ~ ~ ~ ~ .   his 
information will bc obmincd from lvld cover 
mps that will bc produced during the FY '97 
scopc of work, V I  

22 New Mexico Meadow Jumping 
Mouse I 

I The major activity$xiod for mcadow 
jumping mice in the Jma Mountaim- 
Espanola area is June bough September, with 
brccding occurring bcn~cen May md 
Scpccmbct (NMDGF 19S8). Since 1990, 
x e s  of potential habitat hvc k n  surveyed 
wing a snap mp protocol dcvcloped by 
Morrison (1990). ~cscsurvcys  took place at 
loations that were cduatcd 3s being the 
most suitable habitat avaihblt on L A L l  
property. A mhimurn:of four consccuuve 
nights of snapa;lpping,ws uscd Traps were 

mps per station alongb stream channel or 
within other appropriate habitat Aluminum 

No formal surveys have been conducted 

1 

I 

spxcd at 10-m (32-ft)btWds With t . h ~ ~  

J '  
I *  

* *  ' 
, .  
I\ 

! 
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Sherman live traps with thc dimensions 225 x 
7.5 x 30 cm (9 x 3 x 12 in.) and biiccd with 
sweet ked  wcrc also used. Tnps werc baited 
in late afternoon and set on ;L lcvcl surface 
under cover for protection from cxposurc to 
hear and prccipimtion, Tnps were left open 
overnight to caprurc animals, then checked 
early thc next morning. 

2.3 Black-Footed Ferret 

LANL propcq  for black-footed fcrrcts due to 
an apparent lack of suitable habint. 
P n l i m i n q  survcys will be conducted to 
determine if pniric dog towns exist on or 
adjacent to LAlm propcny. Formal survcys 
for black-footed ferrccs are conducted on 
rowns that u e  greater than 80 acres in size or a 
complex of towns gcatcr th3n 80 total m e s  
that arc less than 5 miles appart from one 
another WCFW 1988). Survey methodology 
diffcrs from w m c r  months to cooler munths. 
During pcriods of snow cover, surveys consist 
of daytime survcys whcrc trxks, scat. and 
buirowing activity arc rhe prirnq fucus of 
search, Burrows have a distinc: fonnstion 
unique to this spccics. During pcriock of non- 
snow cover, a series of survcys YC conduc:ed 
over three consecutive nights. The survcys 
consist of a completc check of the prairie dog 
town by usc of spotlighting and burrow 
checks. Acthitics resulting in disturbance of 
my part of a prairic dog town, or any p u t  of a 
complcx of towns, will rcquirc an indcpth 
survcy. 

No survcys havc been conducted on 

3.0 Results 
3.7 Goat Peak,Pika 

This is a common spccics within its 
dcsircd habitat and is more common than 
prcviously recognized for this area (Har'ncr, 
pcrs, comm.), Loss of appropriate habitat can 
occur by incrcasing moisture in d p  ucu 
which promotes invasion of vegetation that 
fills the talus slopes. If new activities around 
the Labontory result in disrurbancc of 
prcscntly undisturbed ground. thcrc will likely 
bc a low potentid for impact to habitat to this 
spccics, 

3.2 New Mexico Meadow Jumping 
Mouse 

conducted in habitat on L r L l  property 
cvduatcd to likely suppn this spccics. 
Although no individuals were found to &re, 
more extensive and thorough evdustion of 
potential habitat will be conducted following 
the dcvcfapmcnt of a detailed land cover map, 

Meadow jumping moue survcys were 

3.3 Black-Footed Ferret 

not bccn rcportcd in New Mexico since 1934, 
During various vegetation suweys performed 
in  and around &.I property over the lust 20 
years, no prairie dog towns have bccn 
obscrved No fomd survcys for the prcscncc 
of prairie dogs have bccn conductcd on LANL 
property. If prairie dog towns arc idcntiticd, 2 

more extcnsivc survey will bc done. 

The presence of the black-footed f c m  has 



4.0 Conclusions 
Three of the chrcstcned endangered, or I 

SOC mammal spccics identified CIS potentially 
occurring in the LAIN,, uta, the Goat Pedc 
pike meadow jumping mouse, md black- 
footed fcrnt have not been found on LANL 
propcq. However, the Gout Peak pika and ' 

the meadow jumping rnousc arc known to 
inhabit this region in habiuu similar to what 
is found on or around LPUNL propcq .  
Additional survcys will bc needed to 
dctcrminc prcsencdabscncc of thcsc species' 8 

on LANL property, Thc black-footed fmt is 
cxtnmcly nre and likely does not occur in . 
this however. s w c y s  will bc nccessq I ' 
to dctcrminc if extensive prairie dog t o w  
(>SO scrcs) occur in or ne= LAX. If so1 , 
morc cxtcnsivc s w c y s  wiU need to be ' 

conducted to dcterminc pmcncdabscncc of :- 
this species. 

Survcys €or my of these species will not 
bc conducted until com?lction of thc land, 
cover map. This map will aid in identifying 
and delineating the extent of potentid habie3t. , 
that could support thcsc species. 
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Abstract 
Bald cagles (Haliacctus leucocrpltalus) winter along the KO G m d c  but are 

not known to ncst in thc m a .  Most wintering bald c3glcs congegstc downstream 
from the Los Aliunos National Environmental Rcscxch Park ( L M R P ) ,  but the 
LANEW contains winter foraging and roosting habitat and potential nestling 
habitat. As bald eagles becomc more numerous and thc rivcr dclb above Cochiti 
Lakc expands, bald eagle use of L " E R P  is cxpcctccl to incrcasc, Potcntial ncst 
and roost trees in Whitc Rock Canyon havc bccn mapped and will bc monitored 
annually for signs of usc, Sensitivc zones around thcsc trees havc bccn mapped to 
trigger rcvitw of potentially disturbing activities. Innrcrngcncy coordination will 
incrcse chc cff'ccdvcncss of bald eagle habitat mmagcment in the area. 

1 .O Introduction 

thrcatcncd throughout thc lowcr 4 states and 
equivalently listed by the state of Scw Mexico 
as endangered (group 2), Bald eagles wintcr 
along thc Rio Gmdc,  including Dcpamnent 
of Energy (DOE) land in and around white 
Rock Canyon, and several dozcn often 
congregate downstrcam near Cochiti LAC. 
Some uc resident from November through 
March, but others move about, and peak 
numbers usudly occur in January or early 
February. Bald caglcs fongc for fish and 
waterfowl along the river and lakc and for 
carrion and rabbits over land, Whilc they 
forage most often in thc viciniry of Cochiti 
Lakc, they usc all of Whitc Rock Canyon 
regularly and the entire Pajuito Platcau 
occasionally. Bald caglcs roost overnight in 
canyons that offer weather protection, security, 
and convenicnct to foraging areas, usually in 
tall ponderosa pines in lowcr portions of 
tributary canyons, Bald caglcs around Cochiti 
Lakc behave as if they arc hunted, wewing 
and dodging in flight to avoid pcoplc. 
Evacuation of foraging and roosting areas in 
response to human prcscncc within 200 to SO0 

The bald eagle is federally listed as 
me:m (660 to 2640 ft> is rypical behavior. 
Because few bald caglcs ncst in Xcw Mexico, 
their nesting habitat is not wcll characterized, 
bur a sccurc FCC or cliff ncst site near suitablc 
aquatic habitat is probably required. 

Scvcral ogcncics have funded or conducred 
smdies of bald eagles in this m a .  Johnson 
(1993) hu monitored bald eagle winter 
population and diet near Cochiti Lake sincc 
1979, funded by the National Park Scrvicc. 
US A m y  Corps of Engineers (COE), US 
Forest Service WSFS), and US Bunau of 
Rcclmation. The USFS funded P study of 
bald eagles by Dodd ( I  979) in White Rock 
Canyon, md Public Service Company of Sew 
Mexico funded a study by Scahlcckcr (EES 
1986) in the upper portion of White Rock 
Canyon. " h e  New Mcxico D c p m c n t  of 
Game and Fish has performed mid-winter 
fixcd-wing aerial counts of bald eagles almost 
every year since 1978, and the COE has  
performcd hclicoptcr. counts most ycxs since 
1954. LANL funded a suwcy for roosting and 
potential ncsting habitat on thc LAlM3.P in 
1992, 



2.0 Methodology 

way to census wintering bald wdts, which. I 

tend to congregate at rcgulv msts (Johnson. 
1993). Late afternoon and early morning ' ' 

counts dong flyways to and from roosts ac- ' 
more effective than counts of eagles at roosts, 
where growing dvkncss and the dismcc 
required to avoid disrurbanct limit visibility. , 
Acrid counts covet more ground and samplc 
aquatic foraging ucu, but tend to detect , 

rclotively fcwcr i m a m  eqlcs. Collection ' 
of castings and other prey remains undermost 
mcs providc the most comptchcnsivt pictun: 
of diet, but undcrrepment thc absolute . , 
proportion of fish in thc diet. L rc  winter 
surveys of suitable roost m s  for accumulated 
castings, fathers. and droppings have proven 
to bc the most cftjcicnt method of 
documcnting occasional use of RCS for 
roosting and perching, 

Roosting counts provide the most cffcctive 

3.0 Results 
Winter roosting counts of bald eagles in ' 

the Cochiti m a  have g c n c d y  increclstd o v a '  
the years (Johnson 1993). as have thc 
statcwidc acrid counts (S.O. Williams III, 
pcrs. corn.). Since 1979, avcngc winter 
coum ncar Cochiti have doubled Figure 1). 
As total counts have increased. the number of 
bald caglcs using a r c s  farther upstream has I 

also incrcascc~ Over the s a c  pcrioc~ the 
' 

wetland habitat of the delta above Cochiti r 

Lake has expanded to about 12 km (7.2 mi) of 
d c h  bttwccn Frijoles Canyon and the lake in ' 

the 20 years since die lake was fillcd This I 

delta provides diverse aquatic and wetland ,. 
habitat for fish, wintering waterfowl, and bald I 

' 

eagles (,Ucn 1993), CGtings indicate that 
wintcring bald eagles consume fish, 

14 

I 

waterfowl, and sig.nifiunt amounts of e o n .  
'Cspccidly d e r  and k k  Water muagcmcnt 
'may affect bald a g l c  habitat (Johnson 19SS). 
4apcciiiUy bat of thc delta weclands, 

I '  

A survey ofpore;lM roost enes n w  the 
mouths of Watcr, Ancho, and Chaquchui 
Canyons in March 1992. indiclltcd occasional 
bald caglc usc of mcs near the mouth of 
Water and Chquchui Canyons, 3s droppings 
but no casting or itatbers WUT found ~ h c  
same habitat bps potential for nesting. Bald 
eagle use of the hjiuito Plateau is too spme  
to study or to attnct much amtion. but a 
detailed report of an imme~re bald ugle in 
Los Alamos &yon 3bovc the Omega reactor 
(A. h n ,  pcrs. c o m )  and a number of 
rcports of bdd ~ g l c s ~  iiiongSmte 
Highway 4 west of tbc Byldelicr entrance 
iliusmc that use do& occur, 

I *  
' 0  

I . I  . 

Figure 1. A v a q c  numbcis of bald eagles 
roosting ncar Cochiti Ukc during the winters 
ot',1979-1996. An incmsing b n d  underlies 
annual variations, which arc dependent on 
w a w  management and \vather (Johnson 
1993). , t 

. .  
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Fifteen suitable roost and fivc potentid 
nest trccs in thc lower tribuwy canyons and 
scnsitivc zones extending up to 1700 m (5610 
ft) from roost and 900 m (2970 ft) from 
potentid nest trccs wcre mapped in 1992 
(Johnson 1992). Scnsi tivc zones indicate an 
arca in which LAX activities should be 
tcviewcd for potentid impact on roosting 
(Xovembcr 1 - March 3 1) or nesting (Jmu;lry 
1 -July 3 1) bald eaglcs. and outside of which 
no effect is anticipated, 

cluster future dcvelopmcnts to maintain large 

4.0 Conclusions 

Canyon should incrcuc as tfit Cochiti Lakc 
delta continues to expand upstream and 
numbers of wintering caglcs inmasc. 
Indications of bald csglt ut on DOE land in  
Whjtc Rock Canyon in 1992 were too slight to 
justify direct bald eagle counts, but annual 
surveys for signs of use is an appropriate 
method ro monitor and docurncnt bald eagle 
winter use therc. hfrcquent and scattered use 
of tcmsmd m a s  does not justify direct 
survey for bald eagles in tcrrcstrial areal but 
rnan3gcmcnt planning should recognize thv it 
does occw at low Icvels, and may bc 
associated with elk or dccr canion. Likcwisc. 
bald eagle nesting in White Rock Canyon or 
adjacent arcas is a possibility that should not 
be discounted. 

Bdd eagle use of DOE land in White Rock 

7(- 

dcvelopcd an ecological framework for 
muaging . . . the . .. .. Cochiti -I --_I.-- delta wctlands (Allen 
1993, Thc DOE and hi should continue 
to pmicipatc in thc Cochiti Lakc Advisory 
Cornmittec, which is now being organized to 
providc ongoing input into river and reservoir 
mmagement. 

Scnsitivc zones should be uscd to flag 
review of LAYL 2CtiViKiCS to prevent 
disturbance of roosting or nesting bdd caglcs. 
Porentidly disturbing activities should bc 
schrdulcd outside of the scnsitivc scuon. 
unless non-occupancy has bccn dctcrmincd at 
that time. Thcsc zones arc mainly 
undcvcloped and should rcmairi so, LAXL 

15 
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Golden Eagle Habitat Management in the Los Alamos National 
Environmental Research Park 
Tenell H. Johnson 
'consultant 

Abstract 
Golden eagles (Aquila chrysaeros) regularly breed in Whitc Rock Canyon and 

havc ncstcd in the Los i u m o s  National Environmental Research Park (LN 
LVERP). A sensitive zone around an historic nesting cliff has been mapped to 
triggcr rcvicw of potentially disturbing activities. 

7 .O Introduction 

listed but is uncommon in the area and is 
protected under chc Bald Eagle Act 3s 
mended in 1962, The Los A m o s  breeding 
bird atlas ;~cknowledgcd historic records of 
goldcn eagles breeding in Los iuamos County, 
but found none brceding during 1984-88 
(POS 1992). Goidcn eq$cs 1112= usually 
prcscnt in White Rock Canyon during the 
brceding season, which begins in early 
Februvy and extends through the end of July 
and sometimes during the est of the ycu. 
They forage primarily for small mvnmds 
such xi rabbits and occasionally larger 
mammals or watcrfowf. Golden eagles 
usually build stick ncsu on cliffs, sheltcred by 
an overhang, and gcncnlly lay eggs in carly 
Much and fledge one young in Iatc June. The 
narrow pan of White Rock Canyon above the 
mouth of Frijoles Canyon appqus to be ;L 
center of bncding activity, where nests have 
been found on two diffcrcnt cliffs, one of 
which was located in the LAMERP in 1979 
(Johnson 1991). A breeding temtory will 
typically contain scvcral nest sites that xc 
used periodically, but breeding docs not occur 
every year. 

The golden cagk is not fcdcrdly or state 
2.0 Methodology 

Observation of suitable nesting cliffs 
during the breeding season is the most 
effective way to dctcrminc usc by goldcn 
coglcs. Observation at a m g c  of about 400 m 
(1320 ft) early in the scuon, especidly cxly 
in thc morning, provides the best oppomnity 
of detecting activity at a cliff, which docs not 
idways Itad to nesting. Scanning stick nests 
on cliffs with II powerful sponing scope from a 
hi& vantage point is ;v1 cflcicnt method of 
discovering nesting ctlglcs lam in the stson, 
but concluding tbar o nesting cliff is vacant 
requires olmwtion at close mgc. 

3.0 Results 

breeding h the LANEW since 1979, bur no 
consistent moniroring hu occurnd. The LN 
NERP historic nesting cliff was checked but 
nor found to be occupied’in 1994. However, 
golden cagle use of the u c a  continucs, as an 
adult and immature golden eagle wen seen 
scpmtciy in the area in August IF96 (B. Foy, 

Golden cnglcs havc not bccn found 

pcrs. corn , ) .  
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A stnsitivc zone atending up to 900 m 
(2970 ft) from the historic nesting c l 8  was, 
mapped in 1992 (Johnson 1992),.,Thc ,.; .,;, 

' ' scnsitivc zone i n d i m s  an area in which .'"I 
LANL activities should be nvicwcd for .:. :':': 
potential impact on nesting golden cnglcs . : , I  

from February 1 -July 31, and outside of :I; ,. 

, I  

. .  

:I ..$ 

" .  t 

which no effect is anticipated. ' . A  

4.0 Conclusions 
Golden eagle use of Depamncnt of he 

land near White Rock b y o n  cmbc cqxctcd 
to continue, with occasional nesting in thc.LA/ 
NEW. &nuat survcys for sips of use i s  an:" 
appropriate method to monitor and documcht'' 
golden caglt nesting. The sensitivc zone .. .:I* *(, ,  .i 

3ctivi tics to pnvcn t  distutbancc of nesting ~ 

golden eagles. Potentially disrurbing 3ctivitis. 
should bc scheduled outside of the scnsitivc~ ; '' 
smon, unless nonsccupmcy has bccn : ! .: 
dctcrmined at that time. This zone is mainly i;*: 
undcvclopcd and should remain so. tANL ,. , .:: 
land-use planning should also recognize the, 
contribution of turcsaial foraging a r c s  and.; i :, 

. cluster fum dcvclopmcnts to maintain lvgc ::,'; 
blocks of open 13nd cspccidly near White ; i ,  .: 
Rock Canyon, 

Should be used to flag r ~ v i e w  Of W'L ;! _ .  

I 1  

, I  . I  
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Peregrine Falcon Habitat Management in the Los Alarnos National 
Environmental Research Park 
Tobrrell H. Johnson * 
'Consuftant 

Abstract 
SuimbIc breeding habitat for the American pcrcgrjnc falcon (Falcopercgrinur 

anarum) is located in and around thc LOS Almos  Xntional Environmcntal Rc- 
scarch Park (LANEW), and the entire area is foraging habitat. Statewide, thc 
pcregrinc population is increasing, but has experienced a rtccnt decline in repro- 
duction, which thrcatcns to rcversc this population trend. IF peregrine falcons 
continue to increase in New Mcxico. pcregrinc usc of the LAh'EXP is expected to 
increase. Suitable breeding seas in and around the LNX'ERP have k e n  identi- 
k d ,  and thc most important scnsj tivc zones have been mapped to trigger review 
of potcntidly disturbing activiries, A hrtbitai managcmcnt plan has bccn dnftcd 
for some suitable breeding habitat, which will rcquirc intcngcncy coopcntion to 
completc. 

7 .O Introduction 

and state listcd IIS cndangercd, Pcregnnt 
falcons nest on cliffs with dcfcnsible and 
protected nest lcdgcs that arc in good foraging 
habitat. Peregrine breeding habitat occurs 
throughout the mountains of Sew Mexico, 
including lands in and around the Los Almos 
National Environmental Rescarch Park (LN 
NEW). Percginc klcons forage up to 20 km 
(12 mi) from nesting uxs, almost entircly for 
birds, which are attacked and caught in the i r .  
Avian prey is vulncnblc when it  is without 
cover, which may occur in a Ivgc gulf of air, 
u found OVC: 3 canyon or over large 
g r u h n d s  or bodies of water, They are 
residcn t from early March through mid 
October. Brccding percgint fdcons have 
been increasing in Ncw Mexico for rnorc than 
;I decade, but pesticides cvidendy continuc to 
impair rcproduction, and occupancy of 
breeding tcrritorics remains bclow recove? 
levels (Johnson 19951, 

Thc American peregrine falcon is federally 
By agccmcnt among the wildlife and 

major lmd mulagcmtnt agencies in New 
Mexico, dl suitable pcrcgrinc habitat is 
managed 3s if occupied, in the absence of a 
current dctcrmination of vmncy.  Suitable 
habitat has bccn identified throughout much of 
the state, baed  on an objective evaluation of 
historic habitit. The suitable habitat approach 
has proven to be the most efficient ;urd 
cffectivc mmagemcnt strategy bccausr it 
maintains thc distinction between the rekttivc 
p rmucncc  of habitit and msicnce of 
habitat usc by individuals of the species, It 
maintains habiut for population expansion 
and protccts percgrints wbcrcver they may 
breed. At tlic same time, it pennits 
coordination of othc: acrivi ties in a prcdictablc 
rnanncr, Attcmpts to coordinate activitics 
bused on occupancy in my gvcn y c u  have 
proven complicatcd and inefficient, rvld hnvc 
usually disappointed expectations and resulted 
in more disclosurc than predctcrmincd habitat 
rnanigcmen r, 
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Observations have shown how preghts 
respond to human activity (Johnson 1985). 
Disturbvlcc cul prevent birds from occupying 
habitat or cause mortality of young by 
intcrmpting csscntiat partntd c m .  Nesting. 
anas in New Mexico with frequent human 
activity arc gencnlly occupied incgularly, and 
peregrines in arcas with occasional 
discurbancc suffer reproductive failure more 
often than thosc in undisturbed ~ ~ 3 s  (Johnson 
19943). While pesticide impacts on 
reproduction result from national or 
international factors. local managcmcnt of 8 

peregrine habitat focuses on minimizing , 

disturbance and maintaining habitat quality. : 
Preserving the confidcntialiry of nesting &I 

is essential to minimizing disturbance bewusc 
the pcrcgrinc has such nororiccy that 
disclosure inevitably n s d ~  in disturbance. 

In e o o p t i o n  witb the US Fish and ' 

WIldlifc Scrvicc and fedenl land m a n a p a t  
agencies, the New Mexico Dcpiuuncnt of 
G m c  and Fish d e s  thc lend in monitoring 
and compiling information on peregrine 
falcons in New Mclu'co. &SI, h u  bccn 
coordinating peregrine habitat management : 
with state and federal wildlife agencies for ' 

nvo decades, supporting habitat monitoring * 

and cnsuring that activities do not impact ' , 
habitat, individuals, or the species, 

20 

'2.0 Methodology 
: * Suitable n ~ ~ g ~ ~  arc monitored for 
occupancy and nesting Xtivity by observing 
with binoculars ud>p&inp scope from o 
distvlcc of ryPic;rllpt50 mctm (495 yds). 
This allows complcrt aural and visual 
observation of nesting activity md rcsoluuon 
of individual plum~~chu;leruistics with 
minimal disturbmcc:(Johnson 19SS b). 
Nesting anzu 32c visited ac lcast twice every 
year, but s often u necessary to dttcrminc 
occupmcy and reproduction. Results have 
bccn smd3fdiZed b y  having four highly 
cqxrienced obscrve& do nculy dI the 
penpine monitoringin the sate. Individual 
plumages can be uscd to detcrminc identity 
and ~vt recorded whmcver possiblc, 

: Habitat idcneifidon is bzcd on analysis 
of foraging and ns&gropopphy and cliff 
c ~ ~ ~ ~ t t r i s t i c s  wociitai with d n e  
falcon bmding xcwb'(Johnson 1993). Factors 
of elevation and slope~odcl prey abundance, 
divcrsicy, and vulaendilhy to index the 
suitability of bmding$mitodcs, and factors 
of cliff size, structur~ position. ;lad 
t c m p t u r c  index the svitrrbility of nesting 
difEr. Four sensitive &ts mud each 
suitabit nesting area h3vC been dcfmd 
n1ative to percginc r&popscs to disturbance 
and actend from 900 nn{990 pi) up to ~400  m 
(3740 yd) from suitable ncsting cliffs (Johnson 
1983). Thcsc zona  ak used to evaluate ELnd 
schcdulc activities occurring in the zones, to 
p m m t  disturbancc (Johnson 1994). 
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3.0 Results 
Sensitivity of the information prccludcs 

disclosure of local monitoring dah, which ut 
nor statistically significant by thcmsclvcs but 
ut consistent with statcwidc data, Occupancy 
of breeding habitat in New Mexico has 
incrcascd since 19S0, bur reproduction has 
declined since 1988 (Figure I ) ,  Recent 
rtproduction has becn just above the level 
required to rnainmin thc population, and if i t  
continues to dcclinc, the population will soon 
begin to dcclinc (Johnson 1995). 

Figure 1, Occupancy of historic breeding 
territories by my pcrcMnc (Iinc) and 
reproduction by adult pairs (bars) in New 
Mexico during 1979-1996. Occupmcy 
nprcsents population, 3nd has becn 
incrcziing, but the trend depends on prior 
reproducdon, which has recently declined 
close to rhc minimum rnaintenvlcc Icvcl 
(Johnson 1995). 

Habitat identification in and around chc 
L A "  bcgm,in 1979 and h;LS continucd as 
habitat criteria have bccn refined since. A 
number of suitable breeding uca have bccn 
identified in and around the CVNEW, all of 
which involve shared responsibility with othcr 
land rnanagcmcnt agcncics. The D c p m c n t  
of Energy (DOE) has  primary federal 
rtsponsi bility for some of these areas, but 
necds only to ensure that LAX activities do 
not impact others. Scnsitivc zones and ;L 
habitat management plan wcrc drafted for one 
suiable nesting m a  in 1992, and a sensitive 
zone wxi delineated in 1992 where LASL 
accdvitics within the LADEW arc most likely 
to havc an effect on ncatby habitat. The entire 
LMERP is peregrine foraging habitat. 

4.0 Conclusions 
Peregrine falcon breeding xtivity in mci 

xound the LMNERP should incrwc if the 
pcrcgrine population continues to incnue. 
Annual monitoring of habint for which the 
DOE hu primay responsibility provides 
useful rnanagcmcnt information and should 
continue, Revision and cxmnsion of the draft . 
habitat m,lnawncnt plan-ab11;11 

for which the DOE h a  primary fcdcnl 
responsibility should bc completed, which'will 

3 require carcful e o o p c m i w i t h  other 
agencies. Sensitive zones should k used to 
flag review of L.WL activities to prcvcnt 
disturbme of breeding percpne fdcons in or 
near the LAMERP. As a rulc, all gotentially 
disturbing activities should bc schcdulcd 
outside of the breeding season, but biological 
monitoring information may be used to 
CVdK3SE crhjcd activities within the brccding 
scxion. LASL land-use planning should also 
rccopizc the contribution of tcmstrial 
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foraging areas and cluster fumn dcvclopments 
to maintain I q c  blacks of open land 8 * 

Coopention with adjacent land management 
and wildlife agencies is essential to the . 
successful habitat rnuragcrncnt for this 
species, 
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Evaluation of the Use of Satellite Imagery 
as aTsol to Predict Habitat of the 

Jemez Mountains. Salamander, 
Piethodon neomexicanus 

Louise 7rippe and Tmothy K, Haarmann 



Abstrad 
A study to determine the accumy and feasibility of using satellite imagery 

technology to locatc or predict specific habitat, using thc Jcmez Mountains sda= 
rnandcr (Pferhodon neorncxicavrus) as a modcl spccics. \ v u  conducted. It appears 
that n satcllitc imagcry map, bucd solcl! on ;I small suite of physical chuacreris- 
tics (elevation, vegetation, w d  gradient). was not successful in predicting habitat 
for Jemcz Mountains salamander. Inclusion of additional habitat fcaturcs would 
bc rcquircd to strengthen thc predictive powcr of thc map, It is possible that 
infomation obtained through geological maps, soil conscrvation units, md vcg- 
ctation data bars could be cntcrcd into thc Geographic Information System to 
strcnghtn the predictive value of thcse maps, It was dctermincd that satellite 
imagery could be used 3s an initial screening process to dcterminc potential 
salamander habitat, 

1 .O Introduction 

Radiographic Hydrodynamic Test Facility 
Environmental Impact Smrement (1 995) 
mandates thc complction of a Habitat 
Management Plan (HMP) for Species of 
Concern (SOC) and thosc spccics considered 
threatened and endangered that occur on, or 
u tilizc, thc 43 squvc miles of the Los i u m o s  
Xationd Labontory (LANL). One of thc 
objectives in dcvcloping the WMP is to gather 
data p e d n i n g  to the habitat rcquirernents of 
both threatencd and endangered species (TES) 
and SOC in  M effort to dclineatc thc arc3 used 
by a particular spccics, 

Thc Rccord of Decision for thc Dud +,xis 

A study to dctenninc the accuracy and 
feasibility of using satcllitc imagery tcchnol- 
ogy to loc;ltc or prcdict spccific habitat. using 
thc Jcmcz ,Mountains sdmandcr  (Pfcrhodon 
neamexicunus) as tchc modcl spccics, was 
initiated by LA4;L in May 1996. This species 
wxi  sclccted on the basis that it is currcntly 
listed by the State of Sew Mexico LS threot- 

encd, is considered J federal SOC, and has a 
range which encornpsscs thosc lmds owned 
and administered by LAiNL,, The purposc of 
this study was to provide habitat and distribu- 
tional d m  for Jcrncz Mountains salmuldcr 
bused on satellite imagery. Work discussed in 
this report was carried out by Louise Trippc 
and Timothy H w a n n  as J part of thc devcl- 
opmcnt of the tPUX TI3 EMP. 

1.1 Study Objectives 
9 ASSCSS the feasibility of using satcllitc 
imagery ;IS a tool to locate Jemcz Mountains 
salamander habitat and populations. 

Evatuatc stand lcvcl characteristics in 
wgetcd ucu in ordcr to ground truth satellite 
imagery baed  maps. 

surveys to identify any suitable Jcmcz 
Mountains salamander habitat on LrLTL 
property, 

Consult with LANL pcrsonncl in field 
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The following information is presented in this 
rcport: 

;L written assessment explaining the * 

accuracy and fcsibility of using urcllitt 
imagery to prcdict suitablc Jemcz Mountains 
salmandcr habitat, 

. . 

- 3; satellite imagery map based on sclcctcd 
habitat variables submittcd to Earth Data , 1 

Analysis Cenrcr (EDAC), and 
, 

' I  

* ;L list of kmcz Mountains salamander sits 
visited within the Jcmcz Mountains. 

7 2  Geographic Distribution, Habitat , 
Associations, and Natural History of 
Jemez Mountains Salamander 

Jcmcz Mountains salamandcr is a m c m k  
of thc lungltss salamanders f d y .  
Plcthodontidae, It is described as ;L small (total 
length = 55 mm c.2 in.l), slender sdam;mdcr, 
uniformly brown with shiny, bnssy flecking , 
along the back, sooty to pale p y  below, and 
palet on the throat and tail (Stebbins and 
Ricmcr 1950). Thc fifth hind toe is abscnc or ' 
reduced. This species represents a biological 
anomaly as it is rhc only rcprescnudvc of *his 
family and genus found in the southern Rocky 
iMount3ins. It is ;L terrestrial sdvnander 
endemic to nohh-ccntnl Ncw Mexico, w h a t  
it inhabits high-clevation coniferous forests ,I 

and associated habitats within thc Jemcz 
Mounuins. The entire range of this species 
extends for less than 1,622 squarc kilometers' 
(1 ,O I 1 square miles) located in Sandoval, Rib a 

Arriba and Los A m o s  Countics. Within its : 
nnge, Jcmcz Mountains salamander appcm I 
to exist as a series of disjunct populations, , 

scpmtcd by geophysical and vegetational ' , 

fcacurcs (Painter unpub. report. 19931, 

I 

2 

.. ' 
9 '  , 
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I 

Populations arc found primarily on land 
administered by the USDA Forest Service, 
Smu Fc National Rrcst, although it has been 
rcportcd to occupy Ikd owned by thc Sanu 
C b  Indian PuebldBYrdclicr National 
Monument. LANL, h d  private individuals. 
"his species hu bccu rtcodcd from 2190 m 
('7LS3 ft) to 3290 rn (10.79 1 ft). A site I a c d  
on LAIC property rcprcscnr; the lowest 
known elevation (2190 m PI83 ft]> that this 
salamander has bccnfound (bmotnik 1956). 

. I  . 
. 

Jemez ?4ountainsdammder is most often 
found under decaying logs and under rocks in 
mixed coniferous foccsts (Reagan 1967, 
liYnomik 1986). Thchost common tree 
species associated with Jemcz Mountains 
salamander ;ut white $ir(AbicscuncoZor), 
Engelmann spruce (Picec cngchatii), blue 
S ~ C C  (Picca pungeni), quaking aspen 
(Poputur trrmutoidts), D o u g h  fit 
(Psctldotsrrga merci&Y), ponderosa pine 
(Pinurponderosa), m;dRdy Mountin 
maple (Accr glabrtun) (Ragan 1967, 
Ramotnik 1986). Ohm trcc spccics found in 
Juna Mountains salbandcr habitat include 
subalpine fir (Abies h i o m &  Gmbel  odc 
(Qucrcw gambclii), wwylcafodc (QuerctLc 

unddizta), and stvcraltsptcics referred to s 
nonloak dcaduous (Painter unpub. rcpolz 
1989). Shrub and forb spcics associated wich 
thtsc forested mas include: Colondo blue 
columbine (Aquilegia C ~ I W ~ ~ C Z ) ,  Richardson's 
gemium (Gemniurn ridrrudronii), dwarf 
juniper (Juniperus CO&~S), pinesap 
(Monampa la r isqum),  V i n i a  creeper 
(Parthtnoeissur inscna), New Mexico locust 
(Rbbinia neomcxicmu), thimbleberry (Rubrcc 
parriflom), and Canada violet ( X o b  
canadcnsis) (Rcagan 1972). Although studies 
arc cumntly undcnva$ to dctcmine the 
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impact of timber hvvesting on Jemez 
Mountains salamander (Painter, unpub. 
report, 1993), no conclusive evidence exists to 
date describing the impact of timber 
haiicsting, fire, or mining on this specics. 
Ramotnik (19SS) found no significant 
difference in size classes of f i r  and sprucc 
between tr;lflsects with sdammdcrs (10 total) 
and those transects without (33 total). Reagan 
(1972) also reports locating five salamanders 
at the cdgc of meadows, 

The most consistent and perhaps the most 
important component of Jemez Mountains 
salamander habitat is thought to be the 
presence of fragmented rock in the soil profiic 
(substrate) (Paintcr, personal corn . ) .  Reagan 
(1972) describes the presence of remnant talus 
at all locations where salamanders were found. 
This type of substrate. in which cxmsivc 
rhyolite is broken down to produce a talus 
slopc, stems from the volcclnic origin of the 
Jcmez Mountains. Talus is known to be an 
important fcature for scvcd  Pfcrlwdon 
species. Given the narrow range of climatic 
conditions that are necessary for Pfcrhodons to 
cxist. it is believed that thesc cmhdls move 
through thc pcmcnblc talus interstices during 
unfavorable surface conditions to seck 
preferred tcrnpcnture and moisture reghcs. 
R e a p  (1972) and refcrcnces therein have 
suggested that the talus, which provides open 
channels to rhr subtcrrmcan cnvironmcnt, 
may ;Iccount for the survival of this species in 
t!!c harsh environment of the Rocky 
Mountains (Rmotnik 1986). During periods 
of prolongcd precipimtion, animals movc up 
from thcir talus retrcats to t!!c surface where 
cover objccts such ;LS downed woody debris 
arc widely used. Ramotnik (1986) located a11 
salamanders in her 193s survey pcriod in 

downed logs. Downed woody material, 
howcvcr, comprised >94% of the 800 cover 
objects scarchcd,'and logs contributed to 95% 
of this downed woody matcrial (Ramotnik 
1985). Jcrncz Mountains sdmander has been 
found using other surface objccts, such ax 
talus and fine woody debris for cover (Reagan 
1972). 

Scveral studies have suggested that slope 
is an important factor in suitrtblc Jcmcz 
,Mountains salamander habitat (Rmotnik 
1986, Reagan 1972). bmotnik. (1988) 
identified slope as the most uscfd vY.iablc in 
determining the prcscncc of Jcmez Mountains 
salamander. It was speculated that, due to the 
combined effects of gravity and movement of 
watt: and soil, stcep slopes may bc lcss 
compacted and contain more interstitial spaces 
in the soil, Subsequent investigations, 
however, have found Jemcz Mountins 
salamander to cxist at I wide range of slopcs 
(from 0 to 100% gradient) (Painter unpub. 
report 1993, Scott et al. unpub. report 1987). 

Although the sdmandcr does not appcar 
to be confined to sIopcs of a particular upcct 
much of the published data suggests that 
suitable habitat is most oftcn found on north- 
facing slopcs or shcltmd C W ~ O R S .  Because a 
north-facing slopc is more protected from 
dircct solar radiation. evaporation and 
sublimation occur at a slower rate (Wcst 
1959). Gradual snow melt enables water to 
soak into substrates rather than being lost by 
sublimation or runoff (Anderson 1963). 
Diffcrenccs in available moisture may v u y  
between north- and south-facing slopes as 
much as 21% (Wcst 1959), Nmow canyon 
walls also providc protcction from wind and 
direct solar radiation. thus allowing for similar 

3 



. . . .  I 

conditions with respect to snow accumulation.< 
Ramotnik (1986). howcvcr, found that 
elevation had ;1 greater effecr on microhabitat 
variables such as ground cover, temptnture, 
and moisture of logs than either slope or 
aspect. 

Moisture is an important component of 
Icrncz Mountruns sdarnandcr habikt This 
species is a lunglrss salamander which 
requires that its skin be in contact with moist , 

surticcs Cor rrspintion (Goin et d. 1978). 
Observations of Jemcz Mountains salamander 
on the surfaec arc rypicdIy during the summer 
months following periods of heavy rain. This ' 
species may be oppomnisticatly responding 
to suinblc surf'acc conditions such as moisture 
and tcrnpemnuc (Ram0m.i.k 19S6, Reagan 
1972). R c a , ~  (1972) nporrs that salunandas ' 
wcrc only seen active on the S W ~ C  at night , 
when litter and foliage werc "dripping wet" , ' 

from afternoon thundcrshowcrs or night 
storms. All salamanders he found during the 
day were inactive in thc coiled position, 
Diemy analysis of 29 spccimens furrhcr 
suggcsts that these animals arc tmaurnal 
foragers (Rea,m 1973, Bccauc imporcant 
data is lacking for thc 39 individuals used in 
R e 3 p ' s  dcuy analysis, a morc rigorous 
study is currently underway (Painter unpub, 
report, 1993). It is known, however. that 
Jcmcz Mounrdns salamander prcys on a wide . 
m y  of invertebrates such u mites, spiders, 
crickets and other orhoptems, flics, and ants , 
(Painter unpub, report, 1993). Both rcscxch 
carried out by Rcapn (1972 ) and Painter 
(1993 unpub.) found that ants werc thc most : 

frcqucntly consumed prey i tern. 

1 

1 

2.0 Methodofogy 
2.1 Establishing CriteriaNariables 

, An cxtcnsivcliterarurc review w u  
conducted in ordcr to obtain alI available 
published infomation describing the natunl 
hismry, ecology, and habitat associations of 
Jcmcz Mountah sdunurdcr. Additional 
information and nxommendations wen 
obtained through personal communication 
With Marilyn Altenbsch. Ncw Mexico Natud 
Hcdngc P r o m ,  and Charies Painter. Sew 
Mexico Department of Gync and Fish. both 
o$ whom are mntly'conducring studies oi  
Jmcz Mountains sdmmnder. Informadon 
was then evaluated and those elements most 
consistent in descriptions of thc sdmandcr's 
habitat wen: prioritized. Once a list of habitat 
pmmetcrs had becn dcfmcd, a mctdag witb 
m A C  rcprescnmtivcs took place to rtvicw the 
pdcrrcd variables. Of thc original seven 
preferred Vyiablcs, only h e  codd bc 
pynmctcrizcd by EDAC for the production of 
a Jcmtz Mour;lins strlamrrndcr habitat-bwd 
map (Table 1). It was decided that both 
Frijolcs and Guaje Mountain US. Gco1ogic.d 
Survey (USGS) Qu~&glc (7,s min. series) 
maps would be used & thcy encompass the 
areas directly north and south of LANL. 

2.2 GmundTntthing of Satellite 
Imagery Maps and Consultation of 
LAN1 Personnel in ldentming Suitable 
Jemez Mountains Salamander Habitat 

In order to chmct&xc thc habitat fwruxs 
of Jcrncz Mountains s;iiyn;mdcr, 12 locxions 
were visited in Sandoval u d  Los A m o s  
Countics where populations of Jcmez 
Mountains sdmurder ax known to exist 
(Appendix A). At a c h  site, information on 
scud smcturc and composition, gradient (5 
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slope), asptct, e1cvation, and substratc WLS 

recorded. Gradient was measured using a 
clinometer, and clcvation w u  taken from 3 
USGS topographical map, The habitat data 
from sites known to supporc Jemcz Mountains 
sdamnndcr WLS used as a refcrcnce to validate 
the specific spcctral classcs dcpictcd on thc 
satellite imagery maps (Figure 1). An 
additional 13 sites were visited in an ct'fon to 
ground uuth (qualitativcly) and LSSCSS stand 
lcvcl chuactcristics of those arcas identified 
on the maps CLS potcntid Jcmcz Mountins 
salamander habitat. Of the 13 sites visited. 
four had been targeted in prior ycats as 
suitable habitat likely to support populations 
of this salamandcr. No amphibian field 
surveys were conductcd due to inappropristc 
weather conditions. 

Maps of locations wlicrc Jcmrz Mountains 
salamander survcys had been conductcd wen: 
provided by the Ncw Mexico Natural Hcrkige 
Program. Thcsc m3ps were superimposed on 
to the satellite imagcry map to determine if 
here w e n  any correlations between the 
wgetcd u t a  on the satcllitc imagery map and 
the areas where Jcmcz Mountains sdamander 
had been found. 

3.0 Results 
Seven habimt attributes werc identified 3s 

being i m p o m t  to thc mapping project (Tablc 
I ) .  Because data for three of the attributes 
wcrc not available, the selected list of habitat 
fcaturcs to be used in generating the satellite 
maps included (1) 1111 mixed coniferous 
stands, (2) elevation range of 2000-3300 m 
(6560-10S24 ft), and (3) a gradicrx > than 570, 

Tablc i ,  List of prcfcrrtd and sclcctcd habitat 
vuiables used in the development of a habibt- 
bucd map for Jmcz Mountains salamander. 

Prcfcmd Vuiablcs 
Gcological materid 
Elevation 
Moisture 
Vegetation 
Cover 0 bj:cts 
$spec t 
Gradient 

Sclectcd Variables 
Elcva tion 
Vcgcntion 
Gradicnt 

A gradient bf >S% WU used xi a means 
of eliminating mesa tops from the resulting 
map and should not be interpreted as a specific 
variable for Jcmcz Mountains sdmandcr. 
Habitat-based maps, including elcvational 
contours, major drainages, and roads wcrc 
gcncntcd, using the three selected habitat 
nmibutcs, for Guajc Mountain and Frijolcs 
USGS qwdranglcs (7.5 min. series). 

Information on stand structure and 
composition, gradient, aspect, elevation, and 
substratc was recorded at 12 known Jemcz 
Mountains salmandcr Sites (Tablc 2). Five of 
thcsc sites arc located in Frijolcs and Guaje 
Mountain Quadrangles, and provided 
refcrcncc data which verified the spctrd 
C I ~ S S C S  t q c t c d  as potential Jcmez ,Mountains 
salmmdcr habitat. 
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Site Name 

Pony Canyon 
Ont Canyon 

Unnnmcd Clnyon 
Bear M y o n  

Bcar Canyon 
Barley Canyon 
S b  Hill 
u. Water Canyon 
u. Wdtr Canyon 
Pueblo &yon 
And Canyon 
Lo3 Aliunor Canyon 

We visited 15 sites in order to qudiutivdy 
ground truth the svclli tc imagery maps (Table 
3). These sites wcrc sckctcd on the basis that 
they were depicted as the same spccaal 
classes as known Jcrnct Mountains 
salamander sites. It was found that. at this 
level of resolution, there was no distinction 
drawn bctwccn ponderosa pine-dombated 
stands and mkcd-coniferous stands, In Guajc- 
Canyon, certain portions of thc canyon that 
actually contained habitat attributcs. as 
dcfined by the list of variables, wcfc not 
includcd in the same spccenl class as other 
xes mccting the same set of variables, T h a t  
UC;IS and their spcctd class wcrc 
subscqucndy located on another higher- 
resolution sntcllitc imngcly map of the same 
quadrangle, and all was delineated by this 

' , 

' 

, 

, 

Elcvsuon m (ft) Cndicnt(% Slope) Aspect Form! Cornwsluona Forest Saucturc Substrate ' 
. .  

L 

343 [MO) 5s N MlxCon Matwc Rock 
2472 (8:Jo) ss N MlxCon . ' " M n n u c  Rock 

2608 (8606) 57 " Mixcon M n m  Rock 
390 (8SS7) 69 S MixCan " Morum RoJ; 
37s (8497 45 S '  PinFon Mnture Rock 
2743 (9150) Rat "" Mlx Con . Polc No R€xL 

34 (8408) 68 W MixCon . MPnuc Rock 
sea (W) 6 0 -  N MixCon Mnrurc Rock 

N ,  MPrurr Rock 3 60 noo) do' 
2160 ~ W )  -ss N MlxCon 
3 3 3  (7039) -SO N MlxCon 1 M P ~  Rock 

2472 (82Po) 47- I H ,  , M i x a n  1 M ~ U E  ROCk 

Rnmn 1 MUUE Rock 

. . .  
I . ,  6 

I 

spka;l l  class wcrc added to the find mp 
produced by EDAC, Due to h c  consCninrs 
on the project, a moE &tiwivc.and 
systematic murid rmthing process was not 
possiblc. , 
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When the map of scIcc:cd survey sites was 
supahposed on to the si-teIIitc imagery based 

included in the m c  spceaal classes, Tbc 
habitat-based mcllitc imagery map did not 
differentiate bctwccn those sites where 
sdmiindcrs had been found and those mas 
whcrc survey dforcs h d  not resulted in 

mp,'dl locations of ~~ surveys w t n  

l ~ t h g s d m ~ d e ~ .  n 

I 

'. . 





Table 3* List of m a s  visited for ground truthing of sstellitc imagery maps. Forest composition is 

LCCATIOS 

defined in Appendix 13, 

PKlOR SURVEY 
YESIS0 

SPEcrT(O* 
COMP. 

DG 
DC 
DC 
L11S cos 
wires 
?ISi'OS 
MIX COK 

PlNPON 
PlNPON 
PINPON 
PINPOP4 
MIXCON 
DG 

Waicr Cllnyon I 
USicr Canyon 2 
Wacr Canyon 3 
: >l i l t  Canyon 
*\IX!lU CJn}ac 
CdIIJdII Jcl EU,.). 

MOrtillldaJ Clulyon 

B a y o l D m c a  
Rendija Canyon 1 

Rcndlji Canyon 2 
Rcndija b y o n  3 
Pueblo b y o n  

Guajc Canyon 

FOREST PrnhTIA L 
1.1 ABITAT 

MIX CON YES 
511s cos 'r' ES 
MIX CON YES 

\'E:; 

sc 
, :a 

i 
I 

YES 
NO 
NO 
NO 
KO 
YES 
MIXCON YES 

YES 
YES 
YES 
so...... 
s c . . . . . . 
SC.. .... 
NO...... 
KO-* 
NO- 
NO- 
NO- 
KO- 
YES 

RESULTS 
CLASS 

DG 
DG 
DG 
DG 
DC 
DG 
SEG 

~~~ ~ 

4.0 Conclusions 
* 

many remote sensing tools svailablc to 
resource rnnnagcrs or rcsexchcrs from a 
variety of disciplines. This technology cm 
prove to be extremely uscful, HOWCVC~, careful 
consideration needs to be given to detcminc 
whether or not it will provide thc information 
nceded to fulfill certain project rcquircmcnts, 
Evaluating certain factors such as the Icvcl of 
required detail and the s i x  of the targctcd area 
can scrvc to facilitate this dccision-making 
process. Additional factors includc thc spatial. 
ternpod, and radiometric resolutions of 
certain sntcllitc imaging types, 11s each can 
grcatly influence the feasibility of producing 2 
satellite image clusification. In assessing the 
success of employing satellite imagery 
tcchnology far :hc p u r p s c  of prcdicting and 

Satellite imagcry technology is one of 
delineating habitat of Jcmct Mountains 
salamander, each of these elements have been 
considered. 

The spectral and ndiom&c rcsotution of 
these maps did not discern between mixcd 
conifcrous stands and those dominated by 
ponderosa pine. Since the salamander has 
been found in stands whcre ponderosa pine is 
the dominant canopy species (Painter personal 
cornm,), it is in fact m w e t  that these areas 
wcrc not cffcctively ruled out. T h e  rcsulring 
maps, howevcr, show an extrcmcly luge area 
highlighted u potentially suitable to support 
populations of Jcmcz Mountains salamandc:. 

It appcm that the satellite imagery map, 
bued soiely on a small suite of physical 
ctitlractcristios, t w s  not successful in  
prcdicting habitat for Jemcz Mountains 
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sdamandcr. This w u  made apparent wha& 
map of surveyed uta was superirnposcd,odro. 
the svcllitc imagery map. Each of the : ' ',: 
1oc;ltions targeted for survey w t n  sclcctcd.;.:.''j 
based on overall appemcc as suinblc habitat 
aftcr visual inspections, Each of thcsc ' * . . I  

locations wcrc included in the m c  spccsxh i: 
e l ~ e s ,  whctbcr or nor sdlamimdus wcrc d:: I 
found in the survcy. Although the sxcllitc 
imagery map included dl areas rccognizcd k,': 
"potential" after visual inspections, it didnoc ; 
preferentially teue out thosc ;VC;LS when: :.':.: i 
sai-dcts had been found. 

Due to liritations in both available data'::;: 
( G c o p p h i e  Information System [CIS] lay&;': 
ancillrtry dam), i m p o m t  componats of ' ' ,  

' 

Jeacz Mountains salamander habicu such ass.!, ,i 
soil characteristics, moisture qualitits, and 
surface cover objects weft omitted, ad a , , .:. ;. 
much comer set of habitat variables was k d i  
Inclusion of additional hdint features wouldi...: 
be requited to sacngthen the prcdictivc pcwii:,i 
of tbc map. It is possible that infomation . '  

obtained througb geological maps, soil , , 

conscvation units, and vegetation dmbucs'~~'': 
could bc cntcrcd into the GIs. In this way. 7 ; 
thcsc fcaturcs that ;vc now unmppnblc cod 
in turn, be layend onto the morc spatial 

, I  

I " I  

' *  I 

. -  I 

/ .  . 
, I  i 

, ,. " .* :. 

. I  

I .  

. I  

, ' 4 .  .; already availabla. . .  . , ,  i , ' :  , 

In addition to the technological limintionsj: I 
of using satellite imagery for this 
purposc, thcrc arc clemcnrs of this spccics" , , I , ,  j. 
nanml history that conmbutc to thc dEculty 
in predicting or locating actual habitat , ' , 

occupied by the sdamandtr. Populations may!.; 
be small and isolatcd. misting in only one . 

small section of a dninngc or slopc. Factors"',:',', 
ocher than habitat suitability may prceludc the'.; 
existence of kmcz Mountains salmvldcr in i; 

I.' , . .  

.. , 
' t '  

. . ,  . '  

.. , I  ... , 
I . .  
:? ' , '  . .  t o  

given ;VA RLmOmi;; (US8) suggsts that 
unsuitability of the %unding-m may 
prcvcnt access toknoicoptid habitat or chat 
climatic tvcnts could also have eliminated 
srrl;un;mdcrs.frorn mi'yw without sufficient 
time to rccoIonizt. * 

I Logistid d;m constraints discussed h v c  
hinder h e  ~ucccss ofmploying satellite 
hagcry  as R tool to I h c  suitable Jcmu 
Mountains sdmuldcr habitat' However. the 
en& proccss could be "fine-tuned" using 
addiaond data which'would yield more 
acmmc mu~ts. iu & initid screening 
proccss to dch=rminc'which Iocxions might bc 
fidd surveyed, utcI l ik  h a c r y  works wcll. 
Finally, a vim;ll hpikion. 3s outlined in 
Painter (1989). remains the most pncdd 
method for J a c z  Morn& salmmdcr 
h+im ascssm&t using this method, 311 
mais fmt located o@ USGS quad or o d m -  
quad map in order to dctcrminc thc elevation 
of t t~c sitc. Ufthl: area& as an dcvxion of 
2MO rn (SO52 ft> or gkter. tbc area is 
considered potentid Jcmcz Mountains 
salvhander habitat andh'visirrd for a on- 
p u a d  assessment Tbt;asscssmcnt focuscs 
od dominant me species, pcrccnt cover. slopc, 
aspecf and "ovadl conditon of thc site," If 
thc*habitat nppcm to de &tablc dammdtr 
habitat, than a high-pdc scvch is wm'cd out. 
In ihc absence of a mok%.tclusivt dan base 
from which speci.13 habitat based 
cl&ifications can IX defined, tbis technique 
rcnirrins the most p n d d  method for 
identifying 3nd 3ssdg;TcmaMounnins 
;almandcr habitat .1: , , 

! 
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I .  



! 

m d i x  pI: Twelve locations where Jcmcz ,Mountains sdamandcr arc known eo cxist. 

Location 

Pony Canyon 
Oat Canyon 
Unnamed Canyon 
B c x  Canyon 
Bcnr Canyon 

Uarlcy Canyon 
S ~ I  nlii 
u, U'JlCf C;myot1 

U, Wilier Canyon 
Pucblo b y o n  
Acid Canyon 
Lo3  Almos C w o n  

Dale County 

Sundoval 
Sandoval 
Sandoval 

Silndovd 
Sundovnl 

Sandoval 

Lo% Alarnos 

Lus Alarnos 

L o s  Alnmos 
L o g  Alnmoq 

L o a  Alumos 

Los Alamor 

. Quad 

Scvcn Springs 
Scvcn Springs 
Scvcn Springs 

Scvcn Spnngs 
Scvcn Spnnga 

S c m  Springs 
VdllC Tulcdo 

FflJOlC3 

Frjjolcs 
Cunjc M t  
Cuajc ML 

Guajc MI. 

e: Definitions of substrate, forest structure, and composition. 

i : Dcfincd by thc dominant canopy species. Catcgorirs includcd 

1) Mixed conifcrous (Mixcon), 
2) Pondcross pine dominated (PinPon), 
3) Mixed coniferous-deciduous, and 
4) Deciduous, 

: Defined by thc scrd class at rhc specific location visited. 

m: Rccordrd the prcscncc of rock within the substrate, 
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c Abstract 
In 1995, Los rUynos National Laboratory (LAI'L), Bandclicr National Monu- 

ment (BASD), uc! the Midcontincnt Ecological Science Ccntcr (MESC) initiated 
a multiyear study of bnts in thc eastern Jcmcz Mountains. Although some previ- 
ous bat rcscarch has bcen conducted hcrc, our goals wcrt to ;~ssess the current 
S ~ N S  of bats (pmiculdy species of conccrn), elucidate distribution and rclativc 
abundance, and obtain information on sitcs used by bats LS roosts. Wc finished 
our second year of study in 1996, We captured and rcleascd over 825 bats of 15 
species. Netting sites were located in a varicry of habitats from pifion-juniper 
through mixed coniferous forest, Species captured to datc include Myoris 
califonicus. M. ciliolabrum. M. cvotis, M. rhysunodcs, M. voiunS, M. yumaneri*is, 
hionycreris nocrivapm, Laciurus cinereus, Pipisrrellrcs hespem, Epresicus 
fucus,  E d e m a  rnaculutum. Corynorhinus townsendii, Anrm;ou pallidus, 
Tadarida brasiliensis, and Nycfinomops macmris. The most abundant specics 
wcrc: L,, nuc:ivagans. M. aoris, E. k c u s ,  M. volans, A. pallidus, M. c i l i d a h m ,  
and M. rhyanocfcs. ,Most of thcsc species 3n typical of ponderosa pine-mixcd 
coniferous forests, The abundancc of I, nocrivagans (nearly dl males) is a func- 
tion of their migration through the area: they YC rclativcly uncommon at ot!!er 
times, Males ournumber fcmdcs for most species. Only four spccics (M. 
californicus, M. rhysanodcs, M, ywnancnris, and C. rownscndii) have about equal 
numbers of both scxcs. Rcuons for thc obscrvcd distribution of s a c s  y e  un- 
known but climatic and elevational influcnccs or sitcs chosen for netting may be 
involved. In 1995 we captured thc 5rst E d e m  known for BAND and in 1996 
wc heard them at scvcral locations at LANL. In 1996 we initiated radiotracking 
studies in which selcctcd bats werc equipped with miniaturizcd radios (CL Om@) 
and followcd to roosts. Several fcnalc M, thysunodes wtrc instrumcntcd and 
were found to bc using small cavities in south-facing cliffs of Bandclicr tuff. A 
male M. rhysanodrs roosted in 3 north-facing cliff, A female E. fuscrcs uscd a 
I q c  dead ponderosa pine as a roost and we obsetvcd an cxit flight of 35 (prc- 
sumcd) E. fucus leaving this tree. Gcncral searches of cliffs in canyons also 
rcvcalcd active night roosts and rcccndy-uscd day room of scvcral species. 
including an unknown colony of over 500 TadariLin. Wc netted 331 cight bat 
species of conccrn in thc Jcrncz. Thrcc of these (M. crvofis, AM. thysanodes, and M. 
uolans) were frcqucntly capturcd and a fourth ( E d e m a )  WCIS captured occasion- 
ally and hcvd frequently, We c3p:urcd 3 few individuals of two species (M.  
ciliolubrurn and C. townsendii) that arc agile fliers and that may be difficult to net. 
M. yumnncnsis is known to roost at BAND and tends to occur at elcvations lower 
than where wc netted: it is probably rclativcly common. IV. rnucmfis was ncttrd in 
low numbers both at BAND and on thc Santa Fe Sational Forest. 
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7 .O' Introduction 

have declined in recent decades in the United' 
States and clscwherc. Scvcnl species arc * 

listed ;IS cndmgcrcd or threatened by the U.S. 
Fish and Wildlife Service (FWS) and I 

additional spccics were listed 3s b e g o r y  1 
and 2 Candidates for Iisting, In 1995, thc I 

FWS stopped maintaining a list of Category 2 
Candidate Spccics in order to conccntrtlte on 
higher-priority listing nccds (memorandum, 
Director, W S ,  July 1995). It is hoped that 
othcr entitics and individual s a c s  will assist 
in maintaining lists and acquiring information 
on thcsc spccics of concern. 

It is gcncnlly believed that bat populVi&s 

AMUY SPCCS now protect bats, u d  m k  
various species among taxa of special concern. 
The public has dcvclopcd M incmscd intenst  
in this diverse group of munm;lls, 3s 
cxcrnplificd by support for Bat C O ~ S C K U ~ O R ,  I 

btcrnational and bat socictics in sevcrd satest 
(c.g,, Colondo). Fcdenl land mmagtment I 

agencies also havc responsibilities rdauve to, I 
bat inventory, monitoring, and conservation," 
and c q  out survcys in =;IS unda their 
jurisdiction (see, for cxmplc. Green et al. 
1994, Lcki et d, 1993. Thomas 19SS). 
Despite this increasing attention and concern, 
for bar populations, considenblc work a ' .  

remains to be done to obtain detailed basic 
information on the distribution, abundulcc, . 
and natural histoy of bats in spccific rmss. 

I ,  

Pursuant to the agecmcnts between the I 

Midcontincnt Ecological Science Ccntcr 
(MESC), National Biological Scrvicc (NBS) ' b  

and both Los .4lamos National Labowtoy 
("L) and Bandclicr National Monument 
(BAND), a thrcc-year project to dctcrmine thc ' 
occurrcncc, distribution, and habitat use of bat 
spccics in thc Jcmcz Mountains, Sandovd and ' 

2 

. I  

bs Alamos counti& New Mexico. was 
initiated in Iatc summcr of 1995 and continucd 
in 1996. Considdlc progress has k n  
made toward ;rssessing the m n r  status of 
the bat spccies inhabiting the eastern portion 
of the Jcmcz Moun&ns, 

. The Jcmcz M0dhin.s S U P ~ O K  a divcrsc 
community of bats. Fifteen spccics arc 
cunrntly known from the Jcmcz Mountains in 
north centnt Ncw Mexico, including eight 
spccics of concern (formcr Category 2 
Candidate Species). Most of thcse spccics 
also 311: known h m  Bandelicr Ndonat 
Monument (BAND) &d Los A m o s  National 
Labontory (LCLVL),: One additional specits 
(Myoris lucif;;lgus), known from elscwherc in 
northern New Mcxico (Tiidley et al. 1973, 
also may occur in the Jcmcz Mountains, at 
la s t  ne lower elevations. Prtvious work bas 
bkn conduced on LANL and at BAND by 
scvenI investigators. ?)dI and Bnck (1992) 
mistnetted rhrcc s i t s  &LAN, and one on 
E N .  GuttLcie 3nd Laqgc (19SO) used mist 
nets to sample s e v d  sites at BAND for bats, 
whereas borhArgY1ShBt (1987,1991) u d  
Judson (1990) conccamtcd on roosting 
colonies of Tadarida hm&nsh and Myotis 

conducted echolocation w c y s  for bats in the 
Sua Fe National Forest Orha invcstiptors 
have ncttcd bats on the Sann Et Eritiond 
Forest in the Jcmtz Mountains, including thc 
East Fork of thc Jcm& River, nea r  BAND 
(files, Museum of Southwestern Biology. 
University of Ncw M&co). Howtvcr, much 
nmains to be Icuncd'of bats in this 
topographically and biologkdly diverse arm., 
cspccially in t c m  of providing infomation 
for Ihd manogcrs so that bats rcmllin a 
functional parr of the Jcmcz Mountain 
ecosystem, I 

I 

y-mk on BAND. Qm (1993) 

t 
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I 
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There YC seven major objectivcs to the 
proposed multiyear srudy. These are to: (1 1 
compilc and rcvicw avvailablc information on 
bats in the Jemcz Mountains: (2) idcntify 
major information gaps for the YCX (3) 
collect original ficld data on occurrence. 
distribution, roosung sites, and habitat usc of 
bats in thc Jemez: (4) provide samples of 
common bat species to 3sscss impacts of 
potcntid enviton men tal contamination: ( 5 )  
mAyzc and synthesize all data gathcrcd; (6} 
provide recommendations for maintaining bats 
3s part of the Jemcz Mountain ecosystem: and 
(7) provide a bselinc that will S C N ~  x a 
foundation for h m r c  bat inventory and 
monitoring progrms. This report provides ;L 
preliminary summary of information obtained 
through early Septernbcr 1996 in attempting to 
reach these objectives. 

2.0 Methods 
Bats wcrc captured in mist nets during the 

summers of 1995 and 1996 ;LS they foraged 
over and drank from wxcr sources, Capturc, 
handling, and radio-tqging of bats followed a 
written protocol approved by the AWS Animal 
Care mc! Usc Cornmittcc ot AMESC, All 
personnel associated with the project. a d  
activcly handling bats, were vaccinated 
ag3inst mbies prior to ficld work. We 
followed netting methods oudincd by Kunz 
and Kum (19SS). Mist nets of varying sizcs 

wcrc deployed shoky aftcr sunset and 
m n d e d  continuously until closcrc. Time of 
net closure vuicd'for numerous resons, such 
as inclcrncnt weather or radio-trmsmittcr 
attachment and tracking, but most often we 
nectcd until bat activity diminished 
significantly (30 - 45 min aftcr the I u t  bat was 
caprured). 

For each nctting cpisodc we recorded 
investigators' names, site location. date, 
number and size of nc ts  times nctS were 
opened and closed. starting md ending 
temperature, cloud cover, wind speed. and 
brief habitat description. We removed bats 
upon capture and promptly processed thcm 
before release. Wc recorded the spccics, sex, 
agc (adult or young-of-the-year baed on 
epiphyscal fusion: Anthony 1985). 
rcproductivt condition (testes or cauda 
epididymides visible in males, females 
pregnant, Inc~ting, posdacuting, or non- 
rcproductivc: Raccy 19SS), and timc of 
captun: for d1 bots mismctted. Additional 
comments on parasites, wing damage, and the 
like werc madc 3s ncccssruy. A11 dm were 
recorded on smdardizcd data sheets; 
completcd data sheets arc on file at tlir 
hl buqucrquc oficc of Midcontinent: 
Ecolosicd Sciencc Center. 

In addition to capturing and rclcuing bars 
after cxamination. onc of us (Ellison) 
docurncnted thc call signatures of bat spccics 
in the Jernez Mountains with an A%;ABAT 
ultrasonic detector and software and a laptop 
computcr. This work is summanzed in 
Appendix A". 

Tables, Figurcs, and Appcndiccs uc :II mc cad ol' this 
rcpn, 



We netted bats at 11 sics on LANL, 9 
sites at BAND, and 2 sites on thc Sura Fc 
Xationd Forest, Most such sites were over 
pools of water of varying sizes whcrc bats 
c m e  to forage and drink. Site locations and 
descriptions are givcn in Appendix B, Not all 
sites wcrc netted in both years, primarily due I 
to variations in water lcvcls due to diffcringi 
climntc conditions among ycm.  

Selected individual bats captured by mist 
net wcrc marked with miniature 
radiotransmitters (Model BD-2,0,6 6. Holohil 
Systems Ltd, Woodlawn, Ontario) for 
roosting studics. bdiotclcmetxy techniques 
followed the methods of Wilkinson and 
Bndbury (1988). Transmitters were attached 
to the interscapular region of the dorsal fur ' 

with o non-irrimt medical adhcsivc (Skin 
Bond 0). Bats were held for about 30 . 0 

minutes before release in order to ins= 
securc adhesion. After nle3se, the uocrumd 
movcmcnts of msmittcrcd individuals werc ' 

monitored with hand-held, 3lelcmcntYagi . 
antennae and pomblc rcccivers (Model TRX 
1 000-S, Wildlife Materials, Carbondalc, 
Illinois, 62901) until ndio contact was lost. A 
truck-mounted 4clemcnt Yagi receiver was 
uscd to scmh for ndio signals from tagged 
bats while driving road networks in the  arc^ 

Bats were located on subsequent days in their 
daytime rctrcats. Infomation on location, 
orientation, elevation, and general structure of 
cach day roost was recorded. Roosts wcrc 
observed during evening cmcrgencc to 
determine if tlie mxkcd bac roostcd done or 
communally. Bats with msmktc rs  were . 
located on a daily basis until radio conuct was 
lost, 
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In addition to fbllowing do-tagged bats. 
we attempted to discover bat roosts during the 
day by systcmtic;llly scarchhg the b s c s  of 
cliffs and shallow caves for dropping, and by 
rtflccting sunlight into likely rock crevices 
and cavities in cliff facts. Scythes wen: 
conducted in the m&d temin at cliff bases, 
and took about 90 X&I or morc pcr kilomctcr 
of cliff facc. In the htcrests of safety, no 
climbing was involved. Roosts thus 
discovered were cl&ified as diurnal rctrc~ts 
(occupicd by bats d&g the daytime) or as 
night roosts (sheltered overhangs and p t t o s  
uscd by bats only at night for resting or 
handling prey between fora& bouts. During 
1996 we sclvcficd for msrs while hiking 
dong sections of the south-facing Cliffs of 
Kwagc Mesa (about lslkm search path), 
Otowi Mesa (&out 2-km s d  path), and an 

lan search path), all id Pueblo b y o n .  We 
31so seatchcd south-facing cliffs along lower 
hs A m o s  Canyor. above S w  Road 4 

warned a t  of Otowi Ruins (&Out 2- 

(&out 1 , S - b  s&*p;lth), a d  cliffs a d  
bouIdcm along both sidts of a 3-iart smtch of 
Caion de Vdie abovt>ntc Road 4. 

active (occupied by bats); recent (frcsh 
droppings indicating usc in cwmt season but 
bats not present), oroid (droppings prtscnt but 
probably deposited prior to 1996). Frcstvlcss 
of dropping w s  judged subjectivcly based on 
dykncss of color and zlpparcnt moisture 
content When possible. dropping were also 
judged to be likely from pallid bats ( l q c ,  
often accornpylicd b y d c d  k t  pw~ in 
night roosts), big b r o k  bm (large, no culled 
insect pm), M y o h  sP;ecits (small), or free- 
&led bats (small to mcdium sized about 3-6 
mm long, sometimes with distinctive odor at 
the roost).  any most locations wen 

Roosr sitcs were q o r i z c d  Y cumntly 

8 %  



identified by UTM coordinatcs using GIobal 
Positioning System (GPS) rcccivcrs, Most 
roosts were also documented 
photographically. Photographic and GPS 
documentation of room and netting sites is 
continuing. 

3.0 Results 
We rnistne:ted o total of 67 nights at 20 

diffcrcnt locations in the Jcmez Mountains 
during 1995 and 1996 (Tables 1 & 2, 
Appendices B, C, D). We captured ;L l o ~ l  OC 
S28 bats of I5 species (Table 3, Figure 1, 
Appendix C) including the first known rccorck 
of Edenna macufarum for BAiD and thc 
first records of Pipisnellus hesperus for 
BAND m d  k N L .  We spent additiond days 
and nights in t ! c  field activcly looking for bat 
roosts or tracking instrumented bats to diurnal 
roosts, 

L a  Alomos National M o r a t o r y  
During 1995 and 1996 wc mistncrted for 

33 nights at 10 LAM, sites (2 nights in 1995, 
31 in 1996), We captured 392 bats of 12 
diffcrcnt species (Table 4, Figure 2). The 
most frcqucntly captured spccics w3s 
Larionycreris noc:ivagans (48% of LAbL 
captures), followed by Epresicur fucus 
(13%). Ainrm;ous pullidus (9%), and Myoris 
d u n s  (9%). Most bats capturcd at L A X  
wcrc male (81%), Species with the most even 
sex ratios wcrc M. californicus (50% male), 
M. evoris (54%), M, thymodes [SSG). and E, 
fucus (44%). Fcrnde L cinereus, P, 
iiesperus, C. rownsmdii, A, pullidur, and I: 
brusiliensk were not capturcd at LAYL. 

We captured an avcragc of  14 bats per 
night at LA= (mgc 1-60). Thc greatest 
mean numbers of bats captured per night 
w r c  at Icchouse Pond (rnem=24), Pueblo 
Canyon Effluent Stream (mcan=t3), and thc 
Pucblo Canyon Wutc Facility (mcan=l1). 
These thrcc sites also showed the highest 
species divcrsiry: 3 species were caprurcd at 
Icrhousc Pond. 7 at Pucblo Canyon Effluent 
Stream, and 7 ai rhc Pueblo Canyon Wutc 
Facility The highest number of spccics 
captured i n  ;I single night was 6 ;IC Icehousc 
Pond on 5 September 1995. Mdc and fern& 
M, cvoris and M. rhysanodcs werc captured at 
more sites. on avtngc, thvl  my orhcr species 
(mcan=4). Mdc L noctivogm were cnpturcd 
at the gcatcst number of sites and '1: 
brasilicnsis WCTC capcurcd at the I c m  Female 
M, cifiohbnun, M. moris and E. jiucu,s wcrc 
dl cqmrcd at three sites and female M. 
uofuns were only captured at onc site (Table 5 ,  
Figure 3, Appendix D). 

Bondclict 1Vah'onal Monument 
Wc netted for 54 nighu at 9 sitcs on 

BmdeIicr and 
Smta Fe %dona1 Forat, We captured 435 
bats of 15 species (Table 6, Figure 4). The 
most frcqucntly capcured species w z  L 
noctiua~ans (52%), followed by M. motis 
(12%). M. rliysanodcs (7%), and My0ti.s 
uofam (7%). Most bats capturcd at BAND 
wcre male ( 8 7 5 ~ ) ~  Spccics with the most even 
sex ratios werc M. ywulncnsis (SO% malc), 
M. diysunodcs (47%), and M. californicus 
(6770). ,Male E, macufarm, C. rownsendii, 
and A! marroris were not caplured a1 BAND, 
nor were female L. cinerea, L nocrivaguns, 
or F! hcsperrrs, 

additiond sitc in the adjacent 



We captured an avenge of 16 bas per 
night at BAND sitcs (range 1-$9). Thc , 

greatest mean numbers of bats captured per 
night wcrc at Dome Pond (mcvl=23), Ski 
Pond (mcan=22), and Meadow Pond 
(mean=IS). The most spccks were c a p m d  
at Mcodow Pond (E), Ski Pond (9), and * 

Frijoles Creek at the Rainbow House Crossing 
(S). The greatest number of species captured I 
on a singfc night during the study was 7 at Ski 
Pond on 6 June 1996. The mcan number of 1 
sites of capture for both s a c s  of M 
rhysmodes ;md M. v o h  WCR highest 
(mcan=S), followed by E.fuscur (man&). 
Mde M. v o l m  wcrc captund 3t more BAND 
sites (7) than males of any othct spccics. We 
captured male L nocri'vagans at 6 sites, a d  
mdc M. tzvotis, M. rhysanodes, and Efiucus , 

at 5 sites each. Fcmalc Myoris thyanoak 
were captured at more BAND sites (6) than ' 
females of any other spccics. There were 
more female than malt M. :hysmdes apturc 
sites on BAND. Fcmalc M. calfomicur, M. 
evoth, & nocrivugans, C, rownrenu't'i, A. 
pallidla, and Z bmriliencis were each 
captured at single sites (Table 7, Figure 5). 

Combined Sites und Years 
We captured an avenge of 12.3 bats per 

night (mge  1-S9) in the Jcrntz Mountains 
over two years of study. The bats capeurcd ' 

most frequently werc L nocrivagans, M. * 

voluns, M. thysanodcs, M, #oris, E. fuscus, , 
and M. ciliolubrrun (Table 3, Figure 6). Wc 
nrcly captured F! hespcnrs, N. rnacmb, E. 
macu&rm, C, townsendii, or M. yumanensis,' 
The species captured at the most sites were M, 
thystmodes, E. furcu, L nocrivagarrr, M. 
vulans, and M. evoris, while R Itespcncs, E, 1 

mculatum, and N, macrorib* were captured at 
the fewest (Table S, Figure 7). Mdcs wcre 

I 
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' 

' 

I .  

, ' !  
. .  . . .  

t 

apnucd at more si& thvl females for dl 
spccics cvcept M. tirySanodes, M, ymwnris, 
and E fucus ( F i e  S). Fedcs  of M. 
thysunodes and M. ywnanentis were apturcd 
at  more sites than d e s .  Mala and females 
ofEfuscus were captured ax the s m e  number 
of sites. Eghry-r'ourpxenr of all bats 
mprured during both ycys were mdc, 

I ' The total n u m k o f  bats captured during 
1996 ww higher than I995 for 10 spccics. but 
the mean number of bats captured per night 
during 1996 was l o w k t h m  1995 for two of 
those species (M. fhy~mo&s and M. VOW, 
E m  IO). The m& numbers of males and 

v o l w ~ ,  and M. ywnawmir were all higher in 
2995 than 1996 Pip.& 11 andtl2). Females 

b,miliensir were apturcd during 1995 mi 
not 1996, while female M. cdfoanricus, L 
noctivagans and N. &nj. wcrc c a p w d  
during 1996 and not during 1995. Female L 
&ma or I! kprrus have not ken capnurd 
dlLing the study. Thcmmbctand pmportion 
of females d i b i t i n g o b m b l c  sivs of 
reproduction varied across spccics and y c v s  
(Tiguns 13 and 14). Xn 1995, we captured 
reproducdvc fmalcs of 9 spcacs: in 1996 we 
mpturcd reproductive fcmdcs of 7 specks. 
Among dl spcdcs, L'rwctivagm, M, vokuts, 
M ouris and M y e u z s i s  exhibited the 
lowest percentages ofircproductivt fcrndcs 
rPJble 9 and 10, Figure 15). So obviously 
nproductivc fcmalc t;nocrivugonr have been 
captured. The species ~c captured that had 
higher ntios of reproductive to non- 
rcproductivc fcrndcs were M. califomicuc, 1M. 
citivlabrwn, M, thysmodes, E.fusctls, E. 
maculatum, and A? mucrotis. All female C. 
townsendii, A. p a M &  and X bmiliensis 

I I 

fcmaics of M cvoci$,' M rhySptlO&$, M. 

of e. townswtdil; A ptzukfus, and I: 

1 
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captured appcarcd reproductive, During 1995, 
7% of dl male bats captured a p p e n d  
scrotal, while in 1996 only 13% appeared 
scrotal. 

Juvenile bats of 3 species were captured 
during the study period: M. rlryscnodcs (2) M. 
volans ( l), E fucus (21, and T brnsifiensis 
( I ) .  With the exception of the Zjuvcnile E. 
fucus, ail wcrc captured during 1995, The 
eadiest date of juvcnilc bat capture w s  24 
July. The two juvcnilc E. f i c u s  were both 
captured st PucSlo Canyon Wstc  Facility, 
while the two M, thysanodes were capcurcd on 
Frijoles Creek near the Bmdclier Visitor 
Center, No site yielded juveniles of more than 
one species. The M, vofclnsjuvcnilc was 
fcmdlc, both M. thysanodes were male, the T. 
hraciliensis was male, and E. f icw juveniles 
had an even scx ntio. 

The average elevations of capture for A. 
pallidus and F? hespcrus were lowest and 
mean elevations for M. evotis, E. mculatum, 
L nocrivugms, and L. cinereus were highcst 
(Tablc 11, Figure 16). Many species show 
differences in the inean elevation of capturc 
between reproductivc females and males 
(Table 12, Figure 17), A test for no difference 
in thc mean elev3tion of capturc between 
reproductive female and malc bats was 
significmt ;It the S% lcvcl for E. fucus and M. 
t.vo:is (p c 0,001 and 0.02, two-sample. 
uncqual varicnce t-test) (Table 13), 

Radt'orc femeny 
During 1996 we dcploycd a ton1 of seven 

transmitters on three species of bats (M. 
evoris, M. rhpunodcs, and E, fuscus). On 10 
June we instrumented (frequency 164237) an 
adult male M. rhysunodes captured at Ski 

Trailhead Pond (P 5 )  at BAND. This bat w u  
rclcaed at 2300 h and was trrckcd in the 
immediate vieinif$ and across the road (Route 
3) from thc pond in mixed coniferous-aspen 
forest. This bat was located the following day 
from mile markc: 46 on Route 4 at 2030 h: thc 
signal appeared to bc coming from the north- 
facing cliff face in upper Frijoles Canyon. At 
about 2100 h the bat left the roost and w;1s 
tracked as it flew up Frijolcs Canyon to the 
gcneral area where it w a  captured and 
released, south of Cctro Grande. On 12 Junc 
we hiked to the vicinity of the day roost, 
specifidly to thc basc of o boulder ticld on 
the north-facing cliff at 65" 15'X 72" 2O'E. 
Wc were unable to climb closer due to the 
steep nature of the cliff face. On 13 June the 
bat appeared to be roosting 0.5 mi. upcanyon 
arid thc signal W;LE coming from the cutern 
branch of thc canyon. below the Dome Ski 
Trail. At 2100 h we heard the bat flying south 
of Ccrro C m d e  just before a rainstorm 
commcnced. On 14 June. signals w e n  
cmrtnating from a stand of pinc and upen 
south of Ccrro Grdndc. Thc signtlls wcrc still 
coming from this area ;lo, late LS 2130 h on 17 
Junc (by which time the bat should have 
flown) md again at 1730h on 19 lunc. We 
suspect the transmitter was shed and left in the 
tree. On 28 June wc wcrc still gcrdng signals 
from the transmincr and determined that it 
was in ;L largc ponderosa pinc south of Ccrro 
Grandc. The radio has not bcrn rccovctrd. 

On 18 lunc we dcpioycd ;L ttansrnittcr 
( 164.164) on P pregnant female M. cvork 
captured at lcchouse Pond. The bat w s  
rclcucd at 2330 h and immediately ff ew 
north; we lost thc signal within 15 min. We 
searched extcnsivcly by road and on foot thc 
ncxt day but could not find the bat, We did 



pick up a faint signal that night (19 June) f&m 
2140 - 2155 h. This trylSmiKCr Was not I .' 

subsequently relocated. despite extensive .: 
efforts, and its fate is unknown. 

I ,  , 

We next placed trylsmirtcrs on 3 Incmting 
female M. rhysanodcs captured in Frijoles I 

Canyon at Rainbow House Crossing. The first 
nvo bats werc instrumented late on 1s July ' 

and very early 19 July. Both bats flew 
upcanyon on rclc;rsc, Thc third bar WM 
tagged the following night (19 JuIy) and was , 

heard for about 20 min around the point of I 

rclcasc, near the BAND Visitor Center. Thr 
first transmitter ( 164,100) WM located more or 
less continuously from 19 July to 5 August (IS 
days). "his bat roosted in scved small 
"solution pit" cavities in the south-facing cliffs 
of Byldclier tuff, including one or more in n 
small circular alcove where shc w s  first ' 
found AlI pits where she roosrcd were witbin? 
0.25 mi, of where she was originally captured 9 

and were approximately 20-30 rn h m  the 
ground; thcy were not nccasiblc to us. We \ 

also located her leaving the roosts scvcnl , 
times, once with four other bats. On 27 July I I 

she cmcrged at 2044 and flew a short distance 
upcanyon where she appcarcd to bc foraging' 
for at least 25 rnin, On 1 August the signal 
seemed weaker and did not move by 2140 h. 
By 5 August it appcarcd hat tbc uYlsmitter * 

had been shed as the signal still was coming 
from the roost at 2150 h. 

' 

Thc second t'cmde M. r/tysmo&s 
(164.253) was re-located on 19 July high up 
on the south-facing cliff of Byldelicr tuff, nmr 
a mky promincnce. This m a  was shaded in 
the mid-morning light. This bat moved at , 1 

least once or nvicc to other sites, including thc 
s a c  roost used by one of the other 

'3 

bryanodes (I642%), but she was not 
dcteetcd reliably eithcr during the day or night 
after 2 1 July, This &mir&r may have 
failed. I*  ' 

' 
~ h c  third AM. *s&s ( 1 ~ , 2 ~ )  was 

located on 20 July in thc sync general area of 
Badelicr tuff, justektof tbc nunout to the 
stable arm mis baCdso moved among 
s c v c d  pits in thc cliff md was detected flying 
over the riparian on 25 July, near where 
shc was captured, We wen not successful in 
observing ha exiting any roost, dthough bats 
wcrc obsewcd on 23July entering and laving 
a small cnck in the cliff what hcr nnsmitter 
signal was smngcst , The last date this 
aansmictcr w x  h d w s  SAugust (17 days). 
Wc hope to search for tbcsc roosthg sites near  
the BAND Visitor Center, and recover the 
msrnirtcrs, by climbing the cliffs later in 
1996. i 

' On 24 July we ta&d (1 64,637) ;L 
&gnult femaic E,- capwed at the 
Pueblo b y o n  Scwrrge Trtmcnc Plant She 
flew, apparently fonging, in rhc general area 
of the sewage facility!afrer release, On 26 
July she was located d a l q c  d a d  ponderosa 
pine in upper Pueblo Canyon, &ut 1.5 mi. 
from the capture site..-The snag wl~s on thc 
south side of the canyon, slightly upsIopc 
from the wnyon borcom.' The roost cavity 
3 p p m d  to be about4 - 6 ft below chc broken 
top of the snag and 35 bars were observed 
laving this snag between 2028 - 2040 h, This 
bat was head in flight3r202S h on 29 July 
and an exit flight of 37 bats was observed on 
SO July. The m s m i p t  was rccovercd on 5 
August, still worfing,,:bcIow another large old 
ponderosa pine snag, about 0 3  mi. east of 
the original most site.! 

I 
i 

I 
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The last bat tagged (1  64.663) was a 
lactating female E. fuscus also captured at the 
sewage treatmcnt plant on 14 August. This bat 
was heard flying near thc t rement  plant for 
about 10 i n  (2020-2030 h)  on 19 August but 
wc were unable to find her roost and did not 
hew the signal again, 

In summary, we succcssfully tracked five 
bats of two specics (M, rhysunodes, E, fucus) 
to their diurnal roosts 3nd subscquently 
monitored movements among roosts in four 
cases. In two cucs (IM, cvoris, E. fucus) wc 
could not locate roosts. Known transmitter 
life avcngcd 10.4 days (range 1 - 18 days). 
Roosts of reproductive female M. r h y m m k s  
wcrc all in cavities in south-facing cliffs of 
Bandelier tuff. A male of this species roostcd 
in rocks on a north-facing cliff. A pregnant E. 
fucus roosted in a I q c  pondcrosa pine snag 
that w a  exposed to sunlight for most of thc 
day, This bat also may have used an dternnte 
roost. All roosts were within about 2 mi. of 
capntrc sites and three roosts of M. rhysmodes 
were within 0.25 mi. 

Roost Searclrcs 

r o w s  in rht limitcd anas searched (Table 9). 
Only onc of thcse roosts w a  active, This 
roost was locatcd on the south-facing cliffs of 
Kwage Mesa, and consisted of an estimated 
540 presumed Brzi l im free-tailed bau 
(Tadurida brariliensk). The bars were 
identified and counted in flight during their 
emergence on 29 August 1996, the date thc 
colony was discovcrcd. A follow-up visit to 
this roost on 3 Scptcmber revcdcd no exit 
flight. No bats were captured from the roost 
and efforts wcrc made to minimize 
disturbance. The crcvicc is around 40 rn 

Yc identiticd 10 locations with diurnal bac 

above the ground in a rcltltively smooth, 
vcrtical section of cliff. The roost was in two 
large dark, vertical, circular chutes that r'crm 
almost a figure eight when viewed from 
below, The algae on the cliff face below the 
roost was ;1 brighter geen  thvl on 
immediately surrounding surfaces, and a 
nouccablc amount of guano was dispersed on 
the soil surf'ace below the roost at the base of 
the cliff, 

Several othcr sites were also idcntifkd 
which previously had held colonics that were 
likely acuibutablc to T brasiliensis but wcrc 
unoccupied on the day discovered (Table 10). 
Thcse include two additional cliff crevices on 
Kwsge Mesa, and one major and two minor 
sires elsewhere in Pueblo Canyon (two on 
Otowi Mesa and one on chc unnamed mesa to 
the e s t  of Otowi Ruins), These sites were 
notable for accumulations of guano below 
vertical crevices. Typically healthy 
liasonwccd (Durum spp.) plants occurred at 
the bases of cliffs below cnvicc openings, and 
two of the roost sites on Kwage Mesa had 
green-stained lichen streaks on the cliffs 
below their openings. A strong odor. typical 
of that associated with fret-tailed bats w u  
notable at the major site on thc cliffs of Otowi 
Mesa. Only one diurnal roost provjsionally 
attributed to free-tailed bats was in one of thc 
numerous groctos formed as Indian ruins: this 
roost w s  within an open overhang about 2 m 
above the cliff base in Pueblo Canyon, 

Some vacant roosts were located which 
had housed species other than frcc-tailed bats. 
Droppings suggestive of pallid bats were 
found beneath a large, lengthy vertical crcvicc 
on thc south-facing cliffs of Los Alamos 
Canyon and those suggcstivc of a Myoris 



species were found beneath a small (about 10 
cm diameter) round opening some 3 m high 
on a vclzicd cliff of Kwage Mesa (Table U)., 
Other, minor mounts  of dropping wcrc also 
located sporadically during cliff searches, but 
thcsc could not be attributed to obvious most 
sites of any seeming significance and were not 
recorded No significant pano ;~ccurnulations 
wcrc found during the search of upper W o n  
de Vallc. 

Night roosts were found in numerous 
grottos excavated by Indians in aneknt times.. 
Howcvcr, many of the p t t o s  had no 
signiricult accumulations of dropping or : I 

were not used at all. Droppings of a wide " 

range of sizes wcfc located on grotto floors, I 

indicating hac seveml species of bas used , 

these excavations as night roosts. pyZicul~ly. 

accompi~nicd by culled insect pm (wing of 
sphingid moths, elytra of beetles) in somc of ' 

thcsc roosts, which typifies night-roosting use, 
by pallid bats, Those situations that seemed. ' 

most favorablc s night roosts were gottos , a a 

with smaller opening than neighboring, 

obvious were Iqc-sized droppings I ,  

unused gottos: higher ceiling (about 2 m 
above the floor): and bowl-like depressions or 
small vertical chutes in grotto ceiling. ,:, 
Droppings below some of the latter situatiods: 
could also have been left by diurnally roosting 
bats. Currcnt use of what were apparcndy :,:. 
favored night roosts in Los Amos Canyon ' 
was verified on 26 August 1996, whcn a bat 
was observed exiting late at night as we I .  

walked pusr and on 27 August 1996, whcn a , 

pallid bat was captured attempting to enter a ! 
grotto blocked by a mist  net. Sections of cliff . 
with night roosts that sccmtd to be most I ' 

heavily md rcccntly used were idcntiticd in 
Pueblo and lower Los A m o s  canyons and - ' 

GPS/UTM coordinates wen obtained for - 
somc of thcsc sitcs (Table 14). 

i 
I 

4.0 Discussion 8 

' ' Many factors & &t ycy-to-ycar 
mistnetting f~sclti and they should be 
considered in interpretation of our data. Due 
to the late projcct stut.in 1995, the nsuIrs 
from thc first year arc biased tow& late- 
s m o n  cnpmrcs and &their conscqucnt 
reproductive S ~ N S  (cg., morc Scmu~ males 
and fcmalcs in post-lactation) and 
distributional pnncms, Addiuondlly. most 
captures in 1995 we& from sites on BACP, 
which tended to be at higher clcvations. In 
1996, an earIiu st;rrt:um rndc and a greater 
proportion of b e  wis spent on &ut, whex 
iowcr-clevation sitts:b/crc frtqucntly netted 
The 1996 b m  cyr br orpecttd to contain a 
gtntcr numbcr of fcmalcs in d i c r  stages of 
reproduction and more non-scrod males. 

'I 
I Although proportions of mdcs and 

f d c s  and observedirproducrivc state of 
both males and f d t s  ;uz important indices 
of general population SPNS, several biases CUI 
affect our abiliry to discern or explain 
h a t i o n  in such indices. Although female 
bats captured early in,thc -on (May to mid- 
June 1996) may havc,bccn in the early s q c s  
of pregnancy, we were unable to detcrminc 
this in the field withoursacrificing individuals, 
which we chose not to do. Thus,.all fcmdcs 
hat were not obviously'prcgnant cyly  in the 
scson, or in some p k t  of 13c~tion Iatcr in 
tbt summer, were call& non-reproductive. 
Likewise, mly in thckson. most males 
wcrc not scrotal. Th& our data may be 
biased towads apparbt (and s d j c d )  non- 
reproducing individds. Bats captured early 
in the season x e  not distinguished from those 
captured later in figuresand nblcs in this 
report. TIE date of earliest rcproductivc 
female capture varies from spccics to spccics 
md'ycar to y w ,  any bias associated with 

, I  
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these results is included in the discussion and 
ir.dividud species accounts (Appendix C). AS 
noted in results, numbers of mdcs and 
females vuicd across all sites (Appendix D). 

The above sources of error may be termed 
"obscmcr error." There is at l c s t  one other 
intluencc on our ability to caprurc bats and 
that is the tffkct of seasonal or ycarly climaLic 
fluctuations. Bat activity over il givcn watcr 
source seems to be invcrscly proportional to 
chc mount  of water dispersed across the 
landscape (Findley 1993, Gcluso, pes. 
commun,); that is, the more water thctc is. the 
less concentrated the bat ac~vicy will be over a 
given site. During 1996, thc lerncz Mountains 
experienced drought conditions during the 
winter, spring, and early summer months. 
Many of the water sources nettcd in 1995 were 
dry cwly in thc 1996 scson. This situation 
reversed itsclf in a remarkably shott pcriod in 
late lune 1996 whcn early monsoonal rains 
began to fall. Following the comcnccment 
of summer rains. water sources wcrc abundant 
and a consequent dispersal of bats across the 
landscape occurred. Both prccipiution and its 
convcrsc, drought scvcrity, havc vaticd 
considerably ovcr the 1s: three y e m  
(Appendix E). The winter and spring of 199s- 
96 were cspeddly dry. 

Climate also cm affect mistnetting succcss 
through its cffects on insects, upon which bats 
in thc Jcmez Mountains feed. During the 
breeding season, temperature and prccipiution 
determine whether individuals forage or not 
(Gnndal et SI. 1992, Holroyd cc 31. 1994, 
Rydcll 1989). Furthermore. most north 
temperate fcmdc bau remain horncothcrmic 
during pregnancy and lactation and may not 
be able to maintain homcothcrmy if rcgulv 

feeding is not possiblc (Findley 1993). Thus, 
climate may affect locdizcd aspects of bat 
distributions, In addition. fcmdes m y  not 
brccd in somc ycm (Holroyd et al. 1994) or 
may resorb or abort cmbvos during times of 
strcss, 

Rcccnt work in die Jemcz Mountains h a s  
addcd considerably to our understanding of 
bat abundance and distribution thcrc. Species 
added spccificdty to LA% or BAVD since 
Findley ct al. (1975) include M. cufifornicus, 
M, cilioluhrurn, R hesperm, C. ruwnsedii, 
and T, brcrsifiensis (Arganbrighr 1987. Guthht 
and Large 1980, Judson 1990, Sexton et. d. 
1995, Tyrell and 8mck 1992). Refinements 
in our understanding almost certainly arc thc 
rcsult of increased nscarch effort at spccific 
sitcs rather than significant distributional 
changes in any of the bat species. 

Most of the bat species caprurcd during 
1995 and 19S6 in the Jcrnez Mountains u e  
typical associates of ponderosa pine-mixed 
conifer forests (Findley ct d. 1975). The 
avcmge elevation of capcurt (Figure 16) 
generally rcfleca what is known about the 
elev~tiond distributions of thcsc syxcits. 
Though some bats, such as E. macufarum 
which is known from Albuqucrquc, 3vt known 
to have grcitcr clevauonal mges  than thc 
f i p r c  indicates, E u d e m  along with M. 
evoris, M. volum, L cincrtw, and L 
nocrivagans arc bats commonly caprured in 
mixcd conifer-ponderosa pine forests. Spccics 
captured in pondcrosa-pinc forest that ds0 
rtlnge down to lcwcr clcvations arc E~LYCUS,  
M. ciliolobrm, M. rhysanodes, and M 
yumuncnsis, AM. voluns occurs at low 
clcvations at Icut on ;1 seasonal basis (Bogan, 
unpubl. data), 



The mean elevation of BAlD sites was 
higher (mcan=7906') than hac of LAW sites 
(rne;ln=66$7') and the bat capturn from each 
area rcflcct the difference in clcv;ltion of si=. 
The four most commonly captured spceics ;It 
B,UTI were & noctivagans, M. rvoris, J L  
thysanodcs, and M. volms, all species typical 
of ?inc-aixcd conifer forcssa On thc other 
hand, the four most commonly captured 
species at LtWL were L noc:ivagans, E. 
fuscus, A. pallidus, and M. voluns. Captures of 
A, pdfidur at LANL reflect our work at low 
elevation sitcs, 

Bat species common at lower clcvarions 
YC M. cafifbmicus, R hespcrur, 1: 
brasifiemis, and A. pallidu. We mpturcd 3 R 
hespew and 47 A. pallidus during the study 
period, all at sites lowct than 7000 fccr Thc 
cariiesr and only other record ofR hespew 
from the Jcrncz Mountains is apparently 3n 
individual specimen reponed by B d e y  (193 1) 
from "lcmez Canyon." It is Udy that this 
specimen was taken at ;L si tc below io00 fcct, 
Captures of R hcspcnrs and more A pall& * 

in 1996 than 1995 rcflcct the increased effort 
at Iowcr clcvarion s i t s  &OIL). The d m  of, 
other rcsearchcrs (c.g., Qrcll and Bnck 1992) 
in the l e m a  Mountains cxhibit similar 
clevationd species trends, 

: 

The ovetall frequency of specis captured 
for both years likely ,'tflccts the 
prcpondcmcc of ponderosa pine-mixed 
conifer forest sites wc nettcd. The two species 
that we captured most frequently were t 
nocrivagans ilnd M, cvotic: both ;vc species 
typical of upper clcvations. The most 
widcsprcad spccics (Table 8) wctc L 
nooivcgans, hf. rliysmodes, and E. furcur. 
Thesc species exhibit relatively wide rangcs of 

~- 
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+ 
I capmrc elwxions (Table 11) but their 
, occurrence at our netting sitcs is likely due to 
several factors. inklading how c a y  they may 

: bc to catch in nets. ;The lack of capture data 
for certain spccics may bc the m u l e  of 
mistncrcing bits mthm than absence of the 
spccics in thc area, '&orexample, the distinct, 
'audible calls of E, rr$cutarum (Cryan 1993) 
Iwcrc head ar all sites excepr Frjjolcs Canyon 
during the summer of 1996. yet they were 
captured PI only one site. It is also intcrcstins 
to note the small number of T. bmrfiensis 
wpturcd during 1995 trnd 1996, considering 
the prescmc of s c v d  1 q e  msts within the 
study w. T m  may bc laving their 
msts and fonging &d drinking in the valley 
of the R ~ O  Grrurde. , I  
I I 

I Bats cue lonptivcd rnamuls with 
rtI&ely low fecundity and rnodiry mtes 
and an cxtcndcd @adof mtanal a r c  
(Findley 199 1); undi izur~ populations are 
noc known to fluctusrc gc3cly over short 
pcnods of time, Despite the incrc;lscd netting 
&or: during 1996, mom M. ootir, M, 
rhysan&s, M. v o h ,  &dM y m e s i s  
were capcurcd pet ni&t during 1995. The 
reson for this decrwcd capture SUCC~SS is 
unknown, but may rdlkt thc b i s e s  of cunent 
sampling techniques brshorr- tm rcsponscs 
to climate, &et thui 3eru1.1 population 
mds. The Jcmcz Mountains wcrc undcr 
drought condidons d&ng the first half of 
1996 and thcn inundated with rain later in thc 
summer (Appendix E); The lack of 
prtcipiution. either as snow or rain, dried up 
stvcnl sites wc nczcd in 1995, lcaving fcwcr 
suitable areas to capnucb bats. U c r  in the 
season. rainfall increased the mount of 
standing surface water throughout the study 
XCL This may have led to thc drop in capturc 
SUCCCSS for several spccis during 1996. 

I 
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Additional data from J year wit5 precipitation 
closcr to the long-tcm average is needed to 
teuc thesc factors apart. 

The ratios of rcproductivc to non- 
reproductive femaics over the past two years 
(Figures 13 and 14) reveal that during 1996 
wc observed a greater pcrcencagc of 
reproductivc females to non-rcproductivc 
females than in 1995. If indccd rcproductivc 
females of some species are prone to inhabit 
lowcr elevations (Table 12, Figurc 1.7), thc 
grater  total percentage of rcproductivc 
females caprurcd in 1996 may be a 
conscqucncc of netting morc low clcvation 
sites. The higher pcrccnugc of reproductive 
fcmalcs captured in 1996 may dso reflect: m 
increased smplc size during 1996. Ovcrdl. 9 
out of 13 spccies exhibited more reproductive 
than non-rcproduccive fcmdcs. 

More non-reproductive than reproductive 
females were captured of M. evoris, M. volans, 
M. yumanensis, and L nocn'vagans. Of these 
species, most of the non-rtproductivc fcmale 
M. ciliofabrum and M. vofans werc capturcd 
on dates aftcr rcproductivc fcmalcs of each 
species had bccn caught. All of the non- 
reproductive hi. yumanensis were captured 
late in the scason (mid-July through August) 
and it is unlikely that signs of reproduction at 
this time would go undetected. Thc species 
with the lowest percentage of reproductive 
females was M. voluns. Only 13 % of the 16 
M. volans females capturcd in the p u t  two 
years have bccn reproductive. Despite having 
the lowest observed percentage of 
reproductive kmalcs, onc of thc six juvcniles 
captured in two y e w  was of his species, The 
greater percentage of scrotal malcs captured in 
1995 most likciy is 3 result of  a delayed study 

period (latc summer), during which :imc 
reproductive malts arc more frcqucntly 
cncountcrcd. * 

The rclacivcly low numbers of obscrvcd 
rcproductivc female bats captured during the 
study period has confounded our efforts to 
locate maternity colonics of more than a few 
spccics. 'VVC assumc that adequate matcmity 
roosts arc the most critical component for bau 
in thc Jcmcz and should bc thc primary focus 
of rrscuch and rnmagcmcnt activities. 
Females oftcn demonstrate high fidelity to 
such roosts, which havc permanency and low 
availability (Lcwis 1995). Non-reproductivc 
females md mdcs typically occupy multiplc 
solit;uy roosts and may demonstrate low 
fidelity to such widesprcnd roosts -is 
1995). Solitary roosts may be difficult to 
study or protect, other than in a Iandscapc 
sense. 

There are II number of possible 
explanations for the bised overall male scx 
ratio seen in thc 1995 and 1996 capntrc aata. 
Only 6 (IS %) of thc most frequently 
captured species (L nocrivagans) w e e  
female, Xonc of these females were grossly 
diagnosed as reproductive: dl were captured 
between 23 April and 29 May 1996. probably 
3s they wcrc migrating though the a m  
enroute to thc north and cast. Mdcs  and 
fcmalcs of this species, and L cinercw, are 
known to segcgatc during the breeding season 
and higher ratios of rcproductivc fcn;lles are 
found elsewhere in these species m g e s ,  
beyond the immediate reach of the Jemez 
Mountains (Findlcy and Jones 1964, Kunz 
1982), Females typically show an increwx! 
tcndency to form colonies. oftcn for 
thcrmorcgulatory reasons, This may tend io 
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concentrate their distribution locatly and makc 
thcm more difficult to capturc. Males may 
tend to wander geatcr distances in pursuit of 
mating opportunities. 

In Europe, Kronwittct (l9SS) and other I 

rcscuchers report sexual segregation of bat 
populations on P 104 scale affecting capnur: , 
rcsults (Sluitcr st van Hccrdt 1966, Gaislcrct, 
id. 1979). They found no fcmalc bats of the : 
spccics they were studying (A!~crdus noctula) 
in thcir study area, despite 5 ycus  of intensive 
survey, whiIc col lapcs  in neighboring 
regions of Europe reported predominantly 
female populations. b the Icmtz, all M 
mucrotis and E. mocularum captured to &tc 

indicating thcy breed in the Jcmez. N. 
mcrwris makes long-dismcc migntions, y e t  
we know fu too linle about rh t  seasonal 
movcmcnt and distribution of the scxcs to ' 

speculate on resons for the cclprurc of only 
females. 

, 

wen: fcrndc and most were lacrating, I ' I  

The clcvational segregation of mdcs and, 
rcptoductive females (fcmdcs being c a p m d  
at lower elevations) also has bccn shown in 
other arcas (Cryan and Bogm 1995). 
Temperature plays m i m p o m t  role in the : 
reproductive physiology of bats (Studicr md . 
O'Fmll 1972) and r'cmalcs nccding to remain, 
Iiorncothcmic during pngmncy and lactation . 
may bc selcctjng lower tIcvation, w m r r  " 9 

sites, Future rcscarch should incorporate more' 
low cltvation caprurc sites to determine if 
females are indeed sclccting these areas, at ' 

Icut in some years, 

. .  
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The prcsencc of suinbk n m r y  roosts is 
bclicvcd to be the most i m p o m t  factor 
governing thc distribution of tcmpcntc bats 
(Humphrey 1975). wically, areas with thc 
most topopphic  diversity also demonstntc 
thc greatest bat spccics diversip. It is likely 
that XI incmscd understanding of  bot roosting 
4abits in thc Jcmcz Mountains will hdp us to 
explain thc distribution and abundance data 
we arc gathering, The location and 
chanctcrizadon of matunity colonies should 
rcmain a primary focus of bat mcarch in the 
Jemez Mountains. ,' 

.We found tnclcing of nggcd bats to thcir 
most to bc ;I chdlcnging task in the broken 
and complex ternin of the eastern Jemcz 
Mountains. Two of stvcn b a s  that were 
tagged with ndios were not tracked to roosts, 
although we did locate them in fight for bn'cf 
pcnods. In g c n d ,  theroosting habits of M. 
thysanodcs that wc disccrned w a c  similar to 
observations made elsewhere in their nage. 
F c d c  M. h y s m & s  roostcd in wit i t s  on 
south-facing kifk that wc presume provided 
w m  micmiimata for femaies needing to 
maintain hommthmy.  Additionally, chcy 
appcarcd to move daiIy,'at Iwt slightly. which 
is consistent with obkncuions in the Black 
Hills (Cryan and Bogan 1995). Lewis (1995) 
d$cussts seved &ns why bats would 
movc frequently among roosts,,und such 
lability is chmctcn'siic of bats that occupy 
roosts that are a b u n k t  in rhc I;mdsc.ape, as 
the pits in Bmdclicr aiffappcar to be. Mdc 
batstend to rernrrin hetcrothcdc even in 
summer and the choice of ;L north-facing cliff 
3s a msting site by a ' d c  M, thysModes is 
consistent with this therinorcy~arory stntcgy, 

, ?  



Eptesicusfuscus is known to form 
maternity roosts in a variety of structures, 
including trees and buildings, Wc found that 
onc E. fuscus was using a luge ponderosa 
pine snag as a roost, along with at leut 55 
other (presumed) conspecifics. Wc have some 
evidence that this bat latcr moved to another 
such snag nearby; rcaons for this move rn 
unclear to us. Trccs in forests that are used by 
rcproductivc females tend to be Iugc old 
often dcad, snags, Funhermorc, such roost 
trees arc frcqucntly located so that they arc 
well insulated. Use of such trees by 
homeothermic fcmdcs would be predic:ed. 

Our experience in racking bats in the 
m t c m  Jcrncz Mountains suggcsts that i n  
1997 some changes in tcchniquc would be 
useful. In 1997, wc intend to use fixed-wing 
aircraft to help us initially Iocatc tagged baa, 
after which ground scarchcs would bc made. 
We also will USE additional pcrsonncl for a 
more conccnmtcd effort during thc peak 
rcproduc tivt season, 

We have netted all cight bat species of 
concern in the Jemez. A majority of fcrndcs 
of the species of concern captured to date 
were reproductive. Three specks (M. cuoris, 
M. thysanodcts, and AM, vohnfJ WCFC 

frequently captured and a fourth (Eudrma) 
w3s captured occuionally and heard 
frcqucnrly, The roosts chosen by M, 
rhysunodes suggests that there is no irnmcdiatc 
threat to thcir reproductive populations, as 
such structures are common in the Jcmcz 
Mountains. We captured low numbers of two 
species (M. cifiolabrwn and C. :ownscndii). 
Thcsc bots arc agile flicrs and thcir capture 
numbers may rcflect netting bias nthcr than 
rclativc abundance. lM, purnanenJ*is is known 

to roost, and reproduce, at BAhD and tends EO 
occur 3t elevations lower than whcrc we 
netred: it is probably rclativcly common. 
Trac!4ng the local statu of M. ywnanensis 
could best bc done by monitoring thc roosts 
BAW. N. mucrotis was ncttcd in low 
numbers both ac BAND and chc Smu Fc 
National Forest. 
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Table 1. Dates bats wcrc rnistnettcd in the Jernez Mountains during 1995 and 1996, 
BAND = Bmdtlier Su'ational Monument and LA% = Los Airnos Ndtional Laboratory. 

LAX 
DATES DATES 
09/05/95 0711 8/95 
09/06/95 0711 9/95 
04/%/9 6 07/20/95 
04/2S/9 6 0712 GI9 5 
0512 1/96 07/27/9 5 
0512296 0713 1/95 
05/23/96 08/01/95 
05/29/96 0 SI029 5 
0513 0/9 6 08/03/95 
0610 1/96 08/07 19 S 
06/02/96 OSIO 8 I9 5 
06/05/96 os/o9/95 
061 1 8/96 OS/10195 
06/25/96 98/14/95 
06/27/96 08/16/95 
06/25/96 08/17/95 
07/02/96 05/15/96 
07/09/96 05120/96 
07/10/96 0513 1/96 
0711 1/96 06/06/96 
071 17/96 061 1 019 6 
0711 8/96 06/24/96 
07/22196 07/15/96 
07E396 071 1 619 6 
07/24/96 07/21/96 
07/30/96 07/29/96 
05/06/96 0713 I I9 6 
OSJ13/96 08/0S/96 
OS/ 14/96 08/09/96 
0 8 12 8 196 0131 1 Y96 
09/04/96 08 M / 9 6  
09/05/96 08/25/96 
09/10/96 09/06/96 

0911 1/96 

33 TOTAL 33 
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. . . . . . . .  . . .  

- - LANI,, -:-. - . 
. .  . : bAND . . . .  

UAND 
].ANI. 
BAND 
IANI,  . 

Table 2. Sites netted in the Jeniez hlountains during 1995 and 1936. 
I IAND = Randclier Nat~o1-131 hlonument, 1.ANL = Los AIanios National 1-atmatory and SFNF = Santa Fc Naiional Forest. 

I 

lW5 1996 nolhYcars Corntinell 

Sire Sire Sire C& 

I I S i f C S  13 Silcs 20 Sites 

. . .  . -  . . . .  
- -  . .  



13Me 3. Number and species Of b3ts captiired during 1395 and I936 at sites in the Iciiiez hlountains. 
1: = fenialc; hl = male; Sub = subtotal captured each year. Asterisks denotc 1:etIsral Species of Concern status, 
“E’ indicates State Endangered status. 

’. 
Spccies F(195) ht(lW5) Sub(1995) F(1336) hl(IW6) Subtotd(lc)36) T o t ~ t F  Tocalhf TmAI. 

0 
2 
4 
8 
5 
3 
0 
0 
0 
2 
3 
2 

1 
I 
0 

2 
4 
-10 
8 
18 
5 
2 

91 
0 

5 
0 
0 

I 
4 
0 

2 
6 
44  
16 
23 
8 
2 

31 
0 
7 
3 
2 
2 
5 
0 

5 
7 
11 
13 
12 
2 

0 
6 
0 

33 
2 
0 
0 
0 

7 

4 
30 
25 

I3 
29 
0 
19 
315 
3 
31 
0 
2 
45 
1 
0 

9 
37 
32 
26 

J I  
2 
19 
321 
3 
67 
2 
2 

45 
1 
7 

5 
9 
15 
21 
17 
2 
0 
6 
0 
35 
5 
2 
1 
I 
7 

6 I I  
34 43 
61 7’) 
21 42 
-a7 bt 
5 10 

21 21 
Job 412 
3 3 
39 74 
0 5 
2 4 
-16 47 
5 6 
0 ’7 

TOTA IS 31 I80 211 9s 519 617 I29 659 828 
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Table 3. Bats netted at sites during 1995 and :I996 Asterkks denote species of concm. . I .  
. .  

Spccics MdC Fcmdlc ~ : Tod %Male, Rb Frequency 

L 

* 
* 

li 

- 

& 

22 
1s 
7 
2.: 
0 
3 
I82 
1 

0 

36 
I 
0 

** 
u 

q 

4 
r) 

13 
5 
11 
0 
0 
5 
0 
28 
0 
0 
0 
0 
0 



Table 6, Bats netted at BAND sites during 1995 and 1996, Asterisks-denote species of concern, 

Species Male Fcmnfc % Malc Total % Frequency 
M. calijomicus 2 I 67 3 1 

1% citiolabrum I?  2 86 14 3 
M, rvoris 49 1, 96 51 I?, 

a 1'4. thyanodes 14 16 47 30 I - M. vol4lm 23 6 79 29 7 
M,yumancnsif 5 5 50 10 * I 
L cinercus 18 0 I00 I8 4 

L. nocrivelon: 224 I I00 225 52 
i? hcsperw 2 0 lo0 .I 0 
E. furclrr 17 7 71 3 6 
Bmuculatum 0 5 0 5 1 

= c, rownrcndii 0 2 0 - 0 
A. pclfidu 9 1 90 IO 2 
'I: brariliicnris 4 1 80 5 1 
h! macmris 0 7 0 7 2 
T0Z.U 379 56 87 43s 100 

.) 

LI 

? 

Table 7. Number of BAND sites at which each species was netred 
Asterisks denote species of concern. 

Specics Female Mdc 
AI. califonticus 1 & 

M, ciliolatrmm 1, 3 

LI 

a 

1 M, cuotis 1 
M. rhysanodes 6 I 

5 
5 

a M, V O l U N  3 7 
1 M. yumancnsis 3 

L eincreus 0 
L nocrivagans 1 
R hcspwus 0 
E. furcur 3 

.I 

1 E maculatum 2 0 
0 C, rownscndii I 

A. pallidus 1 
Z brasilicnsis 1 

0 
2 
J 

I N. mucrotis 2 0 



L noctivasans 
P. Irespcrus 

E mculorum 
C townrcndii 
A4 palti& 
1: bmriliensis 
f f .  mcmtir 

E f i c u s  

10 31 
2 2 
10 23 
2 3 
3 3 
6 11 
6 6 
2 2 



1996 FEMALE 
spccics 
M. cali/arnicus 
M. ciliolabrum 
rcl. cvolls 

M. thysunodes 
IM, vohns 
hi, yunwnensis 
L cinrrcus 
L noctivagm 
I? hc3pcrur 
E f k c u  
E ?Mcu&rum 
c, rowmcndii 
A. pollidus 
N, macmris 

MALE 
,w P 
1 1 
c 3 
5 4 

I 
10 0 
2 0 
0 0 
6 0 
0 0 
13 15 - 0 
0 0 
0 0 
& 0 

.) 

* 
I 

1 

.) 

L 
2 
2 

5 

0 
0 
0 
0 
4 

0 
0 
0 
5 

* .. 
1 - 

PL J 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 0 
0 I 
0 0 
0 0 
0 0 
0 0 

TOTAL so 24 ..r 0 I 11 

hX 
1 
23 
22 
12 
2Y 
0 
19 
305 
1 
32 
0 
* 

3 

0 

5 
3 
7 

1 
1 
0 
0 
8 

.) 
1 

1 - 
1 
0 
0 
41 
0 

J 
0 
0 
0 
0 
0 
0 
0 
0 
0 
1 
0 
0 
0 
0 

Jp? 66 1. 

Table 11. Avenge clcvation (in feet) of capwc for bat species, 
smdard error and range of capture clcvations. 

Species Mean Elevation SmW Error Range (ft.) 

A. pullidus 
E.. ltcspcms 
M. califomicw 
hi. ciliolabrum 
M. thysunodes 
E. fucus 
1: bmilicnris 
M. yumanrnsis 
M. volanr 
N. mucrotis 
C. rownscdi i  
L nocrivaxans 
1. cincrcus 
M. &Otis 

E. iriuculutuni 

639 1 
6453 
6 i83  
7083 
746 1 
7552 
7820 
7882 
8003 
So90 
8093 
8245 
8335 
8.136 
893K 

31 
127 
368 
1 47 
200 
100 
SO8 
431 
1 07 
143 
634 
38 
I98 
81 
5 

5700-6600 
6200-6580 
5750-7700 
6020-8950 
5750-9100 
4020-8950 
6080-8930 
6020-8950 
6020.9 I O 0  
79774950 
6470.9 100 
6080-8950 
60204950 
6470-9 IO0 
89304950 



Table 12. Average elcvafion of C l t p I ~  (in feel) for bat spccies according losex. 
For each species average elevalion of capture is shown for; hi = male; €3 = female; 
NRI: = non-reproductive female; RI; = reproductive female. 
Totals are the average elevation o f b h  years combined. 
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Tablc 13. P - vducs produced from a two sample, two dlcd.  u n e q d  variance t-test for no 
difference in mean capture clcvation between reproductive females and males of each spccics for 
which adequate d m  exists, 

Species p-value 

M. culifornicus 0.6 1 
M. ciliolabrum 0.65 
M. evoris 0.02 
M. thysanadcs 0.46 
M. volans 0.7 1 

C. townsendii 0.19 
E. ficus c 0.001 
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Table 14. Locations of diurnal and night &SCS identified during sys&tic searches at 
cliff bascs in Los A l m o s  at Pueblo Canyons.' NT UTM coordinatcs:noryetdebEnnincd by GPS. 

Chmctcnstics of Roost Gcncd Loation DPG UI?d Cmrdiniita 
1 ,  Observcd (elmtion) ' ( +  

Luge,  inactive diurnal roost in 
vcnicd crcvicc overhang, significant 
guano accumulations, roost a m  with 
odor of free-tailed bats 

Inactive, diurnal roost in bowl=shaped 
dcprcssion in open grotto 2 rn abovc 
cliff bnsc. About 1000 c.c, 
accumulation of small dropping, 
probnbly less than 1 year old, 

Transient diurnal roosts (3), My& 
sired droppings, n e a r  and inside 
gonos. 

Nyht msu (2), Anm:our.sizcd 
dropping 

Tmsicnt diurnul roosts (3), 
including Myotbsized droppings 

Innoctivc. d i m d  roost in  bowl=shn@ 
depression in potto, mcdium s k d ,  
older dropping 

Small, cylindrical chute (7-10 cm 
diumcrcr) in  vertical cliff, 3 m P ~ O W  
elif€ bnsc, About 100 Myorbsizd 
p l l c u ,  Very rcccntly used 
diurnal m o s t  

Diurnal roost, Ippsc vertical crcvicc 
about 10 m abovc tuff layer. 
numerous smttcrcd TadPkda-sircd 
p c l l c ~  at base of cliff 
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Table 14, (continued) 

Chmctcrisdcs o f  Roost Gcncnl Location Date Vm Courdimtcs 
Obscrvcd (elevation) 

Diurnal roost, lup vertical chute, 
about 40 m above cliff b w ,  
numerous scattered Tadoricta4zed 
pellets at base of cliff 

Night room (3), onc with Antm:ous. 
sized droppings, two smaller, 
in group of about 12 uouos, 

I frcsh for 1996, 

Active diurnal roost, 540 Trrdaridp 
countcd at emcrgcncc. Large. 
double v c n i d  chutcs about 40 m 
abovc cliff bwc 

Night most with nurncrous 
Anfm:orrs=sizcd droppings 

Night roost with numcmus 
Anrtv;olls=sized dropping 

Night roost with Anrm;ous- 
sized droppings, culled 
sphingid moth wings 

Diurnal roosf vertical crcvicc 
about 8 m abovc cliff bue,  
Anrm:ow-sizcd droppings 

Night roost in grotto with two 
internal verricnt chutes, pellet 
s ix m g c  indjmtcs use by scvenl 
specks, including Anrmzow, 
Vcrifcd octivc by nct apturc of 
Anrm;our cntcring at night. 

Pucblo Canyon, Kwagc Mesa, 
south-facing cliffs 

Pucblo Canyon, Kwagc Mcsa, 
south-facing cliffs 

Pueblo Canyon, K w ~ ~ c  M c s  
south-facing cliffs 

Lower Los Alamos Canyon, 
south-facing cliffs, NW 114 
olScction 20, T IYN, R ?E 

Lower hs Amos Canyon, 
south-facing cliffs, h'W 114 
of Section 20, T 19N, R ?E 

Lower Los A ~ ~ 0 5  Canyon, 
south=bcing cliffs, NW ll4 
of Section 20, T 1 5 "  R E 

Lower Los Aliunos Canyon, 
south facing cliffs, W 1/4 
of Section 20, T 19N. R 7E 

Lower Los Amos Canyon, 
south-facing cliffs. ,NE 114 
of Scction 19, T 19N, R 7E 

26-Au6.96 

28-Aug-96 

28=Aug-96 

27-AU g-96 

27-Auk96 

27-AU ~996 

27-Aug.96 

28-Aug-96 

13 386830, 
S 397 173  
(2052 m) 

13 387059, 
S 39716661 
(=OS2 m) 

13 387332. 
S 3971573 
(2046 m) 

13 389524, 
S 3969883 
(1999 m) 

13 389475, 
S 3969892 
(1991 rn) 

13 33931 1, 
S 3969956 
(20 I3 m) 

13 388905, 
s 3970038 
(2019 m) 

13 388617, 
S 3970178 
(2006 m) 
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Figure 1. Total number of bats captured during 1995 and 1996 in the Jcmcz Mountains. 
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Figure 4. T o d  number of bats captured at BAN3 sites during 1995 and 1996. 

Number oflDots Captured Ai UtWD Owl nc 1995 pnd 1996 

Figure 5. Numbcrof sits bat specks w m  captmd at during 1995 and 1996 on BAND, 
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Figure 8. Number of caprure sircs at which malcs and fcmalcs of c x h  specks werc 
captured in the Jcmcz Mountins during 199s and 1996. 
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Figures 1 1 8: 12, Avengc number of mdc and fcmdc bats captured at 41 sites during 
1995 and 1996. 

Awrajit Number ofMPln Captured Per Night In thc JcrntzMountai~ Dur ing  
1995 nnd 1996 
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Awxage Number ofFcrmles Captured Per Night In tbe JcmczMountalm During 
1995 and 1996 





Figure 15. Combined year total number of reproductive and non-reproductive fcmdc 
bats captured during both 1995 and 1996 at all sites in the Jcmez Moundns. 
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Figure 17, Average elevation of scxcs for each species of bat captqcd in the Jcmcz 
Mounains in 199s and 1996. BUS represent standvd error. 
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APPEKDn A. Summary of results of ultrasonic surveys for baki at BAIUDLASL. 

LNTRODUCTION 

Stu15es of bats using ultrsonic recording devices have become more common, as 
recording tcchnology h a  devciopcd and become less expensive (c,g., Fenton 19SS). Bst 
sumcys using u1tr;lsanic recording devices have thc potential ta provide valuable 
infomation on thc distribution, abundance, and ecology of bat species that complements 
the information gaincd through trapping and roost surveys. In particular, such surveys src 
not restricted to roast XCLS or the vicinity of water. They can be used to survey broad 
areas and 3 v ~ c y  of habitats, and offer more complctc information about overall 
distr;bution and habitats used by bats (Fenton 19SS>, Ultrasonic survcy arc st i l l  in the 
dcvel~pmcnt phuc, howcvcr, and they have 1imi;ations. Morc work is needed in 
cvdurrung calls to dttcnninc whether specics can be safcly distinguishcd by their 
vocalizrrtions. 

1 conducted surveys for bats in Bandelic: National Monument (BA3D) and Los Alamos 
National Laboratory (LANL) using ultrasonic daecrors during tchc summer of 1996. M y  
primary goals wcrc to usess thc utility of AnaBat detectors and point tmsect 
nethodology for estimating bat activity, diversity, and habitat use and to dcvclop a 
reference libmy of echolocation calls of known spccics from the Jemez Mountains. A 
secondary god was to detchnc: whether ;1 density or volumc of foraging bats could be 
estimated with the usc of DXSTAiiCE sampling theory in 3-dimcnsions. 

METHODS 

I used the An;lBat D bat dctcctor, a unit designed specifically for identifying 
microchitoptem bats by their echolocation calls. Anaat II detects the inaudible, high 
frequency sounds of bats and produces from them sounds which arc audible to thc 
unaided human ear. I interfaced the bat detector with o laptop computer in thc ficld 
which cnablcd me to vicw the truc frequciq4mc smccurc of ceholocating baa at the 
time of detection. I could also record the vocalizations of bats directly onto the hard drive 
of the laptop with file header infomation such as date, location, species. and pertinent 
comments. 

I developed the echoloauon nfcrcncc I i  bury by recording vocalizations from hand- 
relcscd bats at 10 mist netting sitcs around BNILA"LZ, A 500,000 candle-powcr 
spotlight w u  used to follow t!!c bat as i t  tlcw from thc hand. Approximately 2 recordings 
wcre madc from cvey hand-released bat. 

In conjunction with devclopins a call rcfcrcnct l i b r q ,  I also conducted 17 pilot transcc~ 
surveys in 4 major habitat types in B)cUD/LiLcZ: RipariuKnnyon bottom, Mixed 
Coniferous Forest. Pinyon-Juniper Woodland, and the 1977 La Mesa tire XCL Encounter 
rates (number of "bat p~sscs" detcctcd/number of points along the trmscct) wcre 
calculnttd for cnch habitat ripe. A "bat pass" W;IS defined as 3. continuous scqucncc 01' 
calls givcn by P singlc bat from when i t  is first drtccttd until it  tnvcls bcyond ihc rangc 
of dctcction. A bat pass usually 1st~ from 2-12 seconds. 



Appcndi-t A. Conrhucd 
I ,  

1 .  . 
,. , 

I 

cholocation libnrv; Eleven species of bats wcrc recorded from hand relacs (common 
:me and number of recording in pmnthcscs): Myoris evarh ( L s n g k d  myatis, 3), 
M. volans (Long-legged myoris, 27), M. ciliolubnun (Wcstcrn smdl-footed my&, 19), 
M. rhysmodcs (Fringed myous, 6), 'K. califbtniw (California nyotk, 2). Epresicus 
&cxs (Big brown bat. 53), Anrru:ousp&fu (Pallid bat, 3 l), Corynod~.hinus townscrdii 
powmend's big-end bat, 11, hionycferis n o c n ' v q m  (Silver-haired bat, 241, 
t a s iuru  cincrcus (Hoary bat, S), and Nycrinumubs macrofir (Big free-tailed bat, 2). \+'e 
made additional recordings of frec4yingMyoris y m e m i r  (Yuma myotis), Edermr: 
mculanun (Spotted bat), Pipi.srre!lur hespew (western pipismlle), and Tu&riCa 
bradiemis (Bmilian frcc-mled bar). Rcprcscnntivc 4 1 s  for 14 species in the Jcmcz 
Mountains arc included in fiyrcs 1-14. 

Point mnscctS; Encounter ntes vyied dnmancdlywong the four habitat eypcs, Points 
with the highest avenge encounter rate were found dong TCipYianlCYIyon bottom 
habitats (7,4). Mixed Coniferous Forcst averaged27 bar prnes/poinC Pbyon-JWipe: 
Woodland 2.1 passdpoint, and La Mesa F k  2.7 prrssedpoint Due to the difficulty of 
estimating 3 distvlcc to an individud foraging bat, I w3s notable to USI: DISTAXJ2 
sampling theory to dctumine foraging densities or volumes during be'1996 surveys. 
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AppG.?d;X A 
TAPE: computt?r 3ATZ: 0 7 / 1 8 / 9 6  LOC: Fr?jQlm Canyon 
SP: M Y Q C ~ S  callfornlcus SPEC: female 
NOTES: laccacing; 4 grams 

Compte3 3 cd 0 t o  80 kHr Div 16 Cal - 6  40000 67182327, SOIL 

N p t ~  - 1 1 0  BuiP - 0 % P 7  TOTAL - 160 m~ T X S  - 10 m8 DUR - 3.55 ma TOC - :57 ms FRE H 4 9 . 0  knz 

1 

70 s ' .  1 
" I . .  
: ' : a ,  

: : i : ;  ! 
: ! : ! ;  I * '  
\ ! ;  : +  ;, ' I 

* *  
50KHr 

1 1  

TAPE: corngurcr DATE: 07/18/96 LOC: Frijoles Canyon 
SP: Myatis calizornieuo SPEC : 
NOTES: Wand relea5C: female: 4 Varns; still in han0, noc f ly ing .  

Compressed 0 t o  80 kHz b i ~  - 16 Cal - 40000 67182327,27# 
OfTR 3.77  rno TBC - 92.4 m3 FRE a 35.5 ~ H Z  

TOTAL - 160 ms T X Y S  - 20 m8 NpCl - 301 Buf2 - 3 t P 7  



' .  
' I  



7 
1 

R q u c e  3 a. 2 
TAPE: computer DATE: 06/25/96 LOC: Icchouoc Pond, LANzl, LOG Alamos eo, NM 3 
SP: Qfotis cvot is  SPEC: I 

2; _- NOTES: Hand release; 2cmlc. 
G 

I 

Compressed o co e o  HZ Div = 1 6  Ca1 - '  40000 66251141.43# 13 
TCTZ - 160 ms TICXS - 1 0  ms Npco - 109 Bur2 * 0 8 

DC~R - 3.72 ms TBC - 156 mts FRIS - 2 9 . 5  kHz 
F 7  2 

9% 

F ;~u*c  3 b.  

TAPE: computer DATE: 06/03/96, LOC: Pajariro Wetland, 6200 Zt.8 Biomanifsitc 
SP: Ryoeia cvorfs SPEC : NOTES: Hand release. 

Compressed 0 to eo )EHz D ~ v  16 Cal - 40000 6603tLS6.248 

TOTAL - 160 rn3 TXKS - LO mY Npts - 65 B u ? ~  n 0 t F 7  
DUR - 3.43 mo TBC - 744 ms FRE - 33.0 kHz 

t 
i 50KHz -/ 

3 1 

I . . , . .  

7 
5 R q u c e  3 a. Y 

3 

..j 

I 
TAPE: computer DATE: 06/25/96 LOC: Icchouoc Pond, LANzl, LOG Alamos eo, NM 
NOTES: Hand release; 2cmlc. 
SP: Qfotis cvot is  SPEC: 

2; _- 
(2 

Compressed o co e o  HZ Div = 16 Ca1 - '  40000 66251141.43# ,j 
DClR - 3.72 ms TBC - 156 mts FRIS - 2 9 . 5  kHz 2 

.;, 

cn 

F 7 TCTZ - 160 ms TICXS - 1 0  ms Npco - 109 Bur2 * 0 8 
I* 

(r 

' 3  

' 4 '  

I *  , I * . '  

* I * '  

. I , '  

t .  , , . I , '  

8 ' '  , , , *  [ ; : * ' ' .  8 ' 4  a , , *  , I I 
I -  

* ' ' * , , a  c , . , . ,  k : ' ; " " "  , , . ' + '  1 4 ,  

i - '  30 
I 

I 0  

0 
I 

F;~u*c  3 b. 

TAPE: computer DATE: 06/03/96, LOC: Pajariro Wetland, 6200 Zt.8 Biomanifsitc 
SP: Ryoeia cvorfs SPEC : NOTES: Hand release. 

Compressed 0 to eo )EHz D ~ v  16 Cal - 40000 6603tLS6.248 

TOTAL - 160 rn3 TXKS - LO mY Npts - 65 B u ? ~  n 0 t F 7  
DUR - 3.43 mo TBC - 744 ms FRE - 33.0 kHz 

t 
i 50KHz -/ 

3 1 

I . . , . .  
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Appc*d;x A 
TAPE: Computet DATE: 05/21/96 LOC: Pueblo Canyon Gfflucnc Axe& 
S?: Myoris th sonodes SPEC: 
NOTES: Hand reYeaoe. 

I .  . COmprCSScd 0 co 80  kXt Div - 16 CaZ 9 '  40000 6521103.0.23# 

F 7  
DCR - 5 . 1 4  ma TBC - 104 m i  FRE - 23 .5  kHz 

TOTAL - 160 n~ TICKS - 10  ms NPCY - 358 BU2f - 2 t 

TAPE: Computer QAm:  05/21/56 LOC: Pueblo Canyon ELflutnt Area 
SP: Myofis th saodcs SPEC: Noms: Nand reYccae. 

Campresace! o to ao  MZ 3lv - 16 Cal - 40000 65210919.46# 

TOTAL - 160 ms TICKS - 10 ms Nprs - 297 EufP - 2 5 F 7  
DUR - 3 . 4 1  ms TBC - 502 ms FRE - 2 4 . 0  kHz 

I .  

1 1  



/4pperd:X A 

NOTES: Hand re Y caoc, 

TAPE: Campuect DATE: 05/21/96'.' ,LOC:' :Pueblo Canyon ! i f f l u &  &ea 
SP: Ryotis th aanodco . . , , . I  % 0. , I  ;p ,;:SPEC: , 

" .*; i: ;;; I . .  , 

. ,  I) I '.. i .  . . .  
a , '  , . . 0. ..' L . .  

. I  ' 
. .I 

8 ,  , :  . . .  , 4  

Compressed 0 t o  80 kH: D l v  - 116 Ca1 i.40000 652LlOZO .26# 

F 7  
DVR - ! 6 . 4 9  ms TBC - 1,232 ms FR6 9 23.0 W 

TOTAL - 160 rns TICKS - 10 , : N ~ E o  - 445 ,;. BuPf 2 t 

i . , , t . f  

, .  

, . . . . . . . . . . . . .  



TAPE: cornpurer D A D :  08/12/96 LOC: Frijoles Canyon below VC (acrose creek) SP: Myocis valans SPEC : 
NOTES: Hand release: interference with E'PFU? Zirst part o l  cal l  lo a EPFU, then 
W O  last part; mole ddulc, 
Campregsed o to e o   HZ Div - 16 Cal - '  40000 68122233.06# 

TOTAL - 160 rns TTCG - 10 mo Npts - 392  Buff :2 r F 7  
3UR - 5 . 4 3  ms TBC - 136 ms FRE .I 40.0 kHz 

' . ,  Fitjute b .  
' TAPE: compucer DATE: 07/24/96 LOC: Pueblo Cyn Sewage TrrmcnE facility 

SP: l q f O t l 3  volano SPEC: male 
NOTES: 7 gramo: hand release 

Comprcsocd 0 to 80  kK: Div I 16 C a l  - 40000 67242255 S6# 

TOTAL - 160 ms '=:cKs - 1 0  ms Ngt9 - 573 BuLi - 9 t F ?  
Dm I 4 . 4 2  ms '=BC I 76.6 KILI FRE - 32.0 k k  

r 
t '  

I: 
I :  
E 
t 
t '  1 I .  



TAPE: Camputcr DATE: 05/20/36q8';L0C: !'Stock Pond a t  Ski .Trailhead, 8,930 2:. 

NOTES: Hand rclcasc. 
SP: Lasiurus cincrcus - 3  1- I $ *SPEC: 

TAPE: computer DATE: 05/31/96 tot: Stack Pond o Ski ;.&uiUead:, 8930'  'P.5 
SP: Lasionycaxfs nocrivngans .. I ; 
NOTES: malo; hand rclcasc SPEC: 
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Compressed 0 eo 80  kHz Dlv - 16 Cal - 40000 1 653L0906 08# 
DVR;m 6.01 IM TBC 13s IIIS FRE - 25.0 kHz 

TOTAL - 260 ms TXXS - 10 rns Npts *. 268 BUZZ - 2 Y F 7  
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App.md;g A F ; ~ ~ P c  3 b. 
TAPE: cornpuccr DATE: 06/03/96 LOC: P a j a t h O  Wetland, 6100 it., BiOmOnitsitC 
S P :  Lasionycctrio noc:ivagans SPEC: 
NOTES: Nor o. hand release; bar: Foraging-arounC during m i s t  ncc set-up. 

Coma res 3 ed 0 to 8 0  kHz Div - 16 Cal - 40000 66032052.49tt 

F 7  TOTAL, - 160 rn9 TICKS - 10 ms h'pcs 4 5 0  Bu2f - 3 0 
DCTR - 11,3 rns T B C  I ' 243 ms F U  - 2 6 . 0  kHz 

TAPE: Computcr DATE: 0 5 / 2 0 / 9 6  LOC: Stock Pmd a t  Ski Trailhead, 8,930 ,Cr. 

NOTES: HanC tclcaae. SP: Laiionyctcrio noctivagans SPEC: 

Cornprcssed o eo ao  WJZ Div L 16 Ca1 - 40000 65202127. Olt 

TOTAL - 160 ms TICKS - 10 m3 NprS - 206 B u ~ Z  - 1 Z F 7  
OUR - 12.0 ma TBC - 284 TIS FRE - 2 e . s  MZ 
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A p p m c l ; ~  A 
TAPE: computer DATE: 05/3:/96 LOC: Stock Pond Q1 Ski Trailhead, 8930',P.5 
S?: E p t e o l a s  PUSCuo SPEC : 
NOTES :- hand release 

Compressed o co eo W Z  niv - 1 6  Cal - '  40000 65310950,15# 

TOTAL - 160 ms TICKS - LO ms Npts 591 Buff - 15 t F 7  
DL% .I 5.51 rns T B C  - 159 ms FRE - 32.0 kHz 

1 70 '1 

TAPE: compurcr DATE: 05/31/96 LOC: Stock Pond cp Ski  ZYaiLhcad, 8930',P.S 
SP: Epccoicuo fuocuo SPEC: 
NOTES: hand release 

coxpres 9 ed 0 t o  80 M z  Div - 16 Cal I 40000 653109SO ,248  

TOTAL - 160 rns TICKS - 10 rn3 Nptn 9 427 BUZZ = 2 h F 7  
DUR - L0.8 ms TBC - 260 mo FRE - 28.0 jtHz 
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Appwdix  A 
TAPE: computer DATE: 07/30/96-: hOCt f a  'Lawet Falls " r h ,  2ansccc (Pilot) 

NOTES: Recarding o t  a :rec-flying"foragi& Eude-ma n c u  the Rio'Gmandc River. SP: Eudcnna rnoculaturn - ' SPEC: 

Cornprcs ocd 0 to 8 0  )cHz DiV - * f 6  Cal - *  s , k O O O O  I 67302138.22# 
DtlX - !34.3 ms I TBC - ::le8 ma FRE - 12.0 kltz 

F 7  TOTAL - 160 ms TICKS * 10 ms ' Npto - 67 + ' 1  EL4: 0 0 t 
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"ZXPE: computer DATE: 0?/30/96 .LOC: Lower Falls mail Tramcct (p i lo t )  
CnPr .  
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Append;X A F;g--c IO 

TAPE: Computer DATE: 05 /20 /96  LOC: Stock Pond a t  S k i  Trailhead, 8,930 f t ,  

NOTES: Hand release; diarrcoo cal l s  from rhc nand. 

Compressed 0 t o  80 kHz Div - 26 Cal - *  40000 65202043.54# 

TOTAL - 160 ms TXCKS - 10 mo Hpto - 510 Bu3! - :2 % F 7  

S?: Corynorhinus eovnnendii s PEC : 

Dm u 6 . 6 2  rns TBC - 175 ms FRE - 2 8 . 0  )cHz 

4'"'' 

F i 5 u f c  I I  a 
TAPE: Computer DATE: 0 5 / 2 2 / 9 6  LOC: !?ueblo Canyon EZScent i v c o  
SP: Ancrozous pallidus SPEC: 
NOTES: Hand rc lcasc .  

Cal - 40000 6521L0:4.45# Comprenicd 0 to 80 lcHz 3iv - 16 

TOTAL - 160 ms TICKS - 10 ms NgES - 396 auzt - 3 t F 7  
DUR - 5 . 4 6  ma Tf3C - 91.6 mn FRE - 31.0 kHz 
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6 p p w d : X  A 
TAPE : Computer DATE : 05/21/96 ,::.,KC: :* Pueblo Canybn 
SP: Anctozous pallidus 
NOTES: Hand release. 

Compressed 0 t o  80  kHz ' D i V  - ,a6 Cal - 40000 65211014.48# 

, 9 '  SPEC': . 
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DUR .6..02 mS TBC 9 :135,mS FRE - 29 .5  ~ H Z  
TOTAL 160 ms TZCKS 9 10 m".' . .  ; .  :.t@t~ 260 ,, ,,DuFi ~ - 1 t F'7 
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TAPE: Computer DATE: 05/21/96 WC: &Ob10 Canyon Ezfiucnt Area 

NOTES: Hand release. 
a .  " . 

, *  , 
SP: Antrozoua paXidus . I  
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Appmdix  A 
Tap&: computer DATE: 07/30/96 LOC: Lower F b l l 3  Trail Transect ( p i l o r )  
SP: Tadarida brasilicnsis SPEC:  
NOTES: Recording of 2rcc-Elying bac along Rio Cranbe. 

Compressed 0 t o  80 kHz Div m 16 Cal -' 40000 67302037.27# 

TOTAL - 160 ms TTCXS - 10 ms NQW 438 aut: - 2 rlr F 7  
DUR - 10.4 ms T n C  - 569 ms FRE - 28.0 kHz 

TAPE: computcr DATE: 07/15/96 LOC: atockponCmki trailhead; 8930: P.5 
NOTES: female; lactating; hand r e l c a i c :  captured a t  SCOCkpOnd P.l 
SP: Nyerinomops macrotio SPEC r 
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TAPE: computer DATE: 08/11/96 ,We: eagulin Canyon ' ,: 

NQPES : Reccrding of a Zrcc-Flying' foraging: P i p i s ~ c l l u s  'h, CapuZin Canyon. 
SP: Pipiocrcllus henperus 8 .  . ,  !'.SPEC: . 

'. ,; : I. . , ,  

Compressed 0 t o  a0  wtr Div,.u l.6.". C d  - 40000 . . ' 68212200.24# 

TOTAL - L60 DUR.,- f . 9 5  ms TBC .I 291,-ms ' +  FRE I 44.0 kKz 
TZQCS 9 a10 KB \ ' I  NpES m 5 9 9 ,  ' . B W X  13. a F ?  

1 .  . . .. t, * 



FLPPE;r;DE B. Descriptions ofsitcs whcrc bat nets were set during 1995 and 1996. 
Elevation of cach site, in fcet, is in bmckcts. h m e s  in pnrcnthuses (e&, P 1 , L l )  
are namcs used to describe wattr sourccs at BASD. Wc currcntly hnvc 
photographs and GPS coordinates for most, but not all, of thcsc site. Sites arc 
arrangcd gcncmlly by dccrcahg clevation. 

Sites at hs Ahmos National Laboratory 

Icchousc Pond [7'700]: This is a perennial pond near the cntnncc to TA-16. This sitc 
w n s  ncrtcd by Tyrcll and Bnck (1992), who called i t  Pond TA-16. The surrounding 
forest is predominantly Pinus ponderam and mostly surrounds the pond. In 1995 the 
pond was approximately 15 rn by 25 m and was one meter dccp: during 1996 SIZE and 
dcpth varied appreciably over the coursc of thc season. Tht site is on USGS Frijoles. 
XM, 5.5 minute quadrangle, about two miles north of the intcrscc:ion of routes SO I and 
4; the pond is on thc e s t  sidc of Route 501. Wc ne:ted this site on 5 September 1995. 
During 1996 this was the most frequently ncttcd LAN- location. Wc netted hcrc on 22 
and 30 May, 5 ,  1% 25. and 25 June, 2 and IS July, and 6 and 13 August of 1996. During 
1996, water levels in the pond v x k d  considerably and after summcr rains snrtcd it W;LS 

almost too deep in work. 

Technic31 Area 15 Ccmcnt Pond [7600]: Wc netted this luge (approximately 35 m 
across) ccmtnc pond located in Technical Arca IS of M L ,  The pond \vas surrounded 
by a forcst of Pinrcsponderosu with 3 I q c  grssy meadow to the WCSL We ncccd this 
sitc on 17 July 1996. 

b s  Alamos Gayon Kcscrvoir [7260]: This Y C ~  includcs two sites near the reservoir, 
one was an cphemed pool approximately 5 m by 5 m and 25 cm dcpth; the other was I 
widened strcm flow approximately 5 m across with 3 depth of 10 cm, Both sitcs were 
products of iunoff from Los Amos Rcstrvoir in upper Los Amos Canyon. The 
dominant vegetation hcrc is Pinuspondcrosa. The reservoir is shown on USGS Guajc 
Mountain 7,5 min quadrangle and is located on Forest Service land; permission W;LI 

obtained from the Forest Service prior to necring. We ncmd this sitc on 1 1 and I5 
Septcmbcr 1995 and 1 June 1996 

Momndnd Can,von [7100]: Wc ncttcd a shallow pool, approsimatcly 2 rn by 3 m. 
surroundcd by cattails and pm of 3 small wetland in :hc canyon. The surrounding forest 
consists of Pinur ponderosa This xe is shown on USGS Frijolcs, SM, 7.5, minute 
quadrangle md is located southeast of Los Alamos on Pajarito Road. The site is acccssed 
by taking thc second lcft after the water tower. The pool is about 1,3 mi. downstream 
from the head of Mortandad Cmyan. Wc ncrtcd this site on 6 September 1995. 

Pnjntito Wctland [G560]: This site is a small wetland just south of  [he Pajartlo Canyoti 
Road and about one-half mi. west of Rautc 4, Dominant vcge:;ltion spccics i n  rhr 
wetland include Sulk cxigua, Popufus spp.. Ccmx spp.. and luncus spp, Trcc species in 
thc surroullding forest includc Pinllr edufis and iunipcrur spp* This sitc is bordcrcd by a 
bum arc3 to thc immcdjatc south and west. Wc ne~tcd his s i k  on 3 June 19%. 



I .  

, *  
I .  

,. , a  

Pueblo Canyon W.?ste Facility [6580]: ,This site is a sewage trc;l&t plant located in 
Pueblo Canyon. Five sewage ponds, approximately 10 rn in diunetcr, arc surrounded bv 
turf p s  within thc fenced facility enclosurc. Nets were set over the sidewalks and g&s 
near the mks, Surrounding vcgcution n e w  thc:fxility is pndorhinantly PintLC 
ponderosa on the slopes of the canyon. We I , ,  ncmdthis sitcon 23 Miy.24 July,. 14 

I ,* , 

1 .  
1 .  Aupsf and 5 Scptcmbcr 1996, . >  
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Pueblo b y o n  Eflluent [6470]: We netted the strcm running frob the Pueblo Canyon 
Waste Facility approximately 0.25 to 0 5  mi. down frum the sourcc:$kts were set in the 
meadow which had a dense cover of g w c s  and'over the s m .  Trccspccits included 
Pinusponderosa, P. cdufis, and Jwtipenrs spp. We netted this site an 24 and 9s April, 2 1 
and 29 ,May, 27 June, and 10 July 1996, 

Los Alarnos Canyon - Upper Puddle [&50]: &is pond in the Lower'Los Alvnos 
&yon mad was filled from runoff and was about 3 m by IS m in s&. Surrounding 
vegetation was mostly Pinurpondcrasa We netted this site on 22 and 30 July 1996. 

La Alamos Canyon 9 Otowi WeU 4 (67001: This site was on thc stmm in Lower Los 
A m o s  Canyon just exit of the Otowi Pump H o w  and reached by driving west of Smtc 
Road 4 on chc dirt road in the canyon, Tbcrc arc W f s  of Bmdclicr tuff to thc north: h c  
surrounding forest is mainly Phuspondemsa yld'nrious shrub sped= Sedges and 
passes were pmcnt dong the s m m  banks. We netted this site on 22 July 1996. 

h s  Alynos Canyon - County Line F a c t  165601: This site is on the mad in the bottom 
of Lower Los Alamos Canyon, where Los Alvnos and Sanm Fc coondcs meet. 
Vcgttadon in the canyon bottom was mostly'Pinurpondcrosa and varhus shrub species. 
On 22 and 30 July 1996 we set onc 18 fr net across thc opening in thc'fcncc. 

Lis klamos b y o n  - CIifTs [6600]: Thcsc s i t s  were against rhc c!& in Lower Los 
Alvnos Canyon when: we found p u l o ,  likely from night-roosting bats, in txwvations in  
the cliff walls. GPS mdings were 35931 le; 396995% and 3$8617c, 3970178n. 
Vcgcution consisted of Pkus  &lis and Junipenw: spp. Wc netted h a =  an 27' and 2s 
Augu f 1996. 
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hs Alnmos Canyon, Lowcr [6500]: We netted over several small pools in the bottom 
of the canyon wherc the creekbed flmns out and runs through open forest of Pinur 
pondcrosc. This location is on USGS White Rock, W, 7.5 min quadrangle and, like 
those localities described immediately abovc,.was acccsscd through a lockcd gate WCS: 

off Route 4 in the canyon, about 0.75 mi sodth of the intersection of mutts 4 and 502, Y 
Route 4 heads south to White Rock Wc netted he& on 13 and 19 Stpkther  199S, , 

Sites at Bandclier National Monument / 
1' 1 

North Uppcr Stock Pond (P 7) [9100]: This p r c n n i a l  pond is lo0 rn directly nORh of 
Upper Stock Pond (P3) and was approxirnntcly 5 m'in diameter with ;1 depth of 50 cm, 
Its margins w e n  thickly vegcated with gnsscs and scdgcs and this, plus its sndl size. 
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likely restricts bat USC oniy to agile flyers. Grases and hcrbaccotqplants surrounding the 
pond and in the meadow included Agoscris uuraniiaca, Allium mucrope!alum, A rcnaria 
spp., Bromus spp.. Carex spp,, Danthonia parryi, Geranium cacspirosum, Iris 
rnksouriensis, /uncus s ~ Q , ,  Poo spp., and Trifolum spp. Trees and woody pcrcnnials 
surrounding the meadow included Abies concolor, Juniperus scopuforwn, Picca 
cngelmanii, Pinus ponderosr, Populur rremulol'dts, Pseudotsuga mccicsii, Quercus 
gombclii, and Ribes spp, We netted this site on 8 August 1995, 

Uppcr Stock Pond, (P 3) [9,070]: This is 3 pctennial stock pond louted at the southern 
base of Ccrro Gnndc in thc Uppcr East Fork of Frijoles Crcck where the creek bed opens 
onto ;L narrow, sloping meadow n o d  of State Routc 4. Thc sitc was acccsscd by 
following the Uppcr Ear1 Fork 0.3 mi north from where it crosscs Route 4 in the 
norhwest extension of BAiQ. The pond W;LS approsimatcly S m by 12 m and at leu[ 
onc mctcr deep. Grxscs and herbaceous plants surrounding chc pond and in chc meadow 
included Agoseris auranticca, Allium macropetalum, Arenaria spp., Bromur spp,, Carex 
spp,, Danrhonia parryi, Getmiurn caespiioswn, Iris rnissouriensis, Juncus spp., Paa spp*, 
and Trifolium spp. Trees and woody pcrcnnids surrounding the meadow included Abies 
concolor, Junipcrtrs scopulorwn, Picca cngelmannii, Pinus ponderosa, Populus 
tremuloides, P:eudotsqa menticsii, Qucrcus gcrnbelii, and Ribes spp. We nettcd hcrc 
on 13 July 1995, 

Madow Pond (I? 1) [8950]: This lxgc perennial pond is located approximately 200 m 
northwest of the intersection of Sate Route 4 and St, Peters Dome Road (Hwy 259), past 
thc paved parking are& The pond was approximately 30 m by 70 m and at least one 
metct deep with a soft muddy bottom. It is in tl large mcadow which was surrounded by 
mixed conifcrs. Gmscs and hcrbaccous plants near the pond and in the meadow 
included Agoscris awann'aco, Allium macroperalwn, Alopccum acqudk, Brornur spp., 
Carex spp., Cercium spp., Danrlioniu parryi, Elymus spp., Erqrostis spp., Geraniwn 
caespirosum, lris missouriensis, Phfeum afpinum, Phlewn prarcnsc, Poa spp.. and 
Trifolium spp. Trees and woody perennials surrounding the meadow include Jwtipcricc 
scopuforwn, Picca cngclmanii, Pinus panderosu, Populus tremoloides, Pseudotsuga 
mexiesii, Quercrrs gahbefii, and Ribes spp, Wc nettcd this site on 13 and 20 J u l i  
Auysr 1995 and 20 May and 15 July 1996 It appears to be an important resowcc 
bats at BAND and held a large volume of water after the summer rains. 

and 14 
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Ski Trailhad Pond (P 5)  [5930]: This is a pcrennial stock pond 150 rn south of the 
(cross-country) ski railhead on the south side of State Route 4, 100 m east of thc 
inttrscction of State Routc 4 and Highway 289, The pond was approximately IO m by 25 
m and about 1 m deep, Thc pond faces an open ficld of Phlcum spp, 10 the north and W~LI 

surroundcd by mixed conifer forest on 311 other sidcs consisting of Quercus gambfifii, 
Jmipvus scopulorum, Picea engefmannii, P i n u  ponderosa, Populus trcmuloidus, 
Psew'orsup mcn;iesii, and Ribes spp. Wc netted this site on 7 July nnd 7 August 1995. 
This sitc was netted most frcquently of all BAND locations during 19% (3 1 May, 6, I O ,  
and 24 June, 15 and 29 July, and 6 September), 

Dome Road Stock Pond (I? 2) [8800]: This is a small stock pond at the headwarcrs ot' 
the upper wcst fork of Frijoles Creek. It is located about SO m east of St. Peters Dome 



Road (Hwy W),  and 0, I mite southwestof the junction of Sate Route 4 ud Highway 
2S9. The pond is formed in a stone basin mc;lsuting approximately S rn by 10 m, and 20 
cm deep, The plant community surrounding the pond included Piceaen&manii, Pinus 
flailis, Pinus pcnderoso, P o p u t u  rrtmddes, Psedosuga mcmle:~  Ribes spp., and 
Qucrcu~ambclii as well as g a s e s  and annuals. Wc netted this sitc'on 2 and 16 August 
199s. 

h w c r  Stock Pond - (P 4) [S660]: This is ;L la& pond in the Uppc; k t  Fork of 
Frijoles Creek below S u e  Route 4. Acccssis from the unpaved pukingm on the 
nonh sidc of State Route 4.0.1 mi. southust of when the Upper EwFork of Frijoles 
Crcck crosses State Route 4 in the northwest extension of BAND. T& pond is 
approximately 0.5 mi. due south of the puking am on State Route 42The pond was 
round, approximately 20 m in diameter. and had a depth of SO cm. Th; water lcvcl 
ff uctuarcd considerably here, as the pond mkgins]wen usudly visiblc;to a distance of S 
m beyond the water s edgc. The phnt community was a mixed conifer forcst consisting 
of Quercus pmbclii, h i p e m  scoprrlonurr, Picca q e h a n i i ,  PseudbtJuga rnc~icsii,  
and Ribes spp. G w c s  and herbaceous plants surrounding the pool included Agosenk 
awannhca, Allium macropcmh Abpccwus cequoiis, Arenaria spp; Brontlcs spp., 
Cora spp., Efrmur spp., Geranium cocspirosum, Iris mirso&mis, Juncut spp., P M e m  
ulpinum, Phktun prateme, Poa spp.. and T'j%& spp. Wc netted this site on 19 July 
and 3 August 199s. I 

Bmdelicr Sewage Lagoons (L 1-3) [6500]: $The scwagc lagoons at Bmdditr National 
Monument are formed by thru: Iugc pools approdrnatcly 30 m by 1 OOm: pool dcprhs 
were unknown to us, The lagoons ;UT on Frijoles Mcsa about 0.5 mi. SOUL! of thc 3unipcr 
Campground. From the BAND cntnncc, the lagoons. w e n  mchcd  by brning right onto 
the Juniper Campground rod, taking the fist left c~rn, and following &e left fork of this 
road to its end (a. 0.5 mi.). The lagoons have mildly sloping plutictcvmd banks that 
arc devoid of vegetation. The dominant plant communiry surrounding thc lagoons wx, 
pi 8on-juniper woodland (Junipcw manosperma. Jumperus scopulortun, and P i n u  
c d ~ l k ) .  We netted this site on 1 August 1995 and on 16 July 1996, 

Frijoles Creek at Bandefier Visitor Center [6080]: Wc netted Frijolcs Crcck at a point 
approximately 200 m northwest of the visitotcentcr whcrc it widens foqabout 20 n to 
form 3 flat, gently flowing stream, less than 30 crn deep. Riparian vegetation lincd the 
creek , forming a potential t'lyway for bats. Trees and woody perennial planes in the 
cmyon include Accr ntgundo, A h s  ienugoh, Be& occidcntaIk, Pinurpmdemstr, 
Populur angurtifolia Populrrs frcmontii. Ribes spp.; and Salk scuulc&a In I995 we 
ntetcd this site on 26 and 27 Juiy and 17 August 

Frijoles Crcck at Rainbow Bow Crossing [60?0]: We netted Frijolk Crcck whert i t  
widens to form a ffac, gentle stretch about60 m longand less than 30 cm:dccp. This 
location is 0.1 mi, dong the horse mil that dcsccndq from the stables at Frijoles Creek. 
Trees and woody pcrennkd plants within the canyon include Acer nqundo, A i n u  
!cnui/oliu, Betula occidentalis. Pinus ponderosa, Poputus anpmfolia, Papdus 
frcmontii, Ribes spp., and Sulk scouleriana.. We netted this site 9 and 17 August 199s. 
IS and 19 July 1996, and 12 August 1996. 
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Sites on Santa Fc National Forcst 

East Fork of Jemcz Nvcr [794T): Wc nencd dong the E s t  Fork of the Jcmez River 
about 50 m southeast of where it passcs beneath SUte Road 4, south of the Bnca land 
grant. There YC two Ixgc culverts bcncath the highway just west of whcrc wc placed 
nets over the river. Tree species in the surrounding forest include Pinw' ponderosa and 
Piccu cngclmanii and short gmscs were prevalent along the open banks* Wc netted this 
site on 21 July and 8 August 1996. 



AYPEXDZ C. SpcCics Accounts for Bats Known from thc Jcmez Mountains. 

Conscrvation Slatus of Bat Species in the Jcmcz Mountains-Eight of the bat species 
known to inhabit the Jcmtz Mountains arc former Fcdcral Category 2 Candidate Species, 
now referred to a "spccics of concern." These species art M. cifiolabrurn, M. cvoris, M. 
thymodes, M. volans, M. yurnanensis, E, macdarum, C. rownsendii, and N. mncroris. 
Population trends m unknown for dl of thcsc spccics, However, consensus among 
rcsearchcrs is that wcstcrn populations of C, rownscndii have been declining in recent 
ycus. The eastern subspecies (Virginia and O a k )  of C, rownscndii are listed as 
Endangcrcc!. Unlike many spccics with more secrcfrvc roosting habits, thc generally 
conspicuous roosting sites of big-carcd bats allow us to monitor their popul3tion lcvcls 
more closely. The State of New Mexico l ists E, macufurum as an endangered species. 
group 2, meaning that its "prospects of survival or recruitment in NCW Mexico are likely 
to be in jeopardy within the foresecsble futurc." 

Myoris cctlifornkus (Cdifomia Myous).--Cdifomia myatis were captured at Frijoles 
Crcek near Rainbow House Crossing, Icchouse Pond, Los Alamos Canyon, and the 
Pueblo Canyon W s t c  Faciiiey. Thcsc sites range bcwecn 5750 and 7700 feet in 
elevation, Most wcre in low elevation pifion=junipcr habitats. This spccics ranks ninth 
in frequency of caprurc and tenth in &snibu$on ;Ic:oss sitcs. Males were captured at 
more sitcs han fcmdes during the smdy period and the average number of males 
captured during 1996 was higher than in 1995. Females were not captured during 1995. 
but a majority of thc femdcs apmrcd  during 1996 were reproductive indicating that 
brccding occm in the Jemcz Mountains, This species had the third lowcst mean 
clevztion of capture. Active roosts of this spccics have not yct been locatcd in the Jcmcz 
Mountains, but clscwhcrc during the summer, thcse bats are known to inhabit lowland, 
rocky canyons and roost in trccs, rock crcviccs, and various human-made srrucrurcs (e.g. 
Sridges, buildings, ctc.). During the winter they have been found hibernating in  caves, 
mines, and rock crevices, In some YCX of its range this spccics may be sporadicaliy 
active during the winter months. 

Myotis cilio&hum (Wcstcrn Small-footed Myotis).-Sm;lll-footcd myotis were captured 
at Frijoles Canyon near Rainbow House Crossing and the Bandclicr Visitor Center, 
Icehouse Pond, Lower Pond, Meadow Pond, and in Pueblo Canyon. Thcse sircs rmgc 
between 6020 and 8950 feet in elevation. This spccics ranks sixth in frequcncy ofcapture 
and sixth in distribution across sites. M;I!CS were captured at more sitcs than t'cmales and 
more bats were captured pcr night during 1996 t h n  199s. The mean numbcr of fcmdes 
captured pcr night during 1995 was relatively cqual to the mean number captured in 1996, 
A majority of fcmdcs captured ovcr both years have bccn rcproduc:ivc, indicating :hat 
breeding occurs in the Jcmez Mountains, M. ciliolabrum had the fourth lowest mean 
clevation of caprurc. Active roosts of this spccics have not yet been I o c ~ c d  in the Jerncz 
hlounl;lins, but clscwhcrc during the summer thcse bats arc known to roost in small rock  
crcviccs, in  trees, and in  v ~ o u s  human-made structures. During thc winter they have 
been found hibernating in caves, mines, and rock crcviccs, usually in small numbers. 
This is the sceond most commonlp cncountcrcd spccics wintering in abandoned mines in  
S c w  Mcxico. 
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Myok CY& (Long-emd Myotis).-Longrcytd rnyotls w e n  c3pturcdm Domc Pond, 
Icehouse Pond, Lower Pond. North Upper Pond: Pajarit0 Wcttand, P h l o  Canyon 
Effluent Strcun, and Ski Pond, These sites Mngc bcnvtcn 6470 3nd 9100 feet in 
clcvation. Most of these sites 32t high-clevarion mixed conifer forcst. yet somc arc 
lowerelevation pine forest This specks mkedsccond in frcqucncy.of capture and fifth 
in distribution Itcross sites. Males were captured at more s i t s  chvl fmdcs and the mean 
number of bots wptuzd during 1995 wshigher than in 1996. A majority of females 
captured in 1995 were non-rcproductivc; but this' trend reversed in 1996. Of all females 
captured during both yeus, mon have bccn non-qroductivc than rcproductive. but this 
mr,d may be biased by early SWOD captures whcn pngvrcy is difficult to dctcct Long. 
emd myotis mkcd second highest in m a n  elevation of capture and thcrc cippc;vs to bc 
an tlcvational scgrcgation of sexes (Table 13). Active roosts of this species have not yct 
been located in the Jcmez Mountains, Wc placed a ndiomsmincr on an adult female 
IM. cuaris on 18 June 1996 3t Icehouse Pond. Subsequent attempts to locate chis bat failcd 
in spite of extensive ground se;rrchts. tOng.eycd bats ;LIT known to &habit tms, rock 
crevices (including rocks and stumps low to the ground), and building in summer 
months, During thc winter bey have k n  found in mines and caves, but probably 
hibernate in rock crcvices 3s well. 

Myorir thy~aanodts (Fringed Myotis).-I=ringcd myocis wcrc capturtd & Domc Pond. Errst 
Fork of the Jemez River, Frijoles Crcck ncu the Brrndclicr Visitor Center and Rainbow 
House Crossing, kchousc Pond, Los Aiamos b y o n ,  Lower Pond., Meadow Pond, Xorzh 
Upper Pond, Pajarito Wetland, Pueblo Canyon Efflucnc Stream, and Ski Pond. Thcsc 
sites mngc between 5750 and 9100 feet in elevation and represent the greatest elevational 
nngc of any species captured This species ranked seventh in frequency of captun= and 
was caught at morc sites than any other dtaidg thclstudy period. Females were captured 
at more s i t s  than males, The m a n  numbcr of bats apturcd per nighcin 1995 was higher 
than in 1996 for both mdcs and fcrmles. During 1995 a majority of females wcrc 
reproductive, while in 1996 the n t i o  of rcproductivc to non-reproductive individuals was 
equal. This spccics had the fifth lowest me311 a p n u ~  elevation, Roosts of scvcnl M. 
rhyscwzodes wcrc Iocttcd by mdiotncking. All roosts w e n  lowtcd in rdcy'situations. 
One male roosted in m extensive boulder field at the foot of a north-fa&ag cliff in upper 
Frijoles Canyon, Scvelal fcrnalcs roosted in small "solution pies" (likely made by wind 
and waecr) in south-facing cliffs of Bmdcli& tuff near the BCWD visitor center, 
Elsewhere during the summer months, this bat is known to fonn small colonies in rock 
crevices. wvcs, mines, trees, and buiiding. .Bat colonics of this specks in rock crcviccs 
arc known to change room frequcntly, but usually m a i n  within the s m c  general 
vicinity. The winter habitat of these bats is virtually unknown. 

Myotir volans (Long-legged Myotis),-Long-leggcd myotis werc capturh at Dome Pond. 
East Fork of the Jcmcz River, Frijoles C m k n t v  the Bandclier Visitor-Ccntcr and 
Rainbow House Crossing, Icehouse Pond, LOSAIUXQS Canyon. Lower Pond, M a d o w  
Pond, North Upper Pond, Pueblo Canyon Waste Facility, Pueblo Canyo; Effluent Stream 
and Ski Pond. Thcsc sites m g c  between 6020 and 9100 feet in elevation. This species 
rankcd fourth in frcqucncy of capture, and fourth in distribution across sits. Males were 
captured at morc sitcs than fcrndlcs. The avcngc numbcr of males mci fcmalcs captured 
per night was higher in 1995 than 1996. No reproductive females wen: wptund in 1995 

I 



and only 2 of thc 14 females capturcd during both years were reproductive. Half' of the 
non-rcproducdvc females have been captured after midJune, so this low rcproductivc 
rate may not entirely be the result of sampling bias, although total sample sizcs are small. 
M, volarts hnd the seventh highest mean elevation of capturc. Active roosts of this 
species have not yet bccn located in the Jcmcz Mountains, but elsewhere long-lcggcd bats 
ut known to form summer colonies in rock acviccs, trees, and buildings. Thcse bats 
rarely use C ~ C S  ;IS day roosts, but frequcndy use them ;IS night roosts. During thc winter 
M. volms h z  bccn found hibernating in Jcwcl Cave, SD, but their wintcr distribution 
remains relatively unknown. 

Myoris yumancnsiv (Yuma Myotis),-Yuma rnyotis were captured a[ Domc Pond, 
Frijoles Crcck near Rainbow Housc Crossing, Mcsdow Pond, and the Bandciicr Scwagc 
Lagoons. Thcse sites range bctwccn 6020 and 8950 feci in elcvaiian. This species 
m k e d  tcntb in frcqucncy of capturc and eleventh in distribution across sites. Fcrnalcs 
were captured at morc sites han males. The avenge number of both mdcs and females 
caprurcc! dtrrjng 1995 was higher than during 1996. A majority of the females caught in 
1995 and d1 of thc fcmalcs captured in 1996 were non-rcptoductivc, but they raised 
young in a known roost in a cavc at BAYD (BAND staff, pes.  comm.). We found the 
CXC;LSS of a young-of-thc-ycu near b c  BAND visitor center. Low numbers of 
reproductive animals may bc due to small sample sizcs, This spccics had the eighth 
highest mean elevarion of capturc. Active roosts of this spccics have not yet been locatcd 
in the Jemtz Mounuins, but elsewhere during thc summer months these bats can be 
found roosting in cavcs, rnincs, buildings, and bridges. Of all the species of Myatis, this 
species md M. iucifigu YC most frequently associated with pcmmcnr bodies of water. 
The wintcr retreats of chcsc bats arc unkqown. 

h i m  cinereus (Hoary Bat).-Hoary bats were wptutcd at thc E s t  Fork of the Jcmcz 
River, Frijoles Creek near Rinbow Housc Crossing, t o s  Amos Canyon Rcservoit, 
Pucblo Canyon Effluent Stream, and Ski Pond. Thcsc sitcs range bcwecn 6020 and S9SO 
feet in clcv3tion. This species nnkcd eighth in frequency of capture and ninth in  
distribution across sites. Fcmalcs have not becn captured during thc study period and the 
mean nurnbcr of mdcs captured per night during 1996 w x i  higher than in 1995. Females 
are known to occur prirnady in the castern U,S. during rhc summcr. Hoary bats had the 
third highest mean elcvation of capture. Roasts of L c i n e x u  arc primarily in the 
foliagc of vccs and shmbs. They roost alone or in small family groups, usually not 
exceeding morc than 3 or 4 individuals, As far ;IS is known, these bats rnigmtc to w m c r  
Iaticudcs during the wintcr months. 

,Lzsionycr&s noch'vaguns (Silver-haired Bat).-Silver-haired bats were captured at Domc 
Pond, the Est Fork of the Jemcz fiver, Frijoles Crecli n c u  the Bandelicr Visiror Center, 
Icehouse Pond, Lowcr Pond, Meadow Pond, Pucblo Canyon Effluent S t rcm.  Pucblo 
Canyon Waste Facility, Skj Area, and Tcch. Area 15 Ccmcnt Pond. Thcsc sitcs range 
betwccn 6080 and 8950 fcct in elcvation, This species was the most frequently captured 
and tanked third in distribution across sites, Thc mean numbc: of bats captured pcr nigh: 
during 1995 and 1996 wcrc rclativcly equal (Figure 10). All fcmalcs czlprutcd during the 
study wcrc non-fcproductivc, but all of thcsc bats were captured car!? in tlic w s o c  (24 
April - 29 M3y) and may not have bccn showing signs of pregnancy. Silver-haired bats 
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arc considered "tree bats" and arc known to most prirnxily beneath rhc bark and in 
cavities of mcs, Studies have shown that maremiry colonies arc &udly found roosting 
in arcs of high snag densities within ;L forest. Sexes segrcgatc gcopphiwlly during thc 
summer and females arc cypicdly found in w t c m  and norhcm pa.& of the mgc,  These 
bats arc assumed to be rniptoy but very little is known about their movements or w~ntcr 
hebits. They have ken  found hibcmatingin dead mcs, buildings. ships, and rock 
crcvicc;~. This specks m l y  enters mines md cava, although they h v c  bccn found 
torpid in a v c  crevices, I 

~ i p i s r ; ~ e ~ u r  itcspmu mesrcrn Pipisneii&western pipistnllcs w& mprunci at 
Frijoles Crcek near the Banciclicr Visitor Center, 'and dong the cliffsof lower Los 
A m o s  Canyon. Thcsc sites nnge between 6200 and 6550 feet in clrvation. This 
species ranked lust in frequency of capture and ded for last in disribution ;1cross sites. 
This species was only capcured in 1996 and all 3 WUE malt, P. hcsptnrr had the second 
lowcst mean capture clevation. Active msts of this spccics have notyet b t t n  Iowtcd in 
the Jcmcz Mountains, bot clscwhere pipisercllcs are commonly found'msdng in rock 
cnviccs in IVC;IS of abundant, low devaaon cliffshd cmyons. Thcy'yt ncver found 
roosting in lugc numbers and ktcrnity coidnics d y  number more than 12 They have 
also occasionally been found during the d3y in dense, low lying vegeition and bcncath 
rocks on the ground Some tcscarchcrs havesuggested that pipktrclls may occupy thc 
burrows of kangxoo rats (Dipo&mys spp.]. P. h a p e m  is s species known to be activc 
during the winrcr and to hibcrnacc in caves, sines,  and rock crcviccs where climatic 

1 

conditions arc v q  stable. i s  

Epresicus fucus (Big Brown Bat).-Big brown bars were capeurcd x h m c  Pond E s t  
Fork of l e m a  River, Frijoles h k  near the Bandelier Visitor Ccntcrmc! Rainbow 
House Crossing, Icehousc Pond, Lower Pond Meadow Pond, Pueblo Canyon W Y ~ C  
Facility, Ski Pond, and Tcch Area 15 Cemenc Pond. Thcsc sites m g t  between 6020 and 
S950 fcct in elevation. This specks mked third in fnqucncy of captuzt'and sccond in 
distribution across sites. Males and fcrnaleswcrc apmrcd at the samc:numbcr of sites 
and more mdcs and fcmdes w e n  captured in' 1996 than 199s. Rcproductivc to non- 
nproductivc ntio of femalcs in 1995 was equal, yet in 1996 thcrc w d , , m o r t  
reproductive t9an non-reproductive females* This spccics had the sixth:lowcst mean 
capture elevation and then w a  ;L sta t is t id  difference in mcan elevation between males 
and reproductive females. One ndionggcd female (captured at the Pueblo Canyon W w c  
Facility dong with other reproductive females and volant young) WEIS &cd to a roost 
near the top of a large ponderosa pine in ups-  Pueblo Canyon, Thirry-five bots were 
observed emerging from this roost, which was presumed to be I rnatcmity colony of this 
species. A sccond bat of this species was tagged but we were unablc to'rrlocatc this 
individual although it w3s located while foraging in.Pueblo Canyon, Rwsts  of big brown 
bats arc also frcquently associated with human dwelling and s ~ c ~ r c d  They are known 
to roost in mcs, rock crevices, caves, and mines during the summer, During thc winter 
these bats arc found hibernating in caves. mines and buildings, 

Eudcrmc maculotum (Spotted Bat).-Sponed bats were captured ;It M&ow Pond and 
Ski Pond, Thcsr sites range bctwccn S9jO and 8950 feet in elevation and arc both high 
clcvation, mixed conifer forest. Though this species was only captured at these sites. its 



audible cdls wcfe heard at nearly cvcry site netted i n  1996, including u c u  on LANL aad 
BAND, Earlicr research has  indieatcd the prcscnce of this bat at a majority of sites 
ccnsused in  thc wcsttrn lemcz Mountains (Cryan 1993), AI1 spotted bats captured 
during thc study period were femdc, Fcmdes captured in 1995 were all rcproductivc, all 
captured in 1996 were non-rcproductivc. However, the 2 captured in 1996 wcre caught 
carly in the season (6 Junc) and signs of pregnancy may not have been appxcnt yet. Thc 
three females caught in 1995 were dl captured in thc late sumncr. E, mculorm had thc 
highest mean capture clcvation of my species studicd, Thest bats arc known to occupy 
crevices in high cliffs during thc summcr months and may form maternity colonies in 
inacccssiblc crcviccs or caves. The roosting habits of this species, ;LF well as ics winter 
habits, 3sc virtually unknown. 

Curynorilinus rownscndii (Townscnd s Big-eared Bat).--Townscnd's big-eared b i l k  WCIT 

captured at Icchousc Pond, North Upper Pond, and Pucblo Canyon Effluent Stream. 
These sites range betwcen 6470 and 9 100 fcet in clcvation, Both C, rownsendii captured 
ig 1995 wcre rcproductivc females, while the two capturcd in 1996 were male. This 
spccies had the fifth highcs: mean capture elevation. Although this spccics is not found 
in abundance mywhere within is mge, big-cued bats YC perhaps the most commonly 
cncountcrcd bat in surveys of caves and mines in western North Arncrica. Active roosts 
of this species have not ye: been located in the Jcmcz Moundns,  but elscwhcrt in its 
range this species is extremely intolerant of disturbance in the roosts and oftcn abandons 
;1 site d e :  such disturbance, These bats havc not been found cntcnng c f t v i c c ~  and ; ~ f c  

typically sccn roosting on an exposed ceiling surfacc, With thc exception of arid regions, 
they havc been found occuiondly roosting in undisturbed buildings during the summer. 

AnffozolcspuLZ~~ (Pallid Bat).-Pallid bats were captured at Frijoles Creek near ttic 
Bardelicr Visitor Center and Rainbow HOUSC Crossing, LOS Alamos Canyon - Otowi 
Well 4 and CLF, Pueblo Canyon Efflucnt Strcm, and the Eandclicr Scwqc Lagoons. 
These sites nngc between 5700 and 6600 fcet in elevation and arc predominantly low- 
elevation, pifion-juniper habitat. This species ranked Fifth in frequency of captun: and 
eighth in dis&bution across sites, Mdcs were captcred at more sites than females ,mi the 
m a n  number of bau captured pcr night during 1996 w u  highcr than in 1995. All 
femalcs captured in 1995 were reproductive, yet no females of this species were captured 
during 1996, despite h c  higher total number capcurcd. This species is  known IO mosl 
primarily in rock crcviccs, and one such roost sitc, likely attributed to pallid bats WLS 

located in lower hs Altlmos Canyon, Numerous, rcctntly-used pallid bat nigh roosts 
were discovered in grottos cxcavatcd by ancient residents of Pueblo and Los Alrrmos 
canyons. Maternity colonies typically range in size from approximatcly 12.200 
individuals yld  frequently changc roost locations, possibly in order to maximize thermal 
efficiency or reduce loads of extcmd parasites. Wintcr habits are unhown though some 
rcsevchers havc suggcsted that they rcrnain within tchc gcncnl summer m g c ,  but may 
rn&e shorr migrations bctwcen summer and winter roosts. In some desert areas, pallid 
baLs may arouse from hibcrnation to foragc on warm winter nights. 

Tudaricla braxificnsis (Brazilian Frcc-~ilcd Bat),--This spccics was capturd 31 Frijoles 
Crcck ncu tfic Bclndclicr Visitor Ccntc:, Icchousc Pond, Scwtlgc Lagoons, and Ski Pond, 
These sitts range between 6080 and 8930 fcet in  clcvation. The mcvl number of this 
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spccics captured during 1995 was highcrthh in ,1996. All fcmdts * mpturcd .) . , during 1995 
wcrc rcptoductivc, yct no feemala were apntrcd'during 1996, This spccics had the 
scvcnth lowest mean elevation of caphlrc.'~'Thcse bats form colonies of&mt numbers in 
caves throughout southwestern North Amcrkz A'1,a-g~. well-knmnhatcmity colony of 
scvcrd thousand Bmilian frcc-tailed b&wu active at Bwdelicr National Monumcnl. 
Sevcnl previously used but inactive diurnd!roass'likely attributed tolthis species wcrc 
discovcrcd in rock crevices in cliffs along Pucblo'Canyon. One such &vicc was found 
to house 540 bats in late August 1996. Colony she nngc from ;'few individuals to 
20 million or more. Colonies at also known frorn.buildings and bridses.' During the 
winter months some individuals remain in the summer mgt, while most.rnigntc long 

~. IC,' I ,  ' distances to w m t r  latitudes. . .  I 

to m i p t c  p t  dismccs. 

I 
Nycfinornops maworis (Big Free-tailed &t).-Big fnt=tailcd bits we& captured at thc 
E s t  Fork of the Jtmez River and Meadow Pond Thest sires nngc between 7977 and 
8950 feet in elevation and art ponderosa pine-mixedconifer habitats. Much remains to 
be learned of the narunl history and roosting. habirs of this spccics. Active roosts of this 
species have not bccn locatcd on LANL orBkND, but clscwhcre t h c y k  known to fom 
maternity colonies in crcviccs high on difF walk, Thc female from M&dow Pond was 
lactating, as were 3 of 6 females from E w F o r k  of Jemcz River. The winter habis at 
unknown, though chis specics is capable of.m&hg long-dismcc flights and is believed , '  , 
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APPENDLX D. Furnbcr of male and female bats apturch at each site during 
199s and 1996. 

LANL sxm 
S P E C m  FEMALE z 

MALE 5 
Icehouse Pond M. cafifomicus 

M. cilioltrbrwn 
M. cvatis 
M. thysanodcs 
M. volans 
I, noctivagm 
E.fucus 
c, townscrdii 
T, brcsilicnsis 

U s  Almos Canyon - Orowi We114 

Los Alamos Canyon - Upper PuddIc 

h s  Almos Canyon CLF 

Los A m o s  Canyon Rcscnoir 

Mortulhd Canyon 

Pcljarito W c h d  

Pueblo Canyon Effluent 

Pueblo Canyon W L . ~  Facility 

A. palLkhs 

M. calijomicllc 
M. thysanodes 

L cinereus 

M. flvaris 

M. evotis 
M. thysanodes 

M. cilialabrum 
M. cvocis 
M, thysanodcs 
L. cinereus 
L, noctivagans 
C. 10 wnscndii 
A. pallidus 

M. califarnicus 
M, cifioiahrun: 
M. uolans 

2 
2 
10 
0 
1 1  
0 
4 
0 
0 

0 

0 
0 

0 
0 

0 

0 

1 
1 

3 
2 
4 
0 
4 

0 
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2 
2 
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10 
14 
2 
22 
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19 
1 
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2 
I 
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0 
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Tech. Area IS Ccmcnt Pond 

B m S m  

5 
3 
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I 
0 

Dome Pond 

E s t  Fork of Jemu River 

Frijoles Creck @ ICN, Crossing 

Frijoles Crcck 8 Visitor Center 
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Lowcr Pond 

Meadow Pond 

North Upper Pond 

Sewage Lqoons 

Ski Pond 

M, ciliolabrum ' I  
M, evoris 0 
M, rhysunodes * I  
L noctivagans 0 
E. fucus 0 
T. brasilicnsis 0 

M. cafifotnicus 
M. cilialabrum 
M, evoris 
M. rhysanodcs 
M, volans 

L cinereus 
L r,oczivosans 
E. fuscus 
E, maculaiwn 
'I: brixilicnsis 
N. macroiis 

M. ywnancnsis 

0 
0 
0 
1 
7, 

0 
0 
1 
0 
2 
0 
I 

M. evoris 2 
M. rhysanodes 2 
M, volans 0 
C. rownsendii 2 

M, yumonensis 2 
A. pdlidus 1 
T. brcrrilicnsis I 

M. cifiolubrm 0 
M. evoris 0 
M, rhysanodes I 
M. volans J 

L cinereus 0 
L nocrivagans 0 
E, fuscw 1 
E. moculatum 3 
T, hraciliensis 0 

n 

0 
2 
2 
20 
3, 
I 

1 
2 

0 
I 
4 

7 
49 
1 
0 
I 
0 

c * 

I3 
0 
1 
0 

0 
0 
0 

2 
17 
5 
1 1  
6 
I32 
I I  
0 
I 



APPXSDIX E. Mop of Ncw Mexico showing cfimntc divisions and graphs of 
Palmer Drought Data for 1995-96 and Precipitation for 1994- 
96. Data obtained from National Clirmtc Data Centcr, World 
Widc Web sitc (http://www.ncdcnougov/qi-binlginterfacc. 
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Abstract 
The Los i u m o s  National Laboratory's (LAX) Threatened and Endangered 

Species (TES) Hobitat Management PIan calls for identifying arcas on UX, 
property which arc suiublc or potentially suitablc habitat for TES. The production 
of 3 land cover map is the first step ncccssq to meet this goal. Landsat Thcmatic 
Mapper images wcrc classified into 50 classscs using the Itcrativc Scll'-Orgmizing 
Data Analysis Technique. Thtsc 50 c l ~ s c s  wcrc aggregated in 10 land EOVCT types 
by using field survcys. An analysis b u d  on an informal accuracy ascssrnent 
convinced us to goup some clascs which wcrc apparently discinpishablc in the 
licld but which wcrc indistinguishablc i:. the image clusification, Forested cover 
types were mapped fairly accurately, but nonforcstcd arcs  will require additional 
work. Furrhct work to improve thc map includes: using a new clssification 
scheme which morc accuntcly represents actual communities and rcclssifying 
the original TM data incorponung topopphical information in the clustering 
processing and blockingout urban xes. 
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1 .O introduction 
The Los Alamos Yational Laboratory's 

(L&XL) Threatened and Endangered Specks 
(TES) Habitat Management Plan (") calls 
for identifying a r c s  on LANL property which 
arc suitable or potentidly suitablc habitat far 
TES, A basic land covcr map identifying arcas 
by the dominant overstory vcgcution must 
first be developcd in order to bcgin locating 
this habitat. Once this map is completed. 
additional data specific to each species can be 

it 1) is digid dat3: 2) h s  z high sipd-to- 
noise ratio; 3) has high cartographic xcuncy: 
and 4) h a  II high precision of ndiomcmc data 
(Scott CT d, 1993). TM: sensors dctccr rctlcctcd 
radiation from the earth's surface in the visible 
and infrared (IR) wavelengths. Thc TM sensor 
has a spscid resolution of 2S.S m (94 ft) for 
thc visible. ncar-R and mid-R wwelcngths 
and a spatial resolution of 120 rn (396 ft) for 
the thermd-JR band  IM satellite dam is 
widely uscd for producing 1md cover maps. 

incorporated to identify species habitat. 
1.1 Geographic Setting 

In early 1996 a decision was made to use 
Lzndsat Thematic Mapper (TM) satcllitc 
imagery 
map. Of the various rypcs of remotely-scnscd 
data available for mapping the cxth's 
vcgctation, TM d m  is pa'ticul3sly suitable LS 

the basis data for tire land cover 

LAX< is located in Los Aiamos County in 
north-central Xcw Mexico approximately 100 
km (60 mi) north-norhcasc of Albuquerque 
and 30 km (25 mi) northwest of S u m  Fc. The 
county is approximatcly 253 km: (109 mi:) in 
m a  and is situated in the Jemcz Mountains. 
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The county encompasses the mountainous rim 
of the Vallcs Cdden  md portions of the able- 
like extension on the castcrn slopes, known as 
thc Pajarito Plateau, This plateau extends , 

approximately 16 km ( 1  0 mi) from thc buc of 
the mountain slopes and cnds ar the Rio : 
Gmdc. It is disscctcd by nmow precipitous 
canyons separated by finger-tikc mesas. . 
LANL is located on thc plateau and occupies 
1 12 km: (33 mi:) within Los Almos County. 
Due to the rugged topogrqhy, most ofthe , ' 

laboratory facilities uc confined to thc mesa 
tops, 

* I  

2.0 Methods I 

Thc Earth Data Analysis Ccntcr (EDAC) 
of the Univcrsip of New Mexico proccsstd 
the t3w TM images using the sofnvm 
EFLDAS MGKNE,  vcr. 5.2, on a Sun 
SpnSution 20, 

21 Geocotrection 

acquired in order to cover the cntirc original 
study UCL The castcm image was collected 
by km&at on Auyst IS, 1992, and the 
wcstcm image was collcctcd on September 7. 
1992. EDAC gcocomctcd. or registend both 
images to the United Sutcs Geological Survey 
(USGS) 1: 100,000 base map to an accuracy of 
approximately one pixel (about 25.5 x 2S.S , . I 

rncters [94 x 94 ft]). Thc gcocorrcction 
process consisted of identifying well-mapped 
locations on the base map, such as road 
intersections, and digitizing their coordinates. 
The coordinate system used was Universal 
Tmsvcrsc Mercator (UTM) projection, zone 
13, Clark 1 S66 spheroid. North Arncrkan 
Datum of 1927 (N-27). The line and 
column of thc matchins s;ltc!litc image pixels ~ , 

wcrc also obtained and the scts of coordinate * 

TWO Landsat TM satellite images were 
' 

2 ' .  

" < 

pairs wcrc entered into the computer. The 
ERDAS softwarc th& evaluated thc fit of thc 
coordinate machmd ixovidcd che nsuits as II 
root-mean-square (RMS) fit in pixel units. 
Each coordinate pairwa cvduatcd for their 
fir; the worst pair was delctcd, and the kMS fit 
was calculated ap inXhc process w;ls 
rcptcd u n a  c3ch coordinate pair was tit to 
wihin two pixc~s, 1, 

I 

22 Contrast Matching 
httct thc gcoconiction was compictcd 

the two images were contnst matched Even 
though thc acquisition &res w c l ~  only thrcc 
weeks apart, there wcrc minor contrast 
diffcrcnccs due to subhe chugcs in vcgttation 
greenness. in aanosphcric conditions, and in 
the satellite viewing angle. Sinec the western 
image occupied the majority of thc study ma, 
the castern image wasmatched to it. W h e n  the 
two h a g s  were join& togctha into ;L single 
image, thc scam between thc two was vimdlly 
invisible. 

23 Classification 1 '  

TM contains no land coGr information pct sc. 
The variety of spccaal,informAon muse first 
bt goupcd into similarclassts, and then these 
c l w s  must be assigned to sppropriatc land 
eowrtcgor ics bascd'on dm collected on the 
p u n &  This clsifiwtion method is called 
unsukrviscd classificdon and the Iterative 
Self-Organizing Dum Adysis Tcchniquc 
(ISODATA) WAS 1994) was used This 
ptocedurc grouped thc spectral daw into 50 
CIW. This number was chosen because it is 
largc enough to providch good breakdown of 
differing vegetation witbout bcing so large 
thac field chccking the classes is 
ovenvhclming. For this classifidon six of 

I 

I 

1 Tht sp~c tn l  &a ~ ~ l l c c t c d  by the tandsat 
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the seven TM spectral channels wcrc uscd. 
The C O L I C  resolution thermal band was 
excluded. However, a normL1izcd vegetation 
diffcrcncc image (NVDI) N*U uscd in its 
plscc. The NVDI is essentially a ratio of"M 
band 4 divided by TM band 3, This image is a 
good indicator of biomass or greenness. 
EDAC has found from p v i o u s  mapping 
projects chat the addition of the I\l?rDI can 
further enhancc the separation of vegetation 
cl uses, 

With the classification completed to 
rhc 50 cluses, a scrics of spcctnl plots was 
produced at thc 1:24000 scdc for field 
verification. Plots wcrc gcncratcd for thc six 
quadrangles overlaying Los Alamos County. 
Each plot consisted of either six or scvcn 
specval c l ~ s e s  pcr plot, each in a different 
color. *Major roads, county b o u n d q  lines, rvld 
drainage lines werc also plotred. 

Homogcnous polygons from cach spectnl 
class were selected on each plot. Field crews 
wcrc sent to those polygons that were large 
enough to be easily located in the ficld and 
that were fairly acccssiblc, The crcws 
collectcd land cover data including OvcrstoT, 
understory, shrub, gms. and forb specks 
ypcs ard percent covcrs, as well LS ground 
surface type percent covers. dawncd wood 
quantities, numbers of snags, adjacent 
community types, and signs of animals or 
disturbaxe. Thc data shects were grouped 
into nppucnt classes, based on pcrcenngcs of 
dominant ovcrsory and understory species. 
Ten land cover types were idenrificd from 
'3lcsc field surveys. 

At this stage, five of thc original 50 
spectral C I ~ S S C S  could not bc assigned to a land 
cover class. Using the statistics uniquely 
idcntifying cach spectral class, EDAC placed 
these five problem classcs into one of the 
remaining 45 clclsscs. Once this was donc, 
cach of thc 45 c!asscs was aggregated into onc 
of thc ten land c o w  cl;lsscs. 

' 

2.4 Re pr ojecti on 
EDAC reprojcctcd the clwsified image 

from LTM, NhD27, to Sutc Plane, N i O S 3 ,  
so thai the cmogaphic data available at 
L A i  could bc used. 

2.5 Accuracy Assessment 
Ficld crcws thcn visited 47 plots based on 

selecting typicd represcnmcivcs of the various 
classes. Thtsc 47 plots were used for an 
informal accuracy xscsrnent of the land 
cover map. Since the points were not 
randomly sclcctcd. and since less than 100 
points were used, this accuracy assessment is 
being used as a tool to p i d c  the refinement of 
thc land cover map, not 3s an official 
assessment. The original ten land cover classes 
were evaluated using an crror matrix adopted 
from Congdton (1991). Thc field data wcrc 
reclassified based on a new land cover 
classification (FOLX ct al. 1996) since this ncw 
classification morc prcciscly reflects chc 
vcgtution classes wc wish to use. 

3.0 Rcsults 
A total of 125 plots wcrc surveyed to 

provide the cl;lssification in Table 1. The 50 
original satcllitc color cluscs wcrc aggregated 
into ten land covcr cl~sscs. 

3 
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Foxx et al, (1996) describe thc land cover , 

categories in detail. They will bc sumxized' 1 
in chis section. In general, the mapping cluscs 
can be subdivided into forcstcd tyixs and 

' 

nonfonstcd types. that consist of woodlmds. 
grzisluds, nonvcgentcd areas, and open 
watcr. 

The forcstcd types a n  be subdivided into:, i 
scvera groups based on overstory dominance.' : 
The Mixcd Conifer Type is P highelevation ' , , 

forest composed prirnuily of Douglas fir . + ' ,  ' 

(fscudorsuga rncntiesii), Engelmann spruce . I 

( P i c a  cngclmannii), a d  white fir (Abies * : 
concolor). The Aspen Cover Type is also ... I 

located in the high-elevation zone, but is ..:. ,, 

dominated by quaking aspen (Popufus 
rrcmuloides). The other components of the ; ,  i 
Mixed Conifer Type may also be present, bur,.. ; 
in lesser mounts, Ac middle elevations in the I 

LANL region, the Ponderosa P i n W e d  .': I .  I 

Conifcr?Lpe is found. As in the Aspen Cover ' : 
Type, the Ponderosa PintRvLixcd Conifer . . I  . . . I :  

Cover Type contains many of the specics that ' :: 
arc common to mixed conifer corr~nunitics, 
However, ponderosa pine (Pinu pundtmm) is,:' I 

typically absent, 2,s the clcvxion decreases to I 

about 2034 m (7000 Et), the Pondemu Pine i 

cover type prcdominatcs. In this cover rypc, I 

ponderosa pine is chc dominant overstory , .,: 
species, ,Minor floristic components from , , 

hishcr-clcvation zones. dong with scattered ' : : 
piilon (Pinus edulis) or onc=sccd juniper I '  ; 
(Juniperus monospemta), may also bc prcscnt . 
in thcsc communitics. 

. I  

I .  

I .  

', I 

, I  

, .  

, .  

always II codominant species, and =pen is 
. ,  

. . I  

1. , 
. .  
I .  .,: . , 
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I... . 
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clcmtions on LAbCh addition to pifion and 
juniper trees. which ak chu?lctcristically of 
short smcurc and rclativcly evenly spaccd, this 
cover type also conc3insvariou.s combinations 
of.gnsscs, shrubs. and b x c  ground The 
&mining cover type&& be found at 3 
variety of elevationdixsitions, nc 
G'msluncls Covet Typc iS,a highly variable 
cluster of plant cornminitics h a t  arc 
dominated by gramindid specici.:Thcse range 
from pulis and athlcuk 6tlds to subalpine 
grasslands and abandoned homcstcads, 
Nonvcgctatcd areas a& also highly variable. 
They consist of asphdr.p&g IOU, 
maccous cliffs, fck&cers. talus slopes, 
and other upland !ithosolic arcas that m n o t  
support vcgeution, Tbc Open Water Cover 
Typeincludes lakes, rcscrvoirs, rivers, 3nd 
containmrnt ponds. Ij . .. 

, 1  
\ I  

The nonforcsted types can be identified I :. ' 

according to their physiognomic smcturcs or ..' : 

according to their substrates. The Pirion- 
Juniper Woodland occupics much of the lower : 8 
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more closely follows the Federal Geographic 
Dam Cornmitree standard for Vcgctntion 
Classification and Information (FGDC 1996). 
Therefore, thc 37 additional usessmcnt plots 
were assigned to Foxx et ais land cover 
cluscs. Using these plots in an accuracy 
assessment with the satellite map based on the 
original cla.,sssification, rcvcdcd ;1 low thcmatic 
accuracy (Tables 2 and 3). 

Tablc 2. "Accurxy Asscssmcnt" using 47 plots 

I 

Surcllrre Mlxcon 1 ~ ~ ~ l x e d  A m n  Ptm 'hrf Chwm PJIrnui PJlmk Shlvhlmds 

* - .. Refcrrncc 3 J 5 6 n P sum 
MlxCon J c I .1 

PipdMlacd 0 

Aspen 3 I J 

MQ 7 S 3 13 
Turf 0 

cnun . . 1 I b 

PIignu 1 4 

Shblnndr I 3 I 5 

sum J 9 J 9 - I: 7 0 0 J? 

4 4 

* . . 
PJlrock 2 3 b 

4 

Total correct = 1s OvcraIl Accuracy = 0.32 

Table 3. Breakdown of Table 2 into two types of cmr. 
- 

C o w  Omission Error Commission Error 
spes Producer's Accuracy User's Accuncy 

MixCon 
P i p o m  ixcd 
Aspen 
Pip0 
Turf 
Grasses 

~~ 

I .oo 0.57 
0.co 
0,75 
0.56 
0,OO 
0.08 

L 

0.75 
0.33 - 
0,17 

PJ/grtlss 0.2'3 0.50 

PJ/roc k - 0.00 
Shru blands - 0.00 



The ovcrail accuncy is thc sum of conrctly: 
classified plots divided by chc (oral number of.! 
plots. The producer's accuncy is the total : ' 

number of correct plots for a single category ' . 
divided by the sum of plots for that cstcgoi; ; 
provided by the reference (ficld) dah The . . '  1 
user*s accuncy is the total number of correctly: 
classified plots for ;I single cacgory divided ' ,  

by the sum of plots for that category from the, 
satellite map (Congalton 1991). In other , ' 

words, although 100% of the mixcd conifer 
ucw in Table 2 have bccn correctly identified, 
as mixcd conifer, only 57% of the arcas d c d  
mixed conifcr arc actually mixcd conifc:: 1 : I; 
Thc reference catcgorics "PipoMxed" and ". , 
'Turf' have no plots in thc tables as these : ; 
categories do not cxist in the Foxx et d. land ' , '; 
cover classes. "Mixed Conifc:" (Mixcon) and, 
"Aspen" had the highest accuncy, while ,: 

"Gnsscs" and "PiilodJunipcr" (Pr) had cht ' 

lowest. Thc Shrublands category does not 
cxist on the satcllitc map, but based on field 
cxptricncc, the category Gnsscs c o n c h  I ,  ', 

UCIS OF both shrublands and savanna, Based. i 
on this ;LssessmcncI it is 3ppmnt that the ,' : 
category Pipo/Mixcd should be grouped with.'. :' 'i 
"Pipe," the Turf category should be grouped , 

with "Gmsrs." and the nvo PiilordJunipcr : ? 

3 md 5 repcat the ;rSsessrncnt from Tables 2 
' 

and 5 aftcr performing the aforcmcndoned ' . 
groupings. MixCon and "Aspen" again have '. ' 

the highest accuracy, and "Gnsscs" again has . , ., 

thc lowcst. This modification nsulted in chc ,. 
accuncy calculation increasing from 0.32 to , ' 

0.57, 

. I  

, 
! 

. I  

C X C ~ O ~ ~ C S  should be soupcd togcthtr. Tabk 
. .  

. ,  . 

. I .  

. .  
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The land covcr'rmp for an eightquad a m  
surrounding LAM, is'prtsentcd in Figure A- 1 
in tSc appendix On tbt left side of thc map, 
the high-clcvation aspen stands and mountain 
meadows arc obvious: The Rio G m d c  mns 
nobest-southwest dong the lower right side 
of thc map. Figures A-2.A-3, and A 4  3n land 
cover maps for 
overhying LA"L, In addition to land c o w  
types, thcsc maps inchde wtrlulds, 
hydrography* rods, a d  boundaries clan 
produecd at LAN,, Fmgcrs of mixcd conifer 
~ t l  c u t  dong the south side of the ploncd 
drairjagts. Thcsc m.sm moisf shadcd 
north-facing slopes. Based on c~pcricncc, the 
forwied cover typcs zvt mitppcd fairly 
accuntcly. The Gnss&Shrubs/Savunnn cover 
typc in Figures A 4  mdA-4 w i l  need 
additiond work in order to se?antc these 
atcgorics from each other. 

of t5c thm quads 

I 

The land c o w  clscs 'for Los Nmos 
County are prtscntcd in Trrbic 6, ranked by 
uta. Ponderosa pine occupies the greatest 
area of the scvcn classes within Los A l m o s  
C o h y  Table 7 prcsen&Imd cover dasscs 
for WNL W c d  by ;LIZ~, GnsseslShrubs 

followed by PidonOunipcrond Ponderosa 
Pine.sWatcr is the least common land cover 

occupy the gmttst =within mx, 

w I :  

I 

1 

1 

1 4  

. I  
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Table 4. "Accuracy Asscssmcnt" using 4'7 plots, with some original ca:cgotics groupcd 

Snrcllirc MLnCcn kV"  P I P  C U I U  PJ Shmblnndr 
9 Hcicrrncc c 4 3*5 6 7  d+U Sum\ 

MirCon 4 I 
Aspn 3 1 4 

PiPo 
GnUU L 3 I 6 

PJ 5 5 IO 

9 . . 
1: 3 IS 
.I 

I 1 I T 

SUllU J J In Id 0 J7 

Shniblandr 
I - 

Total comct = 27 Ovcnll Accuncy = 057 

Table 5. Breakdown of Table 4 into two types of error. 

Cover Omission Error Commission Error 
Producer's Accuncy Uscr's Accuracy Type 

MixCon LOO 0.57 
Aspen 0,75 0'75 
Pip0 0.67 0.SO 

Grasses 0.2 1 0.50 
PJ 0,7 1 0.50 
Shrublmds 0,OO 0.00 
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S,782161 I ':I* 33.90 Ponderosa Pine 2 1,693.05 
Gmscs/Shmbs 19.7 1247 7,980.76 : 1. '(30.80 , :  

AMixed conifers 15,924.32 6,47.09 :.':)2C,SS 

! '. I. , , 1 1  
~ $ 0 . .  

PiiiodJuniper 
Nonvegttatcd 

&pen 

, I .  

3,55i,i7 
2.679.24 1,0$4.?1 ; ; 4.19 

1.,:; , , 1. 13.71 
, , '  . . .  

S.Ti6.3 

' 1  , . , I  
, , .I 

I ,  123.59 35s.9s : 1.7 

31. .Os 

GnsscdShmbs 
PifiodJuni per 
Ponderosa Pine 
Nonvcgetatcd 2,433,. 17 98&.68"~' i ,  I3.SO 
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4.0 Conclusions 

component to managing TES at LASL. The 
first such rnap produccd for thc TES MMP 
identifies thc closed canopy xc;ts, such as 
Mixcd Conifcr Cover Typc or the Ponderosa 
Pine Cover Type, fairly wcll. Thc map is much 
w e d w  in identifying gmslands and 
shrublands. Thcsc shoncornings w i l l  bc 
addrcsscd in the next itcration of thc map 
production process. The following srcps 
should greatly enhance the accuracy of thc 
land cover map: 

A land covcr map is an csscntial 

1, Have a classification schcmc in plscc 
before map production. The land cover 
classification by Foxx et al. (1996) will 
provide the cssencial categories with which to 
classify the 'M image. Having 3 classification 
scheme in placc before attempting to classify 3 
rcmotcly-sensed image is critically important 
to the success of the mapping (Congalton 
1991). 

2. RcJuct the: spatial extcnt of thc study 3rc3 
from 16 USGS 7.5-minutc quadrangles to 
eight qiiadrmgles, The original TM sccne 
covered over 16 quads. The accuracy of the 
map should increase by limiting the area of 
thc map to what can be realistically sampled 
in the ticld. 

3. Rcmovc or block out from thc TM image 
those arcas for which we alrcady know thc 
classification. In particular, mask out the 
urban arc;~s, These u c x i  typicdly add ;L wide 
range of spectral information to the satcllitc 
image, making thc vegctsrcd, nonurbm arcas 
harder to scparatc. Wc would not expect urban 
arcas to be critical to TES. 

4. Incorpontc topographical data dircctly 
into t h t  classification process, Since plant 
communities in the Southwest are highly 
correlated with clcvation and slope and apcct, 
using this data should help scpmtc unique 
communities and rcsult in 3 morr am.~f;~tc 
map. 

5 .  Usc vegetation dat3 and covcr maps 
wtilablc from other agcncics to chcck our 
map. Bandclicr National Monumcnt h s  
completed a vegetation map bused on acrid 
photography. Thc Santa Fc h t iona l  Forcst 
h a s  vcgctation tf;U1sect data wdablc .  
Infomation from thcsc agencies would bc 
uscful for assessing thc accuncy of thc LANL 
land covcr map. 

Othcr projects at UNL will find the rnap 
to be a v3luable resourcc 3s the nap accuracy 
is improved, For cxmple, Environmcnral 
Rcstoration has already cxpnsscd a saong 
dcsirc for this map. Continued coopmuon 
bctwccn goups and projects in the form of 
sharing data and resources will further 
cnhtlncc this product. 
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Preliminary Land Cover Classification for Los Alamos National Laboratory :'; *Y and Los Alamos County, New Mexico 
. I  Torcllene S. Fuxx: Randy G, Bake', Mary E, Salisbury' 

__  
*Ecology Group, Los Ahrnos Nallonnl beomtory 

Abstract 
The major plant cover types of the Los A h n o s  County. Los Amos Xational 

Laboratory (wli>. and surrounding area arc distributed along topographic and 
moisture gadicnu. Thcsc cover types range from ripwim UCLS along qhcmcnl  
streams to mountain gruslands at higher elevations. To date we have identified 
four tcrrcstrid vcgctation classes: forests, woodlands, shnrblaods, and gnsslul&, 
Thcsc classcs havc bcen furthcr divided into subclams, rcgional biomes, covcr 
typc groups, cover rypcs. and community rypcs. Cover types include mixed 
conifcr. aspen, ponderosa pinc. pinon- junipcr woodlands, junipcr woodlands, and 
Rocky Mountain subalpine p s s l m l s ,  Additional study is needed to further 
define the cover types within passland and shrubland cfsses, Wc have not yet 
classified wctlmdripcihan classes to a sufficient depee. Working Draft Keys dso 
provide a classification for land used for human purpuscs. 

This document provides for 3 discussion of the preliminary vegcution 
classification for the County of LOS A l m o s  and LAXL. The classification is a 
detailed description of the Covcr Clsses  used on the dnft land cover map that has 
bet3 produced for LAiiL by Earth Dau Analysis Ccn:cr, University of Sew 
Mexico. This vegetation clusificafco was based on previous qualiutive and 
quantitative field studics, superviscd and unsupervised classification for the land 
cover map, bibliographic refcrcnces for the arc& and 20 years expcriencc with the 
vegetation of the Jcmcz Mountains, 

This paper represents 3 prcljminxy classification that will bc further tested 
through specific mor-reduction techniques used in the land cover mapping, We 
belicvc that further refinement of this classification will provide a consistcnt 
terminology h a t  can be used by researchers for describing the vegetation 
componcnt of their study sites. 
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1.0 Introduction 
A Habitat Management Plan (HMP) for :.. 

threatened and endangered species (TES) is 
proactive planning tool to provide information 
about TES to project planners. Such 5 , !  

planning tool is needed so that projects within 
I a faciliy. such as Los Almos Nationd 1 .  I 

Labontory (LASL), do not come into direct;' . 1  : , 
conflict with mandates of thc Endangered '. : 
Spccics Act of 1973, In the pass surveys for I ,  , 

TES wcrc done on 3 sitc by site basis and 
were dcpcndcnt upon thc location of 
maintenance and construction projects. T h a t  , ,  

was no mechanism for annual surveys of the '.*  . 
cntirc facility. The sitc by site appro;lch 1 .  I 
resulted in projccr delays by 1st minute ' . ' 

discovery of species not known to occur on. . ', 
the facility and by the consulmuon processes.,, . ?  . 

In 1995, the Record of Decision (ROD).for 
the Dual A x i s  Radiopphic Hydrodynhc. , :  i 
Test (DAW") Facility Environmental Impxt 
Statement (EIS) murdatcd dcvclopment of &, : , :  
HMP for TES, This requires a site-wide . . . .  . 
rather than a sitc by sitc approach to 
conservation, protection, ad identification of 
TES and those species of concern (SOC) hat * '  

occur on or utilizc the t 12 )~m: (43 mi=) ofthc . .  ; ' 
LAXL. 

Additionally. LANL lmds were designated" . .  . ,  

a Nxiond Environmental Research Park ' , .  1 

(NEW) in 1976 based on the "legacy of . ;  
parks'* initiated by President Nixon's 1971 
State of the Union Message and subsequent ': ' 

Presidential cndorscmcnts. Thc focus, 3s with. 
other NERPs, is the "impact of man's 
activities on his cnvironmcnt: that is, the .: 
interaction bcnveen man-altered systems and 
adjacent natural tcosystcms," TO understand '. 

environment, ecological studies must be . .  ,.' 
conducted. 

' I  
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These wo m3ri&tcs =quirt 3n 
understanding of thcjccological environments 
at &NL. Basic to this undcrswding is 
identification of the components of the 
habitats in which TES livc, Vegetation 
components of the habitat influence the ability 
of orgylisms to succ&hlly rtpducc and 
forage on a sitc. Two rypu; of information on 
vegetation a nccdcd to dctcnnint the value 
df I a habitat for a species: 

1) plant and associakd anhd spccics 
v present on the specific sites and 

2) 'vegetation c a m m i r y  pattms within the 
lmdsapc. To provide these wo typs of 
information. the dcvcloprncnt of a land 
cover map and a vcsctlltion clssifimtion 
has been one of edc &om of the Erst year 
in producing the HMP; 

I 

1 

' 

I 

' Thc task to develop a land cover map has 
Aultcd in compietioi of three products. 
The first is the devdopm&t of the land cover 
map from satclitc i m ~ z y  (Koch et al. 199Q 
and thc second is to provide m llecompanyiug 
vestation clmifiwtion describing h e  
&brnogencous compoknts wid& the land 
co&r map extent. The third product is 
completion of J checklist of plants that arc 
found in these components in the Jcrncz 
Mounmins (Foxx et d .. 1996). 

.' 

' The purpose of thL paper is to describe the 
land usc history that ibflucncs distribution of 
plants, to lay out a tcnkivc hienrchid 
classification of the vegetation in the ngion 
bscd on the Ncw M a k o  Haturd Herhgc 
P r o w  ("HP) classification, and to 
present a Working D d t  KC? eo the various 
Cover and Cornmunit Types of Los Amos 
County and immcdiacc I surrounding ma. 



2.0 Background 

JAXL have generally bcw conducted on a 
site by site basis and associated with 
construction projects (scc Rcfcrcnccs 72).  
Other studies donc for old field succession, 
fire ecology, habitat typing and wetland 
monitoring have added to our knowledge 
(Foxx and Tierncy 1996, Foxx and Potter 

1995). Thesc studies have resulted in 
compilation of a list of spccics that occur in 
the Jemez Mountains and on the Pajarit0 
Plateau (Foxx and Tierncy 1985). This 
checklist h a  becn revised and is included in 
this notebook under Foxx et al. (1996). Thc 
revised checklist has also been placed in the 
Gcopphic Information System (CIS) 
Database devcloped by Bennett et al. (1996). 

Since the early 1970s, vegetation srudics at 

1979, Barnes 1983, FOXX U d  Btea-Edcskuty 

Although much work has bccn donc to 
compile species lists and to acquire 
quantitatjvc data on cover, density, and 
frequency, there h a s  not bccn ;L systematic 
classification of the Imdscapc cornponcnts of 
the vegetation within Los A m o s  County. 
Howcvcr, classification of the ludscape 
cornponcnts hiis been accomplbhcd for 
Bandclier X'ariond Monument (Bm) (Allen 
1989). and Forest Service personnel have donc 
habitat typing md vegetation clusificaeion in 
portions of the county within the S u a  Fc 
National Forest (Moir and Ludwig 1979). 

To undcrsmd the vegetation patterns on a 
landscape lcvcl, LAXL has worked with Earth 
Data Analysis Ccntcr (EDAC) at the 
University of New ,Mexico ( U r n )  to dcvclop 
;1 land cover map (Koch ct al. 1996). To 
understand thc clcmcnts of thc land covcr map 
and the landscapc patterns as related to the 

surrounding arc3 and the Statc of New 
Mcxico, we have dcvcloped this p r e l i m i n q  
vegetation classification for Los Amos 
County and LPUXL. 

For the mapping and classitication, wc 
have cxtendcd the boundaries beyond thc 
Laboratoq and YC using fivc US Gcoiogicaf 
Survey i.S=min, quadmglcs (Guajc, Frijoles, 
White Rock, Puyc, and Vdlc Tolcdo) ;1s our 
mapping units. Several studies, such rts 
monitoring clk movements, includc x c 3 s  of 
BIW. the Santa Fc National Forcsts, arid the 
privately owned Baca Location. Therefort, a 
widcr vicw of the m a  is pcninent. For most 
of our discussion rclarcd to vcgention 
classificxion, we will usc the county 
boundxics as our extent. Wc bclizve this is 
necessary because of the following factors: I) 
thc tops of the Sierra dc Los Vdlcs arc thc 
watershed sources for the Labontory and 
thcrcforc influence chc ccology of the 
Laboratory: 2) land ownership boundatics m 
mXxid and YC not barriers to animal and 
plant movcment: and 3) the intlucncc 
bctwccn the Laboratory and its surrounding 
area is a reciprocal rclxionship. 

3.0 Description of the Arca 
3.1 Geographic Setting 

LAKL is situated in Los Amos Counry 
in north-ccntnl Ncw Mexico. approximately 
100 krn (60 miles) north-northeast of 
Albuquerque and 40 km (25 miles) nonhwcst 
of SL~U Fe (Figure 1). Thc county is 
approximately 253 km2 (109 mi:) and is 
situated in the Jcmcz LMountains, The western 
boundary encompasses some peaks of the 
Sierra dc Los VaIIcs, the mountainous rim of 
thc Vallcs Caldera, and portions of thc table- 
likc extension on the castem slopes, known as 

3 
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the Pajarito Plateau. This plitc3u extends 
approximately 16 km (10 miles) from thc base 
of the mounc&n slopcs and ends at the Rio 
Grmde. It is dissected by nmow precipitous 
canyons separated by finGcr-likc mesas. 
Lct';L is located at the buc of the Sierra dc 
Los Vdles u d  on portions of the plateau. It 

within the county, Bccausc of thc rugged 
topography, most of thc t'acilitics arc confincd 
to the mcsa tops and conccntrated in 
dcvelopccl technical UCU. The rcmotcness, 
the lack of dcvclopmcnt, and the rugged 
topography provide habitat for a variety of 
plant and mimd species including spccies 
listcd as cndangcted or thrcatcncd and specks 
of concern undcr tht Endvlgcrcd Spccics Act 

comprises 112 km: (43 mi 2) of the lands 

Within Los A m o s  County, land 
ownership includes LANL and the 
communities of Los A m o s  and Whitc Rock. 
Figure 2 shows the land ownership 
surrounding the Labontory 

I .  

3.2 Geologic Setting 
Thc Jemcz Mountains YC a remnant of a 

massive volcano that erupted 1.4 to 1. I million 
ycars ago. Ash from thc eruptions Iaid down 
300 m (985 ft) of wclded and nonwelded tuff 
on the eas~tcrn flanks, The rim of the collapsed 
volcano is called the Sicm de LOS Vallcs. The 
rim has  nine peaks including Ccrro Grandc, 
Pajarito Mountain, and Caballo Mountain. 
Thc tops of the m o u n t h i  range from 2895 m 
(9500 ft) to over 3353 m ( 1  1,000 ft)  in 
clcvacian. On the cutem flank of thc 
mountains, an apron-like plateau. the Pajarit0 
Plateau, is formed from a consolidxed ash tuff 
(Burton 1982). Soils for the area havc bccn 
classified by N y h m  (1979). 

The p13tcau is dissected into canyons and 
rncsu. Only thc uppcr rcaches of the canyons 
have permanent water sources. Below thc 
Laboratory boundaries, thc streams have only 
ephcmcml water, flowing during spring 
snowrnclt and during hcavy ninstorms in the 
summer months. Springs and sccps can bc 
found within the Laboratory boundxics an3 in 
Whitc Rock Canyon. These water-rich arcs ,  
in an othcnvisc semiarid cnvironmmt, often 
haw a diffkrcnc and specific flora. Spccirs 
such as hrllcborinc orchid (Epipccris 
,gipnrea) uc state SOC and others such as thc 
cardinal lobelia (Lobelia cam'inufis) ut of 
local conccrn. 

3.3 Climate 
The are3 has LI temperate mounuin climate 

with four distinct seasons. Springs arc dry and 
windy: summers, w m  and often dry in June 
followed by 3 rainy SC~SOII in July and August. 
July is the W ~ C S E  month with an average 
daily high of 2 7 2  "C ($1 O F )  md an average 
daily low of 12.5 OC (55 OF). Jmuary is the 
coldest month wirch avcngc tempnntrc 
ranges of a O i l y  high of 4.4 OC (40 "F) to a 
low of -5,3 OC (17 OF), There is solar heating 
during the day and rapid radiant cooling at 
night, The average annual prcciptation is 17.6 
cn (18,7 in.). Lower elevations near the Rio 
Grandc receive 13 cm (5.1 in.) less and thc 
higher elevations may receive 13 cm (5.1 in.) 
morc, Thc peak rainfall months art July and 
August, Most of thc winter precipitation 1'alIs 
a snow with an avcragc of 150 cm (59 in.) 
(Bowen 1990, 1992) 
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3.4 History of Land Use 

i t  is i m p o m t  to understand the influence 
from past human activities. Certain plant 
species are chanctcrisdcally found in xes of 
prehistoric disturbance that were introduced 
into the y e a  11s "camp followcrs" and ut 
relics of manipulated native species or arc part 
of an introduced ancient crop and wccd 
complcx (YNnell 195S), Clearing mas for 
agriculrurc, by both prehistoric inhabinnts and 
culy homesteidcrs, has  resulted in a system 
of abandoned agricultud fields dominated by 
disturbance species. (Foxu et. al, 1996), 
Extensive wildfires have turncd many hectares 
of forested land into open g~whnds or 
shrublands (Foxx and Poncr 1979). Allen 
(1989) dcscribcs luldscapc changes 
throughout h c  Jcmcz from various forces. 
both man-caused and natural. He notes the 
chmngcs to fores's and woodlands brought by 
grazing, t'uc supprcssion, and inscct outbreaks. 

The history of the land use of the area is 
long Lqd varied. FOLK and Ticrncy (1 9%) 
described the history of landuse of thc Pajarj to 
Plateau from prehistoric to historic times. 
Allen (1989) also srudicd the land usc and 
landscape chmgcs. 

To undcrs*md prcscnt vegetation patttcrns, 

(. ~ 

I , .. 

For our discussion wc have divided the 
land-use changes and landscape modifications 
into four periods: prehistoric period from 
1100 to 1598, thc Spanish period from 1598 
to1821, post-Spanish period from 1821 to 
1940, and World War II (1940) to present. 
During each of thcsc periods there have bcen 
unique influcnccs on the vcgrtation panems 
and the fandscapc. 

3.4.1 Prehistoric Period (1 100 to 1596) 
According to rhc prcscnt xchacological 

record, nonhern Ncw Mexico WM inhabited 
by humans well bcforc thc Pajuito Plateau 
WLS first setclcd, After humans arrived in the 
region. at least several hundred years and 
several culrurc phascs lapsed btfi-rc the 
plateau region was occupicd to any cxtent. 
Agriculture nrivcd about I I50 AD with the 
Pueblo Ill 7coples and lasted until 
approximately I500 AD, During this period 
there were extensive srttlcments ruld 
development of apiculrural ficlds where corn, 
beans. and squash were gown. Today, 
remnants of thcsc pueblos and garden plots YC 

scattered throughout the region (Stccn 1977, 
h g e  1959). Associated with these sites rn 
often indicator species such as tomatillo 
(Lyc im paffidwn). 

' 

3.42 Spanish Period (7598 to 7827) 

16th ccntury c m e  thc introduction' of 
domestic livcstock. The impact of small 
subsistence farms from approximately 1732 
through I821 w a  primarily in sheep gazing 
and wood gathering. Thcrc is evidence from 
chronicles of thc early explorcrs that the 
introduction of dorncstic livestock profoundly 
influenced the flon and ecology of the 
Southwest (Beck 1962, Cadson 1969, Gmbbs 
1958). 

With the afiival of thc Spmish in the mid- 
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3.4.3 Post4panish Period (1821 to , . . 
f 940) 

Most of the Pajarit0 Plateau and the Jemcz 
Mountains were not open to cxtcnsivc 
European scttlcmcnt until alter 1821. *or to 
that timc the area conmitied only small herds 
of domestic stock and summer pzing,  Two 
major factors opened thc m a  up for 
scttlcmtnt and USE: 1) the coming of tlic I 

n m w  gauge railroad (the Chili Line) in 1S79 
and 2) the Homestead Act of IS$:! (Gjevcre 
197s. FOLK and Ticrnty 1983). 

The building of the nilmad opcncd New 
Mc-xico to an influx oCEastcrncrs, provided a 
method of mspomtion to move goods such. . 
;1s livestock and lumber, and provided ixccss 
to otherwise remote areas, With the 
dcvc!opment of the Chili Iinc and thc smdl .' 

town of B u c h u  on thc Rio Gmdc, access ' 

roads wen: dcvclopcd onto the hj~to P1;rreaU. 
and luge numbers of cattle were introduced ' I 

into the ma From 1555 through 1SS7, tbc 
Ramon Vigil G m t  (an m a  that basicfly . ~. 
corresponds to Laboratory lands), had over 
3000 head of cattle on X!,OOO acres. I 

I ,  

Thc Los A m o s  homestcad era b c p  in 
1594 with the cst;lblishmtnt of small 
subsistence fums, which grew beans, p i n ,  
and fruit under dry land conditions. The 
A l m o  homestcad was filed in 191 I by 1% lX4 
Brook. This homestcad tvcncually reached the 
size of 2.5 km: ( 6.4 mi:) and produccd alfalfa, . 
sorghum, wheat, ;md"minloads" of pinto ~ - 
beans, By 1937.3 farms occupied about 157. 
!an= (3S.9 mi:) (Chambers 1974). 

: 

8 
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.plateau during the early 1900s. In IS57 the 
owners of the Ramon Vigil Gmt sold the 
timber rights to EL S, Buckman, who removed 
h b c r  from the until 1905. A newspaper 
nrticlc of Dcccrnbcc~I?O5 speculated that 
Buckmvr cut 36,000,oQo b o d  fcct on thc 

1900s and into thc 1940s. 
Ramon Vigil G m t  yielded 173 19,000 b o d  
fcct of permitted saw, log timber (Sum Fc 
Xvcw Mcuican 1902), 

ne logging i&stry dewcut area of thc 

m o o  acre grant. mwughout tbc cyly 
adjacent to the 

L I  
4 %  

Devdopmcnt of &t plaau  for reemtion 
purposes began in 1914, Ashley Pond 
established the Los A b o s  Ranch School in 
1917. Arcs such as Cynp May were 
esmblishcd 3s pack camps. and nur=lerous 
& were built for hornback riding 
( c h ~ b c r s  1974). : ' 
3:44 Worfd War II and PostWorld War 11 
Period (1940 to  Present) 

b Sincc 1942 the area known as LAXL has 
been under Fcdcnl owpership. Since the 
Laboratory's cst;rbiishmcnt arid the awing of 
Los Alamos County from Sy lm Fe and 
Sandovd Counties, the u d m  of Los 
Ahmos and White Rock have dcvdoped. 
Allen (1989) estimated a 12-fold incmsc of 
roads in the Jcmcz Mdunains from 1935 to 
1981. , 

II: 
\ & 

I 

Other factors that have influenced 
vcgcmtion patterns within ehc County tvc 
1~xlsapc chvlgcs due m.wildfin and long- 
term fire suppression. &xtensivc wildfins 
haw buried arcas dong tbc slopes of the 
S i c k  dc LOS Vdks  and on the upper slopes of 
thc'plateau. In 197i, the La Mcsa fire burned 
6073 ha (15,000 mei) of BhM Sann Fc 
Xational Forest and LANL. property. 

I I 
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Sincc LA% wlls removed from private 
ownership in thc early 1940s. there h a s  been 
little or no urban dcvclopment, logging, or 
hunting on Laboratory lands. Esscnrjally. 
much of thc 43 mi'hxi become a natural 
rescrve that supports many plan& and animal 
species including 3 federally listed TES. 
.%lthough the set-aside provides a unique 
divcrsiry of plants and animals, activc 
mmagrmcnt of ungulate species, timber, u d  
fire is imporrani to sustaining thcsc habitats 
over thc long-tcm. The W is onc stcp in 
thc muragcmcnt of thcse resourccs. 

3.4.5 Botanical History 
Before the 20th century, thc Pajarit0 

Plateau and thc C a s t  side of the Jcrncz 
Mountains were I q e l y  inaccessible to 
botanists. Early Spanish c!!ronieler' accounts 
of the vcgeution of the norrhern Rio G m d c  
(Chavez 1976) scan to indicate that the native 
composition of the ma was much the same s 
it  is now, although the density of most of the 
species probably has changed greatly. 

1, 

In 1841, the first trained naturalist entered 
New Mexico, William Gambei tnvclcd to 
Santa Fe with B s o u p  of trappers and traders. 
Although he collectcd plants a fcw miles into 
the S a m  Fc rnounnins, Gmbcl did not 
survcy in thc Jcmez Mountains. Aftcr the 
American occupation in 1846, naturalists 
began to work in northern Ncw Mexico. Thc 
first 3srived wit!! contingents of the US A m y  
and others came later with the 'CS Boundary 
Survcy. Still, thc Pajarito Plateau and Jcmez 
Mountains were rcmotc and not until rhc 
railroad came to the Rio Grande Vallcy in thc 
early 1800s werc plmcs collected there for 
scientific study. As far ;1s wc can deteminc, 
thcsc firs: collections wcrc madc by Adolf 

Bandelicr when he was living ;It Cochiti 
Pueblo, Bandelier's collections wcrc shipped 
to Dr, Gcorgc Engclmmn, a physician- 
naturalist. in St, Louis, Missouri, for 
identification (Langc 19S9). A number of 
plant names in the Ncw Mexico Ilon have 
Gambcl's or Engelmann's namc atuchrd ro 
them. 

The Jerncz Range and Pajarito Plateau 
havc sccn many botanical collectors sincc thc 
beginning of thc 20th century. bong h c  
tarliest botanical explorers and authors of this 
century were E, 0. Wooton md Paul Smdley, 
authors of A Florc ofrvew Merico ( 19 1 S), 
Later Howard Dimer, Edward Castctter, and 
On. M, Clark mention some plmo: from this 
UCJ in thcir Tile Fcm and Fern Allies ofrVaU 
Mexico (1954), Numerous spceimcns in the 
herbarium at Bandclicr National Monumcnt 
and the University of Ncw Mcxico were 
coflccted by Clark. Several students have 
written mater's theses about the bomy of our 
uta, and have bccn mentioned carfkr. The 
early collections and original dm from more 
reccnt observations havc been given in Flora 
o f h v  Mexico by William C. Mmin md 
Charles R. Hutchins (1980). These tloristic 
srudjes havc been summarized as a basic 
compilation of plant specks thx have been 
found in the Jcrnez Mountains F o x x  and 
Ticrncy 1985). 

Only recently h a s  thcrc been classification 
of the landscape components, Other than Allen 
(1984, 19S9), B m c s  (1983). and Poner and 
Foxx (198 I ) .  few studies have been specific 
for thc area. Barnes (1983) clwified the 
habitat rypcs in thc pinon-juniper woodland of 
LANL and Bandelicr National Monumcnt. 
Allen (1984, 1989) conductcd cxtensivc 
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studies of the Jcmez Mountains. Potter and 
Foxx (198 1) mapped areas of the Cero 
Gmdc, Most other sc~d ics  ;vc regional in 
nature. Moit and Ludwig (1979) classified the 
spmce-fir mc! mixed conifer habitat types of 
Arizona and New Mexico, Somc of their . ' 
work was done in the Espanola Ranger Distict 
of the Sann Fc XationaJ Forest. ., 

On the sate Itvcl, the Ncw Mexico 
Satural Hcringc Program ( M ? )  is 
engaged in dcvcloprncnt of a cornprchcnsivc , 

classification of vcgcmtion for the State C J ~  . 
New Mcxico. The purpose of their 
classification is for conserving and managing ' 
the states biological diversity Wuldavin 
1994). Thc system used by the NmRP ' 

incorporates the essential elements of thc ' 

b 7 S C O  Enmework with nodifiwtions for , 

local characterization of ccosystem Recentl$ 
thc Fcdcnl Geographic Data Committcc 
issued ;L smdvd for Vegetation CIxisifiwioa I 

and Information. The overal1 objcctive of this, I 

s m b d  was to support the production of 
uniform statistics on vcgeution rcsourccs as ' 

the national Icvci, The NMNHP can be cross- I 

walked to all of these systems. 

a- 

' ,  

* 4  

' ,  
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4.0 Methods 
The proposed claification for LANL has 

been developed from a variety of sources, 
However, there arc three infornational sourccs 
that have bccn most important to the mapping 
md clssikicstion, 

' I  

I .  

1 ,  

1) Previous surveys that have collected ' , '  I 

qualimtivc dam as to spccics presence and ',. 

absence. 

2) Previous surveys that have been used to , ; 
coIIcct qumtitativc information using the . "  

standard vegetation measuring techniques. : 

, ,  . I  

0 '  . 

5) I Unsupervised &sif ia t ion bf satellite 
1 .  * :,,imagery data for'thc,land cover map (Koch 
; ' I ;  et al, 1996). - ::, ,: ' ,  

4.1 Methods Used'in Vegetation 
Surveys ' .  

*At LANL, we ha&ksoblished 2 levels of 
surkys for project r&w: Level 1 and Level 
2 .One level is used io collect qualitative dau 
yld.thc other quvr ti&Vc. 

1 .. 

< .  
! ;  

. .  . 

, .  . *  . " " . .  
. The Level 1 surveys arc reconnaissance 

s b e y s .  That  arc qualintivc s w c y s  that 
ncdrd observations yld:gcncnl spccics lists 
€or the ma. Most of the time the rtlativc 
daminanct of the specieshave been noted. 
%or to the mid 19SOi. ;L number of such 
survcys were conducted throughout the 
Laboratory. Gmcnlly, the dominvlr life 
forms (trees, shrubs. Itkbs, gnsscs) were 

thc!dorninult spccics iot#t From species- 
specific data physiognomk &butcs of thc 
d6&anc-vepnrion ( k p c n .  deciduous) 
can be dctcrmincd. Abdinonal quliutivc 
survqs  were condcctd ~olpraducc a land 
covermap ( Koch et aL' 1996). 

using standard mcth&.to~detumine 
vcgcntion cover. densit),:md fnquency, 
Techniques have included line intercept 
methods and circular plots for the overstory 
component and D a u b c h  plots for the 

identified by species &d ;L p e n t  cover of i ,  

.:' ,', 
4, , . . .  
I '  

.;~Lcvcl2 s w c y s  ~~qUnr i t3 t ivc  surveys 

u n dcrst o ry. . .  
; I . . .  . 
I ,  

4 I .  

.Vegetation survcys have k e n  conduc:cd 
for Environmental Ratontion Operable Units 
(ER-OU) using the linc htucept techniques 
(Lindsey 1955. Woodinhd Lindsey 1954) to 
mtuurc thc overstory components of 
coniferous forests, Rcscarchcrs collcctcd d m  

?' , 
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I .  8 ,  

, .  
. 4  .; 8 
' I  

. I  , I ,  ' .  
S I  , . . . - - ..-a . I .... . ." ... . . ... -. . ...- _... . . . . .  . ."i . , %  . .  . . .  



within 6-m- (20-ft-) wide strips centercd on 
thc transect linc. Within h e  strip, the dimctcr 
breast hcigh (DBH) of trces w u  rncxurcd and 
41 shrub stcms wcrc counted. Data garhercd 
included foliar covcr, density (trecdacrc), and 
frequency. From these data. an importmcc 
index w u  calculatcd. 

Within thc pinon-juniper and rip3ri3n 
arcas, thc circular plots trchniquc was uscd to 
measure the overstory components, A :O4,S-m 
(1000-ftj transect linc was placcd along !hc 
habitat that; was to bc cvduatcd. Three 
circular plots were established dong thc 
transec:. Data was recorded for all trces 
within 3 9 , W m  (304) ndjus of thc center 
point, Data included species, height. crown 
diameter. condition, number of stcrns, 
diameter, and pctccnt cove:, All 
multistcmmed spccies, such as pinon pinc and 
juniper, wcrc measured for basal dimctcr. hi1 
singlc-stemmed trees such a ponderosa pinc 
were meuured for DBH. Pcrcenugc cover 
for each spccics was determined by dividing 
the circle into four equal subplots (qumcrs) 
and estimating the covcr within each of thc 
subplots, 

For the understory component of an ma., 
the quadrat method whh ;L Dnubenmirc plot of 
20 x SO cm (S x 20 in.) (Daubcnmirc 1959) 
was used for mcasuremcnt of cryptogamic and 
hcrbaccous vcgctation, perccntagc of bare soil 
and litter, and slirubs with heighfs of less than 
0.9 m (3 ft). Wc used visual estirnatcs of 
foliar cover to determine pctccnt cover and 
spccies composition, and rcad quadrats along 
thc transcct established for overstory 
evaluatjon at 3-m ( IO-ft) intcrvals. Quadrats 
wcrc r a d  uni j l  the number of spccics within 
the plots had not incrcascd (thc species arc3 
curvc tl3ttcncd) or a m;isimurn of IO0 
quadrats had hrcn read d o n g  3 trmscct. 

Figure 3 shows the locations for the 
quantitative surveys. 

All plants wcrc identified using Hitchcock 
(1950), Martin and Hutchins (1980). Foxx and 
Hoard ( 1984 1995). Ticrncy and Foxx ( 19SS). 
and Allrcd ( 1993). When ncccssary, vouchcr 
specimens were collcctcd and uchivcd in the 
herbarium at LASL. Any questionable 
idcntitications W C ~ C  confirmed at the 
University ol' Scw blcxico herbarium. 

4.2 Methods Uscd in Development of 
DraftTertestrial Classification 

The devclopmcnt of ;1 draft claqsification 
for LAXL had four goals: 

1) The cl~sifiwtion must bc appiicable to 
habitat mmagcmcnt, 

2) The classification should bc consistent 
with and complimentary to those used by 
organizations who have lands bordering 
Lhl";L (c.g. L'S Forest Scrvicc, National 
Park Scrvice). 

3) Thc classification should be donc by Sntt 
and Federal standards. 

4) The clmification must represent what is 
currently present and not baed on c l i m n  
vcgctation, 

For these rcasons, we dccidcd to dcvclop 
our classification bascd on thc NMXW 
system of hicrarchicd classification. This 
clusification can be transirttcd into the 
UPTESCO system 2nd thc ncwly dcvelopcd 
vcgtntion clusif~cation donc by the Fericrd 
Ccographic DXI Comrnittcc I1?961. This 
cl;lssilication hierarchy drtlws upon thc 
US'ESCO Framework (Driscoll c: a). 19S4) 
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and other classifications from thc Southwcst 
including Donart, Sylvester, and Hickey 
(19791, Brown, Lowe, and Pacc (1979). Dick- 
Pcddic (1993) and many habitat type 
classifications produced by the Forest Stnticc 
including Moir and Ludwig (19791, and . 

Alexander et 4, (19S4, 1986). However, our 
clsssificatlon is bused on prcscnt vcgcution 
nor habitat types or climax vcgctation. 

Additionally, the advantage of the . I  

NMSHP system is that it hu btcn dcvclopcd 
in coordination with the New Mcxico Gap -' ' 

Analysis Frojcct and is specific for thc 
ccosystcms of the arid and scmiuid 
Southwest, The hierarchical classification is I , 

as follows (Muldavin 1994): 

Clus - major physiognomic type (c.g.. 
forest, grassland, ctc.): 
Subclass -moisture and tcmpenture', * I 

defined subformations: 
Regional Biome - biogcopphicdly 
related Scrics Groups: 
Cover ?Lpc Groups - sets of 
morphological, environmentally or 
floristicdly relatedcover types: 
Major Cover Typcs - sets of 
Community Types related by at least a ' ' 

common dominut: more or less 

. .  

. .  

: . a 

' I  . .  synonymous with Scrics without 
successional implications; , .  

Community Typc - fundamental 
rcpcated uscm blagcs of species: mort 
or less synonymous with plant 
association without succcssiond 
implications: 
Phase - floristic variants of Community 
Typcs-Typic Phase refers to the modal 
species composition of the Community ;; 

.. , 

1 ,  

I. , 

, .  

TLPC.  ; 

The upper 5 clusifications arc bused on '. 

. .  
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the physiognomic ndtufc of the vcgcntion and 
the 1st two on the floristic n a m .  The upper 
3 classifications arc ddncd by tempentun 
and moisturc regimes, The lower levels or'thc 
claisifiation arc bask  on flodstics, During 
FYP6 wc have concentrated on identifying the 
cover types and cornmuniry types that arc 
found on LANL andbe smund ing  m 
Thc land covcr map defines thc cover y e s  ivc 
identitied from the spcetnl classes in satellite 
k m g c q ,  7'hc Wotki&Dnfe of "Keys to 
Major Land Cover Qpes in the WXL 
Viunity" (Appendix A) defines rhc 
community typcs forthe tcrrcsui.ial 
ccosystems, provides-a m a s  of consistently 
idenwng sites of h&vl disturbance, and 
give a prcliminvy classification for riparid 
wetland systcms. 

This Working Dnft  is to bc uscd for 
fidvlcc of major coverand community types 
within LANL and the stmounding areas. The 
keys wrc designed for homogenous arcas of 
;~tlmt 0,4S ha ( I  acre). Thcsc keys hiwe 
bccn developed usinginformtion in Nlcn 
(19Sj), Moir and Ludwig(1979 ). USFW 
(19SS), Muldwin (1994), and thc survey data 
at Lus Amos .  Selcctcd q u a  tineivc s w c y  
data (104 plots), supervised and unsupervised 
cIass5c3tion &u, andbudiative dm werc 
examined. Each plot w3s used to define the 
community types, ;' 

'me draft classification contains I O  I ; C ~  
I . . . .  .. . . .., , ' 

, .  

: f ~ ; e y ~ :  ~ c y ~ p r o v i i k ~ d ; m c ~ f o r  
classifying areas uscd for,human purposcs. 
Building, farm, puking-lbts, paved or dirt 
roads, utility comdors, brother man-made 
S ~ ~ C N E S  that arc prcscnior dominate the 
landscspc cur be classified usins this key. 

...I. . 

. .  
I .  L 
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Key B: Kcy B providcs guiC3~lce to thc 
classifying of land that is periodically flooded, 
supports facultative or obligatc hydrophytic 
plants species. and is characterized by hydric 
soils. Key B incorporates the ripnri;m/wetlmd 
classification (Cowaidin 1979), 

Key C: Key C idcntifics arcas that y e  
rock outcrops, talus slopes, or othcr upland 
lithosolic are;ls that do not support vegetation. 

Keys D through I: All other keys arc 
associated dusifications of the terrestrial 
ecosystem on the floristic level including 
Covcr Typc and Community Typc. 

5.0 Results 
5.1 Land Cover Classification and 
Mapping 

Thrcc products have conuibutcd to thc 
rcsults presented in this papet. The first is thc 
production of thc land cover map (Koch ct d, 
1996). The sccond is the development of the 
preliminary vegetation classification reponed 
in this papcr. The third is the revised plant 
chccklist for the Jernez Mountains by Foxx et 
al. (1996). Thc following is a detailed 
discussion of the prclimjnvy classification. 
Thc land cover map and thc checklist arc 
discussed clscwhere. 

5.2 Classification Description 
The information in this section 

concsponds to the classification in Appendix 
.4. Thcrc arc three sections: Clusificstion of 
xe3s  of Land Used for Human Purposcs 
which corrcsponds to Kcy A of the Workjng 
Draft Key. Ripxian/Wctlnnd Systcm 
Classification which corrcsponds to Pdustrinc 
Systems in Muldavin (1994) and Kcy B of the 
Working Draft Key: and, Terrestrial System 

Classification of  Vegetation which 
correspond! to Terrestrial System 
Clusification in ,Muldavin (1994). the land 
cover map (Koch ct  rrl. 1996). and thc 
Working Draft Keys C through J. 

Below wc have dcschbed c x h  of thesc 
classifications. 

5.2.1 Classification of Land Used for 
Humon Purposes 

To consistently dcfinc UCLS of human 
disturbance, Key A of the Working Draft has  
been developed. The land types include 
vchacological sircs. buildings. f;mns, picking 
lots, paved and dirt roads, utility corridors, or 
othcr man-made smcturcs. 

Most of tficsc YCX of human disturbrvlcc 
can be pullcd up as layers within the GIS 
ARUSNFO (e.g,, r o d ,  utilities, residential). 
In some cases. they will be used to define 
habitats for TES. k c u  of human disturbmcc 
gcncrdly will not support E S .  Howcvcr, 
mme species such as thc Goat Peak pika or 
bats may actually utilizc mu that have 
undergone disturbance. 

R o a d :  Roads y e  classificd as paved, 
improved, and unimproved. Improvcd roads 
are gcncrally gravtl and arc m;ljntllincd by 
occassionaf blading. Unjrnprovcd toads arc 
rarcly bladcd, 

UtiCifies: Thcsc structurcs include pipelines, 
utility poles, and other stmcturcs used to 
supply gas, cltctricity, or water to facilitics 
and homcs. Thcsc smctures can be 
aboveground or underground. 

15 



Abandoned farmlandr: These arc that . 
havc historically bccn used for ;~gricufrurc. ' 
Thcsc areas usually have been clcued of the: ' 

major cover type and LE undergoing 
succcssiond proccsscs. 

Wareport&: Thcsc arc water bodies 
associated with sanitary systems and 
collection of effluents, They YC cement lined. 

Indusbial facih'ties: 7"hesc .UT facilities ' 

within the Laboratory boundaries and at used 
for research or other tlctivitits. 

Commercial ureas: These ax offices, 
t ts~umr~, md other buildings used for 
commercial purposcs. 

I 
8 .  

Reskfenn'aL ureas: These arcas 3ft homes, 
schools, and other buildings. 

* 

, I  

. " )  

1 This c ~ w ~ c a t i o n  cornponds to the 
information in Key B in&c Working Draft 
Kcy (Appendix A). This key is very tcnnuvc 
and will nccd furchc<rcf%cmcnrin FY97, 

tlccord~cc with the National Wetlands 

I 

In 1990, the USFW classified thc ;VE;I in 

inventory 4 T h i s  mapping was based upon 
T h e  National Wetlyld.sInvcntorv 
Classification of Wctlands and Dkpwarcr 
Habitats of the UnitcdStates," bv Cowardin et 
31; (1979). ~ h c  puqosc of this ikvcntoq w u  
to dclinatc and identify wctland. The 
clsifimtion w d o n i p h u i l y  with i n f n n d  
xrid photographs, I n W 3  to 1995, wetland 
m u  not identified by'tbis survey (oudldls, 
springs, and small pools) wen incomntcd 
intohaps by K. B a n &  in the Ecoligy 
Group. ESH-20. The &ps reside in ARC/ 
INFO. ,:, ' 

' I  

' Using informdon from previous 
werc used for hobitation, fuming, ccrtrnonid,. a qu~ltintivc .wcys done at& Liboratory 
or hunting by early residents of the Pajxito wc have dctcrmintd only 2 few r i p ~ m  and 
Platcau. Cultural s i t s  cm include 

B c k e  of the nurown'tss of the c;u~vom, 
' ' wetland Covet and Cokunity spes. 

homesteading and World War II sitcs. Thcst ' 

sires arc gcncrdly protected under thc Historic 
Preservation Act. 

5.22 Riparian and Wetland Systems 

spcca3J idcntihbon of the riparian zonc was 
noc'possible, Thcrefodthis system will be 
scpm~cly classified No map layer presently 
exists. . l  , 

. I  ' 

Rip~m/Wctlmd ecosystems &e directly , I I 

ssociatcd with wctlmds adjacent to rivers 
(riverine), riverbanks (palustrine) or lakes 
(lacusmnc), c,g., mashes, bogs, and riverbank 
YCS. Thcsc systems occur primarily in the 
canyon bocroms of rht Pajarit0 Plateau and 
along the banks of the Rio Gnndc. Thc 
ripxiadwctland ecosystems of dic Plateau 
include springs, riverbanks, smambmks. 
outfdls, and mushes, 

522.1 Characterization of Riparian 
Forests and Shrub Wetlands 

dcrmincd thae RipYiwFomt and Shrub 
, Wetlands and hctgcnt,Wctlulds Clzisscs arc 
, prcscnt within Los Alamos County (set 

8 References S.2). For cxnmplc, Foxx and 
. Ticrncy (19S0, 1983) surveyed Pajarito, 

' M~ttulhd Efflucnt. and Water Chiyons, 
Foxx (1 996) tested areas ,in Ancho and 

From prcvious su~ycys, we have 

' . . .  



Chaquchi Canyons for hydric soils and found 
hydrophytcs made up 87,6% of the relative 
covcr. The Riparian Forest and Shrub 
Wetlands are primarily in thc canyons, along 
cphemcrd strcms. Emegcnt wetlands arc in 
acu whtrc canyon bottoms have bccn 
drcdgcd, usociatcd with ourflls, or natcral 
springs 

Riplltian Forcsc and Shrub Wetlands arc 
characterized by vegetajon dircc:ly dependent 
on either ground water andor flooding. Thr 
broadleaf forests are dominated by nmowlcaf 
cottonwood (Populus angustifoliu), boxcldtr 
(Acer nqundo), alder [Ainu obfogifoliu, A, 
tenuifofic). Evergrrcn forests include 
ponderosa pine (Pinus pom’emsa), white fir 
(Abies concolor), and Douglas fir 
(Psucdorsuga rnenzicsii). 

5.2.2.2 Characterization of Emergent 
Wet lands 

Emergent wetlands arc dominated by 
herbaceous species, mostly gms-likc species. 
These covcr typcs may bc chxacterizcd by 
cattail (Typha tatifolio), rush (Jurrcus spp.). or 
other faculutjvc or obligatory wetland species. 
Wetlands in Pajarit0 Canyon havc been 
monitored for 6 years for changes in thc 
species diversity. Other cmergcnt wctlands 
havc bccn found around ourf;llls (Foxx and 
Blca-Edcskuty 1945). 

Below we describe somc of the species 
found within the riparian and wetland habitats 
OF thcsc canyons. 

Foxx andTicrney (1980, 1984) found 
undcrstory species in thc streamside habitats 
includcd Arizona valerian (Valerianu 
ari:on ica ), b lack-c ycd Susan (Rudhcckiu 
h i m ) .  cutlcaf contflowcr (Rudbeekiu 
luciniurci), wcstcm bracken fcrn (Prcridiunr 

aquilinum), and Cinadian violet (KO& 
cunadensis). Common ~ ~ ~ S S C S  arc mclic gxs 
(Melien porreri) and interior bluegrass (Poc 
interior). They also found a m e  larkspur 
violet (Viola pcdtul&du) within the streamside 
and moist mcadow arcs, 

Within Guaje and Los Almos  Canyon 
Baniu (1995) found thinIcaf aldcr (Alnus 
tenuifolic), Rocky Mountain maple (Accr 
,qlohrum), whitc fir, aspen (Populus 
trcmuloidrs), Douglas fir. limbcr pine ( P i t u s  
f z d i s ) ,  Engelmann sprucc (Picea 
engelmcnni), and w t c r  birch (Betula 
occidcnrutis). Shrub spccics in the understory 
includcd Gambtj oak (Quercrcr gmbefii), 
rapberry (Rubus srrigosw), wild rose (Rosa 
woodrii), New Mexico locust (Rohinia 
neornexicana). gooseberry (Ribes h e m e ) ) ,  
scrvicebcny (Amefandiier uruhenris), and 
cliffbush (Jnrnesiu Izmcricrma). Common 
undcrstory species were Richard.on’s 
geranium (Geranium richrdconi17. cutlcaf 
conetlowcr, and meadow horsetail (Equiserwn 
urvenscj, 

Foxx and Tierncy (1984) and Foxx (1996) 
did surveys along the KO Cmdc. Within the 
Counry and W L  the riparian vegetation has 
bccn dcstroycd by the rising and falling of the 
backwaters of Cochjti Reservoir. A few 
nctlcaf hackbcny (Cefris rericufata), om-sccd 
juniper (Jwiiperur. munosgem). tamarisk 
(‘lumarix pcnrundru), and Russian olivc 
(Eheupus  an,p,rrifbliu) arc found 3t the 
edges of the maximum Roodpool. Generally 
only wccdy specics such a Russian thistlc 
(Salsola kafi) ,  cocklebur (Xrmthiwn 
strumariurn), field sandbur (Cenchrus 
pauciflorits), and summer cypress (Kochic 
scopcriu) are found below thc maximum 
flood pool I 



. .  

Studics have shown that the following * : a  

species generally occur in the G d n o i d  $ . '  

Wctlands of the area (Foxx and Ticrncy 19S4, 
B u s  1995, and Foxx unpublished 
information). Common species of thcsc 
weelm& includc interior rush (Juncur 
interior) and canail, . '  

5.2.3 Unvegetated Lands 
This information cornsponds to Kcy C of 

the "Working Draft." Wnvcgcurcd lm& art I 

primarily usociatcd with rock outcrops, talus 
slopcs, md other upland lithosolic areas thm 
cannot support vegetation. Thcsc include 

I , 

cliffs andoutcrops of basalt or tuff3ccous 
mntcrids chat impart many of the scenic 
splendors to the Los Alamos region. They 
idso include felsenrnccrs a d  talus slopcs. 

Each of thcsc cluscs rcprcscnt specialty 
habitats to many of our b a t e n c d  and 
cndangcrcd species and othcr specks of 
concern, such as the American percgriac 
fdcon, the Goat Peak pika, and the Scmcz 
Mountains salmmdcr. 

5.2.4 Terrestrial Systems 
Terrestrial sysrem 3 1 ~  not directly 

associated wich river channcls (rivcrhc), 
riverbanks (riparian), or lakes (hcus~int), 
c.g., mmhcs, bogs and rivcrbmk areas, 
commonly referred to as ripiriullwctlulds. 
Xor arc they heavily influenced by p u t  or 
present human activity. 

Keys D through J in the Working D d t  
Keys (Appcndix A) ;UT: associated with thc 
Covcr and Community Type clssificdon of 
the tcrrcsrrial systems, 
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.- Koch et al. (1996) found hat chc Forest 
and Woodland C13sm wcrc ctasificd with thc 
greatest acc*mcyfmm thc supmiscd and 
unsupmiscd dllssifiktions of the speed 
classes from s;ltcllitt~gcry. He found that 
the Shrubland m d  Ckssland Classes wcrc the 
Iext accunttly idcntificd We bclicvc further 
study will be required to adcqtuccty define thc 
Shrubland and GnssImd Cover and 
Community Types, Below wc describe the 
classification for the Tvrtsmal System. 

52.4.1 Hierarchic& Classification for 
Terrestrial Forestsf 

' On the hjarito Plateau. within the Sierra 
de Los VdIcs, and withianthe boundsics of 
I, temstd ecosyscms amrcpmcntcd 
by forests, woodlulds;shrubIulds. and 
sjsslands. These &cold tcmpentc forests 
and woodurds. TablcJ provides an outline of 
the h i d i d  ciusifimtion forthc Forest 
CIS after Mulchvin (1994). Below we 
descn'be each clcmcnc of the Forest Clus we 
h3vc dcfincd for Los &os County. 

Table 1, H i e m h i d  Cl;rssEcation for 
TcmsrrialForcsts, I 

1 

8 4  

I 

L FomtC1;c;s I 

IT. Cold Tempcntc Ebrcst SubClass 
IIL ' Rochy ,Mountain Subdpinc Fortst 

Iv. Subdpinc Conifer Fomt Cover ppc 
Class 

1 RcgionalBiornc :! ' 

; V. C o v c r ~ k s  
E n g t l A n  sprucc 
(Picca engchannii) 
Subalpine fir 

1 :  

. ' .  .. 
(Abies lasiocarpo). 

, .  
' f .  



W, Subalpine Broadcaf Forcst 
V, CovcrClss 

Aspen [ P ~ p d ~  Lrernuloides) 
LII. Rocky Mountain Montmc Forcst 
N. Rocky Mountain Upper Monnnc 

Conifer Forcst 
V. CovcrCIas 

D o u g h  fir 
(Pseudutsuga men:icsii) 
White fir (Abies concolor) 

IV. Rock? Mountain Lower Montane 
Conifer Forest 

V. CovcrClw 
Ponderosa pinc 
(Pinus pondcrosu) 

I. ForcstC1a.s 
Thc forests of the region can be placed in 

the Rocky Mountain Montane Forcst regional 
biome. These arc forcsts of rnid-clev;ltions 
dominated by cold-tolcmt species associated 
with the Rocky Mountah biogeopphic 
province. 

. I  

There are wo major Covet Tyye Groups 
rcprcscntcd: The Rocky Mountain Upper 
Montane Conifer Forest and the Rocky 
Mounuin Lowcr Montane Conifer Forests. 

Thc Rocky Mountain Lower Monmc 
Conifer Forest is dominated by rounded- 
crown conifers which fom open io closed 
canopies. This Group is reptcscntcd by the 
ponderosa pine Cover Type, Sometimes low- 
staturtd conifers such ;IS pinon pine (Pinw. 
edulis) and junipers and broad Icd shrubs or 
trccs of G m b t l  oak can bc found in the 
su bcan op y, 

11. Cold Temperate Forest Sub-Clas 

cold-tolcrmt specks, 
Forcst of mid-clcvations dominated by 

lX. ROC& Mountain Montane Forcsxs 
Regional Biome 

cold-tolcrant species associated with the 
Rocky Mountain biogcopphic province. 

Forests of mid-clcvations dominated by 

Ev. Rocky iMouetain Upper Mountain 
Conifer Forests Cover Qpc Group 

The Rocky Mountain Upper Montane 
Conifer Forcsts arc dominated by conical 
crowncd conil'en which generally form closed 
canopies (occasional open canopies do occur). 
The major covcr types within our xca arc 
Dough  fir and white fir. For the land cover 
map, we have called thc varying mixtures of 
these cover types 3s a Mixed Conifer md have 
furtiict clusificd them into various 
community types in our Working Draft Land 
cover kcy (Appendix A). 

V. bked Conifer Cover Qpc 
,Mixed Conifer Cover Type comprises 

approximately W9 ha (1s. 924 acrcs) of Los 
Almos County. The cover eype primarily 
occurs as elevations of 2438 to 2896 m (8000 
to 9500 ft). Within the Laboratory boundaries 
then: YC 31.5 ha (759 ncrcs) most of which 
arc dong thc s ~ c m  channcls within the 
canyons and dong the north facing slopes of 
the upper canyons, Figure 4 is M cxmple of 
the Mixed Conifer Cover Type. 

This cover type is gcnerally found on steep 
and rocky t c m h  At thesc tlcvrrtians, mean 
annual precipitation is 50,s cm (20 in,), 
a.lthough, in favorable ycm, it may crrceed 
88.9 cm (35 in.) according to Tuan et al. 
(1973). 
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Within this cover typc we have idcndficdj 
ninc different community types. Thy includc 
thrcc Doughs fir, onc Engelmann spruce, and' 

' . I '  : . I , ,  three white Sr dominated types. i .  .. IS 

, , ' I  

I . .  , ,  

D o u g h  fir types :: ! 

PseudOwuga mzrciesii/Populus trcmuioidcs . .  
Pscudotsuga menticsiYQurtru g d z l i i  . : : '  .: 
Pscudorsusa mcntiesii/Muhlcnbeqia rnontonb 

. I  t...:. . . t  . .  .. I 

Engelmann spruce types 

White fir types . . ,  

Abies concoLor#oputur trrmuloidcs ,'., , 

,I ' . I  

a :  Piceu engclmunii/PopuLus trtnruloides . ,:., 
' . i  ." , . . '.. 
I ,  ' 

.:,>. 
, . .  , 

. , .. 
' I  a 

Abies concolorfiobiniu m o m a i c m  
Abies concolodQuercus gambefii. '.: (. ; 

; < ; , a  

. ( . : I  

' . * %  . ,  . 
' :4 

, >  

4 ,  . .  . .  * . ,  
. I '  
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Logging has been conducted within thc 
Smta Fc National Forcst during the B u c h m  
cm and also within the last 20 years. Pajarit0 
.Mountain Ski mi w3s begun in 1957 and 
since that tirnc has cxtendcd across the 
northern-facing slopes of the mountain in this 
cover type. 

The following trees, shrubs, herbs. and 
p ~ s s c s  are found in this cover tygc. 

T r c w  Ponderosa pinc, Douglas fir, limbcr 
pine, and whitc fir, 

Shrubs: Common shrubs are nincbark 
(Physocorpu monosynw), wild rose, Gmbcl  
oak and cliff bush. Othcr shrubs includc Vth 
scrvicebcrry, btarbcny (Berberis repens), red- 
osier dogwood (Cornus srulon~em), ocean 
spray (Nolodiscus dumosusj, inkberry 
(Lonicc ru invo f ucraicr ) mocks range 
(Philadelphus microphyllus), and wcstcrn 
black chockchcrry (Pnurus virginiOna vu,  
mefanocarpa). 

Grasses and gruss-likc plants: wcstcrn 
wheatgrass (Agropymn srnirhii), bearded 
whcatgms (A. subsectutdum), slendcr 
whcatgrxis (A. rrachycaulum), rcdtop 
(Agrusris afbo), pinc dropsecd 
(Blepphamneuron trichofepsis), Arizona fcscuc 
(Fesrucn arizonica), sheep fescuc ( E  ouino), 
thurbcr fescue ( E  tiiurberi), June g r w  
(Koelcria cristora), common timothy (Pirleurn 
prutmse), and inland bluegrass (Po0 inferior), 

V. Aspen Covct Q p c  
The Aspen Cover Type makes up 

approximately 459 ha (1, 134 acrcs) of Los 
Alarnos County. Within thc Labontoy 
boundaries there arc only 7.2 ha ( I  8 acres), 
Figurc 5 is an cxamplc of the Aspcn Cover 
Type. 

At the higher clcvations within the county, 
upen is intcrspcrscd within thc mixed conifer. 
At lowcr elevations. within hboratory 
boundaries, it is found in the upper canyons, 
primarily whcrc areas were burncd by thc 
1977 La Mesa fire. 

Aspcn is considered 3 fire dcpcndcnt 
spccics and is indicative of previous fire 
regimes within the mixcd conifer type. Allen 
(1989) found upcn gravcs bordering thc 
monmc gruslands of thc upper pede, of :he 
Sierra dc Los Vallcs. He found that thc groves 
consisted of clones of luge extent covering 
scvcnl hccura. Many of the older dccadcnc 
trccs wcrc found to be 80 to 120 ycvs old He 
also found damage from d c a  and elk 
browsing. In some smds Engelmann spmcc 
was becoming dominant and in others white 
fir, On Ccrro Grandc, Nlcn (1984) found 
aspen regeneration within a single clonc dated 
to 1847, 1908, and 194 1, &pen invadcs arcas 
of dismrbancc such as along &!?e slopcs of the 
ski hill (Foxx and Tierncy 1985). 

Wc have idcntificd three different Aspen 
Community Types. They includc 

Populus rremul o ides/A th r y i u m  fi Lixgern ino 
Pupulus rrcmuloidcsLEmmus inorginatus, and 
Populus rrcmuloides/Bmmus citiarur. 

Allen (1989) idcntificd the soils bencath 
thc apcns 11s thick mollisols. 
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N. Rocky ,Mountain Lower Montane 
Conifcr Forcst Covcr Type Group 

Conifer Forcst is dominated by roundcd- 
crown confiers which form open to closcd 
canopies, This series group is rcpmcntcd by 
thc Ponderosa Pine Cover 'Qpc. Sometimes 
1ow-st;Lmrcd conifers such 3s pinon pine and 
junipers and broad leaf shrubs or trees of 
Cmbel oak can be found in the s u h o p y .  

, 198 1: m (6500 ft) sc&rcd p i n s  can bc found 
I in mnyons to the Rio Gnnde at 1646 m (5400 

ft). 
1 

+Figure 6 is an cwnple of the Ponderosa 

The Rocky Mountain Lower Montane 

I 

1 
. I  

Pinc Cover T-ype. 

; 

I include 

#Within thc PondmkPint Cover Qpc we 
have identified 5 community ~ p s .  Thcy 

%,* 

t -  

V. Ponderosa Pine Cover Type 

approximately 8,753 ha (2 1,693 scrcs) of Los 
Amos County. This cover type is found 
pnmarly in clcvational zones of2133 to 2438 
m (7000 to 8000 Ft). N m o w  bands of 
pondcrosa-dorninatcd areas ut found in many - 
canyon bottoms to 19Sl rn (6500 ft). Below . 

The Ponderosa Pine Covcr 'Qqx comprises 
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The ponderosa pint: forest of the Pajarito 
Plateau and the Sicm de Los Vallcs h3?i been 
influenced by factors of logging in the early 
1900s. homcstcading in chc late ISOOs, 
gaz ing  from the 1600s to the 1940s, and 
dcvclopmcnt of Labontory facilities. 

Within thc Labomtory boundark, the 
Ponderosa Pine Covcr Type w u  logged in the 
early 1900s and sincc the 1940s ha had littlc 
or no timber managcment. Much of the 
lumbering activity by H. H. Buckman in the 
early 1900s wzs within tbc Labontory 
boundaries, The presence of stumps, clcmd 
arczj, and the remnants of a sawmill, cdlcd 
thc PhilIips 
lumbering activities. 

arc Ell1 indicztive of the 

Scvcrd large homcstcsk werc established 
in the Ponderosa Pine Cover Type in thc late 
1800s. The Homestead Act of 1362 bpntcd 
qumcr sections of land IO any bonafidc scttIcr 
who had occupied a site for 5 y c m .  On thc 
Laboratory, Iiomestcack wcrc most imporran t 
dter  1S94, Homestcads chimed earlier in thc 
1800s wcrc uscd mainly ;IS summer p i n g  
arcas, Dcvclopment of these homesteads 
required cutting trees and developing 
agriculture fields whcrc thcy grcw be;ins and 
hay. Ar the time the Y C ~  i v u  purchased for 
thc Manhattan Project. thc owncrs were forced 
to abmdon thcsc homesteads. Thrsc old fic1d.s 
have been invaded by ponderosa pine (Foxx 
and Ticrncy 1996) and arc a plant community 
association within the Ponderosa Pine Covcr 
Type. 

Figurc 6, An cxarnpfe of the Ponderosa Pinc Covcr Type, 
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Sornc portions of the Ponderosa Pine 
Cover Type were burned in the I977 La Mesa 
firc. Much of that m a  is now a shrub/ * 

gassfand cover type, However, small portions 
along Stare Route 502 werc replanted in 2- 
ytar-old ponderosa pinc stock. 

Thc following shrubs, herbs, gnsscs, and I 

gas-likc plant$ charactcrizc this c o w  type: 1 

S l i m  hs: Bcwbc rry ( A  rcrosruphylos uva=ursi>, 
buckbrush (Ceanathw./endferi), Colondo 
bmbcrry (Berberisfendleri), and Gmbcl oak: 

H ~ F ~ S :  Yarrow (Adi i tkn lanufosc), Rocky 
Mountain nodding onion (Allium cemum), 
pussytoes (Antennoria przrvifblia), spn;lding 8 ~ 

dogbane (Apaqnum andmsacmifolium), 
wormwood (Artemisia f d u w i c h ) ,  ycllow * 

. 
nbweed (8diia dissCcru), Indian pintbrush ' 

(CarriLkju hrcgm), golden s t c r  (chrysopsis 
viliosu), wavykaf thistle (Cirsium undulate>, , 

and &flower (Commefh diantltifofin), 

I * (  

I 

Grarscs and pas&-pCants: Slender 
w h e a t p s ,  western wheatgrass, redtop, little : ,: 
blucstcm (Schkac@rium scoparium), big ' : 
blucstcrn (A. gcmrdil'), blue g y y a  (Bourcfuua 

escdenrus), J u n c p s .  mount3in rnuhly 
(Muhfcnbeqiu monrana), and India p s  
(Sorghcsrm nutanr). 

gracilis), yellow nutsedge (Cypcrrcr . ' I  

: i 
:, , .  

, .  .' 

Inclusions within thc Ponderosa pine cover 
.. . . 
* 

rjpc include aburdoncd agricultural ficids, 
Some plants typical of these s;lsslucLs arc 
Warvxd three-awn (AriSn'du barbam), 
wormwood (Arremisiu corrurhii), fdsc 8 

tarngon (Artemisia dmcrcncufrcs). ydlow 
ragweed, goldcr, wtcr, Bigelow rabbitbrush 

. .  

t i  

, : 

(Ciiryxdiurnnus nuiiscosiu subs. bigclouii), 
I I ,  , .  

, , ,  

a ,  

< 

1 

Bermuda p (Cynocfun Cactylon), railing 
fleabane (&rigcranjIPgellnri.r), and cvcning- ' 

primrose (Ocnorhcrct comnopifoLiu). 

5.2.4.2 Hierarchical Classification for 
Terrestrial Woodlands 

gcncrdly a elevations lower than 2100 rn 
(7000 ft). The mess  near Whitc Rock and 
Pajatito Ac,m are covmd with pinon and 
juniper. Table 2 provides an outline of the 
hierarchical classification for ttmtrial 
woodlands (Muldrwid 1994). Bdow we 
d&be each dcrncat of the Woodland 
Classes idcntificd in hs Alvnos Count?), 

T ~ I C  2: Himiiic&mifimtion of 
WoodIand CIS (Mddwin I 1996). 

L Woodland I 

E. ColdTernpcntcWbodland % 

IE Rocky MountaidGmt Basin Lowcr 

Iv, ,Rocky MountaidGrtat Basin Closed 

l Pinon pine (Pinus edrclis) 
N. Rocky MountaidGrcat Basin Open 

t Conifer Woodland (Savannah) 
I One-sed Juniper (Juru'pcrur 

e.  

The woodlands of the Pajuito Plateau arc 

' \  

Montanc-Fmthill Woodland 

Conifer Woodhid' 

PXXlQSpCRtUZ) 'I 

LWwdImdCIass , 

; Woodlvlds arc chanctcrizcd by trees less 
thin 10 rn (3 ft) e~lll, d l y  fotming 
madmtcly closcd to v&y open unopics (less 
than 60% canopy covcz>. This cls may 
include some closcd-canopied woodland types 
(sr;ratcr than 60% canopy covcr), but the me 
s+cics arc low in s t a m  (pgymy conifers 
such & pinon pinc), fit 'clus excludes open- 
canopied vegetation dominated by spccics that 
arcigencnlly considcrcd tall statund (for 
cxmplc, ponderosa pinc forest). 



The woodlands of the Plateau arc 
considered Cold Tcmpcntc Woodlands. In 
our arc3 rbe Rocky MotintaidGrcat Basin 
Lowcr Montane woods YC associated with thc 
Roc@ Mountain biogeographic province. 
Thcsc woodlands arc gcncnlly dominated by 
modcntcl y cold-tolcmt. drought-tolerant, 
cvcrgrctn nccdc-lcavcd conifcr spcics, 

Thcrc arc two cover type groups that can 
bc found in the UCD: Rocky MountaidGrcat 
Basin Closcd Conifc: woodlands and Rocky 
AMountin/Grc3t Buin Open Conifcr 
WoodIands (Savannah). 

n. Cold Tempcntc Woodland 
Woodlands of mid and upper clcvations of 

mountainous regions dominarcd by 
cold to vciy cold wintcrs and gtncnlly cool to 
mildly w m  summcrs. 

III. R o d q  MountaidGreat Basin Lower 
Montane Foothill Woodland 

of mountainous and hill regions primxily 
usocisrcd with Rocky Mountain 
biogeographic provice, but with somc 
imponant elements from the Great Basin 
province. Thcsc woodlands 
generally arc dominated by modcntcly cold- 
tolcmt and drought-tolerant 
C V C T ~ T C C ~  needle-leaved conifer species. 

These woodlands exist in lower clevations 

It: Rocky MountaidGrcst Basin Closed 
Conifcr Woodland Covcr Qpc Group 

These woodlands arc dominated by 
rounded-crown. low-stamred conifcrs that 
form modcntcly closcd to rnodcntcly open 
canopies (>60% canopy covcr). Thc major 
cover type is pinon pinc. One-sccd juniper is 

a common canopy associate. Oaks such s 
Gambcl oak, wwylcaf oak (3. undulatu), md 
gray oak f Q 8  g r i m ) ,  or othcr shrubs such ;IS 

rnounuin mahogmy (Cercocarpur mantuna) 
and big sagebrush (Artemisia rridcnrura) are 
common. Common grasscsluc blue gama. 

V. Pinon-Juniper Woodland Covcr Qpc  
The Pinon-Juniper Woodland Cover Type 

comprises 3,553 ha (S,776 acrrs) of Los 
Ahnos County. Thc lower clcvxions of thc 
LASL arc dorninatcd by this cover C Y F ~  with a 
total 2704 ha (6,762 acres). Figure 7 is an 
cxamplc of the Pinon-Juniper Woodland 
Cover Typc, 

Within this cover typc wc have identified 
seven community type associations. They 
inc!udc 

Pinus cdulis-Juniperus monospennd 
Ch ryso h m n  us nauseosus, 
Fallugia paradma, 

Pinur cdulis-Junipers monospcnd 
Cc rco ca rp  us montana, 

Pinus cdulis-Juniperus monosprmd 
AHemisio rrt'dentata, 

Pinus edulis-Juniperus monospcnturl 
Boutetoua gracilis, 

Pin us cdu 1 is- Jun ip e r a  m on ospe nu/ 
MuhienbcrRia montunw 

Pinus edulis-Junipcrus monospttmd 
S. scropulorum and 

Pinus rdulis-Juniperus monospermc/hare. 
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Fiptc 7. An example of the Pinon Juniper W d m d  C o w  Type. 
4 

These wbodlvlds wcrc influenced 
primarily by w i n g  and homesteading 
activities until 1942 when they wcrc 
purchased for thc Manham Rojcct. Since 
chat hme therc bas bccn no logging, little 
influence from fin, and only small mas 
urbanized. 

, 

N. Rocky M o u n W G m t  Basin Open 
Conifer Woodland (Savanna) Covcr Qpe 
Group 

Thcsc woodlands arc dominated by 
rounded-crown, low-statuted conifers chat 
form moderately oepn to very open canopies , ; 
(25% to 50% canopy cover). This type group * , 
can include very open cmopicd stand (10% to 
5%) in die broad ecotone to grasland 
commonly rcfcrrcd to as savanna. *Major 
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c o w  types arc one-Gdjunipcr. The 
undergrowth is prtdorhiumtly p s s  and 
dominated by w u m  -on grasses such x. 
blut'syna. S h b  s$ciiCs such s wavylaf 
odc. sndweed (Guriernz5c sarorhme), big 
sage, and nbbitbmsh (ctuysothcunnus 
naacosw) arc wcU npnscnted 

Y'Juniper woodlan& Coverzype 
The Juniper Woodlhd Cover npc is 

dominatcd by one-sced'junipcr. In the dnft 
map we have not. pullcdsut this covcr ppc. 
although from cxpcricnce wc know it mists 
and is primarly at thc lower clcrations bclow 
thc'scyp of White ~ o d ;  Canyon at ticvations 
from 1620 m to 1950 m (5400 ft to 6500 ft). 
During the next iteration of the map, we 
exkct  to have pulled thiscovcr typc out  
probably primarily from the gmsland cover 
eyw 

1 .  

, I  I 
I 



From prcvious survey data and &ta 
collected by Barnes, we have idcndtlcd the 
following community type ssociations: 

Juniperus monospcrma/barair scarp 
funiperu monospamidruff scarp 
J un iperus monospemdC/trysor~iumn us 

nauscosus-Fallugiu puracloxu 
Juniperus monopsenndQuercus undulara 
Juniperus monoqwmdArrcrni~*iu rridtlnruta 
Juniperus monospernid5outcli~a 

Juniparu monospeWoureloua criopoda 
Juniperus monospenndBouteloua gracilis. 

curripendula 

This covet type is often found in tclatjvely 
undisturbed locations, along the slopes of 
White Rock Canyon. Intcrspcrscd within this 
type arc springs that provide ribbons of 
ripxian vegetation. Much of the are3 was 
used prehistorically and has an abundance of 
petraglyphs (Lilicnrhal and Hoard 1995) 

The following trees and shrubs havc bccn 
found in this community (Foxx and 
Ticrncy 1954). 

Trecs and shrubs: Bigclow sage (Accmisiu 
bigefovii),womwood, s a d  sagebrush 
(Arremisiafilij'uliu), fringed sagebrush (A. 
frigida), big sagbrush, fourwinged saltbush 
(A rrzp lex can exens),  rnou n tai n mahogany, 
rabbitbrush. sticky rabbitbrush (C. 
viscidifforus), green jointcd-fir (Ephedra 
viridis), win tcrfat (Eumrio /ana fa), Apm he 
plume (Fulfugia purcduxa), cliff fcndlrrbush 
(Ftndferu rupicola), wavyleaf'oak, and 
skunkbush (Rhus rrilobata), WLK cumnt 
(Ribes cercum), Xew Mexico locust. wild 
:ox. 

Grasses and graminoids: A number of grass 
spccics have been identified from the slopes of 
White  Rock Canyon including little bluestem, 
side-oats gama (Boutclouu curripendufuj, 
black grama (8, eriopodu), blue grama, hairy 
gama (B.  hirsuru), galleta (Nihriu jamzsii), 
ring muhly (Muirlcnbcrgia rorrcyi), fdsc 
buf%.Io-gr;rss ( M w t t ~ a  squariw.~), Indian ricc- 
grass ( 0 ~ : o p s i s  /I yrncnoides). mutt on grass 
(Poafmdleriana), inland bluegrass, spikc 
dropseed (Sporohotus conrructus), sand 
dropseed (S. cryprandrus). and needle-and- 
thread grass (Stipa comara). 

Forbs: A variety of forbs havc been idcntificd 
including thc plains blackfoot (Melampodium 
leucantirum), sego lily (Culocltorrw, numflii), 
buffdo gourd (Cucurbirufocnilissimn5, lark 
spur (Delphinium virescens), and W5,ght's 
vcrbcnn (Verbcna wn'giidi). 

Within the cover type thcte haw been 
identified (Foxx and Tcrney 1984) 
microhabitats, such as thc talus-slaps, that 
support chuactcristic vcgctation. This habitat 
is found in shallow sandy soils bctwecn piles 
of budt rubble on steep slopcs. The lip-fern 
(Cheilonthhus sp,), ciiff-brakc fern (Pcflaea 
limirunca), and the fringcd sagebrush arc 
common at the buc  of thc cliffs. These rocky 
patches also support nmow I d  hoptrct 
(Prefecr rrifofiuto subsp, ungustifolia) and cliff 
fcndlcrbush (Fcndleru rupiculn). Within thcsc 
talus slopcs the Orcoitclir spp. snail is found. 
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5.2.4.3 Hierarchical Classification of* 
Shrubland Class. 

identified in the land cover map produced in 
FY96. Further accuncy 
ussessments will be required to further define 
the large UCP wc call pss/shrub/savannahlh. 

The Shrubland Class was not well 

Key f of the Working Draft Key (Appendix 
A) relates to the present information wdab lc~  
on shrublands within the county ' I  * 

. .  
. .  

% '. In tkis setxion, we only dcseribc the , 

dcfinitions of the shrubland and some of the ;:: 
clcments of the shrublulds, wc bclicvc occur' 
on the Fajarito Platcau. Table 3 shows the . , ! %  

hierarchical classification for shmbs 

, I  

4 . .  

* .  
, * I  . 
, '  developed by Mulchin for the State. . .  

Table 5:  Hierarchical Classification of ': 

Shrublands (Mulhvin 1994). ' I .  

L Shrubland 

RI. Rocky Mountain Montane Shrub and ' 

In tcrior Chapaml Regional Biomc 
N. Rocky Mountain Dcciduous Scrub Cover ' I  

Class Group 
W. Brodcaf  Evergreen Interior ChopynI 

Cover Class Group 
m. Plains-Mesa Sand Scrub Regional Biome 
N. Plains-Mesa Brodcaf Sand-Shb  Cover , 

II. Xerophytic Shrubland Rcgiond Biome 
ID. Great Bain Desert Shrub 
IV. Great Basin Microphylious Desert Shrub 

Ix, iMeSOphytic S h b h d  Sub-ClW 

Type Group 

Cover Class Group 

> ,  

, .  

. -  
, a  

1 

I.' Shrubland C&s , 

: Shrublands ;VE dominated by shrubs 0.5 10 
5 m ( 1.5 to 15 ft) tall, forming canopies greater 
thn 25% 

; ' The shrublands $thin the area arc within 
thc Mesophytic or Xerophytic Shrublands 
subclwts, These shrublvlds arc primarily 
dominated by modmtcly to very cold tolerant 
shrubs and modentdy to very drought 
tolcmt spccics including Gambel oak, 
mountain mahogmy;,land wavyieaf oak. 
Within the MesophytkShrubland subclass, 
the R o d q  Mounmin Monme Deciduous 
Scrub is the only cov& rypc identified in this 
rcgion. Xerophytic shiublvlds have two cover 

Grcot Buin  Microph$lous Dcscrt Shrub and 
the Gnat Basins Bro&caFDeciduous Descr, 
Shna b. i 

XI. MwphyticShmbland Sub-Class 

Deciduous S h b s  CovctQpc p u p s  arc 
found in some of the buined arcas and arc 
primvly dominated by; Gambcl oak. More 
study wil1 bc required to bener rtfine the 
covet typc and/or inchions of ~ type into 
the Pondcon Pine and PinonJuniper Cover 
TjfpCS, 

II. Xerophytic ShrubLd Subclass 

very drought t o k m t  species, Thee species 
arc gcnenlly found at lower clcvntions of the 

. I  
I 1  

typt p u p s  appiieablc to rhc P1atC;lu: Thc 

I 

We txlicvc the Rocky Mountain Monmc 

L .  

ixcrophytic Shrublands arc dominated by 

Plateau. I '  
1 .  

, I  ' 
.I. , W. Great Basin Dtoadleaf Deciduous DCSCIT ,. : , ': I ,  * 

8 '  . I  
I -  ,; 

.I .. ' 

.;' . 
* ,, . I , . .  , 

. t  

Shrub Cover Class Group 
I '  

. : .  
8 .  

. .  
i , '  , " 
, I .  

b :  
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Xerophytic Shrublands are reprcscntcd by 
Grcac Basin Desert Shrub Cover Type Group, 
Within that cover type group somc Grca: 
Basin MicrophylIous Descrr Scrub cover types 
are found in the lower elevations near the 
community of White Rock and within Whitc 
Rock Canyon. Thcsc shrubby arcas arc 
dominated by big sagebrush. 

In gcncrd. shrublands within Los Amos 
County and LASL arc small and rcsult from 
disturbmcc. In most CUCS they will bc t cmcd  
inclusions within thc larger cover ypc (Pinon- 
Juniper or Juniper Woodlands). These 
shrubland inclusions may have rcsulred from 
disturbances such as fire. cultural and historic 
sitcs, and mechanical disturbances such as 
road building, Figure 8 shows a typical 
shrubland resulting from a wiidfirc, 

We bclicvc many of the shrubland types 
will be inclusions within thc Forest or 
Woodland CovcrTypcs. Additional study will 
be required to berrer dcfinc this c l w  wirhin 
:he County. 

5.2.4.4 Hicrwehical Classification of 
- Grassland Class 

Koch ct 31. ( 1  996) found that the 
Grtz.lsland Class was not accurately identified 
from the satellite imagery, Additional ficld 
survcys arc ncrdcd to bcttcr dctinr the Covcr 
and Community Typcs, 

Thc information presently available ha!! 
been incorporated into Kcy J of the Working 
Draft (Appendix A), 

Figurc 8, An cxamplc of typical shrubland rcsuiting from ;L wildtin. 
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Table 5 shows the hicarchid classification :drought=intolme d e s .  The ~ s l a n d s  3rfc 
for gmslands for thc Stace of New Mcxic~ - %  'primarily found at high clmrjons, at the tops 
(Muldavin 1994). Bclow we discuss clemcnts ofthc mountain tops and 3t low clevations 
of chis grassland chssificxion Chat appears to within the pinon-judip~ldjunipcr 

W o S d ~ d S .  occur on the Pajarit0 Plateau. In FY97 wc 

County of Los Alamos. ' , Thosc of thc hig.buclev~on arc within 
the Rocky MountainiSubalpint GnsslmdF. 

Table 4 Hiearchicd Classification of , Rochy Mountain Monbc  Grassland 
Grasslands (Muldavin 1994). Formation. Those ar;lowcr elevations arc 

within 3 Shorc Gnss Stcppc Formation. 
I. Grassland . I  

D, Mesophytic Gmslmd Subclass ,l 1 N.. Rocky Mount& Subalpine Grassland 
I l l  Rocky Mountain Subalpine and Monm'k I &vcr we Group, !! , . 

Grassland Regional Biome . - ' , I  These highldevation p s l m &  arc 
N, Rocky Mountain Subalpine Gmsiand : '  dominated by dcnsc smds of p s s c s .  scdgts 
IV. Rocky Mountain Montane Gnsslvtd , '  j .  mdrushts, ~ c t s  andshrubs arc rare. This 
a. Plains-Mesa-Foothill Gnssland Rcgiond: typc of p s l m d  is found primclrily dong the 

.: : puks of the Siem d e b s  Vdlcs; They arc 
N. Short Gms Steppe Cover Class Group . :. :, dominated by Q&U&'spp. 3nd h o u s  
N. Mid-Gas Pnirc Cover Class Group , .' . f&mcs and s c d p .  . :: . 

IT. Xerophytic Grassland 8 ' . I  I This cover rype &extensively scudied by 
DL Great Basin Desert G m s h d  Rcgiond ; Alren (1989) and is d c d  a Montmc 

Biome 
I 1 Gksland in his classification (Figure 9). It is 

Tv; Great Buin Foothill-Piedmont GmsI&d' I j confined to nine pcaks!~fthc S i m  dc Los 
Cover Type Group ' ' Vdlcs, includinghjan'to Mountain. Thcsc 

W. Great Basin LowlandlSwale Grassland , ' .  j mountains arc chc s o u ~ ~ c s  of the watersheds 
C o w  Type Group '' '1 cximding on to L4,NL.. The Subalpine 

I 1; G k l v l d s  ye found id 3 distinetivc ludsc3pe 
I .' .- . p a m  on the upper. south-facing slopes and I. GnssImdClass 

Gnsslmds 311: dominatcd by licrbaecous ' :  :: ,; th& d t c n c c  has be&ated in local Ion and 
paminoid specks. Shmbs comprise less than ' ,: refrrcnccs for scvcra! hundrcd yeas, Hc 
5% cvlopy cover. Most of the p s l m d s  OF :. ,! found th3t thm has be& ,atcnsivc invtlsion of 
the Platcau arc not gmcd and ;UT true to 
strucntrd descriptions. 

! ,  
1 
$. , 1 ,. 

will further dcfinc thc Gmslmd Class for the : , . .  

l '. 

Biome 

W, Tall Crus Pnirc Cover Clw Group ' ';:' . I .  i ' %  

. . ?  

, .  
, 

, .  

. .  
I . . '  conifers. primarily ponderosa pine and 

:I., * Douglas fir. He actribuks the in&ion to fire 
I ,"I suppression and the tcdt;ction of p s e s  by 
I ' :  grazingof shecp in thc Iatc"l9th md cxly 

. . .  , 

I .  

' .  
Gnsslmnds of the Pfstcau and Sitm de 

. .  I s ,  Los Valles arc in the Mcsophytic Grassland , <; j 20rh ccntury. . .  
. *, . 3 .  4 

! t .  

.I. , 

..! ' ' 
, .  * .  

. I  

Sub-class. Mesophytic gnsslands arc 
dominated by cold tolcrant and modcntcly .. a 

: 
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Figure 9. An c m p l c  of Montane Gnssland. 

N. Rocky Mountxiin Montane Grassland 
Cover ?Spe Group 

Thnc arc mid to high elevation p s l a n d s  
dominated by dcnsc stands of p s c s ,  sedges, 
rushes, with few ITCCS and shrubs. The major 
cover ypcs include mountain muhly. 

IIL Plains-Mesa-FoothiU Gnssland 
Regional Biome 

Thcsc gnsslmds art found on the mesa 
and lower slopes of the S i c m  dc Los Vdlcs. 
The primary covet type is cdlcd 3. Short Gms 
s tcppc. 

n! Short Grass Gnsslmd cover Type 
Group 

Thc short gnss grasslands that occur at 
lower clcvations will require additional field 
studies to dctenninc community typcs, Thcrc 

ut ;L vVicty of species that occur between 
2400 m (SO00 ft) and 1620 m (5400 ft). At 
uppcr cicvations, associated with mixed 
conifer and ponderosa pine, mountain muhly, 
and pine dropsccd arc common. Lidc 
bluestem is smnercd throughout. At lower 
clevations, within the Pinon-Juniper 
Woodland, blue s y n a  is the dominant p s  
species. 

Within thcsc short p s  gnsslrurds, thcrc 
arc disburbancc gasslmds that have bccn 
created by cxtcnsivc wildfms and rcstontion 
effom, We havc identified a sheep fescue 
(Fesruca ovina) community type LS P 

disturbance type resulting €ram rcsceding dtcr 
the La Mesa fire in 1977. This spccics is 
common in arcas of high intensity crown fircs 
that rcduccd the overstory canopy to zero 
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percent during the La Mesa fire (Foxx 1996);i 
Within thesc fire disturbed ms spccics such' 
3s big blucstem have increased in abundulcd, 

' * :.: 1 
I ,,-, 

Another disturbance community typc azc !I, * 

old fields, These ps lu lds  havc.developed h 
the abandoned and fallow fields of the ~ i y ~ ' ?  . .. .. 
homcstcadcrs (FOLK cc d. 1996).. They arc:!:; . a * .  .: I 

primarily in thc Ponderosa Pinc Cover Typc Il.. (:;. 
and ;LIT approximntcly 60 y c m  fallow, .. -:,;;!! 

;;:; * 

Considerable work and study must be f;!:!::). 
done in the lower devation gnsslands to . I ,  $.{ 

further determine if thcrc arc additional &cr': 
types and to detcrmine thc communky cy&;'.;' 

. ,  . 

' ; . I  

. .. , 

..I . 1 
. , .  . , . ' a  

. , I  ' ' , 6.0 Conclusion and Discussion . ..*',i:..! 
To date we have tcnmtivcly idcntificd'thc~~~ [ 

land cover typcs for Los Alamos Cottntyand: , .  1 
LAIC. We bclicvc the clvsifiwtion for the"; : 
forcsc and woodland typcs is mort 3cculllte 
and more rcprcscnutivc of thc yca. Howevcd 
further accmcy ;Isscssmcnts must bc done to i i  
bcttcr define the p s h d  and shrublands . $; 1 
cfsscs. A scpmte classification of riparim.?'!~ ; 
and wetland systems is necessary bec;luse of:!' : 
the nmwness of thc canyons and lack of . II. 

" l . , !  definition of spectral cluscs within the , : "  . I  . I  I. 

canyons for these systcms. ~~ is , ;:;!,'": 
dtvtlo?ing ;1 classification for fipuhn mas ' . I , '  '1' 
that will be helpful in the cltlssifiadon of , ' ,  , 3 

these canyon bottom systems (Muldavh :.*: 

1 .  . 

. 

I' . , '  

.. , , 
a ,  personal commun icntion), , I , ' ;  > . .  

*. I I 

. I .  1 . .  , '4 ' /  
I ' .. 

;, I 

, . ,  . . .  ,. I ,  

, .  
, I .  . .... I 

.i . 
% %  I .. ' 

I . 8 ,  

, , ". . .  
, .  

, L  

. .  ' .... 1 ,  

I .  
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APPESDCC A 
W O M G  D R m  

Keys to Major h d  Covcr Types in the W X  Vicinip 

Thcsc keys arc :o be USCC 3s yidulcc for the identification oi major types of land cover at 
the Los Alvnos Sotianal bbontorj: and the surrounding masS. They LT dcsiqncd for 
homoccxous LT~S that uc at 1ca.s: 0.405 h c c ~ ~ ~ s  i 1.0 a m )  in toni m a  or uc sipticant 
linex-ic;lrurcs, 

1. Buildings. :'LXW. pavement. povcd or dirt rads. L t i l i p  corridors. or other cngnccrcd 
smc:urcs ;ti pmcn: ma dominant components or'thc landscape. 

Use Kcy A (Land used for Humm Pur;loses I 
1, .Ma.madc SCUC:UCS arc absent Landscape is in ;1 scminarunl state. inausicns by man 
jn nl3rivcly minor. 

Cot02 

3. Land is a: Ituse periodic;llly :loodcd supports f ~ c ~ l u n v c  or obligzte hydrophyrk plant 
spccies. is chmc:c+za by hydric soils; or the vcgcuuon composinon is inrlucnced by 
n t z t p  wntei. or the cifccts or' pur Booding arc cvidcnt. 

2. Thc land is varjoblc but not 3s abavt. 
L'SC Kcy B Wetlm& and Ripyim Zones) 

Got03  

7 I. Land is covered by <7 pcrccnt vcgeudon or EO PCFCCX rock or b u c  ground. 

3. Land is covcxd by 27 percent vtgctsdon ond <20 percent rock or bare ,murid 
Use Rcy C (Unvcgctarcb. Lands) 

Got04  

A, Lmd is vegc:xed by ;111 open waodlmd. Juniperur momsperm is the only me species 
prrscns, or P i n u  cdulis may be prcscnt with e7 prrecn: covczqc. 

Use Key D (Juniperru monospcma Woodlands) 
4, VeSetaaon structures ;UT v x k b l c .  Combinations at' trtt specks 3 2 ~  f i ~ t  as above. 

Got05 

5. Land is t'orcsrcd or wodcd Trees LT 2.5 m (16 ft) nll with covcngc 222 percent. - Got06 

5 .  L.;L?d is not iorcstcd or w ~ ~ c ! c d .  Vegetation othenwisc. 
Got09 



pmcn t covcngc. 
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Kcy A: Land Used for Human Purposes. Buildings. farms, parking lots, pavcd or 
din roads, utiliry conidors, or othct man-madc smc:urcs arc prcscnt and the 
dominant fcaturr: of the 13ndscqx. These features may csscntially be lincar in 
shapc. Ntltunl vcgctational and gcornorphic processes arc secondary to man's 
acdvi des 1 

1. Sc-ucarc is o road or other mnsporition comdor, including road cuts and 
embankmcnts. 

1. Saucrurc is not il road. 
Got02 

Goto.1 

2, Road is pnvcd. 

2. Road is nor paved. 
Paved road 

Got03 
~. ~ ~ 

3. Road is improved. 

3. Road is not improved or is sbmdoncd 
Improvdrood 

0 Unimpmvcd road 

4. Smcnut is a powerlint, pipc!inc, or other utility, 

4. Sauctun: is not ;L utility supply systcm. 
Got05 

Got06 

5 ,  Utility system is abovc the p u n d  sufacc. 

5. Utility is btncorh thc ground surfacc, Land is cleared npluIy. 
Exposcdudlicy 

Buricduality 

6, L;uldscapc is a fm, an sgriculrunl syxcrn, or 3 prrhistonc stttlcmcnt. 
Got07 

6. Landscape is urban or industrial, Sot agrku l tml ,  
Goto9  

7, Landscape is a prehistoric scrtlcmtnt. 

7. hndscapc is a fm or othcr a@cultural systcrns 
Archxologcal Site 

Goto8 



I " . I  

. ' , . I *  

1 1. Land use is predominantly for c o r n r n t h l  ptkposcs. including o€fms and mt3mts. 
; ,.. I ' ,  I ,  .... . .. 

11. Land usc is pttdOrninultly €OF rcsidcndd 4 , .  . purpbx. ' I  I .  .I 
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Kcy €3: Wctfands and Ripsrian Zones. Land is at least periodically flooded 
supports faculutivc or obligate hydrophytic plan: species. is chmctcrizcd by hydnc 
soils: or thc vcgcendon composition is influenced by neuby watcr, or thc cifccts of 
p u t  r l d n g  uc cvidcnr Thcsc LT marshcs, lakes, rivers, smms, gallcry 
fobrcsrs, 3nd other communities smngly intluenccd by thc prescncc of water. 

1, Land is vcgc tated with 230 pcrccn t covcr, 

1. Land is not v c p t c d  or pIant covet is <30 percent. 
Got02  

Got09 

2. Vegetation is dominated by Accr ncgundo, Populur angw't~olia, Poprdusjrcrnonrii, or 
other riparian mc spx i r s .  

2. Hydrophytic 0rripuia.n me spccics 
G o t o 3  

Got05 
not pzscnt or present onIy ;LS accidcnals. 

3. Vegetation is dominated by Populus ungusdfotia 

3. Vegetation is not dominatcd by Populus angusn'foliu, 
POhV Riparian Forest 

Got03  

d, Vcge~tion is dominartd by Papdw frcmontii. 

4. Vegcution is not dominated by PopulusJhwnrii. 
POFR Riparian Forest 

other ripaliul forest 

5 ,  Salk spp,, T m r k  spp., Alnur tcnuifolia, or othcr obligate or fxuludvc hydrophyte 
shrub sptcics ;llz prtscnt with 230 pneenc cover. 

5.  Obligarc or €;lcu!tativc hydrophyte shmb species arc absent or prcscnt with <30 perccnc 
cover. Curcx spp., T , p h  spp., Scirptls spp,, or other obligate or facultative hydrophyte 
specics ;ut prescnt with 230 perccnt covcr. 

Got06 

* CotoS 

6. Vegetation is dominared by Salic spp, 
Willow Wetland 

6, Vegetation is v;Uious. but not dominarcd by Sd ix  spp, 
Got07 



7. Vegetation dominated by Tmark~pp .  
.I. . 7, Vcgtntion is various, but not Oominatcd by;T'k spp. 

8. Vcgcntion is dominated by Typha spp. : ' ! 

I .  

.i ,' . ; . ShrubWctlud . ,  . . I  

I .  
I 

., , 

.: * CattailMtadow 

,! Rush6cdgc Meadow 

. I  

3, Vegention is dominated by Curex spp;, Scirpus spp,, or other spccics. 
, I  ! '  

. I  

' .  . .  \ .  

9, A m  is <75 percent stones, boulders 0; bedrock axd is cymsed for ... , 250 I percent of the 

9. S u b s m t c  is v ~ o u s ,  but the land k covmd by wats >SO p c n t o € t h c  I ,  y a .  
1 ' -  0 0  GO to 10 
1 .  

I .  ,I .. 

10. Wntcr is contained in a channcl and flows, i t  least slowly. 

10. W a r  is not contained in a channt1;:kd is standing or flows v& slowly. 

':: I '  , 

Goto 11 

Goto 13 

.! , I .  
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11. Waw is relatively f s t  flowing ovtia high b d c n t  The subsmn:'consists . I  of rock. 

* '  Go to 12 
11. Water is rclativcly slow moving ove&Iow gradient The subsme . I ,  , is mainly sand and 

River 
mud. 

I . .  cobblcs, or p v c l  with some patches of sand. , .  
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12. Thc channcl conuins flowing wam"&roughOut the yey. 

, i , : - 'Pcmrvlcnt  stem 

I. . ' < '  I1 -, , .., .Inmirrtntsaevn 

, .  . .  
, .  

E. TIIC channel connins flowing wsttr.fciionly:pYt . .  , *  of thc ycx. $> !.I :. ' 
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cnhanced by man. 
Natural pond 

14. Ultimate subsmte is cithaa n a r d  or synthetic material that was cmplaccd or 
improvcd by man. Shorclint was mated or cnhanccd by man. 

. 

Impoundmcnt 



Key C: Unvegetatcd Land. The land is covckd by <7 percent vegetation or 220 
percent rock, bare ground, or open water, Thc land is not developed for industrial, 
urban, a ~ c u l t d ,  rcsidcndal, or other cultunl puqoscs. 

1. Slopcs arc 270 pcrccnt. 

1. Slopes YC 4 0  percent. 
0 G o t o t  - Goto3 

.~ ~ 

2. Subsmtc is a volcanic tuff, 

2. Subsmtc is o baalc. 
Tuffaceous cliff 

Basaltcliff 

3. Rccky substrate is relatively continuous rock 

3. Rocky subsmte is cobbly or bouldcry or soils may bc prcscnt. 
0 GotoA 

* Got05 

4 Subsmrt is P volcanic tuff. 

4, Subsmrc is a basalt. 
* Tuffaceous outcrop 

Basaltoutcrop 

5. Land is above 2400 m (SO00 fr) in clcvanon, Bouldery and cobbly outcrop is on a 
hillslope. 

5. Land is below 2400 m (SO00 ft) in  elevation, 
Got06 

6. Outcrop is on I lower-slope position. 
Got07  

6. Position is various, Soils or nonsoils may be prcscnt. 
Unvcgcntd disturbed 

7. Subsmtc is a volc;lnk tuff. 

7. Subsntc  is a baal t .  
Tuffaceous talus - Basalt tlllus 



Kcp D: Juniperus monosperma Woodlands, The landscape is a scminatunl, opcn 
or closed w d m d .  The dominant tr tc specks is Juniperus monosperma. Other 
ccc species ;1s~ 47 pctccnt in combined coven&. 

1. Slopcs 215 percent mnd boulders or rock outcrop 220 percent. 
Cot02 

1. Slopes and gound  surhcc uc othtnvise. 
Got03  

9,. Rock outcrops arc predominantly basalt. 

2. Rock outcrops uc tuffaceous or athcr than basalt. 
NMo b w l t  SCLQ 

m10 tuff scu;, 

2. Shrub spccies with 27 prrccnt cover ue pitscnc. 

3. Shrub species arc absent or with <7 pcrcent cover. 
Got04 

Cot06 

4. Arroyos with Chrysothamnur MUCCOSU or FullugiaparaCbm p e n t  with 27 
corn binid cover, 

4. Chrysorharnnur museom or Falfugia purahxn abscnt or with 4 pcrcent combined 
covcr. 

Got05 

5. Quercu unddara 27 paccnt cover. Arrcmisia nidcnrurc may or may not bc piescnr 

5. Quercw undulara e7 percent cover, Arrcm'sia nidcnrata 27 pcxcnt cover 
JUMO/QLWN 

mo/xTR 

6. Boureloua curtipenddo 27 pcrccnt cover. 

6, Boureloua cwtipendula absent or present with c7 percent COVCT. 
Got07 

7, Boureloua criopoda 27 percent cover. Boiuc!ouo gracilis may or may not k present. 
JUMO/BOER 

7. Boureloua criopoda is absent or with 4 percent cover. Gourcloua grcciltr is prcscnt 
with 27 percent cover. 

* NMUrO/BOGR 



Kcy E: Pinus edulis-Juniperus monosperma Woodlmds, Thc landscape is a 
scminatunl, open or closcd woodland The dominant me spccics ye Jwtiperio: 
monospenno and P i m  edulis, Othcr mc spccics are 4 prrccne in combincd 
C O V C ~ ~ C .  

1. Slopes an 215 percent and boulders or rock outcrops arc 220 perecnt. 
Got02  

1, Slopes and pound surface othc.wist. 
Goto3 

2. Rock outc:ops uc ptcdoninantl~~ basalt. 

2. Xock outcrops arc tuffxcous or othcr than bzrt l t .  

~~ 

3. Shmb spccies with 27 percent cove: YC prcscnt. 

3. Shrub specks arc abscnr or with c7 percent covcr, 
* G o t o 4  

Goto8 

4, Oaks arc present with 27 percent cover. 

4 Oaks uc absent or with c7 ptrccnt cover. 
Got05 

Goto6 

5. Quercus udduro is thc dominant oak spcdes. 
PJED-JLMO/QUUH 

5. Quercus ,gombefii is :he dominant oak spccics, 
PSED-nn(lO/QUGA 

6, W y o s  with Chrysohmnur; naucosu or Fuilugia parcdoxo uc present with 27 
combincd cover. 

6. Cltrysorimur nauwosu or Falfugia paradoxa uc absent or with (I percent 
combikd covcr. 

+ Got07  
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Kc! F: Pinus ponderosa Fotcsts, Thc landscape is 3 scrninamnl forcst. P i n u  
porderasu is thc dominant mc specics, being present with cover27 F e n t .  
Juniperus mmsl;em and Pinur edufis may also be pnscnt, but othcr tnc species 
IVC absent, occur as acci&ntals, or m e7 percent in cover, 

1. Shrub spccics, primarily oaks, with 27 perecnt cover YC prcscnt. 

1. Shrub species arc absent or with e7 percent cover. 
G o t 0 2  - Got03 

~ 

2. Qucrcus undularn is thc dominant o;lk spccics, 

2. Quercus gcrnbcfii is rhc dominant oak spccics. 
- PLrO/QUUS 

0 PlPolQUGA 

3. Blepharonewon tricholcppis is prcscnt with 27 pcrccnt cover. 

3. Vcgcation composition is vyious, but Blcpharorxwon aidwkpis is absent or pmcne 
with <7 pcrccnt cover, 

P r n B L T R  

Got04 

-~ 

4, Bourclou gracilis is pnscnt with 27 pcrecnt covc, 

4. Bouteloua gracilis is nbscnt or pnscnt with 4 percent cover. 

5. Muhlwbcgia monrcna is pxtscnt wit! 27 pcrccnt cover. 
PIPcIrnMO 

5.  Muhtcrtbcrgio monsana may or may not bc present. Combined cover of all understory 
plant species is c7 percent. - PIP0 forcst 



Key G: Mixcd Conifer Forcsts. The landscape is a scminmnl  forest. Trees 2.S rn 
(16 ft)  call with covenge ~ 1 2  percent are present Tree species othcr than P i n u  
pondcrosc, P i w  cdulis , or Junipcru monospetmu YC present with 27 percent 
cover. Populw trcmuloidcs may bc prcscnr or absrnc, 

1. Pseudowugc mcnicsii is present with 27 percent cover and xproducing succcssfuily. 
Abics concolor or Picca engclmnnii ate abscnt or present as accidcnnls. 

1, Psc&r$uga mcnzicsii is absent or prcsent with €7 percent cover. Abies concolor or 
Pice0 engclmonnii 

Got02 

present with 27 percent cover or an reproducing suc~cssfdly. 
* Goto3 

2. Poputus trcmuloidcs is present with 212 percent cover. Qucrcus spp. ;vt absent or 
prcsenr wirh e7 pcrccnt cover. 

2. Pnpuluc rrcmufoides is absent or present with e12 percent covcr. Q u r c m  spp, ax 
prcscnt with 27 percent covet. 

PSM-POTR 

C o t 0 3  

3. &Jmu gambclii is prtscnt with 27 pcrccnt covcr, Mdrlcnbcrgiu mnum may or may 
not bc present. 

PSWQUGA 
3. Qurcu gcmbelii is absent or present with <7 percent cover. Mu)rtenhegh mn&ma 
is present with 27 percent cover. 

Psmmo 

4. Picec engelmannit' is present with 27 pcrccnr cover and zproducing successfully, Ahics 
cuncolor is absent or present wit!  e7 ptrccn: c o w .  

Got05 
4, Abics concolor is present with 27 percent cover or repducing  successfully. Picca 
engclmannii is absent or accidcncal. 

* Goto6 

5 .  Populus nemuloi&s is ~ X S C R ~  with 212 pcretnt cover. 
PIEX-POTR 

5.  Populus rrcmufoidcs is absent or prcscnt with c12 percent cover. Composition of b e  
understory is vuiable. 

0 PEufonst 

6. Populi6 rrcmufoidcs is present with 212 percent covcr. 
ABCO-POTR 

6, Popdur; rrcrnuloidcs is abscnt or prtscnt with <I2 prccn t  covcr. 
Got07 



:. 

i .  

2. Brornus marginarur is present with 27 percent cover. B r o w  cilkuu is absent at 

2Btomur citiarur is pnsenr with 27 &t cover, Bromuf mcr@n& is absent or 
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1 ' 0  r n K W  
present with (i perecnt cover. 
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present with <i percent c0vc.r. 
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Key I: Shrublands. Shrub specks with 212 pcrccnt cover arc present, Trcc specks 
rn absent or not present to 25 rn (16 ft) tall with C O W ~ ~ C  212 percent Thc land is 
nor Ocvclopcd for indusmd, urban, agricultud, residcntid. or other cultural 
purposes. 

I. Quercus gambclii is present with 27 pcrcent cover, 
QUGABLTR 

1. Quercus pmbclii is absent or present with -5 percent cover. 
Got02 

2. Attip1c;r cancsccns is prescnt with 27 prrccnt cover. 

2. A r r i p h  C U ~ I C S C C ~ Y  is absent or prescn: with <7 percent COVCP. 

A T U  

Cot03 

3. Chrysorhamnu nauscosus is present with 27 percent cover. 

3, ChryJorhamnus nauscosus is abscnc or prcscnt wirh <7 percent cover. 
CI-LVA 

Got04 

4. Artcmisi4 rridcnrara is pnscnt with 27 puccnt cover. Robinia ncornexicam is absent or 
prcscnt with c? cove:. 

mTR 
4. Artemisia rridenrara may or may not k prescnr. Robinia neomexicana is absent or 
present with 27 cover. 

ROhX 



Eicy J: GrassI3nds. Shrub species arc not pnscnt with 212 percent covcr, Tree 
spccics uc absent or not pnscnt to 25 m (16 ft) nll with covcngc 212 pcxcnt The 
land is nor dcvclopd for industrial, urban, ; r ~ c u l c u d ,  rcsidcntid, or other cultunl 
purposes. 

1. Muirlcnbergia mnrunu is present with 27 percent cover. 
* mI0  

1, Muhfcnbcrgia m m r w  is absent or prescnt with c7 percent cover. 
Got02 

2. Boutcfoua gracilis is p w c n t  with 27 pcrecnt cover. 
BOGR 

2. Boutclouu gracilis is absent or prcscnt with <7 percent cover. 
Got03 

3. Gms spccies, such as Danrhonia intcrmedia, at prtscnt with 27 percent cover. EIcvadons arc 
above 2400 m (So00 feet). 

3. Gms spctics, such as Danrhonia iruermcdiu, arc absent or prcscnt with 47 pcrccnt 
covcr. Elevations LT below 2W m (8000 feet). 

Montane Gnssland 

Got04 

4. Fcstuca ovino is prcscnt w i b  27 percent cover 

4 Fesruca ovinu is absent or present wit! <7 percent covcr. 
FEOV 

Got05 

5 ,  Schi:achyrium scoparim is present with 27 pcrccnt COVCT. 
scsc 

5. Schi:achyrim scoporium is absent or present with <7 pcrccnt cover, 
Go:o6 

6. Agropyron srnitiiii is present with 27 percent cover, 
AGSM 

6, Agropyron srnirhii is absent or prcscnr with < 7 percent cover. Sptdts compositions 
3rc VLriOUS. 

Disturbed pssltmd 
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Annotated Checklist and Database of Vascular Plants of the 
Jemez Mountains 
TQralene S, Fom: Leland Pierce: Gail Do Tierney"*' and Leslie A. Hansbn' 
oEtology Group, Los Alamos NOtlonel LaMmtory 
** Consuttnnt 

Abstract . 
Studies done in the last 30 ycars have provided information to construct ;I 

checklist of plants of thc Jcmez Mountains, The present data bsc and checklist 
builds on thc basic list compiled by Trrdcnc Foxx and Gail Ticrncy in the early 
1980s. The checklist js mnotarcd with tuonomic information, geographic and 
biological information, economic uses. wildlife c o w ,  rcvcgention potential, and 
ethnographic uscs, Thcrc arc ncxly 1000 species that havc been noted for the 
Jcmcz Mountains. This list is cross-rcfcrcnced with the USDA Natural Resource 
Conscnlacion Scrvicc PLAiTS data bssc species names and acronyms, 

1.0 About thc Checklist 
In 1984, a list of spccics for the Jrmcz 

iMoun&ns was constructcd using survey d a b  
from information gathered by Foxx and/or 
Ticmcy (Foxx 1982; Ticrney 1977' Ticrncy 
1979: FOLK and Ticrney 1980, 1982.1984: 
Tierney and Foxx 1982; Foxx a.nd Pottcr 1975; 
Potter and FOLK 1979, 1981, Poncr, Foxx. and 
Bmcs  2983) supplemented by information 
about collections from master's theses by 
Housley (1974). KochIcr (1974), Osbornc 
(1966). Robertson (1968), and Yarnell (1958) 
(section 5 3  of the rcfercncc list), The original 
survey included a litcrxurt survey of 
collections by private indusuy (Pilz ct al, 
1979, Whitford and Ludwig 1979; scction 5 2  
of rcfercnces). the National Park Scrviccs 
(NPS)  studies (Poncr 1981). and habitat 
typing studies (Bmcs 1982, Moir and Ludwig 
1979). Additiondly, unpublished information 
concerning collections made by Los Alamos 
M i o n 4  Laboratory (LANL) staff (Micra 
1976) and rcsearch at Bandclicr National 
Monument was included. 

This rcporr provides a singlc listing of aI1 
collcctions from the Jcmez Mountains, 
including the Pajuito Platcau, S i c m  dcl Los 
Vallcs, Vallcs Caldera, and portions of the 
k m c z  west of thc d d c r a .  The floristic 
studies were conductcd within an xctl bound 
on the south by Cochiti Canyon, on the north 
by Garcia Canyon, on thc c u t  by the Rio 
Grandc, and by the Jtmcz Rvcr on the west 
(Figure I ) ,  

Studies prior to 1985 provided the baseline 
information incorporatcd into the original 
chcc!dlist. Since 1985, a number of studies 
havc been conductcd at L W .  Bandcticr 
National Monument, and within the Xationd 
Forests, Each study has added :o our 
knowledge of the prcscncc and distribution of 
the species. Studies arc noted in sections 5 2 .  
5.3, and 5,4 of the reference list. Of note arc 
studies by Allen (1984, 19S9). Jacobs (19S9), 
and Foxx and Hoard (1 984, 1995). 
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In 1994, we began to update and mnotatc 
the checklist with further information. Most 
additional information c m e  from Plant 
Informarion Nenuork: Data base publication 
by Dittberncr and Olson (1 983), Although 
his publication references Colondo, 
Montmna Wyoming, Utah, and Arizona wc 
believe most of the information is pertinent to 
Xew ,Mexico, This publication provides 
specific information ;IS to thc biological, 
ccologicd. and human environment a rclatcd 
to plant spccics. In addition to this publication 
we have rcscvchcd information from the 
references that can be found in thc scctions 5.6 
and 5.7 of the reference list. To determine 
potential usc of plants by various cultures in 
the yea, wc scarched ethnobotanies and 
ethnographic litcraturc for plmt usage, The 
rcfcrcnces uscd are undct Ethnographic 
Litcnturc in section 5.7 of thc reference list. 
Wetland information was based on thc 
iVariona1 Lisr of Plant Species That Occw in 
Wetkmds: New Mexico (Rccd 1988). Wetland 
references arc found in section 5.5 of h e  
reference list, 

Each spccics was then searched in one of 
several flow including the following: MYtin 
and Hutchins 1981, McDougall 1973, Bcnson 
1977, Hitchcock 1971, Kcmcy and Pcebles 
1969, Corrcll and Johnston 1970, Warrington 
1970, Gould 1977, Dimer  ct al. 1954, and 
Allred 1932. Other botanical publications 
that providcd information for thc checklist arc 
in section 5.2 of the rcfercncc list. 
Synonyms, habitat. habit, and blooming times 
wcrc noted. In cases of conflicting 
information, A Flora of Nm Mexico by 
Mmin and Hutchins (19SO), the most rcccnt 
and comprehcnsivc text for the m a ,  W W  uscd 

for the final authority on habitat. habit, and 
blooming times. Scientific names 
(norncnclnrurc) found i n  the currcnt Xatural 
Rcsourcc Conscrvation Scrvicc (A?RCS) 
PLAITS dab  basc was used for ;I national 
standard or provides accuratc translators to 
nmes as a c:oss-walk, PLANTS is 3 
component of the evolving Intcngcncy 
Tsonomic Information System (TTS). Thc 
most curcnt copy ww obtained from thc 
i n terne t (h t tp:l/w ww. p I an ts.usila.gav/p Ian ts ). 

We have attached in Appendix A the 
rcfcrcnces used in Dittbcncr and Olson 
(1983). These references providcd the basis 
for the information they included in thcir data 
b u c  and on which wc have built the 
annotation of this checklist. 

2.0 Description of the Area 
2.1 Geographic and Geologic Setting 

The Jcmcz Mountains arc Iocatcd in north- 
centnl Sew Mexico p i p  2) and rise u 3 
large volcanic landmass at the southern end of 
the Rocky Mountains, Tht mountains arc 3 
remnant of a massive volcano that erupted 1.3 
to 1.1 million y c m  ago. They lic nstridc the 
western fault margin of the Rio Gmde rift, an 
800-kmlong (480 mi) inncontinental rift 
zone that extends southward from southern 
Colorado through New Mcxico. Ash  from the 
cntptions hid down 300 m (9S5 ft) of weldcd 
and nonwclded tuff on the eastern flmks 
callcd the Pajarito Plateau and on the wcs~ern 
flanks. the Jemcz Plateau, Los Alamos 
Xational Laboratory (LANL) is located on thc 
Pajarito Plateau, which is disscctcd into a 
series of eat-  to southeast-trending narrow 
mesas, separated by deeply incised canyons 
(Burton 1962. Allcn 1989). 

3 
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The prominent iandrorms or me Jcmez 
Mountins include two cenual calderas (Vallc 
Grandc and Valle Tolcdo), domcs within the 
calderas, and the mountainous rcmnannts of the 
collapsed volcano (the Sierra dcl Los Valles), 
cutern and wcstcrn plateau skirring the 
mountain Pajarito and Jcmcz Plateaus), and 
White Rock Canyon through which the Rio 
Grandc flows, The rim of the volcano h a s  
nine peaks including Cerro Gruldc, Pajarit0 
Mountain, Tschicorna Peak. and CrtbaIlo 
Mountain. The tops of the mountains rmgc 
From 2895 m (9500 f t )  :o over 2353 m ( I 1 .OOO 
f t )  in elcvation. The highest ped. being 
Tschicoma CLC 3,526 rn (1  1,636 ft) (Burton 
1982, Allen 1989) (Figure 3). 

Los Alamos County lies on the m t c m  
flanks of the mountain. Land ownership 
within thc county includes LAX, which 
comprises 43 square miles (1  1.21s ha), the 
communities of Los A l m o s  and White Rock, 
and Santa Fc National Forcsr. Tbc rcmajndtr 
of the Strncz area is within Sandoval County. 
Land ownership includcs lmds of the Santa Fc 
National Forest and privatc holdings such as 
the Baca Location. 

Thc Pajarito Plateau is dissected into 
canyons and mesa. Only the upper rcachcs of 
the canyons have permanent water sources. 
Strems such as Frijolcs Creek within 
Budelier S x i o n d  Monument =E pcrcnnid. 
However, most streams ut tphcmrral, 
tlowing during spring snowmelt and during 
heavy rainstorms in the summer months, 
Springs and seeps can be found in the canyons 
and White Rock Canyon. Within the caldera 
and fiowing through the mountains is the 
Jtmcz River. These water-rich arcas in an 
otherwise semiarid environment often havc 3 
diFfcrcnt and specific flora. Species such as 
hcllcborine orchid (Epipacris giganfeu) arc 

species of concern or orhcrs such ;~t the 
cardinal lobelkt (Lobelia cardinalis) are of 
local concern, 

2.2 Climate 
Thc area has ;I tcmperatc mounnin climate 

with four distinct scxions. Springs are dry and 
windy; summtrs, w m  and often dry in June 
followed by a rainy season in July and August. 
July is the w m c s t  month with an averqc 
daily high of 272 "C (S 1 "F) and sn average 
daily low of 12,s "C (5s OFF). J a n u q  is the 
coldcst month with tcmpcraturc nnges ot'a 
daily high of 4.4 O C  (40 O F )  to ;I low of -S.3 "C 
(17 OF). There is solar heating during the day 
and rapid radiant cooling at night. Thc 
average annual prccipndon is 17.6 cm (1s-7 
in.), Lower elevations n c u  tht L o  G m d c  
receive 12 cm ( 5 1  in.) less and the higher 
elevations may nceivc 13 cm (4.1 in.) more, 
The peak rainfdl months are July and August. 
Most of the winter prccipitation falls 3s snow 
with an avenge of 150 cm (59 in.). (Bowen 
1990, 1992, Environmcntal Surveillance 
Report 1994) 

2.3 Vegetation Cover and Community 
Types 

Mapping and classification of'the Jernez 
Mountains has been done by the US Forest 
Service for the Suta  Fc National Forest (Moir 
19791, by Allen (1989) for Bandtlier National 
Monument. and by Koch et d, (1996) and 
Foxx c t  al. (1996) for Los A m o s  Councy. 
The major cover classcs include Mixed 
Conifer, Ponderosa Pine, Aspen, Pinon- 
Juniper woodlands, Juniper woodlands. 
Grzslands, and Shrublands. Within canyons 
and along strcms therc arc ripui;tn zones and 
wetlands, both forested and emergent, with 
small and unique habitats such xi feiscnmtcrs 
and springs. 



, I  

, .  

L 

. .  
I .  

I ', . , ". I .  

'\ . 
1 ,  ' 

' 1  

Figure 2, Generalized map of the Jcmcz Mountai~&.'" 
'I . 

I '  < 



3.0 Checklist arrangement 
As a data b u e  this checklist can be soncd 

by various attributes. For the purpose of this 
publication, the checklist is arranged 
alphabetically by taxonomic genus and 
species. To provide a visual cxmplc, we have 
printed out the cornpletc file for nomcnclaturc 
and just the first page of each of the other 
cntcgorics that makc up this lengthy data base, 
Each catcgory is an Exccl 5 spread shcct with 
specific ficlds and information, We have 
supplicd a complcte listing of species of thc 
Jemcz Mountains by genus and specics for the 
purpose of this rcport (Appendix A), For each 
othcr category we have pulled out 3 
representative sheet. Thcsc reprcscnntivc 
sheets art found in Appendix B, In chc 
heading of each shcct we have given a 
reference citation that refers to thc reference 
list at the end of this paper. 

In this section we describe the categorics 
and the attributes of tach catcgoq. 

3.1 Nomenclature 
1. Spccics Name: Species nmcs arc denoted 
by ;L generic n m c  and a species designation. 
In some CUCS varictics or subspecits may be 
includcd, Specks n m c s  arc consistent with 
M d n  and Butchins (1980). 

2. Species Name NRCS PUNTS: The 
NRCS PLA\TS name or synonymy is 
included in a scparak field. Thc NRCS name 
is p m  of thc Interagency Taxonomic 
Information System (TIS) and is the 
taxonomy uscd in this national standard. It 
may or may not corrcspond to thc information 
in Flora of New Mexico and older tcxtS. To 
rcducc confusion about synonymy, wc have 
included thc NRCS nunc in a separate field. 

This allows the nome to be cross-walked to the 
information in the present text delineating 
New Mexico rlore 

3. Acronyms: IVc have included the 
acronyms for the plants found in the Jcmcz 
Mountains. The standard protocol i s  to use 
the first 2 lcttcrs of the species name and the 
first 2 lctters of the species designation. TO 
standardize thcsc acronyms wc haw uscd the 
SRCS dcsignations, 

3.2 Common Names 
I .  Common name: Thc common nunc of the 
plant rcpnscnts one or mort names commonly 
found in botanical texts for thc IUEL Common 
nmcs may differ from sourcc to sourcc and 
region to region. Therefore, we havc included 
as many common nmts ;LS w;ts reasonable. 
Many refcrcnces in section 5.1 of the 
rcfcrcncc list havc been searched for common 
names, 

2 Synonyms: Thcsc m a scrics of discarded 
scicntific nmes for vwious plants. 
Dcpcnding on the t a t ,  they may or may not 
still bc in common usagc. Synonyms givcn by 
HYrington (1954). M d n  ann3 Hutchins 
(1980), and N l n d  (1982) xc included. No 
attempt has been made to detenninc validity 
of the synonyms. 

3.3 Occurrence 

oceurrcncc, blooming times, and habit. 
Information in this category includcs 

1. Occwrcncc. The occurrcncc of 3 plant 
specics is based on gcncral obscrvaIions. not 
precise quantitative data included in Foxx and 
Ticrncy (1985). If the collector WAS othc: than 
the authors, thc rct'crcncc is citcd. Hcrbuhrn 



specimens collcctcd by O n  M. Clark arc 
designated as being in the herbarium at 
Byldclier Xationd Monument, 

* 

The following sctrcmc was used to 
designate place occumncc, 

0 

* 

s 

9 
C. 

ubiquitous-Tua occurring in a variety 
of habitats and communities. 

comrnon-Tua found extensively in one 
or two habitas or communities. 

a ,' 

locally C O ~ ~ O R - T U ~  found in clumps '.. 
or patches within various habitats or * 

throughout thc ma. 
communities but not distributed . ,  

not c o m m o n T u a  not found extensively-.: 
in various habitats or communities. 

n r t cdn ly  a fcw specimens occurring in 
isolated pockets in specific habints. In 
many cases if thc habitat was destroyed, , 

the plant would distlppcat from the am. . 

Blooms. Contains information on the ' : 
season(s) in which the plant blooms. 

3. Habit. This cn.:egory contains information 
about the growth form and outward 
appcmcc  of thc plant, This is known iu the , I 

Habit, Infomation WLS takcn from Martin 
and Hutchins (19SO) and othcr references in 
section 5 2  of the rcfcrcncc list. 

8 ,  

- tmc-A woody plant that usually 
produces one main trunk or bolt and a 
more or lcss distinct and clcvatcd hcad 

1 

shrub-ttw-A plant whose growth form ; 

* j linna-A woody p l u l r  with elonptt, 
I .  flcxiblc, non-self-supporting stems. 

I ,  
m ,  

vinc.--~ nonwoodypimt with c~onpatc, 
flcxiblc. non-self-supporting stems. 

percnnbl forb--h nonwoody plant with 
self-supporting stcmwhosc abovcpund 
parrs die each y&md is not pss1i);c. 
I~~cludcs half-shrubs. or plmrs woody only 

I 
I *  

percrmhl w o n w o o d y  plants 
! belonging to the p s s ,  sedgc, or rush 

3.4 Roots, Econo~ic, and Old Field 

f;tmiIics. ! 

The artributcs of aplant that pertain to its 
own life proccsscs arc idcntificd as biological 
(Diabcrner and Olson'1953). Specific 
infomaton vas prirmvily t;rkcn from 
D i n h e r  and Olson (1983). 

f 

this mots section there arc three 
biological elements: I' a 

1) thc mycorrhizal nature of the plant, 
2) the ability of the plant to form nodules, md 
3) ,the ability of the plant to fix nitrogen. 

I. Mycodzkal Rthtiortrhips. The n a m  of 
the relationship of a plant to ;L mycorrhizal 
association, All plultslistcd as king 
mycorrhizal have been&tcd in thc litenturc as 
such. ' It should k rccognizcd that most plants 
arc cansidcnd to be myconhizal. but 
published reports arc available for only a few 

1 

I 

may be either that of a shrub or a ucc, : at thc'prcscnt time, s i  
I 

I 



endom~corrh~al-Mycorrhizal 
zsociation having ;I loose network of 
fungal hyphae cnclosing the root and 
intncellular hyphae penetrating the 
cortical cells of the root. 

cctomycorrhiz;ll-~ycorrhizal 
usociacion having a dense fungal sheath 
enclosing the root and intcrccllular hyphae 
penetrating the root cortex. 

e c ~ c n d o m ~ c o r r h i ~ ~ l - ~ ~ c o ~ h i z ; \ l  
association having ;I densc fungal shcath 
cnclosing the root and both inter- and 
inu;lccllul;lr hyphae penetrating the root 
cortex. 

cndo/ccto-Refers to plants reported as 
bcing both endomycorrhizd and 
ectornycorrhizd. 

ectolectendo-Refers to plants reponed 3s 
bcing both cctornycorrhiml and 
cctendomycorrhizd. 

nonmycorrh.iza1-Rcfers either to plants 
that have btcn examined for mycorrhizae 
with none found or plannts that occur in 
families considered to be classically 
nonmycorrhizd (Aizoaceae, 
Ammnthaccac, Br;lssicaccac. Cruciferac, 
Caryophyllacear, Chenopodiaccac, 
Comrnelinaccac, Cyperaccac, 
Fumuiactae, Juncaccx. Nyctaginmxc, 
Polygonaccac, and Urticaceac), Thus, the 
plants arc probably nonmycorrhizal. 
aithough exccptions may be found i n  the 
future, 

2, Yodule Forming, Occurrence of root 
nodules on a plant's roots, 

reported-Reported a nodule forming by 
obscrvations or in the litcnturc. 

possiblL.-May fom. root nodules bur no 
litcnturc citation has  been found. 

no-Rcportcd as not nodule forming in 
the literature, 

3. :Vhogen Firing, A plant that can 
usimitate and fix thc frce nitrogen of the 
atmospherc with aid of microorganisms, 

9 yes-Plant fixes nitrogen, ;IS reported in 
the literature, 

maybe-The plant may fix nitrogen. bur 
hu not bccn rcportcd u such in the 
litcnturc. 

no-PIw,t is known not to fix nitrogen, 

This category also contains information 
about thc biology or life processes of plmtnrs 
and economic information including whether 
or not the plant cui product: haflevcr, is 
cdiblc, or is considered a weed. 

There ut three economic ficlck: 

1) Does the plant produce hayfcvcr? 
2) Is the plant cdiblc? 
3) Is thc plant considered a weed? 



4 Ruyfever Causing. The plant induces ;L ,' 

hayfcvcr response in humans. 

ycs-Thc plane is reported in the litcnrurc 
* '  

CLS causing hayfever, . I  

mnybc-The plant is reported to possibly ~ 

cause a hayfcvcr rcsponsc; it is thought to ,: 
cause hayfever but is not yet proven. 

nc+Thr plant is know to be definitely not: 
hnyfcwr causing in my circumstances and i 

' I  

is reported so in the litcramre. .I , 

. .  
I 

S. Edible. A plant that can be eaten as food , i 
by humans, 

y d n e  or more parts of the plant arc, : 
edible. . I  

= yesqqunlified-The plant is cdibtc only ' 
after ;L specific prepantion or in ccrtain ! 
seasons. User should consult expert. 

ncl-Thc planc is not edible bur not 
poisonous, 

, 
L ,  

0 

I 

poisonous-The plant contains J toxic , , a 

subsmce or a potcntid toxic substance . 

that would prove harmful if ingested, , 

6. Weehess ,  h plant considercd undesirable ' 
or troublesome. especially one that has growth 
where it is nor wanted. Each plant is scored 
only once in the order of pncrdcncc below. 
Most of the information was d e n  from 
Dittberner and Olson 1953. 

nodous-A plant that is listed on cificid 
noxious weed sccd lists of Colondo, 
M o n m a  North Dakota. Utah. or 
Wyoming. 

..< , econodc-A plmr whosc,pawch and 
I. reproduction wuc economic loss and has . .  priority over colonizing. 

, .  . . .  a 

a .  
i 

*' colorlizing-A plkt that hss.attributes 
:. 9 .  cnablingit to bccornc easily established in 
i . . I  arcas ofenvironmintal discurt~mcc or 

, where it is not wktcd I. 

- ' n0n-wdy-A p i n t  ,that is not a weed 

7;' Old Fields, Old FhLd Refcrenccu. atid OM 
~ i c l d  ~ommcrtts. ~ h & e  utegorics contain 
information about plank and old field 
disturbance. Various r t f m c s  werc used and 
a& noted under hdi&totPlants (5.6 in the 
d&nce  list). 

3.k.Wctlands and DiAurbance 
I ;urd 2. N&ML Wethnd ut and N&ml 
Wcrlartd Ut (Reed 1988). 

: n c  infomuion &ut plant species hat 
Occur in this catcgory'was.compYtd with thc 
Nan'onat t i s r  of P h t  Specks rhar occur in 
W e r h d r  N m  Ma& (Rced 19SS) (Column 
2). This list w u  dcvdopcd to provide an 
appcndix to the CIas.@zrion of Wetfun& md 
Deepwater Ha&izars of LJU. Unued Strtlcs 
(Cowardin et d. i979j:.c01~mn 1 rrprcscnts 
information from N a & d  Lirt cfPlanr 
Spccies that Occur in W~~ (Rccd 19S8). 
Information on the N ~ ~ G A C L  List is sometimes 
slightly different than thc.listing for Ncw 
Mexico, The plant specits that occur in 
wctlands as used in the Nurional List arc 
defined as spccics thathive environment 
where dl or portions of the soil within the root 
z o n e k x m e ,  pcriodiczllly or continuously. 
s a k c d  or inundatedduhg rhc growing 
season (Rccd 19SS), :: :'. 
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The following Indicator Categories u e  
used in these first two columns. 

e 

obligate wetland (0BL)-Occur almost 
always (cstjrnatcd probabliliry > 99%) 
under natural conditions in wetlands. 

facultative wetland (FACW)-Usudly 
occur i n we tlsnds (est i rnatcd pro ba bil iry 
67%-99?0), but occasionally found in 
nonwctlnnds, 

facultative (FAC)-Equally likely to 
occur in wetlands or nonwetlands 
(estimated probability 5 W ~ 6 6 % ) .  

kiculmivc upland (FACQ-Usudly 
occur in nonwctlmds (estimated 
probability 6790-99%), but occasionally 
found in wetlands (cstimated probability 
I ?e33 %I). 

obligate upland fiT.L)--Occur in 
wctlands in other regions, but occur almost 
always (estimated probability >99%) 
under narurd conditions in nonwctlands in 
any region. it is not on the National List, 

3. Disturbed Sites. This is information about 
the presence of a plant in a disturbed site such 
xi along roadsides, in burned ares ,  and on 
waste sites. 

3. Disturbance Refirenccs, This category 
rcprescnt a refcrtncc that indicates tfrc type of 
disturbance. Various referenccs wcrc used for 
this section and are noted in section 5,7 of the 
refcrcncc list. 

5. Cornmen& on Dishrrbcr cs Gruwrh. 
This category indicates the ability of a plant to 
g o w  on a disturbcd site. 

3.6 Fire and Flood 

plants that YE charzlctcristically found after 
fire or flood disturbances. 

This catcgoy represents information about 

Asociated with Fire 

Firc Rcfcrcncc 

Firc Comments 

FloodedAreas 

Rood References 

Flood Comments 

3.7 Habitat 
1. Habitat. This term is used to identify 
topographic position. soils, and communities 
where the plant w3s found. Lf the collector 
s u i  other than thosc at LANL, Martin and 
Hutchins (1980) WLS consulted for habiut 
placement. The fields arc taken from Foxx and 
Ticrney (1953) and are not yet consistent with 
the covcr types and community types included 
in Koch (1996) and Foxx and Balicc (1996), 
However, most of the habiuts can be cross- 
walked to thcsc types, 

2. and 3. Elevation The elevational rangc 
given is an indication where the plant had 
bccn collcctcd by Foxx and/or Ticrncy and 
during surveys donc since 1980. ff the 
collector w a  other than from LAX. Martin 
and Hutchins (19SO) was consultcd for thc 
elevationat rangc. This allows for sorting by 
elcvrrtion (c,g,, 5400 f t  or 6000 ft) .  



' ,  

3.8 Revegetation , I  

This category gives information on thc >;, ' 
potential for species to be used in 
rcvcgcotion, Much of thc information in this' : 
category was taken from Dittbcrnct and Olson : 
(19S3). 

1. Potenrial Biomass Produca'on. Thc ' '  . I ,. I 

rclative generic ability of a plant to produce ::I 
plant mxctial by wcighr on ~ J I  mnud b;rsis. ; ' 

compared 10 other mcmbtrs OF thc same life.', . . 

" $ 

. .  

* I  I 

' I  

' .  I 

1. . form. . .  I 

high-A plant possesses ability to prod& 1 
J grcatcr yield of Sr plant rncltcrial thvl' :. t j  

most other species of the swic life form.',: 
Examples of high producing species of ; :, ; 
differcnt life forms arc big bluestem , , 

(ttndropopn scrudii), smooth bromc . I :, 

(Bmmur inemis), alfalfa (Medicugo . .  ' : 
sarivcr), yellow swcctclovct (Mclifuncs , " ,I 
oficinalis), big sagebrush (AnmbCr ' .:' ::" . .  
tridcntota), and Engelmann spruce (Picerr:' I 

1 ,  . .  engalmannii). ' .  ' ,  * 

, . . ' (  

rncdium-A plant produces an w m g c  ,! :: I 
yield of dry plant materid 3s cornpad to' '! 

othct species of thc s m c  life fonn. 
Exmplcs of medium producing species of i 

diffcrcnt life forms arc timothy (Pltlcum."- ,i 
prtztcnst), Kcntucb b l u c p s  (Pua ':, , I  .. 
prarensis>. common sunflower (Helicnthu : 
unnus) limber pine (PinUsJ?e.rifi~), and . .' .. .,; 
boxelder (Accr negwtdo). 

low--A plant produces a low yield of dry, ,  " j  

plant material as comparcd to othcr 
spccics of thc samc lifc form. ~ ~ m p ~ t s  ,:,';. ! 
of low producing sptcics of diffcrcnt life :::; 1 
forms art chestgrass (6rornus rectorum), ... 

I .  I 

'. I 

. 1  

, 
S I  

% ' ;  I 

. .  
'. ' !  

, .  
I .  

1 .  

12 : i  

m. 

3 northern bcdsaw (Gatiwn bowate), 
broom sn&ewced,(Gm'em:iu samrhme). 
and bearberr)' (&msrcphyZm uva-urn?. 

1 ' .  

' 1  

VCT IOW-A plantproducts ;L V C ~  IOW 
yield of dry p1mthaRrid as comparcd to 
othcr species of h c  m c  uc form. 
E~mples of very low producing spccics 
of diffcrmt lifc fokcut ring muhty 

; (Muhtenbcgia rot&>. hmbcll 
I (Campanuiu mtaidifaiitz). and cushion 
i coryphltntha ( CU&XW~P uiv~'pcm J, 

2,:$ and 3. &de, Modem&, and S r ~ c p  
SZupes. These categoties rcprcscnt the ability 
oEa plant to p w  on different degrees of slope 
from gentle to sttcp. .,me major nfcnncc is 
from Dirtbemerand Okon (19S3). most 
spccif~d~y for C O I O ~ ~ O ~ '  I *  

5. j Erosion Control Pu&& A plant that 
commonly exhibits growth habis plant 
structure, biomass ;LIld/o:'root system that bas 
ttkpotentid to nciucejsoil erosion in thc am, 
The'major rcfcrcncc kDirtbcrncrand , .  Olson, 
(1953), Colorado, (i. + ' 

- : .  high-A plant th&'has a g p s i v c  growth 
i habits, persistent plht scrtwurc, high 
; 'potentid biornass,iud/or a good soil- 
: binding toot-rhizomclrunncr system in 

1 , >  . .  ' ,  JI ' ' 

I ,  3 ,  ' 
; 1. 

' . I  

,. . 
> '  . . I  . .  

' I  . .  
, .  

I '  . .  
. 

. .  
' . !  , 
, I  , 



9 low--A plant that IILS poor growth, 
pcrsistcnce, biomass. and/or a soil-binding 
root system that makes i t  genedly 
inadequate for erosion control, 

6. Estalriishment Requirements. The relative 
extent of cultural practices that must bc 
employed to ensure a succcssful planting of 
the species on sites to which i t  is adapted in 
thc uea,  

* high-Species rcquircs claboratc or 
inrinsivc culturd practiccs (q., irrigation, 
special seed treatments, containcrizcd 
sccdl jngs). 

mediurn4pecies  rcquircs standard 
tillage pncticcs or specid cultural 
practices of short duration (e.g,, plowing 
and/or discing and drilling). 

Iow-Spccics requires only minimal 
cultural practices (e,g.. pionce: or invader 
spccics). 

7. Sltort-rem Revegctation Potenrial. The 
ability of a plant :o become quickly 
established and exhibit rapid growth within 1 
to 3 years (inc!udes annuals). 

high-A plwt dcmonstratcs rapid growth, 
good covcr, and good reproduction. 

- medium-A plant dcmonstntcs 
moderatcly rapid growth, fair covcr. and 
fair reproduction, 

low--A plant demonstrates slaw growth, 
poor covcr. and poor reproduction. 

9. Lonpterrn Rcvcgetation PotenhirL Thc 
ability of tl plant to become established 2nd 
persist over a period of more than  3 years in 
Colorado, Montana, North Dakota, Utah, or 
Wyoming, 

high-A plant dcmonstratcs good growth, 
cover, rcproduction, and stand 
maintcnancc cliamctcristics. 

mcdium--A plant dcrnonstratcs fair 
growth, covcr, rcproduction. Llnd stand 
minrcntlnct characteristics, 

low-A plant demonstrates poor growth, 
cover, rcproduction. and stand 
maintcnance. 

3.9 Origins and Biological Information 
Thc biological and origins information 

was taken from Foxx and Trrncy (1983, 
Mmin and Hutchins (19SO), and Dittbcrncr 
and Olson (1983). 

1. 0n'~n. A determination if a plant has bccn 
introduced, 

nntivc-A plant is in a natural pan of the 
florx, 

introduced-A plant h a  been introduced 
into the enviranmcnt by man or animals. 

2. Reproduction Type. The sexual or ~!cxual  
process by which 3 plant gencmtts others of 
thc same kind. 

scxu;11-12e plant rcproduccs by 
pollination and fertilization. 



. ' .  

vegemtive-Al cases where smcturcs 
such IIS bulbil, tuber stolons, and rhizomes, 
which arc normally acccssory mcms of ,: 
reproduction. u k c  over the whole 
rcproductivc processes of a plurt. 

apomictic-The p l m ~  has a type of 
reproduction that rcsults in thc fannation, 
of seeds and embryos by a nonsexual 
process. 

, , 

. : 

. I  

vegemtivc-scsual-Thc plan t rcproduccs . ,  I 

vcgceativdy and sewaily. 

vegctativoapomic t i c T h t  plant 
rcpmduccs vcgcntivcly and apomicdcly. ,' , 

, I  

3. CarbmDwxZe Fixahn The 
biochemical md physiological mechanism ; 
associated with the incorporation of CO2 and 
ics ultimate conversion into carbohydrates. . 

0 U-The  plant uses a pathway whcrc the I 

first step in C02 fixation involvcs ehc 
formation of thrcc-carbon compounds. the 6 

stomata YC opened, and CO2 fixation is in' 
chc daylight. 

C L T h e  p l a t  uscs a pXhway when the'' * 

first step in CO2 rixation involvm the 
formation of  four-cubon compounds, thc 
stoman arc open, and CO2 is fixed in the I 

day I ish t. 

' 

14 . I  I 

' >  I 
. . .  

* a  nom-The plvlcaocs not fix carbon 
I dioxide (ix., non- pansitic or 
, saprophytic plants). 

4.: Trophic S ~ ~ L T .  kplult's method of 
nutrient procurmcnt .~ , )  

0 Autotrophic-Thc plant is capable of sclf- 

1 

< 

, nutrition: CUI usc carbon, nicmgcn, and 
, sulfur in organic cbmbinations and obtain 
I energy from the suntight, 

* pamitic-nt plmiiives ca and/or in 
, orher living orpnisms and obtains somc or 

331 of its nuuients h m  the host. 

- ' mprophytic-Th~ plmt l i e s  on and/or in 
d u d  oqpnic material and obtains numents 
from it. I 

\ ' I  

i symbiotic-~t pimt.liva in. close 
i maciation with another plant and the 
: symbiots dcrivc nutritional requirements 
.,from each other. .,;' . 

. 1  . * .  
5, k'and 7. Adzcsh $is is thc time of 
flowcring for ugiospe';ms, or pollination for 
gynospems. Most of thisinfomarion wu 
obtained from hcrbuium~specimens and major 
fl o m  for the arms.  This information was 
ukcn from Dittbtrner &d Olson (19s:) 
primwily for Colondd : .  

. .  
, I  . b  , ' 

I ;; : 

.;. , 
1 .  

I '  

I ,  1 

. '. . I  

/ I  . 



3.10 Soils 
Growth on Soils. The relative ability of a 
plant to show the full dcvclopmcnt of a11 
phases of its growth potential on a particular 
soil texture or soil type where the plant 
normally occurs in Colorado, Montana. North 
Dtlkots Utah. or Wyoming. This infomation 
w u  obtained from Dittberner md Olson 
( 1  953). 

good-Thc plant is highly adapted to 
growth on a particular soil t c w r c  or soil 
type+ 

f a i r m e  plant is rnodcntcly adapted to 
growth on a pmicular soil texture or soil 
VPC* 

poor-Thc plant shows little or no 
adaptability to growth on a p d c u l u  soil 
tcxmrc or soil typc. 

3.1 1 Wildlife 
This file contains information about the 

cove: mnd food value of some of the spccics. 
This infomation was obtiincd from 
Dittbcrncr 3nd Olson (1983). primarily for 
Co lorado. 

Cover Value. The dcgrcc to which a plant 
provides environmental protcetion (Le., 
t!!ermal, nesting, brooding, or fceding cove:) 
during one or more scuons for wildlife 
species. 

good-A plant is rcadily utilized for ccvcr 
when available. 

poor-A plant is rarely or never utilized 
for covcr when available, 

3.12 Ethnographic Information 
The cthnognphic infomation has  brcn 

tAcn from a variety of ethnologies produced 
in  the early 19OOs, Each cthnobmphy W Z ~  

searched and thc information W L ~  included in 
Five scparatc files. Thc various refcrcnces 
used arc noted undcr 5.7 of thc rcfcrcnce list. 

Mcdicincs and Dycs 

Construction and Weapons 

Household Use and Poisons 

Ceremonial Uses and Food 

fair-A plant is moderately utilized for 
covcr whcn available. 

15 
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A Suwey of Los Alamos County and Bandefier National Monument 
for Macroscopic Fungi 
Nelson Jnrmio' and Fran J. Rogers' 
'Mycology Alsoclotos for mo Ecology Group, L m  Alamos Nnllannl k o r a t o r j  

Abstract 
surveys have been conducted for macroscopic fungi within LOS Alamos 

County and Bandclicr National Monument (UNM) from 1991 to 1995. From thc 
information gathered. wc have developed a data base that provides information on 
specics found, and the ecology and biology of each specimen colIected. To date 
we have catalopcd 1,048 specimens and idcntiftcd 231 spccics, Fiftylonc spc- 
cies are ncw to thc State ot'New Mexico, 21 specimens arc considcrcd rue,  This 
paper provides II preliminary listing of specics found within Los A16mos Counry 
and BYM, Scvcnty-six percent of thc specimens havc bccn preserved and srorcd 
in ;1 hcrbariurn. 

I. Introduction 
Thc importance of fungi to die ecosystem 

is well expressed by Arnold (1 992). Hc says, 
"Wild mushrooms arc fascinating organismq, 
not only bccausc of their trcmtndous 
variations in color and shape, but also in view 
of their unpredjcuble timc of appcmce,  the 
rwncss of so many spccics and their 
cnormous ccologicd diffcrcntiation. Fungi 
arc noc only decondve, but uc dso esscnthl 
componcnts of our environment; without them 
thcrc would be no long-tcrm sumival of the 
forests." 

As indicated by Arnold's sntcment, the 
ecological importance of hngi is k i n g  
recognized. Macroscopic fungi (Ixgc, visible 
fungi) have bccn found to bc good indicators 
of cnvironmcntd change. (Dcka and Mishra 
19s 1: finncs 1982: Wright and T m t  1957; 
IUopatck ct d, 1987, Pansen 1990, Arnold 
1992), In Europe. rcscuchers have become 
a l m c d  ;It the dissppcumcc of cdiblc specics 
such as thc chmntcrtllc. Rcscwches, such as 
Chcrfu (1 99 l), klicvc thc disappcumce is 
not due to ovcr collccting but to subtle 
cnvironmcntal impacts such as nitrogen 
fertilizer in Fuming. 

To understand environrncntd change in thc 
cnvironrncnt, we must know what spccies 
occur in an YCP, in which habitats they livc, 
and the conditions of those habitats 
(Koszmb 1953). Some types of fungi can be 
indicative of certain cnvironmcntal factors and 
may be indicators of unique or scnsitivc 
habitats. In our surveys, we  cncountcrcd the 
rare h n c z  Mountains sdamandcr (Pledlodon 
neornaiconus) in mas where WE located a 
rare fungal species. It is important to 
undcrstand the species diversity ar,d spccie~ 
dcpendcnce on habitats, particularly thost 
which support threatcntd. endangered, or 
species of concern, Understanding the hngd 
component of the ccosystcm wiIl help in 
making management decisions related to other 
trophic Icvels. 

Within Los Almos Phtional Labontov 
(LttuL:, thc Los Almos County, or the State 
of Ncw Mexico thcrc have been few intensive 
studies of the fungal flora. Indccd, diversity 
studies of fungi are mc in M r t h  America 
(Nishida 1992, Amrnirati 1994), The m a  
within Los Alarnos County and Bandclie: 
Sationd Monument (BSM) otfcrs ;L unique 



opportunity to study the fungal species and j 
their divcrsity. LAN, rcprcscnts a 1 12-h!:) .:' 
(43-mi:) YCO chat is remote but docs hwc the :, 
potential for contaminants to cntcr.thc . , . .  , I  
environment bccsusc of Labontory . ,. ' I  

. ,  

. .  

operations. BSX cspcricnced P Iugc fite in . , 
1977 and provided an m a  to study fm :'! ';  

disturbance and succession, Therefore, in ; 199 1, we began 3 systematic survey of L A i i ,  : 
Los A m o s  County, and B M  for fungi, . . ,  . I !  

Figure 1 shows rhc location of Los Almos , , , 

County and BNM. 

. .  
.I . 

I !  

Thc ultimate gods for a study related to ' I  ~ : 
. .  I fungi arc thc folIowing ' ,  

I 

1) To understand distribution patterns within 

2) To understand the diversity of species 

3) To record any mc and unusual species of 

4) To begin to understand the distribution I 

the County and Bandclicr. 

within these environrncnts, 

the ma. 

, 

2 . 0 4  Ecological inbraxonornic 
Information 
21 Ecology - ,: 

; Mxromycttts in.chc vcgctativc stat 
( h ~ h a )  arc thin scpented microscopic 
filaments hidden in the soil or host Based on 
t b d t  functions thcse fungi arc divided into 
thnc main functionrrl~cologicd groups: 
sapmaophic. pamitic, and mycorrihizal, 
iippmximatc~y 50% dt. the macromycctcs ;vt 

s;lprouophic and SO%hrc mycorrhizal. Therc 
;vt vexy few pmiticspccics. 

I 

8 ,  

I ,  ., I .  

' Saprophytic fungi &c involved in the 
dceomposition of dcad organic matter. 
including leaf litter, woad, dung. and d d  
sporocarps of orher bgi, ~ h c  fungi rn one 
of the few groups of o&sms with cffcctive 
enzyme systcms for the breakdown of l i g n i ~ ~  
one of thc main components of plant materid. 

h i t i c  funsi d e s  f e d  on livhr 
1 

dssucs of pimmts 3I1darlimds including &et 
patterns and potential change of these 
species. 

5) To begin to understand the cco1og-y of the : thcm. 
species within these environments. 

fungi. They amck wakened boss. mainly 
, . trees and othcr ~ c u l a t p l m t s ,  often killing 

- 9  

. ,  
I 8  . 

~ me mycorrhiza fungi participate in a 
bcncfcid symbiotic rtlationship with mcs, 
This mutualist relationship is yr intimatc 
union between the fungal!hyphru= and the 
fccding rootlets of the t r c ~  Mbny mcs and 
bushes arc oblijgory cccromycorrhinl, 
( h o l d s  1992). indudingin ourma willow 
(Sdk spp.), juniper (Jmipcrus spp.), 
cottonwood (Populu spp.), pines (Pinur spp,), 
spmce (Picca sppJ. Dough fir (Pscdotsugu 
spp.),,whitc fir (Abies spp.). Oak (Quclrw. 
spp.), and Birch (5crulrt spp.). It ha!! k e n  
cstimited that t!!ett arc bughly 1.000 kg 
(2,200 I b) of hyphae pcr PW in an avvcngc 

Once this basdine information is 
available. the potcntid c.Uists to understand the 
fungal species u indicators, periodicity of 
species, and occumncc of m and decreasing 
spccics. This paper documents thc surveys 
done from 1991 to 1995 and discusss a h t a  
base developed from thcst surveys. With this 
buclinc information and modeling of this 
baseline data, we can begin to undcrsmd 
morc about the fungal flora of the mu. 

' 

- 
I 

I forCst, i 

I 
' "  

1 

. .  . , .. . . .. .. . . . . .. 

' \  .~ . 
, .  

'1. 
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Figure 1. Locations of Los Alamos County and Bondclier National Monument. 
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. ' I .  
. I  

. I  ' 

2.2. Taxonomic lnformatfon 
The taxonomy of fungi is complicated an< 

wc arc not providing I full description in this. 
paper but have outlined the various t~ tonomk'  
Icvcls in Figm 2. Some common 
nprcscncativts of this taxonomic hicnr~hy & 
in Table 1. ! 

.. I 
I .  

, .  . .  '., I . 
, !  I ... 1' ' 

3.0 Methods 0 , .  

3.1 Collection Techniques 
Spccimens were taken from ~ o s . ~ l r n o s ; . ~ ~ :  

County in north-centnl New Mexico and the . I? . .  

adjacent BNM. On L A i ' l '  crnphd  w3s a !' , . .  .; 
placed on m.s where othcr botanical SUN&: 

wen being conducted and in forcst mas . i ;  
burned by fircs, particularly the I977 In Me& 
fire. Becmsc fungal fruiting dcpends heavily: 
on soil moisture and atmospheric hunidity,. *,.;:, 
which, in Los Amos, is dcpendcnt on .. 

altitude, we scmhed in arcas at different :. 
elevations and Within diEcrcnt vcgemtivt . :I' ., 

zones from 1700 m to 2900 m (SO0 ft to '....; * i ' c  ,. . . 

9500 ft). 

. I . ,  

. I  

1 .  

I .,. 
, .: ' .  I 
..\: I )  

' 1  

The fungal fruiting season runs n o d y  :, i r  
from May through October, with most of the,: '1 .i 
fruiting occurring in the n iny  season from ' .  . , 
July through September. Most of our 
collections were made from Jdy through . , ,.;' 'i 

'. 
. . ., 

. l l  ' .. .. 

. ,  I 

' I '. Scp tcmbcr. , .  . ' I  , 
I .'. 

We established colIcction locations in ; :.1 
BNM, WNL, and the Smta Fc National 
Forest, all within the Los Alamos County. ,.:,I 
Collccdons wcic made within sevenl 
Labontory Tcchnicd k c a s  ("A) including ',.:..,: 

TA-0,3, 1s. 67, and in burn sites in B M  n 
the Juniper Campground, park hcadquarte 
and p m  of the 1977 La Mesa tire at Burnt * . : :  : 
Mesa, Apache Springs Road ma, and chr '; .!, . !, 
Dome Road intersection. 

. 

f , ,  , 

. 5. 

I .  

..: 

I .  

4 
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1 

To Tho Varlous Famillos 

Figurc 2. An outlinc of the various taxonomic lcvcls of fungi. 
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;! 
I (  

, ( . .  , . I . . . , .  3.4 Computer Data Base , _  

The computer data base, FoxBhSE+&UC,\ 
was chosen for versatility and compatibility ':;'i 
with orher data bases. Thcrc is a data base , :,. : 
ncord for each specimen studied. Computer 

' I  cfm base field codes arc expfaincd in . ' I  . , 
i . .a Appendix A. I i . . ' !  

The mastct data base is Iabeled 2ZnA.E 
where 27 is &e current version number, Fn =I:'- 

fungi. ABC for complete alphabetized lisc ' 4. :,,; , ' I  

The lists ;vc 

1. Long form of 27FnABC: holds most of 
the fields (31 fields). 

2. Shorc form of 27 FnABC: concise 
comp1t:c list (I 1 fields). 

3. Short form 27Fhr'um: sorted by accession ::;; 
number (ncodc) (1 1 fields), 

3, Species list 27FnSpList: onc type cnuy 
for each species identified plus 6 entries ,:: ! 
with a known genus. but unknown specits:'.:: 
thus thc list also acts as n genus list (10' 
ficlds). 

S. Species sort by order 27FnSpOrdcr (9 , . ',,'! 

Hymenomycctcs. . t '  I 

- 1  

. . * . I ,  

' I" i 

, L .  4 

: . I  , 'I 

f .: I 

I ,  

., I 

',I " 

. I  

I ,  

4. < . I *  

. b  . I ,  

\ *  I .  

% , .  I 

* ' j  
b .  

" I  
fields). Xotc dominance of the 

,'i . .. 
'1 ' .  _ '  , ! . 1 .  
1 .  . 
I I. .. . 

, ,  , . , 



Table 2: Results of h c  surveys and collcccions completed in the main data base, 

Sumber of Spcc' 1 rmenq Itcm 

1,048 
188 

2s 
796 
1 1  
79 

S2% 
96% 
21 
169 
649 
39 

Total numbcr of records. 
Total number of spccimcns whose species t u o n  

could not bc identified. 
Total numbcr of unknown families. 
Total numbcr of voucher specimens. 
Microscopic studies, 
Total number of specimens ncw to the New Mexico 

Total percent of specimens identified to spccics, 
Total pcrccnt of spccimcns idcntificd to genus. 
Number of specimens judged mc. 
Number of specimens judged uncommon. 
Number of specimens judged common. 
Number of specimens judged abundant 

Mycological Sociery list, 

4.2 Summary Information When Data 
Base is Sorted by Species 

We sorted the data buc by each species 
being represented. This memt that specimens 
of the same species wrrc lumped together, as a 
"type," Table 3 shows the information rclatcd 
to species. 

The resulting data base field codes and 
species lists arc found in the appcndiccs. 
Table 4 reprcscnts the v3sious printouts that 
are found in the appendices, 



.,I . Number of Species Comment , ,i: ,,: 

241 
227 

6 
51 
21 I 
2s 
9 

, % .  D m  b w  1.. 

Location and Elevation Code for 
Los Amos Fungi Daa base 

IdenUication Reliability Code for . . \ *  3 1  

I %  

.. 1 * 

Los Alvnos Fungi Data basc ': Appcn&D, , ,:,,::, 

Myconhizal Host md Immcdiatc Habitar 
Codc for the Los Alamos D m  bast ' :; 

Zonc Code for the Los Almos Fungi D&! i! 
b s c  ' ' I  1 i S.d:,bnciusion 

Fungi Dan base 

Fungi Data b s e  

base ,:Y . ,, &,'Additional workmwbc donc on 

Fungi D m  buc 
. >  

& ,  , 4.. with Ohcr living systc D m  base 

base . ,  

P LOS AJ~os /B~&C;,FUI@ $ W V C ~ -  
I:."Ncw to the New M&co Mycology List5 
I ,  

. ,  

Rtfcrencc Codes for the Los Almos 1 'L .' 'The cfforts to collc&'~d&fy..~d dcvtlop 
..":: 1 a &n base for the m&s&pic fungi of Los 

' .  Collector/Idcntificr Codes for Los Alamos. 1:. ; Albas County h3s provided a listing of over 

Habitat Codes for LOS A m o s  Fungi Dab .:, ' &'Mexico and 6 sp&& that;Y't.considercd 

Occurrence Codc for thc Los A l m o s  

Growth Habit Codc for Los AImos Fu 

, . .I..': , :  24.l.~species. ST tbatrco&idtrdncw to 

id&dfiwtion of unkno&:spccihcns. 
Completion of the data b&c invi tcs study of 
h e  patterns ofdivcrsi~~'ccologi~'svstcms . , .  , 

, and timc'and spatid 
. .  Edibility Code forLos Alamos Fungi Dak.:; fluc&&ons. . I .  , r * '  , \ I  

':, 

. ,  i ,' , : ' . . .. : I  I .;is . 

I I ,  

I .,. . .  
I . .  : b  

, , .. , I  

. ,  1 %  

.. 
, .  

8 
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. *  . . . . , . , .  I ,  

Fieid Abbreviations .for L'os Alamos Fungi Database. 
July 15,1996 Selson J a m i e  

Fran J. Rogers 

mode 
lcode Letter code: 5 s :  two lecers of genus and species, 
genus Taxonomic Gems of specimen. species Species, Version ?iFn,J.BC 

family Fhnily. 
order Order 
cornrnonnarne 

Number code=mobe=our accession and herbarium nunber. 

Onlv ii reallv universal. omitted in some versions, 
€Fd 
ref 
loct 
date 
habi 
Sndl: 
nmlst 
ta 
?? 
vch: 
PhO 
err t 
collid 
al t 
tone 
host 
gchb 

u tmn  
u trne 
day 

O C  

T l O 3  
year 
rncro 
e r n 3  tS 
m o d e  
version 

"Grade" Idekiica tio; Reliability, see code list. 
Reference: Book and page number. see Reference code list. 
Location. see l o c ~ i o n  code lis:. 
Date of acquiskion. 
Eiabitat, compabble with ESH-20 code. see habitat code list. 
.T.=Located in Bandelicr Na t. Monurnen t, 
.T.= s p e h e ~  is on New Mexico lis: of ?0/13/94 -1.1995 q d a t c .  
LAM, TectLnical area. "00" means not on *tANL lmd. 
Type S/M/P/X/U = S a p r o b e / M W c o ~ ~ a / / P a r a s i t e / M i x e d / ~ ~ o w n .  
,T.=Voucher samole =.lade. dried and S : O T ~  in !ocd herbarha.  
Photograph, F/S)N = Print/Slide/Nonc 
Edibility by various sources). A guide only, beware! See code list. 
Collector/iben.ltifie:. see code list. single set of initials is 50th. 
Altitude -h klofeet. see location code list. 
"Life zone" see code list, 
Mycorrhizal and l o r  izmedinte habitat. see code list. 
Growth habit, e.g, "scar;e:ed", see code list. 
Occucence code. e.g, "cornmon" 
Universal Transverse Mereator Coordinates, north. see location code. 
Ukversal Transverse Mercator coordinates, east. see location code. 
Day ofhcquisition. 
Mon:h. 
Year. 
.T.=Microscopic work has been done. 
Commmts memo writ:cg in d;lt;rbssc, see commcnts printout. 
=ncode=Jsmie's accession and herbarium nunbe:. 
Version date or number idcntiiies lates: dare of editing* Not on some vc:siors, 

see code list 



1. :,:, ' 5 . . I  . ,' ;.; 
, ,  ;-i:,':~: ' , .;!'.8 

I ,  , :,: ' 
, >  ._ . 4 ' .  I ,  . . . .  I 

, ,  . . .  . . . .  I . .  '. 

lock Location and Elevatio 
Location site, about 5 0 0  n 

,,<. , 
Code Elev, u r n  utme' 

' I  

.:: : Bt&#,L Bmndclicr ~ r w  n&bc: eode: 
I .  , ., , I  . . I  

. .. I 
(Ftct) 2 9 ~ ~ ~ 0  3zcxxO (m) 

... ., , 
. I '  . * '  

APl &44 6526 7424 Apachesp%gsit&, inlit!A 
AP2 8500 6556 7480 Apache S p h p ,  Pdnderosa grove to' the NE. : LE-3 
AP3 S50c) 6564 7481 Apache Sphgs, h;iC'bewm Spriigs:;t?d'Hwy 4. E-3 
AS1 8200 6650 7550 h e l i a n  Spring$Rd. N. of SR4 ,:! ' !  

Bc1 8700 6.418 6300 Bills Cmyon'Pictic.area, p a r  rneadgw. 
BN1 8949 6773 9156 Bandelier,.::S*of htexsection'of Dom&Rd and'Elwy4. UF-IO 
BN2 5800 5838 8617 Banbelier,'hear cpper falls ' , ' . 

6 N3 6066 5996 
BN4 6200 6140 8343 Bandeli&.Cercnonid cave area. "1 .  , '  

BN6 7600 6606 7742 Bzndelier,'Bi& Gcitejllonderosa CG.'' BNM,i$UE-Z. 

BUI 7200 6452 8015 Bmdelier 9 k t  ?lesa" Plos BMl,f&2, BMS. *UF-35. 
BUS 8960 6800 7160 hndclier NE:.bf Dome rdi'Wywy 4 3 N M  #UF-3. 
6U4 S960 6800 7100 Bandelk W,of Dome r d / H y y  4, i BNM XJT4, 
B U6 9000 6760 Z O O  Banddie  S: of F5jolks Cr. headwatt&:!BNM .~UF-6, 

BU26 8100 6600 7600 Bi~ndel ierGdly %:of r;rWr:4 Ad A&stead.Sp. rd. E 26. 
BUM 6300 6160 8260 Ban. Frijo1es';Cr. 2 zC.uo from CIZ~&C~VC.'BNM EQG. 
EU46 6000 5950 5550 Bandelicr %'.of RainboG House r&<. 3 N M  aiea 4EQ46. 
BU48 6560 5940 8270 SI of HQ, be& L b h i s  and PJam~:Cmy. 3NM # EW-8 .r :I 8 . . I  

GP1 7000 7400 S250 Guaje Pines,.h'trees;~~. :,i , .: :' 

LA1 7400 7278 60% Los Aamos;*'UrbtiniPark, and other .mid: Los Alarnos. 
LA2 Z O O  7l22 804s Los Almos;.'.'CJnyb; bottom near Icc',Rink. . . i  
LB2 7400 7037 $000 U N L  TA-3'arta ,,;; :). .? , a 

LB3 7300 6606 S262 TA 67 mid m k  ...';I 

LB4 7100 ' '6823 S276 TA 67 Pajazzto: canyon. +{I' '.' La ZOO ZIO xo i o s  Aamos Canyon' mile W, of res'eryoir. ,. ; 
Lc2 i400 7124 7905 Los Alamos. Canyon. 'just U: of "West- Road".' 
L G  6500 7007 SSIO Los Alamos Canyon, :;about 2 mi. W;'of:'SR 4. , ' 

Pa 7900 7020 7750 Pajarito Canyon N. of"SrSO1 ,:: 4 .  

PLl 9200 7330 7465 Pipeline Roadtshunt.CC trails near Sk:Hill, . 
PI3 9540 7625 iX0  Pipeline Road; ' jcnkion with shunt.:;: : 
PR1 6540 6500 5900 Pajarito Canyon, N..oEPajarito Rd. (.lmi.to StZoad 4) 
PR3 6700 6591 6700 Pajarito Canyon, nekstructure 36-135:.(Sunp) (1.S mi) 
PR4 5700 636 5611 Pajarito Canvdn, ne;* k.rtrance to TA'AI'S' ( ? . h i  ' to SIX) 

. I .  

.' 

S419 Banddier; E&dqu&ers. k 400 m.. ': WQ4Z 
a i :  . . . 

, I  
.. , . .!. I 

.I I' BN5 7022 6414 7706 Bandelier, ~ Upper.C&sing. 1 1 '  * .  

BN7 6689 61S7 6439 BandelicrP'.JkipeiC.G. T i '  . . , I  

, ' J . , > ' ,  . .  

BU8 9000 6670 7350 3irndclim €:.Of 3U&?BNM 4W-6 :$'" 1 ".  . ,. , 

4.: , ' 

< . .  \ I ,  
' .  ,I 

' ! $ , '  I .  ' 
. I  

.,. , , 
, .  

, I  
, I  

* i . , . ,  .( . "  . 
' )  #:. . .  I '  ' 

1 ' 1  I. 
I \ :  . .  . ,. , ' I  ' 

.t. .:, . .  

... ,,, ,. '.I 
1. b 
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. . ' .  I 
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. .  . . . . , . , , 

Code Elev. umn utae '  Location Description 

RCI 6500 7447 8544 Rendija Canyon 
SB1 7500 7072 7880 Ski Hill Road, Ponderosa grove near base. 
SEE 6000 7117 7828 Ski Hill Road, So. Ponderosa ~ o v c ,  1st fiat stretch. 
SH3 6600 7241 7641 Ski Hill Road, "lns:all Chains" turnout. 
SHS 9200 7253 7538 Ski Hill Road, i / 2  nile  below Spruce lift. 
SHY 9260 7305 7427 Ski Hill Road, Spfiag 3rca near Motler lift. 
SH8 10000 7'250 7400 Ski Hill, SFruce Forest SW of end of road, ridge. 
W C1 700 6673 7693 W ate: Canyon, near Mwy 4,100 ZI n o r 5  
WR1 6500 6466 9025 La Vista scbdivision. White Rock area 
WR3 64-40 6400 9040 n i d  La Senda (PJ) 

(Feet) 3 9 ~ ~ ~ 0  3rc*xxO (m) Bh%# is Bmdelicr area number code. 

*Universal Transverse Mercator Coordimtes, Zone 13, in meters. 

. '  . , . .  grd: Identification Reliability Code for Los Alamos Funo 4 Database. 
July15,1996 

The grade is subjcctively detemhed by the identifier. 

1 
2 

ETd 
Well known, no doubt, species sure, no dose brothers, 
Well identified, but slight possibility of being a near spccia in a close group. 

Good for J. foray or regis& list. 
Genus sure, spedes likely but don't bet on it, Often designated ;IS 3 
"Group" in a field guide. 

3 

4 Genus only 
5 Family only 
6 Order only 

Unknown c 
/ 



.!. .. , I  

. I  .. , .  

' 8  

8 .  

* . . .  I . .  I 

host: 'Myconhizd Host a& Imedirrtc Habitat Code 

for Los A.hmos8 &ngi Database.., ' 
July 14; 1996 ,: N. J m i e  

'1 ,' , .  

t 0 ,  

: . .  
The host is estimated by the co9ector on the's?ot, ~ L !  the "dripiiie" or wit!+h 

' .' 

PI 
PP 
LP 
DF 
"F 
Es 
AS 
a3 
OK 
00 

oc 
MC 
MT 
RW 
?3W 

DW 
Dc 
MG 
DU 
M 
SA 

HU 
FU 
N A  
U N  

. .  , .  

Juniper, Oneseed, Junipu'zs mdnosyct;.nc. 
Rocky Mt. J~r~iper,  jiinipcrusscopu[orum. 

Ponde:osa Phe, Fixtrs  ponderoic: 
L i b e r  Pine, Pinus flexilis,: , 

Doughss Fir, PSCX!Q:S:L~R . mcnzksii, 
White Fir, Abies cuncoior. : ' 

hglernann S D ~ C ~ ,  Rcea , engc l~mi i ,  

~ottte.nwooci, ?opuIirs fimontii bar. mislixnii .  
Gambd (Smb)  Oak, Qum& gambciii. 
Other Deciduous, see "memo", : I 

Other Conifer, see   me no"..^^ j 

. I  

Pi5on Pine, Pinus Eduf:'s. 4.: . . .  

I .  

. I  

* .  
Aspen, PopuiLlS tremuLoidcS. ' ; 

. *  
, '  

. .  

Mixed Conifer. 
Mixed Trees, Many varieties close, 

usually mix of Fa,.  id some 7ine:and s p c e .  

Rotten unidentified wood. 
Burned wood, 
Dead deciduous log. 

4 . .  , ,  

I :  . .  
I .  , 

I) 

, I  

Dead conifer log. I .  

Meadow/grasscs, No trees or o b v i o k  host. 

Dirt. 
SauroDhyte. . .  

Dung I ,  

Eiunus  
Fungus 
None of the above, see "memo". 
' J n  kno wn, 

..., , 

b ' .  



. .  

.- zone: Zone Code for LOS .4lamos Fungi Database. 

July 15,9996 

Life Zones of the Southwest: Altitudes i? anetcrs are roughly median values. 

ALP ucTIc/.4LPm 

W t P  XUDSONIAN 

CAN CANADIAN 

TRN TRANSITION 

SNU SONORAN, UTFER 

\ 

Above treehe 30004 m 
11500-~p f t ,  

Spruce (Englcman), Subalpine Fir, Aspen, 29003 
9500-11000 f:, ( "Spnce-Fir") ("Subalpine") 

Douglass Fir, White Fir, Aspen, 3 0 0 m  
5000-9500 f t, ("Fir-hmn") ("Montane") ("Mixed Conifer") 

Ponderosa Pine, Gambei Oak. 2100 m 
650 G-8 0 0 0 ft, ("Pine-0 ak") ('Too t.hil.k") 

.f 

Tuni~er, Phion Pine, Sagebntsh, Saltbush, S c u b  Oak. 
&0$-6500 k. upper: 19Oi n("PiAon-Juniper") ( " P y p y -  
Conifer)" lowez'1700 rn ("P!ains"), ("Junipet Grassland") 

SNL SONORW, LOWER Mesquite, Creosote Bush, Yucca, Saguaro. 
4500-down ft. ("Desert") 



1'. .- 
. . . . . .  . I 

NllD 

BSM 

GLT 
IlMD 

LAS 

MNA 

MSM 

PNA 

SWM 

SGM 

SNC 

ssw 

- . _. . . . . . . 



. .  ~ . . , I I  

col-id: Cotiektorfldentifier Codes '€or Los Alamos Fungi Database. 

NJ 
FR 
TF 
BI 
RP 
JS 
F.i 
KG 
TV 

Nelson Jamie 
F m  J. Rogers 
Texelene Foxx 
Bill Lsaacs 
Roger Peterson 
Jack States 
James Worrall 
Robert Gilbertson 
Tom Volk 

36 Juniper Grassland 
PJ Fiiron/Juniper 
PTPp P~on/Tunipcr/PonderosaPi?e 
ET Ponderosa Pine 
PJMC PLion/Juniper/Mixed 'Conifer. 

July 14,1996 

MC Mixed Conifer. 
.ES Englcman Spruce, 

, 

SAM Subalpine Meadow. 
c33 Caiion Bottom, 
CBPJ CaRon Bottom/Pi;ion/Juniper,. 
CEPP Cafton Botcom/Ponderosa Pine 
CBMC Cafion Bot?om/Mixed Cohifex 
BQ Bosquc. 
W Wetland, 
MG Meadow or Grass. 



. . e . . ,  . . * ,  

SCT 

GRG 

CES 

UNK 

. .  I 

@b: Growth Habit Code ior'Los I .  Alamos F&gi * ? ,  I Database. 

kola ted 

Unknown. 
. : I :  : , , . I .  

. . .  . , , . .  ... . . , . . . ... . . . . ..... .. 6.. . - .  
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. .  . . .  , I I , ,  . .  

eat: Edibility Code for Los Alamos Fun$ Database. 

July 15,1996 

0 VCD Vaygood. 

EDB Edible. 

IND Inedible 

POI Poisonous. 

iJNK Unknown. 

Beware! Many sixaes are poisonous, some deadly. Text and a p p e m c e  in field 
guides can be deceiving. 



ganiie 

ilgaricus 
Agaricus- 
hg a 1- i cu s 
Agaricus 
Agaricus 
A33 r i cus 
Aqar i cus  
A w - W E t ,  
Agrocybc 
&-%in i t a 
F&-nnita 
hlunita 
I%LW i t a 
k w n  i ti\ 
k w r i  ta 
kn.mi ta  
AT->; I i t a 
hrcyr ia 
hini 1 lar ia 
A m i  1 la r ia 
Amillaria 
A m i  1 la ria 
AsCraeus 
Auricularia 
>.u r i sca 1 pi u- 
B a t  t ar r ea 
nisporel la 
n j c c ka : d e  r .I 
Eo 1 e tu s 
i3aletus 
Wletus 
Coletus 
Boletus 
bletus 
bletus 

ca lvat  i a 
Cant hare1 lus 
Ca t a the 1 asp2 
Cerat i tr -v?ra  

Cd 1GVCUS 

epocioe family order grd rof t y p  copllonname ocr ncode 

augu 5 tus 
b a r  rags i i 
bitorqu is 
c m p e s  t r i s 
hamrthoirl~rius 
si lvicola 
xaiit hdeImus 
petliades cf. 
praecox cf. 
bisporigera c€. 
caesarea 
constrict a 
fulva 
mwpiverrucata cf 
rruscaria v. nus. 
pant her ina 
vag i na t a 
denudnta 
allwlanaripes 
mellea cf. 
strL-inia cf. 
taDcscens cf. 
I i y g  rorre t r i cu s 
auricula 
vulgare 
plnl loides 
c i t r  iru 
JChlS ta 
LMr r cws i i 
calcpus 
clialciponis cf - 
clirysentercn cf 
Cclul is 
h a c a  t inus 
d r i p e s  
d ichrous 
gigantea 
c it- r ius  
ventricora 
fruticulosa 

c1ii.i rronopliy 1 l i ~ .  cmxl idi ss ims 
Clilorccitmria acruginascens 
Clilorophyllun rmlylditcs 
C l ~ r o o g o r r  flrus t cxrcntosus 
CIi rogocrphus v i n  i co 1 or 
C1 ava r i ads I p h s  1 ove joyae 
tiavariadclphs pistillaris 

Agar icaceae 
Agaricaceae 
h ~ a  r i ca cea c 
hgaricaceae 
>.ga r i caceae 
>.gar i caceae 
Agaricaceae 
Eolbitiaceae 
Mlbitiaceae 
k-Nn i t aceae 
AT- i t a cea e 
R.Tm i t a ceae 
Fnin i t a ce a c 
F-wn i t ace a e 
?nm i t acea e 
?nan i t aceae 
bani taceae 
Tr ichi aceae 
Tr i cho 1 e r a  t acede 
Tricholormtaceae 
Tricholorrataceae 
Tricholocataceae 
hstraeaceac 

>.ga r i ca 1 e s 
>.gar i ca 1 es 
Agaricales 
Agaricales 
Agaricales 
Agaricales 
Agaricales 
h g a  r ical es 
hgar ica 1 es 
Agarical2s 
Agsricales 
Agaricales 
Agaricales 
Agar i  ca l e s  
karicales 

2 
2 
2 
1 
2 
2 
2 
3 
3 
3 
2 
2 
2 
3 
1 

Agaricales 1 
?.gar i c a 1 es  2 
Tr ichi ales 1 
Agaricales 2 
Agaricales 3 
Agaricales 5 
Agaricales 3 
SclerdemAtales 1 

CAS502 S 
M a x 9  I-! 
GLT130 S 
M S O S  s 
CAS505 s 
rJ-rn331 s 
S m 3 2 9  S 
MD-I68 S 
>HD169 U 
AI-ID271 H 
Mrn2B.I  H 
&HD289 H 
-536 & I  

8 x 0 2 0 2  I i  
UsD280 H 
i A s 5 4 9  I i  
F S 6 3  U 
A w l 9 4  P 
Ik5736 P 
LAs73-l P 
C.??197 P 
Alm705 s 

~ 2 7 4  n 

Auricvlariaceac AurIculariales 
IIydnaceae Apliyllcphorales 
Tulostmtaceae nlostorrutales 
Leot iaceae tielot iaies 
polypraceae Aphyl lophoral es 
Dol etaceae Agaricales 
Ooteteceae Agar i ca 1 es 

ihl etaceae Agaricales 
Ihl etaceae Agaric a 1 es 

I Ebletaceae Agaricales 
Boi e taceae Agar ica les 
Polbporaceae C.plryllcpttorales 
lyccperdaceae Lpcc+erdales 
Cmtharellaceae hphyllcphorales 
Tricholmtaceae Agaricales 
Cerat imp.aceac Cerat i m p a l e s  
Tricliolomtaceae Agaricales 
&tirat i aceae Helot inles 
hpiotaceae Agaricales 
Ga~phidiaceac kpricales 
Gqhidiaceee Agaricales 
C l  avariaceae ArJhyl lopliora 1 es 
Clavariaceae Aphyllophorales 

&le taceae AgdCiCaleS 

2 MD675 s 
1 Cl-29 S 
1 SsH156 S 
2 1-95352 S 
2 EIiA270 S 
1 SHD529 1.1 

5 UW000 U 
3 MID519 H 
1 M m 3 0  li 

2 8 m 5 2 4  14 
2 ! A s 4 4 9  u 
2 *Mi2581 S 
1 thS307 U 
2 MiDl95 w 
2 F W 3 0  U 
2 lAs743 s 

1 M I 2 9 5  S 
2 I X X S O  H 
2 IA!j651 H 
2 H-fD634 H 
2 ihS403 11 

2 ~-m523 n 

2 mm52a H 

1 ~101378 s 

9 3  E 
6 69  
159 
947 
160 
187 
139 
1142 
166 
168 

Caesar’s k!urrrlt. 

Fly Agaric 

G r  i s e t t e  
S1irr.e t@ld 

Tree Ear 

1116 
518 

1 1 4 1  
9 9 1  
925 
651 
77 L 
386 
422 
1090 
9 00 
206 
954 
1117 
1133 
502 
Ot6 
864 



genua 
ClavariadelyJus 
Clavlcorona 
C l a w l i n a  
C l a w l i n a  
Clavulincpsis 
ClitocyEe 
C l  i t o c y k  
Cl  i tocybe 
C l i t o c y k  
Col lybi il 
Col 1 ybi a 
Col lyhia 
co 1 t r i c i a 
Conioy-kera 

Ccnocybc 
. Coprinus 

CGlIOCybe 

5 p O C  1 OE 
t mnca t u s  
pyxi data 
c r i s t a t a  cf. 
N g O S a  cf- 
cornimla t a 
d e a l h t a  
d i l a t a t a  
giMI.3 
gigantea cf. 
drymila  
lentinoides cf. 
spongiosa cE. 
peE emi s 
plteans 
lactea cf. 
tenera cE. 
atramnta riur 

€ani ly ordor 
Clavariaceae Aphy 1 1 @lor a I es 
C I ava r 1 a ceil e Apl  ry 1 1 op!mra 1 e s 
clava r i aceae bphyllophoraies 
Cl avd r 1 acea e AyJiyl lophora 1 es 
clava r i aceae fi$iyl1 ophoral e s  
Tricholormtaceae Agaricales 
Tr icholomataceae &gar icales 
Tricholomtaceae Agaricales 
Tricholmataceae Agaricales 
Tricholomtaceae Agaricales 
Tr i chol o m  t aceae Agaricales 
Tricholai taceae t-garicales 
Polyporaceae kphjrl lophorales 
Con iophoracea e t.phy11 ophora 1 e s  
~ o l t , i  t iaceae M a r f  cales 
6olbTtiaceae Agaricales 
Copririaceae 

grd rof  t y p  comxaonnasae 
2 *Pa34 s 
2 US401 S Coral tbshroon 
3 CND641 U Coral efushroaa 
3 8 m 1 2  U Coral Hushsoon 
2 ~ J a 6 3 9 U  
2 EM3163 S 
2 IS746 U 

3 M I 5 8  S 
5 tm131 s 
3 nu61 S 
3 -756 S 
2 M W 5 9 S  
7 IS415 U Wet rot 
3 kD172 S 

2 ~ r n i ~ 7  s 

ocr ncode 

C U 3  1014 
CKH 226 
CrT4 152 
UK: 314 
UXI 306 
CIYt 1065 
ct(< 680 
UM 920 
urA 230 
UM 616 
uc 957 
LRTA 1007 
UM 373 
CCIi 428 
k m l  946 

C C L ~  1064 

. - .  

I 

grmulosuTl c€. 
palratus . 

. conrragosa 
concent c ica c f . 
velut fpes 
can janclcr i 
pi nicola 
sept ica 
autu;maIf 9 cc.  
applam tura 
rrex i can a 
cormatu-a 
E act a tum 
tt iplex 
g ravcol ens c C 

T r I c h o l 6 t a c e a e  Agaricales 
Dac ryr;;/Ee t a cea e 
-Polyporaceae. . AphjkIeijhorales 
~ylariaceae ---. S p h i i l a l e s  . . 
Tc i cho lma taceae  Agaricales 
Polyporacenc P.cJ 1 y l i 01: t mra 1 e s 
Polyporaceae ' hphylloplmrales 
f- t iy 5 a t  a cea e Phys a ra 1 es 
Cortinariaccae Agaricalcs 
Pol yporacea e hp?r.jllophorales 
 aut i e r  i aceae  Caut i e r  i a les  
Gcas t rdcede Lycoperdaies 
Cea s t caceae Lycoperdales 
Gedstraceae .:: * ysoperdales 
Polyporaceae Joyllophorales 

Dclc ryzrice t a 1 c s 
3 
2 
1 
S 
1 
2 
2 
1 
3 
1 
1 
2 
2 
1 
3 

NU3200 H 
FtLh300 S 
CR1226 U 
L h s 3 7 4 .  s 
rJm220 s 
N W 9 0  s 
ElUK78 s 

lASG20 S 
I S 4 6 0  P 
EJID747 13 
1-818 S 

M a 7 0 3  S 
-462 U 

IASB~S s 

1 ~ ~ 0 1 8  s 

. -  
. - . . .  

Velvet Foot 

sirrne W1d 

A r t i s t ' s  Conk 

Earth s t a r  
Edrttr s'tar 
Earth star 
Sweet .knot 

Ccri 828 ' 

CUr 1137 
UIC 912 
U M  - 945 . 
0014 1003 
UC 1136 
c a r  1029 
0 3 1  1132 
ai 303 
0 3 4  1 0 2 4  
UlX 914 
C U I  686 
car 432 
C a t  227 
uc. . 11 



< J O n U f l  
G locophyl l  L! 

c;or: ph i d i u s 
c a . h  idius oregonerisis 
cba pl IU s b n a r i  
Gcrrphs f loccosus 
G u e p  i n iops i s  
~ T X G ~ O ~  is 
~mosporangiurn s~eciosus cF. 

a p 0 c i 0 9 
s e[> i a r iu3 
r ~ l u t i n o s u s  

a 1 pi w ~ s  
s-tp i neu s 

e5culerlta 
i n fu l a  
c n i s t u l  i n i € o n x  
s i napi zans cf - 
acctahlura 
c r i s p  
e l a s t i c a  c f .  
lacunosa 
clnvata cf. 
a h i t i s  
pe ta lo ides  cf. 
hc3i sI3merica 
arirantiaca 
acutoconica cf - 
c c n i a t s  
rrargirintus cf . 
W o r i  nus 
s p x i o s u s  
chrysosFernz2 

l a c t i f l u o n r ~  
lu teovi rens  
a 1 w i s c a  cf. 
f a s t i g i a t a  
lanuginosa 
raculata c f .  
s o r o r i a  

Zs?.ethystina c € .  
bi co 1 or 
l l tccata 
b a r r o s i i  
contxoversus cf. 
d a l i c i a s u s  
01 i v a c e w b r  inus 
t u b r i  l ac tcus  
tom i n05u s 
uvirtlls cf .  
aurnnt iacuz 

C ~ l ~ S d G n  

tryalilius cf. 

tu:€ntosus 
1 EC t C'J5 

f a o f  Ly ordor  
Po 1 ypor ac ea e Afiyl lophorales  
G o q h i d i a c e a c  Agar ica les  
GorqPi i di aceae A r p  r ica 1 es 
Canthare1 l a c e a c  ~ f l i y l l o p h o r a l e s  
can t ha re  1 1 acea  e A f i y  1 1 opt lor a 1 e s 
mc -=ice t a ceae hc-ce t a 1 e s 
Cor t i n a r  i aceae &.gar i ca 1 e s 
mcciniaceae U r d i n a l  es 
t !e lve l  1 acea  e Fez i z a 1 e5 
t lelvel laceae Pcz i z a 1 e s 
Cor t ina r i aceae  P.gzlricn1es 
Cor t i  na r i ac eae P.g a r i c a 1 e s 
t i e lve l l  aceae Fez iza les  
Helve1 laceae Pezizales 
l ic lvcl l  a c m e  Fez i z a l  es 
Helve l laceac  Psri znles 
Trich iaceae  Tr i ch i  a1 es 
llyjnaceae *.rhyl iopliorales 
Tr i c ho 1 orra t a c e a e ?.ga r i ca 1 e s 
Pyronwatoccac Pazizn lcs  
hxxci llaceile A33 t- ica 1 e s 
i i yg r c.flio r ac ea c hg 3 r i ca 1 e s 
t lyg r opl lor aceae P.g 3 r i ca 1 e s 
liygrophoraceae Agar ica les  
Iibqroyhoraccae Agaricales 
HygroF?ioraceae Agaricales 
tlyg rophoraceac Agar ica 1 es 
l l ~ p o c  rea  ceae Sphaer iales 
Jlkpcxrreaceae Sphae r i a 1 es 
Hhpocreaceae S y b e  r i a 1 e s 
tlhpocresceac Spliaer iales 
cort i nar i aced e h g d  r i ca 1 es 
Cor t ina r i aceae  Agar ica les  
Cor t ina r i aceae  Agar ica les  
C o r t i n a r i a c e a c  Agar ica les  
Cor t ina r i aceae  >.garicales 
Polbpora cea e # . ~ h f l l  cphora les  
Po race a e Aphyl l o g h ~ r a l e s  
Tr i c to1 CE.~ t a ce a e b.g a r i ca 1 e s 
'ir icto1cI(Nt aceae *.garicales 
Tr i chol rn I ac ea e bg s r i ca 1 e s 
Rossulaceae 8.g a r i c a 1 e s 
Hussvlaceac #.gar icales 
Rtissu laccze Agaricai e s  
Russulaceac C.ga r i ca 1 cs 
Russulaceae marital es  
Russu I accac? Agar ica les  
p.u ssulaceae #.gar i c a l e s  
Eoletaceae P-ga r i ca 1 es 

gr l i  rof t y p  ccmnonnama ocr ncodo 
1 [As463 S . 
2 ~ m a e 2  H 
2 ~ m 4 ~ 2  n 
2 IS3396 U 
2 US396 
2 Ss1J145 U 
2 * r n 0 8 U  
3 TcxtEk P 

2 tt1\303 S 
2 CAS624 H 
3 HtD16'5 H 
2 8 H u 9 0 7 U  
2 8 D a 1 6 U  
3 u r n 1 3  u 
2 $lDBl!i W 
5 Fm6G S 
2 FJ?E614P 
3 $MD136 S 
2 IAS351 S 
2 MDi79 s 
3 8 r n l l S  u 
2 lhs657 U 
1 1-658 U 
3 1m112 u 
2 MID116 U 
2 LAS667 U 
1 IS371 P 
3 FiLX313 1' 
1 IS373 P 
1 u s 3 7 3  P 
3 mD159 1 i  
2 I s 6 2 8  H 
2 I S 6 3 0  t i  
3 >JEHSB N 
2 I S 6 3 2  U 
2 Am563 P 
2 IS167 S 
3 MSnl72 s 
2 tJrnD173 1 1  
2 MfD172 s 
2 M D 6 9  u 
3 W D 7 0  H 
2 IAS683 kI 
2 8HD70 H 
1 U-8 H 
2 fAS69.f 14 
3 M.I1>75 H 
1 1-577 t l  

2 m u 0 3  u 

cui ioie 
cu4 1083 

Insidious G. cc(i 203 
c\-Ti 1066 
c c t 4  953 
vllc 172 
L . X  817 

CRlC 1099 
c R 6  1125 

paison pie 886 
UTI,' 1030 

h P  nlngus cCX4 146 
SaJjle Hushroon mi 913 
Saddle I h s h r m  LRK: 257 
SacMlc t t u s h r a  C U i  149 
Slice Hold NiS 603 

RrR 769 
LRXT 1138 
M C  4013 

False Chantexel l  CX4-l 1119 
U X  831 

t j i t ch ' s  t iat  Cui 1068 
UIK 713 
CCti 1069 
C U J  1099 . 

1038 
Ulc 704 

Lobster Hushrocn CCt-1 1035 
.iRK lOS6 
U K  - 4 4 9  

UC 305 
utr 448  
Ulc 1103 

VIE 1043 
l3.x 773 
CCW 1027 
f c t 9  901 
UKI 1053 
t9C 1060 
CCIj 1113 
Uric 663 
CCt3 1034 
c u t  611 . 
U K  1038 

I s .,..I .: = 1 ;---.%. _ _  . , .-. :i 7 + r ."f; 

Juniper Rust cc(I 181 

cu+ 014 . 

ur i  129 

u1c loa5 

CCH 1010 - 3 . . * -  - .  . .  
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subs a Iron i u s 
acriqiriea cf - 
b rev i pe s 
Errtica cf - 
m c u l a t a  cf- 
rosacea cf. 
crxcinca 
e r i n x e u s  cf. 
s c u t c l  1 a t  a 
crispa 
rad icat a 
f l av ida  
pacl1ycr~on 
octiraceun 
sp lendens  
c ocrp 1 i c a t  u= 
h i r s u t u n  cf. 
s t r i at u r ~  
c o r o n i l l a  cf. 
kau f founi  i 
gracula t us 
1 ake i 
sibiricos 
cupu 1 a r i s 
t e r r e s t  ris 
rr.eseiitcrica cf 
abi c t i nus 
sdchdi taceu? 
scab ra  cf . 
SP - 
platbFhy1 l a  
tut i f a i l s  

spociof l  
squslrosus 
var ius  
corticola cf - 
spi 5sa 
c a r b n i c o l a  
v a l u t  ina 
g e l a t i n o s u n  

a 1 bo1 u t eus 
c iruiabar i nus 
vi  n o s i m c u l  aus c I - 

SQ - 

f r  i c tm 1 on+ i s 
Tmncocolti..el l a  c i t r  i na  

' i l l  lo5 t 0x1 bnxmlle cf. 
111  l o  s c a r 3  
Tyrcrqces guttulatus cf. 
V.~c,cel l u a  l loydianim c f -  

'kbi Eera SP - 
s irm 1 ans  

€ani ly 
Po 1 yporacea e 
Polyporaceae 
P o l m r a c e a  e 
Polyporaceae 
Coprinaceae 
Ccprinaceae 
Trerrel Iac iae  
Strcptwr Izceae 
Po 1 ypora ceae 
Palyporaceae 
Clavar iaceae 
Rhi zomonaceae  
nus su 1 a c e x  
Russulaceae 
Russulaceae 
Russu laceae 
Russulaceae 
Sa r co scyFJlsce3 e 
Pyronwtaceae  
Pyr onem taceae 
C l a v a r i a c e x  
Clavar iaceae 
Ceoglossaceae 
Polyporaceae 
I Ibdrisceae 
S t em n i t aceae 
Stereaceas  
St ereaceae 
Stereaceae 
St rr;+ r i aceae 
S t r c p h r i a c e a e  
Boletaceae 
b l e t a c e a e  
h l e t a c e a e  
Fyronfzra tsceae 
?he 1 ephorace a e 
Trezeflaceae 
Fol>-porscelr e 
Polyprace3e 
'Trichiaceae 

ordor 
Apiiyl Iophora les  
bg?hyl lophora les  
Aphyllophorales  
hphy 1 1 oplior a 1 cs 
Agar i ca l e s  
Agar icales 
Trerr.el1 a les 
Agar ical es 
Aphy 1 lophor a 1 es 
Aphyll opho ra 1 e s 
hphyl 1 opho ra 1 es 
llymenognst ral es 
P.ga r icn 1 e s 
Agaricales 
Agar icales 
Agar i ca l e s  
Agaricales 
F e z  i zal es 
Pez iza l e s  
Fez i I a 1 es 
Aphyl laphora l  es 
Aphyl 1 opiiora 1 es 
t1e l o t  ia l  es 
hpliyl l ophora l e s  
Apl iy1  loplroralcs 
S t t m o n i t a l e s  
>.fliyl lophora les  
tqAyl1ophorales 
hphyl l ophora l e s  
>.gar i ca 1 e s 
Agaricales 
p.gar icalcs  
Agar i ca  1 e s 
&.garicales  
P s t i  zales 
Aphy 1 1 oph m a  1 es 
T r e i e l l a l e s  
4pliy 1 1 ophora 1 es 
Apiryllcphor a 1 es 
Tr i chi a 1 es 

Trichololr;\tdceae Agaricales 
Tricholomtaceae Agar i ca l e s  
Tr i cholmat  aceae Agar icn 1 es 
P h i  zopgonaceae t1yr:enogastrales 
Ret icular  iaceae ticeales 
 TU^ os tam t acca e 

10s tcca t aceae 
Po 1 b p o  r ac ea e 
Lycciperdaceae Lycoperdales 

'hl  os t m a  t a 1 es 
m1 ostocrutal  e s  
A p h y  1 1 q , l  bora 1 e s  

* .  

t 
ocr ncode . g r d  r e €  typ connonname 

2 Ft14251 P 1105 ; 
949 : 

986 . 
m e  ; 

1134 : 

1047 ; 
1144 
1128 . 
981 ' 

652 
936 
65 3 

l l l 2  : 

100s 
869 

i oa i  
401 
685 
205 
568 
462 
301 4 

4 2 6  
135 
9 6 8  - 

304 : 

216 
1104 
1034 
I004 

912 
1076 
1026 
2059 

995 
964 

1023 

275 
1135 

143 
466 
607 
029 

546 I 

e57 

a63 

389 



genus epeciem 
Volvariella txdyci tla 
Xercqhalina carpanella 
Xerula me c i c a m  

. .- . .  

fanily ordor  
Pluteaceae Aga t'ica I es 
Tr ich0lom.a taceac Agar k a l e s  
Tricbolorrutaceae Agaricales 

grd ref  typ connonnano 
2 is677 S' 
1 IAS809 S 
2 UlKOOO u 

- 4 
O C f  ncode _ -  
mi 974 . 
RA-q 841 

RW 2 5 8  -- 
* 

. .  . .  
. .  

. .  
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1391-i335 
ordar 

.so .i r i ca I es 
Agaricales 
Agaricales 
Agaricales 
Pig a r ica 1 cs 
Agaricales 
8.g il r i ca 1 e s 
Agaricales 
Agaricalcs 
Agaricales 
Agaricales 
Agaricales 
Agaricales 
hga r i ca 1 e s 
ngaricales 
Ag a r ica 1 e s 
A g a r  i ca 1 cs 
P.rJ.ir icales 
&!.it icalcs 
hg.1 r i cia 1 cs 
Ag~ricnlcs 
Agar ica 1 es 
Agaricales 
Aga r i  ca 1 es 
h p r i c a l e s  
Agaricales 
Agaricales 
Agaricales 
Ag.3 r i ca 1 es 
P ~ J  c i ca 1 e s 
hgaricales 
Agaricales 
Agarical cs 
Agaricales 
Agaricales 
h g  a r i ca 1 e s 
Agar i CJ 1 e s 
Agaricales 
F-ga r i ca 1 e s 
Agar i ca 1 es 
AD a r i ca I cs 
$.ya r ica 1 es 
$.va r ica 1 es 
h g a  r ical es 
Agaricales 
Agaricales 
Ag a r ica 1 e s 

family 

Agar icaceae 
P.garicaceac 
hgaricaceae 
A g a r  icaceae 
hgaricaceac 
Agar icaceae 
Agaricacest? 
Wariitaceae 
miii taceae 
h n m i  i taceac 

n i t a cea e 
A!?-initaceae 
;-rani t accae 
A-ni taceae 
?nanitaceac 
klbitiaceae 
noltii t i accae 
hlbitiaccae 
nolljic iaceac 
Doletoceac 
001 e t  acede 
Bo1 ctaceac 
F3olettceae 
Eblctaceae 
mletaceae 
Dol etaceae 
Doletaceae 
Eolctaceae 
I?oletaceae 
Boletaceae 
Bal et aceae 
Ccpriniceae 
Ccprinaccze 
C y x  inaceae 
Ccprin3ceae 
Cwrinaceae 
Ctprinacese 
Ccqrinaceae 
C q x i n a c e a e  
Cort ina r i aceae 
Cor t i n3r i a c m e  
Cortinariaceae 
Cactinariaccac 
Cortinariaceae 
Cortinariaceae 
Cortinariaceae 
Cor t inariaccae 

gonua 

Agaricus 
Aqaricus 
Agaricus 
Agaricus 
Agaricus 
Agar i-cu s 
Agaricus 
P i m i  i t a 
Fsran i t a 
&van i t a 
P n m i  t a 
k-nita 
h n i t a  
kani ta  
-ita 
Agrocylx 
h r o c y t c  
Conocyb 
conocyLc 
mi e tus 
Doletus 
Bo1 et us 
Doletus 
Eoletus 
Boletus 

I.ecc i nu-n 
Lcccinum 
Sui 1 ius 
Sui llus 
Sui 1 lris 
Copr i nus 
C o p r  i nus 
CGprinus 
Cylrinus 
fanaeolus 
P m a  eo 1 LI s 
Ysa thy re 1 1 a 
Psa  thyre 1 i a 
Cor t i na r ius 
Cart inar ius 
Cor t inar ius 
Cor t i nar iu s 
Galerina 
G y ; m o p o l  is 
Ilebeimm 
t {ebe i o m  

C b l c  ipo tu s 

epecios ncode grd r'ef typ comaonnano 

augustus 
Lurrowsi i 
b i torqu i s 
czmpes t r i s 
iiaeimr r ho i I& r ius 
s i lvi col a 
xsnthorle1 N s 
bisporigera cC. 
caesarea 
con strict a 
fulva 
rragnivermcata ct . 
rmscaria v- mas. 
pant lie r i na 
vagina ta 
pccfiades cf. 
praecox cf. 
lactea c€. 
tenera cf. 
h i r r o w s i i  
calopus 
chrysentcron cf - 
edulis 
ha&-a t i nus 
rubr i w s  
SP- 
aurarit iactm 
insigne 
granul a tus 
lakei 
sibiricus 
at r asen  t a r ius 
C ~ ~ t U S  

lar;opus cf. 
m i c a c e u s  
fceniscci i 
retirugis cf. 
carbonicola 
velut ina 
albviolaceus cf 
a ricw lu s 
caloctirous 
glaucopus c f -  
auturrnzilis cf. 
sapineus  
c tus  tu1 i ni f orre 
sinapirans cE. 

938 
E69 
159 
947 
160 
i 87 
139 
168 

1140 
1048 

662  
930 

1017 
1092 
893 

1142 
1 G6 
4 2 8  
946 
1116 
518 
991 
925 
651 
971 

l i d 1  
1010  

67 3 
1034 
1004 
972 
803 
677 
697 
7&0 
031 
210 
1134 

546 
654 
7 37 
730 
112 
303 
617 
B66 
1030 

2 
2 
2 
1 
2 
2 
2 
3 
2 
2 
2 
3 
1 
1 
2 
3 
3 
3 
1 
I 
2 
3 
1 
2 
2 
5 
1 
2 
2 
2 
5 
2 
1 
3 
2 
2 
3 
1 
2 
3 
2 
2 
3 
3 
2 
2 
3 

Destroying Isgel 
Caesar's Hush.  

Fly S-garic 

G r i s e  t t e  

King. Cep. etc  



. .  

ordor 
Agar ical e5 
Agaricales 
Agar ica les  
Agaricales 
mar icalcs 
Raa r i ca 1 es 
Mar i c a l  es 
Arja c i cal es 
hgar ica les  
maricalc-s 
M a r i c a l e s  
h g a r i c a  I es 
Agaricales 
Agaricales 
hga r icat e5 
R.qa r ica 1 c s 
Agar i ca l e s  
Mar i ca l  es 

. hqar ica les  

f ami l y  
Corti nnr i rlceae 
Cortinariaceae 
Cor t i M r i ace ae 
Cortinariaceae 
Cortinariaceae 
C r ~ p i d ~ t a c e a e  
CrepiJotaceae 
Crepidotacsae 
h t o l o r m t a c e a e  
*ph idiaceae 
Gmqh id i a ceac 
Gorrph i d i aceae 
h q h i d i a c e a e  
t iyg r@io rac ea e 
Ilygrqhoraceae 
Ilygctiphoraqeae 
I lyg ropho rac ea e 
llyg ropho r ac ea e 

gonuc 
Inmybe 
rnocybe 
rnocybe 
Jnocyh 
Il?ocybe 
Crep i dotu s 
Cr epidotus 
Crepido tu s 
?blanea 
Chroogmptw s 
C h r w  orrptiu s 
cor;# i d ius 
Gcq&idius 
llygrophorus 

llyg r *dru 5 
H y 3 r c p h O N S  

epaciaa 
a l h d i s c a  cE. 
f a s t i g i a t a  
1 mug i nosa 
m c u l a t a  cf. 
sororia 
applanatus cE- 
l ierbanxr cf. 
Iiiillis 
sp; 
torrentosus 
v in ico lor  
g lu t inosus  
oregonensis 
acutoconica c f .  
chryrodm 
conicus 

ncode grd rof t y p  co-onnano 
459 3 rims9 1f 
129 2 1 ~ 4 ~ 6 2 0  n . 
305 Z I S 6 3 0  H 
448 3 PHDt58 ii 

443 3 LAS636 S 
256 3 PJD105 S 
993 1 lHM06 S 

1108 4 bfpIZ45 S 
502 2 l f i 6 5 0  1 i  I 

866 2 US551 tf 

203 2 P-82 H Insidious G. 
831 3 Mmll5 U 

1103 2 r-632 u 

1081 z PHD182 11 

e74 2 ~ w s 7  u 
1068 1 Yis658 U H i t c h ' s  Ifat 

Hygrcphorus m r g i n a t u s  cE. 

2 



ordor 
Ag r i ca 1 e s 
h g  a r ic J 1 c s 
Agaricales 
Agaricales 
hjar ica les 
A 3  a r ica 1 e s 
Agar i ca l  es 
h g  D r ica 1 es 
Agar ical e s  
h g - ~  r i ca 1 e s 
A g a r  ica les 
A q a  r-icales 
Agaricales 
8.9 -I r ica  1 e s 
Agar icn lcs 
8.garical es 
Agaricales 
A p  r i c a I es 
Aqaricalcs 
Agaricales 
Pqaricales 
?.qa r i ca 12s 
Agaricales 
hqaricales 
Agaricales 
hgnricales  
h p r i c a l e s  
Agaricales 
Agaricales 
Agar i c a l e s  
Ag d t ica 1 es 
Agaricales 
Agaricales 
Agaricales 
Agar icales 
Agaricales 
&jar i c a l  cs 
rq>tiy1 loplmral e s 
$.t;lByll qitmra I es 
AFJ~YI l c p b r a l e s  
F-1 .fly 1 I c p h t  a 1 es 
Apl~yllcpharales 
A;;lryllc+mrnles 
hphyl l q3mra le s  
>.&y 1 I o&o ra 1 c s 
&.phyl 1 q h o r a  1 e s 
&~hyllcptrnrales  
,kphyllophorales 
dl-hy 1 1 optm: a 1 es 

f a n i  ly cIfOTiU6 r3pocios 
S tropbr  iaceae Stropharia k a u f f m n i i  
Tricholurutaceae A m i  l l a r i a  a1 tml ana c ipes 
Triclmolorrataccae Anai l lar ia  1r.ellen cf. 
Triclholormtaceae Atnil f a r i a  s t r t m i n i a  cE. 
Tr ichola-taceae Armillar i a  tabcscens cf. 
Tr i c  h o l m t  aceae Ca t a  thelasmi vent r icosn 
Tr icliolamtacese Cheiranodwllum candidissirnus . .  
Tr icholorrat a c m e  C l  i tocybe  
Tricliolocutacea= Clitocyke 
Triclioloc-tacede Ci itccyk 
Tricholmataceae Clitocybe 
Tr iclio1om~tace;le Col lybia 
Tric1:olmataceae Collybia 
Tr ichool orrakaceae C o l l  ybia 
Tr i c ho 1 o m  t acea e Q-p t o t c &!a 
Tr i c tmlo r~ tacede  Cys todet- 
Tr icholaTataceae Cystcdeurrm 
Tricholorlutaccse FIamulina 
Tricholonutaccae Ilohenhehcl i a 
Tricholarutaceae t acca r i a  
Tr icimicxrot acede i acca r i a  
T r i c h o l m t a c t a e  Laccaria 
Trichotmataceae Lent inel  Ius  
Tricholorrutaceae L e n t i n e l l u s  
Tricholormtaceae Lent i n u s  
Tr i c h o l m t  acerle I.eucopax i 1 lus 
Tr icholmat  acesc Ha rasrnius 
Tricholorrataceae €lalanoleuca 
Tr i clio t w t ac ea c H p i  e na 
Tricholornntaceae Z'hyl lotopsi 9 
T r i c h o l m t a c e a e  Plcurotus 
T r i c l ~ l o m t a c e ~ e  Pleurotus 
'Srichol-taceae Tricholura 
Tricholmataceae Tricholcrrops i s 
l'richolorrutaceae 'rr i c h o l m p s  is 
Tr ichoolocru t acede X e r o q h a  1 f nil 
Tr i c h 1  ocu t a cede Xe N 1 a 
Canthare1 laceae C.antharc?l I u s  
Cant t! 3 r e 1 1 a CE 3 e W.qih I 
Cant hare1 laceae GaTfhr 

dealbata 
d i l a t a t a  
g i t h  
gigsntea cf- 
drycfli i la 
l cn t ino idcs  c€. 
spongiosa cf. 
clirysweplum 
m i a n t h i n u -  cE. 
granulosun cf. 
ve lu t  ipes  
pe t a lo idcs  cf - 
aTethystin3 cf - 
b ico lo r  
1 acca t a 
arphalodes cE. 
urs inus  c C .  
p r d e  rosu s 

oreades 
sp. 
ha t r m  t opu s 
n i du 1 ans 
o s t r e a t u s  
s api du s 
SP- 
p€ak>pliyl la  
cut i lans  
cacpjnell a 
m e  c i t a n a  
c i b a r i u r  
k a r i  
f loccosus 

bZk3 IUS 

C1 ava r i a tea e C I avac i adc 1 pt iu s 1 ove j oya e 
Clavariaceae C 1 avil r i adc 1 phu s p i  s t L 1 1 a r i s 
C I ava c iaceae C1 avar iadelplrus t runcatus 
C 1 avar i aceac Clavicorolia pyx ida t d 
Clavariaceae C l a w l i n a  cristata cf. 
Clavar i aceae Clavul ina rugosa CE. 
C 1 ava r i acea e C1 avu 1 i ticas i s corn icu I a t a 

ncodo qrd r o f  t y v  c o m o n n a n o  
1104 

642 
1086 

418 
919 
900 
954 
306 

1065 

920 
230 
616 
957 
994 
655 
828 

1009 

773 
1027 
901 
982 
630 
9 4 4  
922 
948 
9 97 
602 

1102 
1006 
234 
3 89 
27 5 

1135 
974 
258 

1090 
1056 
953 
0 6 1  
5 0 0  

1064 
1013 

226 
152 
314 

680 

1 1 3 8  

C 1 arar iaceae R x m r i a  v inos imcu laus  cf. 652 
Clavariaceae Sw rass i s c r i s p  5 60 

2 
2 
3 
5 
3 
2 
2 
2 
2 
2 
3 
5 
3 
3 
1 
3 
3 
1 
3 
3 
2 
2 
I 
4 
2 
2 
1 
5 
2 
1 
1 
2 
I 
2 
2 
1 
2 
I 
2 
2 
2 
2 
2 
2 
3 
3 
2 
3 
2 

Honey Ifushrocm 

Velvet Foot 

Fairy Ring Flclsli. 

Ojster f-bshroax 

C1:antcrel  I C  



. . .  . 

f an1 ly 
C lavar i aceae 
Cor) iqRmraceac 
Cor t iciaceac 
Corticiaceae 
Cor t I c i aced e 
Il.&aceac 
i lyclna ce a e 
tlythaceae 
Polyporaceac 
Yolypraceac 
Polypxaceae 
Polyporaceae 
Polypcraceao 
pol ypraceae 
Po 1 y p  r a c eac 
Poly~~oraceae 

gonue 
Spayass i s  
Con i +$or a 
P e n i q h o r a  
Peni-ra 
Phlebi a 
Aur IscalpiIL-o 
lkriciuslr 
Steccher i n u n  
Bjcckadera  

Col t r i c i a 
Cor T 01 el 1 us 
Cor i ol ops i s 
t k w d a l e ~ p s i  s 
F a d  twsf 5 
F m  i t a p s  i s 

CalGtjorus 

species 
radI ca ta 

t eana 
gigantea 
nr fa  
5P. 
v u l g a r e  
s k i t i s  
ochraceuq 
adus t a 
dichrous 
perennis 
c a r h n a r  i u s  
gals ica 
ccinfrogosa 
can jardsri 
p in ico l  a 

ncodo g r d  ref t y p  cocinonname 
462 2 8 m 5 7  P Caulitla~er 14- 

706 2 -422 U 
1011 I IS423 S 
985 s Ela>610 s 
202 1 Mru629 S 
769 2 AM3614 P 
135 5 [As437 s 

1039 2 nw70 s 
386 2 1 ~ ~ 4 4 9  u 

373 7 1 s d I s  u ' r G t  

1007 2 MU259 S 
266 2 CNDc;03 U 
822 1 CPlRlC S 

1 1 3 6  2 Ma580 S 
1029 2 tJms78 s 
932 1 G n 0 2 6  U . .  



ordor 
tI>-.t.ccr.ogast rnles 
1t)r-erignst 1-a l e s  
tmuccqas t ra 1 c s 
I.ice.31 es 
1,iceJlcs 
Liceales 
~ycoperth l cs 
I.ycope rda 1 e s 
tycoperdalts 
Lyccyx1 da 1 e5 
Lyccpe r da 1 e s 
Lycoperdales 
tyccperdales 
1.yccperdales 
Lycop c d s  1 c s 
I 8 i c l a l 3  r I a 1 es 
1 lidul ar i a1 e s 
11 idu 1 at i a 1 cs 
Fczizales 
rez i zales 
Fv t i za 1 e s 
r e z  izalcs 
rez iza l e s  
Fe z i zales 
i?a z i I a 1 e s 
F-.? z i za 1 es 
Fez i zal es 
Pe z i za 1 cs 
Pc z i z a Y es 
I'ez i zales 
Pezizales 
rcz i zales 
P*z i za 1 e s 
I'ezizales 
19 LI 1 1 a 1 e s 
I-iiysa IJ 1 es 
Sclera'earru t a1 es 
Schaeriates 
S+er i a 1 e s 
Spliacr i ales 
q h i e r  i a I cs 
S j h t  r: r i a I cs 
S t  eroni t a 1 cs 
'rrcrr.cl l a l e s  
'Frc=rel l a l e s  
* n i c I i i a l e s  
'Trichiales 
l'r i c h i  2 les 
n1 1 0 s  tC.- t a1 es 

t w c o g a s  t raceae 
Rericular ixeae 
flcticulariaceae 
Rtticulariaceae 
Gcast race~e  
Gcastrecede 
Geastraceae 
tycoyerdaceae 
t-ycoperdxea c 
Ll-coperdacsae 
tyccipc rdaceae 
1.ycoperdaccae 
Lycoperdxeac 
llidulariaceae 
t8 idular iaceac 
It i du 1 at i aceae 
llelvellaceae 
Ifc.lvellaceae 
l k l v e l  laceae 
Iklvellaceae 
I le1 ve I I aceae 
lielvel laceae 
tbrcfrel laccae 
Morcirel lsceae 
lbrchel laceae 
Pcz izaceae . 
Verizaceae 
Py r oi i e r a  t ace a e 
Pyroiiemt aceae 
Pyronwat acede 
Pflorru~taceae 
Sarcoscyphceae 
~ l i a  1 I aceae 
Pl,y sacdceae 
hst  raeaceae 
I I ~ ~ r e s c e a e  
Hypocr edceae 
I1 j lmcrexcae 
liyrxKre3cea e 
xy 1 II r i acme 
Sc P ~ M I I  i t aces c 
Trcmc 1 1 ac ea c 
Treisell acme 
Tr i c t i  i accae 
Tr ichiaceae 
Tricli iaceae 
mlostonataceae 

teucoplileps 
Lycogata 
tycogsla 
n b i  Cera 
Gens t TU- 
Geas t -?I 
Gcast x u 1  
Calvat i a  
I.yccy>crdorI 
Lyccpe rdon 
L y c ~ r d o n  
I.ycoprdon 
VascelY wu3 
CrUCilNllrn 
Cya t t u s  
ti idu 1 a 
C y l a n i t r a  
C y r m i t  ra 
tialvella 
tlelvel 1 a 
l lr lvella 
1 Ielvel 1 a 
jbrchel la  
tkxctiella 
Horchel 1 a 
p p z i  za 
k z i  za 
1hmd r i a 
Scute1 1 in i a  
Scutel l inia  
Tar z e t t d 

Sarcoscypiia 
fhal l u s  
Riligo 
As t rzeus 
H./pomjces 
tib-purice s 
11lpocjc es 
1 l~ponr/c e s 
&I 1 d i II i a 
Stcrmrii t is 
pseu&hyrLiua 
Trexel 1 a 
Arcyr i a 
t t en i  t r ichia  
Tr ichi d 
O a t t  arrea 

spinispora 
e p i dmd run 
€ 1 avo f uscu- 
SP- 
cor on3 ttm 
sacca ttrn 
t r iplex 
g igsnt ea 
Arr? r icanun 
ech i pa t LL?I 

perlatwm 
pyr i C0rrr.e 
lloydianim cE. 
lacve 
striatus 
chnd i da 
csculen t a 
infula 
ace t a h  1 L- 
c r i s v  
e l a s t i c a  cf. 
lccunosa 
augustireps 
elata 
escul enta 
r e p a d  
succosa 
h m i  syhaer i ca  
ericaceus cC. 
rcutel la ta  
m p l l a r i s  
coccinea 
i qmd icu s 
septica 
1i)gra;et f i cus  
chrysospemx 
hyalinus cf. 
lactif luorno 
luteovirens 
conceiitrica cE. 
s 13 1 eider 1 s 
gelat inosirrs 
ne-seiitcrica cf 
clcnrrda t a 
clavata cE. 
scabra c f .  
ptulloides 

ncodo grd rof t v o  cor-monnamo 
936 
143 
937 

1016 
192 
466 
686 
1 9 2  
227 
422 
358 
832 
624 

1013 
1129 
59 3 
351 
222 

1099 
1125 

146 
91 3 
247 
149 
176 
177 
I7 1 

1146 
317 
408 
605 
205 

1016 
401 
813 

1132 
418 

1038 
704 
I035 
1056 
945 
960 

1043 
1059 
933 
603 

1021 
140 

Wotf's €%art 
S l i m  Hold 
S l i c e  tiold 
Earth star 
Earth star 
Earth s t a r  
Giant puELhll  
huffball 
P U f f L u l l  
FuffbaL1 
Puffball  

I3ird.s nest 

B i r d s  t icst  tiush. 

Yellow eye-laslt 
Eyelash cup 

Stinkhorn 
S1irr.e r.mld 

Lobster khushr- 
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ordor  family gonu8 8p0CieB 
I\I 1 os t m a  t a 1 es 
Tit 1 os t a m  t a 1 e s 
Ur ed i na 1 es hcciniaceae  G p o s p r a r g i t m  speciosus cf. 

Tu1 os t m a  t a ce de 
1 os tom tacea e 

I o s tam 
'h I os t ora 

bmrale cf - 
s i m l a n s  

- !  
ncodo grd ref t y g  comaonnamm 

687 3 mb719 s 
029 2 I S 0 4 2  S 
181 3 TextBk P Juniper must 
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AI'PENDIX n 

gonus S p O C i O E  €ami ly ordor 

>.gar i cus hrrcn3si i kpricaceae Agaricales 
Agaricus Iia m o r  rhoidar ius Agar icaceae Agaricales 
>--ran i t a bisporigera cf. >-tnitaceae Agaricales 
*n.111 i t i3 rzignivermcata cf. krunitaceae hsaricales 
b a n i  ta 
Arcyr i a 
Boletus 
mletus 
C I n  1 c i po m s  
Clavariadtlphus 
coil ybi a 
col lybia 
Coniophora 
Copr i 11u s 
Cor i a1 ops i s 
Cort inarius 
G m  t i cr i  a 
G l o l ~ i f o r r e s  
Gorph i d i us 
Qx:osprar ig  iiua 
erorsitra 
I t cmi  t r i ch i a 
I IC r i c i ua 
i fyq rophoru s 
Iib-pxrices 
Inoiybe 
t-iccaria 
iactarius 
[.€Pi0 t 3 
t.ycoperdon 
t b r  chel la 
F'Ii 1 eb i a 
€.holiota 
Pleurotus 
P lu t €2- 5 

Foria  
Poria 
 sa t hy1 e 1 1 a 
f?inAria 
Rilssula 
S~..ang i pe 1 1 i s 
St ccctierintL2 
S t emni  t is 
St creiLa 
Tar zet t d 
Tr i cfmptum 

Po 1 bpOruS 

- 
rwscaria v. m s .  
denuda t a 
C J l O p J S  
hne:mt inus 
sp. 
love joyae 
lentitloides c f .  
s p n g i o s a  cE. 
putcana 
lagopus cf. 
gal 1 icn 
anam lus 
ir.ex i cima 
graveolens cE. 
oregorims i s 
speciosus cf . 
esculenta 
clavata c f .  
ahitis 
mrginatus cI - 
?iyalinus cf. 
albdisca cf. 
wethystina cf. 
01 it*aceoix:hr inus  
r ImcOdss 
ecliinatiL?r 
augusticeps 
SP. 
lhrica cf. 
sap idus 
cervinus v .  alba 
5 q.J ixm 511 s 
corticola cZ. 
spissa 
car k n i c o l  a 
vinosirmculaus c t  
esetica cf. 
paclaydon 
acta raceim 
spl endens 
striatuia 
cupula r is 
s utx I I a r t a ceuj 

?canikaceae 
T r  i ch i aceae 
Dole t aceae 
a01 e taceae 
80 1 et aceae 
Clavar iaceae 
Tr icholccAtaceae 
T K  icholcrwtaceae 
Coniophoraceac 
tcprinaceae 
F o l k p r a c e a e  
Cortinariaceae 
Cagt ier iacenc 
Fol>praceae 
w i i d i a c e a e  
h c c  ini acese 
ifelvel laceae 
Trichiaceae 
Itydnaceae 
i?ygrophoraceae 
t tipoc r e a c ea e 
Cortinsriaceac 
Tr i cl io1 m a  t a ce a e 
Russulaceac 
Lepiotaceae 
Lycaprdaceae 
tbrchel lcceae 
Corticiaceae 
s t rcphr i aceae 
Tricholam t aceac 
Pluteaceae 
Pa 1 b p o  ra cea e 
Po 1 y p  race d e  
Po 1 )po r aceae 
Ccpr i ria cea e 
Clavariaceae 
Ru s su 1 aced e 
Polhwraceae 
Iiydnaceae 
S t escni t a c e a e  
Stereaceae 
P f i o n m  taceat  
Polyporaceae 

A i  a r i ca 1 es 
~ ' r  ichi a 1 es 
kq a c i ca 1 e s 
Aga r ica 1 es 
Agaricales 
hphyllophorales 
Agaricales 
Agaricales 
hphyl I op?iora 1 e s 
8 . ~ 3  r i ca i es 
Aphyl lophorales 
hgaricales 
Ca~tierialcs 
hphy1 lop1iorales 
Agaricales 
Urcdina I es 
Prz i z a les 
Tr i chial es 

Agaricales 
Spliaeriales 
hga r ical es 
Agarical es 
Agaricales 
Agaricales 
Lycoperdales 
Per i za 1 es 
b.phy1 lophora 1 es 
Aga r i ca 1 es 
Agar ica les 
Agaricales 
A p h y  1 lcghor a 1 es 
bphyllqh~rales 
>.phyl lophorales 
Agaricales 
Apl iy  1 lophor a 1 es 
Agaricales 
#.phyll ophora 1 e s 
fi.phyllophorales 
S t e70ni t a les 
A@iy 1 1 opho ra 1 es 
Peziralcs 
Aphy 1 1 opho ra 1 es 

br~lyl1GFlllOrdleS 

grJ t y p  ocr.nnlat ncodo 

2 
2 
3 
3 
1 
1 
2 
2 
5 
2 
3 
3 
7 
3 
1 
2 
1 
3 
2 
3 
2 
5 
2 
3 
3 
3 
3 
2 
2 
2 
2 
5 
3 
2 
I 
2 
3 
2 
1 
3 
3 
2 
5 
I 
2 
2 
1 

H 
S 
H 
H 
t i  
U. 
H 
!l 
U 
18 
S 
S 
U 
S 
s 
)I 
?i 
U 
t i  
P 
U 
S 
P 
U 
P 
I4 
S 
ti 
S 
S 
S 
S 
U 
S 
S 
P 
S 
S 
S 
U 
t4 
S 
S 
S 
S 
5 
S 

. F. 
UKI .P. 
UX .F. 
U E  .F. 
ur .€. 
C U 4  .F. 
UM .F. 
CTtl .F. 
UIC .F. 
RhR .F. 
UC .F.  
L R X  .F. 
tRR);1 . F .  
WRI . F .  
UIM .F. 
tl.C .F. 
VIW. .F. 

L l C  .F. 
C U l  .F .  
C U I  .F .  
UC .F. 
L1.X .F. 
wn .F. 
UrZc .F. 
U K  .F. 
1RC .F. 
U3c .F. 

C T t J  .F. 
CXXl .F. 
UC .F. 
UIN .F. 
U K  .F. 
CUi .F.  
WJZ .F. 
CTC .F. 
U K  .F. 
c r l f  .F. 
FAR .F. 
UF. . F .  
C U I  -€ - -  
UE - F -  
uy_' -€ - -  
uc .F. 
crrr .F. 
ur .F. 
UL' .F. 

ur-i .F.  

u r A  .F. 

689 
160 
168 
930 

1141 
864 
616 
9 57 
37 3 
697 
022 
737 
934 
411 
203 

1099 
603 
769 
713 
704 
449 
7 7 3 .  
669 
615 
8 37 
176 
9 B5 
559 
234 
291 

1105 

878 
1134  

652  
1005 
428 
I35 
968 
8 6 3  

I 

l e i  

986 

1076 96,!.Lzj.; . i,L;<,;m<G*:;): 1 + t . : f -~l , '  



ordor grd t y p  ocr n a l e t  ncode gonus 6pOCf 0 6  fami fy 

scabra c E -  Tr ichiaceae Triclifales 3 S UC. .F, 1023 
Tr ichia 

829 
lblos t G i  s i m i a n s  Tulostorrataceae Tulostccatales 2 s CCIj .F. 

Vascellum iloydianu- cf. Lycoperrhceac Lycoperda les 5 S -  RNI .F. 1129 

. . . .  
. . . .  

. . . .  . . . . . . .  . . . . . . . .  _ .  . . . .  . - . . .  _ _ .  . . . . .  .. -. . - ... .-.. - . - . . . . .  --.. ... - .... .. -2 .. .' 

. .  - -. . .  
. . . . . . . . . . . . . . . .  

. .  . . - .  '. . . -  
. . _  ._ . - .  

. .  

I 

. .  I .  . .  

- !  

. .  

. . . . .  . . . . .  
_. - .  . .  ~- . . -  . . 

. .  
.- . 

.. 
. .  

. .  - .  - . . . . .  

- - .  . 
. . _  

.~ . .  - .  - - . .  . .  - . . r . _ .  ~. 

2 



Threatened and Endangered 
Species Plan GIS~ Phase 

Kathryn D. Bennett, Tom E. Garrison, 
Mary E. Salisbury, and Steven W. Koch 

! 



. . . . . . . . .- . -. . . . . . .. . . . - -. . . - -. -. . .. -_ - . .. -. . .. ... .. - - . . . . - . . 

Threatened and Endangered Species Plan GIS Phase 
Kathryn D, Sennen: Tom E, Garrison", Mary E, Salisbury: and Steven W. Koch' 
*EcoIw Group, Lo5 Alamos Nollonnl kaoratory 
"Facility lor lnformotlon Manogement, Analflls, nnd Display 

Abstract 
During FY96, thc Ecology Group (ESH-20) has begun to devclop ;I 

Geographic Information System (GIS) data but for thc Thrcatcncd and 
Endmngcred Species Habitat Management Plan. ESH-20 will USC this d m  bast to 
store ecological data, both spatial and tabular. Additionally, wc will usc thc powcr 
of a GIs to query. mdyze, model, and display data. We currently have a GIS data 
dictionary, a Cat3 b u c  design, and have begun importing data into thc design. 
Many data  set^ arc completely imported into the data base, Currcntly, the data 
b u e  contains 12.02 1 records, The data that have bccn imported inta the dat:l b u e  
can bc qucricd, dispfaycd, and andyzcd spatially. v;C have an &cView 
application that demonstrates these abilities, In addition, this application will 
sene  xi a screening tool for ESH-20 biologists performing sscssmcnts of new 
projects k i n g  proposed at the Laboratory. 

1 ,O lntroduction 
Thc dcvclopmcnc of data integration with a 

Geographic Information Systcrn (GIS) is Task 
3, of the Thrcatcncd and Endangered Spccics 
Habiut Mwrngement Plan (TES WMF) (1996). 
The Tkreatcncd and Endugcred Species 
(TES) GIS is an important component of the 
TES "? We intend the TES GIS to be the 
primary data base for TES data and other 
ancillary infomation. We will use the GIS to 
display, qucry, mulalyzc, and model biologicd 
data. In addition. the GIS will be thc 
repository for much of the tabular data that h s  
prcviously been storcd in paper form or in 
other electronic forrns such xi spreadsheet.. 
and text documents, In the p u t  years, data 
owners hwc kept and managed their own data, 
leading to data losscs and inconsistcncy in 
dat3 base dcfinitions and use. The ccntralized 
TES GIS data buc will allow for consistent 
d m  b u c  definitions and should reduct the 
loss of data. 

Wc arc using ARC/lb"O LS our GIS for 
the TES HMF! ARG"F0 was developed by 
Environmcntd Sysrcms Rcscuch Insticute. 
hc. (ESRI) and it is used throughout federal 
agcncics, including the Dtpamnent of the 
Interior, US, Fish and Wildlife Scrvicc. 
Within ARC/INFO, ARC is used for ail spatial 
analysis and INFO is the data base. 

During -96, the GXS dcvclopment WLS 

brakcn down into 4 submks: development of 
a draft data dictionary, data invcntory/data 
b u c  designlnaming conventions, data cntpl 
convcrsion, and map production. 

2.0 Subtasks 
2.1 Subtask 1: Development of a Draft 
Data Dictionary 

A data dictionvy is utilized to store 
rnetadau (description of data sct) about the 
coveragcs and to provide a robust tool to 
hcilinte the management of the information. 
We bwcd the GIS organization on a single 

1 



hicmchy of themes (e,&,, ccology, geology,. 
and hydrology). This h i cmhy  is 
implemented as a directory smcrurc of 
supcrrhcmes with the covengc nmcs 
following a naming convention that directly 
codes for the theme and content of the 
coveragc data scts. Thercforc, to manage tlic : 
biological data, we uscd 3 data dictionary 10 
document the various data sccs. This mendam 
will conform with the Content Smchrds for 

' 

Digital S p u d  Mctadnm from the Federal 4 

Gcogaphic Data Committee (FGDC). Thc 
data dictionary also supports othcr data types- 
such as h e r i c v l  Standard Code Information : 

Interchange (ASCrr) and indudcs vectors 
(GI$ covcngts as points, lines, and 
polygons). miters (GIs grids and images), 
tcrnin models, and documcnts, This 
integration into a dm dictionq enables many 
data base functions to be automated and 
provides a single source for infomotion on dl 
aspects of the TES HMP projtcr The data 
dictionvy will be the key to creating the 
hypertext links via Hypcr Tcxt Markup 
Language (HTML) to tic together the 
dispwrltc information pertinent to thc TES 
HMP project. 

' 

I 

The data dictionxy is comprised of ;I 
collection of D T O  ublcs related to each other 
by key items. All files and tables reside in a 
spccitic dircctory, /gis/sys/admin, Then, the 
INFO tables arc stored in the info dhcrory 
and ARC Mxco h p a g t  (AML) p r o m s ,  
and menus rn stored in the lgis/sysladmin/ , 

d d o l n d  directory. Thc relationship btwcm 
the various tablcs is summxizcd here. The 
relates (the common itcrn in two tables that 
links them together) ;vt dcpicrcd by 
connecting lines with the rclatc: item shown 
with thc line. 

' ' 

I . .  

! ,  

* A brief wrplvlation of each of these &les 
is given bclow: 1 

gcosct: A geographic daca set  
DICT: The main data dicdonvy nblt. 
CHGLOG: The change log for the gcosct, a 

uniquc rccord for cach chmngc 
or edit to$t covengt or other 
&n set, :* 

ARkOTES: Individud rcqutst/cdit notes for 
a c h  m o d  in CKGLOG. This 
allows morc detailed information 

gcosct h& undergone. TcN0"E.S 
is nlatcd'to the CEIGLOG bble 
via the rc;lnum itcm. 

GKOTES: Gtosct ndtcs. This stom the 
absmct of the gcose: and other 
pcrdnenthd3m about the gcostt. 

f about thcproccss sftps $at a 

' 8  

QNOSTS: Qualip control information 

intended to store the 'FDGC- 
formattcbmem&m information 
about thc'geosct. 

DI~JIBLS: Stom information about 

about thC&OSCL This is 

tabla klatcd to the gcosct, 
including the Arc Amibutc 
Tables (pat, 3;lt ctc.). This 
table provides for 
individually documenting 
related &ta. 
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TAI3LJ"MS: Stores informdon about 
individual items in the 
related tablcs and is related 
to the DICT-T-LS ublc 
via the tablc itcrn. 

The tablc dcfinitions for these &TO tables 
YC prescgtcd in Table 1 through Table 6. 

The dictionary is envoked from ARC or 
from 3 Unix system prompt. From ARC 
:he dictionary AWL is run by 'Arc: &r dict', 
From a Unix system prompt, the command 
' d i d  is typed in, followed by the enter key. 
Tables 7,S, and 9 arc cxmplcs of ;1 biological 
covenge in the DXCr, DICT,TBLS, and 
TABL,ITMS tables, rcspcctivcly, 

2.2 Subtask 2: Dan Inventory/Data 
Base DesigdNaming Conventions 
2.2.1 Data Inventory 

From Jyluvy through April of 1996, a 
complctc data inventory wzs made of ESH-20 
biology da1jL D k n g  the inventory, thc 
content, owncr. and format of each data set 
was noted. After the &tit inventory was 
complctc, thc dan needed to be orgmizcd into 
a functional GIS data base design, 

2.2.2 Data Base Design 
In May 1996, we began the data b u c  

design process. Resources from BH-20 (the 
Biology Team). FJcility for Information 
Mun3gcrnent, Analysis, and Display 
(FMAD), and ESRJ were used. The TES GIS 
t e rn  interviewed each ESH-20 ecological data 
owner to dr:cmine owner and data users 
needs. From tlic interviews and reviewing 
each chn set, I draft design was formulated. 
The principle organizing structure for thc TES 
GIS was based on thematic contcnt of the 

various data scfs, The thematic stmcmrc was 
also intended to bc hicmchical. The physical 
directory of  the data 3s well as the naming 
convention for individual files retlect this 
thematic organization. All ccolop d m  wcrc 
stored undcr the superrhcrnc o f  ECOL 
(Ecologj), The following dingram illustrates 
the gcncrd structure of thc ECOL superthcme 
into supcr-subthemcs, thematic groups or 
layers, and thcmcs or covcngcs. 

Supcnhcnc: ECOL 
Supcr-subthcmcs: PUMMAL, PLA\i, T,G 

Theme or Covcngt: (See Table 10) 
Thematic group or hycr:  (Src h b l c  IO) 

The design of tlic layers or thematic 
goups LS well as individual themes and 
Covcragcs arc contained in Table 10. This 
table also indicates my related tables to the 
covcrage and details their design. 

2.2.3 Naming Conventions 
&i PUT of the review of data, meeting with 

data owners, and developing a design for each 
data sct, it became apprvcnt that naming 
conventions wcre nccdcd These conventions 
wcre needed for raw files from the ritfd 
activities as well as within the GIS hta buc. 

Wc cst;lblished P naming convention for 
raw ficld data files. The Elk namc could not 
be longer than 8 characters followcd by a 3- 
character extension. The file namc must 
contain o designation of the field study xca 
dstc. typc of field dam, and thc plot or wnscct 
number. Thc example below illustrates the tile 
name for the first vcgetation tr;~nsect 
conducted in upper Guajc Canyon on 
Scptcmbcr 26, 1996. 

3 



GCU92696XO 1 
G = Guajc, C = Canyon, U = upper. 

92696 = Dstc,V = Vegetation, and 01' 
= first m s c c t  for that dxc. 

Fik naming conventions were also a 

adopted within the GIs h t a  buc. All spatid 
&ca or covcngcs wen automatically given a 
PAT or U T  cxtcnsion by the ARCIDISFO 
software, howcvcr. other related dm sets 
needed a sundardizcd convcncion. Table L 1 '' 
concains the naming convcntion and 
definitions of files uscd in the GIs data bm. 

, I 

2.3 Subtask 3: Data EntrylComersian 
Upon completing the dnft data b a c  

design, tabla wcrc defined in INFO and &ta 
cxisting in electronic form wcrc convened to ' 

ASCII and imported into the IXFO nblcs. 
However, some data files nccdcd cx;ensivc * 

editing prior to import. Table 12 shows ;u1 . 
cxamplt of an clccmnic vegetation m s c c t  
field data form and the fields and field order 
required for chc GXS data but. In A u w t  of 
1996, with the aid of our ESRI contractor. 
AMI, probryns wcre written to ease thc 
requirement for hand editing filcs. Several 
data automation prognms wcrc written that 
would reorganize data files for import to 
INFO. Thcsc AMLs arc presented in Tabla 
13, 14, 15, and 16, Mcmnwhilc, other non- 
electronic data were being manually entcrcd 
into the dam base. 

' 

, 

' 

From June I, 1996, through Scptembcr 15, 
1996. a varicv of ecological data SCE have * 

been devclopcd within the GIs, Mmy of , 

these data sets hive both spatial and related * 

atmbutc tables. A status of major data SCE b 
givcn in Table 17. 

2.4 Subtask 4: Map Production 

. I  . , ,  .. 1 '  ' 

I 
I t  .. . 

,. ' 

, .  

,.,,', / '  0.. 

!'. 
1 .. ,' * 

.' . 
I. 
, ,  .,. . .  . . .. 

, .  
I .  

I . ,  
I '  

: For each rnjor'&ta set having spatid md 
adbutc &a wc prdduccd maps, JVc uscd 
either ARCPLOT; a subsystem of ARCIISTO. 
or Arcvicw, ;I desktop GXS for map query and 
display. Eight maps were produced and arc 
numbercc! Map 1 through Map S. In addition 
to producing maps o€ spadd data sets, we 
gtncacd tabla with selected records of 
attribute data mociated with rhc spatial data 
s i t " ~ a p  1 contains &ations of the 
vegetation msccts condctcd by ESH-20 
throughout the Labor;Ltory. Tablc 1 S lists 
records of smibutc dan sssoci3tcd with the 
selected , ,  transect illustrated on Mop 1. 

: .Map 2 shows wctlrrnds within the 
Labontory and immcdiatcl,~ adjacent arcs, 
Wedevdopcd rfic wedand covenge by using 
bo& the U.S. Fish and Wildlif'c's National 
Wetland Inventory (1990) for the ;VC;L, as well 
as data collected with.Globd Positioning 
System (GPS) by ESB-20 during biolo@d 
s w e y s  I of wetlands. - i  % .',$ 

for invcrtcbntes arc shown in Map 3, The 
ImtionaI &a arc m~tl~proximate loation. 
Table 19 lis6 sdtctcd records ftom the 
tcrrestrid insect ciata:kt.' ~ h h  table give 
descriptive infomtion.'s to the l d o n .  as 
well as what inscct w&i I. .I. found, by whom. and 
on what date. 

,: The next map, M;p,S, shows thc locations 
of bird observ;ltions. ilfhcsc obswations arc 
from Labontory empldyccs, the generd 
public, and pcrsonne!:yithin ESH-20. This is 

h d c l i e r  National Monument. Thc locxional 
data arc given by the 6bsctvc: nrd' may be 
considcrcd approximite .I , locations, Thc data 

T 
' I  

,',. ." 
:' '. Lccations of ab&uon and field studies 
. I  

:I : 

a,shmd &m Xt b e ~ c n  ESH-20 a d  

. t  

I .  

1 . .  
I .  
. I  

L' " . 

' I  

. .  



set does not contain locationd data pcmining 
to ESH-20 formal bird ccnsuscs. This 
coverage is still being dcvcloped. Table 20 
lists selected records of the attribute data 
associated with thesc bird observations, 

Map 5 shows habitat for sensitive bird 
species. Thcsc habitat boundarics were 
devclopcd by extensive field studics by a 
variety of bird cxperts of the arc&. At this 
point, attribute tables usocitltcd with thcsc 
habitats ;Ire still undct construction. 

Many smdll mammal studies have been 
conducted at the Laboratory in the 1st fivc 
ytm. Map 6 displays the locations of thcsc 
small mammal studies. In addition to the 
locational data, a vast mount  of adbu tc  data 
arc associated with thcsc locations, Table 21 
lists selected records from individual smdl 
rnamm33s that were capcured at these 
locations. In addition 10 this table, Table 22 
gives contaminant infomation usociatcd with 
smdl mammals captured. 

ESH-20 shares another data set with 
Bandelier National Monument, the n m m a l  
observation data sct. This data set is similar to 
the bird obscrvation data, except that not only 
does the data set give locations of large and 
medium-sized mmrnal sightings from thc 
general public, but also contains locationd 
data of ESH-20 formal studies on large and 
medium-sized mammals, Thcsc locations are 
displayed on Map 7 and attribute information 
associated with the informal (general public) 
obsermions is contained in Table 23. 
Information pertaining to ESH-20 formal 
studies is found in Table 24. 

Wc initiated a study in ESH-20 !o loo, at 
daily movcments of elk by using GPS ndio 
collars, These data arc received by ESH-20 via 
an Argos satc1li:c and the coordina.tc 
information transferred to our GIS data bue. 
Thcsc locations are shown on Map 8. Tablc 
25 lists sclectcd records of attribute data 
associated with thcsc locations, 

2.5 An ArcView Program Application 
During the first week of October 19%. we, 

with thc aid of ESRI, will dcvclop an Arcview 
p r o m  application that will demonstrate the 
abilities o€ the current data sets and will bc 3 
valuable tool to ESEI-20 biologists and, 
eventually, Laboratory Project Leaders, We 
have designed the application to query thc 
dam bucs to dctcminc if the location of a 
proposed new project at the Laboratory will be 
in the potcntial or actual habitat of my TES s 
well 3s within wctlmds, F i p r c  1 shows a 
simplistic diagram of the application. In 
addition, latcr versions of the application will 
show when ot!!er biologicai dm exist relative 
to the project area. This application will help 
ESH-20 biologists determine whctc there arc 
dm gaps and if additional surveys arc 
required. 
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ArcView Application 

From the rndple WEIIWJ 
covsrages. select and di.prJy 
a3 welbnds HWII the prc+?ct. 

Display Project of 
Concern 

From P i  ptc#?cl_aci.killas d ~ l .  
nh~t are Vle planned a c t k i i s  
a d  re-qmsbfe orgadzalions. 

From projecl-caul dal 

assxialed hjlh c~lrucl ion? 

From Pidjeclsum pal 
select projcd ol c m e r n  
and dispby prc+ccl M 
base map. 

List Polenlial 
Protected Species 

Oispray cover types thal 
From l a e o  dat 
generate a Is1 d specter I that use the cmer tvpes thal 

-* 

t 
Display Areas of 

Known Species Use 

Select troni the TBEMrds pat 
any Cnonn specks use ni'bin 
1 I4 mi!c d Ihe ptcfat. 

Display 
Cover types 

1 
1 

Display Wellands 
Within Project 

Lis1 the Planned List Influence Factors 
Activities of Projecl Associated wXonslruclion 
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Table i, Items in TABL_T?MS nblc frchred to dic:-nbls bv nblcl, 
4 I lttrn I k n n i n o n  I k s c  I E.UrIUlt 1 

I 1. t3DIC I 2u.2u.c: 1 
L lffrn i 2U.lU.C 1 I '1 ~ D I C  or t i c  item 1 la 1 
3.1mcc: I 8.S.C I kern ccnninon I2U.2U.C i 
4 Va.lrc0 I 1.l.c; I Vauezaurea'! I vcsino I 
3. 1T.GCSC tncmaacuiy ;Inlout 

I Tauit name I bnC-O.IuI 

I 

Table 6.  Items in Rnotes table ! A x e c  rn the cnciorr table bv nmnm I. 
I I t C Z  I Llenninon I lksc ! t W i B l K  I 

t A. zotr I J0.SU.L I A nnrc i i n t  I 1 r n b O ~ C Z  LL','? I 
1 :, rconum ' 1 6.0.1 I KeC?I2tSt Fumoer I ! ( M J I  i 



id 
1 birdobs Lowtion none David ECOL N/A *bid& /gis/ofol COVER 

/;mim/bi Kclla: I of 
infonnd W*I ' 

mmLgov : bird 
ObSCMU- 

ions 

. 't' 1 d 
L 

i 

1 
Anno Topol Aexten Appx Map I Status Update ,Flag 
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P I ,  

r 
Envimnmcnd Systcms R c s c ~ c h  Insututc i ' 

,\ ' 
I- 

r 
P Usage: uc,ml <in-f i Ie  
1. 
P Arguments: in-lile 
1- 
19 

r Rouuncs: ERRROR - h d l c s  my cmts that may occur. 
r Wt%% - Hmdlcs u y  w m i n g  h t  mayoccur. 
19 : 
p Globaknont I 

r 
p Calls: none I 

r 
r Unc 2 LOCATION (conoincd In single quocrr) 
P linc 3: TRAiiS,D (conoincd in dngk quotes) ' 

p line A: TRAVS,DATE (contained in single q u o d  ic: 'W3196' 
P line S: READ-RECORD (contrhcd in singlc quotcs) 
I- linc 6: FT,PER,TRAM (no q u o w  must bc numdc) r line 7: C O W N T S  ( c o n d n d  in single quotcs) I 

t 

- the name of the &i mt fik Lo load 

! a  , 

r 
r line 1: skip no dam nccdcd from rhij line 

Soles: t h c  cin-tilc- nccds to k in rhc following lomar 
1 ,  

. I '  , 

,i . 
, .  

1 .  

1 . . ,  

f line 5: blank line 
p lines 9 to the ncxt blank line: con& d 3 ~  in the followhg format 
P 'SCODV, T,S,YO. T,S,ACRE, =DENSITY, AVG-DBH, PWW,mV, mmv, (con't) 

f linc x: at lcvt one blank linc 
/" linc xel to Ihc cnd of nie: condn dm in the following formac 
f 'SCODI2, T-SJO, T,S,ACRE, REL-DEEESTTY. P U V - C O V ,  m C O V ,  (con't) 
P PER-FREQ, REL,FREQ, IMFLBDW , 

1- 

P 
r Output rccords addcd u) VEG,TUVSAT ' . 
r History: Andy Huntington (ESR[) - 7/3Ir96-~4'$nf cdding 
I' 

1 

f PWFREQ, RELFREQ, I,MpT,ISDEX '1 

. '  
r 

r 

Inpuc ucii &P file with above form& I 



I* Ib some crror chccking 

kif * [cxisu %in-filc% 4 l c ]  %hen &do 
&typc cin,filc> %in-filc% docs not cxist. Exiring ... 
&typc Usgc: u w m l  <in_liIc, 
%fCLum 

kCnd 

Opcn filc and chcck sutus 

b c t  filcunit [own %in-fiIc% opcnsnt -r] 
%if %opnsut% nc 0 %then 
&return $cmr Error opcning <in,filc> tor rcclding. Exiting.., 

Initktizc count vwhblc 10 count numbcr of records nddcd 
h t  numbcr-addcd 0 

P Rcod thc univcmd dab that applics 10 Jl records in file 

1' Rccord 1. Contains only hwder information, 
&scr record [ rad bfiIcunit'Pb mdstatl 

/- Rccord 2 contains LOCATION itcm valuc 
ksct mod [ a d  %fiIcunit% mdsC~t] 
&r loc?tion [unquolc %rcccrd%l 

p Rccord 3 conuins TRAVSJD itcm mluc 
&scr rccod [md %filcunit?o mds13tI 
h t  m s J d  [unquolc kmotd%bl 

r" Rccord 4 contains TRANS-DATE itcm vnluc 
Bscr rccord [ m d  QofilcunitZ rc;rdsUtl 
e t  ms,&re [unquolc %mord%] 

/" Rccord 5 contins READ-RECORD itcm vduc 
&sct word [rud 'PdfilcunitSo mdlst~tl 
&t rad-mord [unquw Wrcccd%] 

P Rccord 6 conuins FT,PER,"bWS ilcrn vduc 
LWL rccard [md %filcunit% mdsal] 
&t ftgcr-mns [unquolc %rccord%I 

I' Rccard 7 coneins COM,MENTS itcm value 



... . - .  , C . .  

I. 



P if any  of thc above vxinblcs  for Lhc nurncric itcrns contain blanks, 
P c h m g c  Lhcm LO "0" (zero) 

&do v u  &list t,s,no t ,s,mc rcl-dcnsity ovgdbh plmnt-cov rcl-cov pcr-frq - 
el-frq imp-indcx 

&if [quou: [unquolc [vduc  %vu%]]] = " & h c n  
k s c t  'f0V;lffO - 0 

kcnd 

f Sow tlut the varitiablcs ut xt. add a rccord lo Ihc LVFO file and 
p scr Lhc cursor vmablCS. Also. CounL up numbcr of rccords addcd. 

cumr tcrnpcur inscn 
&t numkr-addcd = Bnumbcr,addcd% - 1 

%do itcm &list m s , i d  lowtion rcod-word mns-bte It,pr-ms lypc - 
:ommcnts scodc nanplmLcov plmt-cov Cs,no ~s,;rcre a v g d b h  rcl-density - 
zl-cov pcr-frcq rcl-lrcq i m p L i n d a  

%cnd 
&L :Ernpcur.%itcm% [vduc Qilcrn%b] 

r dclctc Lhc P ~ V C  word  .specific v h b l c s  
&do v w  %list sccdc i,s,no t,s,acrc nl-dcnsiry n v k d b h  plant-cov rc1,cov - 
xr,frq rcl,fq imp-indm mrd 

&cnd 

&sct ,word [ r a d  %oiilcunit% rudst3tI 
%typ: %radsut% 

&dv %VflO 

end rhc "do until " loop" 
LCnd 

Skip thc scction of b b n k  records 

kdo &while %record% L "MU %rc3dSU% ne 102 
&set rccord [ m d  kfilcunit% mdsU11 

&Cnd 

I- Now should k positional at first rccord for tbc sccond scction, Thc m c  
P procccdurc as 3bovc will bc used for this section. but Lhc ordcr of thc valucs 
P is diffcrcnt. so it nccds uniquc code. 

P AVG-DBH valucs YC not includcd in thc sccond sccuon of the da0 ale. 
P Inscn f place holdcr for this M I U C  
&sct a v L d b h  = 0 

I' m d  until Ihc cnd 01' filc or a blank linc is ruchcd. 
&do &unui 9brcadsul'ib n 101, or %record% * " 



, .., 
.1 

i 

I .  

, '  /* xt varhblcs for uch clcmcnt in the line . . ' .  : 
(9;xt mord [unquolc %rccurd%l 

. .  f for rop scction, xt rYPE to S 
. I  

, I  

&sct typc s I .  1 

p if any or the above variables for thc numcnc item m d n  . .  blank 
P change thcm to "0" (zero) 

I .  

&scC %v& - 0 
&end 

P Now h t  LIlc vvioblcs 31c set add P rccord 10 Ihc IPN fdc and 
P SCL Ihc cursor vuiablcs, Also, count up numkr'otreeo& .. . added 

cumr  tcmpcur inscK 

' .  . .  

numbcr,addcd .I %numbcr,xidd% * 1 
I :. I. 

> .  

)* end the "do until " loop" 
kmd' 

'* clcm up 

. .  



P close lhc in-filc 
&sct c1oscst;lt [closc -all] 

P close and rcmovc thc cursor 
cursor lempcur rcmovc 

r rcpon number of mods addcd KI N O  iilc 
k:tYpc 
&type Told numbct of rccords a d d d  10 %info-filcfo: %numbcr-addd% 
BlYPC 

r m o r  toulinc 
&rouunc cmr 
S;severiLy Bcrror %fail 
&typc An cmr ha occurred in TAC.A,MZ... 
&type P l w  chcck lhc input lilc m f u l l y  for c o m t  fonat .  
&scr closcvilr [CIW -ill11 
&if  [quolc [cxmct 2 (show cursor tcrnpcurlll - 'OPE??" Scihcn 
c w r  tcmpcur rcmovc 

tktypc 

&F 

&type 

&ypc Tod numbcr of motdr added LO %Poinfoo,lilcR: %numbcr,3ddcdSPb 

$type Plat chcck mords in %inlo,filc% wrefully, --- 
&ypc Invalid dah might h v c  bccn added. 

S;rcrurn %error Tcminnring p r o p  TAC.AML, 

c' waning rourinc 
h u t i n c  w m  
dscvcrily &warning Gignarc 
atypc A warning condiuon occurred 





Bil [null %in,filc%l &hcn &do 
brypc Us@: mu,aml <in,fIlo 
&rctum 
&end 

&if * [cxisls %in,filc% 4 l c l  &Lhcn &do 
&type cin,Tilc> %in-filc% docs not exist. Exiting ... 
&type Usqc: tw.aml <in_Ti lo  
&rewtl 
m 

r Open filc and chcck swtus 

&et filcurrit [own %inJ~lc% opcnsut -r] 
&if ?bopmot$ nc 0 &hen 

B;rctunr kcmr Enor owning <in,filo for mding. Exiting,. 

/“ Initialize count vui3blc lo count numbcr of m o d s  add& 
g;sC~ number-addcd 0 

P R a d  thc u n i v e d  d3C1 that applies 10 aU rccords in file 

P Rccord 1. Conuins only header infomtion, 
&I mod [md %fileunit% mdstat] 

f Rccord 2 condns LOCATTON itcm vduc 

9rsct l a t i on  (unquolc %rccord%l 
&I mod [md %filCUnil% resrdstat] 

I’ Rccord 3 contains TRAsS,fD itcm valuc 
&t rccord [rod %libnit% mdsntl 
&set m - i d  [unquote %mord%bj 

~P Rccord J contains TRANS,DATE ilcm vduc 
%set ncord [rad %filmit% mdstat] 
ksct ms,&tc [unquote %rccord%l 

/* Rccord 5 connins READ-RECORD itcm vnluc 
&t mord [md %filcunit% mdsotl 
&t md,record [unquw %rccord%1 

/- Rccord 6 contains FT,P€R,TRAVS itcm valuc 
&scr rccord [md %filcunit% mdsutl 
gtsct f [ _ ~ ~ r - m 5  [unquolc %record%] 

p Rccord 7 conuins C O M , m T S  itcm valuc 
&xi rccord [md %filcunit% rwdsutl 



. I' 

. ,  

I -  . ., P Rccotd 8 condns P blank line - do nothing with it ' . L' . .  

. . .  

, ': 
' ,  



&do vu &list nonphnt,cov plant-cov rcl,cov pcr-frcq rcl-fnq irnpt-indcx 
&if [quou: [unquorc [value %vaffbll] = ' ' Gclhcn 

&set % v u %  n 0 
kcnd 

r ,Vow that thc vrvinblcs m sct, 3dd a tccord to thc ISTO lilc and 
/" sct Lhc cursor varinblcs 

cursor tempcur inscn 
&I nurnbcr-add& 0 bnumbcr-addcdZ +I 1 

%do itcrn &lis1 ku'ts-id louuon md-rccord uans,&rc fr,pcr-vyls type - 
:ommcncl sc;coJc nonplanr-cov plant-cov t,r,no L,S,JCI'C nvgdbh rcl-dcnsity - 
r1,cov pcr-lrcq rcl-frcq impcindcx 

&end 
&set :~crnpcw.%itcm% [unquotc [value %item%]] 

F dclcie L!C abovc rccofd qxcific &blcs 
&do var &list scdc nonplyrr-cov plmt,cov rcl-cov per-frcq rei-frcq - 

imp-indm mord 
&dv %VX% 

&end 

&sct record [md %lilcunii% mdsnr] 

cnd thc "do until " loop" 
&end 

I* closc rhc in-fifc 
b e t  closcs13t [closc -all1 

I" cnd of aml... 
&KtLlKi 



I .:. . . . .  



Tablc 15. The XML. winen  for d m  automation of one filc ~ J X  of bird census data. 
A.;lml. 
P 
r Environmenal Systcms R c s c m h  fnsdtulr! 
r- 
P Purpose: Rcads dab from UP=LA-95,a,CSV Lcxt file and loads into 
1- BIRRDCEYCDAT lNF0 filc, 

p Lisgc: s m l  t i n , f i l o  
I' 
I" iugumcnls: in-filc 
I" 
I' 
/" Rourincs: ERRROR Hmdh MY crrors thai may occur, 
1- WARS - Hudlcs my wmings that may occur. 
/* 
P Clobals: nonc 
r 
1- Calls: none 
r 
P 
p linc 1: LOC~~ION:,~location>,~,~ ... 
r linc 2: OBSERVERS:,<obscrvcru.WZ?iD.,, 
1" linc 3: DATE:,<d3tc>, TIME... 
P linc 4: blank 
p linc 5: bhnk 
p line 6: hmdcr informalion - no &la nccdcd 
f linc 7: hadtr infomation - no &!a ncodcd 
p l i n t s  8 to vlc cnd of filc conoin d3u in thc following f o m t  
P < p o i n c U m c : d a y ~ , < h ~ b i ~ ~ , ~ ~ i ~ ~ , < ~ - ~ ~ , ~ ~ 5 ~ ~ ~ 0 ~ 7 5 ~ ,  (con't) 
p c:5- 1 Oo>,~agc>,csw ,cbreeding,... 
I* 

p inpul: ucii dam filc w i h  abovc format 
r Ourpur. records add& to B R X E N C D A T  

p History: Andy Huntington (ESRI) 8Fd6 - origind coding 
1" 

?rogrJm: A.A,ML 

r- 

- Ihc m u  of thc asci; text filc to load 

Norcs: Thc cin,lilc> nccds to be in thc following fomx 

r 

r 

r p  

$ m w i t y  &cmr & m h c  cmr 
&sevcrity &wming &routinc w m  

&ups in-filc 

p sct thc info-filc to rcccivc Ihc d 3 ~ 1  
%sct info,filc BIRDCENS,DAT 

r Do somc c m r  chccking 

, 



' Rccord 8 unt i l  thc cnd ol'filc condns dm h r & h  rccord. 
' Add thc d3u to thc IFTO filc usinr CURSORS.' Othcropuon would bc to Wri';C' ' I 

0 3  .I 
. ,. .. 

.,:. , ,i , 

'1 ' 

-. . .. . , . . ,  . 

. \ . -  . .  

1 .. . .  
. .  



/* out rhc chtli to an ucii Lilc in thc corrcct fonncll, and Lhcn uc ADD FROM 
/* in INFO or TABLES. 

I' First, d c c l m  and o w n  ii cursor on thc bT0 filc 
cursor tcrnpcur dcclan: %info,filc% info w 
cumr lcmpcur opcn 

/- postion c u m r  to 1st rccord in Lilc if hwc morc than 0 rccords 
f (wmt to add dm to cnd of filc inciad of lop) 

&if LPb:~crnpcur.YnlSnscl% gt 0 &hcn 

r R a d  rccord 8 to thc cnd of filc, and p a w  dm inLo variables, 

r rnovc 10 rccord 8 
&sct rccord [ m d  %filcunit% mdsUt] 

%do &unul  LPdtc~dsutk = I02 or 4brccord70 - ' ' 

cursor lrrnpcur d:icmpcurmlSnscl% 

S;sct mod [unquorc %rccOrdk l  

P chcck for ncw point, If ncw poinL Lhcn SCI vxiablcs for point and habibt 
p For ncw p i n t s ,  bc formot is slightly diffcrcnt since ~ x m t  on dm wirhour 
P lading commas produces diflcrcnt results 

&if [quou: [cxmct 1 %mord%]] cn ':' or [quoit [cxtncr 1 %mord%]] cn '.I - 
or [quotc [cxmct 1 %record%]] cn '1 Brthcn &do 

&scr point [cxrnct 1 RrccordO] 
%set hsbiht [ C X V ~ C L ~  %rcCord%l 
Scsct spp,codc [cxmcr 3 %rccord%l 
$SCL r0-3 [cxtncr 4  cord% J 
h t  e540 [ c x a c t  5 %'crrcOrd%l 

&xt 3gc [cxmct 8 %record%] 
&sct scx [cxu3cr 9 %ECord%l 

&SC~ r50-75 [CT&CL 6 % R C O ~ % ]  
bsct r75-100 [cxmcr 7 SbrccordQl 

&scr brccding [cxtnct 10 %brc~0d%1 
P XI pointmid v) bc cornbination or lmdon and paint variiablcs 
Gcsct point-id 'PolocauonQo %point% 

&cnd 

&clsc &do 
f sct othcr values for cxh clcmcnt 
&xi spp,ccdc [cxmct 1 %rrcOrd%l 
&Xt ro.25 [cxmct 2 %rceord%l 
&SCL fS50 [ ~ x t n c t  3 [vOr~cord%] 
Bsct rSO-75 [cxmcr 4 %rc~od%l 
&xi r7S-100 [cxmct 5 %brccord%l 
&XI 3gc [cxuXt 6 %rrcord%] 

ksct brccding (cxmct X %cCord%) 
&sct scx [cxmct 7 VortcOrd%'cl 

&cnd 





f cmrmutinc 
&mu tinc cmr 
&scvcrity kcmr &fail 
btypc An crror hu occurred in AAML.., 
kiypc Plcuc chcck the input filc w f u l l y  for corrcC1 fomoL 
&t closcvar [closc -all] 
&X[quole [cxmcr 2 [show cursor tcmpcur]]] I 'OPEY' klhcn 
cursor tcmpcur rcmovc 

&tYPc 
&type rod numtrr of rccor(l.. ; I d a  10 'pbinro,filc%: %numbcr,addcd% 
WP 
Sriypc u*m P l w  chcck rccords in %info,filc% wrcfully. 
&ypc Invalid &u might have bccn add& 
ktY Pc 
&rcturn &crror~cmimUng p r o w  A A m .  

f warning routinc 
Wutinc w m  
Srscvcrity &waning Bignorc 
&type A wming condiuon occllltcd. 
R;rCiUm 



in-file 



k i f  [cxiso %in,filc% -file] &hen &do 
&ypc <in,Tilo %in,filc% docs not cxist. Exiting ... 
&ypc Usagc: ~ m l  cin,(ile 
brcrurn 
kcnd 

Opcn fife ;md chcck S ~ U S  

b c r  fitcunir [opcn %in,fitc% opcnstar -rl 
ki f  %opcnsuL% ne 0 &hcn 
&mum &cmr Error opening cin,filo for mding. Exiting ... 

IniLiJirc count vxiablc 10 comt number or mods addcd 
k x t  numbcr-add& 0 

Rc3d the u n i v c d  d3t3 that applies 10 J1 m o r &  in filc 

OLD,?XANS,ID is sct to cin-filo 

This file docs not conuh  i d o m t i o n  lor fA-:oO, Iniddizc 

Prscr old,ms,id %in,frlc% 

rnQbZ0. 
nsct rJ- 103 0 

Rccord 2 conains OBSERVER ilcm value 
ksct mod [md BfilcuniR rc3dswtl 
&w rccordcr [dw [before [quo@ %mod%,] ,mD] OBSEWERS:.] 

P Rccord 3 contains DATE ilcm value 
Brrt mord [md %filcunit% mdsUt1 
Suct &le [CXrnCL 2 [unquole %rrrord%ll 

P Skip ncxL four rccords 
sw;Ct word [md %filcunit% md51311 
&r mod (re36 %filcunil% mdsnt] 
%sct ncard [mad %'lilcunit% mdm1 
&sct rccord [md QTrlcunirS mds011 

r Rccord 8 until Lhc cnd of file conldns d30 for cach rccord. 
P Add thc d x ~  10 the INFO filc using CURSORS. Othcr option would bc to Wri t  





/* if any or ihc abovc varipilblcs far Lhc numcnc itcms conuh  blanks, 
I' change Llicm lo "0" (zcm) 

%do  v u  %list &̂ IS a.50 r50-75 r7S-100 
&if [quolc [unquotc [valuc % v d o l ] ]  1 ' '  %Lhcn 

&SCt % v u %  - 0 
k c n d  

P Sow h t  thc vwhb lcs  m sct. add n rccord to thc I?TO lilc and 
r SCL Ihc curSor vx i ib l c s ,  Also, count up numbcr of rccords addcd. 

cursor tcrnpcur inscn 
&sct nurnbcr-addcd = Inurnhr,addcd% - 1 

&t!o itcm &list point-id date habiu[ spp,codc d-25 125-50 r50-75 - 
-75- 100 1-25 lo0 3pc scx brccdjng rccordcr old_rm,id 

&cnd 
bsct :tcmpcur,%itcm% [vduc  %itcm%l 

P dclcrc thc abovc rccord qxcific vnritlblcs 
& d o  rs &list spp,codc r0-25 1-25-50 r50-75 r15-100 agc scx brccding 

&cnd 
&dv % S o  

P cnd L+C "do until " Imp" 
&cnd 

/" closc thc in-filc 
h c r  closc.snt [closc *all1 

f closc md rrrnovc thc cufsor 
cursor tcmpcur rcmovc 

r rcpn nurnkr of rccarCI: add& LO EGO rilc 
&type 

&yp: 
ktypcToul numbcr of rcco& addccl to 4roinTo_filc?o: %nurnkr-addcd% 

/, cnd of oml... 
&EtLUll 



.._ . . . 

. I  r crror mutinc . %I 

$mu tine enur 
&vcri[y &error &fail ) I  

&~ypc An cmr has occumd in AAML... , : 
%type Plcsc chcck Ihc input fdc arcfully for correct . .. fo&L 
&sct eloscw [clw -all] 
,!kif [quolc [cxmct 2 [show cursor tcmpcurllJ 'OPW . I  i i k n  
cursor tempcut rcmovc 

' : . ' (  , . '  

~ 1, 

, ,' , ', I I. . 

I 
I . .  

4 8 .  I '  

1 , '  

I" wming mutinc . .  
, I  1 ,  kroutinc w u n  

ipLscvcriry $wxninf: &igoE 
ktypc A wming condiuon occumd 

.. 8 

b .  

I .  



,- Table 17. Status of m i o r  &ra scrs. 3 
Datauct Yamc I Contents 1 Sta tus  1 Type or Dum I Sumber ot 1 ';Ij 

PLAN'  
Vcguln,mt 

V c g v h d a  

Hcrbmurn.ht@t 

-. I Rccords or ,I 
Lncn t ions r-5 

r:. 
7 

3 lowdons arc in Lhc TES 
d?tl hTV. ' I  . :r 

w* Vcgcution Tmsccls 90% of known mscct Covcngc > 100 

Atuibutc dm mcchlcd 75 % of known mwt 3at3 Awlbuics > 2,000 J A  

..I 

w i h  vcgcotion attriburc data yc in an i 

I mn wc IS. INFO ahlc 
toutionaldm and M m a . l  daw may is Covcnr;~ 

lhc LtWL Hcrbmum 
colfcction. Sp;ltu.l covcngc nccdr 

awibuU: dm rclalcd LD 75% complck Impon Dau Attributm m 
to LMO necdcd. 

lo k dcvclopcd a i k r  

Frijpoly,par 
Whiusly.pot  
Cuajcpoty.p;lr 
Fuycpoly.pclL 
Fr i jnwiac  
Whiunwiat 
G u j c n w i n t  
Piivcnwi.m I 
PlnnLcxp Expnsion cablc with 

J4iSLMA.L 
1nvCN.mC 1 toWtiorul43b rclatcd 

dcfiniuon of plant 
CodC% 

wctlilnds. 

In an LVO Itlbfc. Expansion Table I072 

All lcmml inscct 1 Covu3gc 2s I 

covcnps,  Will rcdixc 
LO 1 covcnge, 

to invcmbnu: studics 
conductcd a t;i% 

study lmuons YC in 
ARCDTO, 3% of 
LCC ;Iqutic invcrtcbnle 

Tcrfnscetd3K 

Aispccia.da1 

Birdo bs. p3 t 

6irdobs.dnt 

I I 
lmlions mz in, 

h v c  kcn import to an 
Atmbuv: dm wsciatcd All Icrrcsmd inscct daa Dau Aunbutcs 1558 
with tcmui31  i n s s t  
studies, Covcngc is bT0 table 
i nvcrtwn t 
Atmbule dam 3?isoci31cd 3% of lhc &P Data Auributcq - So0 
with aquatic alpibulc information arc 
invcncbnlcs, Loation in an LYFO table, Data 
dm storcd in Invcmpar for studies conducted in 

Gujc  and Los Almos 
Canyons arc complctcly 
immncd. 

Laxtional dao loo % of Ioc3tioml &la C0vcl;lgc 52 
mociauj with inlormid ;VI: in an ARCAM0 
hird w v c v ~ .  eovcnrlc 
Aivibulc d3u iwscciilcd I00 'Po of d3u 3tVibuLcs Dan Autributcs 2161 
wilh thc bird 
ubl;crvotinn<. fhc IhTO mhlc 

h w c  bccn imponcd u3 



. .  
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Tables 1s through 25 

' *., . '..,.. . . - .  

the Map they reference.. 



Map 1: Vegetation Transects 
Sdcctcd Transect Shown with Id Nunibcr 

(See next pagc for attributc Information) 

S 

:: 1 
A 

N, Pnvd Konds 
Selected Transect 
Vegetation Transects I 

1 ,f\, ' 
I I \,/ Dminugw 

i I -  , -  

! t 

, 1 :  i 1 u3ii 





- . .  .. . . . .  
* .  :.- . .  

0 0 0 
0 0 0 
0 0 0 

. c- r .  

Table 18. Attributz Data for' Vegelaiion 'l'rnnsect I 1 10535 

0 6.25 0.03 1-79 4.02 
0 24.99 0.27 16.96 20.98 
0 15.97 0.16 9.82 12.s3 

0 
0 
0 

01 0 0 12.15 0.11 7.13 9.65 
01 0 0 7.22 0.21 13-39 10.31 
01 0 0 0.07 001 0.m 0.4 8 

~ 

0' 0 0 01 14.79 0.21 12.5 I 3.61 
0 0 0 0 1.26 0.11 3-14 4.2 
0 0 0 0 4.19 0.03 1-79 2.33 
n 0 0, 0 0.32 0.01 083  0 62 

0 01 0 0.35 001 O S 9  0 62 



I -  

3 4 - 8  

-V Map 2: Wetlands 3 

Map contains NWI wetlands ilncl wetluds 
mipped during LANL, biology surveys 

.I 

. ... 

I 

I : 86 I 74 J. I n 

N 
I 
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Map 3: Insect Observations 
Locations Shown with Loc no Nunibcr 

(See next page for observation attri6te information) 

S 

Legend 
I I 

Pnvcd Roads 



-- 



Map 4: Bird Observations 
Locations Shown with Birdobs-id Nunibcr 

(See next page for observation attribute information) 

N 

s 

I Legend 
I 

Bird Observntions 

0 LAhZ 
/'J/ Pnvcd Ron& 



Table 20. Bird Observations 

* .  , . . .  . 



Map 5: Identified Potential Habitat 
for Sensitive Bird Species 

. .  

S 



[Map 6: Locations of Small Mammal Studfie 

I 

I 

I 

I 
1 

I 

I 
I 
1 
I 
I 
I 
f 
! 
I 

I 
I 
I 
I 

.- 
9 
Y Locations Shown with Site id Number 

(See next page for small mammal aGibute information) 3 

N 

S 

I 



. -.  

(Selcctd records from sinma~n.cl.~l table.) 
1 

Sublocation 1 g ~ p - d ~ i e  hiortility-cd hlatal.ty-Jlle Site-id Contsm-id Capture-id hlarnmJ!jd hluscumjd I-cxatitn NIX 
1807 0 TA5-I 31 507 22 2-1 1807 NIX 

0 TA51 
0 TASl  
G TA51 
0 TAS4 

0 TA51 
0 TXS1 

31507 1 
3 1507 1 
3 1507 I 
3 1507 I 
3 1507 1 
3 1507 I 
34507 I 

34507 I 
31507 I 
3 4507 I 

3 1507 1 
3 1507 I 
3 1507 I 
31507 1 
34507 I 
3-1507 1 
3 1507 1 
34507 I 
34507 I 
34507 I 

34507 1 
34507 1 
34507 I 
34507 1 
3 1503 1 
3 150s I 
3-1508 1 
3150% I 

3 l5lM I 
34506 1 3.1506 

3.1507 22 21 1805 1805 W A  
51507 22 24 180s 1805 NI.4 

34507 22 24 1803 I so3 N 144 
3 1507' 22 24 I809 1803 NIX 

3 1507 22 24 1801 1801 N IA 
1 34507 22 24 IS02 1 so2 N 1.4 

I 31507 22 23 I800 1 So0 N 

I___ 

o rrw 31507 22 21 1806 I806 NIX 

I792 0 TA54 
o rIi54 
o r ~ 5 1  

o r~5r  

o r ~ 5 1  

3 1507 
1792 N 1.3 3 J 507 

34507 22 23 1738 1798 "A 
34507 22 23 1797 li37 "A 

0 TASl 
I791 0 TAS1 1791 "A 34507 

3 1507 22 23 1796 1736 t i  !A 
31507 22 23 179s 1795 "A 
3 1507 22 23 I793 I799 t i  'A 

22 23 

34507 
22 23 

0 TA51 

0 TA51 
0 TA5t 
0 TAS1 

3 4507 22 22 I789 1769 K /A 
34507 21 22 1790 1790 N 1.4 

3 1507 22 22 1788' 1788 N I#\ 
31507 12 22 1781 1731 "A 

2222 "A 

22 22 I786 1786 I ,  

"A 1703 "A 
3-1507 
34507 o r m  

0 ' 5 5 1  

o r ~ 5 4  

22 22 392 

0 TASI 
I 3 I 5 0 7  22 22 I785 1785 NIA 

0 TA5-l 21 22 
0 TA54 21 21 3 8 5  
0 TASl 2223 W A  21 21 386 

2221 0 TAM 
"A 

381 21 21 
0 TASl 2218 NIX 21 21 330  

3 8 i  2224 0 TAS4 
"A 

21 21 
0 T A 5 i  2263 NfA 21 21 3 89 
0 TA51 2216 NfA 21 21 391 

21 

NIA 
21 20 
21 20 3 80 

34507 
1787 1787 

NIA * 

31507 
3 I507 
31507 
34507 
31508 
3 450s 
34503 
31503 

I 3 4 503 21 

3 1506 

388 2215 0 TAS4 
-.- -- 3 4 508 

0 T h S l  2261 

sitc-itl numlwr. 
2 



.- 
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Map 7: Mammal Observations 
Locations Shown with Site id Number 

(See next page for observation attrkto information) 

N 

S 

Legend 
I 1 
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I I 

1 : 73589 
0 3 6 9 12 Kllorneitrs 3 
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Table 22, Mammal Obscmations 
(Sclccccd records from munmdobs.&t table,) 
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5 
4 I 
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I 
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I 
0 0  
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Sul11oc;llion Trap-number SuLrrap h f t i h d  Sp-code Capture-sfafus SCK R ~ P - s ~ ~ ~ I J s  Ftfur-number Fctusrcmotcd 
NrLw 1.ii-T STATION 1 CLOVER CEEl, N F PREGNANT 0 
ACROSS FROhl Sh1AI.I. hlETTO 2 CLOVER CEEI. N F 0 
NEAR I-IFr IIOUSE I lY  CAhiER 3 CLOVER CEEI, N P PRE(INXNT 0 
NE4R I.!l-TlIOUSEON l11I.1. 4 CLOVER CEEI. N F 0 
NIiAK TIlE SlEXhl PIANT hlAR ~ 5 CLOVER CEEI. N t: 0 
h X h l A R S l 1  AT .STEAK! FlAN ~ 6 CI-OYER CEEL N hl 0 
NEAR hlARSlI ATSlEAhl PLAN 1 CLOVER CEEL R F 0 

t 
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MaD 8: GPS Locations from 6 
L 

Radio-Collared Elk 

\ 

Legend 
I 

I - I GPS Locations by Collar - Id Numbcr n LAiiL 
* * . e . *  i 16033 - 16038 I /‘J( Paved Roads 
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Tnblc 25. Attribute Intbmation for GPS Locations of Elk 

01 0 241 34 I 7 24 16035 511, 2o:oo 
01 0 2 5  I 351 b 35 16035 91 2 I : O O  
01 0 561 26 1 5 36 16035 YO 2200 .. 
01 01 > I .  3 I 4 37 16035 39 23:OO 
01 01 x9 0o:oo 
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Preliminary Ecologicai Risk Assessment of the Mexican Spotted Owl 
at the Los Alamos National Laboratory 
Anrhony E Gallegost, Gilben J. Gonzcrlssf', Karhryn D, Bennerrt, and Larry E. P n f l  

tEnvrrwrmantol Sclencea Group, Lo3 Alnmos Natlonal Lawnlory 
'Ecdogy Omup, Loo A I m i  NatKlnal lamretory 
'Coneswnaonco author; Mall Stop M887, PO. Bax 1863, Los A l m a  Nnuonrrl hboratory, Loa Alamoa, NM a7S-q 
E*marl: g a n t n l o o ~ ~ l a n l . g ~  

Abstract 
The Record of Decision on the Dual Axis Radiographic Hydrodynamic Tat 

Facility Environmcntal Impact Smtcmmt mandates that thc Depamntnt oFEnergy 
ukc special precautions to protcct the Mexican spotted owl (Srrix occidentalis 
lucida) at the Los Alamos National Laboratory, In order to do so. risk to the owl 
presented by radiological and nonndiological contaminants must bc estimated, A 
preliminary ecological risk uscssment on the Mexican spotted owl in two Eo- 
logical Exposure Unirs w u  pctformcd using a modified EPA Quorient method, 
the FORTRAlV modcl "ECORSK3" and ;I gcopphic  infomation system (GIS). 
Esumtcd doscs to the owl w r c  compared against rcftrcncc dosa  generating 
hazard indiccs for thnc risk sourcc rypcs ("UnadjustecL" "Background," and 
"Contaminated Nest Sites"), 

Hazard Quoticnt rcsults, based on modcling assumptions and conditions, 
indicatcd no unacceptable risk to the owl, including a mesure  of cumulative 
effects from multiple contaminants that 3ssumcs o l incv additivc toxicity type. 
Information on risk by specific geographical location was generated which can k 
used :o manage contaminatcd masS, ow1 f i d h t ,  facility siting m d  facility open- 
dons in order to maintain risk from contaminants to acceptably low levels. 

7.0 fntroduction 

Radiographic Hydrodynamic Test Facility 
(DAREIT) Environmental Impact Statement 
@IS) mandates that the D c p m e n t  of Energy 
u k c  special precautions to protcct the 
Mexican sported owl (Srrir occidenrclis 
lucida) ;It the LOS A l m o s  Xationd Laboratory 
(LAXL) (DOE 1996, DOE 1995). In order to 
do so. risks to the owl presented by 
radiological and nonradiologicd c6ntm.inant.s 
must be estimated. 

The Record of Decision on the Dual Axis 

This report prcscnts the results of 3. 
preliminary ccological risk assessment on thc 
Mexican spottcd owl. The gcneml approach 
for performing the uscssment was to make ;L 

quantitative apprisal of the potential cff'ects 
that soil contaminants might have on thc owl 
when introduccd through the soil ingestion 
pathways using the Quotient Mcthod 
prescribed by the US Environmental 
Protection Agency (EPA) (1996,1992). Thc 
methodology generally involved comparing 
calculated doses to the owl against rcfcrcncc 
doscs (RfDs) either providcd by or calculated 
from the scicntific literature. Two potcntial 
Mcxican spottcd owl habitats were cvaluatcd 
on LANt. Each consisted of a predetcrmincd 
potential nestindroosting zonc and J 

calculated foraging uta. Collectively the 
potential nestindroosting zonc and the feeding 
zonc comprised a Mexican sported owl 
"Ecological Exposure Unit" (EU) (Figure 1). 
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Figure 1, Locations of ecological txposurc units fortcorisk assessment ofMexican spotted ow1 
ar LPLNL. I 
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2.0 Methods 
2.1 Development of Ecological 
Exposure Units 

An EEU is a unit dcfincd by the biology of 
a species or group, within which an ecologkd 
risk assessment is conducted (Fcrenbaugh et 
nl. 1996). As mentioned. each EEU for 
Mexican spotted owl consists of a 
prcdctermined potential nestindroostjng zonc 
(Johnson 1993) and a calculated foraging uca. 

Potential nestindroosting zones were 
based on work pcrfomcd by Johnson (1 993) 
in which hc dcvcloped a topographic model to 
rate the physical potcntid of habitat for 
breeding spotted owls. Topoptphic data of 
Uaited States Geologicd Survey I-dcgtec 
Digital Elevation Models provided thc input 
for modeling the potential habitat. Historical 
owl locations were extracted from a New 
Mexico Dcpamncnt of C m c  and Fish 
clatabsc prepared by the Xcw Mexico Natunl  
Heritage Program. Tnc model was developed 
by exvnining topographic chwtcrist ics of 
owl loc3tions and m d o m  locations to find P 
scalar function of topography th3t 
qumtintively sepmted inhabiutcd mas from 
m d o m  locations. The &tabst included 
1,383 records of historical icports md Udtcd 
States Forest S m i c c  inventory and 
monitoring &$me: follow-up field work 
through 1991. Sce Johnson (1993) for more 
detail on the mehodology for identifying 
potential owl habiut. The foraging area 
around a spccific potcntid nesting sitc or 
home mgt (HR) was tstimatcd according to 
Peters (1993) as based on body weight. The 
maximum foraging area and the extreme 
boundvies of each EEU were thcn established 
by mapping an area that was 3.000 f t  from thc 
cxtremc-most north, south, west, and e 3 ~ t  
b o u n d q  of thc nestindroosting zonc. Thc 

resultant EEUs arcshown in Figures 2 and 3. 
"EEU-21" includes foraging and ncstind 
roosting uc3s thatccntcr around Los rUmos 
Canyon and encompss all or portions of 
LANLTcchnical k c a s  VAS) OL05.21, 35, 
53,60,61, and 73, "EEU-40" includes 
forigiing and ntstindroosung arcs that center 
around Pajarit0 Canyon 3nd CaiTon dc Vdlc 
and cncompss all or portions of LA?Z T& 
06,09, 11, 14, 15, 16,22,35,36,,17.39,30, 
36,43,49,50,52,55,6;, 64 66, and 67. 

Each EEU w a  mapped using ;1 geopphic 
information system (GIS) and thc GIS 
softwart ARGlNFO. .4RC/lMO is a GIS 
software developed by Environmental Systems 
Rcsexch Institute, Inc. (ERST). 

GIS was used to create spatial data scts, 
combine information from different spatid 
data sets, generate a spatid p d  and produce 
maps, Wc digitized the spatid extent of thc 
nesting and roosting spotted owl habitat into 
ARcm'JFO to cteatc a covmge (theme or 
layer), Wc assigncd this habitat an attribute 
coven.ge factor of 99. The modeling also 
required additional covcngcs to be dweloped, 
I g i d  stet and ;I fongc habitat covcrqc, 

More spccitically, we first dcvclopcd a 
grid that would cncompss the spatial extent 
nccdcd for the modcling activity. In ARC/ 
mT0, wc crcatcd the grid using the command 
GENERATE with the fishnet option. Thc sizc 
of each grid cell WLS 100 f t  X 100 ft. Thc 
ccological risk modcl required that each row 
and column of thc grid was designated by a 
Iabcl. In addition. the cooriinatcs of thc 
center of each grid cell wcrc needed. Wc 
dcvclopcd the Basic p r o m  listcd below to 
gcncratc these attributcs. Thcsc attributes 
were then tlddcd to thc grid spatial data set. 
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After these & kwcrqcs wcrc made, 
additional information was necded that 
rcquircd combiaing coverages. First, we 
nccded the coicmn and row labels and 
coordinates of the cich g i d  cell ccntcr for 

in an existing coverage dcvclopcd for the 
LA3TL's Environmcncd Restondon Propan. 
We intcnccttd the grid covcngc a d  thc 
smptc location coverage to c r a c  P new 
covengc. This new cavcngc contained the 
smplc lmtians 3s wcll as the grid attributes 
of row, column, and coordinacs. 

' Next, wc combined k e  covtngcs to 
obtain one covcngc with.chc ataibutc f s t o r  
from cbc grid. the owl habitix and the forage 
habitat We wanted chc attribute factor for the 
owl ncstin@msting habitat to be 99, thc 
foraging habitat h r  wmoot Within the owl 
n&ting/roosdng habitzle to be I. and thc grid 
that w3s not within citha (i.c.. m u n d i n g  
thc foraging habitat) tobc 0. We 
sccomplished this through a couplc of 
coverage intcrsccts andjdc€ining a single new 
ottributc fmor.  

Whcn dl covcnges h3d dcul dcvcloped we 
gcncratcd maps in either ARCPLOT of ARC/ 
INFO or ArcVicw. Arcvicw is ;I dcsbop GIS 
for mp display, produebon, and query. It was 
also dcvclopcd by ESRL 

sclmple loca&ions. nc sample loc3tions wcrc 

1 .  

I '  
22. Data Compilation Procadurn 

~ntl lyt ical results from sampling 
' pcrformcd for cnvironm&al ratontion 
' xdvitics at LANL arc dntained in an 

Informxion, Management, and Display 
(W). FIMAD da&an bc accessed 
through the commmnd lidc Structurcd Query 

Thc ncxt covcragc dcvclopcd in ARC/ 
IXTO wzi  the fongc covcmgt. Wc crcnted 
thc forage covcngc by selecting 30 ,grid cells 
above the maximum x, y extent OF the owl 
habimt and 30 grid cells below thc minimum 
x, y extent We gave thc forage habiur an 
attribute factor of 1, 

Omclc danbuc by chc Facility €or 

4 
, " 



Language or through the gaphical interface 
Databrowser. T h e  d m  for the Threatened and 
Endangered Specks F'roject was acccsscd 
primarily with thc latter. 

Soil sampling data YC stored in several 
tablcs, depending on the attribute of the &ta, 
when thc bau w s  collectcd, and the Geld unit 
from which the data was collected. V a 
sample was taken beforc April 1, 1995, the 
results YC stored in onc of the 
"analytical,info" tables, and if a sample was 
taken after ~ p r i l  1, 1995, thc results YE stored 
in the "stage" ublcs. 

The d m  far thc Thrtatcned and 
Endangered Species projcct were compiled 
from the FlMAD database for each foraging 
uca according to the following procedure: 

In order to d c t c h n e  which samples were 
relevant to the Thrcattxd and Endmngercd 
Species study, d l  FIMAD-idcntificd sampling 
locations within each foraging uca were 
idcncificd graphically from a map showing all 
the sampling locations stored in W (scc 
Figures 2 and 3). 

S a p l i n g  locauons were thcn linked to 
sample identification numbers and field units 
to dete,nGnc wlicrc thc andytical results 
would be stcrcd. 

analytical rcsu1r.s: 
Five FIMAD tablts were queried for the 

- walyticdjnfo-fuO 1, 
;Indytical,info,fu02, 
an 31 y ti cal ,i n fo-fu03, 
an,nnlyticd,info, and 
sampIc,request,he~der,stsgc. 

The "andyticd" ublcs  contain data for thc 
ficld uniu 1-5 gathered prior to April 1,1995, 
and the "stage" table contxins data for samples 
gathered aftcr April 1 ,  1995, 

As part of thc query language, analytical 
rcsults were scrccncd to contain only smples 
with a beginning depth = "0". The clau wz 
thcn cxportcd to a personal computer and 
rnodificd fun,Eler using Excel sofn~wc. 

ALI rccords were screened by "sample 
units," and thosc records not given in j p r n ~  or 
kilograms wcrc c!isc;lrdcd. All remaining 
records WCTC converted to rn@g for organic 
clcmcnts and heavy metals or IO pCilg €or 
ndioactivc elements, lcaving only the surface 
soil sample dam rcltvmc to the 'Threatened 
and Endangered Specks study. Although 
higher quantities of contuninants have been 
found at intermediate soii depths than at 
shallow depths clscwhcre at LtQL ( G o d c s  
md Newel1 1996). their bioavailability to 
abovcgound biot3 is unknown. 

All sample values for rccords which were 
below the dctcction limits of the 
instrumentation used in the analysis were 
changed to zero. 

Every smplc rccord was ixssigncd the 
qpropriatc ccll(l00 ft x 100 ft) of the grid 
covering the feeding sea. The grid cells YC 
labeled wit!! the row and column in which 
they are found (see Figures 2 and 3). 
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Avcngcs wcrc calculated for each andytc"' 9 ;'.. ms, ;Idj&&cnt fxtors, 3nd 
within cvcry grid cell containing a~ Imt one ' ','I 

rccord of & t ; ~  Since thc "grid" was 

identified "potentid rclc;rse sites," s;unplc '. '; i 
locations arc not scxtcrcd evenly throughout.:: 
thc cells of the grid. Conscqucntly, some cdl.'? 

occupmcy fxtots (;lll"discusscd in z later 
I 3  

, I  8 sccf;ion) w e n  then migncd io each malytc 
superimposed onto a map of sampling I .  ,-,,,! *thin cach grid ccll..f;~, q 

locations that wcrc conccnmtcd rrround pn- :." . .  .,' . 

4 . d. , 

; The find d3t;l con&ncd the &I&: s i d  
c&i& uafvtt. 
(by grid c&, RfD, RfD &jus&cnc, 

Codc, andye avcnge 
. I .  

, .  
I .  

avenges include the dm from scvcnl 
samples, ochcrs include thc dam from only . l i .  -3 

ruralytical data. Furthcrmorc, not all cells hive :' 
yralyticd results for the s m c  set of malytcs. : 
because the s a c  andyscs wcrc not requested 1: 

r c l c ~ e  sites" in thc ma.  h r l y ,  1lt3 cntirc ' 

100- x IOO-ft xco W ~ S  Usumed to contain m:.' , 
analyte concentration that was mcwurcd in 35. T 
little as one sample. This is considered a .',.::: 
conscrvativc clssumption in most cases. h. , 

bc c0nscrv;ltive is when contamination is : ' : ,  ; 

present in a dninnge chvlncl that is 
downstrcam fiom 3 liquid watt ouet'all. For:. ; 

clscwhcrc in L&NL thac the spacial &mge in. .. 
radionuclide concentrations bclow m outfall ': 
were sutistically insipificmt for an 800-h ' 

disturcc. 

. 4 %  , .  

one sample, while still others have no . , .  I ,' 

for the investigation of all the "potentid . ':, I ;+ ,' 
. .  

; ' 5  

instance in which this assumption would not ' I  * ,  ; ' 

. '  . 
' <  

, I  

cxmplt, G O ~ C S  and NCWCII (lS96) found, ' ;' 

.I I .  
, .  
' ,  . 

The number of andytcs with sample , 

. I . / '  .. 
' I  

rcsults was calculated for each cell. 

0 The grid cells were assigned the x- and y- :. 
coordinates calculatcd at thc center of each ,' ; 

:*, I 

, .  ccll. . .  

percentile upper tolcrance lcvcl I ,  

vducs of analytcs were assigncd to each 

. ;, Mean "namd" (inorganics) or 95th . , 

(ndionuclidcs) soil background concentration :. 
. .  , 1. 

m l y t c  within tach grid cell, mnd zeros were'. 
& p e d  in thc abscncc of ;t background VPIUC: 

I ,  

.' . 
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23 Prelfrninary Listlot Contaminants 
of Potential Eco!ogical Concern 

conccrn (COPECs) arc those 
, tontuninmcf ofpornrial ccoiogd 

t. ' 

.. .. " I 

' identified as of conccm duridg my human 
h 4 t h  risk ;LSStSSmcnt conducted in &e m e  
a r a  and 

0: which w m t  conccrn becaw of othcr 
factors such as toxicity, 7pcrsistcncc, cx?osurc 
potential or fwd chain transfer (Fennbaugfi ct 

{ 

1 1  

4.1996), *I 

Using the p r o d &  'discwed in the 
xcvious section, a p t e l i m i n q  list of 
2OPECs for each EEU was gencntcd by 
pciying LAN~S FRLID dtltabuc for suface 
3ycr soil analytical &ults. Any analy'te listed 
n 

i 
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,I . . 
I 
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Figure 3. Ecological Exposure Unit - 40 



analytical detections were made in the entire 
EEU wcrc not included in the list. The 
prclirninuy COPEC list for the wo EEUs is 
provided in Table A-l in the appcndx, 
Contribution to risk by my given COPEC 
could be calcuiatcd, u discusscd later, only if 
a is available for that COPEC. The 
preliminary COPEC list for tlic Mc,uic:m 
spottcd owl should ultimately bc rcviscd on 
the basis of Mexican spottcd owl sensitivity, 
and whcthcr complctc pathways exist from the 
sources to the Mexican spotted owl 
(Feren baugh cr ala 1986). 

2.4 Food Web Definition 
The Medcan spottcd owl is a first order 

cmivorc and is known to consume woodrats, 
mice, volcs, cottontail rabbits, pocket gophers, 
bats, other mammals, birds, reptiles, and 
insects (Gmcy 1992). In Arizonh Gmcy 
(1992) reported that woodrats (Ntioroma), 
white-footed mice (Percrmyscus), and voles 
(Micmm) constitute between 61 eo 83% of 
prey on o frcquency basis and between 59 to 
88% on a biomss basis. Prey abundvlcc was 
the main factor influencing selection of the 
rodent species. At LANL, Peromyscw spp, 
arc possibly the most prevalent sources of 
food to the Mexican spotted owl, followed by 
Microrus and Sora  (Biggs 1995). Based on 
data reported by Biggs (1 995) for Los Ahmos 
Canyon and CGmn de Valle, which are two of 
the three major canyons or portions of 
canyons t!at comprisc thc potcnual Mexican 
spottcd owl habitat in this study, our estimates 
of weighted mean Mexican sponcd owl diet 
on a composition basis arc: 

mouse), 
4690 for Pemrnyscus manicularur (deer 

23% for Micmrur lungiculrdus (long-tailed 
vole), 

- 14% for Peromyscus boyfii (brush mouse), 

6.2% for Micmtu montmus (rnonme 
vole), 

5,8% for Neoroma mericana (Mexican 
woodrat), 

2% for Soru vagrem (vagrant shrew), and 

4% other. 

These YC based solely on spccics 
abundance and can be considered the primxy 
sources of food to thc Mexican spottcd owl at 
LANL until a more detailed food web 
involving the Mexican spotted owl is 
developed Ingcsuon of soillconwninated 
l~elts is likely the major source of porcntial 
contamination to the owl (Bcycr ct al. 1994). 

2.5 Pathways of Exposure 
A genenl conceptual model, based on 

Fercnbaugh ct al. (1996), on pathways of 
contaminant cxposurc for thc Mexican sporrcd 
owl arc as follows: 

Prirnvy Source of Consamination: 
Burial and outfdls; 

Primary Rcleasst Mechanisms: 
Burial and disposal of liquids through 
dnins; 

Migntion Pathways: 
Infiltr;ltiodsorption, biodegradation, 
organic volatilization, chemical 
rcxtjons, and radiozctjvc decay; 



I . .  

, . I '  I :  . ) : .  : 

. .  . ,  ,'I, ' .  

! , '  t: 

,' ' . 
1 , '  i: 

>; I .  

I .  . .  , .  

T I  
. .' 

. ,  

Concact Pathways: .. 26 Risk Calculation. 
Soil, volatilcs/;tirbornc dust, scdirntn~',. : ,Defined simpfistidy, xological risk is 
surface water: I .  f thtacrud orpotentid'cffccts of c o n h a n t s  

'. : on Don and fame The measure used in this 
htcrmediatc Pathways: . , ' :  study to quYldmtivcl~itppnist ccoIo@d risk 

Tmspon from soil and soil " . , .  ' to the M c x i m  spotted owl is the Quouent 
contaminated vegetation to hcrbivom Method P A  1996,1992) whereby the 
and ' .  :. H u r d  Quotient (EIQ SQVCS as the mc;LSm 

' I: I of potential risk. Thc:j~enenl form of the HQ 

. .  

. .. 

&, ' - P r i m q  Direct Exposure Route: 1 , :, is'dcfrncd as . ~ .  , 

Ingestion of soilsonnminotcd pelts as .: ., . I :  

1 i HQ p Exposm (rn&.d)/RfD (rngkgd) (1) 
. .  

.b , , . '  
* ,  .I I t  I 

a first order carnivore. 

The pnccding secion on food webs .:'ti . , I . ,  ';' whch is the ratio of &OSUC to a toxicity 
.. . rcfercnce dose (RfD). ',FSrhcn HQs for all 
+. contvninano we s&d,it bc~omts a 

(HI).'. A more dtbilcd version of the formula 

established consumption of rodents u chc 
main activity leading to potential 
concaminntion of the owl. This activity rtsul&'.:' cuxnulotivt HQ and is k m c d  Hazard Index 
in ingcstion of soil-contamin~ted pelts 3s tbc , . :, 
dominant contaminant cxposurc pathway for I , *' abdVc. for computing ttik BI from rnu~ tipie 
the Mcxican spotted owl. Pemmyscus burrow: ,:; cokuninnted'arcas is:' i:, , a :  

into the near surface soil, which SCNCS as the' . :I : 1 t - .  

primary source of contamination. Bascd on :,.~,, 

abundmcc, they may serve as I more 
dominant cxposure source than othcr food 
SOUrCCS, 

. ,  . .  

. .  

HE = x FJaw)] ij, Oi z, C P j  , (2) 
* I  . 

2 .  . *' 
. I .  ' . .  

. I' ; wbexr 

: * HI = cumuiative HQ over dl conrminatcd 
Although the abundvlcc of the pocket ' v::' :' grid:cclls and contvninank (COPECs), 

. 1, .. I= food intake, kgfwt/d',(3.94x l@z 
.,I: :: kg(€wt)/d for owl) 

1 

i 3 .  , .  
[ ,  I t .  . ' .. 

I .  ,, 

I* . .. . 
' " gophcr (Thomomys bottocj in U s  Alvnos , , :. 

County has been studied only on 3 very 
limited basis because of its subsurface 
dwelling, its occumncc at LANL has been . . I ,I.' . I ; , 

documented (Bcnncce et d. 1996, Hakonson et ' .  :. * BW = body wt = 0.55 kg(fwt), k@wt, 
' a  (0.55 kg(fwe) forowl) '.:'.:,' al. 1982) and ic is known to intcncr 

significantly with soil contaminant distribution 
(Gonzdes et al. 1995). Therefore, it could 

owl in isolated cases, 

. .  

? 
..I . . '  1 " .  

. .. 

!~ 

' ' .  * tS.,= fraction of food~&tdce as soil = O,OS, 
. I .  , '  : 1.  .: 1 .  also S C ~ C  35 1 pathway to the MUri~an spotted. ' :, . ,  

'1 Oi = bccupylcy fact& on conuminatcd 
:, 'sites= proportional to rhc'hction of feeding 
,],;!,m'&cupicd by contamhued grid cells ( i a .  
':, .:equd:wcighting given tokontaminatcd and 

,honcont;uninatcc! grid Ctus), 
I 
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Cij = contaninult concentration in soil, 
mgkg, for the ib conuminatcd grid cell, and 
the jm contaninant, 

RfDj = receptor (owl) rcfcrencc 
toxicological dose in mgkg-d for thc j$,h 
contuninant (Note: RfDs uc discussed in thc 
next section), 

Wildlife may ingcst mounts of soil while 
feeding that are substantial enough to 
constitute the main source of exposure to 
environmental contaminam (Bcycr ct al, 
1994). The fraction of food intake 3s soil , F,, 
is currcntly an issue undcr consideration at 
&NL. EPA guidance is that, for c& 
11upb04es. this pmmetcr should k SO%, given 
that soil ingestion can range from Icss than 2% 
in some small birds and small mammals to 8 

100% in cvthworms (Fcrenbaugh ct d. 1996). 
LAYL guidvlct is aat the screening approach 
to this parameter may bc examined to 
dctcrminc if the use vf less conscivcltive 
ussumptiom is justified in ordcr to better 
rcflcct specific site and/or receptor conditions 
(Tcrcnbaugh et al. 1996). Beyct et al, (1994) 
conducted laboratory and fkld studies to 
cstimatc F, in 28 herbivore or cmivorc 3vi3.r~ 
mammal, and rcptilc species. Although the 
m g c  in mean F, for the avian species was 
4-3055, all of the avian species evaluated 
either consume soil organisms is ;L dominant 
source of food or dclibmtcly consume 
sediment for proper functioning of the gizzard. 
This is in contrast to the feeding habits of the 
Mcxjcan spotted owl, Since thc owl is a first 
ordcr cmivorc, it would not have the 
exposure from soil ingestion that the avian 
species in the Bcycr et d, study did, Also, for 
the two omnivorcs. the red fox and the m o o n ,  
studied by Bcycr ct al. that prey on rodents 

like thc owl, the avtngc Fs was 6.1%. Of 
these NO. die only dict of the red fox was 
predominantly carnivorc, therefore its Fs of 
2 8  is more applicable to the owl. For ~ i e s c  
rcasons, and F, value at thc lower end of the 
range established by Bcycr et al, (1994) is 
justified. Therefore, an Fs value of 5.0% w a  
assumed for the Mexican spotted owl in this 
study, A more dcuiled fotmula for computing 
h e  MQ is prcscntcd in a later section. 

Upon selecting a nest sitc, the rnodcl 
ECORSK3 (described later in this report) 
dcveloped a foraging m a  for the Mexican 
spoctcd awl (3.66 km2) and caiculatcd 3 HQ 
for each COPEC within each 100- x lOO=ft 
s i d  cell of the fonging ma. The model 
repeated this esummc based on the number of 
repetitive (q1ic;ltion) nest sites sefcctcd, By 
assuming that the owl fongcs in 
nonconmninatcd as well ;IS contaminated grid 
cells, our risk estimate lessens a source of 
error that Ticbout and Bruggcr (1995) 
conclude leads to overestimation of risk ix., 
the error associated with thc implicit 
assumption normally made in the Quotient 
Method that birds remain in a contaminated 
zone. 

The data in Table A-2 is an exmplc of 
model ourput for a c3se in which thee were 
100 randomly selected nest sites, H u d  
quotients were then combined into three 
" H m d  Value Types" by vatious "Risk 
Sources" as shown in Table 1. 
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Definitions of the Risk Sources and 
Hazard Value Types XE LS follows: 

k S o w =  

associated with Laboratory activities, Sourccs 
of EQ values include (i) HQs associated with 
conuminatcd grid cells making no adjustment 
for background soil conccntrations: and ( i i )  
for grid cells whcrc s;unplcd COPEC soil 
concentrations result in Unadjusted MQs c 
Background HQs then Background HQs art 
cnrcrcd. 

Unadjusted risk - Contains the risk 

Background risk - Represents the risk 
associated with "natural" background 
concentrations of COPECs measured in this 
study. Computes HQs by entering thc mean 
(inorganics) or UTL (radionuclides) "nacurd" 
background soil concentration into the HQ 
formula for grid cells in a foraging YC;I for 
which COPECs exisrcd in the Unadjusted d m  
set, 

Contaminated Nest Site - Represents the 
unadjusrcd risk resulting from "simating" nest 
sitcs on contunhated &d cclls within thc 
"nesundroosting" zone, The number of 
fonging m3s is equal to the number of 
"contaminated" gnd cells that exist within the 
ncstindroosting zone of each EW. This 
value was estimated as S6 for EEU-21 and 16 
for EEU-10. 

HI (Hazard hdcx) - A  sum OF the HQs €or 
all COPECs and all grid cclls in a fonging 
area avenged m o s s  the number of replica- 
tions. 

Mean Partial MQ x Location - A sum of 
thc HQs for all COPEG; scpmtcd by location 
and avenged across "replications." 

Mean Partial HQ x Location x COPEC, A 
sum of the HQs scpantcd by location (grid 
cell) COPEC and averaged moss  
"replications." 

The most useful H w d  Value Type for 
conveying total risk is thc Hazard hdcx (1%); 
Using the Unadjusted HI 3s an example for 
discussion purposes, consider that for each of 
100 randomly sclcctcd potcntid nest sites of 
the Mexican spotted owl and thus 100 
replications, an W Q  was calculated for a 3.66 
krn2 KR. or foraging UCL for each COPEC at 
each grid cell. The  MI (or Mcvl Total HQ) 
sum dit HQs far all COPECs and dl grid 
crlls in a foraging area and is an avcnge of 
the 100 sets of data (rcpiicarions). Because 
the HI is thc sum of the HQs for aIl COPECs, 
it SCNCS 3s an index of cumulativc cffkcts 
from muluplc cont;LminmtS and is thc most 
conservative of the t h m  W a r d  Value Types. 

2.7 Reference Doses 
MerrrLs. The RtDs chosen to use s 
contribution to the HQs for organic m d  mctd 
COPECs wcrc the chronic no observed 
adverse cffccts levcls (NOAELs) in units of 
mg COPEC per kg body wt  of the owl per day. 
The NOAELs and related information uscd are 
listcd in Table A-3 in the appendix. In order 
of descending USC, the manner in which 
NOAELs wcrc compiled was 

1) obtained directly from the scientific 
literature, 

2) computed From chronic intake doscs, and 

3) computcd from LD,,,, 
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Table A-3 idendfits the NOAELs used in. -' ~ampoiaion of &tc dose derived 
, .  this assessment: rcfcrcnccs from which the ' 'I :, 

NO- were derived: test spccics on which 4 

they YC based, in some cues, the chcmical ' > 
form which the NOAEL is bscd; thc 
toxicological test endpoint: and comp;Lison or; 
altcrnativc XOAELs or RfDs which could . ,,I. ' .  

havc been used, The NOAELs for thc mcral' .I :] 

COPECs arc bascd on avian test species. The ': 
NOAELs for the organic COPECs arc bused ' : : '- 
primarily on laboratory rats. Xo adjustments',. 1 
wcrc mode for extrapolating between 
phylogcnctic lines oE species. In human risk' 
assessments, RfDs rn typically adjusted ,+ ; : ' :  
(lowered) by 3 factor of 10 to ~CCOUIIC for ' , , I 

(makc conservative) the uncertainty of ' . .  
extnpoladng RfDs within and bcnvecn '. , * 

species. Bcc3usc of a broadcr mgc of ' ", 

uncertainty in ccologid risk an unccmincyt : ! 
factor 0 of 10 may be inadequate in : :", 
ecological risk assessment (Cdabresc u d  . .  
Bddwin 1993). Atrtmpts to cdculatc 
cxmpol3sions of REls have been made 
howcvcr the basts v q  from one nscarcher.to- 
mothcr. For cxmple, Sample et al, (1995) 1 " 

assumed that "smaller animals have higher ' .I 

mcmbolic rates and arc usually morc resistant:' ' .  
to toxic chemicals becsusc of more rapid ntts;',: 
of detoxification and that metabolism is : '. .:. 
propordonal to body weight" Conversciy, io a' 
srudy of risk to vertcbntes from pesticides, ' ,  I. :. 
Ticbout and Bruggcr (1995) pndictcd hat , '  

small-bodied inscctivorcs bced the hishcst ' ' 8 '  ,' 

ecolo~cal risk. Other possible sources of , .. 
uncertainty chat uc not ncccss;lrily cxclusive ; 
of each other include 

, ' . d  

, . .  

. . '  

.. . . 

. .  

I , :  

, "  

. .  

.. ,% 

. . . , 
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NOAUs to chronic rcspctnss, 

9 1 l o w a t  observed dvcrsc cffcct Icvcl 
(LQAEL) co NOAEL conversions, 

* ampolation of s&sitivc-tcsr-specics data 
to nonscnsitivc or lift sogcs, 

* extrapolation of Icss-than-lifcspyl 
toxicological chu to lifespan, 

* , time to achitvtrncntofconuminvlt 
steadyatate in labontory tests on which 
NO= ut based. &d 

- : l hn to ry  to field &trapoldon (Calabnsc 
andBaldwin 1993). ; 

p'mtial to incrcasc ordecrc3sc (under- or 
ovutstimate) toxicoIo&Cal v d u a  ~ l s o ,  
s e v d  instances of intdqendmcr: of UFS 
urisr. thctcforc the 3ssumption that thcsc 
factors 3n= independent in their application s 
UFs would likely Iad to c~vcr-consuvatism 
(Cahbrtse yld'Bddwin 1993). For these 
rcwxls, the authors belim that the coIlcctivc 
mount of uncertainty origindng from 
different sources is enough mdlot 
vxhblc cnough such that x#Wmcnt for such 
u n c d n r y  would makc thc results unusable 
betause of large total m q i n s  of introduced 

* I  

! 
* ,  

i n  I 

Some of the abovc-;listtd factors havc the 
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iludwnuclides. Ecologicd risk assessment at 
LANL sornctimcs docs not address risk from 
radiation bccausc LAN, has adopted the 
guidance of ths International Atomic Energy 
Agency (Fcrcnbaugh et al. 1996) which says 
that if humans ;vt adequately protected from 
the effects of radiation, then other organism 
populations arc likely to be sufficiently 
protected ( U E A  1992). Under this 
;LSsumption, if the results of human risk 
uscssrnent(s) of che same concuninatcd m u  
as usesscd for the Mcxicm spottcd owl 
indicate that h u m s  are adequately protected, 
the conclusion would be that individuals md 
populations of other organisms YC adequately 
protected. It is thc individual Mexican spottcd 
owl that is of concern in his study. 

Rcptoduction is the primary endpoint of 
concern for populations of organisms. 
Populations can remain healthy if only a small 
percentage of their population has their 
rcproductive capability adversely impaired, 
but individuals cannot contribute to 
maintaining the health of a population if thosc 
individuals YC irreparably damaged. 
Therefore. the Mexican spotted owl wc~vr also 
sscssec! for potentid impact from 
radionuclides. Because RfDs for 
radionuclides in avian species were 
unavailable. human risk screening action 
levels (SALS), in mg of radionuclide per kg of 
soil were uscd in place of RfDs. A list of 
SALS used appears in T;lbk A-2, 

2.8 Model 

estimating thc cffccts of toxic substances on 
animal and plant populations at LAC. with 
particular interest in ccosystcm dynamics, is 
an ongoing progrm at this laboratory, Recent 
efforts to smdardizc the estimation methods 
have been published for LAX by the 
Environmcntzll Scicncc Group, J3.S- 15, and 
arc used as a guidc for this study (Fcrcnbaugh 
1996). 

The devclopment o f  methods for 

The Threatened and Endangered Species 
Habitat Management Plan (HMP) being 
developed by thc Ecology Group, ESH-20, 
(DOE 1996) includes ;111 ecological risk 
component involving threatened and 
endangered species ("ES), which arc the 
subject of this study, The HM? risk 
component for a TES does not include an 
initid conservative smcning of contaminated 
sites, bccausc, for individual scrceninps, 
unlike the proposed rncthodology of EES-lS, 
the sitcs arc not grouped into potentid release 
sites, but into sampling locations h a t  have 
identiftabk Noh-South ("4) and Est-Wcst 
(E-%') coordinates obtained from GIS through 
LANL"L' FMAD database thar ;vc usscsscd for 
ccologicd risk in a cumuIative mnncr. 

2.8.7 GIWFlMAD Data Conversion 
Thc coordinates of thcsc sites were 

converted into grid ccll information for 
processing. Also, adequate potential relcue 
site ucal definition w x  not available for use 
in the estimation method to be described. and 
an area cqual to that of a single grid ccll (1W 
ft  x 100 ft in this application ) W;LF assigned to 
cach source of contamination. However, 
provision is made for moditication of the 
animal occupancy cstimatcs if dccincd 
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assumetito a conscrvotivt mC;rsurc in most ' : 
cues, Xn addition, if any conminult from 

arithmetical mean of the sample concentration : .* . 
I HH a O , I : a D O D ~ w  rcpllaudunphblonr. (3g) 

was uscd to rcprcscnt that contamhunt in that " 
I 

I ,  
a where grid. Fintllly, as avilablc background 

conccntntions wcrc recorded for each &d 
4 

. FIR = animal horn; &gee, km: and whcrc contamination was prescnk (org&ic 
mattrids cxcludcd) in order to cstimxc 
LWLcontributcd risk Tiis topic is 

: 
B O D W  = anirnal'body weight, kgfwt 

1 

described in more detail in another scccion of rn ~ h w  fmm ~ ~ o t ~ o f ~ ( 1 9 9 3 )  f o r d  3 
'chis rcpon types of f onm 

* I  

2.8.1.1 Grid Mapping of Mexican h ihstnrion of the HR (4) for the 
Spotted Owl Habitat MtXican spotted owl m u d  a specific 

potential nesting sitc (IO) on a given EEUC) 
study (Mcxicaa spotted owl) was and unused nesting sits (6) is prcscnted in 
acconplishcd by ESH-20 invatigtors using F i v  SA and 5B for'thcTA-21 (EEU-21) 
the GXS method tlccompanicd by ground rmtb ' u d  the T A 4  (EEu-10) sites, rcspcctivcly. 
surveys. A coding scheme was sclectcd , The user of the mode! dso has the option of 
whcrcby nonhabimt grid CCUS wcre coded cntcting the HR directly into the code. 
differently from grids within rhc Mexic;m 
spotccd owl habitat. and finally, chc po:cntial 28.1.2. Computer Code Sottware 
ncsting sites of thcsc animals within the Development For Ecorisk 
habitat were codcd scpmtcly, A plot of two ) I 

M a i m  spotted owl potential h a b i t a m  site A set of computer codes, oac of which is 
situated near TA-2 1. and thc other ccntdizcd d c d  ECORSD, w r i m  in FO-V TI 
in the vicinity of TAjo--;Ur presented in 
Figures 4A and 48, respectively, In this study . , p p h i c s  wpability (Inanetivc Softwm 
it was assumed that the M c x k a  spotted Ow1 
would nor have nesting si ts  outside of the a 

nesting arcas, but could fongc in both the 
nesting and adjoining EEU-dcsigwted =;Is 

xi shown in thc previous figures. The 
foraging xca around a specific nesting site Of 
home m g c  (HR) was estimated according to 
Pctcrs { 1993) for various animal types as: 

* 

The a i d  mapping of animal habitat fcr the 

I '  Determination 

, (salfoni Softwyc ~ m i i t d  19%) with 

Scrvicts 2992 ), w e n  dcvclopcd to transform 
GIS-FIMAD into thrcernensiond graphics 

+ and 10 utilize &c dat3 to perform an ecological 
L risk sscssrncnt of toxicological substances on 
. the Mcxicm spotred owl in a given EEU as 
illumted in Figure 6. Thcsc codes in t cp tc  

8 Em3, nesting HR dat;t and toxicological 
subsmccs locations md coaccnations within 

* a given EEU to cstimxc,ccologid risk to 3 

# L  

. ; specific animal and produce visual and 
t 



Red = Grid 
Yellow = EEU 
Magcnu P Nest sitc ma 

Figurc 5. EEU and ncsi site5 ai (aj  TA-21 and (b) TA-40. 



- -  It s -x W-E 

Red = Grid 
Yellow o Unused €EU 
Green = Homc nnge (uscd EL3 
Blue = Used n c s ~  site ma 
Magenta 3 Unuscd nest sitc ucn 
Spikc = Ncst site 

Figurc 5 .  Homc rnngc from nest sire on (n) EEU-l,land (b) EEG-40. 
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smtisticd representations of these cstirnatis.::. 
The files obtained from ECORSK3.output & 
be further processed to produce more spec&;$ 
graphics via ovcrlays on to the EEU mapping;:, 
For exmplc, the 3-d ptots in Figures 4A.anO ,': 
4 3  were produced from the gridxy.dae ouput: ;, 
file from the EEU-21 and EEU-40 mns of ::.(:j;. 
ECOSEU, wherc;c;, the plocs in Figures Si+ :'$ 
and 5B for EEU-2 1 and EEU40, respcctivcly,:. 
werc produced from specific nesting site .I;:'':, 
informxion stored in output file habirdx ' ::,*,:',:; 
Exmplcs of 3-dplot overlays andother plots;,:' 
involving othcr output f d s  listed in F i p  6::$ 
will be illustrated in later sections of this i: : :,' 
repore when the specific rypc ofinfom;lrion:hi! , 'I,. 

under discussion. Finally, the ~ e c u t 3 b l t  ,"';, 
versions of that coda arc MS-DOS 2C 
versions which LT a~lsportablc to othcr 
(for PC users without Sdford/Intcnctivc 
softwm) by appropriate Run DBOS softw&,'; , .  I 

thu is provided by W o r d  for this purpose. :;;;?j 
Satisfactory rrylsport and use of these c 0 d c . s ~ ~ ~ : ' ~ ' ~  
has k e n  demonstrated 3t ESH-20 by a co- :, ' ' 'I 

author of this report. . .  
.: . j .  'i! 
; % .;: 2.8.2 Methodological Development. 

and Assumptions Used In Ecofogical' ' *  
,' :: i: Risk Assessments ., . 

Thc usc of tools described abovc for thc ~, ; , !~ ' :~  

acquisition, transformation. and utilization of':. 

4 ,. 

I 

" ,>> 

,. 0 * . 
P I  

1 ,  

I 

.f, 
- 4 ,  

1 -  
., I 

&nrncnUr R&to;ation Pmgnm at L?&X 
in k i n g  humvl risk from these s m c  

SALS in I t d M n g  &e toxicologicai efftcts of 
rdionuclides on m i x d s  is common to both 
thc EES-15 methodological development and 
the one employed in this,study. This is 
supported by hnttib~onal Atomic Energy 
Agency report (UEA~1992) t ha r . a f€ i i  
adcquatc protection for animals by employing 
human risk criteria to$is class of 
contuninantr, The b& for this q u m e n r  is 
that the humvl stv ld i rd  (10 mnmlyr) is 3650 
rim& more prottctive~owa) tbm cuntnt 
3J;im.71 protaxion critiriir of &ut 10 WCV 
day. This is an issue of currerlt considention, 
but rcmains the position of EES-~~ btause 
so;oil su for auixn+rk not av3ila~c. 

282.7 Hazard Quotient Method for 
Ecological Rlsk A88aasmant 

i The uadtrpinningof the methods for this 
s&dy is the use of thcXIQ mcthod in making 
c c o ~ o g i ~ l  risk ;rsscssmtn~. It is currently 
being used with .-csp&w bumvl health 
sSSCSSment atLpUvt (LANL 1993). and is to 
Wuscd in a tid appb3ch for W s  by 
B l S  (Fembaugh W6), ThcHQ is based 
ontbt d o  of an m u d  dose of a potentidly 
toxiesubstvrcc otCOPEC tharmt&d 

COPEG @tASL1993); T ~ C  usc of hmw 

1 ,  :. , 2 
1 .  . i . I  

I ' >  

C6PECs within thc habitat of the MOtican 
spotted owl or other TES at LANL for 
estimating cco~ogica~ risk ;ut of necessity: ' ,  ' %;* Obs&blt ad- &te~-.: ,, , 

based on ;L number of simplifying ssumption 
to bc dcscribed "he exceptions to the 
methodological devclopmcnt by EES-15 for 
ccologid risk uscssmcnt for botb TES md 
non-TES alike have bccn noted tulicr in thisi'j. :. 
repoh Howevct, there an: some similarities ' I ;  

,;, ' cobswts on ;L chro&c{b&is to a toxicobgid 
-1; ' ch&k RtD which, if&cccdcd, may cause an 

"). .' . ' 
I.,.. , 
, ) .  = D,/D, 'I. ' I ,  (4); 
*., 
4 ,  

1. . '1 

. I  ,'. ' 

1, ,,'..' 9 

, 
\ ' " +  

~ H Q  = t13~32dq~ei& 
: !.,: ' 

% _  :Di I chroniwll~consumcd.dost, mg- 
i;"., C0PECn;pbdy wdghtday. ad 

which require discussion. In fact thcrc arc 
some similarities in the approach dcvclopcd in 
this study with thc efforts of the 

-:;*, , 

. .. , .. 
.i ' . l i  . , '  . 

1 .  . I  

' .I 

'4 .  ! 

11' ,. 
, i ,, : , 
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D, = consumed dosc above which 
obscrvablc adverse cffects may 
occur, mg.COPEC/kg-body 
weigh t-day. 

Several assumptions with respect to this 
relationship must bc rtcognizcd: A 
predctcmincd estimate of ingested dosc of 
COPEC is not readily available for wildlife, 
and must be estimated from ;1 vxjcty of food 
and non-food sources into the gut of an 
mirnd. This approach would rcquirc the usc 
of more sophisticatcd ccologicd transport 
models such 3s E C O "  (Gallegos 1996) to 
make chis assessrncnt on food chain and non- 
food chain bacs which would include air 
pardculatc transport and soil ingcstion as well. 
The approach taken for this study is to assume 
that soil ingestion is the primuy dosc 
constirucnr to the animal, and that i t  suffices to 
usc an estimate of contaminated soil ifigcstion 
to makc this approximation. Thcrc rn some 
limitations to this approach where 
biomagnificxion occurs bctwecn spccies in 
different trophic Ievcls, and it may be 
necessary to address this issue in 3 sepmtc 
study if significant conccntrauons of 
COPECs with this type of propeny ac prcscnt 
in a given EEU. 

The next major assumption conccrns the 
choice of a proper toxicological rcfcrencc 
point to apply to a given wildlife species, The 
crnployrnent of NOAEL or LOAEL (EPA 
1992) is subject to unccminry when 
extrapolating between animals of similar and 
different phylogenetic lines (Cahbrese and 
Bddwin 1993). Some discussion of this is 
made in another section of this report. Efforts 
were made to match SOAEULOAEL data 

within phylogenctic lines when possible. In 
eithcr c a t ,  exuapolations were nor made 
between phylogenetic lines. 

2.8.22 Hazard Quotient Method using 
SALS 

The HQ method using human S A L !  for 
animals is similar to the HQ method involving 
ingested doses: 

where 

HQ = hazard quotient 
SC = soil concentration of COPEC, mg- 

S k u =  scrccning action level, rng-COPEU 
COPECkg-soil, and 

kg-soil. 

The S A L  is estimated using the RESW 
codc for :ndionuclide exposurt to humans 
from elements of the food chain and non-food 
c h i n  dcposition processes &4NL 1993). 
This study uses the above rcl~ionship for 
estimating radiomclidc HQs, although thcy 
arc additive with HQs dcvcloped from dose 
information. Both Equations 4a and 4b x c  
limited in field applications where COPEC 
ingestion must be in tcp tcd  from HI? and 
potential nest site considerations, and arc 
presented in this report to illusme tkc basic 
building block of tlic cumulative HQ 
estimation that is used by ECORSK3. 
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2.8.3 Cumulative HQ Estimation 
Method using ECORSK3 

information with basic toxicological 
information on a number of COPECs with , 
basic physiological data to cstimarc H& ' ' 

Indicts (cumulativc HQs) from more than one 11 
COPEC in the EEU of a specific animal such, ' 
3s the Mexican spotted owl: 

' I  The model ECORSK3 integrates GIS 
, 

I 

n u  ww 

1-1 ' 1-1 " 
HI PwdxSoilf 'NudwxZOccup :De (BInDar,) ,  : 

non-dlonuclldu (Sa) . : 
or, + ', 

I 

nu n u x  

j m l  ' 1.1 

mdionudlda (m 'I 

HI - zdccup Z S C , , / ( W p b ) .  

whcrc 

rn 
Food 

Soilf 

occup, 

DChI 
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.. , , I,.. . . , - . .  

, .  
' ,, 

= cumulative HQ for dl COPECs, ,: 

= m o u n t  of food consumed by a . . I .  :, 
. I  

., ' , ,  givcn Ylimal, k@&y, . I  

' ,  ' . I  = fraction of food ingestion 
, I ?  

. . .  . consumed 3s soil, 

contamination site, ! . I  

COPECkg-body wcight-day for ii: i .  
the jh contamination site , ,  
(cxposurc dose) of the Irh COPEC , . 

, .I 

= occupancy factor on the jh 

= chronically consumed dose, mg-.'.: 
, .  . .  

1' 

. , . .  = consumed dose abovc which 

I ,  

= soil c d n h n d o n  of COPEC, 
mg-COPECCkg-soil for the j& 
contamination site of the Ib 
COPEC'' 

= screening action Itvcl, mgl  
COPEC/kssoil of the lh 
COPEC. - 

= adjustmart factor for SAL, 
above for thc l& COPEC, 

= number of contamination sites, 
and : 

= number of contaminants in h e  j& 
coatminition site. 

. . .  
4 '  , 

This approach iu3lms that sub-IcKhd 
do& of various con&aulrs arc additive in 
their effect, nther thui:syn&tiC. 
antagonistic. or indcpcndcnt 

' The following subsections & prcscne a 
diictission of those e~anents in h e  h v c  
relationships which havenot received adequate 
attention to ~ l v r ~ y  thc'ust of the equations. 

28.3.1. Daily Food.:Consumption 
(Food) 1 , '  

1 ' .  
. I .  i ,  

L' : 

;. 
I 
1 ~ a i ~ y  foodconsm'&on. of a given w 

is estimated in ECORSK3:using the following 
relitionships (EPA 1993): , .  

';, ,, 

Food' = 0.0687 BODWTO*ss6 munmds, (6a) 

Food':= 0.0582~ B O D W u l  birds, (6b) 
1. :. , , . . .  

. I  ' , 
I .  

, .I . *  
, <  

occur, rn g- CO PEC/kg- body ' 5 )  Fwd = 0.0135 x @ODWPIOOO)o*~ 
w e i g h t h y  of the Ish COPEC, ,, reptiles and amphibian!, (W 

= adjustmcnc factor for Dr, above . .  
for the Is,& COPEC, wh&: 



Food = food consumption rate, kdday, of dry 
matter and 

B O D W  = body weight of animal. kgfwt. 

It should 5c nored that thcse equations 
represent relationships that cm be applied to 
the gcncnl typcs of animals specificd above, 
however, more specific relationships for 
special subrypcs YC also available if marc 
precision is rcquircd. 

2.8.3.2. Soil Intake Fraction (Soilf) and 
Body Weight (BODWT) 

animals during feeding varies considenbly 
depending on feeding strategy and type of 
food consumed (Beycr et d, 1994). Our 
cstimak for the Mexktn sported owl is that 
five percent of its dict.uy intake consists of 
soil, and this vdue was used as input to the 
ECORSK3 model. Also, a body weight of 
0.55 kgfwt was 3smrned for both mdc and 
female Mexican spottcd owl. although some 
vYiation o c c m  benvecn and within sexes. 
Mort dctilcd infomation on the selection of 
these pyyntrcrs is prtscntcd in mother 
section of this rcporc. 

The mount  of soil consumed by wildlifc 

2.8.3.3. Occupancy Factor (Occup) 
Occupancy factors arc defined in this 

srudy 3s the fraction of the time in a given b y  
that M animal spends feeding in a given ;uta 
Funhermore, it is assumed to bc time avenged 
over a long period to obtain 3 probabilistic 
rclationship. This factor can be determined on 
an arcd basis if it is usumed that my pivcn 
area within an animal's habitat is equally 
likely to serve as a feeding location for 3 given 
animal over the long tern. Rowcver. many 
factors could rcstrict or cnhucc a givcn ma 

to support feeding activities depending on the 
dismbution of food in the EEU, and the 
rclativc accessibility of that arc& The 
occupancy factor used for this study involving 
the Mexican sported owl is that all grid areas 
ue equally acccssiblc if thcy arc within the 
HR of that animal: 

ng 

j= 1 
Occupi = A,IIAj EfJ 

w herc; 

Occup, = occupancy factor of the imd, 
Ai 

AJ 

= area, km2, of thc irh grid within thc 
HI2 of a given animal, 

= YE& Ian2, of the jh grid within h e  
HR of a given animal, 

= enhancement factor of the jth grid 

= number of grid cells si ts  within the 

Efj 

ng 
within thc HR of a given animal. and 

KR of II given animal. 

Since the enhancement factor is pan of the 
ECORSK.3 input, tbc user is ablc to modify 
this relationship to reflect inmased or 
dccrcscd feeding in a specific gxid ma. It 
w3s notcd earlier in this section th3t thc m a n  
conramination of a given COPEC is usurncd 
to apply to the entire grid cell ;ts defined in the 
model. Hcncc. the enhancement factor can be 
used to modify this usumption if desired. It 
should be evident from this discussion that the 
location of the potential nesting site within an 
EEU is going to d c t h n c  which 
contaminawi and noncontaminaud grid cells 
art going to be included in the suri;lUon 
portion of Eq. 7, and the selection process 
employed wil1 be discussed in the followhp 
subsection, 

. 'q! 
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2.8.4. ECORSK3 Model Operation , 2 

ModcI opention follows an ordcrcc! : , . :. .... '8': 

proccdurc that can be summarized as follows::::: 
.i, ',." 

Create output files and enter input 1 : .  . .  .I 
:.:, c pumetcrs: 

:..: ' 
I a '  Strategies . .  

. .  
:I ." 

, -  \. 
.. , , .  - From input parmeters 

. .  + create grid system, '.F.. I, 

* define EEU on grid systcrn. ' :: 
* define potential nesting area on grid 

system, - locate COPECs on EEU, , .  .' 

* dctinc thc HR from animal dlomctric~'(~, 
data. and 

0 dcfmc food intake rate from animal I' *: 
allometric d3L 

Establish potential nesting si ts  on nest&., I )  5 
arcs on : :, '<* 

contaminated grids within thc nesting' :: , 
ma. . I  

random nest sits within the nesting I"' ,;, 
arm. or . I l t  , 

sclccted or known nesting sircs within;: T 
., 1:  the nesting ma. 

, I  

.,' I, 
, .  

1. ' 
. !, 
: ; 

, :t 

' .  '. I 

, '  .. . 

. . I  

L .  

' . I  
t ,  

I I. 

I; ;; + [ I . ,  >, ' 

'2:"' ' 

:. .t ' :  

, 4. 

' . \  . .  .. . 2' : . . .  , ' .  
.. '%,. 

i , :  
1 .  

. ,  . . . .  
' , ,  

I .  

/ ,  

" . '  
. I  :' 

. 1 . '  

I ,  

, .I , I >  _.I * . .  
-; I Output partial md'%&,I HQ cstimtcs. 

0 ; .  .Plot 3-D pphics.'uf'pmid and total HQ 
estim3tcs. 

d8.4.7 Nest Site bbl i shment  
?me selection of+tcntid nut sites on 

contaminxcd:grid cel&,wWithifl thc ncsung was 
uud for HQ detcrmia&ons to determine if 
any.dustering.of cont&niltcd site would 
r c d t  in significantly M e r e n t  8Qs when 
cc&pYrd with mndomncst site selcctions that 
arc prcscnted in F i g u d A  i d  7B for thc 

s i t~rcspmivdy.  Thcscpkts illusaatc the 
mrhtion of total (cumdative) HQs from 
d.Bcrcnt ncszing&sitcs.:kA,comp~son of rhcsc 
two nest selection s&gics is discussed in 
mother section of thiskporr md'the 
i m b m c c  ofmaking'thtsc comparisons is 
pmcirtcd in thc rcsults!scktion OP this report. 

2.&2 Estabfishkntof Grid'Cells to 
be Included for a Given Nest Site 

:jAftcresnblishmcaiofigiven nest site to 
bc ,ked in the HQ de&ation, the model 
uses the HR estimate to&tuminc'spccific 

11. . I  *, I , 
I ' .  

, .  
1 ,  
I '  

- 
'!,' . ' 
I ,. 
, f '  n: :. I ,  ' ,  . .  

M&M spotted owl On BZLT-21'md E E U 4  

I .,#. , A. . , I  ' ,  

gidcclls within &e FRJ:thatyr: included - Establish grid cells to be included within * '';: around tlic spcafic ncstsitc. 
thc HR from agiven potential nest site. 

t .  .' I '  

Determine contaminated grid cclls within '.:! increasing thc cootd ink  m u d  a potentid 
the HR from a given nest site. ,. :,:: nest site in inscribed s q k  within increasing 

,."$ conkntric circles fom&'mund the nest site 
* Estimate HI from dl contuninated grid . . '  ,- that results in ;L "squm~doughnut". 
cells in J3R from a given ncst site for ;L givcn 'I :..::: appekmct, and incnuingsquarc doughnut 
COPEC, ; holesin the middlc. This i t c d v t  process is 

- Rcput  for each COPEC. ,,,' cch  quds the of &C mimd in question, 

Repeat for mother potential nest site. 

, h * . i \ , \  , ,  . .  
. !, i ,  

,This is accomplished by systematically I .  

' .  .) 

. :. :. repeated until the sum oftbc'cncloscd grid 

.. ,' '.' The:sdectcd grid cc1lsmust:bt within the 
, ,  ' .  1 W o f  thc animal in quation, or they arc 

, " * 

. L. 1, I ' 

, 9 ,  ; .: :I .; 
I .  

\ .  ,.;' .' I 

4 '  . .  
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rcjccted. Consequently, the find pattern of the 
selected grid cclls may deviate from ;L perfect 
squvc around the potcntid nest site. Finally, 
this routine is rcpcated for each potential ncst 
site sclectcd in thc model. 

2.8.4.3 Identification of Contaminated 
Grid Cells in the  HR for a Given Nest 
Site 

HR around ;I nest site for COPECs to be 
included in HQ cdculstions. In addition. i t  
searches the pcrimetcr of the HR and includes 
contaminated grid cells within one grid cell 
Icngh in thc HQ cdculations for a givcn nest 
site. This strategy is followed bccausc all 
contaminated grid cells YC assigned thc ncxt 
highest cell numbers on both d d  ucs. For 
cxunple, if the gnd coordinates of a given 
cont3minated grid arc estimated 3s 15.5 and 
120.2, for X- and Y-axes. respectively, thcy =e 
coded 3s 16 and 121 for use in the model. The 
model also addresses conttlmination m u  
which may exceed the ma of a grid cell. If 
the lnatr is made to occupy more than onc 
grid area, then the overlq from the perimeter 
of the HR cm exceed che length of a grid cell. 

The model scarchcs each grid cell within a 

2.8.4.4 HQ Estimation Procedure 

ccll within thc HR of an animal at a givcn 
potential nest site for complctcncss of 
information required for executing Eqs. Sa and 
Sb above. This is necessary because the 
dnnbuc  obtained through W may not 
havc infomation for all COPECs it idcntifics 
within the EEU of a given animal such as the 
Mexican sponed owl, Hence. dl 
concentration values thrrr uc reported LS k i n g  
less than zero arc set to zcro. Furthcrmorc, if 
the reported contaminant concentration is 

The modcl tcsts each contunhated grid 

below mean background (organic 
contaminants cxcludcd), then chc sample 
concentrations arc made equal to thc reported 
background levels. Similarly, if the 
toxicological rcfercncc dosc (Dr) described in 
Eq. Sa was not included or rcportcd ;1s zcro, 
thcn the corresponding COPEC is cxcluded 
from the HQ calculations. Thc s m e  critcria 
applies to S A L  data rcpotring (Eq, Sb). 
Hcncc, thc number of COPECs for which ;111 
HQ is estimatcd may v q .  Thc d m b w  
containing this information (ccuinp.dat) 
should be upbtcd, and HQ estimates should 
be recalculated periodically. 

2.8.5 Model Output 
Tne reporting of rcsuh  in this section 

from the output of ECORSK3 will be limjtcd 
to the description of 3d graphical Output. The 
statistical and other malytkd output is 
discussed in the results and discussion 
sections of this tcporc, 
The presentation given hcrc is only a small 
pohon of h e  potential output for this model. 
but should suffice in illusratkg 3.6 output 
capabilities, Thrcc 3d plots have already 
been prcscntcd, one of which required 
overlaying of total HQ data Output (hq.&t) for 
;L givcn nndom nest site on the OEU grid file 
(gridxy,dat). Other plotting options ;ue 
dcscribcd below. 

2.8.5.1 Dcmanstrated 342 Gnphics of 
PaRial H Q s  from Contaminated Grids 
for a Given Nest Site 

from all contaminatcd grid cclls within the 
surrounding each potcntid nest site specified 
(hqpdat) .  Using the SELECT code (hqpo.drrL, 
see Figurc 6). h e  user can selcct a specific 
ncst site and vicw the partial HQs from cich 

Thc ECORSK3 model outputs pmid  HQs 
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contaminated grid within the KR of n given ' Treating Risk Sources as Utrc;lcmcnts" and 
animal's nest site. The plots shown in Figurcs defining replications as the number of 
SA and SB show the partial HQs contributing mdomly-lowttd.or spcci5cd nest sites within 
to the total HQ on specific nest s i t s  on EEU- any 3 s k  Source, analysts of varimcc 
21 and EEW-40, respectively Thcrc is a (AVOVA) for &P wirA li single criterion of 
significant diffcrcnce in size between the sites,' 6 classification for MY n b b c r  ofgroups with 
and it is reflected in the obsctvcd variance of I unequal replication w&'pcrformcd as a 
the partial HQs, On the TA-21 site. pnctically ' method of detecting adnspcclfic diffmnccs 
dl of the E l 3  is included in most HR ' ' between En: meus forUnndjusted. 
dctcrminstions, and one would expect less Background md C o n h t c d  Nest Site fisk 
variation than where the EEU is significantly Sources (Steel and Tonic 19SO). Duncan's 
larger than the KR of thc Mexican spotted N& Multiple h g c  TCST was appkd to Risk 
owl, All 3-d plots arc gcncntcd from the code Source HI m a n s  such tharach HI mean was 
PLTFSK as illustntcd in Figure 6. compared witb cvcry othcrwI mevl within an 

EEU (S tee1 and Tome 'ISSO). This w u  
28.5.2 Demonstrated 3-0 Graphics ot performed in order to dcmx which, if my, 
Totaf Has from Specific COPECs from s@c m a s  diffcnd!statistidy. 
contaminated Grids in an HR 

The model also outputs total HQs by - 
COPEC for 3 4  graphics presentation 
(hqpc.dat) which can then be used as input to 
SELECT to produce an output (hqpco,dat) 
which is then used as input to PLTRSK to 
create the desired plots. The plots shown in 
Figures 9A and 9B for EEU-21. and Figures 
10A and 1OB for EEU40 show the effects of 
scvcnl COPECs on thc ovenll r o d  HQ from 
all COPECs combined. The specific COPECs' 
sckctcd for planing conaibutcd sislficmcly 
to the ovcnll HQ in each case. Note the 
unequal contribution of HQ from these 
COPE0  from different nest sites, 

2.9 Statistical Analyses 
Model output data wtrc impomd to 

spreadsheet format and C O P E 0  and 
contaminated grid cell locations wcrc sorted 
by HQ in descending order. This enabled the 
identification of the most problematic 
COPECs and locations on a nlativc basis. 

8 I 

llbblc 2 repom the a for "Unadjusted," 
' 3.0 Results 

, "13;rckgrouncl" and "Coat;Min;ucd Xcst Sitc" 

Undjustcd HI, wlculu#l as b e  m a n  total 
HQ, is 0.4 and 0.05 f0rET.J-21 and EEU-40, 

.. r c s ~ v c l y .  The HI is a sum of the HQs for 

. dl COPECs, thus serving as an index of 
* cumulacivc effects fmmkkip le  c o n d n v l t s  

and multiple s i r s  Xazarci indices less than 
1.0 indictee L!~L llndathc assumptions and 
conditions applied. the sites posc no 
unxccpnblc risk to theMcxim spotted ow!. 
The NI mc3surts additive or lincar cffccts. 
makink no m c m  of W o l d  or synergistic 
cffcccs. mclioristic cffccts, bioaccurnulation. 

, bioconccntndon. nor biompifiation. Also, 
I L litele, if any, informatio~ccistS in published 

. litrnrurc on the toxicolo@ul or 
c c o t o x k o l o ~ ~  cffccts of environmental 
conuminmults on owls. therefore RfDs from 
Iabontoy studies on other wi,u and mammal 
spccjcs were used. I 

, : dm for EETJ-21 and EEU4, The 
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Figure S. Tom1 HQs from all next sites (3) EEL'-21 and (b)  EEUAO. 
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Ecological Exposure Unit 
I 

I i I 

H m d  Lndcx Mean P r i d  WQ M a n  M a l  HQ 
(Cumulative) (x LOC ID) (x Loc ID x COPEC) 

EEU-2 1 

Unadjustcd x Random Ncst 0,4j'(?3AO LO?) (100) I ,12E*O? (+4.54E.03) 5.38E-OS (26,3344) 
(38829) ($07560) 

~~ ~~ 

Background x Random Nest 
~~ ~ ~~~ 

O,ljb (kl.37E-02) (100) 3 , 6 3 6 4 4  
(38829) 

Within each EEU, any two MI vducs wid? L ~ C  same lcttcr arc significantly diffcrcnt at a = 0.05 

~ ~ -~ 

Ncsr Sites on Conmninatcd Sitcs O W  (t3.13E-02) (86) 
Within Nesting Zone 

E E W O  

Unadjustcd x Random Nest 4.76E-02. (SSjE*O2) 
(100) 

Background x Random Ncst 3.70E-02' (t3.32E-02) 

39 

~~~ ~ . ~~ 

1.13E-03 (2456E-03) 5,dlE-OS (i635E44) 
(33429) (699700) 

S,99E*0s (~8.34E=04) 3.07E-05 (21.69E-04) 
(7956) (155370) 

454E44 (53,00E*W) *AJE-05 (i&!ZE-O5) 
(8158) (145419) 

~ _ _  ~ 

Ncst Sitcs on Conwninatcd Sibs 
Wthin Nesting Zone 

~ ~~ ~~ ~~ ~- 

2.058-02' (29.06E-03) (16) 5,71E-W (1.50E-03) (574) 2.95E-05 (i3.36E-W) 
(11115) 
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Tables A 4  and A-5 in the appcndix 
identify the cumclativc HQs for a h  of thc 
100 rcplications that, when avengcd, result in" 
the HI. Tables A-6 and A-7 in thc appendix a : : ,  ;. 
prcscnt HQs by COPEC totaled across 
contaminated sites (grid cclls) for the Mexican::': 
spotted owl in EEU-21 and E E W 4  
respectively. Thcsc results also indicae that. I 

thc sites pose no unacccpublc risk to the ' ,,:!,,: 
, ; * : : a !  Me,uicul spotted owl, . . ,. 

used for generally dctccting differences 

'./ . I  .' 

I *,". a '  

, .I:' , 

. I  

. . .  
. .. . . '  

8 . ;  :; 

, .  
.A,., 

. I  , ",* Thc F value, a product ofAVOVA and a:,,:, 

.! ' , I '  ' I  

bctwcen arithmetic mans, was sipificantfor~' :~ 
both EEUs, indicating hat differences may '::; -; 
exist bctwtcn Unadjusted Background, and i:i,.*i, 
Contaminated Kcst Site HI means (Tablc~~A-8: 
and A-9 in the appcndix), Duncan's nm 1 ,;,'!; 
multiple mgc  test rcvded  that for EEU-21, .. I .  ). 

.':, . "  .'.: 

Contaminated Nest Site HIS (Tablc AIS), For i, 
EEt'l40, the multiple range test indiwcd no ': * ;. ', 

significant differences between mens at the ' 1  ; 

. .. 

tbc Background HI was significantly (a = 
0.05) lower than Unadjusted and 

. ,  " 
, t .  .. 
..  / ' *  

_ .  95% contidcncc lcvcl (Table A-9). ' *. .I 

, *: . .. . .  ., . , . .  
i 

Figures 11 and 12 show the HQ by 
COPEC totaled across grid cells for the 
COPECs with the highest HQs for the 
Unajusted Fisk Tables A-6, A-7, A-10, and , ' ,  :: 
A-1 1 in the appendix prcscnt this type of value " '' 
for all COPECs for which an HQ could be . , _ ,  I; 

calculatcd &e., for which m RfD was 
available). Ccsium-137, K-40, d, andV wcrc : ',: 
common to the top 10 COPECs for the two ,.; ', ,! 
EEUs. The COPEC with the highest HQ for . .. :] 
either EEU, CS-137 (Table A-6), is about ;III .,; +, 

to prcscnt UI unncccpublc potential risk to the.:: , 
owl. 

1; 

1 :  

, ,I 

. I  

order of magnirudc below the value ncccssvy ' . !  

1, 

. ' .  . 
, .  

(10 

I I. 

I Figures 13 and'14 show thc spatial 
dmbuuon of HQ nn& for contaminated 
gridcclls in EEU-21 a d E E U 4 ,  
rcspcctivcly, The plo~edHQ ranges in 
Figurts 13 and 14 repkme the risk 
con&butcd by each cor.tm.inucd grid cell to 
the e0e;ll risk 0 for pbkaal nest #IO of 

of €ELMO, The highekcontribudon to risk in 
EU"21 is from 3 small'clustrr of p~rtial HQs 
located centnlly on th&orthcm edge of the 
ncstindroosting zone, &tending norhtasttrly 
mss XA-21 and into DP CYlyon*Fig:. 13). 

EEG-21 md p~tcntid ~ W S  40,4 UC! 9s 
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4.0 Discussion 
Dan such 11s that in Figures 13 and 14 can 

be used to identify the locations of 
contamination, which if managed, would most 
effectively maintain the risk to the owl from 
contamination at acccpubly low Icvcls, Data 
such as chat in Figure 15 on the geographical 
dismbution of risk by nest location can be 
used to identify how to manage the sp3th.I 
aspects of owl habitat so that risk to the owl is 
maintained at acccptrtbly low levcls: this could 
include the management of owl habitat. 
DARIlT opentions andor siting of new 
facilities. 

Link, if any, toxicological information on 
owls is available in the published litcnturc. 
Essclink ct al. (1995) found no indications of 
toxic effects on the b m  owl (Tvto alba 
guxara) from Cd. Cu, Pb, ,Mn. or Fe at 

6.7, and 785 mg c o n m a n a g  drywt organ 
tissue for thc kidney. Rcspcctivc levels of 
thcsc same mctals in the liver that were 
associated with no toxic cffecs were 0.55, 
29.2.0.64 9,8, and 1466 mag. Rcsptctivc 
tibia Ievcls of 0.03, 1.80, 1.54.2.60, and 45 
mgkg also were not associated with advtrsc 
cffccn. 

I respectivc median levels of 1.09, 14.5,0.94, 

The potential for COPECs to 
bioaccurnul~te, bioconccntntc. or biomagnify 
in h e  Mexican spotted owl wxi nor ussesscd 
in this study. Bioaccumulation is the gadual 
buildup of 3 conminuit in XI owl over time 
as the owl is exposed rcpcatcdly through timc. 
Bioconcenvation is the selccrivc build-up of B 

contaminant by an organ or organs of the owl 
to levels that arc aproportional jn comparison 
to the blood concentrJtion or to other organs 
and resulting from ;L single exposurc, 

Bioconcentration is h e  buildup of 
contaminants a they YC passed through food 
chains through time by virtue of thc fact that 
an organism consumes many rimes i c  weight 
over its life span. A few c u c s  in history havc 
implied that tfic higher the trophic Icvcl of an 
organism on EL food chain, the greater is its 
susce~tibility for biomagnEcntion (Lcidy 
1980). In this scenario. carnivores such as the 
Mexkan spottcd owl could be mote subject to 
biomqnification than herbivores. 'tiowever 
biomagnification is rnorc apparent in aquatic 
systems than terrestrial and rcccnt srudics 
question thc validity of biomagnification in 
:crrcstrid systcms (Lskowski 1991). 

While biomagnification of the chlorinated 
hydrocarbons (organochlorints) is fairly wcll 
provcn (Walkcr 1990). the concentration of 
heavy metals in animals is not necessarily o 
property of food chains (Lskowski 1991). 
Heavy metd biomapifiation has been 
implicated mostly in munmds (Shore and 
Doubcn 1994, Hegstrom and West 1989, Ma 
1987). Conclusiocs to the c o n m y  arc that 

c heavy mctal biomagnification is not a rule 
in tcrrcstrial food ch ins  (Lazkowski 1991, 
Bcycr et al. 1985, Gtodzinsh et al. 1987, 
Willamo and Nuortcva 1987, NUORCVO 1988). 

"biomagnification donc cannot Icd  to 
very high concentrations of most heavy metals 
in top cmivorcs" (Laskowsh 1991). and 

"biornagnification cannot bc responsible 
for toxic cficcts of heavy metals in tcrrcsuial 
camivorcs" (Lskowski 199 1). 

Of the top 10 COPECs in EEU-21 and 
EEU4O. nickel, aluminum, antimony, lead, 
vanadium. mc! m;mgmcse xc metals. 
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.-The Quoticne M e  docs not ~ s c s s  the , . ,  Organic f o m  of mercury (EIg) m 
documcntcd as being cspeciaby prone to ' ; likelihood of the effm(s) under consideration. 
biomagnification, Only inorganic Hg was , , ; Using a more soph~'catcd ecological 
considered in this study. Although canyon ',,, ': &sport model such & , E C W  (Gdlcgos 
bottoms m likcly to contain anaerobes that ., ,' 1996) greater insight into'the magnitude of the 
arc capable of methylating Hg, its rclativc \ ' .  ';, cffccts expectcd at Vyious Icvcls of cxposun 
rank in cumulative HQ was 3Znd for EEU-Zl., canbc obtained by evddng the full stressor- 
and 20fi for EEU40. The highest-HQ , .. . :' , mponsc c w e  instcad'of a single point and by 
organics for EEU-2 1 wcrc tluormthcne and ' considering the frcqu&Cy. timing, and 
pentachlorophenol with HQs of t.S9E-06 and ': dundon of the exposurc~A~1996.1992). 

40 the highest-HQ organics wcrc dieldrin yld: .:' ' ' ' -This study 3sscssCh ihc potential effects on 
methoxychlor with HQs of 4.S6E-06 ;urd , , I the Mcuim spoccd owl .chat e soil 
'1.82.E-06, mpcctivtly (TabIe A-7). ' ;  i concdnmts witbin tlk'McCic;tn s;Jomd owl 

EVCR ifa worst c3se UF of 1000 ,,. conurninstion studiedhv~ no pmicular 

~. 

. .  

. .  

!. 

.! . .^ , 
, .  

. ,  1.07E-06, respectively (Table A-6). For EEU-..,! L " 

. I  

3 : foraging rn might h i i J l l c  cxisring 

(Calabnsc u d  Bddwin 199;) for ;' relcvcmct to the D m  &cqt for my, if 
extrapolating RfDs moss phylogenetic lines , .  : ., j' any,.rrdditiond contribution that the DARK" 
in quatic systems wen  applied in this ;. may makt to the cxis&gcontaminmt loact. 
t e rna id  system to the chlonnatcd Potential cffccts to theMcxim h t t c d  owl 
hydrocarbon COPECs, the highest WQs woul fmm'activities related s&icalIy.to the 
still only bc in thc 1E-03 mgc, Ncvcrthclcss, . .. DARWT have only 6. qudimtivtly 
the issue of contaminant potential : !' posnrlaecd (DOE lW6;KClIct and.F&bcrg 
bioma&ic;ltion in the Mexican spotted owl ..','':' 1999, Potcn-jal contaminant rclcascs from 
cannot yce be completely dispcllcd bccauc , :iI n o d  ad off-normal~opcadons and from 

'; ,:, postulated accidens in&%& the D A M T  as 
0 biomagnification of heavy me& to toxic . I identified in the DARHTEIS (DOE 1996) and 
levels occur from rclatively low " :, in thc~DARHTBiolo~&'~sscssmcnt (Kcller 
concentrations in soil E AM^ 1957). mci,Ristxg 1993 muit  ttc quantitatively 

. I ; us&d for potmid i m p t  to the MCX~W - even if a chemical or its metabolites have ': ; spo'rtcd owl in order to meet the DARHT- 
high NOAELs in long=tcm ccotoxicity or 
toxicity tests, incomplctc metabolic 
dimination of c o n b n u t s ,  also known as 
bound residues, can result in unacccptablc risk I ,  ' mcthodolop ws dcvclbpcd which can bc 
from bioaccumulation or biomapifiwtion 
(Fmkc et at. 1994). , I  

Additiond TES to b;: ktsscd in f i s d  - 
yet been specifically csublishcd for the 
particular site conditions and receptor of this ' , :  : Mountain salamandcr..~d New Pvlcxico 
study. : mdowjurnpingmousi. I. 

' (, rcikc! c o d u n c n a  d e  by thc'DOE 

" pilot study at LANt (LAM, 199s) a 

., ! mcdXcd for making rhh PSStSSment 

9 .  , I  . . 
bioconccntndon factors (BCFs) hwc not . , ' ycar 1997 include the paigrinc falcon, bdd 

: 1 raglc. southwestern willow, flycatckcr. Jcrncz 

, I .  

. , ' regarding protection o f n a b  ~tsourccs. tn a 
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5.0 Conclusions 
The assumptions, conditions, and factors 

in Table 3, catcgorizcd according to whchcr 
we consider them "conservative," "realistic," 
or "nonconscrvacivt," wcrc used in calculating 
risk from conuminmcs to the Mexican spotted 
owl. 

TJblc 3. Thc wumptions, conditions. and factors uscd in calculating risk from contaminants. 

Reo lirtic 

risk not estimuted for 
contuninnnrs for which RfDs not 
available 

ndioactivc decay of 
ndionuclidcs not 
calculalcd 

c n v h n m r n u l  rcstontjon nor 
faciorcd 

quoticnt method not probabilistic 
antagonism not ascssed 

FIMAD d3t3buc is 
currcnt and a c c m t c  

organics SON&, based 
on r ~ t s  B: humans, likcly 
lowcr than would bc for 
avian test spccics 

FMAD database is currcnt 
and a c c m t c  

R!DnsNOAELs for mcmls 
b u d  on mian tcst specics 
and YE chronic 

unccminty factor noi. applied to 
neross-animdsIas NOAELS 
for organic COPECs 

Sb of dicmy food intake ;u: 
soil P 5 

mcan nstunl background 
COPEC vducs, not UTLs, used 
for inorjpnnics 

3vcmgc, not maximum, 
COPEC soil conccntndons uscd 

contamination lcvcl 
mcasurcd at sampling point5 
usumed for 100 x I00 1'1 m a  

usumcd biorrvaihbilip of 
COPECs I 10070 
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I .  

Uodcr the assumptions and conditions applied. 
in this study, ehc sites post no unacccptablt I 
risk to the Mexican spotted owl, Additional , 
asessmcne is nccdrd in the areas of S I  

potential biornagnification, 1 . . . :  

the establishment oflVOPLELs for the , , , 

organic and radionuclide COPECs that arc , . i. 
more directly applicabic to avian spccics, I ' 

cxposurr pathway definition, , I  

I .  
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Figure 14, Distribution of Unndjusted Partial HQs in EEU-40 for 
Potential Nest Sites 40,43, and 98 

(Idcntifics the spatial source of partial risk contributing to L?X 
total risk ;It potential ncst s i t s  40,4, and 98). 
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EEU 
FGviAD 

TA 
TES 

COP6C 

RfD 
NOAEL 

LOAEL 

HQ rn 
F 
L. 
S A L  
GIS 

HR 
BODWT 
ESH-20 

EES-15 

HMP 
sc 
ASOVA 
DARE-IT 

UTI. 

EIS 

Ecological Exposure Unit 
Facility for Information 
Managcmcnt, Analysis and 
Display 
Technical Area 
Thrcaccncd and Endangered 
Species 
Contaminmnt of Potential 
Ecological Concern 
Refcrcncc Dose (cage NOAEL) 
NO Observed Adverse 
Effects Level 
Lowest Obscrvcd Adverse 
Effects Level 
Hmard Quotient 
Hzmd Indcx 
Fmction of Food Inrake as Soil 
Uncertainty Factor 
Screening Action Lcvcl (soil) 
Geographical Infonation 
System 
Home Range 
Body Weight 
Environmental, Safccy and 
Health Division, Ecology Group 
E m  and Environmcnd 
Scicnccs Division, 
Environmental Sciences Group 
Eabitat Managcmcnt Plan 
Soil Conccnmtion 
Analysis of V a f h c c  
Dual Axis Radiographic 
Hydrodynamic Test Facility 
Upper Tolcrance Levcl 
(c.g. 95* percentile) 
Environmental Impact Sutcmcnt 
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'Table '1-2. Uaanipfe of "OulrsL.dlt",output ddr3 for the fir51 of 103rrlnJonilysclccftd nest sitts for the hlrxinn Spoltcd On1 in E:I:U-21. 
fI3urd quoticnt fs by IocJtion Mithin an - 1469 acre fccJing range aril tIlakC5 no rorrcction for 88n~liital'8 bichground ronrtnlnlianr 

8 



Table A-2. Eramplc of "Outrsld~l",oufpul data f6r l h c  first o f  100 ranEcrn!ys.ttcsltd n e t  s k  for lhc Mexican SpoHcd OMI In EEU-21. 
I lanrd quotitnt is by localion wiihin an - 1469 acre feeding range and makes no corrccllon for "nateral" h t l g r o u n d  rcntcntralionr 
ofconfainininls (sum of partial IlQ column is rlro found as the first cumu 

N C S ~  Site lncaticn 1 Ccntarninant Imaiion 
Column I Rou 

53 
53 52 4% 
53 50 50 
53 46 

. * .  1 .  ... - ._  . . .  - . _ .  . . - -  ~ . ., - -  r *  

. . -  -.. - .  - _  _. . . . . . 

- *  -. 
. .  . - .  . .  . . - -  

53 I 46 I 72 I. 48 

53 46 I Cr) I 51 
~ ~- 

53 46 5s 52 

iw I1Q value in Talk A-4. (coni) 

Column Row Coh~mn 
53 46 37 
53 46 33 
53 46 38 

Nest Site t m l l o n  Contanlinj 

53 I 46 4 2  

53 
53 46 34 



Colunm 
53 
53 
51 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 
53 

-- 

46 
46 
46 
46 
46 
46 
16 
-I 6 
46 
16 
4 6  
16 
46 
46  
46 
46 
46 

-- 

-16 
46 
4 6  
46 
46 

I+ 
36 

) a r t i d  IlQ column Lsalso found as the first ciin111 
Cantimiiisnt Ixmtion 

Colunin I tow Parti31 IIQ Rank 

56 47 1 OIE-OS 53 
17 57 1 .wJE-o3 Go 
72 17 9.97E-01 61 
31 57 9.9 !E-01 62 
70 51 9.92 E-01 63  
to 49 9.8 iE-fi1 6 i  
36 53 9.8 3 E- QI 65 
75 -13 3.781:-01 LIS 
79 17 9.7-lt:m 67 
53 47 9 69E 01 63 
50 49 9 6515-01 69 
69 45 9.6113-01 70 
41 53 3.6 1 f 3  0 1  71 
63 50 9 ffi)OE-Ol 72 
62 41 9 53E-01 73 
17 50 3.5211-01 74 
41 5s 9-47E-01 75 
-I 6 49 9.4 1E 0 1  76 
61 51 9.44E- Of 77 
30 53 9=1315-M 78 
31 59 9 3%-01 79 
39 55 9.30E-01 80 
66 52 9.26E-01 81 
17 54 9.27E-01 82 
61 17 9.2SE-#I 83 
39 58 9.25E-01 81 
59 4 9 9.22E-01 85 
42 52 9.2 I E- 04 86 

i ve  I I I )  t 3 h t  in Tahk A-4. (cnril) 



TabIe A-2. Example ol"Oulr~l.dat",oufput data for the first of 100 randomIysdccttd ncst silcs for the hIciicanSpottrll Owl in FEU-21. 
IIirard quotitnl is by location Hithin an - I469 acre feeding range and i n a h  no rorrc<licn lor "n31un1" bachgroud conccnfrslions 

>found as the first curnil 

LZLT ___ 

Column ROW corlr nl R O W  

53 46 81 51 
53 46 81 43 
53 46 43 58 
53 46 76 45 
53 46 41 50 
53 46 40 5t 
53 46 29 58 
53 46 38 59 
53 46 33 50 
53 46 35 51 
53 46 31 52 
53 - - - 4 6  f 71 - 52 - 
53 46- 73 48 
53 46 42  53 

' - 5 3  - -  46 21 57 
- 53 46 72 52 

53 46 31 51 
53 46 ai 44 
53 46 31 47 
53 45 67 54 
53 16 31 55 
53 46 46 57 

31 ._ I- 5 i  

53 46 72 50 
53 46 30 57 

- 53 -46 37 51 
53 16 78 51 
53 44 75 4 3 

--- -53 -  - 4 6 - -  
- 

53 45 - 76 4 8  

. -. 

.. 
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Tat l t  A-2. Example of "QufnkJd',oulput data for the firslcl 100 randomly stlccfcd n e t  sites for rfie blrrimn Spotted OHI in EEU-21. 
Ilirard qrioiienl k hy lwaiian within an - 1469 acre fttding rangt a d  rnakts n3 corrrtlion l o ~ * ' n ~ t u ~ a I ' *  hchground conctnlrii ions 
cf ronf3niinanfr Isurn a1 partial l lQ  column is also found as tt 

fits1 sire Imai io f i  I Conlaminant [mation I 

53 46 51 55 I S.ltE-431 
53 46 67 33 5. i S E O f  
53 46 29 56 506E-OI 
53 I 46 56 42 

. ..-. . . ._  _ -  

first curnu' 

Hank 
223 
230 
23 I 
232 
213 
2M 
235 ~ 

236 
237 
238 

- 239 
' - '240  - 

21 I 
- - 212 

- 2-11 
24 I 
24 5 
24 6 
247 - 
248 

255 I -256 

ZM 
261 ~~ 

262 
263 
261 
241 
2s 

268 
.267 . ._ 

2 6 9  . .  
270 - . 
27 I 
21 2 
273 
274 
275 
276 

278 
217 - . f 

. 279 
2m 
28 I 
282 
283 
28 I 
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I 9k I fS '1 5 
ss 9k TT 
19 . - 9P . fS 
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of contaminants (sum of partial IiQ calumn i s  also found as the first rumu' 
I 

53 I 46 I 26 
53 46 -17 
53 f 46 83 

I I 
Krst Sire Location Cont~rnii i~n~ I.ocaiion 

C'olu ni n Itair CQlllli~ n Haw 
53 46 72 33 
53 46 61) 11 
53 46 61 17 
53 4 6  79 53 
53 46 s5 43 
53 46 28 53 
53 46 b3 -lo 
53 46 33 65 
53 46 63 XI 
53 46 KI 52 
53 46 59 47 
53 4 6 21 57 
53 46 tQ 55 
53 4 6 6n 56 



k l c r c n c c  lo 
[To m pa c iron 

Value 
Tcr l  

Spccit s 
Cbt mfcat 

Form 
Endpoint, Cornnitnl 
andfar Test Sptcics 

ikuiurn , . 
. .  - . . .  ._. .. - . . - .  . . .  . . .  - - 4  . . '  . . 

. .  
. .  . . . . . . . .  _.._ . _  . ~ .., L . . . . . .  . . . . .  

20.Wc4 et d. 

. . . . .  . . . .  _ _ . i  
I 

,. . _  . - .  

Cdrniuni 

t Ctiromiunr V I  



1 I 
I I 

lurky  
p u l t s  

qluil 
J 3 p %  IIgCI 

7-no ten  

Endpoint, Conimrnt 
ancYor Test Sprries 

Compari,on Itefcrence to 
h'O.\111. Uotripirisori 

Value 

I )  0.32; 2) 1) IANL. 
1331; 3) 
ORNI.. 
U113tIp 
KOAEI. fllc 
rndl.vJ 



P z 

i 

I , .  

I 



rio.4 E I. 
rnglb gId 

1.93: 

I 
Hcftrtnre  

S13hl C l  31. 1330 

Trst Chrniical Fndpoint, Coninitn! 
Spccics Form andfor 'rest Spccirs 

H l ite rqwduition 
kghwn 
lK9S 

Coni p i  cis u n . 
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Table A-3. Htfcrcnre doses (HllIsl used in the preliminary crolgochl risk asrcumtnt of the hltrfcm Spntlcd Oat a; #he I m  A h n o s  

=T= Reference Yclafile Organfc Conipoundr 
Vinyl ChlariJC 
X)ICne(ru.Il) 
Stmi-$'daiilc Oraanic Compound5 

-I 

1.1 too 

. . .  . . . .  ..... - ir . .  
I _  . .  . .  . . . . . . . . . . . . . . . .  . .  

: _ - > . _ _  - . .  
. .  

* _  - . _  ...... _ -  - . _  
' . _ . . > .  . 

I 

' 200.000 I LANL 1931 -- 
1 4 m  1 I ANF- fr)rll  . 

t 





Sitiond 1.aLontory. front) 

- .  . .. . 
- .  . . . . . . -  

.. - . . . , , .. e m - -  - 
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- .  . . 

. .  

-. .. . .  
_ _ , -  . . .d i. -. *.~ .=.- - .-a. . .  . - .  .~ , . . . . . . . .  - .. .' : . ' .  . .  . .  

- IMOOO 
0 330 
3.000 I [ANI, IFA I 

[ANI, 1'391 



(IYIYI:i 

0011'5 
L'I 

I IY LY !:I mw sc 
<I MFI: I 
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ooo os 



NClt 
Sifr 
KO. 

I 
2 
3 

- 4  

5 
6 
7 

Xtit Imation Curnulitii c 
(CcI1 Grid 11)) Ilazard 

L'olurnn Ron Quolicnt 
53 46 0.56e816 

39 50 0.45305 

44  45 0.165594 

M 45 0.447131 
37 50 0.453935 

47 49 0.4u313 
24 43 0.400584 

-. 

S r r l  
sire 
NO. 

26 
27 

2 8  
29 
30 
31 
32 
- 
- 

1 31 

C'umutatir t 

I b z t r d  
Quoiitnt 
0.39 135 I 
0.457553 - 
0.403 I L 7 

0.422038 

0.461244 
0.45 1538 
0.4OltsI 

0.461 4 16 
. 31 0.14.629 

42 

k m u l d i r  c 

I I1rard 

(luotirnt 

0.452522 

0.4!UJ78 

0.41 5'M 
0.m I tu 
0.44 8LCIS 

0.4m I I 
0.436879 

-- 

o.wii4.  
d.4ii I 17 

* 0.5 I i i 7  
0.4368 28. 
0.i2812 3 
0418113 

0.43 I I 38 
0 292669 
0.4OfWn 
0 419858 

. O.i66M3 
: 0.4225li 

o . m m  
0.405273 

0 425677 
0.4147W 

0 J2Y)II  
0 .4 IEOl4  

82 I 23 I 43 

Cunutdtirc 
Ilarard 
Quotitnl 

0.462222 

0.50591 
0.456303 

0.416853 
0.468242 
0-35 

0.435976 

0.4617c18 . .  
'&jk7 . _  :. - ,.: 

-;. . - z .  

- 0.4 67- 
.0.413102. - . , .~ - - 

a,j{4&$ :. - . . -  I . :, 

0.3XX331 
0423362 

0. I1 155 I 
0.4 f 24'11 

0.4 I l f 7 8  



Gtrr in 
NClt 

S I C  

No. 

32 
33 
31 
3s 
36 
37 
33 
39 
4 0  
-11 
42 
43 
41  
-1s 
-16 
47 
-1s 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
co 
61 
61 

- 2 cEE-02 
- 95 3.4611-02 

146 

6 3  
64 
65 
€6 
67 
69 
t3 
70 
73 
80 
81 
a2 
83 
84 
85 
86 
S l  
89 
69 
90 
91 
91 
93 
91 
95 
96 
97 
38 
93 
I 07 

- 

--- E f ; 

I I 7  

113 I I32 

- 95 I 63 

llizard 
Quoticnl 

7.38E-02 
3.4 SE-OL 
6.42E-02 
3.4CE-02 

2 . l f E - 0 2  
9 8511-02 
G 6lIE-02 
183tI-02 
153E-02 
3-ME-02 
5.3oEO1 
902E-01 I 
9.39 E42 
7.5 I E 4 2  
4 S!t3.01 
3.33E-02 
2 83E.r)2 





I 



BPckfiround I U nudj ustcd 
Mcnn HQ Conmminant Std Error hjnk . So. Obu. -1 Mean HQ 

Potussium-40 I .Oj.E-O:! 1.14E-02 1 ! 100 I 3.37E-02 
R~dium-?,*,6 I 6.03E-03 6.58E-03 '2 I 100 8.71s-03 
Calcium S.S I E-03 2.77E-03 3 100 1.7QE-03 
Antimonv 4.07E.03 3,03E-03 ! ' 4  100 4-s-m 
Cesium-I37 1 ?.73E-03 1.5JE-03 1 5 100 ZS4E-03 

Std. Error 
I .5 1 E-02 
9.50E-03 
6.35E-0s 
2.6X-0s 
2.Z.sE.09 

Thorium232 I 2.38E.03 ! 9,.6?E-03 I 8 6 I 61 

Aluminum I ?.XE-03 I.ISE-03 1 7 1 100 

- Vmndium 1 2.12E-03 1.09E-03 ' 9 100 

Manganese 149E.03 6.96Edd ' 10 io0 

. L a d  1 2,1UE-03 1.83643 I 8 I 100 

. B d u m  I .dSE-OJ 7.97E:Oo 11 100 

Mncncsium I A3E-03 ?.WE$a 12 100 

* Unnrurn438 1.3JE-03 1.89Ea3 13 77 

Zinc 1.3E.03 8 . 4 W  1 14 100 

Smnuum-90 I .  ISE-03 1.08EX3 1s 70 

. Unnium-234 8.9 I€-@ 1.2SE03 16 7 

Nickcl 7.76E-0ii 1 9.8sE-04 I ' 17 100 

Thonum=Z!S 5.43E.04 1 5.16E90 1 IS 41 

Plutonium-38 5.51E-Oo 1 1.13E.03 I ' 19 76 

Mercury 3,76E-04 2.47E.03 I 20 100 

Unni um-235 2.53E.W S.IX-04 1 21 99 
* Plu tonium23Q :.SI E-Os 3.07Ew 22 1 53 

408E.03 I 3 ,!?E-03 
1.UE.03 I J.77E.dl 

1.20E-03 I 3.9QE-ry 
59- I 3.60E.Os 

1.0SE-03 4.OSE-M 
203E.0s I .SOE=IW 
9.36E.M 3.1 l E d j  
Z4lE-04 ' 2.69E-M 

3.30E.W ! 1.24E-M 
158E-03 I .22E.o3 
Lit%-# 1.97E.M 

'* #NIA N A  

S.96E-06 6.38E.06 
#N/A #NIA 

3.WE-04 1 z47E41 

33E.05 ?.SG=05 

3.16E-05 2.JQE-05 
Arsenic 

Chromium 
Selenium 
Silver 
Cobnlt.60 
Bcrvllium 
Copper 
Radium=?*,!! 
Thonum=230 
Sodium 

2,03E-M 3.6lE-05 ' 23 1 100 I 1.09EOs 6.82-0s 

1.12E-61 I.dJE44 26 I 95 - YNIA W A  

2.00E-0o 1.66E.04 2A 1 100 I S36E43 5.30E-05 
1.63E-W 1.m 3 I 100 I f109E-05 S.AijE-05 

Q.30E-05 1.3-3x4 23 ! 99 4 N I A  - MNlA 

H.37E-05 42SE-05 ' 2 5  1 loo 460€65 2.9QE-05 
3.02E.05 S.sJE-05 29 100 29- 1 .OEG 
6. I OE.05 2.47EJ39 30 11  a : #SlA W l A  

5.91,E.OS S.sSEd5 31 27 '!"A "A 

5,57E.05 2.56E-05 32 100 21m-05 ' U.H?E-06 
I , 

' .  



Table ,b7, Mcin hazard quotient, unadjusted for background. by COPEC totallad across rrid ccllv 
for the Mexican Spottcd Owl in EEC'40. Icont) 

I UmidJustcd I I I * (  Uuckground I 





Tnblc A.9. a y s h  of vnrhnce for data with n single cntcrion ofclwitication, ony nllmbct of gmup~, ond 
unequal rcpllodon, EEWO. 

Among HQ 0,o 1271)2 0.00635 1 7.77' 
0,17c07 0,0008 1 Y 

Total 215 

mCalculatcd F > F2,.r3.00,a4,61: SIG 

I6 Corrcction Tcm = 0.358075 
1 * 9- 0,3280 18 Total SS rn 0.186909 

r 100 
sum 4,764374 3. I 0,,05 

TnSS z 0,012702 mcan O,OJ76& 0,037022 0,0?050 1 
Error S5 = 0.1742007 sumsq 0.290855 0246177 0,007955 

.we 0.226993 0.137063 0.006725 
sumx2 (&Ita) 0,063 8 62 0,10911~ 0.00123 
Std Dcv 0,025395 0.033 199 0,009057 

loo 

Duncan's Kcw Multiplc Range Teest for unequal rcplicrrtion 
r 1 

M E A S S  
C o n m  Nest Q Background W Q  Unodjwt HQ 
0.020501 0,037022 0,047644 - 

m u  
- 3 sqn(l/2( l/rl)+( I/C)))r=ndjustcd ISR (ISRYol m) 

272 C39808 0,017108 unod-conunn 0,0;17143 4,0659; HS 
Valuc of p 
SSR (J5; 1132 151 
ISR 0.062sb7 0.06583 0,12374 0.007651 unoj-bcb 0.010622 8,0625: NS 

039808 0,016229 bck-conm 0,016521 4.0625; NS 

- 1  I 
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Tabtc A-10,Avcnjic HQ by COPEC with ,MXSO n t m  "situntcd" only on conmminatcd 4tm 
(grid call) within the ncstindmostingzonr! of EEU21. (cont) 

5.17fll2E-06 II138545E*06 96,000 Ccnum. I44 45 
?.a66699~=05 2.7 l4747E.07 Y6.0000 C0bd1.57 46 
3,58 1229E-02 G49508SjE*03 56.0000 Pdtassiurn~O 47 3 

1 I I J  I805E-02 1.6343 17303 Y6,ooOO Radturn=Zb A 8  . I  

3# 1862Y8E-04 8.41 631,OE-05 86,0000 Ruthenium. 106 49 ! 1  

. .  

I .  . -3 
i-: 
., 

1 

4 

i' 

L "1, 1, I95364E.04 I ,dZ12IJE-05 36,0000 Sod iumZ 50 
6.35973 I E a 0 4  7.9d6966E-06 Y6,rXx)O Ccsium-134 51 
2.503596s-03 5.4 1207JEg0b 36,oooO Mongmcsc-54 5: 
4.995738E.08 4.527992E.OQ wJoo(1 Accnaphthcnc 5 7  

1 3  I I3JE*08 3.Z2683E-I 0 Yb.flM0 Anthrsccnc $4 
5.403 IOiE-OH /.,.bI,-E*IO 56.0o0o Fluorcnc 55  
1.79 l35E.OY I ,C3?74E* I?, 7baoo0o Di-n-oclyl phthalarr 56 
i.365316E-08 1.03 1365E. 10 56.0000 Ch1oroknzcnc 57 
1,1572:SOE-06 3,2@06SE-07 86.0000 Pcnuchlorophcnol 58 
2.016 l87E-07 2.52308 1 E- 10 36,0000 Cyanide 59 
2.438970E-09 3.45250:E- 12 86.oooO Tcmchloroctb y lcnc 60 

1,078818E-09 I ,408072E- 12 76,oooO Cubon disulfidc 6: 
8,17054E-07 1,349 LOOE-09 36,0000 Bcnzoic acid 63 
4.230883E-08 J.506730E= I I 86,0000 Phcnol 64 
4,25935 IE.05 0.000000B-00 76.0000 Radium228 65 
2.193235E-06 d.3592S07 Y6,OOOO Iodinc- 129 66 
t.940870E-09 - r )  i .,0,9d3E- -9 10 86.0000 Bupl bcngl phthala 67 

.) ! < '  9- 

8.500713E-11 S.939:OBE-IJ Y6,OoOO Trichlorofluoromctha b I 

1,679291E-11 2.28270 I E- Id 86,0000 S tyrcnc 68 



. .  
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Tublc~\-ll, r\vcmgr. HQ by CQPEC with MXSO nab 'Simutcd" on n conturninntcd site 
only fL+d cell) within the nat lndmdnp zone of EEUJO. I 
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Integrating Project Requirements- with 
Threatened and Endangered 

Species Ha bitat Requirements, 
A Pilot Demonstration 

Tiralene S. Foxx, Kathryn D. Bermeft, H. Todd Naagenstad, 
Steven W Koch, and Mary E. Salisbury 



Ab sf ra ct 
The Mission Task of the Thrcatcncc! and Endangered Spkics (ES) Habitat 

Managcment P!an (W) identifies and considers the current Dcpartrnent of 
Energy (DOE) and University of California mission and tactical gods for Los 
Alamos National Laboratory s translated into projccrs and activities. Thc objcc- 
tive of this task is to create an elemcnt within the TES WMP that considers the 
projects and xtivitics and :heir relationship to TES and Species of Concern 
(SOC) and the habitats that thcsc orzmisms USC. In  this tirst p l i m  of this task, 
wc havc examined data rclatcd to projccts, dctincd a proccss for evaluation of 
projec:s, and dcvclopcd a pilot demonstration to cvaluatc a hypothetical projcc: 
using a geographic information systcm ArcVicw app1ica:ion. This application 
cvaluatcs the intcnctions bctwetn projccts and activities and TES, SOC, and their 
habitats, 

- -  
Teralone S. Fom: Kathryn D, BenneK H. Todd Hoagenstad: Slevon V4 Koch*, and Mary E, Salisbury' 
'Ecology Group, Los Atamot Natlonnl Labornrorf 
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f .O Introduction 
In 1994, the Secretary of the Dcpanment 

of Ene rp  (DOE) scnt 3 memorandum to the 
various offices directing that DOE and its 
contractors conduct natural resource planning 
in accordance with "ecosys terns 
rnanqpncnt." Ecosys:cms nanagcmcn t is an 
interdisciplinary approach that intezratcs ail 
aspects of natural resourcc rnanagcmcnr (e.g., 
spccics that arc thrcxrncc! or endangcrcd, 
wetlands. wildlife, forest managcmcnt) with 
the rest of the mission of each facility. This 
documcnt deals with ORC aspect of natural 
resource management, that of threatcncd and 
endangered species (TES). 

The Endangered Spccics Act (Public Law 
93-205) rcquires protection and conscrvation 
of fcdcrally listcd TES of plants and animals. 
To accomplish ecosystems management of 
TES spccics at Los Alamos Sational 
Laboratory (LASL or Labora:ory), i t  is 
esscnt.i;il to understand the activities rclatcd to 

the mission of the Laboratory and the effects 
of those activities on TES or the habitat that is 
critical to TES, 

This report describes work compicrcd in 
Fiscal Year 1996 (FY96) for :he mission task 
(Task 5 )  of the TES Habitat ,Mmagcrncnt Plan 
(HMP) for LAX, (Fosx 1996). This report 
provides a description of a proposed process 
uscd to identify, documcnt, and evaluate the 
interactions between mission-driven projects 
and the regulatory requirements of protccrion 
and conscrvation relative to TES and Spccics 
of Conccrn (SOC) within thc boundaries of 
LANL, 

During FY36 the goal of this task t v s  to 
identify what information had been gathcrcd 
on L A i L  projects and activities from othcr 
sources such as :he Site-Widc Environmen:nl 
Impact Statcmcnt (SWEIS), to define a 
proccss for evaluating aitcrnativcs for 
complcting projccts and ac:ivitcs and 



quanitifyling their impacts, and to develop il 
piIot dcrnonstntion using the Geographic 
Information System (GIs] ArcVicw, The 
initial review indicated thnt thcrc arc ;1 Iargc 
varicty of projects and activities at LPUVL, 
Many projects will not impact TES or SOC 
bccausc they wc not located ncw or within 
TES or SOC habitats. Howcvcr, some projects 
may have activitics that will, ifconductcd in a 
TES or SOC habitat, causc thc organism to not 
fully use that habitat. When an activity has an 
effect wc call it an influence factor. Our 
challenge was to develop an evaluation 
proccdurc to identify the influcncc factors and 
develop a proccss to rccommcnd dtcmative 
sites or mitigation actions. Ultimately, we 
want to quantify cumulative impaccs of 
proposed Labontory activi tics over multiyear 
p 1 an ni ng sca1 cs. 

As an initial test of the cvaluation proccss 
using the GTS, wc developed a hypothetical 
project. Using this project we demonstrate 
how the ArcVicw application can bc used for 
cvduation of activitics early in tfic planning 
s:agc of a project. This paper dcseribes the 
steps to the development of the ArcView 
application and its usc as an evaluation tool in 
intcgmting requirements for activities with 
TES concerns. 

2.0 Background 
2.1 Need for Planning Tools in TES 
Evaluations 

The nccd for integration of TES concerns 
with the project and construction activities at 
LhYL w u  cmphasizcd by the discovcry of 
TES during the writing of an Environmental 
Impact Statement (EIS). Bccausc TES issues 

had previously only bccn done on n sitc-by- 
site basis, and the TES spccics w u  only 
recently listed, [he prcsencc of the spccics was 
not identified un t i l  the environmental Jocu- 
mentation was partially cc:npleted. Thc 
discovcry thrcatcncd to slow the approval of 
the EIS and plnnncd activities. 

The EIS and E S  example clearly 
demonstrxcd thc planning liability of 
con d u c t i n g t h c t rad i ti o n a I p roj cc t - b y - p r oj e c t 
biological rcvicws. In Octobcr 1995, the DOE 
and LrtVL initiated thc sitc-wide TES HMP 
xi a means of organizing existing infonation. 
gathering new information, and implemcnting 
a valuable management tool for cumne and 
future planning, In addition to ather 
mitigation actions, the need for 2 TES HMP 
wa further cmphasizcd i n  the EIS Record of 
Decision (ROD), Therefore, with the issuance 
of the ROD in Octobcr 1995, a mandatc to 
develop a sitc-wide HiiP was included, 

2.2 U N L  Projccts and Activities 
For thc purpose of his report wc arc using the 
following definitions: 

1)  Mission: Tlic long-rnngc dircction of 
LAiL. 

2) Projects: Specific projects and programs, 
both short- and long-term, related to thc 
tactical plan (c.g.. construction projects), 

3) hctivitics: Specific activities rclatcd to a 
project or program (e.g.. noise, cutting 
trccs), 



4) Influence Factor: Spccific activities in 
association with an action may influcncc 
the ability of a TES to use a habitat. For 
example, noisc is an activity that, when the 
levels arc too high in aTES habitat, may 
cause 3 TES bird IO abandon the site 3s a 
nesting yea. If the noise does not impact 
aTES habitat, i t  is rncrcly defincd as an 
activity in this rcport. 

All projects and ac:ivitics of LAYL 3rc 
relatcd to the mission. Our tvsluations arc 
bcins donc ;It the lcvcl of projeca and 
activities. It is at the project lcvcl that the 
interaction of TES with LA% mission 
requirenents CXI be determined. Therefore, 
a1:hough :his task was callcd a mission task, 
we will be working at the project and activity 
I tv t l .  

2.3 Development of Planning Tools 
In 1996, we initiated thc first y c x  of a 

three-year program to develop a EvG! The 
activities in thc 1996 Work Plan outlined eight 
tasks that can cach stand done but collectivcly 
are intended to be used to undcrstand the 
rclationship of "ES to Laboratory projects, 

To date we have developed 3 land cover 
map (Koch cc 31. 1996) that identifies cover 
types and a prcliminary land cow' 
classification that idcntifies community types 
throughout the Laboratory. L'sing this land 
cover map we can more easily dcfinc potcntial 
habitat for TES, Additionally, wc have 
surveyed the literature to define the habitat 
rcquircments for TES and SOC. Using this 
information, combined with projcct atid 
activity data, we can use thc GIS as a tool to 
dcvclop an cvafuation process and to integntc 
habitat rcqtiircmcn:s with projcct activities, 

The GIS task has  hken information from 
data bascs, prcviously devcfopcd map layers 
such ;1s structures and roads in Eqinccring 
data bacs, habitat rcquircmenu, and land 
c o w  types, Using this information, Bcnnett 
ct 31. (1996) have dcvelopcd an ArcVicw 
application for evaluation of projccis 
(Figurc I ) ,  

3,O Mcthods 
Tlierc arc thrcc steps th;it must bc 13kcii to 
i n t ep tc  activitcs w i t h  TES rcquireiiienls, 

Identify classcs of projects and activities. 
Tlicsc actions may be shorr term or 
continuous, Devclopmcnt of ;I data base to 
identify thcsc short-term and long-term 
activiries is essential. 

Identify :he influcncc factors of thcsc 
actions and activities. Intluencc factors 
can bc determined by the habiLat 
rrquircments and disturbance tolerance of 
specific species, This can be donc through 
a litcraturc rcview (Gonzales ct 31. 1996) 
and from prcvious USFWS project 
rcvicws, 

Dewmine how the activities ann3 the 
influcncc factors can be evaluated early i n  
the planning process to allow projects :hat 
arc necdcd to mcct the txtical goals of the 
mission of the Laboratory to mow fonvard 
while maximizing protcction and 
conservation of TES, 

3 



t- 

o A rcVi e w A p pl i cat io n 
Us1 Potential 

Proteded Species 

F r o m  lae-kJo dzl 
generat3 a I r l d  speder 
Vlal use &e cow t,pes mt 
€e rci4&1 tba b o w d 3 1 i ~ s  d h e  

cl cCrSern 

Display 
Cover Types 

I 

. .  

, .  . .  . .  
j -  . .  

. .  . .  . - . .  

Figure I .  An ArcView applica~ion for evsluation of projects. 



4.0 Resutts 
4.1 Demonstration of thc Evaluation of 
a Hypothetical Project 

For our hypothetical project, wc sclcctcd 
the building of an access road. The road 
project had two altcrnativc routcs, onc on the 
northcast side of a canyon (road I )  and thc 
othcr on the southwcst sidr of thc canyon 
(road 2). and thc TES habitat existing in the 
canyon. In the c d y  stages of thc project, tlic 
planner wants to dctcrminc thc most 
appropriatc route whcn considering TES 
issues. Using thcsc two possible alignments, 
an evaluation of each road is done using the 
&eVk w A ppl j cati on. 

4.1.1 Detrsrrnination of Activities, 
Habitat Rlequirernents, and Influence 
Factors 

Four stcps were takcn in thc cvaluation 
process. 

Evaluarc the project for activirics, - Identify thc TES habitat in  the project 
area, 
Identify the habitat requirements for thc 
TES, and 
Run the ArcVicw application to identify 
thc best alternative routing. 

4.1.2 Project Evaluation 
Wc defined activities rclntcd only to the 

construction phase of our hypothetical road, 
Those 3c:ivitics we 

noise from equipment, 
cutting trccs, 
reduction of ground cover, and 
potentia! impact to a canyon bottom. 

4.1.3 Identification of thetES Habitat 
and Habitat Requirements 

Using maps dcvclopcd for the HMP by 
Koch et at. (1996) and survey informmion 
(Krllcr 1996, Trippc and Haarmann 1996, 
Bogan et ala 1996, Johnson 1996) wc have 
identified potcntial habitat for various TES 
(Figure 2), Thesc maps and the information 
from thc litcnturc review (Gonzales et ai. 
1996) providcd infomation nbout thc habitat 
rcquircmcntq for :he TES spccics within the 
dcsignatcd TES habints, 

The habitat requiremcnrs included 

roosting sitcs. 
foraging x c x ,  
watering arc=, and - prorcetivc cover with varying rypcs and 
dcnsity of vegetation. 

breeding or nesting sitcs with varying 
types and dcnsity of vegetation, 

4.1.4 Conducting the Evaluation 
We ran the PrcVicw Application using the 

two alternative si:cs for a road for two 
in  tlucncc factors-noise and curhg trees. In 
one al:cmn:ive, the road wa i t  directly into ;L 
TES habitat (southwcst of the canyon): in the 
othcr, the road was outside t h e m  habitat 
(northeast of tiic canyon] (Figure 2). In Figure 
2, we provide an example of how uee cutting, 
an activity of the road building project, 
becomes an influencc factor for the nlternativc 
on the southwcst side of the canyon. 
However, if  thc road is sited to the northcast 
side of ihc canyon and docs not cntcr into tlic 
TES habitat, thc cutting of trccs will not be a 
hindcrancc to the TES. In the tirst casc where 
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the road cntcrs into the TES habitat, if the 
road siting cannot be moved, then mitigation 
meuurcs and consul tation wi th  USFWS 
would be necessary. By directing the road 
away from the TES habitat, activities do not 
become influence factors and mitigation 
actions need not be taken in rdation to cutting 
trees. 

Using the Arcview Application, wc can 
;LCSCSS each influence !'mor or multiple f;lc:ors 
for thc activitics of a project. 

This application provides 3 base on which 
to build a better sscssmtnt tool. It will be 
furthc: dcvclopcd s wc gct more information 
about species, habitats, habitat requirements, 
and LANL activities in FY97, 

5.0 Conclusion 
Using and intcgncing the information 

from a hypothetical project with information 
developed in other tasks for the FY96 K M P  
effort, we have developed a preliminary 
evaluation tool. This tool used in carly 
planning can incorporate the TES issues and 
avoid delays because of siting, This tool must 
be further refined, additional influcnce factors 
identified, and habitat requirements evaluated. 
In FY97, actual projects and activities will bc 
cvnluated for their relationship with TES, 
SOC, and the habitats thcy USC within LWL, 
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Literature Review ' 
and 

Species Habitat Use Documentation 

Gilbert J. Gonzales, Rhonda J. Robinson, Saul Cross, 
Heidie Noftleman, and Tenlene S, Foxx 



Abstract 
During W96, we did a systematic scuch of thc litcmturc to find information 

about spccics that arc cndangcrcd, threatened, or species of conccrn that inhabit or 
use thc 43 m?of Los Alamos National Laboratory. To da:c, wc have cnccrcd 
refcrcnccs rclatcd to thcsc species into a bibliographic database callcd ProCite. 
From the litcracurc, w c  hive devclopcd habitat USC and t'ecding habits tables for 10 
of thc spccics. 

Literature Review and Species Habitat Use Docmentation 
Gllben J. Gonzales*, Rhonda J Robinson: Saul Cross'*, Heidie Nortlernzln": 
and Teralene S, Faux" 
'Ecology Group, Loa Abmoa Natlonnl Laboratory 
"Consu lm t 
-SDoclal Programs 

2 . __ ~~~ ~~ 

1 .O Introduction 
Essential to understanding thc habiut 

requirements of cndangcrcd and threatened 
specics and spccics of conccm is information 
gathered by other rcscmhcrs. Background 
information is ncedcd for toxicological 
modcling and ecological risk studies, 
dcvcloping Habitat Evaluation Procedures, 
conducting thrcatencd and cndmgcrcd spccics 
(TES) surveys, developing monitoring plans, 
and understanding habitat requirements. 

Using databuses already csmblishcd by the 
New Mexico Xatural Heritage Progm and 
searching the published litcnture, wc have 
dcvelopcd J listing of infomation about each 
species in the "Thrcatened, Endulgcred, and 
Sensitive Species Profilc" (Hinojosa 1996). 

2.0 Methods 
Bibliographic daubacs  were searched for 

the period Janu~y 1991 to Jutmy 1996 using 
TES nmcs as the key terms. The d3tab;lSc 
most used was BIOSIS. Publicarions of thc 
U.S. Forest Service, U.S. Fish and Wildlife 
Service, and Bureau of Land Management 
were also searched for rclcvant titlcs, Citation 
lists from miclcs, periodicals, and books wcrc 
ex;Lnined for other sourccs of information. 

Rcqucsu wcrc made of many govcmmcnt 
agcncies to supply listings of ptcvious 
publications that rnight be relevant :o the 
srudy. All appropnatc US. Fish and Wldife  
recoveiy plans ud their listing of articles by 
TES wcre obtained, The complctc listing of 
publications imilnble through the US, 
Forcscry Service's Intermountain Rescarch 
Station at Ogdcn, Utah, and the Rocky 
Mountain Forest mnd h g c  Expcrirnent 
Station in Fort Collins, Colondo. were 
rcvicwcd, The Kcw Mexico Natural Hcringe 
Program provided a listing of articles 
concerning Los iuamos E S ,  

We have cstablishcd a reference listing on 
ProCitc bibliographic softwarc from Personal 
Bibliographic Softwarc, ProCite wn 
efficiently mmagc largc databases containing 
thousands of variable length records, and 
cncompasing many diffcrcnt types of 
matcrid, 

Smdard bibliographic fields and kcy 
words allow rcscvchcrs to search thc database 
for specific infomation. 

7 
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To date, we have accumuhtcd a d  cntcfc'd' 
403 references (Appendix A), From rhcse ' :  ,;. < 
references we have rcvicwcd the litentun: . lor.: I .. 
habitat use and feeding habits for the , .  ;,wi-.;. 

' ' . , : ' ' $  

. ,  . a ,  t i  

. .: 

. **, I, 

: , e . , .  

. ,ill \ I  

, .*. 
9 . \  following species: . ' . ,  

. e  

* ' I  ,! 
' I  

.*a , 
, .  .I 
. J i  : 

I .,,.... 

Mexican spotted owl 
bald caglc 
American pcrcgi.int falcon 
southwcstcrn willow flycatcher 

I , '  4' *I ' Jcmu Mountains salamander 
. I , . .  , 1 , ,  

northern goshawk ',, 4 

New Mexico m a d o w  jumping mouc ' : 1, .; i'. 

whooping crane 

spotted bat 

. , , .  

, , ,.,. 
. ' -..I 

. .  . 

* ,,. 
, L  . *. , ... . 
., . ' ., 
, . \. 
,' . 1,: . _. 

black-footed fcmt 
., . .  

I +. 

2 

I .  , . ,' 

I 

" , . .  

.. ' . '  
. I  

, 
. 1  . .  I 

http://pcrcgi.int


Forage I.oraiion 

N. Arizona 

- 

it c f c  rc n t  c 

Psmi. 87% 



. .  
* .  . .  

. . . . - . . . . . _  
. .  

. .  
- . '  .- . . .  . . .  . .  . .. . - .  . .  - -  . .  

. -  . . _  
. .  . ... . . -  .. 

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





RIxnting h'csling I.ocation 

C. Arircm, r iwr  
Jwclling. 

t lccntul  hjiih. 
ccntiniltwr m i d -  
fw-4 

snow, 1973 

. .  
~ , ,  .... L.*- - ...--, -.-.*--- . . .  .- .. - .- -- .. . , Rcifdlvi 1365. 
. . . . . . . . . .  . . . . . . . . . . . .  ., . .-  i .  .. 

- .  ~ ~ , . ~  - -  ...._. . . . -, - .  
. .  .... . . ... . . .  . . . .  

- . . ; . .  . . .  
. . . . . . . .  . - _  
. . . .  . .  . :  . .. - . .  - . .  , . . .  

. . .  . .  - -  - ._ . . . .  . .  
. .  

. , .. . I  . .  - 
. . . .  

h i a t  (9%) longing atrcmydr 
for rainbow urn#, in crcek 
habitat (87%) VL. River. ami 

. . . .  . .  
. - .-- . . . .  



i 

i 
3 
i 

3 - 
1 
f 
c 
I 

- 

. 
3 

d 

2 



. I  



*- - 

Hefcrrnrr 



c 

.. 

I '  
I + E 

,I' ' , 



I 

h 
E 

-- 

- e  - 
r: 
C 



NestIng 

Ponderosa ine, mixcd species, a d  
spruce-fir P orests. 

Bcrcal @rea; . -:. ,_ .:: .- :. :.. ........... . .  . . . . .  . -  . . .  . . _ . _  . . . . . . . . . . . . . . . . . . . .  . . . . .  . > . : . _  ........... - . . .  

. -  

. .  
. .  - - . . . . . . . . .  

Forage 

h g e  patc*s 

foresis. 
Spruce Winkr: 
squirrels, 
B d i n g : .  .. 
pigeon, b!xk 
grouse, hodcd 
crow. 
> 90% $!ids; :.- 

Jomirlic hens, 

woodpeckers, 
thrushes, ' - . 
corviJcs, 
vokr, iiarcs, 
ahJ squirrels. 

dfmamri .&.. .. 

!pigeons :,- . : 

jw ,  . . . ,  

L . : 

. . . .  (-: . . . .  . .  .. I- - .  . -  .:..._ ..L. ....... 

laomlion 

3ennury 

Sweden '. . . . . .  
. %  

. 
Polid i' 

. - _  . .  . .  
, . . . . .  

. .  
. . . . . .  

>pLiJrn, et 
Il., 1377. 

Wj&=n;-- _. . . - 
,gjj9 . . . . . . . . . . .  - . . . . . . . . . . . . . . .  



I I 

I 

I I 

L I  I ,  



I .I ... .... .*. 

, .  
I '  ' ., , 

, . .  , 

. ,  , 

.' 
I' ' 

). 
1 :  

. .  I 
z I 

, '  
L . ., 

* '  . 



1 *- 
3 ,  It: 





E 
c a e 



I I '0 
:- - - .I 

.rl 'c" 
C 

. .  I 

.. 

' L .  I 





1, 

2, 

4. 

5 .  

3. 

9, 

10. 

11. 

12. 

14, 

15, 

16. 

17. 

Appcndix A 
TES Rcfcrcncc List 

Land Use and 'ryildlfi Rcsourcts (National Academy of Sciences, Washington 

"American Percyinc Falcon, h i c  Pcrcgrinc Falcon," WSYF Guidr to Edmgercd 

Technologics 10 Maintain Biological Diversip, (J,B Lippincott Company, 
Philadclphin Pennsylvania, 1988), chap, 0-597-530054, pp. 3749. 

T~chrrologi~~s To Martiruin Biological Diversity, (JB, Lippincott Company, 
Philadelphia Pcnnsplvanjn, 19SS), chap. 0-39'7-53005-6, pp, 89-96. 

Technofop'es to Mainrain Biologcul Diversify, (J.B. Lippincott Company, 
Philadelphia Pcnnsylvani~, 1958), c h p ,  0-397-53005-6, pp, 63-85. 

"American Peregrine Falcon," Guide IO En&ngercd Species, 2,607 (1 990). 

"E lack-Footed Ferret," ?ha Official Wild@ Furid Guide 10 f i&ngmd Species 

D.C., 1970). 

Species (1 984). 

of N m h  America, 500 (1990). 

"Black footcd ferret," WI7-F Guide fo EndrmgrrcdSpccics 500 (1990), 

"Scutin, Gilles Morphometric Identification of Trail's Flyutchcrs: As Assessment 

"Short Communications," Wlsorr Bidkctin, 104,321 (1992), 

"Administrative Chtvlgcs Will M3ke Endangered Specics Act More 'User-tiicndly' 
and Improve Benefits to Species," Endangered Species Technical Bulletin, 
xlx, 3 (1994) 

Spcics Technical Bullerin, xlx, 20 (1994), 

of Stein's Formula,," Jourriaf of Field Ontithologr, 62 (3), 308 (1991). 

"Endangered Species Conscwation at Big Bend ?;attionid Park," Enhgcrcd 

Gyhmping Crcne Rccoveyv Plun(L7.S. Fish and Wildlife Scdcc ,  Albuqucrquc, 

"Making :hc ESP. Work Btxcr," Endmgw Species Bukfin, xr, 4 (199s). 

"Soaring to Recovcry," En&ng.cred Spccicrs Bulkrin, xx, 18 (1 995). 

M. 0. Adnrn, M. 3. Lack, T. G, Bmcs, "Foraging k c a s  And f ibi tc t t  Gst Of The 

M. D, A d m ,  M. J, Lacki, L, G. Shocmakct, "Tnfluencc ofEnviromentd 

324, 1994). 

Vircjnia B i p E w x !  Bat In Kentucky," Wild,$ Munugcmcnr, 462 (1 (394) 



1 s. 

19. 

20. 

21. 

22, 

23. 

24. 

25. 

26. 

27. 

25. 

29, 

20. 

21. 



32. RM. 

33, R. Ma 

(University of Colondo Muscum, Eouldcr, CO, 1994). 

Barclay, "Population Structure of Tempenrc Zone Inscctivorous Bats in 
Relation to Foraging Behavior and Energy Dem~id ,"  Journal of Animal 
Eco/ogy, 69, 165 (1991). 

Barclay and M.-A Dolm, "The Digestive E%cicncy of lnscetivorous Bats." 
CanadianJimmaiof Zmlag: 69, 1853 (1990), 

24, J. C. Barlow and B, W. McCillivray, "Foraging and Habitat Rclarions~ps ot'thc 
Sibiling Willow Flycatcher (Ernpidona,, tnillii) and Alder Flymtcha (E. 
dnorum) in Southern Ontario," Canadian Jormal of Zookqgy, 61, 1510 
(1 9S)# 

3 5 ,  P, L, Barrows, Tramcrions of the Ffy-Sewnlh i'hrrh Amtican Wildl$t and 
N a w d  Rcsources Conference, R E, e. McCabc, Chulocc. Nonh 
Carolina, 27 March 1992-1 April 199257, pp, 433-49  (Wildlife 
Manngcmcnr Insitutc, Washington, D.C.. 1992). 

36. J. M. Bares. "Fmgivory on Burscra microphylla (Bursctaccae) by Wintering G n y  
Vircos (Vireo vicinor, Virconidac) in thc Co;lst;rl Deserts of Sonon, 
Mexico," ne Sourhwrsrcm Naruralist, 37,252 (1992). 

E, J, M. Batcs, "Winter Territorial Bchavior of Gray Vircos," The Pikm Bullefin, 
104,425 (1992), 

38, L. M. Bautista, I, C, Nonso, J. h Aonso, "A 20-Ycu Study of Wintering 
Common C m c  Fluctuations using Time Scfics h a l y s i s , "  Juurnul of 
Wifdfyc Mmogcmcnf, 56,563 (1992). 

39# M, 1. Bean, (Islmd Press, Washington D,C,, 1991), chap, 1-55963-007-5, pp. 
3742. 

40, G, Bc~uv~,~s md I. M. Endcrson, "Home Range, Habitat Use md Behavior of 
P h n c  Falcons Wintering In East-Central Colondo," ntc Raptor Rcrscprtch 
Foundzthn, 26, 13 (I  992>, 

41. M. J. Bechvd and 3. K. Schmutz, " F c m ~ n o u s  Hawk," Birds ojNorth America, 

42. P, Bcicr, "Detcmine Minimum Habitat Atcas md Corridors for Cougm," 

172, 1 (1995), 

Cuiwrvution Biology 7,94 (1993)- 

North Amcrico, FIagstaf-77 Arizona, 19 July 1985-2 1 July 1988Hqs 
tb'uhingon D.C,. 

43. R. E. Bciswcnger, Mmqyrncnt of Amphibians, Rcpriks and Small Mammals in 



44 

4s I 

36, 

47. 

48, 

49. 

50. 

s1. 

5:. 

5: 1 

5 4  

55. 

56. 

57, 

K. Bixby, (Island Press, Wshington D,C, 1991), pp, 199-215. . I '  , 



I 

I 
I 

I 

I 

I 

I 

I 

i 
i 

i 
i 
i 

I 

I 

Flyutchcr)," Wcsfcrn Bird', 24, 241 (1 993). 

Waterways in Iowa Rowcrop Fields," The American Midland Nuturalist, 
126.90 (1991). 

58. G, G, Bryan end L. B, Best, "Bird Abundance mnd Species Richness in Grassed 

59, J, B, Buchanan, L. L. Twin, E, D. Lewis, "Chxaacrisitics of Spotted Owl ncst 
trees in the Wenatchcc National Forest," Journal of Raptor Rescurch 27, 1 
(1993), 

Scst Trees in the Wcnatchec National Forest," The Journal ofRapror 
60. J. B, Ruchmm, L, L, Irwin, E, L, McCutchen, "Characteristics of Spotted Owl 

Rc.worch, 27, I (199Z), 

Company, Lc?cington, Mus., 1980). 
61, J. D, But€ington, A RL'V~LW of Environmc)ntal Dara uridMot/troring (Heath and 

62. J, D, BufEngton, (D,C, Heath and Company, Canada 19SO), chap, 

63, W, A. Burham and T, J, Cade, 8ulunchg, Social, Professional urua' Consmation 

0-669-03306-5, pp. 5-10. 

Rcqmsihililies, Kelly G, Wadsworth and Richud E. McCabc, 
Minneapolis, Minnesota, 24 March 1995-29 March 1995 60(TWdlife 
Management Institute, Washington D.C., 199S), 

64, W, F. Burley, (Notional Academy Prcss, Washington, D,C,, 198S), pp. 227-230, 

65, J. A. Burnen, C. T, Dauphine Jr., S, E. McCrindle, T. Mosquin, On tht Brink: 
Endangered Species in Canada, (WcstcmProduccr Prairie Books, 
Srssktltoon, Saskatchewan, 1989), pp, lZS9l4O, 155-155, 38-39. 

66, W, A. Bumhm and J. Cilck, "The Peregrine Fund: Giviny Wing to Recovery," 
Enahrgered Species Tichnical Bulletin, Ax, 6&8 (1 994). 

Co-opcrativc Pubtisling Mousc, Fairland, Maryland, 1979). 

Department of Interior. 

Nest Box," Joirrnal of Raptor Rcseorch 26,268 [ 1992). 

(Orchideaceac) and Low Levels of Diucrsencc Among its Varictics," 
S'vsmnaric Bomy,  18(4), 663 (1993) 

67. J. Jr, Cairns, Biologcol Monirorrng-Concepr and stop (International 

68. M. Cdl, Habitat Managemrnt Gnidcsjor Bird' of Prey Tcchnical Note 335 

69, T, W, Carpcntcr, "Ame~can Kestrel Completcs Clutch FolloWhg Movcment of irs 

70, M. A Case, "High Lcvcls of Alloyme Variation Within Cypripcdiurn cdcc~lus 



71. 

72. 

u 
13,  

73. 

75 1 

76. 

ncr 
1 1 .  

I 

75. 

79. 

80, 

81. 

52. 

'6 
I .  ._ . 
. . .  
! 



Prcss, Ncw Hwcn and London, 1989), pp. 201-209, 

Wifdlge Society Bulletin, 23.85 (1 995). 

(Islux! Prcss, Washington, D.C,, pp. 239-256. 

Narurai Rcsourccs Corfircnce, 1994, 

83. D, M. Collistcr and R G, Fisher, "Tripping techniques for lo~gerhead shrike," 

84. R. Costanza, Ecosysrcm Health: NLW Gocllxjor Enviror;mcnlal Muntqmenr, 

85,  T, L. Dardcn, Transuctions of h e  Fifry.Ninth North rtrncrrcun Wildl@ and 

86. S. D, DcGloria, Elements of Geogrupiric Irtfbrmoriotr S}stcms for Rtsosolrrcc 

87, S,  D, DeCiIoria, (Westview Press, Boulder, Colorado, 1991), pp. 153-165. 

88, M. F. Delimy, "Banding Together for L ~ C  Florida Ginsshopper Spmow," 

S9. B, Dennis, P. L, Munhollmd. 'M. J, Scott, "Estimation of Growth and Extinction 

Cort~xwatror~ 199 1). 

Enahngcrcd Species Tcchnrcal Bulletin, xlx, 8 (19SS>, 

P m c t a s  for Endangered Species," Ecoiogccd Monograph, 61, 155 
(1991). 

90. A Dcvinc and D. G, Smith, "Grcat Horned Owl Nesting in Monk Panktet 
Colony in Suburhn  Comceticuc." Journal of Raptor Resmrch 26,267 
(1992). 

91, K. L, Dickson, BiologicalMonitorrng for Environmcnlaf Effccrs @.C, Xuth and 
Company, Lexington. Mass., 1990). 

92. G$ Digfisic et ul., "Isolrxion of Pumala-likc Virus from Mus musculus Captured in 
Yugosliivh ;rtll 'Its hsociarion with Severe Hemorrhagic Fwcr with Rend 
Syndrome," Jomof of Infictious Diseases, 169,204 (1994), 

93, L. V. Diller and R L, WJlacc, Distribution and Habitat of Plethibn Eiongums 
on Mcnagcd ;'clung Growrh Forcsrs in North Cwstal Culifornt~l994)). 

34. C. D. J, D. Dingell, (Tdand Prcss. Washington D.C,, 19911, chap, 1-55962-007-8, 

95, D. S, Dobkin, R D, Gettingcr. M, G. Gtrdcs, "Sptingtimc movcmcnt~, roost use, 

pp, 25-30. 

md fongng activity of Townscndls Bipwrcd Bat (Plccotus tomscndii) in 
centd  Oregon," Great Busin Naturalist, 55,3 15 ( I  995) 

96. C. ,M. Dwycr and J ,  Hankcn, "Limb skclctd varistion in thc Jcrnez MOunt3inS 
salamandcr, Plcthodon ncomcuicans ,'I Canadian Jollrrlul of Zoolop, 6% 

7 



97. 

98, 

99, 

100. 

c 

102. 

103, 

103. 

104. 

105. 

106, 

107. 

108, 

109, 

1251 (1990), 



Sclections," Animal Behavior, 44, 3 1 (1992). 

110. 

111, 

112. 

113, 

114, 

115, 

116. 

117. 

118, 

119, 

120. 

121. 

122. 

123. 

M. B. Fenton, D. C. Tmnant, J. Wyzccki, "Using Echolocation Calls to Mcssutc 
the Distribution of Bats: The Case of Euderrna Maculate," Journal of 
Mammologv, 68, 142 (1987). 

J. S, Findtay and C. Jones, "COrRmCRtS on Spotted Bats," Journal ofMammdoLw 
46.679 

J, S. Findlcy, The Natural History OJNW rWcxicon MammaJs, (U of hW Prcss, 

J. S, Findley, The Nartiral History of Ncw Mexican Mammals, (U of NM Prcss, 

'IVM, 1957), p. 129, 

XVI, 1987). pp. I 10-1 1 1 I 

J. S. Findley, i%c. NcmraI Hisrory of the New Mexicn Mcmrnals (Univcrsip of 
New Mexico, Yew Mexico, 1987). 

R B. Findlcy and I, Crcasy, "First Specimen of the Spottcd Bat From Colondo," 

N. R Flcsncss. (Ydc Univeniq. 1989). pp, 2-9, 

E, D. Forsman and E. Ca Meslow, Ecofop andManugemenr of the Spotfcd Owl 

F o r s m  ED., E, C, Meslow, H, M. Wight, "Dist~burjon and biology of the , 

US. Fish a& iVildli,fic Service 360 (1981) 

in fhc Pacflc Northwest, pp. 58-59, 

Spotted Owl in Oregon," IfiId. Manus. 57, (1984), 

R €, Francis and T. B. William's, Plant Community Classijicariun of El M v i s  
NLW Mcxico 257 Proceedtngs-Land Claspcarions Baed on Vegetatton: 
Applicarionsfor Rcsourcr ManagrnPnt(Intcrmount~in Research St&% 
Ogdtn, UT. 1989). 

Nunrtrrl Rcmurces Confircmcc, R E. McCabc, Wildlife W ~ e m t n t  
Institutc, Washington D,C,, 1992. 

M, S. Gaines, Trunsuctions of the Fifry-Sctvenrh A%3rth American Wlfdfe  DItd 

Ganey J.L,, "Food habirs of Mcuican Spotted Owls in Arizona," W&on Bull. 104 

J, L. Gmcy and R, P. Bald& "Distribution and habitat use of Mcxican Spotted 

J. L, Gancy and R, P, M d a ,  "Habitat Srlcction by Mcxkan Spottd Owls in 

321 (1392). 

Owls in ATitona.' Condor 91,355 (1989), 

Northern  zona," 7hcAuk 111, 162 (1994), 

9 



124. 

125. 

126. 

127. 

12s. 

129. 

130. 

131. 

132. 

133. 

134. 

135. 

136. 



137. F. B, Goliey, (Vail-Ballou Press, BinghAton, Ncw York, 1993), pp. 61-108. 

133. J. Goszcrynski and T. Pilatowski, Diet of Common Bicarcfs and Goshawk in 

139, W, R. Gould and M, R Fullcr, "SuF.ival and Population'Sirc Estimation in Raptor 

rhe ,Vesting Peritdl 986). 

Studies," Journal of Raptor Rcscurch, 29,256 (19951, 

140, D. R G ~ X ~ I . ,  F. A Wcbster, C, K, Michtlcl, "The Echolocation oF'Flying Insects 

141, R, F. CriEths and L. E. Smith, "Dcveioprnex of B Vcgctotion-DamaSc Indicator 

by Bats," Anrmol Behavior, Mil, 14 I , 

as D Mcans of Post-Accident Investigation for Chlorine Rclc3scs," Journal 
of Haardous Martnals, 23, 127 ( 1  990)' 

Loggcrhccid Shrikes (Lmius ludovidmus): Eidcnce from 
RilochronoloSy," ne Auk, 111,756 (1994). 

Ea@a With Classification Tree Models," Journal of Wildlye 

142, T. Ca Grubb Jr, and R Yoscf, "Habitat-specific Nutritional Condition in 

103, T, G. Grubb and R M. King, "kscssing Human Disrurbmcc ofBtecding Bdd 

,t;'aMgccmenr, 55,500 (1 99 1). 

144. T. G, Grubb, S, N. Wiemeycr, L. F, Kiff, "Esgshell Thinning and C o n d n m f  
Levcls in Bald Eagle Eggs From k z o n h  1977 to 1985," The 
Southwestern Naturaliss, 35,298 (1990), 

145, R E, Gmmbint, "What is Ecosystcrn Mmagcmcnt," Cum'crvution Biolog~ 5, 27 

146, T. G. Gubb, W, W. Boweman, J. P. Giesy, G. A. Dawson, "Rcsponxs OF 

(1 995). 

Breeding Bald Engles, Mdiacetus leucoccphdlis, to Humm Activities in 
Northccnual Michigan," I ~ L '  Canadian Ficid&aluralist, 106, (1992), 

147. 0, J, Hdhcr, Wonh Americm Pika (Ochotona princcps) as aLcrte Quat- 
Biogeographic Indicator Species," Pika Biogcopuphy, 39,273 (1993). 

148, D, J, W&cr, "Pikas and Permafrost: Posr-Wisconsin Histoncd Zoogcopphy of 
Ochotona in the Southern Rocky Mountains, USA," Arctic Cu101 Alpine 
,%search, 2 6, 375 (1 994), 

liearctic Pikas (Lngomorpha: ochotonidnc)," Journal o/Mammafog). 76, 
302 (1995), 

149. D. 3, H h e r  and R. M, Sullivan, "Historical and Ecological Biogeographj of 

150, I, D. Hair, rtfca57(r~bm~/ll ofEcologjca1 Diversily (Wildlit'c Society, Inc., Bethesda 

11 



151. 

152, 

153, 

154. 

15s. 

156. 

157, 

158. 

159. 

160. 

161. 

162. 

163, 



Leukemia Virus Type If Infection in Southwestem US Indian Involves 
Two Prototype Variants of Virus," Journal of Irficrious Discases, ZGY, 
E7 (1993). 

164. D. G. Hjecm, "Summer and Breeding Records of the Whooping Crane in 
Saskatchewan," Blue J q ,  52, 98 (1994) 

165. D, G, Hjcrtaas, "Summer and Brccding Rccords of the Whopping Cnnc in 
Saskatchewan," Blue Jqv S2,99 (1994). 

166, N. T, Eobbs and T. A Wanley, "Hzbitat Evaluation," Jotmmal ofWild& 
IVutugcmmr 53, 515 (1990). 

167, H. D. Holdor?: "Procccdinp-Land Clasdficatjons Based on Vcgctation: 
Applications for Rcsourcc ,~nagencnt,"(Inrcrmountrrin Research Scation 
Osdcn, UT, 1989). 

168. T. L Holmes, R L. Knight. L. Stcgall, G. R Cra& "Rcsponscs ofWintcnng 
Grrrssland Raptors to Humm Disturbance," WildlifL. Socicp Bullerrn, 21, 
6 1  (1993), 

169, E. Hosking, D. Husking, J. Flegg, Birds of Prey of the World, pp. 99-105. 

170. E. Hosking, D. Hosking, I. Flegg, Bird a/Prcy ofthe World, (Pclhm Books, 
London, 1987), pp. 135-140, 

171. R P. Howard and M. L, Wolfe, " h g e  Improvement Practices md Ferruginous 
Hawks," Journal of Range Munugmcnr, 29,33 (1976). 

172. S, M. WuffAcr and C, E. H d s ,  North American Wildlfi and Numral Resources 
Corfircncc, Minneapolis, MI\J, 24 Much 1995-29 Mxch 1995(V1'ildlife 
,Managcmcnt Institute, Washington., D.C., 199Sj. 

"Foraging Ecology of Bald Esglcs on a Rcgulatcd River," Thc Raptor 
Rcscarch Foundntlon, 26,243 (1992). 

173. G, W. Hunt, M. 3. Jenkins, R E. Jackman, C. G, Thclmdcr, A T. Gcrstcll 

174 M. L. Jr, Hunter, (Island Prcss, Washington DC, 199 l), pp. 266-25 I .  

175. 0, J. f. HussclI. "Spring Migrations of Adct and Willow Flycatchers in Southm 

176, L. L, Irwin and 3. M. Peek, "Elk Habitat Use Relative to Fotcst Succession in 

177, F. B, Isaacs, R. Gogpns, R G. Anthony, T. Bryan, "Habits ofBald Eagics 

Ontnrio," Journal ofFicld Ornithology, 62, 69 ( I  99 1). 

Idaho," Jourml of Wild@ Managemc.nr 4?, 663 (1983). 

Wintering along the Crookcd ilk, Oregon,'' Northwest Sciencc, 67, 5 5  

.. 





19 1 I M. Kspari ,  "Central Place Foraging in Grasshoppers S ~ ~ K O W S :  Opportunism or 
Optimal Foraging in a Variable Environmcnr," Uikos, 60,:07 (1991). 

192. Advancing Toward Closed Fares! Eco~yrem ~Modds 199 1 ), 

193. M. R. Kauhann and J, J. Landsberg, "Advanciny Toward Closed Forest 
Ecosystem Models: Report on D Workshop," Advancing Toward Closed 
Forest Eco.syJ*tcm Mdds: Report on a Workshop Rh44tO , 

194 D, Kcllcr. Risk Ascxrmcnr of the Mexican Sported Owl (Personul 

19s. S, R, Kcllert. "Values and Pcrccptions of Inticnebr3tcs," Conscrvarion Biolqgy 7 ,  

196. S. W. Kelsch, "Lotic Fish-Community Strucure Followins Transition from Scvverc 

Comrnrmicarion) I996), 

345 (1 99;). 

Drought to High Dischusc," Journcl of Frcsinuarcr Ecology, 9 (4). 33 1 
(1994). 

197. P, L. Kennedy, SouWest Raptor Munagcmcnt Symposium end Workshop, 

198. P. L. Kennedy and D. W. Stddcckcr, "Rcsponsivcness ofNesting Nonhtrn 
Goshawks to Taped Broadcasts oF3 Conspecific Calls," The J o u m l  of 
Wildijii Manrgemcnt. 57,249 (1 992). 

Conspecific and Great Horned Owl Calls," Jountal oflilqtor Rcseorch, 
24, 107 (19901, 

199, T, J. Kmmel and R. ET, Yiher ,  "Response ofXorchem Goshawks to Taped 

200. J. Nin~cl, Biota Infonnatiorl System Of New Mexico (Bison M). 

20 1. G, 0, mock, Use of GIS to Map Vigutariort in Ebstcrn Wahington ,157 
Proccrdings-Land Clmi)kations Bawd on Vegetation: Applicut:omJor 
Rcsourcc ~ a n u ~ c ~ c ~ f ~ I n t e ~ o u ~ t ~ n  Research Station, Ogden, UT, 
1989) * 

203,. G, 0, Klock. Potenrial Use of Gcopph ic  lrlformation Systems 10 Enhatlcp 
Forest Soil Management 280 Procecdin~s-IMarla~~m~nt and Producrivip 
of Vcstern-Montrmu Pores! Soits(1ntennauntin Rcswrch Stntion. OSdca 
UT, 1991). 

,OJ, G. W. Korch, J. E. Childs, G. E. Glass, C. A. Rossi, J, W, LcDuc, "Scrolo@c 
Evidence ofMantwin1 Infection within Small Mmunal Comrnunitics of 
Baltimore, Maryland: Spatial and Temporal Patterns and Host Range," 
American Jourtral of TopiculMtdiciue a i d  Hygtcinrc, 41, 3 0  (19S9), 

L l -  

204. A, Kostrzewa and R. Kostrzcwa, "The Relationship of Spring and Summer 

IS 



205. R Kostrzcwa m d  A Kostrzcwa, "Win& Weather, Spring and Summer Density, 
and Subscqutnt Breeding Success of Eunsivl Kcsds, Common 
Bupards, md Northern Gashawk%" ?%e Auk, 10s. * *  342 (1991). 

206. M. E. Knlovtc, R L. Knight, G, R Craig, R G. McLcsn. Westing Productivity, 
Food &bits, and Ncst Sites oFB;lld fides in Colondo and Southcastem 
Wyoming," 13rr sOurhwt?stern Nuturnlist, 37,356 (1992). 

Plmnins" Conswurion Riulogy 7,796 (1992). 

t 

, 

207. C, Krcmcn L'c of,, "Tmc&d Adropod Arscrnbhges: Th& Use in Conschrxion 
' 1 .  

208. D, T, Krohnt, J. F, M&t, S. KiVess& J. 0, W O E  "Compantivc danogiphy ez 

of forest Pcromyscus." CmadianJournalof Zoology~66.2170 (19SS). 

209. C. M. Kuthltr er al,, "AnifidrJ. Incubation and Hand-Rcsing of'Losgabad 
Shrikes," Wild# SocieyBulietht~21, 165 (1993). ,,' , 

210. M. Kurnar and K. S. Mdd, "Floral Morpholow and Amtomy of Paphioptdilum 
Insignc and the Twonomic'Stam of Cypnptdioids (Otchidacac)," 
Phyromorpholqp, 42(3&4), 293 (1992). 

1 

I 
, ,', 

' 21 1. H. Kumeil, "Devcloprnend stuks in orchid flowers FA, Cypdpedioid ,* . specie&" 
: ,', ' Nordic Joumul of Botarry,: 13,423 (1993). 

O~ZOO/OQ, 69,255 (1991);: , 4 '  

Field-Natrrrafisr, 107, 1 (1993). ; I .  , . 

, _  < '  , .  . 
, .  

3 -  - 1 ~ .  A. Kutn,  "Torpor Patterns in Food-dcprivcd Myotis IuCifbgk (Chinpttn: 
Vcsptrtilionidat) Under Simulvcd . .  Roost Condidom? Cancdm J m m d  

, I  

. I  ;I I 
, .  I .  .. ' 

213. E, Kuyt, "Whooping Cmc, &(&Cri- Home Range itnd,Bmding Rznsc 
Expansion in Wood Buff3o:Ndonal Park, 197011991,?..'Thr . .  . ,. t C d m  

. .  
' *  , . 
,! ' . 

. .  

214. R T. hckcy,  Seven Pillars of~~stemMonagemenrl995). ' 

215. R T. Litcky, "Ecologiwl Risk&mmt." I '  Fisheries, 19 (9ji.14 I .I- (1994). 
. L  I 

. ,  I .  . . .  



218. P. B. Landers, J. Vcmcr, J, W. Thorns, LEcolo@d Uses ofVcrtcbntc Indiwror 

219. P. B. h d r c s .  Trarrstlclion ofihQ FifySevwth North American FYildlfc und 

Species: A Critique," Conscrvarion Bio10.p 2, 3 17 (1988). 

Natural Resoirrces Confircncc, R E, McCabe, 1992Wildlifc Mmnagcment 
Institurc. 

220. So A. Lnymon, EcoIop of the Spoticd Owl in Central Sierra Nevada 

221. 0. S, Lee, Hybopsis Gradis, FiuthwdChub, (Norrh Cuolhs State Muscum of 

222. H, W. Lee c i  of., "Obscivations on Smrd and Laboratory Infection ot'Rodcnts 

C d ~ o r n i a  1983). 

Saturd History, NC, 19SO>, p, 156. 

with the Etioloyical &ent of Korean Hemorrhagic Fcve:," drncrrcan 
Journal of Topical Mcdhnr and Hygiene, 30,477 (198 2).  

with the Etiologic Agent of Koran Hemorrhagic Fcvcr," American 
Joirrnal of TopicniMcdicinLt andWyS;icnc, 30 , 477 (19s 1). 

Transmission of Hmta Virus Etiologic Agcnr of K o r a n  I-Imotrhagic 
Fever, in the Rodent Apodcmus agr;Vius," American JoumuI of T'prcal 
Medicine andHygc.ne, 30, 1106 (1981), 

Transmission of W a n t a n  Virus Etiologic A p t  of Koran  Hemorrhagic 
F e w ,  in the Rodcnr Apodcmus agtarius," dmcricun Journal of Topical 
McdicincandNygicne, 30, 1106 (1981), 

,Madow Voles in the Unhcd States," Joiirnal of Infcc:ious DI5cu.5~~. 152, 
826 (1985), 

maculate, Chiroptcn; Vespcrtilionidac): Roosting and Forging Bchador," 
Canadian Journal of Zoology, 61, 1487 (19S2)b 

(Vcspcrtilionidae): USC in Oricrrtation and Communiation" Journal of 
Mammalogy, 65, 122 (1 9 8 9  

223. H. W. Lce PI a],, "Obscwttions on Natunl and Laboratory Infection ofRodcnts 

224, H. W. Let, P. W, Lee, L, I, Back, C. K. Song, L Scong, "Tnttaspecific 

225. H. W. Lee, P. W, Lee, L. J, Back, C. K. Song, I. W, Scong, "btmpccific 

226, P. Lee er ol., "Pmid Chuactcrimtion of Prospcct Hill Virus Isolatcd From 

227. M, L. Lconvd and M, B. Fcnton, "I-hbitat USC of Spottcd Bats (Eudma 

228, 34, L. Leonard md Fenton M.B., "Echolocation Cdls of Eudcnna mrtculsc 

229 1 J. C. Lewis, "Whoopins Cranc," The Birds ofNorth America, 153, 1 (l?95), 

230, J. C. Lewis, "Whooping Crancs." Tllc Bird9 of hronh~lntwicn 1 (1995). 

17 



i 



(Ochotonn Princeps): Theft ot*Hay," Jorrr~tul of Mcmmalop, 15 (Z), 488 
(1994), 

246, L, N, Measures, "Seasonal Dynamics of thc Bat Stomach W o n ,  Longibucca 
lasiun (Nmatod;r: Rhobditoiden), in Alberta,'g Ccrrrcdian Jotrrttal of 

247. L, N. Measures, "Synonymy of Longibucca cptesics with Longibuccs lnsiun 
(Nematoda: Rhnbditoidea) and New Most and Geographic Rccords," 
ilm&ri Socity of ParusimlosiJts, 50(3), 456 (2994). 

Z O U ~ U ~ ,  72, 79 1 (1 9941, 

3 5 .  G. E. 3r, Menkens and S, H. hderson, Samplirig Problems 111 Estima~ing Smofl 
hfornmal Popdarton S i x  1988), 

249. G. E. Mcnkcns and S, H, Anderson, Management of ctmpiribiaris, Rcprrlds, c d  
Small Mummals in North America, Flagsta, Arizona, 19 July 1988-2 1 
July 19%. 

250. J, Sa ,MIlu and D. G, Innes, "Breeding by Peromyscus mmiculatus over an 
Eltvrrtional Gradient," Candian Journal of zoo lug^, 63, 124 (19S5), 

25 1, B. N. Mllignn and M, R Brigham, "Sex Ratio Vidation in the Yuma Bat (?4yotis 
yummcnsis)," Canadian Jorrrnal of Zoololy, 71,937 (1992). 

252. 3. N. Mills, B, A 'Ellis, J, E. Childs, J, I. M a h e p i ,  k Cstro-Vrrzqug "Scwnd 
Chaiqes in Mass and Reptoducivc Condition of the Corn Mousc 
(Calomys muscuiinus) on the k g e n  tine Pampa," Journal ofMumrnc!o,rr, 
73,376 (1992), 

Food-limited Mcrotinc Rodents on a Productive Experimental Piant 
Community: Docs the 'Grccn Dcsen' Exkt?," OlKOS, G8.40 1 (1993). 

254, G, J. Montopoli and D. A. Anderson, "A Logistic Model for the Cumulative 
Effects of Human Zntcrvtntion on Bald Eagle Wabitat," Journal of WildlifL. 
Movqcmt'nr, 55,290 (1991) 

Rodcnts," Cmadian Journal of ZooIoLqv, 61, 1517 (1983). 

The Soirthwcstcrn Naturalist, 37,308 (1932). 

253, J. Moen, H, Gardfjell, L, Oksancn, t, Edcson, P, Ekcrhotm, "Gming by 

255. D. W, Morris, "Field Tests of Competitive Interference among Tmpcratc Zonc 

J. L. Morrison, "Persistence of :he Meadow Jumping Mousc, in Xew Mcxko," 

257. 0. D. Murphy, (Isiand Press, Washington D,C., 1991), pp, 181-198. 

258. D. L, Murphy, G/S Dorabusc* Dcsign fur Indiistrral F'orca Mana.pmull257 

256. 

Procce dings- Land C f assificat ior ts Based wr Vsgcla t I on: A p p  1 I caii nt ts for 

19 



. .  
' .' 

Rtsorrrce Mana~cmmr(Tmermountain Research Stanon; ,. .I Ogdcn, UT, 

259. J. R Murphy, "rcl'cst site selcdon of the bald ade in Ydlo&onc 1 '  , . Nutional 

260. IC W. Xavo, J. A Gore, G. T. Skibe "Observations on the Spotted Bat., E u d e m  

*I' ' I989), I e 

Parlg"cicad Sci., 42,26c(1965).; . .  I ,  . i .  1, ' .( 

, I '  

rnncularurn, in Northwestan Colondo," 1 ,  Journal ufMmmafw, 6. 73,547 
. ;, .'; ' 

, .  . . .  ., 
,'. , 

' I' (1 992), , ,  . .  
, . .  

261, 0. E, Ncfneffuld R 34 Brighuh:"Thc k u c n c e  ofMoa&& on tbc Activity of 
Little Brown Bats," Ittr~rnutio~ruiJournal ofMammdim Biolqy 60,;O 

262. 0. E. Xcpef€and R M Bn'Qhrun;':"Thc'Influence of Mooniight on the Activity 

', 
.rl 

, . I ,  i;, 
, .  

* . '  

(1995). 
, I  

oELittk Brown Bats (Myotk fueifugus)," h r e m r i o m f h u d o f  .,. 3 

V. R N e w k  et a/., 42nd An&a!.Meeting of die Amrrim'scrCiery of Tropicof 
' 

264. G. Ncuwcilcr, "Fonghg, E c h o I d o n  &id Audition in B3k" a . '  ' 1 '  

265, B. G. Norton, A New P d i p  f o ~ ' E h v i , h m l a t M a n Q p k n t ,  \.. ("and Prtss, 
Washington D,C,, Covclo:Califo& pp. 3-41. 

266. R F. Noss, "Corridors in Red'&dswpls:,A Reply to SimbciloEmd .: .. . . I  ., 

267, R F. IWs, "Indicators for Monieonng Bio~ivcrsity: A Hicn;Cbiwl .,. 4 ' '  . Approncfi" 

268. R F. Nos, (Island Press, Washington D.C.; ,. . 199 I), pp. 227446. ',: ! . ' 

269. P. O p d m  J. Thisscn, P; Vcrschurtn, G. Muskcns, "Feeding &oiogy of tl 

-. Mmmafian Biology, 60;. 530 (1995). ., . \ . ' .  
. . ,. . I . . .  I 

263. 
Medicine andHj@nc! , .Atlana.iGtargia. PITovembcr~l993. 

\ I .  

., 'I. 

.I . I  
Nammissmschofien, 71,.4# ,. . .  . , (2954). . ,  

, 4 .' , .  

4 ,  . .\ h ' . '  , . 
COX" 

, '  ' 

:. ' , , .  

Conservation Biology, 1 (2), 1591(19S7). . ,  

Commotion ~iology, 4 (4). 3 (I 990). 

1 ,  
. .  

, .  
. ,  , .  ': ,' . .  

. I  

population ot'Gosfiawk Accipiter .' : gmtilis," . .I Journal ofhilhoZogr, ; , I  llS, 
35 (1977). 

Proccedinp-hnd CImpcutions Baed on'Vep!athn:, 'Appliwtions for 
Resource Managernen:(Int&nour&in !, iitstarch Station, , I . '  . . . .  'Osden. , UT, 
1989). 

Xorthcastern California and Ncvach',u cimcrican Jour& '1 , ofTopical 

, , '  . . .  , _ .  , "  ," 
, ' t  I~ \ ,  

270. T, Omwa GIX: A P C - B a d  G&,gmphic InfCvmarion System icls) 257 
I 

3 '  I* , 
I .  I 

.I , 

. ,  . .  3 .  

271. E. W. Ottnon et ai,, " O C C U ~ ~ C ~ ~ C C  oEHmhh~s within the Rodent Popdauon of 

. .  
I ' .  

1: , 

. I  I 

. < . 1  . . ' I  

' I  



hkdiicinL* and Hygiene, 54, 127 (1 996). 

272, E, W, Ottcson t'i ul,, "Ocarrcncc of Hantavirus within the Rodent Population of 
Norrheastern California and Nevxk," Amcricari Journal of Topical 
Medicine and Hygtcnc., 54. 127 (1996). 

K, Ovasktl and T. Davis, "Fecal pellets as burrow markers: intra- and interspecific 
odor rccognition by wcstcrn pkthodontid snlamandcrs," Animal Bchmior, 
43,93 1 (1 992). 

273, 

274. D, M. A. Pauw and W. R. Rcrnphrcy, "In Vitro Gcmkation ofThrce 
Cypripedium Specks in Relation to time of Secd Colfcction, Media and 
Cold Trcsltmcnt," C a n d i m  Journal of Borort,v. 71, 579 (1993). 

275, N, F. Page, Tcchniqueslor WildlifL' Habitas Munagemcnr of Uplond~ 1992). 

276. Importance. Prcscmurion md Managcmcn f of Ripartun Hobitat, D. W. h 
Pcddic, (Rocky Mountain Forest and Range Expcnmcnt Sbtion, For: 
Collins, Colondo, pp, SS-90. 

L)-- ..I I R. H. Pcrers, Eco/oglca/ fmplicattons of Scdy S i : r f h s s  New York. 

275, M. J, Perkins, "Longevity Records for Two Vcspcdlionids," Bur Rtseurch AVWS, 

279. D. A. P e p ,  "Biodiversity and Wildlife ;Ire nor Synonymous," Consmatron 

A. M Peterson and D. G. Ccrictani, (Wcstvicw Press, Boulder, Colorado. 1991). 

2s 1, J. R Pctcrson, "Yellow-bellied Mamot, Marmota flwiventris, Predation on 

35.79 (1994). 

$ io /qy  7,204 (1993). 

230, 
pp. 265-277. 

P k - ,  Ochotona princeps," i77e Canadiun Field-Narurafist, 200, 150 
( 1992). 

282. R D, Pfisrer, Basic Conccpu of Using Vqetrrrion to Build Q Sire Classfxation 
System 25 i Proccrdings-Lund Classiycarions B a d  on Vegetation: 
Applications for Resource 12/funagrmenr(Intcnount~ n Research Station, 
Ogden, UT, 19S9), 

Vegefarion 3 7 Procwdings-Land Classficutiorrs Based on Vegdfation: 
Applicarions for Rcsorircc Marra~emc.nr(lntcrmount;tin Rescmh Station, 
OSdcn, UT, 19Y9). 

283, R. D. Pfistcr, Restarch und Itybrmatron h2ch for Land Clw$carions 3 u ~ d  on 

9 4 ,  A. R. Phillips, "Geographic Variation in Empidonax Traillii." GS, 507 (1945). 



I . , I  

282. E. M. Poulin, EaldGgle Nes:&ObplW). I 

36, L. V, Powers, S, C, Krurdarian, T; K Kunr, "Ontogcny of Flgbt in h e  Lick 
Brown Bar, Myoris Ludugus: Behavior, Morphology, and Muscle 
€€istoehemistry," J o u d  of Cotrtpumtrw Physiokqy A, 168,tStS (199 I) ,  

287. 8. Pylypcc, "Impacts of Fire on Birh Populations in a Fe~cuepninc" The 
Canadian Ficld-Naturcrlis~, 105,346 (1990), 

I 

258. B. Pylypcc. "Impacts of Fire on Sird P o p d o n  in P Ftscuc Pniric," ntr 
Cattudlart Fidd-Ab&mf&, 105,346 (1991). 

I m c s  M. a d  R T. Woyewodzic "Scsthg Ecolo& of Ferruginous 
Hawk in Norrhwcstcrn NwMc4co." nit, Raptor AscOrch Foudriott, 
Inc., 27,97 (1993). $ 

290, N, P, Rccd and D, Dnbdlc, UnriedS~~lrcs Fish and WiUfe &mice, 
( W d e w  Pttss. Boulder and London, 19S4). pp. SS;)OS, 

29 1. X. P. Reed and D, Dnbcllc, n e  lfrtircd Sum Fish und Wimp >mice. 
(Westview Press, Boulderand London. 1934). pp. 107-119. 

259. 

s , 

q n '  -9". 'W. Rcffdt, (Island Press, Washington D.C,, 199 l), pp, 77-SS.j. 

293, L, I. Rctfaivi, &ceding Bduvior and Feeding Habizs of Ihr Bald mitr on San 

294. R T. Reynolds, S, M. Joy, D, G. Ledit, "Nest Produdvity, Fiddity, and Spa& 

Jmn l s I d 9 6 5 ) .  
I 

OfNorthern Goshawks in Arkona;'Studit,s intlvirut&'dO&y, 16,106 
(2994)). 

295. * W. H. Rkhard Jr. and R H. Gny. Thc IWord Rcacfi ofthE'Calmbi3 River: A 
Refuge for Fish lurd R i v d n t  Wiidlifc and Plants in -ern W a n s o n  ,* 
Natural Arcas JoumI, IS,& (1 995). 

River A Rehgc for Fish and Rivehe Wildlife and Plants 81, in E;lstetn 
Wahingon," NamrdrlntzsJmmd, lS,6S (1995). 

297, S, E. Rinkevich, "Me4a.n Spotted Owl Dnft Rccovcry P l a " i m H d  

298, S, E, RiRinkcvich, "Mexican Spotrcd &I D& Rccovcry PIaM'MpHd 

299. J, N, Rime, "Reproductive Biology.of thc EO Gmdc Chub, &lit pundon 

1 

, I  

296. W, H. Jr, Richwd and Robert EI. Gray, "The Had%rd Ruch of the Colombia 

Spcics Builerin XX, 12 (19%). I t ,  

spc'c14s Bulktin, 20, 12 (1995), 1. 
I ! 

(Tclcostorni: Cyprinifoms). In ;1 Montane S t r m  NCW M&o*" ?%e 
I1 

! 

,; 
( 1  

22 , .  1 

I 

t I, I 

' I  
1 



$OJAthwt!SfCr/t il'otUraliJ'r, 40, 107 (1995), 

ZOO. R Rodr&um-Estrclln and B, T. Brown, "Density and Habirtlt Use ofR3ptors 
Along the Rio Bavispe and Rio Yaqui. Sonora, Mcxko," The Rapror 
Rcscarch Fourrdofion, 24, 47 (1 990). 

301, Rodriguez-Estrclla and B, T. Brown, "Density md Habitat usc of Qptots Along 
thc Rio Bnvispe and Ria Yaquc, Sonor4 Mcxko," Tnc Rapror R~.stx~rch 
Foimdarion, Inc., 23,47 (1990), 

302, 0,J.  RohlF, "Six Biolosical Reasons Why thc Endangered spccics ACT Doesn't 
Work-And What to Do About It," Coitscrvation Biology, 5, 27? (1991), 

203. D, M, Rubink et al,. Southweskwr Bald &gle Rc)covtp Plat11982). 

204. D, M. Rubink and K. Podborny, The Sourhtrn BafdEkgle In Arkona1976). I 

305. L. F. Rum'ero, G. D, Hayward, J. R. Squires, "Viability hdysis in Biological 
Evaluations: Concepts of Population Viabilky halysis, Biological 
Population. ;L'd Ecolo$cal Scde," Corrsentarion Bioiog~ 8, 3% (1994), 

306. M. A, Rumblc, Using Twig Diamrters 10 Esrimnrc! Browse Utikution on Three 
Shnib Species in Sorrrheanern Montoria 1722 Proceedhgs-Sytnpsium on 
Plartr-fierbivorc lnt~racrionJ.(Intennoutain Research Station, Ogdcn, UT, 
1987) 

America, 1 (1994). 
307. R R. Ryder snd David E, Manry. "tfitc-faced Ibis," nir Blrds ofNorth 

305, H. Salwascr. (Tsland Press, Washington D.C., 1991), pp, 247-265. 

209. B. E. Smplc and R C. W h o r e .  "Food Habits of thc Endangered Virginia 
Fig-Eucd Bat in West Virgirh" Journal o fM~mmalog~ ,  Vol. 74 So. 2, 
423 (1 99;) 

Nurural Resources Confirtncc, R. E. McCabc, l992(WildIifc Mmn;tgcmcnt 
Institute, Washington D ,C,. 

Nurural Resourms Conferrncc, R. E. McCabe, 1992(Wildlifc Mmagcmcnt 
Instjturc, Washingon D.C.  

Test Of Predictions Using Two Morp hologicdly Similar Species," 
Ecology. 73(4), 1335 (1992). 

3 10, F. B. Samson, Transucrions of rhr FifpSeventh North American Gyildlifc. and 

3 I I ,  F, 8,  Samson, Transactions of ihc Fvv-Scvcnih North Amcricon Wildlfe and 

j 12, M, 8, Saunacrs and M R. Earclay, "Ecomorpholog Of lnsectivorous B3t5: A 

23 



. I  

, . .  '. ! 
' I  

3 15, 3 15, 

5 16, 

317, 

3 1s. 
.a ' \ 

5 16, 

317, 

3 19, 

220. 

521. 

322. 

322. 

324. 

526. D, G4 Smith and J. R Murphy, "BidoSy of the Ferruginous Hawk in C a d  

327. E. L, Smith and K. C. Krusc, "The Relationship Bctwccn Lyld-Usc and the 
Distribution and Abundance of ldggcrhcad Shrikes iniSouth-Ccntrd 
Illinois," Joirrtiaf Fidd Orni!holc$y, 63,420 (19923.; ..';. 

$1 I 
Utah," &&biology, 3,7S (197s): 

. ,  * . _  

!, : 

* ,  
. I  . . . ,  

;;, 
:. 24 4, : '  

I .L ., , , I  . .  

4 ,. , .  



328. C, Snow, Ha&itarMamgcmcnr S u i t s  for Ett&ngcred Species 5 19731, 

229. J. R Speakman and P. A b c e y ,  "EfFccts of Disturbance on thc E n e r g  
Expenditure of Kibcrnation Bats," Journal of Applied Ecology, 23, 1087 

250. J ,  R. Spc;lkman, Webb PL, P, A b c e y ,  "Effects ofDisturbance on thc Energy 
Expcnditurc of Hibernation Bats," Journal of Applied Ecolosy, 28, 1087 

(1 99 1). 

(1991). 

2; 1. J, R. Squircs and La F. Ruggicro, "Winter Movements ofhdul t  Yorthcm 
Goshawks That Nested in Southccntrd Wyomins," Journal ofRaptor 
Research, 29, 5 (1995) 

Goshawks That Nmcd in Soutnccntnl Wyoming," Journal of Rapior 
Rcsmrccs, 29, 5 (199s)- 

Southccntrd Wjjorning" Journal of Wildlij'r Managemmt. 60, 170 
(1 996). 

JA. D. W. Stzhlcckcr and T. G, Smhh, "A Comparison of Home Ungc  Estimatcs for 
a Bald Eagle Wintering i n  New Mcxico," Joirrnal o/&ptor Rcscarch, 27, 

332. 1. R Squircs and L, F, Ruggiero, "Winter Movements of Adult Sorthem 

233, J, R Squires and L, F. Rudcro ,  "Scst-Site Prcfcrcncc ofNorthcrn Goshawks in 

m *  

4 (1993). 

335. M. V. Stdmsstcr ~ 7 d  .J, R Ncwmrm, "Behavioral Rcsponscs ofWintcring Bald 
Eagles to Human Activity," Joirnial of WiIdlVc Managcmmf, 42, 506 
(1978). 

336. R S tetlc, Pyrumid M d l r  for Succcssiutr Clmificarim 257 Proceedings-Land 
C l a s ~ c a r i o n r  Based on Vcgctation: Applications for Rcsource 
A%nugemmr(lntmnounrain Research Station, Ogdcn, UT, 1989). 

237, C. R Stein, "Isolating Mechanisms Behvccn Populations of Traill's Flyatchcis," 
The American Philosophical Socirp, 107,2 1 (1 963). 

338. T. I, Seohlgrcn, "Bald Eagle Winter Roost Characteistics in Lava Beds Ndond  
Monument, California," Northwest Scierlce, 6Yl 44 (1993). 

359, T, 1. Stohlgcn and C, A F m e r ,  "Rcevduatiny Delineatcd Bald Eaylc Winter 
Roost Habitat in Lava Beds National Monument, California," Tile Journal 
of Rupior Research, 28,205 (1994). 

(Euderma macul;ltum) in Sorzhwcstcm Colorado and Adjacent Ut&,', 
30. J. F. Storz, "Locd Distribution and Foraging Bchvior ofthe Spotted Bat 

25 



241. 

34s I 

. 
' 345. 

246. 
* 

. .  

347. .. 

'. 348. 

349. 

350. 

351. 

5 52. 

R C. S m o ,  Wildlife Mn~gemcnt Institute S(Mldlifc &cment Institute, 

T. K. Tear, J, M. Scorr, P. H. Hq~si B, GriEth, "Sratus*kd Prospects of ;hc 

Washingon D.C,, 19SS),., ' .  ; ( .  

Success of thc Endanscd. Sp&a Act: A look at Rceoveiy I +  Plans," 
Scic'rrcc, 262, 262 (Nov:l% 1993). 

Loggerhead Shrike, L.mi&.ludoviamnC1S, Population,,* I:' ?7ta Canuciim 

I 
' ,  I *  

E, S. Telfcr, "Habitat C h g r  as a Factor $ the Dcclinc of &e Wmcm Cuadm 

Field-Naturalist, 106,321"(1992),. b .  ., : 
. I  , 

C, R Terman, "Studits ofNatud Populations of White-fookl Mice: Reduction 
ofkproduction at Varying Densities," Juurnol of'Mmmulogy, '., ,,, 7467s 

D. W, Thomas, "Lack of Evidence for aBiological A m  Clock h B;ltsCMyotk 

i, I 
1 . .  

'(1993). 

spp.) Hibernation under Nmd Conditions" Candch . ,.. JoUrnar of 
ZOO/O~~,  71, 1 (1993). 

Disturbancc," Juunral ofMmmufogy, . .  76,940 (1995)::, c .  . .  

Brown Bats, Myotis lucifugus," Plysiological Zoology,~65 I., . (Z), 445 

, , ,  . , 

! :  

* '  '. 

D, W, Thomas, "Hibernating Bats k c  Sc&itivc to Nontnc&Zuw. ' 

D. W. Thomas turd 0. Clouticr, "E~npontivc Water Loss b$Efibmting Linlc 
. , '  

I' . a  
, .  

,'; I: 

, '  L (1992). . ' .I 

Norrhern $gotrcd CMWashington D,C., 1990), 

123 (1989). , .  

Foorcd Ferret, (1989, . .  ':I :j: 

, .,,. 

I. VI.  Thomas et a/, , A Corzserwiion $&ute,p for h e  Northem Spotzed"0lUl. 
RE'ri of thc Inwagen& Committee lo /Ic&ss ~ c ' C & s c ~ * ~ n  ,' , ' \  of the 

J. W. Thomas md EI. Sdwassu, ,:Brin&g-Conscmnon Bidlogy into a Position 

. . .  . 
I '  I ' I '  .I ., ' 

of Influcncc in Natural R&ourccManlrgcmat," , . , a  I '  I Commztion .. ' Biohp,  3, 
* .  . . .  

... , , .;' , 

.'t , , I ' 

. .  
* .  

! ' .  

. *  
. "1 . . /  

T, E, Thorne, M. h Bogan, S, 

J. V. Tilcston and R R Lcchlcitn&, "Somc Comparisons of thcBlack-&lcd and 

kdekon, Cons~rwarion Biohgy ., . .  &'the Black 
. i. , ,  s i  . . .  

8 ,  , .  I ,  

.. I 

White-tailcd Praihc Dogs in.North-Centd Co1ondo;:'lhc '1 , '  Americcn 
.*,.:. . .; , . .  : ., , 

2 , :  '. , 5 .  .. ..' . .  , ,  
, .  \ ' . .  

. .  
i26 : 

I t  . " .  
. I  

, , '  

I '  

.... 6 

,'! ._ .. 
. ' I .  . . ,  !I 



hfidlund Narurulisr, 75. 292 ( I  965). 

3 54. W. Tilt, Norrh American Wildlife and Nutirral Resources Confirence, 
Minneapolis, LW, 24 March 1995-29 Much 1995(WiIdlife Management 
Insritutc, Washington, D.C., 1995) 

355, T. F, T& rt af.,  "Serological arid Virological Evidence o f 3  Mantun 
Virus-Related Enzootic in the United States," Journal ojlnficfious 
Discuses, 152, 126 (19$5), 

356. R. Tumlison and M. E, Douglas, "Parsimony Analysis and the Phylogeny Ot'Thc 
Plccontinc Bats (Chiroptcra: Vespedionidae)," Journal Of MammoloLgy, 
Vo1.73 No.?, 276 (1 992). 

257. J. D, Tyler, "Vertebrate Prey of the Loggcrhad Shrike in Oklahoma" Proc. Okfo, 
Acud Sci., 71, 17 (1991), 

358. J. D. Tylc:, "Nest-Site Sclcction by Loggerhead Shrikes in Southwestern 
Oklahom~," Proc. Okla. Acad Sci., 7 3 , 4  (1994). 

559 ,  K. Dt. Tyrtll and V. Dr. Jt. Bnck, Survey for Bats in rhc l;os Almos National 
Environmental Research Park, With Special E m p h i s  on the S p r f d  
Bail 992). 

360. U.S, Depmrnent of the Interior and U,S. Fish md Wiidlifc Services, Recovery 
Progum Enabngcrcd and i55rcarencd SpecicsWzihington D,C,, 1994). 

361. U.S Fish and Wildlife, "Black Footed Fclrct Rccovcty Plan," 1 (lP7S). 

362, R E, Ulanowicz Ecojysrem Hcalrh: NCW Gmlsfor Environmcnral Mmugment, 
(Island Press, Washington, D.C., pp, 190-206. 

363, P, Unk, "Empidonxc traillii cxtimus: An Endangered Subspecies," Wtsfcm Birds 
Quarterly Journal of Wcsrern Field Ornifholopts, 1s. 127 (1 SSS), 

264.  USDA, HabiiatFunrres&Jtah State, Utah State University, Logm Utah. 1989). 

365. J. C. U y e b  and P. M. Nuins, "Yest Dcfcnsc By Willow Flyatchcrs To 
Brood-parasitic Intruders," Thr Condor, 97,361 (1995). 

366. A. G. VM dcr Vdk, From Cornrnrrniry Ecologv lo Vcgeturion Munugcmenf , 

567. A G, van der Valk, Trcznmc1ions of the F#&'Xrd North American Wild/+ and 
Narrrrul Rcsoirrce Confirtncc, Louisvillc, KY, 18 March 19SS-22 March 
1988(WiIdlife Managcrncnt Institute, Wsh ing tos  D,C,. 198s). 

368, A, G, van dcr Valk, Trunsactiuns of !he FvpThirdNorth Amcrican Wi ld#- !  aid 

27 



369, 

370. 

271 1 

372. 
--..I 
2 12. 

3 74. 

375. 

376. 

377. 

37s. 

Z 9 ,  

380. 

3Sl. 

382. 

. ,  .. ' I .  .: : 
.i! I ' 

,; .: t 
' I  , 

. . . I  

.I . "',., I 
. e. 

, ' , I <  , '  
. %  ~ . .  . ..I 

. .  
' ._ . .  

, y  
' I .  

:. ..  , ,  
1 )  . - .  

I .  
, ,., . .  

Naiurral Resource Conference, R E. McCabc 53(Widlifc . .I . Management 
a .  Institute, Washington D.C;l 1988). _. . 
!. 1 1 ,  

' '  1.  L 

. I '  1 .  

€3, van Hornc, "Niches of Adult m'd Juvkkle Deer M c c  (Puornyseus mkuhtus) 
in Serial Stass of Conifcrbus Forest," Ecology, 63,..99? (19S2). 

k Vxps  and S. H. hdc rson .  "&OVA A d  P h y s i d  Dcvclopmcnt of 
Captive-niscd Black-footed Ferrets," . .  I 77re Arnwkan'Midd ,.. . .  Namruiist, 
135,43 (1995). 

Epidemiological Data o n . h t w h s  in Bank Vole Pop~&tions . .  I in Gelgum 
."Arch firol. 91, 193 (198'6), . .. 1. 

. .  
. .  . .. .. . 
,, (. 

.! 
.I ' , 
I .  I 

. .  ,: , 

.' . 

R Vcrhsgcn, H, Lcirs, E, Tkachcnko, G,'Vm der Grocn, "Ecologid and 

I .  

H. Vickey, "Back From The Brink" l3dmgert.d Species Buffetin, > ,  20,qiS (1995). 
8 ,  



ZSZ. D. So Wilcovc, hi. M~Mllm, K. C. Winston, "What Exac:ly is an Endangcrcd 
Spccics? h Analysis ofthc US, E n d a n y r e d  Spccics List: 1985-1991," 
ConstrYution Biology, 7, 87 (1 993). 

384, J. E, Willims, Tratisacrions of the Fifp-Seventh Norrli American Wilu'lfe atid 
rVurtrrai Rcsourccis Cotfirwcci , Richard E. macabrc, Charlortc 
Convention Center, Charlotte, Xorth Carolina, 27 March 1992-1 April 
1992 57, pp, 35-354 (Wildlife Mannsement tnstitute, Washingon, D.C.. 
1992). 

j S 5 .  D. R, Wilson and L. E. O'Bricn, Porurnrlcrs for Motiiroring SmallMa~mcl 
Populurrorr.~~ 1994) 

286, I;. R. Wilson and L, E. O'Bricn, lrrrmroriottal Pur:itcrsltips for  Fish crid Wldl$, 
Richard E. McCabc and Kclly G# Wadsworth, Anchorage. Alaska, 18 
March 1994-25 March 1994 SS(Wi1dlifc Mamgcmenr Institute, 
Washington D.C., 1994). 

Richard E. McCabc and Kelly G# Wodsworth, Anchorage, Ahska IS 
March 1994-23 March 1994 59(Wildlifc Management Institute, 
Washington D.C,, 1994). 

388. R C. Wilson, Balancing Social, Profissional and Coriservarion Rc-qonsibifiticis, 
K. G. Wodsworzh and R. E. McCrrbc, iufinnc;lpolis, MN, 24 March 
1945-29 March 1995 GO(Wild1ife Management Institutc, Washington, 
D.C., 1995). 

589, N, D. WoEfindcn and J, R. Murphy, "Fenuginous HswkNest Site Selection," 
Journal of Wildfife Marragemcn!, 47, 2 16 (1 98;). 

290, N, D. WoEnden and J. R Murphy, "Decline of the Ferruginous Hawk Population: 
A20 Year Summary," Joumu! of WildffiManagcmcnr, 53, 1127 (1989) 

jS7, K. R. Wilson and L. E. O'Bricn, Inrcrnariorial Parrnerships for Fish and WiiaX$e, 

391. D. H. Walfe and G. M. Surton, "Lead Poisoning in a 'Mississippi Sandhill Cnnc," 
73ti Wilson Bulfcrin 106, 766 (1994). 

j92. J,  0. WOE, "Comparative Population Ecology of Peromyscus leucopus and 

C. P, Woods, "Variation in Loygcrhcad Shrikc Ncst Composition Between Tow 

Pcromyscus mmicularus," Canadicrr Joitrnal of zoo lo^, 63, 1 54s (1 985), 

Shrub Spccics in Southwest Idaho," Journal of Field Orni!/io/ogy, 64, 352 
(1 993). 

59;, 

394. C, P. Woods, "Food Deliver), and Food Holding During, Copulation in the 
Loggerhead Shrikc," PIC Wilsotr Biil/c/itj,  107, 762 (1 995). 

29 



29s. 1. ' 

396. S 

397. R 

398. R 

j99. R 

300. R 

401. R 



Map 1: Vegetation Transects 
Selcctcd Transcct Shown wit11 Id Nunlhcr  

(See next page for attribute information) 

N 

s 

Legend 
I - Selected Transect 

paved HondH 
Vegetation Transects - 

,I' \ . / Dminugts 0 LrnL 

1 :72679 
...._. 12 'Kilorneict* 

.I 4. 

J 
8 Mikt 

A I ;r' f-----. 0 2 4 

. .1 

v 
... 
.* 

I 

. . I  

. 1. 
: I  

I -  

t 

? 

_. . il 



Map 1: Vegetation Transects 

Legend - Selected Transect - Vegetation Transects Pmcd Hond.u 

0 U X L  I' \/' DruinuKm 

192679 
......-. . r. ....... H ............. 4 ..........-. 6 . - I -  ........ IO.. _._._ .--1,2 Kilomctcrr _..--...... ..-... 

% 
c 

1 IJ 
X Mlbr 
1 6- _I_ 

2 4 0 ,- 
-- .--. -- 

llloIlxlY TfW, IlSlI*zO I lcOUxlY 0110111' 



I 

I 
I 
I 

I 
I 

! 
I 

i 

I 

I 
i 

i 

I 

I 

Map contains NWI tvctlands a11cI wctlanris 
mappt.d during LANL biology SLWVCYS 

r S 
I 

j 
, I  I 

I 
I 
I 
I 

1 

I 

! 

I 

i 



I 

I 
I 

I I 

I 
I 

i 

I 

I 
i 

I 
I 

i 
! 
! 

I 

I 

i 

I 

I 

i 
i 

c c  

I nscrt 0 1)surva t ions Paved Hondv 

0 LAIVL / Dminngcs 
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Map 4: Bird Observations 
Locations Shown with Birrlobs-id II.'imihc'r 

(See next pago for observation attribute inforniaiionl 

N 

s 

I Legend 

1:75429 



--* Map 5: Identified Potential Habitat !: ~ 

I '-, r' for Sensitive Bird Species '7 

N 

S 



Locations Shown with Site id 3 u m l w  
(See next pago for small mammal acibute informatron) 

c4 - - --- 
:Map 6: Locations of Small Mammal Studie 

I 

N 

s 

Legend 
I 

Study Locutions 1 b 1ANL 

1:735139 
9 - I ?  Kilometar 3 0 3 6 

2 0 2 4 6 H Mikv I I____-_. - --_ 

.I 

.5 
13 
I . ?  

Y 

2 J  



1 
P 

Map 7: Mammal Observations ..5 . 
!*, 
J; 

. 'I 
;J 

Locations Shown with Site id Number 
(Sec next page for observation attrGutc inlormation) 

* l  

e 
102 

Legend 

Miimmril Obscrvntiom Paved Ron& 
* 

0 LNVt ,''ye/ DminnEw 

1:73589 
12 Kilomcimr 

H Mitor 

6 9 -- 2 
3 -, 0 3 -- 

I 

6 I-----'-' 



Map 8: GPS Locations from 6 
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