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PREFACE

ilt.; l)_.l)al'iillCIli (_t'Enoi'gy ! 1)()i!'_)_.liltt ii_ I_ri:'ct_ct_s_()i'shave SUl)l_(!i'tc(l i'e-

search irl lorrcslrlal L'C'()l()gy f()i" lll()l'C' I)1all J() yJaal'S,"l'llc" Ct.'()l()Ty t')l'()_l'_.illl
ev_lve(t iii ihe I tj5() s oul ()l'a need irl kl_(_w ltir.' Irailst_orl _lil(I t'_lic (_t' l'ailoul

i'atti_)nuclicles and p(_ssihle paihways l'i'()lll lhc cc(/syslc'ill I(_ lluin_ins, Even

lh{)ugJi r;.icti(_llucJitlcs posed ali onvii'onlllenlLil J)r()lTlJelll, ihc'y l)r()vitlocl an excel-

Ionl l(l()l I()!" illVOSligaling pl'()cossos lhrough cillil'e ec'()sy,_leills _.lncttilt i ilcastirillg

pi'()ccss i'ales wilhiil ecosysleins, Wilh lhis il_(_l, qu_.Ullilalivc oc()l()gy clcvcl_pecl
dr_uilalically iil lhc l tJ6()'s, rev()luli()niziilg lhc t_nlil'¢ field. Ai ihe SalllO lime,

qtiaillilalivo ecolc_gy highlighlcd lho need for rigoi'_)us lhe(iry iri lhi,_ newly
elllelgillL2 <_ciellCO. "l'htls ()vcr llle yoai's, ihc D()[_ lerreslrial ccc_l(_gy pF(iTi'alil

t)i'ovidecl a ,_mall alll{)unl ()t" fuiltlil_g I() SUl-)l-)Olllhe(iry cicvoi(ll)monl,

RCCelll alloilli()n Io glol_ll chLingo Ill.is higlliighit.'d lhc I'CtlUii'ci_lcnl f(ir _inluch

t_ellei" tiil(torsianclil_g (lt' Icrreslrial ec()i(igy and ils i'(_le, n(ll (inly iri clil_lio

charlTe, hul als(i in clesci'lit'ic_lli()i_, si)ii cleleliOi'ali(in, anti c(_ill_.ll_illanl

li'aiisl-)(irl, lT{Xl_.lllSi(in of llle(li'y (lcvelt)plllOi_i was urgonlly i_eo(tc(l, l'()i" lhc,_e

ioas()ilS all(t I() l)i'()vido a boiler f()ctis t'()i" oc_)i()7ical res¢_.il'ch. As Li l'esull, in

! c)1414lhc Ec(il(igical l_,ese_ii'ch l)ivisi()n P)cig_lllii l)l'()lgl'alil devoted l(i lhe(irelical

ec(_l(Igy, issuing lhc l'ii'sl s(_licil_ili(ln f(ir t)rop(_s;iis lale lh_il yeal', l-_eCiltl,Se
i'es()clrces came t)ul (ii' lho cxisling l'ulltlilig base, ihe buclgcl t'()i" ihe solic:ilalion

was necessai'ily Iimitl2d, ()til of I1_o6()l)rOl)(isals suhi_ille(l, _ wei'c" _iw_ii'tte(t

t'uncis irl lhc l'irsi year alltt o iho i-lexl,

This rol-)()rl l-)l'CSeillSlhc _2()als()1"lhc "l'hoorelical lT,c()l(igy l)rograll_ anti ahsll'aCls

(:ii"i'eSeal'¢h in l)i'ogress, Ahsli'acl,w, cOVel" b(llh lhe()l'clical rew,carc:h ii_al begs.u1as

p_.il'i ()I' lhc lorresirial ecology C()l'e l_l'()gr_ln_ and llOW pr(_iocls luilttt_(t by lhc

the()l'elic_ll lll'()gl'am hogun in 191qFI,Pi'tticclshave I-icon c'luslol'etl inl() l'(lur nl_i.j()r

caleg()i'ios',

• [7]cosyslcill (lynalllics,

• l_iil_clscal)e/scllling dynlunit.'s.

• l)()pulal ion (l),nan_ its.

i !!_]Xl)oiiniei_l/s_iilit-_ie (lesitgil,

Our olticciivo i,_i(_i11ailllaiil a sII'()11_Tiie()i'eiical lT,c()l()py J)i'l)_i'iiill ai lti oilStli'e ;i
const_.inl infusion oi'new ideas hy i,,;suing aii (li)en s()licil_.ilioi-i t'()1"pi'()posals every

! io 2 years, Plans al,s()illCltido _.1ma,j(_r llll'(llillali()il llleelill_._ al lelisl every .3ye_.li-s



to review progre,,,;,,,;ofthe program and eXl_Icweadditional direulicm,,,;.Inl'ornl;.ition
about pn_gram statu,mand planned prol_O,_al_olicitations can be t_blained by con-
tacting the program manager at the I'oll_>wing address:

l'rogram Manager tbr Theoretical Ecology
Ecological Research Division, ER-75
Department of Energy

Washingtcm, D.C. 2()545
Telephone (3()1) 353-42()_
FAX (301) 353-5()51

In tic,sing I would like to thank the l-_ec_plewho have managed lhc Theoretical t!,col-

ogy Program. They can ,e to DOE for 1- to 2-year assignments and brottghl ;: fresh

l-_erspecti\,e to terrestrial ecology research at I)OE. Dr. Edward Rykiel, Texas

A&M University, initiated the Theoretical Ecolc_gy t-'n_gram and devel_ped the

first solicitation for proposals. Dr. Walter Conley, New Mexico State l,;lliverxily,

organized amt ran the panels t_ review the lwoposttls. Dr. ('live Jorgerls_.tn, 1-_righanl

Young Univer.,,;ity, f)resently manage.',; this l_rogrmn and has prepared In().',;t_,_tthe
material irt thi,'-;documetll after discu.',;sicwl.',;with lhc princifml inve.'.;ligalors. The

Ecological Research l)ivisi¢m and the 'l'he_wetical l:ic_tlt_gyth't,graln have benefited

greatly from the enthusia,_in and dedication thesethree scientists have dewtted tct
lhe development and implelnentation oi'the prctgralv.,

Helen M. McCammon, Ph.D.

Direc'tur, ls'_'ul:J,k,k'alResear_'h Di_'i.virm. IL'R-75

().[.'[)'_'eo/'t'Sner_,y Re,vear_'h
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l Environmental Management I
Problems

1

I Descriptive j

' Ecology "_

II I

' Development of
Ecological Theory "

, ,!Ecology _"

l i!

I Validation of _Ecological Theory ii|

!

_ ' ! EnvironmentaIDeclsionsManagement
|

Fig, ure I. Flow diagram l¢_ illustrate the inlegrali_m of "l'he_.'elical l!c'_l<Jgy wilh

Dc'scril_tive and l'_xl_erimental l-cology,

Ecological problems important to DOE are cnvironmcl_tal concerns rclaled lo

energy development and use: air quality, waste managernent, ect_lc._gical
remediation, water quality, biodiversity, biomass producli_n, global climate

changes, and energy resource exlraction. Once these and c_lher problems are
defined as erlvironmental managen_ent concerns, research can he designed t_

facilitate reasonable management decisions. Alll3ough management decisi()ns

often rely only on descriptive data, well-validated theory l_rc_,,,idesa t'oulldation
for better decisions.

Ali proposals submitted for DOE's review sh(mid clearly present lhc apf_r(_t-_riate
research alternatives or combinations o1'alternatives (descriplive, experimental,

and theoretical). This procedure should demonstrate how the research prc_posals
described ( 1)contribute to existing ecological theory, (2)meet the needs for new

theory and/or different forms of data, and C3)disagree with existing thctwy.

2 THEORETICAL I'X_'OLOG Y PRO(;I_AM



Funding For t'iscal year 19_)(),funding for the Theoretical Ecology Program is $2.17_)mil-
in the li_m out ola total o1,$_.122 million for ali terrestrial ecology research. For many

Theoretical years, until lt)XR, support for theoretical ecology was npproximately 13 percent
Ecology
Program of lhc ecology budget. In Ic)blt),il increased to 22 percent and, in lt)C)(),rose to 27

percent of the tolal budget. Figure 2 illustrates this upward Ircnd. 'l'he decrease
in the overall budget from 1989 lo 199() was due lo lhc sequester of i.4 percent
required by the Gramm-Rudman-Hollings deficit reduction bill. About 75 pcr-
cent c>t"the funding in theoretical ecology goes to universities, the rest lo DOE's
National Laboratories.
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Figure 2. Funding levels in the Terreslrinl Ec_logy and "l'heoreti_.'al l_c_lt_gy
Progl'alllS,
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Management Within I)()E, the 'l'heoreiical I_coltlgy lq'tlgram is sponscwed by the Ecolc_gical
ofthe 14esenrch 1)ivisioJl oi'the ()l't'ice ¢1t'i ieulth and i)',nvironmerllal Researcll. 'Fhe pro-

Theoretical
gram is inanaged by university rc':_eitrchers wlltl .,.;pondI t(i 2 years in lhc Division.

Ecology "lTlefollowing people have served as l)r(igr;uil Ill allilge rs and hnve devel_l_ed and

Program inlplemc:rltc,I the terroslrinl ecolt_gy prograrn'

[] Edwnrd .I, Rykiel, 'l'exas A&M University, developed the l'_r()gr;un pl;in alld

c(mvinced DOE rnanltgenlerlt _)t'the prograrn's extreme irnl'u)rt;ulce, in 198Y,,

lie l'orrnulnied lhc public announcenlcrli inviting l_rtlposals For I'unding.

[] Willter tt. Conley, New Mexico Stme Llniversity, sc'lccted, organized, and r;tn

tile panels reviewing the pr(iposals in 191',;9.()t'lhe 6()prop()sals subslifted, 1()
were ultimately l'undc(l.

[] ("live 1)..l(wgenscn, l_,righani Young U_liversity,has cOlnl_ilcd this repcirI, tie

will organize ii illnj¢lr llleeting nlltl _l review c_t'the "l'llcc_reiici=l l;,col(_gy

Ih'ogr;.un iii lhc llexI y(nr,

'Flle gtml t_t'lhc 'l'he_trelicnl l:_cc)l(_gyl_nlgrnlll is 1('_issue t_Ile t_i-_enscilicil;.lliclli a
year Fornew i_n_ptlsnls, 11'hticlgel collslruilll.',; arc tllinv,.lidal_lu, nn tq)en stllic'ila-
tioll ,,',,iii bu Ile1¢1iii least every (Hller year, i'ul_lic _llln(ItlllCelllelltS tire usually
=nncle iii tile I,'eUe#'olk¢',_i,s'l<'_',llll'(_rlllali(lll al_(Itil slaltls til" these public all.-
ntlul_c(nlc'ilts c;lil he (_l)lairled t'r_llll the prtlgrulrl lil;.irl_lgc:r(lilhc 'l'lletlreiicill t'k,(ll-

_)gy t_rl)gratn, \vll_lsc,_ltldrt'.s.,.;alid lelellll(llle lltlilll_er nl_l_e;.iriii lhc prcf;ice.

New prop_snls are xenl I'l)r _lulsitle peer review whulller they _ll'e._uhnlillcd as a
result ol'])uhlic annt_uilcellleilt(_ras tirl._lic'itc, d i)r_p(isals, A pnlle] tlt'peer
reviewc'r,_ evaltl_.ltes t_r(Iptlsals 1]liil rusl_(_litl I(_ptihlic tlllll()tlllCelilelltS, I_Jll--

s(llicilec.l prtlposnls _ll'ereviewe¢l I)y niail anti li)cii evnlttaled ilitenlallly; they c:_lll-

pete t't_r t'utl(ls l'n_nl llic' lerreslrilll ecIil_.)gy C(ll'e I_l'(lgl'_llll.

Alil_ntjeclsinlll_e"l'lle(wciicall'k,(il(_.,gyF't()granlarercviewctlevery3 y(nrs,in-

cludiligII-_iseIIlnl_)riginnle(Iitsi_;il'I(_I'IIlclerl'c'slri;ilec(_I{ig,y c(il'eprt_gr;ini,

Reilcw_.iII_Ir;liloiher3 yenrsinc,(_ntillgellltipt)nprt)gress()I'filerescurcll,tile
scierilil'iculi_.ItecI-_nicnllilt.til()I'lhcI)ntjecl,;lhdlhclikulili(_od(iitilen :_,cll

leauing Io signit'ic;uil ac.lvnr_cesiii lhc I'icld,

'File ;.th,',,;triiclslM this n'ep_lrt iilclutle n(i l]le(ll'ctical or lli(l(Iclillg prttiecls I[lill ill'e

;.iii integx'al pnrl til wntcrshed pro,jeers being cnrried ()til til the ()ilk Ridge Wull;er
l_Irtlnch Wtllershed or the I)()FL Arclic 1441)site, Nor tie the ;i[+slrtlcls desc:ri/+e

largely exl)el'illlenl;.il prtLjecis t]l;.ll inc'lude Stllne l]leciry (ii nltldt:ling, ,qtlC']liii-.

legr_.lled prtl,iecls i.il'e c:l)Vel'ed in sepnrale desc'riplioi_s of Icrreslriiil i'ese;.irc[1

sp(msored hy the Ec(llo_ica114esearcll Divisitln, 'l_l_eierreslri;ll ectll()gy c(ire re-
search t'oc'tises()ii two pr()gl'LllllS, (lilt.' devoled Io developnlelit tit' ;ujd irlonil(uing
witllii_ ;ill iiHeraclive i_elwork ;.llllOllg lhc seven I)()E N;lli(mal tT',nvir_nllllell-

t;.iI P,esenrc]_Parks i.uidlhc other Iii inultidisciplin;iry resel.u'cllFocused011ot'llsys-
ienl slruclure and ['tlilcli()n in the w;ilel'shetl nnd lilritlsc;.ipc,i)rogr;in_,

4 1'111,JOl71-71('AI. l,.'( '()l.(l(; ) I'l¢()(;t¢,gM
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The _lbstracts in this report are subdivided into four categories'

• Ecosystem dynamics--Produclivity, habital ct-langes, and community

dynamics.

I LandSCal_C/scaling dynanlics .....Scaling concepls relalcd Ii)¢cusyslem

l)rocesses and pl.ttterllS over broad l'gl_i()llS,

ii PopulalJon dylll.inlicS .....Poptilalion sltidJes of planl, anJnlal, and lnJc'.rllhi;ll
sysielnS,

7

• Experiinerli/Saml_le design--.Slalislical apl-_roaches Io developing opliinuin

and cost-etteclivo sampling progranls.

Those c alegt>rios overlap solnowilal, btil iho gi'oups highlight ihe i11ain elnphasos

of ihe prograln. Each o1' the .;ibslracls also describes the rolevallCe of ihe resoal'c'h

Io ecology and to the l)eparlnlenl of Energy,

' ._ THI:'ORI:'TIC'AL/:'¢ 'OLCK,:YIJR()(;RAM
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ECOSYSTEMDYNAMICS

Project T=tle Theoretical Models ot'lhe lml)aCtClimate, Change l-las _)n
Natural Populaticms, (7ommunities, and Ec_systems

Principal H. Rort]ld Plilliam
Investigator

Research Institute of Ecology

Institution University of Georgia
Athens, Georgia 3()6()2
(404) 542-6010

Research Global aral regional changes caused by anthlrol_ogenic activities will result in

Description habitat changes arid ri,iajor sl,iii'ts in the rarlges til,tdsurvival oi'the species, Tkis re-
scat'ck is develol_in 7 thooretical models tl,ial will predict stick species changos,
One class of models focuses tin leiTit_ortll viabilit 7 iii clirnaiically relevalit on-
vil'()nli`ielltal vtlritibles, the il,it'ltlCI,iCoof these variables _.)l`ipopLllatiol,i and com-

niunily dynanlics, and lhc ovolution of life-history ckaracterislics. Another class
ot' moclols focuses on spalial hotorogonoiiy and kabilai.-specit'ic donlogral)hic

cl,iangc_.s,Throe SOl:)ai'aieclasses ot',Ioinportll palterl,iS in habilal kclorogonc,ily will
bec(>nsidered: Classl, iil which lho spaiial pattern is unchanging; Class ll, in
which lhc palleri,i chal,igos col,itii,iuol.isly with tin,to; arid Class I!I, in whicl,i ii,topat-
leri,i cii]rise is disconlinuod. Finally, selected nlodols will be tested agtiinsi em-
pirical t'ield dala siltiations drawl,i t'ronl oi,igoing research,

Relevance of Cliniaio Wal'rnirig iTItiy induce cnol'niOl.lS chailgcs iri l-)lailt and tll,iiil,ial com-
Research nTiui`iilies for s()ri-iorcgiol,iS of the Earlh. Enviror,il-nonlal policy should roly oi,i

t)rodiclioris about lhc ii,iagriilude and direciiori of theseecological ck]rises, Col,i-
slrucling accui'alo coi11_l)rohol,isivoI,i,iodclsfor each kirid of coi,i,irntinily would Dc
till extraordinarily Itirgc lask. Instead, itlis rosoai'ch is developing inodols for
con,iil,iuiiitios ihal oxen,iplify ili,ip()ritu-ll kiilds of onvironmoi`ital variation. Prom
Iko bel,iavi(_rsol'ikese models, 7oileralizlt.iiol`iS lo guide l)rodictiorls aboul ocologi-

cal change ii,i oilier allltilagous syslel-ns will be dewlopod.

7 ECOS YSTEM D YNA M/CS
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Project Title The Evc_luii_>I1of Functionally Organized CommurJities: "l'hec>i'yarid 'l'esl

Principal David S,Wilson
Investigator

Research Research Foundation

Institution State University oi'New York at l/,ingllamto=i
Binghamto=i, New York 139()1
(6()7)777,4393

Research Theoretical models thai explore complex illieractions alnung sf_ec.'ies alld

Description genotypcs within species in spatially structured popular>otis are being con..
strutted, As separate subjects, COml)lex interaciiorlx ctnd spatial heterogeneity

have numerous imporlanl implicatioris for ecology and evolution, Integrated

together, they have aclditiorial inaf_lications thai would he dilTicult to predict t'roln
either one alone, Two central foci are---

mGlobal species diversity .........The joint effect of complex irlieracti_>ns and

population structure can greatly increase the number o1' species thai coexist

globally,

= Furlci!onally organized communities .... C olnplexinteractionscanincrease

variation among patches in a metacolnmunity, which serves as the raw
rnaleriai for nalural select ion operaling al lhc palch level,

Relevanceof Al least three different paradigms ol'ecosysleni (_rganizaiion exist among
Research ecologisls. The first largely ignores the fact thai properlies of species have been

shaped by evol til>on. The second assUmeSthai ev(>]til>on produces we] l-adapled
iilclividtiais who then inleraci in ways thai tic)not necessarily produce well-

adapted conlnlLillilies and ec()syslc|ns, The lh ird _.l,gSLlllle_thai evoltllion
prodtlceS conlnltinilies and ec(my,_lelns lhat are well adapted lt)their ellviroll-

inenls jt>si as their individtiais are. Each paradigln loads lo ,'ldifferent vision of
ilalLll'e, with iillpOl'iallt C()llSeqtlellCeS['o1'mallagement decisions. This project ex-
plores the validity of these paradigms alld, theret'ore, contributes lo our ['till-
damental understandiilg of nature, li also has the potential lo n-lake praclical

" suggestions for ecosystem nlanagenlent.

tt E('OSYST'EM IJYNAMI('S
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ProjectTitle Environmental Productivity Indices and Productivity for Desert CAM Plants

Principal Park S. Nobel
Investigator

Research Departmeat of Biology

Institution Laboratory ¢;t"Biomedical and Environmental Sciences

University of Crlifomia, Los Angeles

Los Angele_, California 90024
(213)8,25.3395

Research Indices ranging from zero to unity have been devised lo quantify influences of en-

Description vironmental factors on the net (. O- up_,ake, and hence productivity, of various
crassulacean acid metabolis_n (CAM) succulents from arid and semiarid regions.

These indices include a Water Index, a Temperature Index, and a Photosyntt|eti-
ca!iv Active Radiation (PAR) Index. Based on the effects of water status,

temperature, and PAR on net CO_ uptake measured over 24-hour periods in the

laboratory, they can he determined daily using values of the appropriate environ-

mental parameters al a particular field site. The product of these three indices, the

Environmental Productivity Index (_:'Pl), then indicales the relmive CO, uptake

aSility under a particular Set of environmental conditions. A Nutrien! Index,

similarly, ran,,in,,me from ().()()to 1.()0, has also been proposed to quantify, tilt in-
fluence of soil element levels on shoot CO__uptake. Using EPI, the productivity

of various agaves and cacti has been predicted over wide geographical areas. For
instance, productivity for Olmntia/i'_'us./h'tmimli_'a has been predicted for 253

regions within 6()" of the Equator using data from 1,464 weather stations. For a

canopy of closely spaced plants, predicted productivities were at least 10 metric
tons (dry weight)hectare ' year" for nearly half of the Earth's land area. EPI and

the measured response of CAM plants tc) elevated CO: levels can also be used to

predict the productivity of O../i'_'us-imli_'a on a worldwide basis for rainfall pat-

terns, temperature changes., and PAR conditions, such as various manmade en-

vironmental chan,,es that are predicted for the future

Relevanceof A,_ Environmental Productivity llldex can predict productivity of,,;ome phmts for

Research any region with available weather data. Also, predictions can be made for future
or hypothetical climates, such as those projected to accompany a potential dou-

bling in atmospheric COe levels. Productivities for agaves and cacti have already

been shown to exceed 2()metric tons (dry, weigh') per hectare per year, which ex-

ceeds the annual productivities o|'mosl conventional agronomic crops and hence

has iniporlant implications IBr future land-use scenarios.

'I 9[_.J E( "(LS)", lt: M 1) )WAM/( ._,
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LANDSCAPE/SCALINGDYNAMICS

ProjectTitle Spatial Scaling: Its Analysis and iT_;!'t'ecison Ariimal Movements
in Semiarid Landscape Mosaics

Principal Bruce T. Milne i ;.lnd John A. Wieils e
Investigators

Research _l)eparlmenl of Bi()logy -'Delr, U'tmenl of Biology

Institutions I.Jniversity of New Mexico Color;l(to Slate Urliversiiy

Albtlquerque, New Mexico ()8 I()1 F(,)rl Collins, Colorado 8()523
(5()5) 277-3411 (3()3) 491-0985

Research This i)rojeci ;.lddresses tw() gener;.l] questions:
Description

,, Are landscape pallerns repetitive over different spatial scales'?

,,, l-tow does lhc palt.'tl slruclurt.' of _i laildscape In(_saic allect ccosysteill

dyllalllics alld ftliiclil)llS'?

H The first ClUCStiOilis examiiled by the spatial distribution of t)alches _lt
t!elcMlinillg

- nested scales iailgilig t'l'_ml tiboul 1 Ii/_ i() I() km e. t;l'aclal tzeoil/clrj and tilllcr itiols

;.ire used t(.)delei'nlille the (,Ionl_lillS til' scale (.)\,el"which landscape p;.ll.lerns ;.irescale
indepeildent, "l'c1tlilswer lhc soc(m(] quest i(m, lllOVOlllelltS of t')iot ic vect(ws (anls

and beetles);.ii sovel;.li ,_c;.lleswill he recorded aqd lhell relaled Ici the Inosaic palloiils

and boundary COllfiguratioris (,if nlicrolandscal)es, l{xperinlenla[ rn;aniptll;.lliollS (ii"

I_lndscnpe slrticlure will I_eused tt._tlelel'nline Ilow such orgailisnls ;11;.ly['tlnclion iii

the redistribtiti(,m ofm'.lleriais in patchy landscape mosaics. Togelher, these sltidies

will he used in coiljunc'tioil with computer siilltllaii(.lil il-iodels (if;.iiliillal Ill()ve,_lenl,_

in spai ial mosaics lo oevelop new almlyiical appr()aches and concepls relaled I_'

land.scape pallei'i_s ;.11lll;.iny spalial scales,

Relevance oi "Pile research (,)11scaling will help IL, define the range of scales within which find-
Research ings froirl field resea, cii ctttl be extrapolated. These ranges ill;.ly correspoi-ld to

tho:_e over which the linkages between pl.i_,iei'ns til!d the processes thai c_.ltlSe lliem

are rehitively stable. Del]ning sucll dolnains (,iiscale is essential iri comparing tile

results of sttidies conducted at different scales, because such comparisoi:s will be

valid (,rely it'(he sitidies lie within the _.inie pattern-pr(,)cess cl(.)lll;.iin. The studies

of veclor nl(`)venlellls will provide an operational proI(`:lc(`)l t'or ;.iddressing

problems inv(,)lvingmovemeilts inheterogen ous l'u-idscapes al a variety of

scales in lllany types of ecosystems. Linking lllOVOlllent (`)t"org_qisrns I:o tile

landscape areas they occupy over a broad range of scales will allow dev,elopment

of theory tllat carl provide the fouridatioli for research iri many areas of landscape

ecology, epidenli(,)logy, material flows in systems, arid animal behavior.
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ProjectTitle Grassland/Atnlosphere Response to Climate Change:
Coupling Regional and L,ocai Scales

Principal Michael B, Coughenour and Timothy G,F. Kittel
investigators

Research Natural Resource Ecology Laboratory

Institution Colorado State University
Fort Collins, Colorado 8()523

(3(113)491-5572
!

Research Predicting lhc impacts of global changes in climate and elevated C02 levels on
' Description ecosystem processes iu the task facing ecologists. This problem requires an un-

derstanding of tile interactions among atmospheric and ecological processes
operating tit different scales. This research addresses the problem with a hierar-

chical modeling approach, lt uses ii regional and inesoscale iitinospheric model
to interprel global circulation model results til regional ilrid finer scales, A
protocol is being developed thai uses physiolog, ical iiild soil l)l'OCess illodels 1o

simulate multilevel and nlultiscale ecological response lo CO2 and climale
chailge for hierarchical ill['ornlatiOll exchange between high alld I_lw telllporal
resolutioll, Finally, these niodels will be used in a scl of rood'cling experinlents
thai demonstrilie their utilily in t)redicting ecosystem and atinosplleric iinpacts of
climate and CO2 changes at mLiltiplc spatial and leml)oriil scales l'tlr the North
t\nlel'ic ii cenlrill giasslalldS.

Relevance of Climate iu lhc principal driving force _hat changes struclurc, funclion, and
Research produclivity of lerrostrial ecosyslelns. Nalural clilnai_: cllanges are inevitable,

and n-ianlllade c'linlalo changes nlay be induced by l'os!;il luel conlbi.lslion, The
abiliiy to prodlci ecological lcsp()llSeSt()ihese climatic _;hailges is inlportaill for
otTective plallning and policy developinenl, However, ecological responses in
local iii'oas, such iis individual ranches, ['arnls, parks, etc., ciinncil be predicted tic-
ml.irately t'ronl i'ogional or global sc.'illoanalyses because larger scale analyses must
necessarily be coar.w,er, sacrif'icing tile detail nee(fed for a broader analysis.
Similarly, analyses for shorl time periods ( 1lo !()yr)t)i'e not easy Ici translate into
prediclicms over much longer periods (50 to 500 yr). This pr(ricci is seeking ways
to ensure thai predictions made at different spaliai and teiliporal scales are COllSiS-
lent, This consistency will greatly improve ecological asses,snleni;;(ii' global-
scale climato change scenarios.
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ProjectTitle A Theory of Forest Dynamics: Spatially Explicit Models and Issues of Scale

Principal Stephen W. Pac]la _and Silnon A. Leviiv'
inveatigators

Research _Ecology and Evolulionary :_Ecology ;.lndSys_,ernatics

Institutions Biology l)epartmenl Cornell University
University oi'Connecticut Ithaca, New York 14853-2701
Storrs, Coi.ilaecticl.il ()6268 (607) 255-4617
(2()3) 486-2982

Research 'l'hlis i'esearcll is empirically calibrating and testing a theory of forest (.lyrl;.unic:,;rilac
Description encompasses a bi'oa(,trange oi'spatial al.ld ternporal scales, The research consists of

arl integrated progr;.inl of computer and mathematical Inodeling logether with em-
pirical studies of 12 t'oresl li'ek species thai are carlopy dornirlants ii,itransitional
oak-rlorlhern har(,Iwoods tk_rests. The empirical studies provide lhc data necessary

to expl iclily calibrate spat]til models of t'ore,<;tedlandscapes lhat include lhc t'ollow-

ing chlaractei'islics: (1) competition for light, water, al.i(,trnirieral nutrients; (2) dis-

persal; (3) disturbance; (4) soil and lOl:_ograt)hlichelerogeneity; an(,l(5) pallet'ns o1'

forest fragrnenlation. The models shoul(,l be applicable to lml(.lscapes as large as I(Y_

Io 1()s km e and yet should retaiii fine-scale resolution important lo single in-

dividuals. 'I'hle models are designed so lhey can be tailored lo forecast lhc conse-

quences of 0rlergy-rcl;.ltcd ;.lhd(,Hhieranthropogenic perturbations suchitis ;.lcid rain,
elov;.llod (710..and ullra.iviolel radi;.liiori, ai.i(.lglobal w;.uining.

RelevaRceof This rose;.irch is designed lo ;.il.iswer ftllidamontal quest]oi,is ;.lboul the relaliol,i-
Research shlips (ii scale, pallern, iu-ldprocess iri t'oresl corrimuiiilie:_, Thmse questions ilie

relov;.il,il lo an undersl;.in(,lingof viriually ;.ll,iyecological syslenl, 111addition, the
proposed work will produce models aild methiodologies (ii'applied value, Thio

forest c(,m,imunilies slu(,lied cover exlensive regions ofeasterr_ North America and

are increasingly affecled by energy-relaled and othler perturbations, including

acid rain, elevated CO: ;.ii.i(,tultraviolet radial]on, and global warming, The
rno(,tels are desigrled so thai lhey may be tailored lo forecast lhc consequei,ices of

anthiropogenic pellurbatioias, A tailored model will also allow lhc identification
of species _.il,i(.lscales ]hal provide the nlosl useful indicators (ii' whole-system

response to atmospheric changes,
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ProjectTitle Tentin_ the Sczlle-l)epcndonce oi' Modeln oi"l_,.csourceCompei iti()n and
Environmont_tl Coiaditions for Forest Structure and l)yrl_unicn

Principal Robert G. Knox _and l:_ztulA, l-larcombe::
Investigators

Research Ecology Dep;irtment
Institution Rice University

Houston, Textis 77251

1(713) 527-4924

•:(713) 527.-8 I()1 ext. 2664

Research This reneZil'cl-I is ev;llll_ltillg two nlt,dels ¢)1"forent COnlllll.lility strtlctLlre _.lll(I

Description dynamics previously developed ;ii di t't'erent spzttiztl;tnd temper;li settles. (;r;..liellt
m()tlels describe npecies clintrihutions ;trlci conlmurlity componition iii iemls ()1'

erlvironlrleillztl I';=ctt_rn,which c;ul usuzilly he ;tnsociated with specified c()ndiiitms

t'¢)rplzuli grc)wtli. R.esource c(mlpetition lll(_cleln Cxl)l=linc()nlmuniiy ¢lyn=u_lics
zi=i¢lresultirlg c()n-ii_ositiorl in tcrlnn ()t' lhc ;ICCltlisiiion ot" liirlitirlg rest)urccn.

R(:cent ctevel()pnlerlts in resource c()lnpeiiii(m theory (extending expl;=nzlti(m t()
I;irge-sc;tle grztdienls)ttnd iri _m_llysinof small-senile vzlrizltit)n in the ,_ur()wingen-

vil'orlments mzike ii increasingly cle;.tr thzlt the potellti_il scales _)l'eXl_l;,Iztiit)n t'()r
these two models ztl'en()l mutually exclusive. Meill()ds ;ire being clevelt)ped it)

mtlke l_recliciions tl,";illg holl_ appro;Iclaes ;tr so;lien where del;tiled d;itzl t)ll I',)rent

c(m)l_Oniiion and dyllamicn are tlvail;ihle. Pronpectn I'()rLisynthcsin _)t"tllene lwr)
zq-_proachen are g()t)cl. Nevertheless, an ensentizll pziri t)t'determining lhc iinliln oi'

e_.lchapprotlch is clisc()vering erects where lhc rnt)ch.'.lnn_;ike ditTerent l-_re(lictions

zed than ev;tluzttillg tilt'no dit't'et'erices it_light of field data. Thin renc;irch in tenting

region;ll grztdient lnodcln arid renource c_)mpetition rl_odein t'or nets ot' intensive

niudy sites reprenenting ro;tier l't)i'ent type's etl tile co;inr=lipl;lin and piedn_t)r_t _)l'

the southeasterr| United Stzttes. 13ecause home key preclicti(_r|n ()t czechz|ppro;|cl|

czinnol be re_ldily rnzide by otllers, ernpiriczil models ot within-site sp;tiial ;uld

temporal distribution (i.e., local gvz|clier|t and stz|ge projection models) will alno

be uned lt)help test ,,)del limits,

Relevance of A deeper tindersl_|ndir|g of the meclaaninmn controlling t'ore_t cornponilion Ilas

Research the p()tentiztl t_)contribute iHl'ormz|tion relevant t()it variety ol'pt)licy _mdren()urce

rrlzul_.tgen_ent innuen. F;ot'est renponne to gl()hzii climate cl_ange rnzly depend on
identity mid el't'ecln ()1'the resourcen tll;.fl limit producti,m, l:ti¢)ge()gr;q_hic con-

stl'ztinls rnz|y ;tlno limit t'o|'est recovery t'oll()wing re,_.u,ion;ll cllzirlges. Work toward

ztsynthesis of empirical gr=tdient models ;=nd mechanintic resource competition
rnodeln will contribute to zln ur|clerstzinding ()t"these cor|sirz|ints. A nyr|thetic

theory of t'orest co|nposition a,d prodttctioli could ;|ls(_ t)c releval_l I¢)ttJtu|'e use
()I"l'()l'enls l'()rczlrboi_stortige ;il_(!ronew_ible fueln.

iii
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ProjectTitle Simulationoi'LandscapeDisturbmlc:esandtheEITcctofClinlaticChange

Principal WilliamL.Baker
Investigator

Research Departmmlt (71Geography and l;',ecreation

InstitutionUniversityof'Wyoming
Laramie, Wyoming N2()7I
(307) 7flfl-331 I

Research Nattli'al disturbances periodically alter the landscape structure oi"many ecosys-

Description tenls, yet little is known tlbotlt how global climatic claange may affect landscape
structure through changes in disturbance regimes. This research is developing a

theoretical understanding oi'the t'elationships ol'atmosplaeric' variation and varia-
' Zion in landscape structure in disturbance-naediated ecosystems. Three specit'ic

, lheorel iczll questions are bet ng addressed:
i

ii What is the effect of spatial heterogeneity on the spread o1'dlslurballCes,

ii Given ii variety of disturbailce regimes, what i.4 the expected teinp()ral

i variali()n in landscape structure, and how will this variation be alTected by

i changes in climate'?ii What is the effect ot' spntiai and temporal sampling scales on the detection of

= stability or inslabilily in lalldsca]_e structure?

*i'ilese questions are being addressed using simulzltion modeling l'oliowed by ['ie[d

tesling, Initially, the model will be general, [:)titil will be subsecluently tailored

for use in temperate-zone tei'i'esll'iztl forests disturbed by fire and in riparian
forests disturbed by floods. Field data will be collected from three, sites: (I)

Animas River, Cx ici'ado, riparian forest site; (2) an Alaskan riparian forest site;

and (3)an Alaskan forest disturbed by fire. Publislaed historical data on tile sizes

and locations ot' I'ires since the 196()'s iri the Boundary Waters Canoe Area,

Minnesola, and in Jasper National Park, Canada, will also be used.

Relevance of The objeciive ot' this research is to develop understanding of t11ot'tinclional

Research relationships between global atmospheric arid climate change phenomenn and

the composition and strticturc of ecological systems (landscape structtire). F'ar-

titular attention i:;given to how the size and shape oi'disturbances (e.g., fires and

floods) and environmental heterogeneity can be related (scaled) to larger ec()logi-
cal systems such as the Inndscape structure. For many cornilltinilies thai are peri-

odically disltirbed, the direcl effects o1'increased atmospheric C()_,levels May be
masked by sigllit'icani a.lteratiorls in composition arid structure resultirlg t'rorrl
changes in the disturbaTice regimes, This research addresses the problein of un-

derstanding how landsc_lpe structure chaages urider the intluence of exogenous

t'orcirig furlctions (atn-lospheric and olin-late changes)t.ind endogenous resistance

l'uncti()ns (landscape conlposition arid structtire).
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Project Title Systems l:'roce,sses in Landscai_e Ecology

Principal Robert H, Gardner, Robert V. O'Neill, and Mcmica G, Turner
Investigators

Research Environmental Sciences Division

Institution Oak Ridge National Laboratory

Martin Marietta Energy Systems, lhc.

Oak Ridge, Tennessee 3783()-6()36
(615)574-8282

Research Ecological f)rc)cessc,s (e.g., distunlbarlce/rcc(,)vcry, tcrrit()riality, and c()mf)ctition)

Description interact witll abi()tic spatial I'act()rs (e,g., t()l}()grai-Hlyand ,,.;oils)to pr()ducc spatial-
ly complex I,iolic I:,atterns on the lanidscape. These pattertls inll-_Osclimits ()n the
biota by determinin_g suitable habitat and resources. The biotic intel'al'tic)ns, in

turn, alter these f)atterns I)y copsttlniilg resc)urce,,,;and altering rates of recc)vcry,

This interplay between pattern and process t'orlns a key ,,_ubject t()r ecology in
general and landscape t,cc)logy in particular.

Thi,s project is currently exl_loring theoretical al)preaches I'(_rintegrating pattern

and f)rocesses at van'i()us sp;_tial and tutnii_()ral scalc_,. The line ,_1'l_un'colatiol_

theory in being exf_anded by the devcl(H_ment of modcl,,_ thai include c(,nplcx

rmttern,s generated by gradients and hierarchically structured landscapes. New

wc)rk in under way to use el)idelnic)logy tlle()ry as an alterllate lhc)dci li)r the

spread ()l'disturbance across the lal_d,_cape, l,'inally, nn()dcl._based ()n dil'funi_m-

reaction equations and patch dynan_ics the()n'y will be used t() determine i}ote_tial
interactions between ec()l()gical processes and sf)atial heterogeneity in the en-
vix'onment.

A package of analytical techr_iques I'()rdetecting patten_ and .scale in ,_patial data

will be developed and used to compare m()del prediction,s with the extensive data
bases available. In addition, data available Iron_ I)Oti',s F'avkNet a_d Nati(,_al

Science t_'out_dation's LTI_:I_sites will be used lo test these n'c,'.;ult,,.;,l;'inally, el'-

forts to develop simple dc,scril_t()rs ()l"Ian, I'.;capc f)attcrn will c()ntinuc with the cx-

l:_lon'ati(m()t' texture indices developed in_tl_c field ()t' linage pn'()ccs,sixng,

Relevance of Over the past tw() decades, ii has become al:mndatnl ly clear that energy c×traction

Research and utilization affect the cnvir()nmcnt tntregional (acid prccipitati()n)aral gl()bal
(CO:) scale,'.;, Although the need t() under,stand broad-scale ec()logical I_attcrn

and process is tnrgcnt, ecology and other eavironnncl_tal scicncc,s arc relatively

unprepared t()address these rnaj()r pr'oblerns, Broad energy-related titnc,,.;tio_ re-

quire regional-scale apf)x'(mchc,,.; that cannot bc addn'c,_;scd by traditi_)nal :,ire-

specific ,,.;tudics, Emergent prol)crtics involve ,',;f)atial l|ctcr()gcncity and the
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patterning ot'ecologicnl systems (e,g,, vegetation)on the Inndscnpe, Spntittl pat-
terns relute directly to environnlenlal quality and stubility ol'ecologicul systems

and may be altered by energy development and use,

These al_prouclles to this criticul area will combine mnthernatical lheory, sirnulu-

lion modeling, and synthesis of existing clat_lto test tUld upply theory. Sets of

parnmeters that tun be used to qum-Ilit'y these broud-scttle putterns have been iden-
tit'ied. Tilese pttrameters will now be used in models designed to eslimute

Inndscnpe pattern change. A suite of models und scales of Ituldscttpe resoluti(m
will be used to study how chnnges ill lhc putterning of ecologicui systems alTect

ecological function.
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POPULATIONDYNAMICS

Project Title Develoimleni ot' Puradigms tbr the Dynamics ot' Structured IJ¢_pulations

Principal Alan M, H_lstii]gs
Investigator

Research l)ivisiun ot' Environmer_tttl Studies

Institution tJnivursity ut'Calit't,'nia
Davis, Calil'orrlia 95616

(916) 752-8116

Research L,otka-Volterra equations have served as the busic paradigm iii ecological

Description modeling for many years, These equations, and the m()dels based ()ii them,
were resl:_()nsible for li-tceln b()dirnerll ot' ideas such as the com pet itive e xc lusi on

principle and, even quite recently, those concernii+_g the dynamics oi' l'ood webs,
However, ++tsresearchers have long recognized, It]use models represent a

siml+lil'icatioll oi'ecological reality, In particular, they ignore the t:onseqtJunces

oI' structure within the popultttiorls modeled (i,e,, spatittl Stl'tlUltlre, age stf+tiC -

ture, pllysiologiual structure, get'letic or phei+otyl_iU structure, and/or possibly
others), 'Fl_is research is devcl_+pirlg l'urthcr theoretical understariding oi' the

structured single-species andn]tiltispe.ciessysten]s, lt uses models based on

systerns of first-order partial djl't'erentlal equations, ki]owrl as ihe McKendrick

or vont_'oerster equations, irl particular, it is exarninirlg two kinds ot' structure

within populatioils, First, the dynamic:<; o1' interacting ttge or r_l-lysiologically

structured populatit_rls tire being examiried, TIle goal of tl]is work is to deter-

mirle what gel+ural pr¢>perties emerge or, in examples where no get]ural proper-
ties erriurge, to deter'mille tit wl]at level generalities do exist, Second, the

dynamics of interacting spatially structured populati¢_rts will be examined

using the above modeling apprumuh,

Within II]use general areas, the l'oliowing specit'ic questiums will be asked:

• Can local '+outbre++tks" ot' pests be explained by predator-prey systerns irt

"patclly env irortments"?

• What role do local dynan-tics play irt the interactiorl between a predator arid a

patchily distributed prey?

• What are the p++itternsproduced by cornpetitiort in a patcl]y enviroi]ment'?

• (._]tilliile pattern produced be used to il-It'ei'the pi'oSellCeof con-ipetiiion?
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Relevanceof The iml_ort_m.:c o(' slmti_tl_uld ztgeSII°LtCt,LII'_t_.)undcr._t_mding thu dynzi=nics c_t'
Research nzltur_ll popul_=tions Il_l_ becolt-,e zlcceptcd durin_ tile Inst deczu.lc, t-lowcver,

models h_wenot been extensively studied thz=tconsider zlmetzH-_Ol_ul_Lti_nhrc_ken
up into _iseries o1'subpOl_ulzuions _mdthllt =tl,,.;c_explicitly include hcHhnumbers
within p_.che,_ zlnd lhc et't'ect,_o1'stoch_sticity oil I¢_c;ll i-_Ol_ul_tiondynmnius,
'l_t_esemodels, which m'e lhe F_rim_=ryIbcus _t' this resem'ch, _u'evit_=lIi_r under-
stranding questions in uonservz_tion biology rel_.ed to persistence ot' species,
They _re _lso vitz_lto undcrst_|nding lhu mecllm_i,_ms_tndpredicting thu SI.lt'CUSS oi'
hi_logic_l control, Fin_lly, such model,_ _re _=1,_vil_ll t_ undcrs.;t;indi_g the
process o1'compel ii ion in Sl_Z=tiz=lly structured systums,
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ProjectTitle l_velupnlent and 'l'esting ol"l'heories o1' Population l)ynanlics

Principal William I), Murduch
Investigator

Research Departnlent c_t'Biological Sciences
Institution Liniversity c_l'Calil'ornia

Santa Barbara, C'alil'ornia 931()6
(8()5) 961-28()8

Research This research cunsis:s oi'several reit¢ied projects, till aimed at developing testable

Description nlc_dels oi' lhc dynamics ot' populations o1 organisms, Models are being

dcvel(_ped I'c_rthe inleraclions between a zooplankter (l)algt.ia)and its algal ti_d

organism,'.,; tbr a freshwater predatory bug (,_(flOllC_'la)', for gil.llll, r|iarine kelfr, and

for lhc interacli<ms between red scale, an izlsecl pesl oi'citrus fruits, and the insecl

imrasit_id (Alglyfis) thai keeps ii under bic._logical c_mirol, A ma jut feature ot' the
Inc,dcls in their exl_licil recognitic_n ol'dil'terences am(ing individuals c_l'clil'l'erenl
age and duvel_f_menial stage, This I'uature makes the inc_dels highly testable

against experimelital data, and a cumplemcnlary program is under way lc_prc_vide
lhese data. The c_b.jectivec_l'Ihis research in nel only Io develc_pand lest nludels oi'
lhesc parlicular syslenls bul, by exploring lhis range of syslems, lc_cicvelc_p
general lhuc_ryIi_r i_upulali(m dynamics.

Relevanceof Mathematical models to explain'ubserved patterns in the dynalnics el' natural

Research i_oflcilaiions ot' c)rganisnls, such as plankton in lakes, insects in agricultural sys-
Iclrls, and nlal'Jnt_kelp beds, are hc:illg developed i.llid tested, The rascal'eh in Jn-
diruclly related Io olher envJr(lllnlenltll i_r_lblt:ms, t:;(_l'CXalllplc, in(idc.ls tire
liueded Iclprudicl lhc ul'l'ccls _lt'Ioxic stibsiallCes (in pc)pulations trod cllnlnluriities
in nalurc' (In lhc basis of IIle efl'ccts observed lln individual (li'gailisins iii llic
lahclral(li'y, The l)ll.iilklllil im_dcls ;.iredesigned I_rec'iselyi_>ll'ailslale chtinges iii

ii_dividLial physiology inlc_el'l'ecls on f_Ol)ulatiuns, i:;urlhcrnlorc, ihc lest or-
ganisln, l)algmia, in ()lie cii'lhc: Stalldal'(t clrgalliSnls tlSCda,,4a loXicol(igical bioa.s-
say. The models are also desigrled to flredict chl.illges ill tile dyntllnic behavior _)I'

impulaliuns responding l_ changes in lhc environmenl, ti_r example, whelher
populalions iri midlatilude lakes will become less slable due tl_ higher water
lemperature resulling from gl_l_tll warming. Because lhc research is, iii parl, an
atlernf_l lo lndersland lhc t'eatures lhal dislinguish successt'til biological conlrol,
which can rel-_laceinseclicides, ii may also hell-_Io reduce l_oiluli/m by pesticides.
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ProjectTitle Theoretical Euulogyo1'Mlu'inePopLlltitions

Principal J()l-lathilnRuughgarden
Irlvestlgator

Research l--IopkinsMtu'ineStatioll
Institution St]ni'efd University

StartI'_)rci,C'alit'c_rni,_i943()5-6()6()
(,415) 723-3648

Research Tllis project developed and is testing Inathematictil m()delsthat l_redict(.tUl]lO-
Description gral_hicchar|ge ii] al`=open por)ultitiun witl`=Sl_tice-lirnitedrccruitlnent, stluh tls

cllai]ge or marir|eorganismswill] ti sessilelldult phaseanda pelagic llu'vlil phase,
Curnpositioli o1'barnacle-detain]ledcornmtinities ii=tile intertidal zuneol'centi'al
C'alit'_wniliin thevicinity cfl't-lopkinsMarineStationiscontl'c)lledby the arrival rate
el' larvae to polentitll sites, Processes li]al tl_.'tal'tor larvae arrive, such tis r)redati_)n
and cr_)wding,are el' secondary inal_t)rtlinue,l::o(.'usis onclevel()l-)ingnmthematical
n]c)dels l'c)ra species r)_)l)ulationcon:_istingt)t'(I) sessile adults distributed among
heterogelleous sr)auc-limited benthic habitats and (2) larvae ii] the surroundillg
water mass, These ni_)cleistreat tile evolution oi'mar]lie lilt' Ilist()l'iesand tile(.'olicli-

li(ms tbr regiunal c()exislen(:eormtu'iilesi)ec]es, The rose]rc h will tilso study the in-
fluence o1'I_retlatiollon bax'nnclelarvaeby juvenile fish thai live ii] ol't'shorekelp
roresls, 'l'hekelp I'(}i'eslct_lnlnullity isc_)til'_leclto lile intertidal colnnlunity because
()1'its et't'euloil the talesurarrival _)1'the larvaet'rominlerlidal twganisms,

Relevance of l)rtlmatic I'lL]cfu]tic)nsiri the sl()cks (}1'marine I}()l}lilalions such as sardines,
Research anchc)vies, shelll'ish, arid squid htive long been a s(.)tlrce ()t' ec()n()mi(: less,

harclshil-_to tile general public, and(.'olll'usi()nt()st;]elitists, 'the I)lu'naclep_)r)ula-
li()ns studied ii`=li]iNlal)()rat()ryalso show these l'lucluati()ns, and have pr(wed t()
be a mc_l'etractable system t() investigate than commercially expluited max'irle
slc)uks.In the lasl 2 years,the k_y meuhanismthatcausesdrain]tic I'luctuali_msii]
I_ai'ntiule popuItrii()i]shasbeenidenlil'ied. The realhemalical D)ptilal ion theory t()
predict when theseI'ltictuali()nswill <)cuurhasbeenrel'ined, li`=a few years, ii is
pr_tjcuted Ihat the tlgu-()ld t_r_)l.>leillot' underslanding _llltl prediclin k,marine
iX)l_ulati(_lll'lucluati_)nswill he close Io a res(_lutiun, _lsu, the ocol()gical im-
l_lic:alionsof pollutioil ass()c:iatcdwith ()rl'shoreuil activities in cuiilrai (i'nlil'()rnia
will probal_lyhe prudiclahle,
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Project Title Cii;un and Miurobitil Sy,_teln,_

Principal Mark Kot
Investigator

Research Applied Mnthelnntics
Institution Univer,sily oi'Washington

Senttle, Washingtc>n 98 I<)5

(2()6) 543-2584

Research '[';le l_tsl I() years llttve seen tt l;()st til' new el;set)vet';es in lhc l'ield (ii' nt)nliriettr

Description dynantics, e,speuially regarding the pi;enontenon called el;;cs, A recurrent tllernu
t_l'this recellt re,search is that ,'.;eeiningly rartdonl l'Iticttiatiorls til'teta occur rts the

result til' ,,,;irnple cletern-linistic nlechttili,,.;rn,,+,Hence, much ul' tile recent wtli'k in

i_onlinear dynamics has centered tin new techniques l'uridentil'ying t_i'clur in

seen;ingly chntHic my,stunis, When applied ii; euoltlgy, illume tuclIniques httve led

ici I;ew insights fur severni systems, lll(),",;l notably various cl;ildhotld el+iclunaics,
'I'o cletermirie tile rtH_usttles,s til' these techniques, cllttt_,snlUlst, til ,',+til;auextent, he

brtlught int¢_the inbortttc_ry, l-'relilninary investigatiun,',, ul' the l'ui'cod dut.lble-
Murlud eelt.ltltiiu;s, ++tliit>del for tt preclttttlr tlll(] tt prey in +.tcllenlostnt with periuctic
varitititlit in iril'lt)wing sLih<+irntuutlncui;trtttion, suggosl thai simple nliur(Ihinl sys-
luliiS itltly l+ruvictu the purt'uui I'rtiillewtn'k l'<;)l'(tulerillinillg ulTicacy ailtt releviiitcu
t_l'tile new ilontinuttr dyllamics ih dei.tlillg with +oinl>lnx populatiuri dynni;lics,
This rust.;ttrchuxttn;il-les the mttthul-nnticnl prt)l'Jurtiustit' lhc t'urcu<.ltltluhlu-Mt>n(id
ll-ltltlul and provides ttll extluriniunlnl invusligntion _ll';he system,

Relevance of 'l'his research l'>ronlisUSilow lu<,:illliqLIOSI'or the ttiittlysis til" pOliultllions with ctiln-
Research plox dynumics, lii i)tu'iici.ilnr, b7 testin 7 ;he biolt_gical ulTicnuy til' n s'oriost_l'new

tuc'hniClUeSt'rtlm the t'ield on nonlinunr dynamics, tllis research ol'l'urs hot'_uI'ur
huller undorstnncling ttnd pi'ediuiit)l-I ul' the bt:'littvitli' tit' vtiritlLIS nuturilli.isly urrntic
POl:+ulntioli'_(¢,7,, insect posts ii,rid disonsu +l)idomics), lit n(tdilion, lhis research
nl ,YI)roviclo new insigtlts ii;i(i lhc effects tll'tonlpoi'nl hoturogurluiiy anduhai;ging
tlriihiUlll uondilions oil ;he dyllnllliCs tin(I ovtlltititln til' sinli:llo biolugical COl;l-

, munities, lt will also provide +.tset til' tisel'ul haselirle dntti for toxicolugists inter-
esied ii; coillniunity effects, Indeed, tile work is being cl(liie in c:l;lllitl_[)r;ilitin with
n lnicr¢lhinl ectil(igist arid n pi'tltozuoltigist whose princil>nl interests til'e

I'_i(i¢legradtttiunand lhc LIMe(ll'cilitites ii,'+indicat(w ,'+l>ech.'sl'(>rlt>xicttnts,
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ProjectTitle ll).vnamics ot' l_,ecruilnlent-Stll',._idized l_ol_ulalio=ls

Principal Hal Caswull
Investigator

Research Wouds l lulu ()uuan¢_gral_hiulnstituli¢_l|
Institution Woods Hole, Mussachusutts ()245:_,

(5()8) 548-275 I

Research Three muduls _)1',subsidized i_()pulatiol]S rrc being devul(+pud and analyzed:
Description dun,sity-independunt dem¢)grul}hic m_)duls, density-dupurldetlt dulnograplliu

mmlels, and mUtal_()l_ulatiull demographic tnudul_, Each nt()dul addresses a
di I'l'erent aspect el' the prc_blenl t)l' recruitlllenl .subsidy, but li]oy are lied

tr>gerber by subsidy, An un_tlysis can be upproaullud by determining the ways

in which exturn_tl sul_sidy und l_>uulf_Ul_ulatioll dynumics interact,

l)en'ily-independent demographic models: 'l'llu illlmudiule benefit _1' thi,_ re-

search is a set c_l'delncLu,ral_hic n_ethod,,+tllat are ai_plicable t_ relatiw.,.ly easily
_htainedrealdataand thalextendclassicallifetablell_eth_dstt_recruittnent-

suI_sidizudpui-_ulaIi_ns,I.ikeclassical_nuII_uds,thesedul_graphiuanalyses
arevaluableI'_rlI_uprojecti_n_I'currentcuntlili_ns,notprutIicli_n_I'l'ulure

dynan_ic,_,II_wevur,suuI|prujuclit_s,i+rt_i_urlyinterpreted,huve pI'_wuI_a

p_wurI'ulfouli_i_oI-_ulationbioI_gy;theiruxtunsicmtosuI_sidizedi_pulali_ms
willbeuquuIIyusuI'ul,

i)ensit,v-depenclent clemo_ral}I_ie models: The inu_rl_c_ratiun o1'_.lu_,sity du-
I)e_¢le_cc I_akex a mt_tlel ,'.;ill_ulta_c_tl,_ly mc,rc realistic and mt_re dit't'ictllI to

c_nnecl to real datn, "l"l_i,,.+research i-+n_vide,,,;theoretically irnl_ortttnl results
al_ul lhc dynan_ic c_,,.;equencus ol','-;uhsidytu_ddensity dcpuntlc_ce hy adding
recruill_ent varittbility t_ I,t_ugl_garden's _tt_.lel tt_cl hy irtc_)rporttting _)ther
l'orn_,'.;_1'den,,.+itydel)e_lth.:_ce,

Melal_upulalion demographic models; "l'hu,',;em_)dels are pre,_ently limited to
Illeoretical use, l._,nlf_iricaldev¢l_)plnenl.,, in till,,.;area will probably await lhc
develol_nenl o1'model,'.; l il;ki_g suhf_ul_t_lati_n,,.; wilh actual physical
_ceal_ographic models, An theoretical l_t_ls, however, lhc I+|'t_pt_sed_i_otlels
permit que,sti_I_xabout the intentctit_n,,.;o1'life histtwiu.'.;,spatial Itetc'rogeneity,
and sul+si¢ly whei| ++illpt_l++ulatitmsare viuwud rts ctmtriht_t_ms to +.tIttrvttl lX+_l,

Relevaneeof (_'Ittssicttl f+t_l:_ulatioI_dyr_antic theory l+rc,_t._nus thttt recrt._itl]+tc_t t_l' t_cw in-

Research dividuul,',; to tl_u local pOl:_ulatit_n is due tr>rel_ruduction uf i_tdividuttl,,.; irt that

l+¢_l)ulatitm, 'l'l+lisa,,,+sur|tl_tit_r_fails for many rrlttrine orgat_ist__s in wl]iclt larvae

may be dispersed for It,,t_gdistm'_uus relative It+the scale on which pt>l+mhttions are

uxuminud, 'l-'husu orgttt+i,sm,s i_ulude many o1'the in_)st uuulogically (and
ec'on¢m+_ically)important species iii the marine environme_+t, 'l'l|is research will
provide a new theoretical l'nunew¢)rk for ur_der,standir_gthese I+t+pulatio_,s,
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ProjectTitle Physiological and Ecological Implications of Coupled Heat-and-

Water-Transport Mechanisnls of Endothenns and Vegetatiorl

Principal Warren P. Porter
Investigator

Research Departmeiit of Zoology
Institution University of Wisconsin

Madison, Wisconsin 53706

(6(.)8) 262-1719

Research Models can quantitatively predict effects of environmental change on animal
Description growth and reproduction. This research develops genenil models of food, water,

and heat balances for ectothenv, s arid endotheni=s and tests predictions over a wide

; range of species iii various enviroimlents. Thus, ii identifies and qtiantifies impor-
tlult interactions k;lweeil clin.iate, pllysiology, and behavior in aninlal growth lind

reprod,,,'tion. The research focuses on three activities' ( 1)ii extends a current quan-
titative, general heat-arid-water-transfer model, developed this past year arid iri-_

L

t tended for the porous insulation of endotherms, to include the porous media ++t'

i vegetation: (,2)ii tests the rnodel's predictions for endotherm heat-gerleratiori re-
=-I quirements ;.llldwater-loss ratesfor different insulations under conditions measured
+ iii the laboratory and iii the field on various iilanilnate objects ;.lllttlive endoihem.is;
I

{ and (3) ii illtegrates the porous-n.iedia model with illicrocliillate illodels already

' field tested iii n.ituly environirlents to calculate heat and nltlSS fluxes througli low

canopies of vegetation and the s, 'l. The nmechanistic model for endotherms will ul-

tinlately provide an enhanc+ means for generating and testing ecological

hypotheses, such as environniental effects on herbivory rates, growtti and

reproduction rates, survival probabilities, ;.iildpopulation dynamics..

Relevanceof This research [laS both theoretical and applied relevance. Theoretical aspects
Research include--

= Ability to compute, while using first principles, how climate change affects

growth and reproduction poteritial of wild animals.

,, Prediction of the effects on growth and reproduclion of the added stresses of

diseases and toxicants as they interact with climates tllat also affect growth

and reproducti m.

,, Prediction of changes iii distribution limits of animals for lilly climate
scellario.

= Determination oioptimal behaviors lo assess the feasible set of such behaviors

for optimal growth and reproductioil under ftle effects of climate variation.

,,, Capability to calculate altered food requirements tllal restlli frorn climate
ch;.lll_-,e

i
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Applied aspects of this project include--

m Computation of the etTe_ts of climate change on domestic mlim_tl production.

These models have been tested successfully on both cattle and pigs. Heat

stress or cold stress effects cml substantially modify their growth potential or

milk product ion.

mAssessment axed consequences of management decisions on energy
development that alters habitat apd microclimates needed by animals for

survival, growth, and reproduction Because the models are mechanistic,

landscape modit'ications Ill,at _aller sold.tr, wind, or other environmental

variables can be used to compute new microclimate conditions and how tile
animals will respond in terms of food and water requiremenls and growth and

' reproduction potential.

• Amelioration simulations can be done to determine the most et't'ective

' restoration tactics while crettting microhabitats suitttble for promoting the

": return or introduction of desired species in areas that may have been altered

(luring energ3, development.
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EXPERIMENT/SAMPLEDESIGN
J

ProjectTitle Designs for Environnacntal Field Studies

Principal J.M, Tlaomas =and I_.L, Eberlaardt 2
Investigators

Research Envircmmental Scieaces Laboratory

Institution Battelle Pacit'ic Northwest Laboratory
Richland, _ashir._gton 9935.2
_(5()9) 376-.7982

-'(509) 376-8265

Research This project concerns ways lo correct shot'tconaings of cu|'|'ent t'icld studies in

Description ecology and ellvironmenlal science. The research iu developing suitable sam-
piing designs based on the appropriate objectives t'or field work. Suitable designs
for several classes ot"smnpling have been developed in very ditTerenl fields and

arc, thus, largely ttr|known to ecologists anti environmental scientists. Hence, an

i|nportant part ot'liac research iu devoted to adapting results from these other

fields (e.g., geostatistics at td industrial research)for use in ecological studies.

The research investigates (I) replicated experiments, (2) un|'eplicatcd experi-

ments, (3) intervention analysis; (4) survey stmapling, (5)analytical sa|n-

piing, (6)observational studies, (7)sampling lhr patter|a, and (8) sa|npling for

modeling. The project combines elements o1"experimental design, survey and

analytic sampling, and modeling with gcostalistical anti biomctrical methods I¢)

develop or adapt cost-effective innovative field statistical |nethods lk_rthe study

of e|avi|'on|nental plaenomena. The technology is being developed to provide a
l'irm scienti!'ic basis t'or field studies requirect lo uncterstand lhc cnvironnaental be-

havior o1"energy-derived chenaicals. The project e|nphasizes developing field

designs based eli clear objectives and approaches that incorporate sa|npling
theory rather thtm classical experimental designs. A portion ,_t' lhc research is

dew)ted to expanding and adapting methods from geostatistics anti industrial re-

search as ex':mples.

Relevanceof Recent national concerns include hazards l'rom chemical waste sites, subsur-

Research face transport of pollutants, and possible landscape-level effects due tc) global

changes. Approaches to study these issues and other field problenas in ecology

are li|hired by the lack of theory and suitable designs for sampling co|ata|nina|ats

and p_H_ulatio|ls in li|he and space. This program provides it firm scientific

basis for tlm myriad ot" field studies required to understalltl large-scale events,
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the environmental behavior of energy-induced chemicals, et'l'ecls on popula-

tions, and landscape-level sanlpling. The research places strong eml_tl_isison
dovelol)ing field designs based on clef.lr oiDe<:iives,al_prollches thai iilcorl'lorale
samplirlg lheory ralher ltllin classiclil exl)erinlenllil designs, _iild qtiaillilaliv¢ is-
sties in lhc tlSt__.)['lllodol'll lechnolo_gy (e.g., satellite imagery)Io aid in solving
global l:_roblems.

![ •
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