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The chair's letter that intmduces this annual report traditionally focuses on the vear in
question. Al cerlainly this vear there were many ]:F.'-‘hlis_.:j:'.t'i that we can look 1o with pricle, T
name just 3 few, we have established the groundwork for a serics of research and educational
exchanges with universities in southern Africa, we have released a delinitive study showing
comtinuerd acidibeation of streams in the Shenandoah Mational Park, we celebrated Blandy

Farm's 75th YEar, wWe have h-:gml work om new Facilibies

at the Anhewser-Busch Coastal Besearch Center al
Bruce Hayden and Jim Gallaway have l=d the ) Tt ;
department dusing a erucial periad in its histary. Chyster, Virginia, and our graduate students organized

£ l an -:::-.-:"ve‘:|.lli||:|:|:|| Emvirom-mental  Sciences Rescarch
- \ Forum that brought Dr. Charles Groat, director of the
o : LLE, Ceological Survey, to Charlothesville.

QI These accomplishments are properly seen in the
context of & department that is on the move. Chver the
last few vears, we have experienced a resurgence in
the number of our undergraduate majors, our clas
enrellments have increased significantly, and the
amount of sponsored rezearch has ingreased fom shout
33 million to between 3% and 56 mallion annally, Our
faculty has heen enriched and energized by the
addition of new members with experbise in grasslands

ecaology, climatology, hydrology, and geosciences.

We have also taken significant steps to ensure the
excellence of this department for vears to come. For most of the department’s 30-vear history,
we have sustained innovative research and educations] prosrams despite poor facilities and
limited private funding. This has all changed. A new 45 000-square-foot research addition is
scheduled to open next summer, and we have received $10 million in state support and 414
million in private support, including 511 million in challenge grants. Te date, we have mised
53.2 million toward those challenges! These accomplishments are a greal credit 1o the stall,
students, and Geully of the department!

Clearly, the deparbment is well on its way to achieving its goal of becoming the first top-
ranked science department at the University. | am, therefore, delighted to use this forum to
intraduce Bruce Hayden, who became department ehair in Auguost, For those faithful readers
of previous annual reports and fraights, the department newsletter, Broce s well known. A
climatologist and ecologist who joined the department in 1970, Bruce leads the National
Seience Foundation—funded Long-Term Ecological Research program on Wirginia's Eastern
Shore. His experienee in research, teaching, and sdminstration will ensure that future annual
reports will document the department’s sucoeses under his able leadership.

In elasing, Lwish te thank all members of the department, its friends, and its alumni for thei
past and present supporl. It is that support that has made environmental sciences whal it is
today. And it is that continued suppert that will make the department even better in the Riture!

Thank YL,

— James Galloway



INTERDISCIPLINARY PROGRAMS

The department’s reputation for excellence rests, to a
large extent, on the interdisciplinary programs sustained
by our faculty. By focusing resources for the long term,
these research programs help generate knowledge of
complex environmental processes that could not be
acquired by any other means.

Equally Important, these interdisciplinary programs
play a vital role in tralning the next generatlon of environ-
mental scientists. The first-hand exposure to research our
students gain while working with these programs can
prove decisive In shaping the course of a career.

W Blandy Experimental Farm
Bl Aeweeevirginia. edus % FEblandy/

The 75th anniversary of the founding of Blandy Experi-
mental Farm in 1926 provides an opportunity o assess
the range of tesearch and educational activities that it
currently supports. Research at Blandy is flourishing. For
instance, Blandy curator Dave Can, Christopher Dvey of
Flovida International University, and Micky Fubgnks of
Auburn University are nsing a National Science Foun-
tation grant to examing the importance of genelic varia-
tion te the ability of plants o defend themselves against
fuerbiviores,

Blandy director Michael Bowers
leads field program for studests.

Blandy has alse made a prierity of giving undergradu-
abes broam -:'t:"t:F_;m anel vmversities I||r:.ll.|!:.|'|l::-ll'. the Lliatheed
States first-hand exposnre o rescarch activities. Blandy
hosts o number of student researchers cach sumimer, 2
program that will be expanded thanks to o 5154000
avard Tome the Mational Science Fonndation, Undes
aradvate fellows spend their first two weeks learning
ahont nngoing rescarch at Blandy. With goidance from
faculty members, they then conduel independent
research in environmental sciences during the regmnncle
af thetr 11aweek residence.

Puklic outreach is another important element of the
Blandy mission. The Foundation of the State Arboretum
of Virginia, which covers 170 acrcs of tare brees and
shrubs within Blandy, has attracted a growing i ber
of supporters, who raise funds For Blandy pdueatiomal
projects and who velunteer time and labor. With the
asststance of the H, O Peel Foundation, constrostion is
about fo begin on an cducational pay ilionn to support the
Arhoretum's growing K-12 programs. In spring 2001
alone, an estimated 2,800 children attended a total of 134
presentations given by Blandy's edvcation staff, and a
week-long summer camp for children ages 55 was inau
gurited in Angust

B Clobal Environmental Change Program
hitp: s rwwewd gecpovirginia.cdu

COme of the Universiby's strategic goals is to strengthen and
l.:}..'|'.|.11'||:| J1E3 i|1‘.|:_"||:|li|||'.:|| [Frograms. The |-3'!"|:-ill|ll'lw'.'l'l|i af
Environmental Sciences is already plaving a leading rols
in these efforts, Many of our faculty are addressing ques-
tioms om a global scale or conducting research with mph
cations for beter anderstanding global systems,

Bt initiatives like the Clebal Favironmental Change
Program {CECP) do more than simply use exotic locales
as laboratories for scientihe research. They are an occa-
sion for the Univessity to engage i brne |H'|'.'I|'|l’.'|.".‘~'|ll|:l!~
with rescarchers from around the world and to apply its
mission of service onoan intermational scale.

CGECP has been particularly active in southem Alica,
with Professor Fmeritus Mike Garstang, Rescarch Profes-
sor Chris Justice, Research Assistant Professor Paul
Diesanker, and Professor Hank Shugat all conducting
research and building relationships with universities and
government agencies in the area, In late summer 2000,
Mesistant Research Professor Bob Swap was the LS. scien-
tific coordinator for the Southern African Regional
Science ‘Initigtive, an ambitiows, multinational project
designed o produce a clearer understanding of the
processes that drve the characteristic atmospheric

patterns over the region. Researchers also studied the




Sawthern African Regional Science
Initiative retearchers in the field.

chemieal and '_:||'|:.'1i|:-;|| [EOCeses Hat aflect the framspor
of gases and aerosols and investimated the ramifications,
both locally and in other [arts of the woeld, of the biommass
|:ll.'.|."|i|'|:-:' that oceuss each vt i senthern Afrca.

As an outgrowth of this wark, GECE hosted 2 work-
hILI'I|".‘- thal '|:-|l.:-||:-T'||I acdlvmistrators from Ave universitics
anl research centers insouthern Africa o Charlolleseille
fx iIL"."'.']LD'FI a |.':l|||||.'-:"|u:||.-.i'.'-:_' plan for research collabaora-
fionn aned studenbFaculiy l.‘"-il'.'ll.ll'ls_;l.'. Frormal agreements
for collaboration have already been sipmed with the
vmiversibies of Witwatersrand and Venda.

Oine of the frst imitinlives fostered by these relation-
ships 15 an undergraduate, interactive distance '.|.'.:||||'i|:g
course that |:ll'-..-|-::m|:h Steve Macke, Paol Desanker, Bob
Swip, and Hank Shugart are developing for the fall, With
funding from the University, private donors, and the
Natignal Seience Foundation, Shugart will teach his
course on Africa: The Human and Natom] Envirenment
to students from UM, as well as from South Africa,
Mozambigue, and possibly Bolswana,

By focusing resources for the long term,
these research programs help generate
knowledge of complex environmental
processes that could not be acquired

by amy other means,

B Program of Interdisciplinary Research
in Contaminant Hydrology
it/ fatlantic.evss Virginia EDU:80 % 7Ealm7 d/ pirchy

Fesearchers in the department’s Program of Interdiseipli-
nary Research i Contaminant Hvdrolegy (PIRCH)
|:n'_-5,1:|] a series of new research miliatives o 20002001,
Thas wrigpoe program brings together researchers from
the departments of Fowitnnmental Sviences, Chemical
Fogingering, and Civil Engineering to understand how
pollutants spread through soil and grovmdwates

Anoarea of recent comcern s the use of catradial
compounds that are added e animal feeds, These
hormenes ultimately make their way into groundwater,
mterfering with the reproductive cyeles in reptiles and
;|||-|||'||i|:.§;|“.__ With tunds from the "n"ir:;im:a Water
Bescarch Center, Professor Janet Hesman E:-!'L:_:i.ll witk om
the fate and belavior of thess conpounds,

FIRCH members Herman, Professor Aarcn Bl
Professor Ceoonge Homberger, and Associabe Profossor of
Chemical Engincering Roseanne Ford alse received &
|:5il::-::-.:-|'|'||.l||."-.jl:.' Ingubstion Award from the Mational
science Foundation. .|.||\'_':.' ane :-.:-|'||.|::|.'Ii||.g preliminary
shiclics am the |:']:|Ii||.".-.||i'|1 between microbial communities
i aguifers and thear inctions within this coological niche,

The wark '::-:'i:'.!'; conducted by PIRCH '!1;|.-: altracted
considerable interest from undergraduates. This vear,
three winners of the Universitv's Harmison Award for
undergraduate research are studying with members of

FIRCTL.

James Salers, associate professor st Yale, graduate student
Janna Levin, and Professor George Hormbenger seal a temipera-
fure soil calumn as part of a Mational Science Foundation—
supporied experiment to explone the effects of moisture content
and zoil-water chemistry on the mobilization of colledds.



Shendandoah Mational Park’s Paine Run in winler, ane
of the S5WAS program's inkensively shudied streams.

B Shenandoah Watershed Study

4t I_I_|_| ¥ e, |_||_'!_1[_|Ir' "."lr_tllru._. EQLI '-'T'_.l.-.'._._':.l'l|:|."

The qualite of its seience and the lomgevite of ils
| ] BVl
programs have marked the depadments Shenandoah

Walershed !";|Ill:i:. FSWAS Y as ane ol the Toremost elfors of

its kinel am the United States. [ks activibies this vear refect
lhis h|i.||:]iIIL:_

O behalf of the MNabional Park Service, SWAS
researchers completed a landmark trend analvsis of acidih-

cabion i '\:'{'.lll'\. associated with o 'r{:-.l{'r| watersheds
I:-.mv] on quarterly data gathered over 12 vears, they found
that shresiam g ._||I|r abion conhnnes e -:|'1I:|_ reduchons m
the deposition of acidic materials mandated by the Clean
Air Aot of 190, Thas is fhe frest regional trend analysis
conducted in the Southeast and is consistent with ohserva-
fioms mabicaally, The conclusion: forther reduchons m
acidic deposition are necessary.

e Assistand Prodesor Art Bulger nedes, i
half of the United States, rainwater is too acidic to
supapr fich. 1 is only Lhe |:-|||T-:'|i||g capacily inherent in
certain kinds of rocks that enables some streams o
-1|||||'-::-|I life, This VERT,

Coshy, and Professor Jum (=..I|-:m ay recelved a 5331 000

i eastern

"|l"'| Kesearch Prolessor |ack

graml frewn Hhe Mational Besource Prodeclion Frogram ol

the Mational Park Serviee o determine if water chemistry
i'.l IJIIIIII'. IJIII-I-':'II.'iI slreaims can aceoiint I-':.ll Il.:l.Illl.:l.'I:I I-Ihll
diversity in Shenandeah Wational Fark

SWWAS researchers are confimiing o l::.I.'L|:Il.'II T

'.1|:!_|r_-r~c|;|||r|i"l_-h nf
ironmental conditions in Shenandoah National Park
watersheds, This year, researchers collected 80 sl
"\.I:.'.|'I'|l."\. Frovme '||.|l.:-||$'||-'.l||| the 5WAS "\-|I'Il:|'\. arca and
ana "n_xl i s ] o rhies that eletormine: I|1r' TEHEIEL lea

the Lictors that .-:||.;|::-!_' Hae response ko

Ll

acid deposition. [n many siles, the sl :~.|‘.“.‘.|:l]l.'| WETE

accompanied by cores bom red ok brees, enabling
researchers to link nutrient states in trecs to the chemical
alalus of The soil. In :'.||-.||I|:|||. seienhisls are |'-:.-|||]:-|||'.'|}7'
historical land-use patterns for the area, allowing correla-
lion hetween B wee and current condilions,

Another sign of 5WARS maturily 15 i ability bo
accommaodate increasing numbers of undergradoate
students, The department 5 committed o gving s
ML i||-::.|.'|:ll.'||:'|l.:||l researeh EXPETIENCEs, This vear, len
students worked on 5WAS projects,

W Virginia Coastal Reserve LTER
htfps fatlantic.evsc virginig, aduws

With F_:..'I'II".":'Ii. -.-.:'u.'l'l'lil'l::_'1 and @ |'|i:~|l.:-|:. nf |'.'|i'..!'", s levels
becoming a concemn, researchers at the Virgima Coastal
Reserve Long-lerm l':(:t?ll?.:_!.il:'ill Besearch (TR site on
Virgimia's Easdern Shore have been rving to deteomine if
marshes will be submerged by rising water levels. Scien-
fisds b previously supposed that bugh Gdes added fresh
sediment b marshes and that Low lldn. removed it, ereat-
g @ balance, Mew dada bro Professor Pat Wikerg and
her students presents a different view. Tides bring in new
seclimmend bwice 5 -:..|:-._ Bt e nese sedin
away only during episades of heavy rain at low tide. This
evidence "-II_L_'\;{':"iih thal perids al drowghi Faven uprwared
mvarsh groath, a hypothesis that implics that marsh forma-

s

wend 15 wished

Christy Tyler, Ph.D. candidate, left, and Tracie Mastranicola,
undergraduate student, examine a water sample taken from
Hog Island Bay on Virginia's Eastern Shore. Tyler is investigat-
ing the effects of algae on nitrogan cycles in estuasine waters,




These interdisciplinary prograims play
avital role in fraining the next generation

of environmentel scientists.

licen on the :'-::'|:lli'-.'|'|:-.' wel barrier shnds ol Wiarginia 1y
bz elifferent than barrier island marsh growth along the
relatively dry Tesas coast. '

Oither researchers at the Vieginia Coastal Reseroe have
been tl."i’ll'.'kil'lF_: the nilrogen content constal shreams,
They have found that the nibogen content of these
streams is significantly lower than that of the grenndwate
(hat feeds them, which comes from heavly fertilized agri-
cultural felds. They are now trving to understand the wle
il biodogical and physical processes play in the fate of
this nitrogen, a eritical issue in preventing eutrmphicatinn
ol offslore ]:lgﬁ:mlm

The LTER program is not devated to scicntific discov-
cry alone, A (:-::-III[:-I-;::I:I.I_'II‘LEI::'.‘ a:_-':-.-lf al Hhe Proagrm 15 b
fosber math and science education at local public schaals.
This VEAT, stafl of 1he Wirgimia Coaslal Beserve swaorked
closely with teachers at Morthamptan High Schoal o
l.|-::1'vu]l.:-]:l aserics of classroom presendations i|.|||:| fiele] eser-
cises featuring medern rescarch cguipment. Amaong ather
activities, the LIEK |:||.|.||.:||.:'|ﬁ[“-:f| §_|.|_||:-:¢|| 3:-:--i|i||||i11é s
and baught students how to use them to locate their Lat-
tude and |.|'.l|1gi1l:||:|l:: and o determine .-.|_:-c:-::|.| of Travel, Thy
dhudents then used the CFS umits to padicipate in an
OngEoing LTEE cifort to pinpodinl tlead trees mear the
shore, an indicator of fsing sea levels.

B Virginia Forest Research Facility
hittpe s S, people, Virginia ECLLA ~jigsfpace s

The Wirginia Farest Rescarch |":'|-!:i.|il_':.' is the |.|-::::-.:||I|||-::1|I"-
newest site for inferdisciplinary work, Located at the Pace
Estatc in nearby Fluvanna Connty, the Virginia Forest
Research Facility allows rescarchers to understand maore
about the environmental processes that charactenize the
Piedmont area of the southeastern Unnted States. One
particular process being investigated is the effect on the
Earths carhon FTH P af the widdespread emerzence of
second-growth forests in a landscape that, up until sevesal
decades g, hiad beeen ngin:_::||l,|,|ri|| bor cenburies, Assuch,
the WYFRF 15 a perfect complement to wark being done
an J'il:'llli]]' Farm, where resenrcherns slucly hielils thal wre
currently being cultivated or are in snecession back to
forest fn]ln-.n.iu,p; recent :'||J:|||-:3||:'||||{'||‘.

Much of the work under way this vear invalved char-

using an aubormabed tralley

and tracks that carry radia-

meters three feet above s
ground over a distance of j %
120 feat, With these instru-
ments he and Arsaclate
Professor Jose O, Fuentes are
investigating light interceps
tian by the farest canapy.
Fuentes and fosmer student
Matthew Sacks designed the
tredlay amd tracks, built by
department machinst Gerabd
Williamsan,

Graduate student Tam
O°Hallaran, shown here, is e
an,

=

acterizing the vegelation al the site with date enllected I:-_1.'
Assnciate Professor Tom Smith as well as developing a
haseline of information for ftse sesearch. For instang &,
vanciade Professor John Albedson and gradvate student
Chris Williams ane using imslruments |:-]::|.'| d on the
WERFs et tower b characterize the air forbualence
within and above the forest canopy under variows eondi-
Lions, Turbulemnce s a key bctor ;|-||-:_'r_'l:|||:__r_ the e haree of
encry, carbon dicside, and water between the forest and
e .:-|:|11'|||:-;|1|‘||_ re, Associabe Professor Jose [0 FPoentes,
eolleagues, and students are investigating the amount of
hIIIIIiL:_.."J penelrating down bo the forest Hoor, This infor-
mation 15 crucial foan understanding of chemical reac-
lions angd [FIOCEssEs 1.:|;~:||l__'_ place net only above but alss
within the Forest canopy that drive the formation of gases
:'ill'::l'l iy LEALITILE. ’
Chveer the pest vear, members of the VIRF team hape
o infegrate the infermation !]u::. lizave i:_:ﬂ”l!'ll.'ll weilly s
Lar research programes like AMERIFLUX being carricd
ant aratind the conininy. '|'||-.::.' also Inek Torward 1o the
installation of AC power, a cotical addition to the faciliby,



INDIVIDUAL INITIATIVES

This |5 a department that |s energized by the enthusiasm
and intellectual curiosity of its members, and the topics
that engage our faculty are wide-ranging. This breadth of

perspective is not only a distinguishing feature of
research programs under way In the department, but it
animates our education efforts as well.

W Coing fo Court

Between 97 and 1971 mammbacturers of IUF] 0 the Los
Angeles arca discharged wastewater containing the now-
Eravmied pesdicade iodo cily sewers il emply il the Pacifie
Olecan off the Palos Verdes peninsula, The result: aver 1010
metrie lons of the chemical settled in o vt sediment
deposit covering 17 square mles, making up the lanmest
concentealion of YT fond anyw here in the world.

The responsibility for cleaming up the sike has been the
'-|||:-i-::|.'l al o ||r-::-||:|-::|:|.:|| Lavesaail, which was |—|::|:|”:|' setled
out of court for 573 millon i December 2000 after
almnsl a decade of ]ili!"_,:lli:.ul. Professar Palricia ".".'.:l‘:-.:ﬁ_'1
wits an expart witness for the Deparbment of Jushoe,

N -::|||||'||_‘:-i|'|_$,' wirs falted, the ]'Ii!";l'l]:-' contaminated
secliment om the ocean Hoor has been covered by s laver of
less contaminated sediment. Consequently, the defendants
confended that aoy DIV they omght b 1{'5||||:'.-'i||]u fon
was buricd and did not contribute to DT at the surface
of the seafloor. The government, on the ather Tand,
asscried that a combination of biological and physical
proceses was brimging the boried DT te the surbice,
where it entered the food chain,

Wilsere, wihios :1||-:_:n:'i.:|]f:.' is sediment Iranaprd aned the
transport of contaminants associated with these sedi-
menks, wias '|:-:||I al 2 lemm H|Ill:i.:. i::g the .-|f:-i|i'.:.' ol wlonms
anil animals [iving in the scabed to disturb the sewage-
alfected de [prsils, “The [FINCESS Wils sirnilar te work [do in
other contexts.” she explains. "We placed mstruments on
e econtimental shell o measere I||.|'|:|:'|.|EI:.. currents, andl
wave conditions.” She and her fellow researchers
congluded that |:-i-::-|-::-.gi-:::|.| mixing of the seabed |:l:'-:lll.!:_.|'|:

beericd DAY 1o the surface where storms eonld mabilize
anel dramsport it arovnd the reglon,

The case went to court in Oetober 2000 and was
sebtled after the brst week of fesbmony, 7T was very
i|'|'|E:l|l.'m*1] '::-_g. the :IH]F_;I.'." ‘.".'ilw:r_r; remarks. “He worked
very hard fo follow the scence” The Envirommental
Protection Ageney is now warking on plans to place a cap
o the depaosit

W The Consequences of Weather

Associate Professor Bob Davis s a symophic climatologist
Fle is interested i the Betors that _-.'_':.;||:||_- (]ili]:i' -::'.'.-:|||L_'_l.::~ in
weather as well as the conssgquences of thes: cvenls on
lomean activilies. [Miring the st few VENTE, e has heen
working with Adam Burmett of Colgate University and
{:|'|i'_.‘:- H.|'|:=.|'|E‘:-L|'|'|:-L'|_$,'L'|._ a former student in the -:f||:'|:|:l|i-
mienk, fo study the relationship of changes i the cireula-
tion in the upper atmosphere to surface temperabunes.
Their approach has been fo drack the position of fhe
circnmpolar vortex, a region at 00 millibars of pressure,
as ik ngrates around the Morth Pole, This vortex marks o
zome of rapid transition between warm and cold air that
o lmked boo the et shresmm andd s dhe soorce ol mesl
midlattitude storms.

"':.:'!'lillli:_l;"\i i :|I|||||:1||E1|.:ri-:: cireuladion are linked 1o
temperature changes in some areas of the world, but not
olhers” Davis noles, He and his -:'-::-”-:::.;ll-e':i Pl 2 eoare
lation between the cireumpolar vorbex and  mereasing
lemperalure :'|'|::|||g-::.~\. in wesltern Canada, bul no relation-
shup with the strong warming in northem Siberia
“ :l-::::r’]:: there are ather factors operating there.” he SV

Davis also stuches the cffects of weather on human
activity. bor instance, with former doctoral stodent g
Jomes, now a professor ab the University of Southern
Cregon, he has EII'-I.:.‘\-|iF__'i|.|L'\I:] the effest of weather on wine
gquality in Bordeaus, concluding that westher condibions
condueive to L'.'|:|'|_g. ”-::l“'-'_'l'i.l'l.l_",'. i the s inl:':.:!l'-::.-. AT 2 MEajer

500 ME CIRCUMPOLAR VORTEX

Sector
Ares

Feprasentabive
[~ Coniour




JennieMoody with her graduate students Mark Lilly,
Onwen Cooper, and Tany Wimmers.

factor in ereating greal vinlages, More recently, he has
been studying the effects of weather on mortalite rtes in
major cities across the United States, Using dlata from the
Malicnal Center for Health Statistics, he has shown that
in most citics there has heen no significant relationship
Ll vy “n i“:\.'rl.'“l{'l'l:-cl.l LIETEASCS LN i.ﬂ:]:l.”l:'l'” tl'.'ll'l'l:ll'.'li:.“ll'l:'.\
in b 19805 and [9%0% and martalily,

“The implication is that glohal 1.'.11i-|1'|||1q will mot noces-
sarily lead to higher mortality rates in the United States
during the summer,” he Hil:l.':‘i_ “Is elear that people in
many cities are capable of adapting to rising temperatures,”

B Following the Ozone

Research Asociate Profesor Jenmie Moody describes
ferselt as the “person on the atmospheric side of things
who focuses on real-time, large-scale meteornlogical
work,” Aml of the weather Web site (httpetwindfallevae,
"-".I.'“;_'_i]'li-.l.l".]:'l'."--'|'|:|l:'ll.-.l.:|:'.":l she maindains for the Univer-
sily 3% any indication, its an accurate deseription. Yon
fincd l.".'l'.".".tllil'l;:_; there Trome maticnal satellite kg loops
Lo Wirginia Sone forecasts,

Moody herself has had a hand in increasing the uiiliby
of dala measured by satellites. One of her research inter-
ests is following the transport of dry air in the lower
atmosphere, or froposphere, The satellite data used to
mueasure water vapor in the troposphere, however, meas
nres relative humidity, not the specific homidite data that
she necds o monitor dey air motion. Meody and he
students developed a method to process this raw data by
removing the effect of temperature, enabling researchers
ber vapor in the tropo-
sphere, This new set of data is important to Moody
because the movemenl of dry air in the upper tropo-
sphere s associated with ozone fransport from the stalo
sphere, or upper atmosphere.

[n additiom to studying large-scale upper-air dynamics,

LI i:ll.'l.'lllill(:‘l?' |r.-||.'li. r:’:l' k1

_".I::.ru:|1_. alsey works eloser 1o the l_;|||||:|:||_| O OCCHSIon,
AL the University of Michigan Biological Station, whese
her l'.'l:l..l.l.'.lﬂ_'_":'ll'.'i liave established an -i11'\cl1|_||||-:_'1'|l_|_QI fomver
ol the forest canopy, she is adding a meteoralogical

dimension o their hllli]:.' af :|!|||||.~\.|J||| i chennstry, The
station, located near the tip of the lower peninsula of
Mlichizamn, 1= '|:||_"'r||:||:|i|'_';|”:., L'.'-:|‘:-:.-:1.l.'|:| ki ||i.g|| cnmcenisiinns
ol |'|l.:-”|||::|||.-. (FINELE Chicage and Milwaukee, |.|_~;|||5_-: a
boundany-laver wind-profler wadar svstemn and tethered
kalloons, Muoedy amd her students study how the sudface
boundary layer fluctuates during the dav and how this
li'h:lllgill.g solume of well-mixed air influences the
concentration of ozone and other trace gases.

B Analyzing lsofope Signatures

Professor Steve Macka's :=\.|'|l.:|:'i:-'|'.‘l:. i% i.-.||'|:'.li||a:_ anl analyz-
ing slahle ssolopes of carbon, nitrogen, sulfur, and other
elements. His lab at the University nf Wirginig is one of
the best of its kind in the world —and as 2 result he has
had the oppoertunity to tackle a variely of projects, Trom
asessing Ceorge Wishingtons dict fo examining meteors
for extraterrestrial amino acids to determining the bes
boundaries for a maring sanetuary i the Dy 'Ii:ltll@u_

Stuble tsotopes differ only in the number of newlrons
they contain. A number of natural processes determine
the ratios between heavier and lighter isotopes, leaving a
signature of a specific envitonment. Protein prodoced
from food in & marine environment differs from that
produced on land. Even hner distinetions are possible,
For imstance, the isotopic signature of com is different
fromm that of wheat, When homan beings or odher animals
et Food frem specific environments or specific kinds of
food, the protein ”'IL'!-' i‘.lll.‘l-:l.ll-:‘:-:: as hair, mails, and ofher
substances reflects its characteristic isotope ratios.

Macko has studied hair from Oetzi, the 5 000
ran whose body was found in 1991 in the Alps (ke was
essemtially a VERAN ], 35 well as hair from Cieorge Wash-
ington (his diet was typical of his ime). “Hair is a tape
recording,” Macko remarks. “What von eal for hreakfas
hlll"-'\.'.'h :\.:Ili SUEVET ':?il:'.'\. |::|_-:_'r ||| '\.I_Iq.,r -".Ilr"

Macka's work has also Led him to descend inte 1he Gulf
aof Mexicao, where he & part of @ feam from the Mational
Creenme amnd Atmospheric
Administeation h!'.1|.|_1. mng
the eoology of mas ydrates,
:I:I-I‘.".'I‘I'.I"\ |-|t- I-III.I'.I::II III('J.IIIIIII'
found on the seafloor. e
will cxamine Hssues from
bettomme-chwelling plants and
animals to determine il th
henthie food chan in these
arcas leads back to the pas
||_1.|.||:|I-.’_“x. Here s, he
will be using the character-
islic: dtable isotope siama-
ture of the gas hydrates as
his slarling poin,

Levpiraale]

Skeve Macke in his lab,

e L |
i ;




THE BEGINNING OF A NEW ERA

Thirty years ago, natural science faculby at the Um-
versibe of Virginia embarked on whial was oo the time &
pioneering experiment. Their idea: end the compart-
menta lesahiesn Fhed bl flilgll'.l.:lllc‘:-:l the :"i“l‘:]:.' of our natu-
ral surronndings and ereate a new department bringing
frgrether researchers n ||_l.-|:|||'|]||§:.', :|I||'|l|.~\.|:|'.".|:'| i sricnee,
peoscicnees, and ccology, The logic behind this decision
Wi '\1'|IiIiE__|1||.II'.l.'.'.=II':'|. While ﬁl_".‘t:l.:iil.li:l'.L"':.I expertise would
continne to provide the basis for discovery, the complex
if:.' ol II:IlIIIiII ﬁ:-hh.'lll.‘\. demanded an il'lh'.'F_:'.'-'ltEl:I :=.|:|5:rmat-||.

The last three decades have amply demonstled
e swisdem of This decision. A suceession of outside
abservers have praised the Department of Envirenment
Sciences for it interdisciplinary practice, and itis widely
recognized as one of the leading departments of its kind
in Ble nation.

The {||;'|_:q.;|7||11q'.':|, PR |1||i--;,:|:| o fake the ||:;|-.:|:f|.'|.' nf
interdisciplinary research in the environmental sciences
ey m new level, thanks to the inminent completion of the
Clark Hall addition and a systematic renovation of the
extsbing building,

Although gencrations of cnvironmental sciences

stuclents and Facully have developed a menuine fondness
far Clark Hall, it has nol heen Tor s -::|||::||.ili:'.~\. a5 Aan
academic building snitable to the natural sciences,
When Clark Hall -::-||l.:|||'v:] ils docrs in 1932 1o serve the
Llaw school, planners at the e never envistoned that i
wonld be madified 1o sl laboeatories, and subse-
cueent piecemedl renovations have only made the build-
L NGTE T il::|||:|'. with its |'|'|I.I|Ii|:l|i-:j|::.' af levels amd
mage-like frafhc flow, That the deparbment has been
alile to attraet and sustain warld-class research and teach-
mg-in such a building 1= a testament to the tenacity of
o |-::||.'|||I_':.'.

With the opening of the Clack Hall adddition i June
2002 and the completion of the Clark Hall renovation
the followiog vear, we believe that e study of erviromn
mental seicnces at the University of Virginia will be
::-nrll:_'-;:l B aftzaim @ mew level ol snanence, MNever hefore
have our facullty worked in laboratory space designed
fram the vy starl Tor that [ sl :||:'.-'|:]f;|.'-:] Is
promote collegiality and the free interchange of ideas
AT resenrchers and befween [:.'I'II“}' anl shudents.

The combined renovation and addibion projects have



CLARK HALL RENOVATION
AND ADDITION HIGHLIGHTS

The cost for the renovation and addition to
Clark Hall is 5§30 milllon, There 5 45,000
square feet of net assignable space in the
addition.

aven the l:|l'.'§.:-.|:|'|I'|'|n_".:|:'1 j’ii.l.'lllf:l' the ability B reconceive
the entire building —and an extensive planning process
was undertaken hefore the Arst brick was laid, As thsens-
sinns continoed, certain design principles cmerged. Ground Floor
Public rooms—classrooms, conference romms, and

Py ! ] eraatnns Mews slacermams
administialive elhees—would be located in the front of Renovations: New classrooms

Clark Hall, while new laboratories, supponed by venlila- Addition: Three large wet labs, six smaller
tinm, plombing, ¢lean power, and safeby svstems regquired
b madern Taboratories, wonld be honsed in the addition First Floor

Special attenlion has gone info the desian and place- Renovations: Mew claserooms, mural room
ment ot the new laboratonies. The Aoomplans promaols preserved, new department offices
casy aceess bebween lahs :.'ucl"ll.‘-‘lx'-: :ar-;':l.f..uml i:.'-.llilll.ﬁ.h.' Addition: Three large labs, six smaller labs
studenls wiall be able to have offices near their lahoratories. :
[ adilition, mnel af the ]:l||||'..:H||'._1 space 15 Hexible, [k ean Second Floor

b converted fo new uses as department prioritics shifl.
The !'::i:lill is 1o create 2 'E:-lli'll.lill.g thal addreses the deparl-
men s needs oy while sustaining faculty and stodents
fosr viears to come.

I the meantme, work an Clark Tall continees
accordng to schedule, amd |-:|-.::.'.|I_l. e bers v aceome-
mnclated themselees fo the noise of constoction and the
neressiby of o ing to femporany gosilters when their

Fernovalions: Conference roam, office space,
new teaching laboratories, balcony offices
redesigned, bridge connecting front of
bullding to the addition

Additiam: Six dry labs for quantitative work
(adaptable to wet labs in the future)

Third Flaor

e space worenoated. The inconvenience wall be well

worth it. The expanded, renovated Clack Hall promises 1o Renavations: Quantititive h space, offices
ke an oulstanding eovieonment ko research and |.'_';:_:|'|i'_-'_-g':; for fleld reh stations

aned will play a prominent rale in the department’s abilidy Addition: Faculty offices, conference rooms,

I contineee o afbcacl I|||:-||:|I!_'|1 scholars and talented quantitative research space

wnduate shadents ta Charlottesville,




CELEBRATING OUR
MOST DISTINGUISHED
UNDERGRADUATES

The department's Distinguished Majors
Program attracts our best students,
who take on the challenge of conduct-
ing a significant research project during
their fourth year. Working In close
collaboration with a faculty adviser,
they master the techniques needed to
conduct their research, learn to organ-
ize and prasent information clearly, and
experience both the trials and satisfac-
tion of conducting original research. In
the process, they gain a better under-
standing of their own interests and
strangths. We are very proud of their
accomplishments this year.

Rachel Cassoff

Helationships among Landscape Structure, Dieer

Abwrbimee, g Lyvime Dhsease Incidence in Virgini

Eescarch Adviser: Michael Bowers

':.;L"":l'.':ruip.":l. ||'I':|'5r|||-\.|'.'|'|'|'l SVSICIIL Poorrins II,,I'-'{' (et el | N L5
A imporlant ol for envirenmental rescarch, allowing
seienbists b oreabe lavercd maps that reveal B ioderplay
al variables in h|:-.'l.'i|-|-.' regions. In brer efort o correlate
larvelseapse strocture, deer abumdance, and Leme disease,
Bachel Cassoff naturally cmploved this powerful tool.
Leswrming the programe amd eobening the data was the

mosl Hne-consuming parl of the project, but it was warth

17 she savs

Wirking with data from different government agen-

Dlstingulshed majors 201z Cornna Shapard, Rachel Cassoff, Christina Spellerberg.

cies, Dosenll endered landonse, dese abundanee, and
Lymne discase data enlled from a vanety of sources, She
fevme that decr Aourished i areas where there was a
mised habatat of Forests and open spaces

T a5 pretly much what we l:'.'k.|ll.'l.'|il:.: to fined,” she
nofes, "Dheer necd Forest for cover and open areas for
f-.:-l:lg-:' " The incidence aof Lyme discase did not, hawever,
correlabe with deer abundance, soggesting that there ae
olher variables that aceonnt for the spread of the disease.

Cassaff was enthusiashe abaoat e CXPEIILNE “
wanled toowork with Michael Bowers, and | wanted to
challenge mvself)” she concludes, "The Didimguished
Mlajors Program gave me a real faste of what research in
aracduate sobioed might be like,”

Flizeabeth Darrow

Clam Hemooyte Chemaetaxis as a Bioindicator
of Environmental Stress
Hesearel Adviser: Dave Smith

Fescarchers know that one sign of eovitorumental stress
amome amimals i oa owenkened bomne svstenm, which
leaves them susceptible to discase, The moal of Beth
Dharow’s project was o hind o technigue @ apply this
insight fo clams, which were onece widely abundant
thinughout the Chesapeake Bay.

Ab the sugmestion of her adviser, Dave Smith, she
laced blood taken from her subjects in one part of a

0

Bowden Chamber and s bactenal profein i the ofher



and mezsured the migration of blood cells acros a
membrang separating the two seclions, She found that
Flaad taken from clams that had not been subjected 1o
LII"-II'IZ:'I11'|'|I'.II|.I| TERECS hl"::]:l A% II!':-II Rt i L] ::lrl:"|'|l'_' b (n]
migrate acvoss the membrane, a process called cheme-
baxss, than those that were not.

Adopling the Boyden Chamber for this purpose was
not, however, smoaoth sailing. “[twas frostating at times,”
she savs, “1 tinkered with it for days trving to make small
adjustments. 1 had worked in labs before wing tech-
nigues that had heen fully worked out, 1 now appreciate
how mach work went into refining these methods.”

Distinguished major Beth Darraw
er hands on her elams.

Charles Dievet

Application of the PoliT-CN Terrestrial Feosystem
Maodel to Shenandoah Mational Park, Virginia
Rescareh Advisers: Jack f.'ﬂs]]}' and Jam Cialloway

Human activity has changed the nitrogen dvnamics of
temperate forests in Virginia, with important implica-
tioms for the health of aquatic ecosystems. For instance,
air pollution has greatly increased the rate of nitrogen
depasition in the Shenandoah Valley, with the patential
to increase the acidity of local streams, At the same time,
land-use practices, extending back centuries, shape the
way the environment processes this additional nitrozen
Chip Fievet tumed to FnET-CN, a terrestrial ecosys-
tem computer model, to explore the intersection of thess
twe waniables. His goal was fo ereate a system that can be
nsed to assess their probable effect on nitrogen oyeling in
the fitore, .
Frevet did extensive research on land vse in the area,

Distinguished major Chip Flenet uses compurber modeling
to assess nitrogen dynamics in the Shenandaah Park.
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using maps created when the park was ereated. He also
drew an 20 vears of data on 1|i||||g|:_'|| -;,:-l_'-|:n:|!c|||-::||| ECCUTNL-
lated by department researchers and others. Enlering this
information inte PrETS0MN, e was able o create scenar-
e thal reflected different amounts of land cleared, rain
fall, and nitrogen deposited.

Fievel jumped st the opportunity to participate in the
Distinguished Majors Program. 1 enjoy working inde-
pendently,” he says, “and taking on research 1 wonldn'
got b dooinca normal clasroom.”

John Murphy

1‘I‘l:?|:l:*1:“tittg Jli(rﬂi\'l’.‘:x:il}' anl Feosvstem Health
i Adbemarle County
Research Adviser: Carleton Kay

Albemarle County resident John Murphy has always
been interested in local issues. Before moving to Virginia
beni years ago, he was invalved in SIASSTONES Progressive

Distinguished major lohn Murphy
mear his Albermarle County home.




politics in Southern California, When he was searching
for a topic for his distingnished majors projeet, he knew
he wanted to write on g local conservation issue,

Murphy noticed an unusnal clavse in the Alhemarle
Counly planming docoment that declared biodiversiby o
resource worth protecting and established a bindiversity
comittes o make recommendations for land use to be
included in the countv's land protection program. He
decided 1o explore the implications of vsing biodiversity
a5 @ framework for planning under the dircetion of
Carleton Ray.

Using data from the Virginia Department of Game
aned Inlamdd Fisheries, he fownd thal there are o namber
of endangered bird species in the county with diverse and
conllicti LT haksitan ||.|||||||.|'|'|¢1||::-. 1|1.||nc|||g il vy diffie |_||I
to develop a coherent biodiversity plan based on specics
|:|r|'.l|:|:“" tion alone. A more effective Wiy (4] prosena Fsiali
versiby, e argoes, 15 o cmploy a w ider perspective that
ineludes overall eeosysterm health,

Corinna Shapard

An Assessment of the Role of Oyster Bars and

I3rilE "-.-l"wru:alg_:-ll.' i the Associated Benthic, Macro
organismal Community of Tog Island Bav, Virginia
Hesearch Adviser: Dave Smith

One of the things that Cory Shapard leamed in the
conrse of completing her distinguished majors project is
that rescarchers often have to do more than gather and
amalves data, They have o buld the equpment that
enables them te eollect their data in the first place.

Working with Diave Smith, Shapard set out to analyze
the organismal community associated with the ovster bars
amil (lrifd ;l]g:u; in Hog sl Bay. part of the Yirginia
Coastal Reserve LTER. In order to accomplish this goal,
she had to hegin by designing a mogeed collection device
that wouldn't be damaged by the sharp ovster shells and
thal was appropriate for wese will The kinds af OFZANISMS
found near the bars. Dense mats of doft algae quickly
l::]l'lggi"i] seine anid gi“ nets, and hroken shells on the
ovster bars easily snagged and tore them.

|'.:|:l|.|:'|.|.l|'|:|'."|li|'|g with Tormer maslers slodend Cirang
Lavman, Shapard bwilk fray traps that allowed her to
measure the volume of drift algae. She found that al
below certain concentrations, the drift algae support a
varied organismal community, bat that the quantity and
vaniely ol gssoviabed organisms dropped off above a
certain level.

“1 spent parts of bvo somimers on the project as well as
many hours during the school vear,” Shapard notes. “t
wits at greal nbtroduction lo conducting field research in
coology.”

Christina Spellerberg

Climmatic and Land Use Effects on Soil Bespiration
Rates during the Winter Season in the Vieginia
Faecl ot

Research Adviser: Howie Epstein

The emission of carben from soils through the decompo-
sition of organic matter, roo? respiration, and microbial
respitation 15 a major part of the global carbon cyele.
Mot studies of this subject have been done during the
growing season, and while carbon exchange dunng the
winter has been recognized as a signifiicant contribulor to
this provess, the factors driving winter soil emissions are
not well understocd.

With the guidance of Howie Epstein, Chrissy Speller-
berg examined the carbon nitrogen ratio and the total
percent of carbion in soils on a series of ploks ot Blandy
Frperimental Farm and at the Virginia Forest Rescarch
".'|-:_:i.|il1.' She foumd that sinter soil respiration 1% inHu-
enced primarily by temperature and moisture. When soil
e rhigs were -1||||1].|r e effects of land use were min-
mal. These conclusions have implications for global
'.l.':||:|:|:|i|'|g__. W the winlers become waTneT, we can expeeck,
at least imibially, to find increased carbon emissions from
the snil.

“This whole process was invaluable to me,” Speller-
I".acr_g SEYE. “I learmed to strocture 2 research |:|r-::-i-e:-::|:,_ hon
to seek out and review relevant materials, and communi-
cate my findings effectively.”



UNDERGRADUATE STUDEMTS

Conona | Shapard was recogmized for giving the best under-
g:r.l-:hl:lr-:: pester presentation ag the Environmental Sciences
Rescarch Foram. belanie L, Allen had the best undergradioate
presentation at the same event.

Baclvel M. Cassolf, Elizabeth 8, Dareow, Charles [, Fievet, [r.,
Jahn A Murphy, Corinna |, Shopand, aed Chridina C.
spellerberg sll completed the department’s Distinguished
elajors Pragram.

The department recognizes aukstanding foorth-vear sadents in
cach af the cavirsnmental seiences. This year, the Mahlon .
Kelly Prize in ecology went fo Jobn A, Mucphy, the Willar A
Melson Award in coology was given te Melisza [, Cardwell,
thee Miclhael Gurstang Asphene Sciences S wenl Lo
Matthew Sachs, and the Departmental Interdisciplinare Awarnd
wirs designated to Christing C, Spellecberg,

Of the 43 Harrizon Kesearch Awards presented by the University,
undergradusles [rom he department cumed fve, These shiudents
were Laura A Cacha, Monh E. Egge, Bachel A. LeBay, Batrina
L. Melabim, and Kennedy F. Bubert 1V, They were awarded
prants of up fo 53,000 each b conduct a substaniz] research
|:|r\-:_|i-:-.f_~r

Moah E. Egge was the reciprent of a Blosaoer Schelacshig,
while Sean 1. MeCrinty received o Mitchall Schalarship,

This year's Wallace-Paple Prize far the fourth-year student
majoring in envirenmental sciznces with the highest grade-peint
average wenk o Raclel M. Cossofl,

Melizsa A Kenmey was one of B students nationwide selected
for a prestigeous borres K Udall Schalaship.

CRADUATE STUDENTS

Katharina M. Ross was the winner of the Fred Holmsley Moare
Teaching Award, Since she joined the department in 1994, she
hias served as a beaching asistant i severa] coumses meluding
Fhysical Geology, I3 rth Surface Processes, Cepmerphalagy,
Fundamentals of Ecology, and Sedimentary Procesies,

Enviranmental Seiences Research Famim IZ_'I":l‘.sr;n'u::ingh Presenta-
len Awarrcls were eamed by Selastian M. Biedel, Steven [,
Turaski, Katharinn bd. Boss, and Kelly K- Coaylor.

The depariment offers a senes of msrds henornng oulstanding
graduate students in each specially in enviranmeental sciences.,
Thiz year Larissa Bead camexd the Graduate Awand in Feology,
Joe Carr won the Graduate Award 10 Hydrology, Brstina
Eussell won the Joseph K. Boberts Award, and Claristie Feral
receved the Fobert Ellizen Awand for interdisciplinany shudics

Amber Soja has been awarded g threevear EPA STAR Fellow-
aluip b0 further her work an leer disseftation on remotely sensed
patberns af fre and Landseape change in central Siberia, The
award includes wition, a stipend, and an allowanee for vse at
the shilent’s discrelica.

Manika Calef and Oliver Frauenfcld wers recipients of Maore
Besearch Awazds,

AR Ehiz vear's Arts and Scienees Gradoate Rescarch Poster
Exhibition, Krastinag Buossell received a second-place award, 2imd
Eelly K, Caylor and Todd Seanlon received third-place mvards.

AWARDS, APPOINTMENTS,

AND ACHIEVEMENTS

Kevin [nlmi.al'u;i. Carmen ‘|'ip were awarcled I‘.I¢|:¢rll1'r¢nl: Hesearch
Mewarels,

Keith Reinharcdt received the Traut Unlinmited Awward,

The Maury Envaranmendal Sciences Prize went to Chwen Cooper.

FACLLTY MEMEERS

Bol Davis was appoinbed editor of Climade Research.

several of sur Faculty were Featured in televised documentarios
magle this year. Mlike Gastang’s work was highlighted in a
Maticnal Crecgraphic Alm on elephant communication, while
Steve Macko was inberviewed for the “Ultimate Guide toe
Blwmmaes,” broadcast on the Discovery Channel.

Paul Desanker was appainted to the review committes for
the Fulboghl Semior Specialisls Progem.

John Alberisen eamed the Collzbarabar af the Year Award fram
the Mational Pesource Instilute,

Eartl's Climeate: Pred and Fudure by Bill Roddiman waon o merit
mward For text design from the Tri-State Publishers Cuoild,

Bill Beene was invibed bo sere as editor of Atwospdueric Chenistny
ane! Phystes.,

Oibaervations of Surfaee fo Atmosphers Interactions in the Tropics
Lo Belike Garstang and David Fikzprmald was osmnated For
the Universitys Phi Beta Kappa Award.

Jimn Cralloway was appainted an asseciate editer of Seigntific-
Wiardd, o new electronic pourmal. He was also featured by the
Virginia Center for Stewards az a steward of the month and
recemved deparinent awards from bedly the Enviconmendal
Sriences Organization and the Craduate Stodent Asaciation.
He shared the Enviccnmental Sciences Organization Award
widl Wally Beecl.

A riumiber of our Gaeolty were singled out for recognition by the
Umiversily. Deborah Laweence reccived & University Teaching
Fellpaship, Tom Smith received o Facolty Senate Teaching
[nitiative Award, and Jobn Albertsomn, Howic Epstein, and Mike
blann recerved vie of Four wapor grants Fom the Fomd for
Excellence in Science and Technology,

Bill Rickards was honored by the Sea Granl Association for his

servics as Ireaswrer and executive board member.

Cipvernar Crilmare appointed George Homberger o serve a
frve-year lerm an the Board of Toustees of the Vieginia Museum
of Matural History, George is also listed amaong the nation's mast
influential rescarchers om the 151HighlvCited com Weh site,

Hunk Slogart was lonored by e Uaversiby of Arkanss fo
lviz work that helped revalutionize methadology for svaluating
crvimommental facters in biological cemmunitics,

Wivian Themson was awarded the Diginguished Pulbright Chair

in American Studics at the University of Southern Drenmark

Balserl Swap was the scienfific coordinator ol a major MASA
peaject, SAFARL 2000, in sauthern Africa that invelved aireeal,
stellite and ground-level investigabions,



2000 PUBLICATIONS
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13200308,
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2000 Currend, recenstructed past, and
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T, L Fish, Agueat, Ser. 57:1515-23,
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Anderzon, [ Seduj, G Tobis, 5. A
Macks, P. Kubies, T. Stazewski, and b
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Callender, E., and K. C. Rice. 2000, The
urhan environmental gradient: Spatial and
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lead and zing in sediments, Eevironoen-
daf Serersve and Techrology 3 (2 232-35.

Cam, [0, I, and L, E. Banaz. 2000,
DCragweend anthirneness (Discula destrue-
tive]: Effzcts of and conssquences for host
(Comeuz Rorida) demography, Aerican
Midland Maturalise 143:160.77.

Chrstian, B B, L. Stasvich, O T,
and 3. ¥, Brinson, 2000, Belerence is 2
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wedlands. Pp. 805-25 in Convepis and
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