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AMMIS WATER
RESOURCES

rich and wonderfut quality of |
ife. The Annis Water
Resources Institute is a key
player in helping us protect
this important resource,

schontific ressarch projects,

thoy bring a high degroe of
professionalism and sxpertise
into this community. Besides
halping to cormact past
probloms, AWRI has raised
avaryona's lavel of awaronass,
Wa are fortunate to have thom
here.

Gary Post
Muskegon Construction
Company

R. B. Annis Wabar Rasourcas Insbiluse

WATER RESOURCES YEAR

Winber 2005 Vichuma 18, Mumbsar 2

Anticipating what lies ahead

O, Alan Metaman, Drnechor

Mext year marks (our majper annmer-

samies for the Anmis 'Water Resources
Instiiute. First and foremost, 2006 wall
b the Z0th annmwversary of the
Instiute’s formation. [n addition,
AWRDS resenrch and education ves-
sgls—the W, Jackson and the (1.0
Angus—will mark their 10th and 20th
years of operation, respectively, in
2006, Fmally, 2006 15 the froe-yvear
AnmIversary o o w10 ‘!‘u‘luxk:}:ml'
the Lake Michigan Center. Such an
alignment of anniversaries naturally
triggers thoughts about where we have
come in the last 20 years

From the start, AWER] has strives] o
b n 1.'.,1n|:|'m¢h:'r|u|1.:' Waler resources
mstpiute, Dhar massion 15 il ondy to
address research, education, and out-
reach, but perhaps more importantly, 1o
integrate them. This inlegralion process
helps ensure that our programs do not
operale in o latson, and that oar
resEarch !-IIHJIHH:"\. e u|‘.|1'.l||r|:|i whiether il

s in the classreoms, commaunitics, or the

halls of Lansing or Washington, DT

Oer educatbon initiatives offer many
opportunitics for smdents, teachers,
and commumily members (o become
more aware of, and care abouwt, enhanc-
ing and preserving ouwr naiural

resources. In addition to the undergrd-

uate and graduste classes that oor fac-
ulty teach, the AWRI vessel education
and outreach program has instructed
over | (L0 passengers about the

Lireat Lakes |.1ur1n|_.: the pist 20 WEIrs
These education and outreach pro-
grams are enhanced by our research
inktiatives, which provide our students
with e sl Ciardenl and relevant
I-:ndmp. T:!Filrdll!“ the saius of the
Cireat Lakes

While owr work over the last two
decades hns helped define us, it is
alwaiys useful o refllect on where we
have been, b aaaess whene we ane now,
and io determine where we wani 1o be
in the future, This year, our Science
Advisory Board reviewed our perfor-
mance over the past fwo years, and
offered sugpgestions on how we can
improve, Their Nndings are thorough,
insightfial, snd helpful. (See a summary
of their report on the next page. )
When we begin updating our strategic
plan next yvear, moch of what they rec-
ommiesd will serve as a blucponint.

Im this Year in Review, we are pro-
filimg owr principal imvestigators and
s of the projects they have direcied
over the past year. As you read their
gories, please remember that many
others — techmicians, student assis-
tants, and support staff — have con-
iributed valuabe work to these pro-
jects. They are vital members of ouar
team. With the passion and dedication
of all, and the generosity of our fun-
ders, we will confinue to fulfill the
mission of the Robert B. Annis YWater
Resources Institute

Integrating research, aducation, and outreach to enhance and preserve freshwater resources



Science Advisory Board Report:
Useful tool for future growth

AWRDS Soience Advisory Board visred us n
March 2005, This was their third review of AWRL
Thetr report contiing a thorough and constructive
analysis of the Instriuie’s work and offers concrele
recommendations for continued improvement.

The report states that AWRI “has undergone
tremendous progress and maturstion over the: kst
two years and it appears the scientific productivity
is gromang. ... We commend D Alan Sieinman for
his beadership and the unoversity administration for
their heightensd suppon for AWRL These have
truly combined 1o ensune the recent success af
AWRL™

The report highlights the work of the
Information Services Center, the Education amd
Chutreach program, the individual rescarch pro-
grams pnd fsculty, and AWRIs scientific dincction.
They also commented on technical safl, the grodu-
wie program, faculry tenure, facilities, and the
review process, The sdvisory team commended our
efforts while polnting out ways each principal
mmﬂhrniﬂﬁm future efforts,

The report concluded with this summary: “We
reiterate that hnwmu e significant and

Hnﬁ-ﬂrh;-lmmﬂmhmﬂ
mpﬁ;mmmmnh—
hmuhﬁnhhjﬂmﬂ be well
pﬁnmtmm*mw
ﬁm:&hmm#

= Peter Meier, L'ni ersity of Michigan { professor
Cmeritus];
= Claire Schelske, Department of Geological
Sciences, Universaty of Flonda (Gainesville, FLJ.

Institute Highlights for 2005

» The new Wipperfurh Scholarship, named for Bill and Dusna
Wipperfisrih, will find an undergradiate mnternship for one semester ol the
Inattidle each year

« AWELS Saence Advisory HBoand conclisled thewr S report

= The LS. Depantment of Housing and Urban Develapment is providing
S250,0000 1o begin the (el phase of renovaling AWRDYS Tkl stathon and
makmg physical improvements i our e

= AWRI faculty and stall made over 80 public preseniations in 203

= The Lake Michigan Center hosted almost 100 events in 2003

« AVVEL Taculty members weno asked B0 provide SXpsTl iesiimany 18
emvironmental matiers belore stele and federal gesernments.

o AW facuilty and sealT were swanded over S850,000 in grants ansd
cofiracts im MK

Graduate student Jennifer Cymbola conducts tests In an AWRI lab,

Students provide assistance

As part of Grand Valley State University, the Annis Water Resources
Institute and its prncipal mvestigators (PEs) have abvays had & strong
educational focus both i and out of the classroom. With the recent mdds-
tiom of AWRIS graduate program, the connection between reseanch and
education became even stronger. While graduate students gain valuable
experience through hands-on learming and supervision by AWRI scien-
tists, they also provide much neeided sUppor o AR resemrch pro-
jects, enabling Pls to pursue and accomplish more,

l_hnm*'hnut thes pilst year, the I'u-‘lllm'ing sudents have FH.I.TIIl.,'I]’hIlﬂ] i
AWERLs graduate program: Maii Breen, Jennifer Cymbala, Keto
Givekis, Royee Hughes, Janel Hagar, Elnine Iscly, Stephanie
Januchowski, Jennifer Jones, Anron Parker, Michae] Shoemaker,
Allison Trumble, and Dana Van Haltsma,

We would aksa like 1o recognbee the |.1!-|IIT|.||-II.'I$ gludenis for special
hanors Ihq'g.-' rq'b;,:l.ri'-'cd (11 PekEl Year {.'|l'l|:|!r .ll.llt. whi won second Iﬂ:i.'l:'
I hiar preséntatuon al a rc-b'_mnql miecling, and Mat Breen and Melissa
Reneski, whe were selected from a strong pool of applicants 1o receive
the Fenske Award at the Midwest Fish and Wildlife Conference




Profile: Dr. Bopaiah Biddanda
Getting to the bottom of things

o wouldn't think that

exploring the bottom of a deep

kake would uncover anything
other than silt, sand and debns. But in
2003 rescarchers made an unusual and
highly interesting discovery; they
found a submenged sinkhole abowt 93
meters (305 ft) below the water's
surface in Lake Huron

“We nre maore familiar with
sinkholes as they appear on |and;
discovery of a submerged sinkhole s
not that common,” says Dr. Bop
Biddanda, AWRI scientist pndd a
member of the multidisciplinany
exploratory team that made the
discovery
“In this extreme environmend, the

sinkhole creates a unique ecosyslem
Instead of photosynthesis, the microbes
amd bactena that flounsh in the dark,
deep water surmoundimg the sinkhole
depend on chemaosynthesis, using
chemical energies to sustmn hife, These
sinkholes are hiochemical hot spois
T|:r|.':'|' prn'.“jq;' wmasanl opporiunilies for
research,” he explams

About 93 motoers balow the
surface of the water, this
submernged sinkhole in the
Laks Huron Basin croates an
amaringly unigue scosystom
that ks relatively rich in
sulfates, chlorides, and
nutrents from groundwater,
The light area at the top of tha
phote s actually a thick plume
layer comprised of dissolved
and particulate organic carbon.
Wood and rock debris litter tho
battom of the lake.

The sinkholes, called karst
formations, are a result of the
dissolution of Paleszoic bedrock thai is
abaut 400 million yvears ald. When that
bedrmck enmdes. theé ;..:Jllunl]'n..ﬂn:l ]
these deep aquilers 1= released, !:\.ldi.':IhH
1% way inlo whabtever lies above ik

That plume of groundwater or vent
water contains high levels of dissolved
chemicals, such as phosplomnus,
sulfites, and chlomdes, Ccreating an
geosveiem with biological organisms
thot are entirely different from the
surrounding lake emvironment. I is
warmer in the sinkhole ecosystem
7.0 *C (44,6 "F) compared to lake
1.5 °C (383 “F), which =
likely o enhance microbial
metabolism. The area is also marked by
high conducinniy a result of
enhanced dissolved lons present in the

WHler

grounclwater

Finding small submerged smkhales
in the bottom of a borpe lake, and then
collecting samples and measunng
imprinnd information such as flow,
light, dissolved gasses, tempemiure,

“Sinkholes are biochemical

hot spots. They provide
unusual oppertunities for
research.”

and chemical compsiisen 15 nol an
CARY thing to do II1I|HJh'¢-iI|:IL', in fact,
without the aid of the University of
Michigan's remotely operated vehicle
for education and research, the
M-ROVER. Dy, Biddanda amd the rest
of the explormiory team will use M-
ROVER to explore other submerged
sinkholes throughout the bay and
compare data

“There 15 30 much we don'it know
about submerged sinkholes,” he
comments. “How does this ecosystem
|1rl|.'l_*|[|.', and who are the mapar
players? Will it hove an imipact on the
rest of the lake? How vulnerable are
theyT Further research will help us
uncover these unknowns.”

For more informoation, contact Dr.
Biddandn st biddamdbhda gvsanedu o
616-331-197H or log on o
gvsu.edu'wn'buddanda,



“An accurate and
comprehensive
hydrologic model is key to
fully understanding what
is going on in an aquatic
system.”

dentifving contuminants of pollisants

in a waler system is imponant, Yel

youl cant pel an accurate ploture of
what s really happening in that sysiem
unless you understand o substances
fhver throsighout the watershed. Being
able 1o quantitatively chart, define, and
predict what happens in o fhowing system
is called hydmologic modeling — a vital
el in comprehencing and fonecasting
hydrodiagic processes in o waler sysicm.

Developing and calibrsting a compat-
er-hased Inpdmabogie miodel requires
extensive data collection. This past vear,
Dr. Xuefeng (Michael) Chu has worked
on severn]l AWHI projects 1o create
sophisticated hydmologic and envinon-
meninl modets.

In the Mona Lake watershad, his team
set up frve data collection sites m 2005,
im addition o the: five sites set up in
2004, Speocial semsors housed in PVC
pipang recond mformation such as tem-

Special sensors instalied In Litthe
Black Creek record important
information such as tempaeraturs
and pressure 24 hours a day,

Profile: Dr. Xuefeng (Michael) Chu

Analyzing the flow

pernture and pressure every 10 mimuies,
24 howrs a day, The research team also
takes measurements of the strenm’s dis-
charge and oross-sectional area af each
site. The gencraied stream data are down-
loaded and processed for an pccumic
hydrotogee model. This effort wall contn-
e unti] June of next year, at which time
D, Ul wall meport his fimdings

Dir. Chu was also imvalved with devel-
apng an environmeendal model lor metal
contEmunation withan the Mona Lake
watershed, Both Biack Creck and Litle
Binck Croeck were contaminafed years
ago with heavy metals and organic chem-
icals from le[h:r!uruj gites mnd melustrial
facilities. The project focuses on cvalai-
ing metal and sediment contamination 1n
Little Black Creek and creating a mode]
1o quaandify surface runofT and erosion 0
the watershed, [t will stmulate sediment
and metal, specifically cadmium, trmans-
port i the stream-wetland sysiem

“Wie know the sounce of the cadmdum
1.'|.l|1L1.1||:|:_'|I'i|.l|1. it it fiol contamed m
that one area, Cadmivm shows up down-

aiream as well, and in higher concentra-

s in soimse places than m others,™
comments O Chie “These models wall
show how cadmim is transported along
the stream channel. We can also use
these models to predact how the cadnn-
um will be trunsporied i the future.”™
Crenerating a hydmlogic emvironmen-
tnl model has many benefris. With this
tool, sceentists can get a good handbe on
haew wader, sodiments, and contuminants
i throuigrhout the system. They can
accursdely pssess the environment and
determine its contamination potenal
“An accuriie and comprehensive
hydrology model is key 1o fully under-
standing what 15 gOmg on i an squstc
system. How are sediments or hemy
mitals h-,'rn-j; transporied” Wihere oo |Jh.,"':|'
end up" What Tt of the stream or
lnke are they .'IHI,'\,'I:IHF-' We need 1o wie
compuler modcling to answer questions

like these,” says Dir. Chu

For more information, contsct Dy,
Clw i chuxlgvso edu or 616-331-3987,




Profile: Dr. Mark Luttenton

Looking at nutrient loading

Eants are an infegral part of the

balance of life within an aquatic

environment, When I!u:"r.' become
o pl‘fnnful. I:I'“::.' I.I-n:ﬁ!l.'l:l\':' Uhat delicile
balance and create problems within the
CeOsystem

That's what has been |‘1.1|1n|'h:||.||1;_..' at
White Lake. Over the past fiew vears,
aguatic vegetation has growm consider-
al_'ll:.'. I'N'[.'.TI!F'-":'|'_-' .;llll.l.}..'l.ll.'li.: il |1|1|:,I Privp=
eriy DWRErs, wiho spend lots |.r1'rr.u1r.u.':|.'
on berbicides 10 decrease the weeds, bat
also fish communities, which are
mmpacied by the change, Higher plan
densitics, for example, can actually stunt
the growth of bl pllt Excessive
weeds make of hard Tor pl'l:iia.lur fish 1o
g blue Fil]:\, thus increasing the pop-
ulation, As the number of blue gills
increnses, their size decreases,

The reason fof the increased plant
growth i3 not a mystery, Basically, the
T'||.:|r:L\. are geiling more |l|,::|"||!. thank to
the clearing af the water column h:.
rebrn mussels, and 100 many nutrients

whal scientis call “nutrient boad-
ing.” What is not well known, though,

i how those nutrients are Mnding their

way indo the lake,

= i
e
- 5

! g

Far the past vear, AWRI research
wientid Dr. Mark Luftenton has col-
lected data fromm the walershed sur-
r|1un|.1|.u|.: White Lake to Lry aed deter-
mine the sources of excess nuinents
Sampling sites are on the White River,
which feeds into White Lake. D
Lunemton and his weam have isolated a
historic wetland ares and observed the
flow of nutrients theowghoot the differ-
eni seasons. They have looked at the
role groundwater plays in possibly car-
rying excess mutricats info the lake,
What they discovered helped pinpoint
the problem.

“The results of our stsdy indicate
that the groundwater was carrying high
concentrations of nuirients snd chemi-
cals such as phosphoras, which staimu-
lates plant growth,” explains D
Luttenton. “Since most aquatic plants
take up nutnents through their reot sys-
tewm, it seems likely that at least part of
the nutrient loading is coming from the
groundwater, not just from the river or
the weilands "™

How e those nutriends getting info
the groundwaier?

Many parts of White Lake are overmun with excesslve plant growth caused

by nutrient loading.

"

“It seems likely that the
nutrient loading is coming
from the groundwater.”

“Our research shows that the
groundwaier in residential ancas has
higher concentrations of nutrients than
in nopresidential areas. Those nutments
are likely coming from lawn fertilizers
amnd leaky septic tanks. Excess nutnents
seep into the groundwater, which &
quickly carried to the lnke because of
the sandy sodl.” he says. “Its not a
huge amount. Rather, it is an ac¢umu-
lation over time. Yet, that sccumalation
is definitely having on impact on the
lake itself”

The results of this study wiall help
community leaders decude on the besi
icourse of action to inke. As Dir
Luttenton points out, switching to a
phosphorus-fres fertilizer and main-
twiming septic tanks will help redhice
the amount of nutrients entering the
groundwater. “Understanding how the
wabershed system opertes 1% o crtical
part of assessing the situation,” he says.
“Before you can even consider a solu-
tion, you need an accurnte and com-
plete picture, which progser research
provides.”

For more information, contact Dr.
Luttenton al luitentmddgvauedu of
G16-331-B795,



“It is far less expensive and
time-consuming to prevent
contamination than it is to
clean it up.”

1'% been ten YOS SINGe D, Back

Rediske concducted tests on

Rudidhiman Creek i the Muskegon
Lake watershed angd documented the
presence of harardous chemicals in the
cooEysbem, Sediments oo the créeck oon-
tained high levels of PCHs, heavy met-
als, and petrobeum biproducts — pollu-
tants from foundes, FIIJ[IHE.: anid athér
heavy manufaciuring ndustries thai
wwerg 1Ii~.-|,:l1;u'_l,7¢1,1 over the course of
many years. Although the mdustries are
no longer in bisingss, the contaminants
fram their waste discharpes still remain,
causing adverse impacts io the aguatic
grvaronieenl,

D, Rediske's orginal report con-
teined recommendations for remediatbon
and restoration of the creek, vel it has
taken a decade to assemble the suppon
and the funds needed to conduct the
chean up,

This pasl year, an effon was initiated
to restore Ruddiman Creek, which
imvalves removing abowt 80,000 cubc
yards of comeminated sediment, render-
ing il nonhazardous by the addition of
lime, hauling it 1o a lasdfill, and also

Heavy equipment removed aboui
8,000 cublc yards of contaminated
sedimenis from Ruddiman Creek.

Profile: Dr. Rick Rediske

Cleaning up

restoring the native plants and halitats
i the creck and surmounding weilands,

"It took o long time, but we ane now
seeing results,” snvs D Rediske, who
serves as chair of the Public Advisory
Council i Muskegon, the orgamnsation
that manages the restomation of the
Muskegon Lake Area of Concern
“Science provided the miormation that
remediation was necessary, but we had
o secure enough support from the com-
muinity, the state, and the federal gov-
ermment i secune the funds for the
clean up, Buddsman Creek 15 a real soc-
cess gory for the environment and the
comimunity.”

Oine resson for the long delny was
-u_ﬂ;q;j.lmng the !l.lndl:n.g It FequInes & I:|.r|:'.¢
amow of echnical and financial
resources o 1!-;:'-.|1;|1 and conduct remeds-
ation angd restorison progects. LSt ésty-
mates for the Ruddiman Creek propect
are at 510 malhon, The |.1:'|.‘l-|.'n||'r|.'d|:lﬂ1|.||.ﬂ
Cireat Lakes Legacy Act provided 65%
af the funds with the remainder CONmIkE
from the Stabe of Michigan's Clean
!".1.||;'I'||1[.1|| Imtatve., Kuddiman O reek
was the third project 1o recenve Lireal
Lakes | Egncy Act r'umlin'_.:

The remedanton of Ruddiman Creek

15 Just one part of restonng the environ-
mendnl health m "'n.ll_li.h:y_:m Lake and
hanving it removed from the Area of
Concern list. Part of the delisting
process ncludes seiting restarabion tar-
pets for munent levels, aquatic and fer-
restrial habsiats, Nshenes, benthic inver-
tebrates, fish and wildlife populations,
nesthetics, and [k 1.'|.1nnu'npli|:'m adwvi-
sones, D Rediske = |.'|||rr'|:'n[|'_|.' the [rafi-
cipal irvestigator of a grant from the
LLS, EPA to develop numencal delisting
tarpets for Moskepon Lake and White
Lake. The targets will be established
using sctentific datn and umdergo peer
CEVIES

“Ii is far less expensive and iime-
COMALIMITE o peven conkamsation
than i 15 to clean it up,” remarks Dr
Rediske, “Ruddiman Creek s an exam-
ple of just how exlensive thal process is,
O the other hand, the project demon-
strudes that with a combinateon of scien-
tific dain and public imvolvement, com-
miuniics can be sucosssful i obtaining
the resources necessary 1o conduct envi-
mommiental restoration projects.”

For more information, contact Dr.
Rediske ot rediskenfalgvauedu or 616-
331-3047




Profile: Dr. Carl Ruetz
Catching fish

hiree years ago, AWRI initiated a
|-|.'l|lg-[1.‘1l'll MEOnngE program
on Muskepon Lake in order to

develop a guantitntive daiabase thai
will be used 10 assess its ecological
health. AWRI scientists continue (o
collect a beoad spectrum of informa-
tion abowt the loks, including vegets-
tion, mutrients, plankton, inverichrates,
and fish. Obtaining samples of many of
these 1ems 15 relatively straighafior-
ward, But with fish, its a differsm
slory. They are, as you might expect,
hard to count.

“Cretting o good wdea of how mamy
and what species of ish ore in the lake &
an imporiant part of assessing its healih”
remuarks Dir. Carl Ruete. AWRI scientisg
who specializes in Nishenes ecology and
management. “MNone of the capture meth-
dals we use is perfect, bat we can get a
Eaurty relinbde picture of what's going on
in the fish communities™

For the past three years, Dr. Ructz
and hus stalt have sampled sites
throughout the lake using fyke nets
long. narmow nets that remain in the
wiler for 24 hours, Fish swim in easily
vet have o harder time swimming oul.

Results this past year were inferest-
g, especially regamding the vellow
perch population. In bath 2003 and

2004, AWRI researchers cought less
thadi 11} adult perch at the study sites.
This year, thil number jumped o over
500 mostly juvenile vellow perch, Dr
Ruetz suspects that the startling
increase is due to an ideal mix of
breeding and feading conditions, but
no one |¢n.||'r..' kmimws Tor sure

“That’s one of the reasons why long-
LTI :r:u.rllil!nnn;,; ] |lnru,1r|;|nl," e com-
mients. “It allows us po discover trends
or patlermns over fme,

He has also staried research on what
he calls “gear bias,” conducting experni-
ments on caplure methods 1o help dis-
cerm her limilations and increase dois
r|:Ii.1.I.1|I1:'_..- With the I'H,:Ip ol GVSL stu-
dent Matt Breen, be condiscted a series
of experiments 1o sddress the lollowing
questions: Do more Dsh enter the net
when other fish ane present” Do more
fish CRCOse thee |-|'!l||.l|.:_c|: I!|‘1|; el 15 Ihl.-
waler? Whai happens when a predatory
fish eners the net? Do certain fish
have higher escape riies than others?
The answers 1o those questions ane
being published in a scientific article in
the Newrth American Journal of
Fizheriex Monagement

Because the fvke nets they use pri-
manly capture small fish, Dr. Ruetzx
also uses elecirofishing ot night o tem-

“Getting a good idea of how
many and what species of
fish are in the lake is an
important part of assessing
its health."

porarly sun (ish before they are cap-
tufed and releated, The method =
widely used by scientists and causcs
little harm to the fish. It generally
works best on larger fish that swim
near the surface. The two methods
appear o complement each ather well,
and D, Rusty is 'Ui-l.rl'LiIIj::, on a ~.-|;||:'nl||'-
i article with several 1.'|.|I|1:q.1:|u,'h that
will summarize these findings

Additsomally, Dy, Rostz studies imva-
sive specics (primanly round gobies) in
the Cireat Lakes and the effects of
stream fish on organisms lower in the
food chain, He r:-.-rml_-.- |:L1|‘||p|-:'L-¢|.| il
study 1o evaluate improved technology
for marking small figh, Dr. Ruetz
capenimented with small electronic
devices, called passive infegrated
transponder tags that are injected into a
fish's body cavity and used 1o rack s
location. “The technolegy should be
very helpful in tracking the movements
of small fish, including the imvasive
round goby,” he says,

For meore imformaiion, conact D
Ruetz at rostre@pvauedu or 616-331-
ELVERS

Dr. Ruatz and his team placed several
fyka nots throughout Muskegon Lake.



“The major contribution of
pollution to our waterways
has changed from point
source to nonpoint source
pollution.”

Years ago, the most evident and
immedinie threat o the health of the
aation's waler resources wis "“poin
sOURcE" j'l-:'rﬂu[iml. Pouil soainee el
tion is broadly defined by the LLS,
EPA, but it usually refers to discharges
coming from any obvious comvevance
structure, such as a pipe, ditch, or con-
tniner. In other words, there is usually a
treceable, onginating source, The
Clean Water Act, enacted in 1972,
helped o minimize this risk,

MNow, our main source of pollution
comes from nongsoint sources, which
are not casily traced (o a single, origi-
mating source. Monpoint sowrce pollu-
tion (NIPS) often is the sccumulation of
mamny different sources from many dif-
ferent pathways. Excess fenilizer and
pesticides that are not utilized, oils and
greases from madways that end up in
the storm drain, and runoff from
impervious surfaces that directly feed
into o walerway instead of being fil-
tered throwgh the ground, are all exam-
ples of NP5, And the accumulation of
these assaults = taking s goll,

Mary Ogdahl collects waler
samplas for testing in the lab on
how nonpoint sources of pollution
are affeciing aquatic iife.

Profile: Dr. Alan Steinman

Tackling nonpoint source pollution

“In the kast 30 years, the major con-
tribution of pollution o LS. walervays
has changed from poiml source to non-
POIAL S04rce ;:-.:-”ul!u:lll. which rnow
makes up abouwi 7084 of the impact,”
says Dr, Alan Siginman., “In addition to
chemicals such as phosphones and
nitrogen that enter the sysiem through
noapaint sources and stirmilate algal
hlmmi there is an L‘il:n."rl{iﬂ}: CORCErm
over road salt, which has been saliniz-
img our waterways, Increased salinity
of our fresh waler may negatively
impact the environment, as well as
mmpsair our drinking water supplics.”

This past year Steinman has led a
research team, ineluding Dy, Bopi
Biddamnda, D Don Uzarski, post-doc-
tomal research associate Dr. Kelly
Wessell, and research technicians Scot
Eendall, Matt Cooper, Mary Ogdahl,
and Lon Memeth, that has begun col-
lecting data on the impacts of these
subsiances on the lower trophic levels
in several parts of the lower Muskegon
River and Muskegon Loke. The resulis
of thewr research will help answer
important questions relating fo the
impacts of NP5

There are certain attributes that
mike this research unique, says Dy
Stesnman. First, the team is looking at

eflects in three very different habitats
that are hydmologically connected
the mver, wetland, and lake, Second,
data eollection wall iake place through-
oul the entire year, incheding winier
months. In pbdition to integrating
scross space and tme, AWRI
researchers are also studying three dif-
ferent trophic levels — bacteria, algae,
afvl macrnveriebriles —somethimg
that is rarely done, The three-year
study is funded by the U5, Department
of Educatson

“After compiling and analyxing the
mformatsn over the course of the next
three years, we'll have a better handle
on hinw much of a problem this really
represents,  comments D Stemman.
“There are several entities mlerested in
our Timdings the Michigan
Dlepariment of Environmental by,
the Muskegon River Watershed
.-"|.\.:».-|.'|:r'||!1|._l.. .-|.;|1,|_1..;_-||;_|, Eroips, andl bocal
\1H1r!!'u-.1lnnp_ asencatpens, The n.11|.|;].:,-
will |‘1|:||1 us determine the polential
impacts of these types of pollutants,
and how 1o addness this type of pollu-

tion in the finure.™

For masre: information, contact Dr
Steinman ol steinmasde) gvsu.edu oo
Bl 6-331-37459,




Profile: Dr. Don Uzarski

Valuing coastal wetlands

he ebb and flow of water levels

on the Crreat Lakes is 8 natural

oooETence. Some years they are
high; other years they are low, Too
much in either direction tniggers
problems for residents and property
owners, who may try to conirel or alter
this natural process

Owver the past few years, water bevels
in Lake Michigan have receded
exposing areas that were historically
wetlands. To the casunl observer, these
areas are nothing more than weedy
marshiands that reduce the shoreline's
desirabilaty. In 2003 onganizers lobbied
the state o allow removal of the
vegetntion, a process called grooming
The state agreed, yet legislators wantbed
1o sex what impact grooming woubd
have on the environment
In 2004, the Michigan Department

of Emvironmental Caahity funded
AWRI scientist Dir. Don Lizarsk) and
his research team (mcluding gradheate
students keto Ciyelos and Matthew
Ciooper) (o gather dotn in Sagmaw Bay
and Cirand Traverse Hay. Smice then,
they have collected waler quality data,
as well as data on plant, macro- and
micro=inveriebrste, amd Dish
commimiiies 10 undishirbed areas and

in groomed areas, So far, the results of
that research are telling.

“The Great Lakes have lost over
50% of coastal wetlands since the
19002, and that loss is definitely
impacting the natursl emisenment,”
states Dy, Lizarski. “The commumitics
we have sampled are basically
changing, due to the elimination of the
wetlnngd areas”

As Dr. Uzarski explains, removing
the vegetation results in several
changes in the natural habitat. For one,
weiland plants help to hold sediment in
place and dissipate erosive wave
enicrgy. Without the plants, the
scdiment ercdes quickly, washing maay
the shoreline and creating problems in
the Great Lakes.

Wetland arcas also contuin severnl
communities of micro-invenicbrmies
that wark to break down pollutants. In
essence, wetlands act as “filters,”
processimg impunties. Withowt these
natural filters, the potential For
pollutants entening the surmownding
ecosyslem increases

Plus, wetlands serve as natural
spawning and feedhing grounds for a
host of different fish communmities.
Without therr natural habstat, these

e |

“The Great Lakes have lost
over 50% of coastal wetlands
since the 1900s, and that
loss is definitely impacting
the natural environment.”

communities will decrease or even
eveniually die out — a change that wall
be feli all the way up the food chain

AWRI has catalogued mone than
260 imvertebrate specimens and &0
different fish species. GYSU graduate
technicians Adam Bosch and Aaron
Parker were instrumental in sdentifving
these ornpganisms.

“The mumbsers madicate thai wetlands
are diverse pnd dymamic systems,”
notes Dir. Lizarski. “Now that we
understand these delicate coastal
wetlingd systems better, we also reale
how important they are 1o the entire
Cirent Lokes ecosystem.”

Fof more injormation, oonlact Ly
Urarskn at wearskbdi gvsu.edo or 616
131-1989

Many coasts along the Lake Michigan
shorafine, such as this one in northern
Lake Huron, are reverting back to a mone
natural wetland environmant.



“We now have the ability to
take our GIS technology
along with our hydrologic
and population models and
bundle this information into
a useful package for
decision-makers."”

magine designing o community

that doesn’t exisl. Everything is in

place — streets, landscaping,
homes, commercial and retail bald-
INRES, Ve 1||¢ resadents fdne RO abowt
a 1:,-'|1-:||;,1| 1f.;|:,-' in a normal fshion
sounds ke a compirer Sims game,
right? In mamy ways, it i3, but in this
“game” there are real life implications.

This pasa vear the Information

Services Center (15C) a1 AWRI
In:wi'ncd v mn!h jiid h»;'||1- I;Jl,."'l;lhli:lllr
makers visuplize how future develop-
ment might impact their community.

With a 55,000 grant from the WE.
Kellog Foundation, administered by
the MSLU Land Policy Program, 15C is
l.|.1|rrl|;|n1.-| with other GVSL researchers
io develop a sustainability strategy for
the Muskegon urban area, This strategy
will sddress how 1o blend social, eco-
pomic, and envimnmental goals ina
sustainable fashion as Muskepon's
diwritown undergoes the process of
I'I:Hll'.'"n"’l!ll.1FII'I:Il.‘lI|.

Hew technology enables ressarchers
to create digital images of what a
community might look like in the
future. This image is an acrial view of
Ensley Townahip [n Mewaygo County.

Profile: John Koches

A glimpse into our tomorrow

Amwsther grant from the Fremiom
Avrea Community Foundation for
S20,000 15 funding a visunlzation tooks
project. By combining the power of the
compuler logether with 150 vanous
databases and models, 15C staff mem-
bers kurt Thompson, Rod Denmng,
Brian Hanson, and others work o cre-
atrvely display information so
researchers and laypeople can easaly
unsdberstond and interpret resulis

“It’s taking a lot of pieces and
putting them all together,” comments
ISC program manager John Koches
“We now have the ability to take our
geographic miormation system tech-
nology along with our ydrologic and
population models, and bundle this
nformation in a useful package for
decision-makers.”

With o p-|.1p|..|L;|I:|-:m. allocation madel
that uses COMMon Census ll.hl.'l'lll:lj::,ﬁl.p’hl..'“n
and stakeholder preferences, 15C can
project future residential growth based
on countless d-l:'l.'rll:l-pmml SCCTIATMNE,
Then, integrating the resulis with non-
poi source models, [5C can predict
the impact of the new development on
nearby lakes and streams, With the new
I:m,:hrurln:lﬁ}' aind 3.0 1.'.;.|.Inbl.|1|!'_|.'. rllannl.‘h

can even walk through or My over the
imaginary landscapse 1o see what this
EW COMmEily would ook like and
hoivey ot mll fias liltfl'.""'h.'l'.

The visunlization tools will be a
tremendous help 1o planners who often
have b denl with fature unknowns.
These sophisticated wols will assist
them in the whole planning process,
I:":]F""F 1] !I'u-;,:u:q. land-use -;he.‘l!:ihllmh and
u]ll'rw|:rr|:|; |1ﬂ:l|‘||1: o b mone sensitive 1o
environmental consiminis, They allow
for more complete understanding of
hiw the envinonment is connecied o
tssues such as social justice and eco-
nomme vitality

“We are swne of the triple botlsm
line, Is it pood for the environmeni; is il
good for people; is i good for our econ-
oy We're (inally coming up with a
platform and systems to test futune land
use from all three perspectives,” he smys
“It's poing 1o hove major implications
fior the entire wesi Michigan region and
willl impact what kind of community we
will have in the fulure,”

For more imformation, contact John
Koches at koches) @pvsuedu or &16-
3301-3m02,




Profile: Dr. Janet Vail
Learning on board

enching out into the commiumnity

has always been o prionty for

he Annis Water Resources
Instriute, Since day one, AWK has
helped others understand and inerpeet
scwentific results so that the commaumnity
a8 a whole can work together 1o solve
problems and initinte change.

According to D Janet Val, who
oversees Uutreach and Education ini-
natives and has been with AWRI sinee
1M, “in simple terms, AWRI belps
science become real, and its vessel pro-
gram ek an outstanding example of just
hiwr renl that expenence can be”

i 195 Donald J. Angus gencrously
donated a 50-foot, dicsel-powered ves-
sel bo Cirand Valley, For nearly 20 years
the Angus served as o Moating class-
rodm and kaboratory until the newly
retrofitied DU Angus, designed espe-
cially for aquatic science research and
enstrucison, replaced the Anguy in 1986,

Withan the next ten years, the [0
Angiis welcomedd miore than 31 (00 stu-
dents and visitors on board, The pro-
gram s resoundimg success led 1o n capi-
tal carmpaign to build and endow anoth-
er vessel, the WG, Jockson. It is named

afler lead donor Dr. William Jackson,
pned bt joined the D) Anpwy in 1996
Since the program began, more than
100.4MH) passengers havie been aboand
about H5% have
been students ranging from grade four
b the wnrversity level. Adults and com-

the two vessels

ity grodps from all around Lake
Michigan make up the nesi

In acklition 1o instructional cruises
throughout the school year, the Jackson
has reached 30 ports of call throughout
the Lake Michigan basin on the LLS,
EPA Making Lake Michigan Crreat
ogiFs |.|.1|:r|1|1|.' l|‘1|.r stiffimer months.
Scientific research is conducted on the
vessels, whch are maintained and
operated by flect captain Tony Fiore
and the vessel crow

“It is amaring to see how this pro-
gram lisis ETOWT I!|1r|.|n|gl||:ml thi vears,”
Dir. Vil says, “Oince you get people,
particularly children, out on the water,
they begin to understand and truly
appreciate this valuable water resource
It is an experience you don’t forget.”

While on board, part ||;iF|-.||.'|l\. samiple
CONIMASHnG WElST eineraiments in an
indand lake and, weather permitting,

Lead scionce instructor Chuck Vanderizsn assists students with life
jackets on board the W.G. Jacksan.

“Once you get people,
particularly children, out on the
water, they begin to understand
and truly appreciate this

valuable water resource.”

Lake Michigan. AWRI science instruc-
lors Ju:'lp Sudents b MCASUre Varkoes
factors, such as dissolved oxygen, pH
levels, conductivity, and turbidity, and to
ERATTIRE '|'l|u.||1:|!|1n aml sediment Compo-
sition, Students spe results fersthand and
draw conclusions ahout the condition of
the lakes, Activities in the BB Anmnis
Educational Foundation classroom com-
plement the vessel expenence

“Afler more than 30 years of teach-
ing high school biology, | strongly
believe in the hands-on approach to
learning science,” says science instruc-
tor Chasck Vanderlaan, wiho has been
with the program since 1993, “The
response o the expericnce 15 |||:'i|.'r|:l.'
100 positive
have never been on a boat™

cven Tor those who

“I've had individuals come up to me
years after they were on one of the ves-
sels and remark how muoch they
cajoyed the experience,” comments i
ence instructor Roger Tharp, “They
became more intefested m the lakes’
ecology, and some have even said they
decided 1o pursue carcers in sclentilic
research because of that exposure.”

For more mformation, contact Dy
Jamet Vanl ot wailjpiepesnedu or 616-
2513148
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AWRI Faculty and Staff
Highlights for 2005

Ecological Research Group

Dr. Bopalah Biddanda {biddandb@gvsu.edu):

= Continead long-lerm collaboratinve work on pelagic metabolism
in Lake !'-‘Ii»;hiﬂ.;n. with schentists wing NOAA ship time

¢ Cantinised exploratbon of o submenped sinkhale scogysiem in
Lake Huron and surveyed il using the University of Michigan's
remiodcly opernbed submemsible. Funded by NMOAA

= Coptimeed the Mecosts County grousdwater stody, Fundad by
the lce Mountaim Envirenmenial Stewardship Fund,

 Partscipated in AWRDS long-term stody of Mushepon Lake
Mapped Muskegon Lake floor and nearshore Lake Michigan
using U of M submersible. Funded by the Muskegon Lake
Rescarch Endowment Fuand

« Siwdwedd Use (282 of land-based carbon 1n streams and bioes of west
Michigan. Ciniy June, a stusdent workig on this peogect, was swanl-
e Znd place for her posier describimg this work o the Michigan
Space Cimnt annus] conference. Funded by BASA-MSGT

= Member of (V5L College of Liberal Arts and Sciences Dean
Search Commitiee and CLAS Sl Advisory Council. Supervisor

of Wader Cuality Evena for Scence Olymgiad. Member of the edi-

tortal board for Jawrmal of Plankion Research

Or. Michasl Chu (chuzigvsuedu):

» Updated upgraded the Windows-based hydrologic and environ-
memial modeling soltware packages: IPTM-CS, [PTM-5, and
HYDROL-INF

* Set up ten hydrologhe monitonng siscs and fwo min gauges i
the Mona Lake walershed. Conducted brydrologic analvais and
modeling. Funded by MIXEC)

= Coatinued development of the sediment amd metal transpon
mided in & stream system. The model will be wsed for simulating
cadmigm (ase and tansport in Littke Black Creck. Fanded by
LS. EPA

= Partscipated ini the hydrobogic momitorng and modeling shsdy in
the Tamarack Creek watershed. Fumded by MDEQ)

= Conducted aquafer analyses and groandwater mappang in the
Mecosts County groundwater siodies. Fumded by the lee
Moustain Eemvironmenial Siewardship Fund,

Dr. Mark Luttenton (luttentmiigveu.edu):
« Continoed biological mondtoring and assesoment of the Henrys
Fork Kaver, ldaho, Funded by Henry's Fork Foundatson.

» Examined the impact of mebrma mussels on aguatic inverigbrales
m Muskegon Biver below Croton Pomd.

» Fyvaluied the use of miochondrial DDMA o identify hatchery
srnins of brown troul (collaboraton with Dr. Alex Mikitan,
GWELN.

* Continoed nutrient loading study of White Lake. Funded by
MIDED

= Appodnted 1o the American Fisheries Sociely - Michigan
Chapeer, Rivers and Streams Advisory Commiitos

Muiriont sxperiments in the AWRI mesocosms.

Dr. Rick Rediske (rediskerigvsu.adul:

= Loptmisdd Mo irvestgale the natufe, cient, and environmenial
effects of sodimsent contaminaison in ibe Mona Lake waiershed
Funded by LIS, EPA

= Coptimued monitoring program for £ coll concentrtions s
Lake Mschigan and inland lake besches with the Muskegon
Couanty Health Depariment, and Lake Michigan Beaches in
Okceana and Mason Countles with the District 10 Healih

Departmen

= Served as chair for the Muskegon Lake Public Advisory Cosinmsil
and worked with the Whiie Lake Public Advisory Council,
Developed numericsl targess for delisting the lakes as an Areas of
Concern. Fanded by US. EPA

* Conducted sediment toxicity evaluations of Byemon Creek and
Divisson Street Chatfall in Muskepon Lake and Tammery Bay in
While Lake. Funded by MIH:C)

» Oibtnmed o gramt from ithe MDED o imvestigaie the ooourmence
of cyanobaciena blooms and relabed 1oxims n six wesd Mechigan
lakes.

* Member of MDEQ Emiaronmental Monrorng Advisory Hoard
and MDEC Analytical Detectbon Limit Evaliustion Beoard
Member of the Fedem] Detection and Quantitation Limii
Advisory Commites and Technical Work Group

Dr. Carl Ruetz (rustzcigvsu.edu):

= Condinieed long-term monttoring af fish popalations in
Muskegon Lake. Fanded by Muskegon Lake Research Fund

= Examuined the distribstbon of roumd goby m coastal habitats of
Lake Michigan in collabomation with Dr. Uranki. Funded by LS
Fish and Wildlife Service

* Studlbed the efficacy of marking sculpins with ntemal tags
= Assesscd pear bias of sampling fishes.

Dv. Alan Stelnman (stelnmaa@gvau.edu):
» Sim neew grants funded as P or co=P 05775, 0000 fotad )
= [Four peer-reviewsd artiches of hook chapeen published or in press.

= |mviied a0 destify before Michigan Semate Commitee on Maieral
Resources  July, 2005}

= Mlember of the Machigan Groundwater Conservation Advisory
Ciouncil {Chair, sustaimability subcormmitize))

contineed on nax page



= Ivited] b0 serve ms & Michigas Waler Resource Fellow

* |9 presentstions {13 community; & profsssaonal 2 svised, 4 con-
tnbeiod)

= Appoined Co-gditor of Jowrssrl of North Amercan Bemthologioo!
STy

* Recerved Muskegon Area Emvironimental Excellence Award { Apnl,
il li]]

Dr. Don Uzarski (uzarskidiigvewedu):

* Determining the effects of coastal weiland frgmentytson on
pland, fesh, snd nverichrate commianily componson, Fumnded by
MIMED) and BOAA

* Developing mannals and guidance documents for wetland
eoasseszment in Michigan. Funded by MDECQ

* Exploring the idea of CGreat Lakes coastal wetlands as refoge for
native fishes and determining if these sysiems are resistant 1o
imvasson by recent exobice. Funded by US Fish & Wildlife Service
and MIDEC)

* Imvestigated the extent amd ecological effects of sedimem conta-
mination in the Linbs Black Crock watershesd, Funded by LLS.
EPA

= Assessed a Muskegon River wetland for fish habitst end food
sources. Funded by Cireat Lakes Fishery Trust

* Determining the impacis of soapaint source pollution on inver-
tehrmle community composition in the Minkegon River ecogys-
e Fonded by ULS. Department of Educaiion

* Presemted at two press conferences held in Traverse City and
By Ciry Michigan regarding Public Act 14 of 2003 “the Beach
Ciroosming Bdll®.

* hember of Propect Management Team of the CGireat Lakes
Coastal Wellands Consortium. Member of GYSU'S College of
Liberal Arts and Sciences Faculty Dovelopment Commitice

Post-doctoral Ressarch Assaciate Kelly Wessell collects
wator samples in the Muskegon River.

Information Services Center

John Koeches (kechespigvsu.edu)

= Contirned work on the Muskegon River Watershed Tramnsition
Cirnnd io implemeni BMPs including installaison of a rain ganden
o MeBain School and the punchase of conservation casements im
larmilamds. Funded by MDED

+ Lonihioed 1o support implemientsison activities endenaken lr..
the Rogue River Watershed Coancil in the Rogue River
witershed

= Instisted a hydrologic study for Upper Tamarack Creek
(Muskegon Kiver Watershed ). Funded by MDEQ,

= Helped the Muskegon River Watershed Assembly 1o implement
portions of the Information and Education Strategy ouilined in the
Muskegon River Walershed PMlan. Funded by Gireat Lakes Feshery
Trust

* Assesbod projoct partners in the creation of o Grend River
Watershed Couancil. Funded by MDEDQ,

* Prowiding assistance to Grand Valley Metro Council as they
sdenify sources of hacieria in inibuiagics to the Grand River
Fanded by MIDED)

= thogam mmplementation of sclected BMPs in the Sand Creek
waiershed as spocified in the Sand Creck Watershed Plan, Funided
by MIDED

= Completed work and collaboration with the Pierce Cedar Croek
Insirmile regarding the development of 8 Geographic Information
System database

* Completed work with the Land Conservancy of Wess Michigan
to create o Reghonsl Green Infrastructire Viston Map for west
Michigan. Funded by Kellogg Foundation

* Lompected work wath Land Conservancy of West Michigsn o

devebop o peospaiial ool to help identify and priomitize potential
natural areas within the Rogue River watershed. Funded by Lamd
Conservancy

* LConelubed analysis of groundwaier squifers in Meocosta County
Funded by loe Mountadn Stewardship Fumd

= Coatineed development of a Walershed Interactive Map Viewer
Funded by Cireat Lakes Fishery Trust and MDEQ)

* Completed & RoslStream Crossing leventory for the Mona
Lake Watershed and updated Land Use/'Cover database using
2005 maielliie imagery (IKONOS), Funded by MDEG

* Hegan & progect for the Fremont Arca Commumity Foandation to
coonlmate roning ordinances in Mewaygo County that support the
Michigsn Matural Rivers Act

= Assessed amd erealed o number of vesuslization tools intended 1o
{acilitaie lamd use l.!-n'l'l-il.lll-nluhln,l.' thal 1% genmitive i
enveronmentsl impacts and minimises (hreals W waber quality

* Began the Muskegon Area Sustainability Projoct with assistance
from the Kellogp Foundation and the MSL Land Policy Program

continued on menl page 1"
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ANWF stafl holped o irain students, such as this group from
Muskegon Hedghts, in snviranmsntal monitoring.

Outreach and Education Initiatives

bir, Janet Vadl (vailfgrauedul

= Provided educations] opporianibes fior over 6000 peopie on he
[ Angae o the WG Sackson rescarch vessels

= Celebrated the 30th port of call af the Makbing Lale Michigen
Gireaes toue, Funded by the 1LLS. EPA Great Lakes Nabional
Progrem (HTice

» Hiosted visitors from China, Poland, Japan, Brazil, and the Crech
HI’.‘P.IFJII\.‘. a5 well &8 NEnNSETous GTERNErslpons (6 lisideng the
American Water Works Association snd MIYEC)

& t'.1.|.'||1|J.1|.'1| actividises [or over DH students and oithers 15 the
LMCs Education Classroom. Supported by the BB, Anis
Educaional Foundation Osireach Program Endowment and the
Michigan Space Cirant Conscatnim

+ Dirgandzed the 100l Annusl Hazardous Wasie Management
Workshop in partmership with MIDECQ

s Conducied educator tFaknimng ot vensss such as 1hse Crlohal
Change Workshop st Michigan Tech, the Michigan Alliance Tor
Enviroamenial and Ouedoor Education conference, aml the
Michipan Science Teachers Association anniex] conlorence

= Helped facilitate Mickigan Projec WET water lestivals ancd
trmimed 11 now Progect WET facilitsiors. Fundex] by Mesthe
Watcrs

= e, Vail is the suthor of the air quality unit for MIECS
Michigan Emvironmental Education Curmculum Support progec
(MEECS)

= Tradied & cadre of factliators affihaled wiih math and science
centers to deliver MEECS workshops

= Dir. Vil serves as co-chair of the LS. EPA Lake Michigan
Forum and 5 on the Boand of Directors of the Michigan Alliance
for Otdoor and Emvironmental Edocabon, Atr & Wasle
Managemeni Association West Michigan Chapier, and the Gireal
Lakes Associstion ol Science Ships, Member of the (GiVSLU Crrant
Leadership Advisory Team, Cemter for Excellence in Sesence and
Msthematics Education Advisory Board, and Reghonal Math and
Science Cented Advisory Board

Publications

Peer-reviewed Publications

Biddanda, B.A.. DF Coleman, TH. Johengen, 5.4, Ruberg, (LA
Meadows, H. VanSumeren, R Rediske, and 5. 7. Keadall. 7
Press. | \pl.'\.nhqln al @ “.il'l'lll.'"l!‘\."-j simkhole ConsyEic IR Lake
Huron, Eoonesdens

Cotner, L, W, Makimoe, and BoA. Biddamda. In Press, Temperaiure
aflocts stoichicmetry and biochemical composition of bactena
kfiprhial Ecoloi

Biddands, B.A., P Abreu, and C. Oklebrecht. 20605, Algal blooms
and hacterial micrsctions. Inc Algal Cuoliunes, analogs of Blooms
and Applications, ). V. Subba Rao jed). Science Publishers Inc.
i [ i-]E8

Comer, LA, BA. Biddanda, E. Stets, and W, Makino, J004
Crganic carbon biogoochemistry of Lake Supenor. dqgmati
Eovayriem Mealnl ongd Masapemend 7:1-14

Ruberg 5, D. Coleman, T. Johengen, G. Meadows, H .
VanSumeren, and Bos. Biddanda. 2003, Groundwater plame

mapping in 2 submenged sinkhole in Lake Haron. Al

e |'r-'I|l|-|.l:|:| Keaciety Sourmgl 3065-69

|
Chim, X. and M.A, Marnito, 2005, Deermunation of ponding '
condithon and infilimion into lryered soils under unsieady
mainfall, fournal of Hodrmafopy 303195207

Chu, X. 2005, Pesticide sccumrence end distnibaizon i relakion (o

use. In: ‘Water Encvelopedia: Surface and Agricultural Water, 1.H '
Lehr, | Keebey, andd 1 Lehr (eds), John Wiley & Sons, Inc., MNew

York J:655-657

Chin, X amd MoA. Maring, [0 Press. Improved comparimenial
modeling and application io three-phase contaminant ransport m
ansalurated porous media. ASCE fowrnal of Emy trommrial

J.'.ll:p,'l-'\-ll'l'r-'ll'n.'

Luttenton, M, and B Lowe, In Press, Response of a kenbic
1u'n|1h_|,|q,|r| comamata iy 1o tsinend ennchmend 2t low M1 rElsoa
Sowrmail off Frocaldor

Luttenton, M. and C, Baisden. In Press. The relationships ansorig
disturhance, substratum sine and periphyion commumety struciane
.|I||r.llr|.l\.l’l.-ch'4|:|,_' i

Siudonts work with microscopes kn the Education Classrocm st AWRI




Madenjian, TP, DNV D'Coanar, S0 C I."rrrrl}':l.. R Hediske,
amd P, O Keefe. 2004, Evalumtion of a chinsok salmon
(EAncorfnmciuy fobhawytscia ) beoepergetics moded, Camadion
Jomrnal af Fiskeries and Aguatic ¥ciences 61:627-635

Madenjian, C.F, DV 0'Coanor, 5 4. Pothoven, Pl
Schnecherger, BB, Redlske, 1P O Kecfe, B.A. Bergstadi, KL
Amgyle, and 5B Brandt, |n Press. Evaluation of & Lake Whate{tsh
Hwoenergetics Model. Trrsactiions af the Americas Fivheries
Nociely

Breen, ML, and C.H. Ruetz UL In Press. Gear blas in fvke nets
evalunting soak time, kh density, and predators. North dsierican
S of Flavewtes Afmaspemear
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