




G
R

E
A

T
 

LA
K

E
S

E
N

V
IR

O
N

M
E

N
T

A
L

 R
E

S
E

A
R

C
H

LA
B

O
R

A
T

O
R

Y
(G

LE
R

L)

Y
E

A
R

LY
R

E
P

O
R

T
FY

 1995

D
irector

A
lfred M

. B
eeton

U
.S

. D
E

P
A

R
T

M
E

N
T

 O
F

 C
O

M
M

E
R

C
E

N
ational O

ceanic and A
tm

ospheric A
dm

inistration
O

ffice of O
ceanic and A

tm
ospheric R

esearch
E

nvironm
ental R

esearch Laboratories
G

reat Lakes E
nvironm

ental R
esearch Laboratory

2205 C
om

m
onw

ealth B
lvd.

A
nn A

rbor, M
l 

48105-2945
(3

1
3
)7

4
1
-2

2
3
5



N
O

T
IC

E

M
ention of a com

m
ercial 

com
pany or product

does  not constitute an endorsem
ent by N

O
A

A
/

E
R

L
. U

se for publicity or advertising purposes, of
inform

ation from
 this publication concerning pro-

prietary products or the tests of such products, is
not authorized.

A
C

K
N

O
W

L
E

D
G

E
M

E
N

T
S

D
esign and electronic production by C

.M
. D

arnell.
T

his is G
L

E
R

L
 C

ontribution N
o. 1016



C
ontents

Introduction 
1

A
quatic C

ontam
inants 

3

W
ater R

esources 
7

C
irculation M

odeling 
10

E
cosystem

 D
ynam

ics 
12

C
lim

ate C
hange and V

ariability 
19

N
earshore

 P
rocesses 

21

B
iogeochem

istry R
esearch 

23

F
acilities 

30

O
utreach

 
33

S
em

inars 
37

FY
 95 S

taff 
38

FY
 95 P

ublications 
39

F
Y

9
5 P

resentations 
43

A
cronym

s 
47



IN
T

R
O

D
U

C
T

IO
N

T
his report describes G

LE
R

L's m
ost significant research

accom
plishm

ents during fiscal year (F
Y

) 1995. M
ost projects

had m
any m

ore accom
plishm

ents, but because of their routine

or interim
 nature, such as the successful collection of field

sam
ples, or com

pletion of sam
ple analyses, they are not listed

here.P
rojects descriptions, 

accom
plishm

ents,  and plans are

listed
 under their prim

ary G
LE

R
L research program

 area and

then by their E
nvironm

ental R
esearch Laboratory (E

R
L) estab-

lished R
esearch T

ask.

G
LE

R
L is a center of expertise for the hydrology, physics,

ecology, biology, and geochem
istry of the G

reat Lakes and

nearshore m
arine ecosystem

s,  and it provides scientific infor-

m
ation, environm

ental 
m

odels, and tools used by resource

m
anagem

ent agencies, the scientific com
m

unity, the private

industrial sector, and private citizens. It is unique from
 other

laboratories and the academ
ic com

m
unity 

in its 
capabilities,

both in staff expertise and instrum
entation for the study of the

physics (circulation) and hydrology (w
ater levels) of the G

reat

Lakes basin. Its staff in geochem
istry, ecology, and biology are

leading
 experts on large lake and nearshore m

arine ecosys-

tem
s and are leaders in the scientific com

m
unity.

G
LE

R
L scientists conduct research on critical environm

en-

tal 
issues affecting the health and function 

of the aquatic

ecosystem
, hum

an safety, the shipping and pow
er industries,

coastal m
unicipalities, 

and shoreline 
property of the G

reat

Lakes and nearshore m
arine areas. G

LE
R

L's research pro-

gram
s support N

O
A

A
's m

ission under the E
nvironm

ental A
s-

sessm
ent and P

rediction and the E
nvironm

ental S
tew

ardship

portfolios of the N
O

A
A

 S
trategic P

lan.

R
esearch activities are enhanced through the C

ooperative

Institute for Lim
nology 

and E
cosystem

s R
esearch (C

H
E

R
).

C
ILE

R
, w

hich is a joint research enterprise of the U
niversity of

M
ichigan, M

ichigan S
tate U

niversity, and G
LE

R
L, prom

otes

collaborative research betw
een scientists from

 throughout the

G
reat Lakes basin, addressing a w

ide variety of research

topics. M
any of the projects described here involve participa-

tion betw
een G

LE
R

L staff and C
ILE

R
 F

ellow
s, V

isiting F
ellow

s,

and other scientific staff.
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W
ater R

eso
u
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E
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R
L 05 - W

ater R
esources F
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R
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E
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 D
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 D
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g
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R
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cosystem
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T
his research program

 com
bines process studies

and m
athem

atical m
odeling focused on toxic organic

contam
inants to increase our understanding of the dy-

nam
ics and

 effects of polluiants
 in

 the
 ecosystem

. C
on-

tam
inants introduced into the ecosystem

 bind to particles

and either rem
ain suspended in the w

ater colum
n (par-

ticle-associated contam
inants) or settle into the sedim

ent

(sedim
ent-associated contam

inants). 
A

quatic bottom
-

dw
elling

 organism
s (benthos) are

 exposed
 to

 certain

critical pollutants through their contact w
ith the sedim

ent.

T
hese pollutants m

ay then be introduced into the food

chain w
here they ultim

ately threaten hum
an health as

w
ell as the health of the ecosystem

. T
his research pro-

gram
 is focused on sedim

ent-associated contam
inants

and their effects on benthos. T
his program

 incorporates

one m
ajor E

R
L R

esearch T
ask C

ategory: G
LE

R
L 06-

A
quatic C

ontam
inants.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 06 - A

quatic C
ontam

inantis

B
ioaccum

ulation
 of O

rganic C
ontam

inants by

D
iporeia spp.: K

inetics and
 Factors A

ffectin
g

B
ioavai lab

ility

A
ccum

ulation of contam
inants by benthic organism

s

m
ay occur several w

ays: (1) by ingestion of sedim
ent

particles, (2) by respiration
 of the

 interstitial w
ater, (3) by

respiration of the overlying w
ater, (4) by ingestion of

freshly deposited food particles, and/or (5) through

physical contact w
ith any of the above. R

esolving the

factors and routes of accum
ulation are necessary to

develop
 accurate

 predictions of bioaccum
ulation

(am
ount of contam

inant that accum
ulates in an organ-

ism
). R

ecent attem
pts to include the benthic food w

eb in

bioaccum
ulation m

odels indicate that benthos contribute

significantly to the food w
eb transfer of organic contam

i-

nants. A
ttem

pts to m
odel the bioaccum

uiation of

polycyclic arom
atic hydrocarbons (P

A
H

) by D
iporeia

spp., a m
ajor benthic food w

eb com
ponent in the G

reat

Lakes, suggest that there are substantial seasonal

changes in the concentration of contam
inants in the

organism
, but these seasonal changes have not yet

been incorporated into m
ore com

plex food chain m
od-

els. T
his w

ork focuses on
 how

 tem
perature, sedim

ent

com
position, and feeding on fresh detritus affect bioac-

cum
ulation in benthic organism

s.

In FY
 95, a review

 of toxicokinetics results and data

for D
iporeia spp. over the last 13 years w

as com
pleted.

D
iporeia spp. represent the

 m
ajor benthic invertebrate

 in

the G
reat Lakes based on its biom

ass. B
ecause of their

high lipid
 content and im

portance in energy cycling

w
ithin

 the G
reat Lakes, they contribute to the transfer of

contam
inants from

 the sedim
entary environm

ent to the

pelagic food chain. This review
 is a necessary precursor

to developm
ent of an im

proved m
odel of the seasonal



concentration of organic contam
inants in this m

ajor

G
reat Lakes food base organism

, w
hich in turn w

ill

provide the basis for a better m
odel and predictive

capability for contam
inant transfer through the food

w
eb. T

he review
 indicates that for proper m

odeling of

D
iporeia spp. in contam

inant cycling in the G
rea;

Lakes, further investigation into the basic biology, e.g.,

feeding behavior,  lipid
 dynam

ics, and respiration

dynam
ics, along w

ith the routes, kinetics, and sensitiv-

ity to toxins w
ill be im

portant.

A
n existing m

odel to estim
ate the toxicokinetics of

D
iporeia spp. over the course of a year w

as rew
orked

for use on a P
C

 and updated w
ith data obtained from

 a

review
 of the literature. T

his new
 m

odel w
as com

pared

to the previous m
odel and w

as forw
arded to the U

S

E
P

A
 for use in their m

ass balance projects.

M
easu

rem
en

t o
f S

elect T
o

xic O
rg

an
ic C

o
n

tam
i-

n
an

ts in
 S

u
rficial S

ed
im

en
ts of L

ake M
ich

ig
an

:

E
stim

atio
n

 o
f L

akew
id

e In
ven

to
ries an

d
 S

easo
n

al

S
ettlin

g
 F

lu
xes

A
 m

ass balance of input and output of select

contam
inants for Lake M

ichigan is the goal of an E
P

A
-

sponsored program
 titled Lake M

ichigan M
ass B

alance

P
rogram

 (LM
M

B
). T

his study  is designed to answ
er

questions posed in the am
ended C

lean A
ir A

ct, and to

assist environm
ental m

anagers in developing and

im
plem

enting the Lake M
ichigan Lakew

ide M
anage-

m
ent P

lan (Lake M
ichigan LA

M
P

).

T
he purpose of this project is to provide an inven-

tory of critical contam
inants (P

C
B

s and trans

nonachlor) in Lake M
ichigan surface sedim

ents.

C
ontam

inant deposition zones, hot spots, and local

sources w
ill be identified using trace organic contam

i-

nant concentration m
aps and sedim

ent inventories. In

addition, the seasonal transport of contam
inants

betw
een regions of the w

ater colum
n, and betw

een the

w
ater colum

n
 and surface sedim

ent w
ilt be estim

ated

from
 autom

ated sedim
ent trap collections.

In F
Y

 95, Field S
am

pling and A
nalytical Q

uality

A
ssurance P

roject P
lans (Q

A
P

jP
) w

ere created

through a series of conference calls sponsored by

E
P

A
's G

reat Lakes N
ational P

rogram
 O

ffice (G
LN

P
O

).

T
he Q

A
P

jP
, w

hich includes standard operating proce-

dures (S
O

P
s) for sam

pling
 and analysis of P

C
B

s,

pesticides, and P
A

H
s in sedim

ents, w
as approved by

the E
P

A
. T

his docum
ent has been distributed to private

and state agencies and individuals w
ho have re-

quested details of our procedures.

A
nalytical m

ethods w
ere developed to separate a

single extract of a sam
ple into tw

o fractions; a P
C

S

fraction, and a P
A

H
 and pesticide fraction. T

hus, three

classes of com
pounds can be quantified from

 a single

extraction step. E
xtraction and clean-up m

ethods w
ere

developed for both sedim
ent and biological tissue

sam
ples.

C
o

n
tam

in
an

t E
ffects an

d
 th

e R
elationship

 to

E
xposure

T
he goal of this project is to explore the relation-

ship betw
een contam

inant exposure and contam
inant

effects on biota. T
o accom

plish this goal, new
 proce-

dures (bioassays) w
ill be developed to determ

ine the

body burdens (concentration of the contam
inant that

builds up in the organism
's body) required to produce

m
easurable effects in specific biota.

E
xperim

ental w
ork to evaluate the validity of the

equilibrium
 partitioning approach occupied m

ost of the

efforts for this F
Y

. T
ests w

ere
 perform

ed using tw
o

organism
s: D

iporeia spp. and H
yalella azteca. O

ur

w
ork show

ed that it is very difficult to attain an ad-

equate exposure to sedim
ent-associated contam

inants

for H
. azteca ,and that the conditions required for

application of the equilibrium
 partitioning

 approach

appeared to be violated for both organism
s. T

hese

results cast doubt on the utility and validity of the

equilibrium
 partitioning approach, w

hich is currently

recom
m

ended by E
P

A
 to establish

 sedim
ent quality

criteria. A
 report of our findings w

as provided
 to the

E
P

A
.D

evelopm
ent of a m

ethod to perform
 sublethal and

w
hole-life-cycle tests for sedim

ent-associated 
benthos



w
as initiated, and a first series of studies creating dose

response data for chironom
ids exposed to D

D
E

 (a

m
etabolite of D

D
T) w

ere com
pleted. T

hese data are

required by the E
P

A
 and the A

rm
y C

orps of E
ngineers

(C
O

E
) to

 properly interpret their m
andated

 bioaccum
u-

lation tests.

S
am

pling
 the R

esuspendible P
ool of S

ed
im

en
ts

and
 A

sso
ciated

 C
o

n
tam

in
an

ts and
 M

easu
rin

g

M
ass and

 C
o

n
tam

in
an

t Fluxes in
 Lake M

ichigan

U
sing

 S
ed

im
en

t T
rap

s

In the G
reat Lakes, the largest fraction of persistent

trace contam
inants reside in the sedim

ents due to

sorption and settling processes. S
tudies of the long-

term
 behavior of fallout radionuclides and stable

contam
inants in the G

reat Lakes have show
n that

higher  levels exist in the lakes than expected if settling

and burial w
ere the only transport processes. M

aterials

are resuspended into
 the w

ater colum
n from

 sedim
ents

and are then consum
ed by biota. It is now

 accepted

that this recycling, caused by the processes of biotur-

bation and resuspension, is responsible for the contin-

ued high levels of trace contam
inants (e.g. P

C
B

, D
D

T)

in fish and the slow
 response of the lakes to nutrient

abatem
ent.

S
ince  1977, G

LE
R

L has exam
ined the processes

of particle flux and resuspension through the use of

sedim
ent traps. W

e have learned m
uch about the

transport of m
ass, contam

inants, and tracers, and the

results are now
 routinely incorporated into program

sam
pling, m

odeling strategies,  and m
anagem

ent

considerations.

In F
Y

 95, a synthesis of G
LE

R
L sedim

ent trap data

w
as forw

arded to the E
P

A
 LM

M
B

 m
odelers for their

use in m
odel calibration. A

lso this FY
, a splitting

procedure w
as developed that allow

s us to precisely

split trap sam
ples  for various form

s of sam
ple process-

ing and yet reconstruct the total sam
ple w

eight to w
ithin

•+•/- 2%
. The procedure w

as w
ritten as a supplem

ent to

our Q
A

P
JP

 and w
as accepted by E

P
A

.

Long-Term
 Trends in

 B
enthic P

o
p

u
latio

n
s

T
he objectives of this project are to determ

ine

trends  in the population distribution
 of benthic biota in

selected areas of the G
reat Lakes and to determ

ine the

significance
 and

 reasons for observed changes.

S
tarting  in 1993, this project w

as expanded to incorpo-

rate the requirem
ents of E

P
A

's E
nvironm

ental M
onitor-

ing and A
ssessm

ent P
rogram

 (E
M

A
P

) for the G
reat

Lakes.

In FY
 95, sam

ples collected at E
M

A
P

 sites in both

Lakes M
ichigan and S

uperior in 1992 and 1993 w
ere

analyzed, and the data w
ere provided to E

P
A

. D
ata

tables gave abundances  of each
 species collected at

each site. A
ll benthic invertebrates collected at E

M
A

P

sites in Lake M
ichigan in July 1994 w

ere identified and

counted.

B
ioavailability of S

ed
im

en
t-A

sso
ciated

 T
o

xic

O
rganic C

ontam
inants

A
ssessing the

 environm
ental risks associated w

ith

contam
inated sedim

ents requires determ
ining the

conditions under w
hich sedim

ent-associated toy'1"

organic com
pounds accum

ulate in benthic organism
s

(bioaccum
ulation), determ

ining w
hether the toxins are

transferred up the food chain (biotransfer; biom
agnifi-

cation), and developing m
odels for describing bioaccu-

m
ulation. T

his w
ork  w

ill help define the relationship

betw
een sedim

ent characteristics  and the bioavailabil-

ity of organic contam
inants, w

hich in turn should

im
prove our ability to predict the effects of contam

i-

nants associated w
ith sedim

ents.

In F
Y

 95, experim
ents w

ere conducted to better

describe  the factors that affect the bioa vail ability of

sedim
ent-associated contam

inants. T
he accum

ulation

of tw
o biphenyl P

C
B

 congeners w
as show

n to be

related to the organic carbon content, and this relation-

ship im
proved w

hen the organic carbon concentration

of the fine particle-size fractions w
as used in place of

the concentration in the w
hole sedim

ent. H
ow

ever, for

P
A

H
 congeners, the organic carbon content w

as not an

im
portant factor, but the C

:N
 ratio w

as. T
he larger the



C
:N

 ratio, the m
ore bioavailable

 the P
A

H
 from

 sedi-

m
ent.T

he length of contact tim
e betw

een the sedim
ent

and the contam
inants has been identified as a m

ajor

factor that affects the bioavailability of sedim
ent-

associated organic contam
inants. S

edim
ent cores w

ere

collected from
 Lake G

eorge (on the S
t. M

arys R
iver

dow
nstream

 from
 S

auit S
te. M

arie, M
ichigan/O

ntario),

and the accum
ulation of P

A
H

 congeners w
as deter-

m
ined for the oligochaete Lum

briculus variegatus from

sedim
ents taken at various depths. O

ur hypothesis w
as

that the bioavailability of sedim
ent-associated contam

i-

nants w
ould decrease w

ith increasing depth in the

core, due to longer contact tim
e. H

ow
ever, there w

as

no significant variation in the uptake kinetics w
ith

depth, except that the surface m
aterial w

as found to be

essentially unavailable for bioaccum
ulation. T

his

finding suggests other factors, such as the binding of

P
A

H
 in soot particles, are responsible for the differ-

ences  in bioavailability in these sedim
ents. T

he hypoth-

esis that the bioavailability w
ould decrease dow

n-core

due to increasing sedim
ent contact tim

e w
as not

supported, perhaps due to changes in the chem
ical

speciation.

T
he assim

ilation of sedim
ent-associated contam

i-

nants w
as exam

ined for the am
phipod D

iporeia spp.

and the oligochaete Lum
briculus variegatus. In general,

the assim
ilation efficiency of the oligochaete, w

hich is a

non-selective feeder, w
as successfully tracked by

several approaches that w
ere tested. T

he ability to

m
easure the assim

ilation efficiency for D
iporeia spp.,

w
hich is a very selective feeder, w

as less certain and

m
ore dependent on the m

ethod em
ployed. T

he diffi-

culty in m
easuring the assim

ilation efficiency for this

species is a result of its extrem
e feeding selectivity and

the unequal distribution of the contam
inant am

ong

sedim
ent particles. T

his unequal distribution w
as not

corrected by carbon norm
alization, and these findings

dem
onstrate the need for a better definition of the

actual food source for selective feeders such as

D
iporeia spp.



W
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G
reat Lakes w

ater is used for drinking, pow
er genera-

tion, com
m

ercial shipping, and recreation, and an exten-

sive com
m

ercial and sport fishery. B
oth natural (evapora-

tion) and anthropogenic (diversions, consum
ption) influ-

ences threaten this valuable resource. T
he goals of this

program
 are

 to
 develop

 im
proved

 prediction, clim
atology,

statistics for decision-m
aking, and process studies, and to

develop interfaces w
ith policy and decision-m

akers. It

incorporates tw
o E

R
L research task categories: G

LE
R

L

04 - H
ydrologic P

rocesses, and G
LE

R
L 05 - W

ater R
e-

sources F
orecasting.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

L
E

R
L

 04 - H
yd

ro
lo

g
ic

 P
ro

cesses

G
reat L

akes H
yd

ro
lo

g
y an

d
 Ice D

atab
ases

T
he goal of this project is to develop and provide

new
 or im

proved historical hydrom
eteoroiogical and ice

cover databases and m
odels of the seasonal cycle of

ice form
ation and loss on the G

reat Lakes. G
eographic

inform
ation databases of the G

reat Lakes basin w
ill be

developed and linked
 to the hydrology and ice cover

for spatial analysis.

In
 F

Y
 95, a study of the 1993/94 w

inter and G
reat

Lakes ice cycle w
as com

pleted, revealing that the

w
inter of 1994 w

as one of the coldest in over a decade

(F
igure 1).

A
n analysis of long-term

 trends in G
reat Lakes

open-lake ice cover over the past century w
as m

ade

as part of a study to exam
ine the potential effects of

clim
ate change on the aquatic system

s of the G
reat

Lakes and sm
aller lakes in the P

recam
brian shield

region of N
orth A

m
erica. T

he decadal average of

m
axim

um
 ice cover w

as about 61%
 during

 the decades

from
 1900 to 1920, decreased to about 50%

 during the

decades betw
een 1930 and 1960, then increased over

the next tw
o decades [ending 1970

 (6
1
%

) and ending

1980 (64%
)] before declining

 again [ending 1
9
9
0

(55%
)]. T

hese trends are in agreem
ent w

ith ice cover

m
odels developed for Lakes E

rie and S
uperior that

show
 decadal average F

ebruary  ice cover w
as about

10-25%
 greater during the first quarter of this century

(1900-1925) and from
 1960 to 1

9
8
3

 than it w
as in the

intervening
 years (1926-1959). R

ecent average F
ebru-

ary ice cover is approxim
ately 90%

 and 56%
 for Lakes

E
rie and S

uperior, respectively.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 05 - W

ater R
eso

u
rces F

o
recastin

g

N
ext-G

en
eratio

n
 R

unoff M
odels

G
LE

R
L has developed conceptual-m

odel-based

techniques for sim
ulating

 m
oisture storages and runoff

from
 the 121 w

atersheds draining into the Laurentian

G
reat Lakes. T

hese refined runoff m
odels w

ill be

integrated w
ith atm

ospheric process m
odels in another

task and
 w

ill incorporate recent advancem
ents in

m
easurem

ents of hydrom
eteoroiogical data. Linking

surface hydrology process m
odels w

ith atm
ospheric

process m
odels w

ill allow
 feedback betw

een clim
ate

and land surfaces and result in m
ore accurate esti-

m
ates of regional and local im

pacts of clim
ate change.



IC
E

 C
O

V
E

R
 L

E
G

E
N

D

O
P

E
N

 W
A

TE
R

V
E

R
Y

 O
P

E
N

 P
A

C
K

0,1 to 0.3
 co

ve
ra

g
e

O
P

E
N

 P
A

C
K

0.4 IQ 0.6 co
v

erag
e

C
LO

S
E

D
 to

 C
O

N
-

S
O

LID
A

TE
D

 P
A

C
K

0.7
 to 1.0

 coverage

F
igure 1. R

elative to the p
a

st 31
w

inters (1963-94) the 1
9

9
4

m
axim

al ice cover of the co
m

-
bined surface area of the five
G

reat Lakes is e
xce

e
d

e
d

 only by
w

inter 1
9

7
9

. T
he U

.S
. C

oast
G

uard lo
g

g
e

d
 the greatest

num
ber of hours in over 15 years

(5700+ h
rs) to support com

m
er-

cial shipping activity. E
xtensive

m
idlake ice form

ation (th
e

 second
half of January) and se

a
so

n
a

l
m

axim
al ice cover (th

e
 first half of

February) b
o

th
 occurred about 2

w
eeks earlier th

a
n

 norm
al. S

pring
ice cover w

as a
lso

 g
re

a
te

r than
norm

al, costing shipping com
pa-

nies m
illions of dollars in lo

st
revenue due to d

e
la

ys in sched-
ules and d

a
m

a
g

e
 to vessels.

W
ater R

eso
u

rces F
o

recastin
g

 S
ystem

T
he availability of adequate

 w
ater resources to

support the
 N

ation's continuing
 grow

th
 and

 infrastruc-

ture
 w

il! be
 one

 of the
 m

ajor issues of the
 21st century.

C
om

puter m
odels to provide

 w
ater resource

 forecasts

of variables over large
 areas at tim

e
 scales of several

days to several w
eeks or m

onths are needed. N
O

A
A

's

program
 to

 build
 a

 nationw
ide

 W
ater R

esources

F
orecasting

 S
ystem

 (W
aR

F
S

) includes G
LE

R
L's

developm
ent of the

 w
ater resources forecasting

capability for the G
reat Lakes basin.

B
y the

 end
 of F

Y
 95

 w
e
 had

 m
odified

 our hydro-

logical outlooks to
 use

 N
O

A
A

's extended
 clim

ate

outlooks as the
 basis for our probabilistic outlooks.

T
his has resulted

 in
 real savings w

hen
 the

 m
odel

sim
ulations are

 extensive, as is the
 case

 w
ith

 G
reat

Lakes hydrological outlooks.

T
he G

eographic 
Inform

ation
 S

ystem
 (C

IS
) and

 the

relational database
 m

anagem
ent system

 w
ere

 incorpo-

rated into
 our existing

 forecast package.

W
e com

pleted
 and tested

 a user-product interface

(or "front end") for our G
reat Lakes W

aR
F

S
 as a

specially-designed
 W

indow
s™

 application. 
It aids the

user in
 defining

 the
 hydrological outlook and

 historical-

data periods, selecting
 the

 periods, probabilities, and

priorities from
 the

 available
 clim

ate
 outlooks, and

determ
ining

 the
 m

ethod
 for considering

 the
 clim

ate

outlooks in
 m

aking
 the

 hydrological outlook. T
he

interface
 com

puter code
 is also

 available
 as a

 stand-

alone
 F

O
R

T
R

A
N

 im
plem

entation
 for use

 under a

variety of com
puter operating

 system
s. In

 designing
 the

interface, w
e considered

 users' w
ants and addressed

com
patibility issues w

ith
 the

 N
ational W

eather S
ervice

(N
W

S
) and others.

N
O

A
A

's existing
 clim

ate
 outlooks can

 be
 particu-

larly cum
bersom

e
 and

 difficult to
 use. T

his new
 inter-

face greatly clarifies and
 sim

plifies their use
 for m

aking

a hydrological outlook. 
It is particularly effective

 in



allow
ing

 others to
 utilize

 N
O

A
A

's clim
ate

 outlooks for

m
aking G

reat Lakes hydrological outlooks and for

other purposes. It allow
s readily understandable user-

interpretation  of clim
ate outlooks and easy user-

assignm
ent  of relevant priorities. In fact, the interface is

so successful in allow
ing a layperson to utilize N

O
A

A
's

clim
ate

 outlooks that w
e built a derivative product (also

a W
indow

s™
 application) to allow

 anyone to directly

use N
O

A
A

's clim
ate outlooks in their ow

n applications.

(N
ote:  an outlook is a description of expected clim

atic

conditions beyond  the range of a forecast. F
or ex-

am
ple, a forecast m

ay cover a tim
e period of a few

hours to, perhaps, 10 days, w
hile an outlook m

ay

extend to 30 days or m
ore, but w

ith m
uch less detail,

accuracy, and confidence than is associated w
ith a

forecast).

T
he G

reat Lakes W
aR

F
S

 prototype w
as dem

on-

strated  by installing
 it on tw

o outside agency com
puter

system
s. It w

as also installed on a G
LE

R
L com

puter

system
 that  w

ill receive daily updates of m
eteorological

data in near-real-tim
e.

C
oupled

 H
yd

ro
sp

h
ere-A

tm
o

sp
h

ere

R
esearch

 M
ode!

U
nderstanding how

 the G
reat Lakes affect the

w
eather and understanding how

 the w
eather affects the

G
reat Lakes w

ill im
prove decision m

aking concerning

potential im
pacts of altered clim

ate and anom
alous

(w
et) seasonal w

eather patterns, such  as that experi-

enced  in parts of the M
idw

est during the sum
m

er of

1993. This project has three objectives: (1) develop a

C
oupled H

ydrosphere-A
tm

osphere R
esearch M

odel

(C
H

A
R

M
) from

 existing atm
ospheric  and hydrologic

m
odels by using tw

o-w
ay dynam

ic interactions, (2)

enhance the m
odel w

ith second-generation surface

param
eterizations  for lake therm

al flux and runoff, and

(3) refine earlier clim
ate change estim

ates and esti-

m
ates from

 other m
esoscale m

odeling efforts  by

developing one-w
ay linkages betw

een them
 and the

G
reat Lakes hydrology m

odels.

V
ersion 1.1 of the C

H
A

R
M

 w
as com

pleted during

this  FY
.

S
im

u
la

te
d

 
m

e
a
n

 
p

re
c
ip

ita
tio

n

2
4

-2
9

 A
ug 

1
9
9
2

 (m
m

/d
ay

)
F

igure 2. A
 display of

precipitation sim
ulated in

C
H

A
R

M
 for the period 24-

29 A
ugust 1992. D

uring
this tim

e period, the G
reat

Lakes region w
as affected

by the afterm
ath of

H
urricane A

ndrew
. This

result com
es from

 the
C

H
A

R
M

 m
odel, w

hich has
a representation of the
atm

osphere of the G
reat

Lakes region nested
inside observed variables
for the larger-scale
atm

osphere and coupled
to a m

odel of the land
surface hydrology and a
m

odel of lake surface
tem

peratures. A
t present,

the m
odel estim

ates of
precipitation are too low
overall and too concentra-
tion spatially.



C
IR

C
U

L
A

T
IO

N
 M

O
D

E
LIN

G
M

eteorological and
 oceanographic 

conditions in

coastal areas can som
etim

es becom
e dangerous enough

to cause significant dam
age to property (boats, ships,

structures, etc.), loss of hum
an life, and social or eco-

nom
ic disruption. Large w

aves, high and low
 lake levels,

heavy snow
falls, ice, and erosion are hazards in the

G
reat Lakes system

 and in other coastal areas as w
ell.

H
um

an-caused hazards also pose serious threats, espe-

cially spills of petroleum
 products and chem

icals. T
he

research from
 this program

 provides circulation and w
ind

m
odels and other service products to assist in m

arine

hazard prediction, em
ergency response, dam

age pre-

vention and reduction, and m
ore effective m

anagem
ent

of w
ater resources. It incorporates tw

o E
R

L research task

categories: G
LE

R
L 01 - G

reat Lakes C
oastal F

orecast

S
ystem

, and G
LE

R
L 03 - C

oastW
atch.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 01 -G

re
a

t L
akes C

o
astal F

o
recast S

ystem

Lake C
ircu

latio
n

 S
tu

d
ies an

d
 th

e G
reat Lakes

C
o

astal F
o

recastin
g

 S
ystem

 (G
L

C
F

S
)

T
his project  is concerned

 w
ith num

erical sim
ula-

tion and prediction of tem
peratures and currents in the

G
reat Lakes. D

uring F
Y

 95, w
ork being conducted

under a separate project titled "C
oastal H

azards" w
as

incorporated. T
he G

LC
F

S
 is a collaborative effort

betw
een G

LE
R

L and O
hio S

tate U
niversity (O

S
U

).

T
he goal of the G

LC
F

S
 is to im

plem
ent and test a

system
 for real-tim

e prediction of the physical status of

the G
reat Lakes based on the hydrodynam

ic m
odels

developed under this project.

In F
Y

 95, a m
eeting w

as held
 w

ith representatives

from
 the N

W
S

 E
astern R

egion H
eadquarters and the

O
ffice of M

eteorology to plan for developing a stand-

alone w
orkstation version of the Lake E

rie prototype

G
LC

F
S

 for use at the N
W

S
 C

leveland F
orecast O

ffice.

T
he recom

m
endation w

as to proceed w
ith a system

that w
ould

 be custom
ized for N

W
S

 internal use, install

it at C
leveland, and evaluate it as a guidance tool for

m
arine forecasting.

E
xperim

ental forecasts from
 the N

W
S

/N
ational

M
eteorological C

enter (N
M

C
) m

eso-E
ta (29 km

)

m
eteorological forecast m

ode! w
ere incorporated into

G
LC

F
S

 operations at O
S

U
 in July 1995. S

urface heat

flux and friction velocity fields at 3 hour intervals at grid

points over Lake E
rie are extracted from

 the E
ta m

odel

forecast. T
hese are used to drive the lake m

odels to

produce 24 hour forecasts of w
ater levels, currents,

w
ater tem

peratures, and w
aves. T

hese forecasts are

being evaluated (F
igure 2).

A
n im

proved version of the G
LF

S
V

iew
 program

 for

P
C

 analysis of G
LC

F
S

 products w
as developed and

distributed to over 60 users. A
 W

orld-W
ide-W

eb

(W
W

W
) hom

e page (http://glfs.eng.ohio-state.edu/) on

the Internet w
as developed for real-tim

e dissem
ination

of G
LC

F
S

 products.



F
igure 3. S

ection ofN
M

C
 E

ta m
odel grid

in the G
reat Lakes region. F

illed circles
indicate E

ta m
odel grid points over

w
ater. F

orecasts from
 the E

ta m
odel are

being used to drive lake m
odel forecasts

from
 the G

reat lakes C
oastal F

orecast-
ing S

ystem
.

E
R

L
 R

esearch
 T

ask C
ategory; G

LE
R

L
 03 -C

o
astW

atch

G
reat Lakes C

o
astW

atch
 and

 N
O

A
A

 O
cean

C
om

m
unications N

etw
ork

C
oastW

atch is a
 N

O
A

A
-w

ide
 program

 that origi-

nated in N
O

A
A

's C
oastal O

cean P
rogram

 (C
O

P
). A

s a

C
oastW

atch R
egional S

ite, G
LE

R
L operates the

 G
reat

Lakes R
egional N

ational O
cean C

om
m

unications

N
etw

ork (N
O

C
N

) N
ode (R

N
N

), identifies regional

C
oastW

atch users and their N
O

A
A

 data needs, and

supplies useful products to participants in the G
reat

Lakes C
oastW

atch P
rogram

. O
ur scientists also

conduct research and develop products specific to the

G
reat Lakes region using C

oastW
atch data.

In FY
 95, the G

reat Lakes C
oastW

atch node

supported  41 users, up 6 from
 the previous year.

S
atellite-derived surface tem

perature, m
arine observa-

tions, and w
ater level data w

ere provided routinely as

C
oastW

atch products. T
hese products w

ere also

provided  for use in developing the G
LC

F
S

.

A
 new

 cloud-m
ask product w

as developed and

m
ade available to C

oastW
atch users, and the C

oast-

W
atch G

reat Lakes S
urface E

nvironm
ental A

nalysis

(G
LS

E
A

) com
posite (cloud free) S

ea S
urface T

em
-

perature (S
S

T
) chart  w

as produced and provided on a

routine
 basis. N

ew
 archiving

 routines w
ere

 also

developed for C
oastW

atch data on C
D

 R
O

M
's. W

ith

the
 assistance

 of N
O

A
A

's N
ational E

nvironm
ental

S
atellite, D

ata, and Inform
ation S

ervice (N
E

S
D

IS
), a

new
 data/product dow

nload
 path

 w
as im

plem
ented

directly from
 the

 m
ainfram

e
 com

puter at N
E

S
D

IS
.

In addition, a C
oastW

atch section w
as developed

and im
plem

ented
 on

 the
 G

LE
R

L W
W

W
 hom

e page

(http://w
w

w
.glerl.noaa.gov/cw

/cw
.htm

l).

G
reat Lakes C

oastW
atch

 P
roduct D

evelo
p

m
en

t

and R
esearch

T
he objectives of this project are to evaluate and

help validate G
reat Lakes C

oastW
atch products,

provide input to N
E

S
D

IS
 concerning product needs

and developm
ent, and conduct research to develop

products and uses specific to the G
reat Lakes region.

In FY
 95, the first series of analyses of E

arth

R
esources S

atellite-1 (E
R

S
-1) S

ynthetic A
perture

R
adar (S

A
R

) ice data for classification/m
apping

algorithm
 developm

ent w
as com

pleted. R
esults

show
ed that depending on size and sea state, icebergs

could  be detected from
 background and enhanced in

the im
agery, S

A
R

 data can supplem
ent and enhance

the utility of satellite visible and infrared data sources

for coastal ice m
onitoring, and that G

reat Lakes ice

cover can be classified
 by ice type and m

apped in S
A

R

data using im
age processing techniques. C

loud cover,

how
ever, w

as a
 com

m
on

 problem
. F

urther develop-

m
ents in algorithm

s and S
A

R
 coverage frequency

m
ake  it a

 unique
 and

 valuable
 tool for ice

 detection
 and

m
onitoring.

<D



E
C

O
S

Y
S

T
E

M
 D

Y
N

A
M

IC
S

T
he G

reat Lakes and nearshore
 ocean w

aters are m
ajor national

resources used fo
ra w

ide range of activities: industrial and m
unicipal w

ater

supplies, shipping, fishing (sport and
 com

m
ercial), m

unicipal and
 industrial

discharge, boating, and other form
s of recreation. W

ater quality and the

value of the biological resources in these system
s are directly related to the

health and abundances of organism
s and their interactions w

ith the physical

and chem
ical aspects of the ecosystem

. T
herefore, to protect, preserve,

and restore these system
s, it is essential to understand the function

 of

organism
s at all trophic levels and

 their interactions w
ithin the

 ecosystem
.

W
ithout this understanding, the response of these organism

s to anthropo-

genic or natural perturbations, the
 goal of protecting ecosystem

 health w
ill

be difficult to achieve.

G
LE

R
L conducts ecosystem

 research in both the G
reat Lakes and

nearshore ocean environm
ents. H

ow
ever, this research focuses prim

arily

on key com
ponents of the G

reat Lakes low
er foodw

eb and the links betw
een

physical, chem
ical, and biological processes that im

pact im
portant pro-

cesses in ecosystem
 function. A

lthough long-term
 trends in key com

po-

nents are exam
ined, life

 history studies and process research are em
pha-

sized so that G
LE

R
L's expertise can be applied to problem

s in a variety of

ecosystem
s that are geographically and biologically diverse. T

his program

includes three E
R

L R
esearch T

ask C
ategories: G

LE
R

L 09-E
cosystem

D
ynam

ics R
esearch, G

LE
R

L 10-N
onindigenous S

pecies R
esearch, and

G
LE

R
L 12-E

pisodic E
vents. D

ue to lack of sufficient funds in FY
 95, there

w
as no research activity in E

pisodic E
vents.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 09 - E

co
system

 D
yn

am
ics R

esearch

T
h

e R
ote o

f S
en

so
ry p

h
ysio

lo
g

y an
d

 B
eh

avio
r

in the R
em

o
te D

etectio
n

 of Large P
articles by

C
alan

o
id

 C
o

p
ep

o
d

s

In the G
reat Lakes, copepods are the dom

inant

grazers of phytoplankton
 and are im

portant predators

of ciliates and invertebrate larvae. R
ecent studies

indicate that calanoid copepods are capable of dis-

crim
inating betw

een food particles that differ in
 nutri-

tional quality. H
igh-speed m

icrocinem
atography has

revealed that calanoids can
 detect the

 presence of

particles as sm
all as 5 u.m

 and use coordinated actions

of their m
outhparts to capture them

. It is not know
n,

how
ever, w

hether m
echanoreception, chem

oreception,

or both sensory m
odes are used to detect and dis-

crim
inate betw

een particles. B
ecause copepods are

im
portant m

ediators of trophic energy m
ovem

ent in the

G
reat Lakes food w

eb, understanding the influences of

sensory physiology and behavior on their ability to feed

selectively, and defining this selection
 accurately, is

critical to
 understanding the

 im
pact of anthropogenic

perturbations to
 aquatic food w

ebs. T
his is a

 new

project that is being conducted at G
LE

R
L under the



auspices of the N
O

A
A

 - N
ational R

esearch C
ouncil

P
ost-doctoral R

esearch F
ellow

ship
 P

rogram
.

R
esearch

 M
onitoring

 of the L
ake

M
ich

ig
an

 E
co

system

Lake M
ichigan is the only Laurentian G

reat Lake

that lies entirely w
ithin U

S
 jurisdiction. It has a w

orld-

class fishery valued at over $300 m
illion

 per year and

serves as the source of drinking w
ater to over 5 m

illion

A
m

ericans. G
LE

R
L has m

aintained a long-term

m
onitoring program

 in southern Lake M
ichigan for the

past 10 years, and this year, revised it to im
prove the

scientific inform
ation that is collected. T

hese data are

used for research by G
LE

R
L on the condition of, and

trends in, Lake M
ichigan's ecosystem

 health, and also

as part of a study in collaboration w
ith Lake M

ichigan's

perch fisherm
en to investigate possible food-w

eb-

based causes of a decline in Lake M
ichigan's perch

population. T
hese data are also used by the U

S
 Fish &

W
ildlife S

ervice (U
S

F
W

S
) and the N

ational B
iological

S
ervice (N

B
S

) to supplem
ent their upper food w

eb

studies and assessm
ents in support of Lake M

ichigan

fisheries conservation and m
anagem

ent program
s.

T
he com

bination of G
LE

R
L's low

er food w
eb data w

ith

the U
S

F
W

S
/N

B
S

 data on the upper food w
eb (fish)

provides essentially com
plete coverage of the entire

pelagic (i.e., w
ater colum

n) fisheries ecosystem
, w

hich

is necessary for fishery stocking decisions and for

com
puter-based m

odel analyses of proposed fishery

m
anagem

ent actions.

In F
Y

 95, w
e com

pleted and published the "C
om

-

m
on

 P
lanktonic P

rotozoa
 in

 the
 U

pper G
reat Lakes: A

n

Illustrated G
uide." T

his is one of the first guides to

planktonic protozoa in the G
reat Lakes. 

It provides

taxonom
ic and ecological inform

ation about the plank-

tonic protozoa that com
m

only occur in the upper G
reat

Lakes, based on m
ore than 70 field collections ob-

tained over a 10-year period (1979-1989). A
 separate

taxonom
ic profile

 is presented for each of 35 com
m

on

protozoan taxa. T
he profile is organized around six

general aspects of each organism
's ecology: taxonom

ic

position, m
orphological description, distribution, a brief

list of pertinent references, general com
m

ents and

observations, and a m
icrograph of the organism

.

F
inally, dichotom

ous keys to the com
m

on orders and

individual taxa are presented

A
 new

 m
ore intensive m

onitoring program
 w

as

initiated by including ichthyoplankton, B
ythotrephes,

U
V

 light penetration, and phytoplankton production as

m
easured param

eters. S
am

pling w
as im

proved by

adding three additional stations. A
 new

 m
ulti-sensor

instrum
ent package w

as deployed in early spring and

retrieved in O
ctober.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 10 - N

onindigenous S
p

ecies R
esearch

T
he objective of this task is to expand our know

l-

edge of the biology and the ecological effects of

nonindigenous species in
 the

 G
reat Lakes. R

esearch

involves field investigations to m
onitor ecosystem

changes and com
m

unity response to these species

and exam
ines biological traits of the organism

s

them
selves. R

esearch also includes laboratory experi-

m
ents to determ

ine m
etabolic features and feeding

rates and exam
ines toxicokinetics and bioaccum

ula-

tion of toxics.

T
w

o new
 projects w

ere added this F
Y

: one to

define the role of the zebra m
ussel's selective filtering

in prom
oting nuisance bloom

s of algae in S
aginaw

 B
ay

and the effect of these bloom
s on the filtering perfor-

m
ance and survival of the m

ussels; and another to

exam
ine the influence of circulation and the T

hunder

B
ay R

iver plum
e on the threat of zebra m

ussel infesta-

tion on historical shipw
recks in T

hunder B
ay, Lake

H
uron, a proposed N

O
A

A
 N

ational M
arine S

anctuary.



E
ffects of the Zebra M

ussel on
 the Low

er Food

W
eb

 of S
aginaw

 B
ay

T
he objectives of this project are (1) to identify and

understand changes in the abundance, biom
ass, and

com
position of the low

er food w
eb of S

aginaw
 B

ay that

have resulted from
 the invasion of the zebra m

ussel

(D
reissena polym

orpha), (2) to construct a m
odel of

carbon flow
 through the system

 and determ
ine

 m
ajor

changes  in pathw
ays that m

ay have been caused by

the zebra m
ussel disrupting the ecosystem

, and (3) to

m
onitor changes in the abundance and distribution of

the zebra m
ussel in the bay.

D
ata collected in S

aginaw
 B

ay from
 1990-93 w

ere

com
piled  and interpreted in a collection of scientific

m
anuscripts that are published together in a special

issue of the Journal of G
reat Lakes R

esearch (V
olum

e

21, N
o. 4). A

 total of 12 papers are included in this

issue, entitled "Im
pacts  of the Z

ebra M
ussel on the

S
aginaw

 B
ay E

cosystem
: the E

arly Invasion Y
ears." In

general, results show
 a dram

atic shift in how
 energy

and nutrients are routed through
 the food chain.

S
aginaw

 B
ay's energy base  has shifted from

 a pelagic

{w
ater colum

n focused) to a benthic (bottom
 dom

i-

nated) food base. T
here is also evidence indicating

that zebra m
ussels encourage grow

th of harm
ful blue-

green algae by rejecting them
 as food, and thus giving

them
 a com

petitive advantage over other algae.

FY
 95 m

onitoring of w
ater quality param

eters w
as

com
pleted at 13 S

aginaw
 B

ay sites, thus extending the

G
LE

R
L S

aginaw
 B

ay ecological database to 1995.

V
ariables m

easured m
onthly w

ere nutrients, chloro-

phyll, suspended solids, S
ecchi depth, phytoplankton,

zooplankton, and benthos. A
lso, vertical profiles of

tem
perature and algal fluorescence w

ere obtained.

E
ffects of the Z

eb
ra M

ussel on
 N

u
trien

t and

M
icrobial D

ynam
ics in

 S
aginaw

 B
ay, Lake H

uron

B
y altering the biom

ass of phytoplankton and

bacteria, both
 of w

hich com
pete for phosphorus, and

rem
oving suspended

 participates, zebra m
ussels m

ay

affect nutrient cycles and m
icrobial dynam

ics in an

ecosystem
. T

he goals of this project are to (1) deter-

m
ine

 the direct and indirect effects of the zebra m
ussel

on nutrient regeneration and uptake by various trophic

com
ponents in the low

er food w
eb, (2) determ

ine the

effects of the zebra m
ussel on bacteria, (3) determ

ine

how
 the sources, cycling rates, and fate of labile

dissolved organic m
atter are affected by the presence

of the zebra m
ussel, (4) collect and determ

ine the

"nutritional com
position" of feces and pseudofeces

produced by the zebra m
ussel, and (5) com

pare field

observations of standing stocks and process rates w
ith

those predicted from
 bottle and m

esocosm
 experi-

m
ents.

In F
Y

 95, field w
ork continued to exam

ine the

effects of the zebra m
ussel on benthic and pelagic food

w
ebs in S

aginaw
 B

ay. A
 m

ajor hypothesis is that the

zebra m
ussel m

ay affect the ratios of regenerated

nutrients, w
hich could affect  the com

position and

grow
th rates of phytoplankton and other organism

s.

T
he effects of the zebra m

ussel on sedim
ent-w

ater

nutrient fluxes and oxygen consum
ption rates in the

light and dark w
ere investigated. C

ham
ber experim

ents

w
ere conducted at one inner bay and one outer bay

site during
 tw

o field trips in 1995. R
esults indicate

 that

zebra m
ussels increase benthic nutrient cycling and

respiration rates. Z
ebra m

ussel cham
bers alw

ays

show
ed increased am

m
onium

 levels and constant or

decreased nitrate
 levels. T

he ratio of oxygen consum
ed

to am
m

onium
 produced w

as 290 in cham
bers w

ith

zebra m
ussels vs. 55 in control cham

bers w
ithout

m
ussels. T

hese results suggest that zebra m
ussels

have a significant effect on benthic m
etabolism

 and

nutrient transform
ations at or near the sedim

ent-w
ater

interface.

N
utrient fluxes w

ere m
easured from

 sedim
ents

using  a new
 experim

ental design w
ith lake w

ater

continuously flow
ing over intact or reconstituted

sedim
ents cores.  T

he presence of zebra m
ussels

significantly increased am
m

onium
 regeneration in the

cores. In contrast to previous results from
 Lake M

ichi-

gan and other freshw
ater system

s, w
here regenerated



am
m

onium
 w

as nitrified
 and subsequently denitrified,

the regenerated am
m

onium
 w

as not quantitatively

converted  to nitrate in these cores. M
echanism

s

controlling  nitrification/denitrification
 are im

portant in

coastal ecosystem
s because denitrification is a sink for

available nitrogen and, therefore, can contribute
 to

changing concentrations and ratios of available nutri-

ents in regions w
here it is im

portant.

D
irect effects  of the grazing activities of the zebra

m
ussel on the natural assem

blage of planktonic

protozoa and algae from
 S

aginaw
 B

ay w
ere m

easured

in S
eptem

ber and O
ctober 1994. D

espite relatively high

grow
th rates of protozoa on both dates, m

ussels

low
ered protozoan num

bers by 70-80%
 and reduced

the species richness of the protozoan com
m

unity by

30-50%
. Z

ebra m
ussels selectively rem

oved nano-

planktonic  C
ryptom

onas and C
yclotella, but had no

significant effect on the predom
inant phytoplankton

species, M
icrocystis, and overall, D

reissena clearance

rates w
ere low

 in the presence of M
icrocystis. T

hese

studies dem
onstrate that zebra m

ussels cause signifi-

cant changes in com
position of both the protozoan and

phytoplankton com
m

unities in regions w
here they are

abundant.

R
esults from

 a eutrophic site in S
aginaw

 B
ay show

that the am
m

onium
 regeneration rates and uptake

rates  of the pelagic com
m

unity both follow
ed seasonal

patterns resem
bling those of chlorophyll concentrations

in the treatm
ents w

ithout zebra m
ussels. P

elagic

com
m

unity am
m

onium
 regeneration rates w

ere consis-

tently enhanced in the presence of zebra m
ussels,

indicating that zebra m
ussels could have a dom

inant

effect on nitrogen
 regeneration in regions w

here they

are abundant.

O
ur experim

ental findings from
 bottle

 and enclo-

sure experim
ents indicate that the zebra m

ussel can

have significant short-term
 effects on phytoplankton

abundance, w
ater transparency, w

ater chem
istry and

phosphorus dynam
ics. E

cosystem
 results from

 these

experim
ental studies w

ere com
pared  to actual field

results observed by others at G
LE

R
L and the U

niver-

sity of M
ichigan in their S

aginaw
 B

ay and Lake E
rie

m
onitoring program

s.  T
he com

parison show
ed gener-

ally good agreem
ent betw

een the tw
o approaches and

indicated that experim
ental and field m

easurem
ents

provide com
plem

entary inform
ation that can be used

together to better understand the effects of zebra

m
ussels on the ecosystem

s.

Toxicokinetics and
 B

io
accu

m
u

iatio
n

 of O
rganic

C
ontam

inants by the Z
eb

ra M
ussel

T
he goal of this project is to assess the im

pact of

the zebra m
ussel on the distribution of contam

inants in

ecosystem
s dom

inated by this organism
. T

he feeding

activities  of zebra m
ussels m

ay result in faster deposi-

tion of sedim
ents and m

ay also change the com
posi-

tion and m
obility of m

aterials on the bottom
. T

he

selected chem
icals, prim

arily R
G

B
s and P

A
H

s, are

representative of both their class and the physical and

chem
ical characteristics em

bodied in the chem
icals as

m
odel com

pounds. C
om

pounds from
 other chem

ical

classes w
ill be used w

here specific characteristics w
ill

be helpful to determ
ine specific processes or m

echa-

nism
s of action.

In FY
 95, studies exam

ining the assim
ilation of

contam
inants from

 algae to the zebra m
ussel w

ere

conducted as part of a study of the trophic transfer of

contam
inants to zebra m

ussels. T
his w

ork is part of a

collaborative effort w
ith O

hio S
tate U

niversity. T
he

results dem
onstrated that ingestion is a very im

portant

route by w
hich zebra m

ussels accum
ulate contam

i-

nants  in their bodies.

E
xperim

ents to investigate the transfer of contam
i-

nants from
 zebra m

ussels  to a predator organism
, in

this case, the crayfish, w
ere com

pleted. C
ontam

inants

w
ere very efficiently transferred from

 zebra m
ussels to

the crayfish preying on them
. T

his m
eans that zebra

m
ussels m

ay be a significant vector for the transfer of

contam
inants to higher trophic levels.

A
nalyses of sam

ples collected in 1993 and 1994

w
ere com

pleted. P
relim

inary findings suggest that for

P
C

B
s w

ith
 a high octonol:w

ater partition
 coefficient (log



K
o

w>
5

), zebra m
ussels and gam

m
arid am

phipods

exhibit seasonal variation in
 contam

inant content that

reflects the variability observed for phytoplankton.

S
easonal variability in phytoplankton

 {higher R
G

B

concentrations in
 spring

 and
 fall relative to

 sum
m

er)

results from
 grow

th dilution
 and to a lesser degree from

lipid
 content changes. B

ioaccum
ufation factors (B

A
F

s,

ratio of P
C

B
 in organism

 to that in phytoplankton) for

gam
m

arid am
phipods are

 only slightly higher than

those of zebra m
ussels, indicating

 that gam
m

arus are

not being exposed to a food source especially enriched

in contam
inants as a result of living in close contact

w
ith zebra m

ussels. Z
oopiankton B

A
F

s are a factor of 2

higher than both the zebra m
ussel and am

phipod due

in part to higher lipid
 content. Z

ebra m
ussel feces/

pseudofeces are enriched in som
e P

C
B

 congeners

relative to phytoplankton, though no relation w
ith

com
pound  hydrophobicity w

as observed.

O
b

servatio
n

s on
 the Trophic E

co
lo

g
y of D

reissen
a

E
arly Life S

tag
es: T

h
e C

ritical P
lan

kto
n

ic P
erio

d

T
he pelagic phase (eggs and larvae) of the zebra

m
ussel is a w

eak link in its life
 cycle, w

ith m
ortalities of

nearly 100%
 depending on environm

ental conditions.

T
he objectives of this project are to (1) observe feeding

m
echanism

s, particle choice, and feeding rates of

D
reissena larvae, (2) determ

ine nutritional require-

m
ents of D

reissena larvae, and (3) determ
ine the

vulnerability of D
reissena eggs and larvae to zooplank-

ton.tn F
Y

 95, w
e conducted experim

ents on the

suitability of different freshw
ater algae as food for

culturing zebra m
ussel larvae, and also experim

ents

using antibiotics to
 optim

ize
 conditions for rearing the

larvae. W
e had som

e success w
ith the freshw

ater

cryptophyte R
hodom

onas until it becam
e contam

i-

nated, and in one experim
ent using antibiotics there

w
as an im

provem
ent in survival.

W
ork w

as com
pleted to greatly im

prove the resolu-

tion of the optics of the C
ritter C

am
 (a video system

used to observe the behavior and activities of free-

sw
im

m
ing larvae). T

he softw
are and hardw

are of the

m
otor drive w

as im
proved and now

 allow
s us to keep

track of the cam
era (and anim

al) position in 3-D
 space

at a high sam
pling rate (15 tim

es per s).

T
he C

ritter C
am

 w
as used to record predation

interactions betw
een copepods and D

reissena larvae

to help explain the results of our bottle experim
ents

w
ith trochophores and D

-stage larvae. A
lm

ost all

trochophores attacked by copepods w
ere ingested,

w
hile the D

-stage larvae usually escaped. It also

appeared that som
e species of copepods m

ay avoid

attacking the D
-stage larvae, for unknow

n reasons.

L
o

n
g

-T
erm

 C
h

an
g

es in
 the R

esu
sp

en
d

ib
le

S
ed

im
en

ts of S
ag

in
aw

 B
ay

D
uring feeding, adult zebra m

ussels capture

suspended particulate
 m

atter and redeposit it as feces

and pseudofeces on the bottom
, thereby affecting the

com
position and m

obility of m
aterials in the sedim

ent

resuspendible pool in S
aginaw

 B
ay, and resulting in

changes in residence tim
es of particle-associated

constituents. T
his project focuses on sam

pling

resuspendible sedim
ents and analyzing them

 for gross

com
positional changes, nutrients, carbon, and

 137C
s, to

estim
ate the resuspension flux of these constituents,

and to
 exam

ine the
 carbon and

 nitrogen pathw
ay

changes caused by the m
ussel.

In F
Y

 95, results from
 sedim

ent traps revealed that

the am
ount of suspended particulate m

aterial in the

deeper parts of the S
aginaw

 B
ay w

ater colum
n

 in-

creased after the introduction
 of zebra m

ussels, w
hile

suspended particulate m
aterial in the upper part of the

w
ater colum

n w
as substantially rem

oved, presum
ably

by zebra m
ussel filtering.

W
e had not expected to see an increase in the

deep suspended load. 
W

e now
 believe that the

m
ussels are significantly changing the character and

distribution
 of the particulate m

aterial through
 tw

o

processes: (1) filtering and repackaging it as feces and

pseudofeces, w
hich have adhesion, com

paction, and

resuspension characteristics substantially different from

©



the "norm
al" particulate m

atter of the pre-zebra m
ussel

bay;  and (2) by contributing to the observed decrease

in populations of sedim
ent m

ixing in-fauna, such as

oligochaetes, w
ith

 a resultant reduction in sedim
ent

consolidation. B
oth these processes lead to form

ation

of a near-bottom
 pool of highly m

obile m
aterial that can

be m
ore easily transported to deeper w

aters, w
here it

is not filtered by zebra m
ussels, and is susceptible to

resuspension into the w
ater colum

n.

B
ased  on trap sam

ples, resuspended m
aterial

appears  to reach about 5-10 m
 above bottom

, or about

m
id-w

ater colum
n, and is m

ostly com
posed of feces/

pseudofeces. This phenom
ena m

ay have a substantial

im
pact on the 20-year reservoir (i.e., average residence

tim
e) of m

aterial w
ithin

 the sedim
ent m

ixed layer. It is

hypothesized that this layer is being depleted in

S
aginaw

 B
ay by the feeding behavior of the m

ussels,

w
ith consequences  for contam

inant trajectories that

could be considerable.

S
election

 and
 U

tilization
 of A

lgal R
esources by

D
reissena : U

nstable Interactions B
etw

een
 Zebra

M
ussels and

 the A
lgal C

om
m

unity of S
aginaw

 B
ay

B
ecause of their high abundance and very high

filtering rates in shallow
 aquatic system

s, zebra m
us-

sels rem
ove  a significant portion of the prim

ary produc-

tion. In som
e shallow

 experim
ental lakes in E

urope,

introduced zebra m
ussels have im

proved w
ater clarity

and quality of the algal resource base so that food w
eb

efficiency and fish production
 have increased. A

s a

result, som
e scientists have advocated introduction into

other aquatic system
s. Im

provem
ent of w

ater clarity

has been seen in Lakes E
rie and S

t. C
lair; how

ever, in

Lake S
t. C

lair, the increased w
ater clarity m

ay have

contributed to m
assive bloom

s of vascular m
acro-

phytes that have w
ashed up on shore and fouled

beaches. In the inner portion of S
aginaw

 B
ay, w

ater

clarity im
proved  in m

idsum
m

er of 1991 and 1993; but

in 1992 and 1994 there w
ere m

arked decreases in

w
ater clarity ow

ing to m
assive bloom

s of M
icrocystis

and other large phytoplankton. A
lso, there have been

outbreaks of near-bottom
 bloom

s of the filam
entous

alga  S
pirogyra that have later w

ashed up on beaches.

O
ur observations on the response of a m

ussel to a

potentially toxic alga strongly suggest that D
reissena

spp., through its selective rejections, m
ay increase the

probability of toxic bloom
s. It also seem

s likely that

zebra m
ussels have been a m

ajor contributor to

S
pirogyra bloom

s by increasing w
ater clarity by filtering

out sm
all algae and m

etabolizing the ingested biom
ass

into nutrients used by S
pirogyra. 

To explain these

unexpected and unstable responses in S
aginaw

 B
ay

requires us to carefully exam
ine D

reissena spp.'s

selection, rejection, and utilization of algal resources of

different quality and size.

In FY
 95, direct m

easurem
ent of N

itrogen (N
) and

P
hosphorus (P

) excretion by the m
ussels w

as added to

the project because alteration of the N
:P

 ratios by

m
ussels has been hypothesized by S

ea G
rant investi-

gators  to be a driving
 force in shifting algal com

m
unity

structure  to blue-green algae.

F
iltering rate experim

ents using an im
proved

m
ethod w

ere conducted using w
ater from

 our inner and

outer bay reference sites in S
aginaw

 B
ay, to allow

estim
ation of both filtering and assim

ilation rates at

sites having a high and a low
 concentration of M

icro-

cystis. V
ery low

 filtering and assim
ilation rates w

ere

seen during the bloom
 period (Figure 3).

V
isual observations of the m

ussels feeding on

natural seston allow
ed direct correlation

 betw
een

m
ussel behavior and filtering rate. The filtering rate

experim
ents and direct observations show

ed that the

m
ussels, for the m

ost part, filtered at full capacity

during the blue-green bloom
 but rejected alm

ost all

algae.P
relim

inary results of nutrient excretion experi-

m
ents run in parallel w

ith the filtering rate experim
ents

and suggest that m
ussels are not altering the N

:P
 ratio

in favor of the blue-green algae.

E
xperim

ents in w
hich natural seston w

as spiked

w
ith a palatable alga (R

hodom
onas) show

ed that the

m
ussels could selectively rem

ove the palatable alga.



S
aginaw

 B
ay S

tation 5

F
igure 4. F

iltering rate (F
) of m

ussels
w

as low
 during June, July, and A

ugust
w

hen M
icrocystis w

as abundant.
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T
his offers evidence that blue-green bloom

s are

prom
oted by selective filtering

 or rejection by the

m
ussels.

Z
ebra m

ussels ingested a broad size range of a

non-toxic colony-form
ing strain of M

icrocystis (from
 the

C
ulture

 C
ollection of A

lgae and P
rotozoa, C

um
bria,

E
ngland). T

he result m
ay im

ply toxicity is a necessary

requirem
ent for rejection of sm

aller colonies.

E
vidence that the m

ussels do not harm
 the bloom

algae (M
icrocystis) w

as inferred
 from

 an experim
ent in

w
hich m

ussels w
ere confined in sm

all beakers w
ith

natural seston for 5 days. C
hlorophyll concentrations in

beakers w
ith

 m
ussels increased relative to

 controls.

D
uring this period the m

ussels w
ere feeding actively

and presum
ably filtered the w

ater several tim
es over.

F
a
cto

rs A
ffe

ctin
g

 th
e
 In

fe
sta

tio
n

 o
f Z

eb
ra M

u
sse

ls

on
 T

h
u
n
d
e
r B

ay
 S

hipw
recks: C

ircu
la

tio
n

 and

R
e
cru

itm
e
n
t P

atterns

Z
ebra m

ussels are present in heavy concentrations

near the m
outh of the T

hunder B
ay R

iver, w
hich enters

T
hunder B

ay (Lake H
uron) at its northw

est end, at the

city of A
lpena, M

ichigan. 
A

lthough there are m
ajor

research efforts underw
ay concerning the ecological

effects, rate of spread across the U
nited S

tates, and

control strategies for zebra m
ussel, little

 attention
 has

focused on their effects on underw
ater historical and

cultural resources, such as shipw
recks. T

he prim
ary

objectives of this project are (1) to test a hypothesis

that the T
hunder B

ay R
iver is the prim

ary source

of zebra m
ussel veiigers to T

hunder B
ay, and (2)

that the location and extent of m
ixing of the river

plum
e in T

hunder B
ay is a prim

ary determ
ining factor

for the establishm
ent of successful colonies w

ithin

T
hunder B

ay, and therefore the greatest risk factor to

underw
ater cultural sites. T

his project involves the

collaboration of scientists and staff at G
LE

R
L, the

N
B

S
—

G
reat Lakes S

cience C
enter, and A

lpena

C
om

m
unity C

ollege.

D
uring F

Y
 95, a shoreside m

eteorological and

G
lobal P

ositioning S
ystem

 (G
P

S
) reference station w

as

established and m
aintained at the C

ity of A
lpena w

ater

treatm
ent plant. 

W
e perform

ed nearshore and river-

plum
e studies w

ith drifters in M
ay and June, during

w
hich tim

e a rapid springtim
e w

arm
ing occurred in this

area, and zebra m
ussels and veligers w

ere found to be

w
idely distributed throughout the w

estern portion of the

bay. B
ecause of this and other physical characteristics

found during  our initial drifter studies, the T
hunder B

ay

R
iver does not appear to be of m

ajor im
portance to the

colonization of zebra m
ussels in the bay.

B
ased upon the above findings the experim

ental

design w
as m

odified to include all of T
hunder B

ay.

D
rifter experim

ents w
ere conducted offshore in July

and
 A

ugust and
 bay-w

ide conductivity, 
tem

perature,

and depth (C
T

D
) surveys w

ere conducted as w
ell.

Z
ebra m

ussel sam
pling plates w

ere deployed at 10

sites in the bay, w
ith 9 of the sites co-located w

ith

shipw
recks. W

eekly plankton tow
s w

ere conducted at

five sites in the bay from
 June through A

ugust to

estim
ate veliger densities.

<D
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T
he G

reat Lakes are excellent for clim
ate 

change

research because of the existence of both physical and

biological/chem
ical m

easurable signals, the existence of

long-term
 records, ongoing physical process studies, and

the im
portance of resources (a m

ultibillion dollarsport and

com
m

ercial fishery, fresh drinking w
ater for a large seg-

m
ent of the U

S
 population, a m

ultibiilion
 dollar com

m
er-

cial transportation w
aterw

ay, etc.). Large lakes, including

the Laurentian G
reat Lakes, are "closed system

s" w
ith

boundaries on spatial scales that m
ake them

 m
ore trac-

table for study than the oceans. M
any of the environm

en-

tal conditions and processes related to clim
ate that m

ake

oceanic system
s im

portant for studying clim
ate change

and variability are also present in the G
reat Lakes and can

be studied w
ith sm

aller logistical budgets. T
his program

incorporates E
R

L R
esearch T

ask C
ategory G

LE
R

L 11 -

C
lim

ate
 V

ariability and brings together projects that ex-

am
inethe potential effects of clim

ate change on the G
reat

Lakes w
ater resources and ecosystem

.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

L
E

R
L

 11 - C
lim

ate V
ariab

ility

E
ffect of C

lim
ate C

h
an

g
e on

 L
arg

e-L
ake Ice C

ycles

T
he duration and extent of ice cover on the G

reat

Lakes have a m
ajor im

pact on the econom
y of the

region by im
peding com

m
ercial navigation, interfering

w
ith hydropow

er production and cooling w
ater intakes,

and dam
aging shoreline structures. T

he ice cover also

has an im
pact on the w

ater balance of the lake, by

affecting lake evaporation and other heat and m
om

en-

tum
 transfers, and on the biology and chem

istry of the

lakes, w
hich are affected by the length and extent of

ice
 cover. C

lim
ate

 change
 associated

 w
ith

 global

w
arm

ing w
ill possibly affect the ice cover, w

hich in turn

w
ill affect other physical, chem

ical, and biological

processes. O
bjectives of this project include (1) devel-

oping im
proved m

odels to better stim
ulate the seasonal

cycle of ice form
ation and loss on the G

reat Lakes, (2)

estim
ating the G

reat Lakes ice cover for past w
inters,

and (3) providing historical inform
ation on ice cover

trends, cycles, and other variations that w
ill be useful in

placing the ice cover of the 1990s and beyond in

historical perspective.

A
 study of the 1993/94 w

inter and G
reat Lakes ice

cycle w
as com

pleted, revealing that w
inter 1994 w

as

one of the coldest in over a decade. W
inter severity in

the G
reat Lakes affects both the ecosystem

 and

econom
y of the region.

A
 com

puter anim
ation

 of long-term
 average

 ice

cover and w
ater tem

perature w
as m

ade available over

G
LE

R
L's anonym

ous file transfer protocol (F
T

P
)

server. T
his anim

ation m
akes it possible to visualize

clim
atological spatial and seasonal trends in ice

form
ation and loss and the clim

atological seasonal and

<D



spatial patterns of w
ater tem

perature during the spring

w
arm

ing, sum
m

er m
axim

um
, and fall cooling periods.

T
h

erm
al S

tructure M
o

n
ito

rin
g

 fo
r C

lim
ate C

hange

T
he m

ain objectives of this project are (1) to

develop
 im

proved
 clim

atological inform
ation

 by m
eans

of observations, new
 instrum

entation, and im
proved

analysis of the distribution and variability of coastal and

offshore tem
peratures and by studying their depen-

dence on m
eteorological and hydrological forces, w

ith

em
phasis on potential changes in clim

ate, and (2) to

concurrently provide data for im
proving num

erical

m
odels that can sim

ulate and predict the therm
al

structure in the lakes.

In F
Y

 95, the entire T
herm

al S
tructure M

onitoring

project w
as reexam

ined and redesigned. T
he num

ber

of subsurface
 m

oorings in
 Lake M

ichigan
 w

as reduced

to one. T
he new

 m
ooring has integrated the tem

pera-

ture  and current m
easurem

ents into one string of

instrum
ents. T

his string contains 5 current m
eters and

10 independent tem
perature sensors and data loggers

plus 1 near surface sensor w
ith pressure m

easurem
ent

capabilities.

Im
pacts of C

lim
ate C

h
an

g
e on

 the H
yd

ro
lo

g
y

of th
e G

reat L
akes

T
he prim

ary goal of this task is to determ
ine

potential im
pacts of future clim

ate change on the

hydrology of the G
reat Lakes basin, and specifically on

net basin w
ater supplies. O

f particular concern is how

various clim
ate regim

es m
ay affect variability from

 year

to year in net basin supplies and in lake levels.

In F
Y

 95, historical clim
ate scenarios, based on 41-

yr data periods from
 the southeastern and southw

est-

ern
 continental U

S
, w

ere
 used

 in
 hydrological m

odels

of the G
reat Lakes to exam

ine possible changes in

variability associated w
ith various hydrological condi-

tions. W
e used G

LE
R

L's conceptual m
odels for sim

u-

lating m
oisture storages in, and runoff from

, the 121

w
atersheds draining into the Laurentian G

reat Lakes,

over-lake precipitation into each lake, and the heat

storages in, and
 evaporation

 from
, each

 lake. W
e

com
bined these com

ponents as net w
ater supplies for

each lake and estim
ated lake levels and connecting

channel flow
s to consider transposed clim

ate sce-

narios. W
e transposed four clim

ate zones, ranging from

6° south and 0° w
est to 10° south and 11 ° w

est of the

G
reat Lakes, to the G

reat Lakes area. T
hese represent

analog clim
ates that could occur over the G

reat Lakes

basin under global w
arm

ing.

A
verage air tem

peratures increased betw
een 4 and

11 °C
, and precipitation ranged from

 80%
 to +170%

 of

the current clim
ate, over various lakes under various

scenarios. T
hese resulted in G

reat Lakes w
hole-basin

w
ater supply changes from

 -1 %
 to -54%

 of the current

condition. T
he higher air tem

peratures under the

transposed clim
ate scenarios led to higher over-land

evapotranspiration and low
er runoff to the lakes w

ith

earlier runoff peaks, since snow
pack is reduced up to

100%
, and the snow

 season is elim
inated in som

e

scenarios. T
his also resulted in a reduction in available

soil m
oisture. W

ater tem
peratures increased and

peaked earlier; heat resident in the deep lakes in-

creased throughout the year. M
ixing of the w

ater

colum
n dim

inished, as m
ost of the lakes becom

e

m
ostly m

onom
ictic, and lake evaporation increased.

W
ater supplies decreased dram

atically for the tw
o

driest scenarios, w
ith Lake S

uperior becom
ing a

term
inal lake. A

lso, lake level variability increased for all

lakes for m
ost of the scenarios. M

axim
um

 lake levels

exceeded the recorded m
axim

a for several scenarios

on the low
er lakes.



N
E

A
R

S
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O
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S
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E
S

W
ind and

 w
aves are

 prim
ary driving forces for w

ater

m
ovem

ents in
 the

 oceans and
 lakes and

 are
 m

ajor factors

in
 determ

ining lake hydrodynam
ics. U

nderstanding
 these

processes, especially in
 the

 nearshore area, w
ill enable

us to develop m
odels to identify, forecast, and assist in

m
anaging or m

itigating
 nearshore

 w
ater quality and

 natu-

ral resource problem
s. T

he specific scientific objectives of

this program
 are to (1) synthesize the results of research

on large lake hydrodynam
ics, biological processes, and

w
ater chem

istry, w
ith

 em
phasis on the nearshore region,

and apply them
 to practical problem

s of coastal environ-

m
ental m

anagem
ent and planning, and (2) sponsor basic

and applied research into critical coastal environm
ental

problem
s. 

T
his 

program
 

incorporates 
one

 
m

ajor 
E

R
L

R
esearch T

ask C
ategory; G

LE
R

L 0
2
-N

e
a
rsh

o
re

 H
ydro-

dynam
ics.

E
R

L
 R

esearch
 T

ask C
ateg

o
ry: G

LE
R

L
 02 - N

earsh
o

re H
yd

ro
d

yn
am

ics

M
ilw

aukee harbor and its nearshore environm
ent

w
ere chosen as a research site under this program

 in

1993, because of the outbreak of C
ryptosporidium

 and

the related hum
an death toll and illnesses in the

M
ilw

aukee area. T
he M

ilw
aukee area can also serve

as a surrogate for other im
portant urbanized coastal

areas in the G
reat Lakes. T

his w
ork has been con-

ducted in collaboration w
ith researchers at the U

niver-

sity of W
isco

n
sin and the W

isconsin D
epartm

ent of

N
atural R

esources.

C
u

rren
t M

easu
rem

en
ts in

 th
e N

earsh
o

re A
rea

T
his project is designed to characterize the three-

dim
ensional structure of physical and biological fields

in the nearshore region of M
ilw

aukee, W
isconsin and

determ
ine the interaction betw

een nearshore and

offshore a
re

a
s. Last year, a N

ational D
ata B

uoy C
enter

(N
D

B
C

) buoy w
as deployed near M

ilw
aukee H

arbor in

w
estern Lake M

ichigan, and a current m
eter m

ooring

w
as deployed near the N

D
B

C
 buoy. T

hree additional

current m
eter m

oorings w
ere deployed across the lake,

and m
eteorological data from

 land stations w
ere

obtained and archived.

In F
Y

 95, nearshore (23 m
 depth) current and

tem
perature data w

ere collected from
 A

ugust 1994 to

N
ovem

ber 1995 at tw
o depths. T

he data show
 distinct

seasonal characteristics that im
pact the cross-shore

and longshore transport. A
ncillary data, e

.g
. m

eteoro-

logical data from
 N

D
B

C
 buoy 45010 and current

m
easurem

ents by other investigators and from
 other

years, are being incorporated in the analyses.

A
dditionally, three current m

eter m
oorings on a

transect betw
een M

uskegon and M
ilw

aukee that had

been deployed in M
ay 1994 w

e
re retrieved in June

1995 (F
igure 4). T

he data are in the initial processing

stage. T
he purpose of the m

easurem
ents is to attem

pt



to
 estim

ate
 cross-shore interaction

 betw
een nearshore

and
 offshore

 w
aters, and

 correlate sedim
ent deposition

in
 sequential sedim

ent traps w
ith

 currents.

N
earsh

o
re H

ydrodynam
ics an

d
 W

ind
 W

ave S
tu

d
ies

S
urface w

aves in
 the

 G
reat Lakes are

 prim
arily

generated by w
ind. A

s these
 surface w

aves propagate

from
 the deep w

ater tow
ard the coastal nearshore

region, decreasing depths and bottom
 effects influence

near-bottom
 orbital m

otions, m
odifying the

 w
ave

kinem
atics, and

 bringing-on shoaling, refraction,

diffraction, and breaking in the w
aves. T

his leads to the

inception of longshore and cross-shore currents, and

thus, nearshore w
aves decisively affect the transport,

fates, suspension, and resuspension of coastal sedi-

m
ents and

 pollutants.

W
hile oceanic nearshore w

ave studies have been

active
 in

 recent years, studies of nearshore
 G

reat

Lakes have been conspicuously lacking. T
he objective

of this project is to understand and quantify the im
pact

of nearshore surface w
ind w

aves on the transport, fate,

suspension, and resuspension of coastal sedim
ents

and
 pollutants.

T
he resources and focus of this project w

ere

redirected  in 1993 to the M
ilw

aukee area study. In F
Y

95, surface w
ind, w

ave, and tem
perature m

easure-

m
ents w

ere continued in the nearshore M
ilw

aukee area

using the N
O

A
A

 D
ata B

uoy C
enter instrum

ented buoy

45010. T
hese data w

ere collected and added to data

from
 previous field years and m

ade available to our

collaborators at U
niversity of W

isconsin for nearshore

circulation and flow
 m

odels.

F
igure 5. Location (stars)

of the three current m
eter

m
oorings on the m

idlake
ridge in Lake M

ichigan,
1994-95.

Lake C
ircu

latio
n

 an
d

 B
ottom

 B
oundary

Layer S
tudies

T
his project has been prim

arily a
 long-term

 study of

the
 bottom

 boundary layer in
 Lake M

ichigan. It is based

on m
easuring bottom

 currents and sedim
ent resuspen-

sion to study the physics of the bottom
 boundary layer,

and to relate the frequency of sedim
ent resuspension

in varying w
ater depths and sedim

ent types to the

causative forces driving lake circulation.

In 1993 the continuing w
ork in Lake M

ichigan w
as

deferred to respond to a C
ongressional requirem

ent to

conduct w
ork in Lake C

ham
plain. W

e established a

new
 research activity under this project w

hich is in

collaboration w
ith local Lake C

ham
plain scientists at

V
erm

ont's M
iddlebury C

ollege, and is focused on

determ
ining the circulation and sedim

ent resuspension

dynam
ics of Lake C

ham
plain.

D
ata on w

ater m
ass exchange processes betw

een

the m
ain basin of Lake C

ham
plain and several of its

sub-basins w
ere collected. In F

Y
 95, data collection in

the north end of Lake C
ham

plain w
as com

pleted. A
ll

field data from
 1992-1994 have been com

piled and

edited. A
n

 archive of these
 data is available

 from
 both

G
LE

R
L and M

iddlebury C
ollege. 

D
evelopm

ent of

m
odels to sim

ulate Lake C
ham

plain's hydrodynam
ics

w
as begun, and several reports are in preparation.
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G
reat Lakes and

 coastal ecosystem
s are

 continually

exposed to various stressors such as increased or de-

creased nutrient loads, hum
an-induced changes in the

carbon cycle and clim
ate, and the introduction 

of toxic

contam
inants. T

he
 goal of this program

 is to
 help

 answ
er

questions and address issues about the system
's bio-

geochem
ical response to these stressors. T

his program

contains 
E

R
L R

esearch T
ask 

C
ategory 

G
LE

R
L 

07-

N
E

C
O

P
, and

 G
LE

R
L 08-B

iogeochem
istry in

 Lakes and

C
oastal E

cosystem
s.

E
R

L
 R

esearch
 Task C

ateg
o

ry: G
LE

R
L

 07 • N
E

C
O

P

T
he N

utrient E
nhanced C

oastal O
cean P

roductiv-

ity (N
E

C
O

P
) P

rogram
 is one of a series of N

O
A

A
-w

ide

program
s dealing

 w
ith

 m
ajor problem

s in
 the

 coastal

ocean. T
he central hypothesis is that increased

nutrient input from
 the M

ississippi R
iver has led to

increased productivity, w
ith undesirable consequences

for the nearshore region of the northern G
ulf shelf.

R
etro

sp
ective A

n
alysis o

f N
u

trien
t E

nhanced

C
o

astal O
cean

 P
roductivity in

 S
ed

im
en

ts fro
m

 th
e

L
o

u
isian

a C
ontinental S

helf

T
he objectives of this project are to (1) identify

areas in the coastal region w
here sedim

ents w
ith

coherent geochronologies of approxim
ately 200 years

can be collected, and (2) exam
ine the selected cores

for tracers of past w
ater and ecosystem

 conditions

(e.g., carbon, nitrogen, diatom
 frustules, and stable

isotopes).

A
ll sam

ples w
ere analyzed this F

Y
 and data

synthesis w
as begun. P

aleo-reconstructions of the

regional productivity and intensity of hypoxia revealed

that productivity began to increase in the northern G
ulf

shelf early in the 1950s, coincident w
ith the increase in

nutrients (nitrogen) from
 the M

ississippi R
iver. It is

clear that productivity and hypoxia/anoxia have a large

anthropogenic com
ponent. Interpretation is continuing

and further synthesis products w
ill be forthcom

ing.

T
h

e Fate an
d

 E
ffects o

f R
iverine (an

d
 sh

elf-d
erived

)

D
isso

lved
 O

rganic N
itro

g
en

 o
n

 M
ississip

p
i R

iver

P
lu

m
e/G

u
lf S

h
elf P

ro
cesses

T
he

 am
ount, com

position, and
 biological lability of

dissolved organic carbon (D
O

C
) and dissolved organic

nitrogen (D
O

N
)  m

ay be im
portant factors affecting

productivity in the M
ississippi R

iver P
lum

e/G
ulf S

helf

(M
R

P
/G

S
) region. S

pecifically, w
e hypothesized that

riverine D
O

C
 and D

O
N

 supply a significant portion
 of

total heterotrophic and autotrophic nutrients for grow
th

in the M
R

P
/G

S
 system

. T
he im

portance of dissolved

organic m
atter (D

O
M

) to m
icrobial grow

th rates in the

M
R

P
/G

S
 is being evaluated by (1) characterizing the

chem
ical and isotopic com

position of D
O

C
 and D

O
N

 in

the river outflow
 and offshore stations, and (2) exam

in-

ing the biological reactivity of the D
O

C
 and D

O
N

. T
his

project is being conducted in collaboration w
ith re-

searchers at the U
niversity of T

exas at A
ustin.

In F
Y

 95, sam
ple analysis and data synthesis from

the last N
E

C
O

P
 cruise in July 1993 continued. S

ignifi-

cant results from
 this research include the developm

ent

of a conceptual m
odel that show

s different m
odes of



cycling
 for dissolved organic carbon and

 nitrogen

com
ponents in surface w

aters of the M
ississippi R

iver

plum
e. A

vailable
 organic nitrogen

 appears to
 m

ainly

cycle rapidly through
 low

 m
olecular w

eight 
com

pounds,

such as free am
ino

 acids, that are
 rapidly 

assim
ilated

by bacteria
 for biom

ass accum
ulation. In

 addition
 to

this m
ode observed for low

 m
olecular w

eight organic

com
pounds, significant quantities of carbon appear to

recycle as high m
olecular w

eight organic com
pounds

w
ith

 a high C
:N

 ratio that provide energy for bacterial

respiration. T
hese com

pounds are labile but do not turn

over as rapidly as the low
 m

olecular w
eight organic

nitrogen
 com

pounds. T
hese findings give insights

about processes responsible for the developm
ent of

hypoxia in certain regions of the northern G
ulf of

M
exico.

A
 second significant result w

as the developm
ent of

an experim
ental index to dem

onstrate the presence of

available labile organic carbon in natural w
aters. T

his

index w
as defined as the fraction of assim

ilated A
m

ino

acid-15N
 that w

as recovered as
 15N

-A
m

m
onium

(A
N

R
A

) after addition and incubation of high levels (4

m
M

) of 15N
-labeled am

ino acids to sea or lake w
ater.

A
N

R
A

 is inversely related to the quantity of available

labile
 organic carbon {w

ith
 a

 high
 C

:N
 ratio) because if

other sources of carbon are available to support

bacterial respiration, the bacteria are able to incorpo-

rate the added am
ino acids into biom

ass rather than

respire them
 and release the nitrogen as am

m
onium

.

T
his index provides a tool to help evaluate organic

carbon
 and

 m
icrobial dynam

ics in
 the

 G
ulf of M

exico

and in other ecosystem
s such as S

aginaw
 B

ay and

F
lorida B

ay. T
his A

N
R

A
 index is being used in our

studies of all three ecosystem
s.

R
esults on the role of w

ater colum
n nitrification in

O
2 depletion—

hypoxia production show
s that in

addition to respiration and F
e+M

n oxidation (w
hich is

sm
all), the oxidation of N

H
4+ (nitrification) occurs w

ithin

the
 w

ater colum
n at interm

ediate salinities in
 the

 river

plum
e. M

easurem
ents show

ed that up to 50%
 of the

oxygen consum
ed in these m

id-salinity w
aters is

through nitrification. T
his reaction is usually confined to

the sedim
ent-w

ater interface, but production is so high

that the
 appropriate

 m
icrobial com

m
unities can

 survive

w
ithin the w

ater colum
n. T

his process had not been

included
 in our earlier m

odels of O
2 depletion since it is

extrem
ely rare, how

ever it w
ill be critical to include it in

order to appropriately sim
ulate nutrient cycling and O

2

depletion.

P
rim

a
ry P

ro
d
u
ctio

n
 a

n
d
 V

e
rtica

l F
lu

x

of O
rg

a
n
ic C

a
rb

o
n

T
he goal of this project is to determ

ine prim
ary

production and vertical flux of organic carbon in the

G
ulf of M

exico. O
bjectives are to (1) characterize

photoautotrophic com
m

unity dynam
ics in relation to

optical conditions, nutrient inputs, and other aspects of

the physical and chem
ical environm

ent, (2) exam
ine

the relationship betw
een phytoplankton production,

grow
th, and biom

ass and the vertical export of fixed

carbon from
 the service w

aters of the M
R

P
/IG

S
, and

(3) develop conceptual and predictive m
odels that

describe the production and fate of fixed carbon as a

function of optical conditions, nutrient inputs, and other

environm
ental  variables.

O
verall, the project has been very successful in

addressing the specific goals, and 11 papers have

been published. T
o sum

m
arize, the rates of phy-

toplankton
 production

 and
 grow

th in
 the

 outfall region

of M
ississippi R

iver are prim
arily controlled by the

supply of nitrogen from
 the river. In general, both

grow
th and loss rates are very high in this region. T

he

fate of this fixed carbon appears to be prim
arily con-

trolled by phytoplankton com
position. T

his project has

been com
pleted.

O



E
R

L
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esearch
 T
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o
ry: G

L
E

R
L

 08 - B
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g
eo

ch
em

istry in
 L

akes an
d

 C
o

astal E
co

system
s

E
n

viro
n

m
en

tal 
R

ad
io

tracers

T
his research

 em
phasizes the

 use
 of radiotracers

to identify and m
odel fundam

ental 
lake/w

atershed

transport processes in
 diverse

 aquatic system
s.

O
bjectives of the project are to (1) identify principal

transport m
echanism

s in aquatic system
s and deter-

m
ine transport scales and rates, (2) investigate and

quantify sedim
ent depositional and geochem

ical

processes, (3) develop geochronological inform
ation

from
 sedim

ent radionuclide profiles for paleolim
nologi-

cal studies, (4) determ
ine and account for relationships

betw
een system

 loadings and sedim
entary records of

tracers, contam
inants, and

 other constituents, and
 (5)

apply techniques, insights, and m
odels arising from

radiotracer studies to
 specific problem

s of ecosystem

dynam
ics, environm

ental contam
ination, and regional

effects of clim
ate change. T

here are m
any sub-projects

w
ithin this project, m

any of w
hich involve collaboration

w
ith investigators from

 other agencies.

F
lorida B

ay. this project w
as one of several requir-

ing m
ajor efforts in F

Y
 95. T

his project seeks to

understand the causes of the degradation of the bay

that has occurred over the past several decades

(decline in bird
 and anim

al populations, die-back of sea

grasses and m
angroves, and episodes of plankton

bloom
s) by assigning

 dates to
 sedim

ent layers to

reconstruct the history of biological and chem
ical

changes in the system
. In F

Y
 95, additional sedim

ent

cores w
ere collected, and num

erous sam
ples w

ere

analyzed at the G
LE

R
L laboratory for 2

2
6R

a. 210P
b

 data

generated at the U
S

 G
eological S

urvey (U
S

G
S

)

D
enver laboratory w

ere com
bined w

ith the G
LE

R
L

results to develop a recent chronology of sedim
ents at

a key site in the B
ay. C

hronological m
odels w

ere

developed and
 applied

 to
 radionuclide 

profiles. S
e-

lected sam
ples of cores w

ere analyzed for lead by

collaborators at the
 U

niversity of M
ichigan

 S
chool of

P
ublic H

ealth, as the com
bination of P

b and
 210P

b

proved critical for dating recent 
sedim

ents.

Lake M
ichigan M

ass B
alance P

rogram
: 

another

m
ajor focus this F

Y
 has been on the S

edim
entation in

Lake M
ichigan

 project, w
hich

 is part of the
 E

P
A

-

sponsored Lake M
ichigan M

ass B
alance 

program
.

R
esults from

 this project w
ill provide

 the
 basis for

calibrating E
P

A
-developed m

ass balance m
odels for

Lake M
ichigan and help

 to determ
ine the history of

accum
ulation of biogenic silica, m

ercury, and
 other

contam
inants in the lake over the last 100 years. W

e

began this year by coring in the low
er half of Lake

M
ichigan. A

 total of 19 box cores w
ere 

collected,

subcored, and sedim
ent sections isolated for analysis.

In S
eptem

ber, additional box cores w
ere collected at

31
 sites using

 the
 E

P
A

 ve
sse

l, R
/V

 LA
K

E
 

G
U

A
R

D
IA

N
.

P
relim

inary results indicate that changes are
 required

in
 the

 m
odels to

 account for d
iffe

re
n
ce

s in
 ra

d
io

ce
siu

m

and radiolead profiles, w
h
ich

 em
phasize h

o
rizo

n
ta

l

redistribution processes over local m
ixing

 of sedi-

m
ents.

F
lorida E

verglades: a third m
ajor effort w

as

devoted to the use of radionuclides to determ
ine 

rates

of soil accretion in the F
lorida E

verglades. T
his project

is part of a m
ulti-m

illion dollar project of the S
outh

F
lorida W

ater M
anagem

ent D
istrict to re-size vast

storm
 treatm

ent a
re

a
s and calibrate

 w
ater quality

m
odels. S

am
ples from

 16 cores received from
 the

U
niversity o

f F
lorida

 w
ere

 analyzed
 fo

r 1
3
7C

s. A
d
d
itio

n
-

ally, selected sam
ples w

ere analyzed for 2
1
0P

b
. W

e

determ
ined that the

 predictions of the
 re

g
io

n
a
l lo

a
d
in

g

of radiocesium
 w

ere developed based on in
co

m
p
le

te

records of fallout to the M
iam

i area. V
ertical 

sedim
ent

transport m
odels w

ere adapted to account for 137C
s in

term
s of advection and diffusive m

igration of 137C
s

through pore fluids.

Terrace R
eservoir, C

olorado: the objectives of this

sub-project are to determ
ine the history of co

n
ta

m
in

a
-

tion of the T
errace R

eservoir and establish 
sedim

ent



transport param
eters for m

odeling
 m

ining residues.

T
his year, three sedim

ent cores from
 the

 lake
 w

ere

analyzed for 137C
s and

 210P
b
. 

P
relim

inary 
application

of vertical sedim
ent transport m

odels 
indicates

changes over tim
e

 consistent w
ith the

 history of

upstream
 m

ine tailing
 operations. T

his project is in

collaboration
 w

ith the
 U

S
G

S
.

C
oeurD

'A
lene Lake, Idaho: w

ork on this project

has been com
pleted. C

oeur D
'A

lene Lake suffers from

w
idespread and severe heavy m

etal contam
ination of

its bottom
 sedim

ents. U
nder this project, G

LE
R

L
 w

as

able to develop a history of contam
ination, extracted

from
 sedim

ent cores w
ith

 w
ell established geochronolo-

gies, w
hich

 show
s that the

 onset and
 subsequent

record of sedim
ent contam

ination, is consistent w
ith the

history of m
ining activities in the drainage basin. T

his

project is in
 collaboration

 w
ith

 the
 U

S
G

S
.

C
a
rb

o
n
 B

io
g
e
o
ch

e
m

istry
 in

 Lakes a
n
d

C
o
a
sta

l E
co

syste
m

s

T
his project focuses on processes regulating the

m
ajor biogeochem

ical cycles and fluxes in lakes and

coastal ecosystem
s, w

ith an em
phasis on carbon.

C
arbon is central to m

any of the perceived issues

related to the im
pact of hum

ans on the environm
ent.

T
he G

LE
R

L C
lim

ate C
hange and V

ariability, A
quatic

C
ontam

inants, and E
cosystem

 D
ynam

ics P
rogram

s w
ill

all be affected by ongoing changes in the carbon cycle.

It is generally agreed that clim
ate change is driven by

increasing atm
ospheric concentrations of certain

gases, especially C
O

2 and C
H

4. In addition to poten-

tially altering global and local clim
ates, the C

O
2 in-

crease w
ill have a m

ajor im
pact on the carbon

geochem
istry of the G

reat Lakes, such as the elim
ina-

tion of annual C
aC

O
3 precipitation from

 the w
ater

colum
n, w

hich
 w

ill im
pact trace contam

inant rem
oval,

prim
ary productivity, and zooplankton grazing. T

he

long-term
 goal of this research is the developm

ent of a

hierarchy of calibrated
 num

erical m
odels of processes

regulating the biogeochem
ical cycle of carbon in the

G
reat Lakes, w

ith subsequent applications to coastal

ecosystem
s. In order to accom

plish this, w
e need to

better understand im
portant processes that affect the

biogeochem
ical cycle of carbon, including C

O
2 gas

exchange, rem
ineralization

 of organic carbon, form
a-

tion of C
aC

O
3, vertical flux of carbon species, dissolu-

tion
 rate of C

aC
O

3, rem
ineralization of carbon in

sedim
ents, and transport across the sedim

ent w
ater

interface.

Lake M
ichigan: In F

Y
 95, sequencing sedim

ent trap

sam
ples and net plankton from

 G
LE

R
L's 100 m

 deep

m
onitoring

 station
 off G

rand
 H

aven
 w

ere analyzed
 for

carbon and nitrogen isotopes. T
here is a large sea-

sonal pattern in both isotopes, probably due to nutrient

depletion
 and

 productivity (F
igure

 4). W
e

 need to

quantify these patterns in order to im
prove our paleore-

constructions from
 isotopic and other inform

ation in

sedim
ent cores.

G
reen B

ay, W
isconsin: S

even cruises w
ere com

-

pleted in G
reen B

ay, Lake M
ichigan, to study the air-

w
ater exchange of C

O
2 and C

H
4. S

am
ples for dis-

solved inorganic carbon and isotopic com
position w

ere

collected. T
hese data are required for a G

reen B
ay

carbon m
odel. T

his activity is supported by the W
iscon-

sin S
ea G

rant P
rogram

 and is conducted in collabora-

tion w
ith academ

ic scientists and students at the

U
niversity of W

isconsin-M
ilw

aukee, and M
ichigan S

tate

U
niversity.

Y
ellow

stone Lake, W
yom

ing: W
ith the assistance

of the U
S

F
W

S
, w

e successfully deployed three arrays

of our 4" diam
eter single-sam

ple sedim
ent traps in

Y
ellow

stone Lake in June 1995. In m
id-S

eptem
ber, w

e

successfully retrieved these traps and deployed tw
o

sequencing sedim
ent traps for a w

hole year of collec-

tion. O
ur prim

ary interest is in particle m
ass fluxes, and

nutrient and carbon cycling. H
ow

ever, this lake is also

responding
 to

 a
 m

ajor nonindigenous specie, lake trout,

w
hich is expected to have a m

ajor im
pact on the lake's

ecology and also affect the fish-eating birds w
ithin the

park. T
he

 trout w
ere first found in

 1994, and
 subse-

quent surveys have identified 3 year-classes going

back to 1991. T
he available habitat and prey in Y

ellow
-
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A
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N
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P
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M
ay 

A
ug

D
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F
igure 6. C

arbon isotope distribution for sedim
ent trap and net plankton in Lake M

ichigan.
The m

easured isotopic distribution m
easured in traps and net sam

ples provide considerable
inform

ation on the annual cycle of this elem
ent in the lake. In spring, w

hen the lake is w
ell-

m
ixed, the trap sam

ples are a m
ixture of plankton and, isotopically heavy, resuspended

sedim
ents. A

fter stratification, the trap carbon is the sam
e as net plankton for one 16-day

collection interval; this is the period of tight pelagic-benthic coupling. G
razing pressure from

zooplankton has not caught up w
ith the spring bloom

 of diatom
s that settle rapidly to the

bottom
 and supply the benthos w

ith a rich source of food. S
ubsequent trap sam

ples (at 35 m
)

from
 the stratified period are significantly heavier than net plankton; little of the isotopically

light plankton lipids survive the bacterial oxidation in the epilim
nion. A

fter stratification breaks
dow

n, the traps re-acquire the isotopic com
position of resuspended sedim

ent.

stone Lake are considered excellent, and the invading

lake trout are now
 predicted to becom

e the m
ajor top

predator, replacing, and virtually elim
inating, the

present cutthroat trout. T
he data collected w

ill provide

inform
ation  of the lake's status very early in this

process. T
his activity is conducted under the N

ational

U
ndersea R

esearch P
rogram

 (N
U

R
P

) and W
isconsin

S
ea G

rant funding
 in collaboration w

ith academ
ic

scientists at the U
niversity of 

W
isconsin-M

ilw
aukee.

N
itrogen

 D
ynam

ics

N
itrogen occurs in

 all living
 organism

s and
 is an

im
portant elem

ent in aquatic ecosystem
s. N

itrogen is

dynam
ic in alt aquatic ecosystem

s and occurs in

several form
s in the sedim

ents, w
ater, and the atm

o-

sphere. N
itrogen transform

ations are often biologically

m
ediated in aquatic ecosystem

s. T
he form

s, fluxes,

and transform
ation rates of nitrogen com

pounds

therefore reflect organism
 and ecosystem

 dynam
ics in

freshw
ater and m

arine environm
ents.

A
lthough nitrogen  biogeochem

istry is a crucial part

of aquatic ecosystem
 dynam

ics, our understanding
 of

nitrogen cycling in fresh w
ater and m

arine system
s is

incom
plete, in part because m

ethodology is often

inadequate to efficiently determ
ine nitrogen form

s and

transform
ation rates. In contrast to carbon and phos-

phorus, nitrogen does not have radioactive form
s {w

ith

sufficient half lives) that can be used for tracer studies.

N
itrogen transform

ations  are usually sim
ilar in fresh

and salt w
ater environm

ents, but som
e im

portant



differences have been observed. U
nderstanding the

reason(s) for such differences m
ay provide a basis for

m
anagem

ent practices that w
ould m

inim
ize the effects

of nitrogen enrichm
ent in

 m
arine

 coastal w
aters.

C
om

parative studies  of nitrogen dynam
ics in fresh and

salt w
ater system

s w
ill provide insights on sim

ilarities

and differences betw
een the tw

o system
s and should

im
prove

 our understanding
 of nitrogen

 dynam
ics in

both system
s.

G
reat Lakes: In F

Y
 95, com

prehensive experim
en-

tal data on seasonal natural abundances of nitrogen

isotopes and on nitrogen
 cycling rates through the

various organic and inorganic pools w
ere collected

 in

Lake M
ichigan to determ

ine rates and m
echanism

s of

pelagic nitrogen cycling. T
hese experim

ents w
ill

provide one of the m
ost com

prehensive data sets of re-

cycling
 in

 a
 freshw

ater ecosystem
. S

ignificant results to

date show
 (1) significant am

ounts of recycled am
m

o-

nium
 are nitrified

 rather than directly taken up by

phytoplankton, and (2) large shifts are observed in the

isotopic com
position of D

O
N

, T
hese results im

ply that,

contrary to previous beliefs, the D
O

N
 pool can have a

relatively high turnover rate in surface w
aters. N

itrogen

sam
ple preparation techniques for m

ass spectrom
etry,

that w
ere adapted or developed in this investigation,

are currently being incorporated into G
LE

R
L's sam

ple-

preparation protocols.

Laboratory experim
ents on w

ater collected from

O
ld W

om
an C

reek, Lake E
rie, and S

aginaw
 B

ay, Lake

H
uron, have show

n  the first evidence for a cascading

trophic effect on
 nitrification

 (Figure 5). These experi-

m
ents dem

onstrated that grazing  of bacteria by

heterotrophic protozoa, w
hich are, in turn, grazed by

larger zooplankton or filtered by zebra m
ussels, can

have
 an

 im
portant effect on

 n
itrifica

tio
n

 rates in
 the

w
ater colum

n. T
his result is significant because

nitrification is a globally im
portant process and m

echa-

nism
s controlling it in different ecosystem

s are not

com
pletely understood. B

iotic trophic effects as a

m
echanism

 controlling nitrification have not been

considered before  in lim
nology or oceanography.

Florida B
ay: F

ollow
ing up on our A

ugust 1994 trip

to Florida B
ay, a second field trip w

as taken during

F
ebruary-M

arch
 1995 to

 exam
ine

 (1) nutrient-lim
itation

of phytoplankton and bacteria, (2) sedim
ent-w

ater

nutrient fluxes  and oxygen dem
and, (3) w

ater-colum
n

nutrient transform
ations,  and (4) low

er food w
eb

Figure 7. D
ynam

ics of am
m

onium
 (solid line w

ith
dots), nitrates (dashed line w

ith squares), and
biom

ass ofprotists (open bars=flagel!ates, striped
bars=ciliates) In E

xperim
ent 1. (A

) In the bottle w
ith

unfiltered S
aginaw

 B
ay w

ater, (B
) in the bottle w

ith
53-m

icron filtered S
aginaw

 B
ay w

ater, and (C
) in

duplicate bottles w
ith unfiltered O

ld W
om

an C
reek

w
ater (+

/- S
E

). The figure dem
onstrates that as the

biom
ass ofprotists declined due to zooplankton

grazing, nitrification increased due to dim
inished

protists grazing on nitrifying bacteria.

30



abundance and com
position in selected regions of

Florida B
ay. D

etailed bottle and sedim
ent-cham

ber

experim
ents w

ere conducted on an east-w
est transect

of northern-bay stations (near D
uck, R

ankin, and

M
urray K

eys), and
 at a

 m
ore centra! station

 (near

R
abbit K

ey). S
eston nutrient com

position, dissolved

nutrient levels, and low
er food w

eb organism
s w

ere

exam
ined at a total of 12 stations.

The severity and spatial distribution of phytoplank-

ton nutrient-lim
itation w

ere assessed by m
easuring

suspended and dissolved nutrient concentrations and

ratios and by conducting nutrient enrichm
ent experi-

m
ents.

P
relim

inary results from
 these experim

ents show

that the degree of phytoplankton P
-lim

itation in Florida

B
ay decreases from

 east to w
est w

here N
 becom

es a

co-lim
iting nutrient. Internal nutrient cycling in the

w
ater, as w

ell as at the sedim
ent-w

ater interface, is a

very im
portant supply m

echanism
 for available nutri-

ents. B
acterial uptake accounts for a large fraction of

w
ater colum

n phosphorus dem
and. The m

icrobial food

w
eb plays a fundam

ental role in both nutrient cycling

and low
er food w

eb dynam
ics and is an im

portant

indicator  of w
ater quality degradation and food w

eb

changes in the bay.



FA
C

ILITIE
S

G
LE

R
L's A

nn A
rbor research facility contains 17

laboratories equipped w
ith general and

 specialized labo-

ratory equipm
ent 

including
 a stable isotope m

ass spec-

trom
eter (S

IM
S

), a
 fully equipped radiotracer laboratory,

several gas chrom
atographs and liquid scintillation count-

ers,  a
 high

 pressure liquid
 chrom

atography system
, a

m
ulti-channel C

oulter C
ounter, grow

th cham
bers and

incubators, stereo and inverted m
icroscopes, and a fully

equipped 
m

ulti-purpose
 epifluorescence 

m
icroscope.

G
LE

R
L also has high speed m

icro-cinem
atography equip-

m
ent located  in a tem

perature-controlled environm
ental

cham
ber that is m

aintained for conducting experim
ents

and grow
ing biological cultures at low

 tem
peratures.

G
LE

R
L's Lake M

ichigan 
F

ield S
tation, located in

M
uskegon, includes three buildings and research vessel

dockage. O
ne building contains a research laboratory,

offices, and research storage. O
ne scientist conducts

biological research on-site.

C
o
m

p
u
te

r F
a
cility

T
he G

LE
R

L com
puterfacility is a Local A

rea N
etw

ork

(LA
N

) of com
puting resources. T

his netw
ork consists of

8 V
A

X
s, 10 U

N
IX

/R
IS

C
 w

orkstations, 6 M
acs, and about

80 P
C

s connected via ethernet. T
he LA

N
 is connected to

the Internet via M
ichN

et.

A
 variety of scientific applications, including

 real-tim
e

and near real-tim
e data acquisition, data reduction, graphi-

cal display, im
age processing, statistical and

 m
athem

ati-

cal analysis, etc., are accessed by G
LE

R
L personnel and

collaborators.

G
LE

R
L is the G

reat Lakes R
edistribution

 N
ode of the

N
ational O

cean C
om

m
unication N

etw
ork (N

O
C

N
) and

m
akes satellite im

agery available to governm
ent, private,

and academ
ic users throughout the G

reat Lakes region.

G
LE

R
L is also a partner in the G

reat Lakes C
om

m
ission's

G
reat Lakes Inform

ation
 N

etw
ork (G

LIN
).

Library

T
h

e
 

G
L

E
R

L 
lib

ra
ry's 

co
lle

ctio
n 

su
p

p
o

rts 
th

e

laboratory's research activities. T
he collection reflects an

em
phasis on

 freshw
ater studies—

particular!ly in
 the

 G
reat

Lakes basin. C
urrent holdings include 6,269 periodical

volum
es, 8,655 book/technical report volum

es, and 233

dissertation 
volum

es in
 subject areas of 

clim
atology,

contam
inant organics, hydraulics, hydrology, ice, lim

nol-

ogy, m
athem

atical m
odels, m

eteorology, nutrients, ocean-

ography, sedim
ents, and w

ave m
otion. T

he library cur-

rently receives 213 subscription titles. B
ooks dating from

1980 onw
ard, as w

ell as m
any earlier books, are included

in the online
 union catalog by the O

nline C
om

puter Library

C
enter, Inc. (O

C
LC

). T
hese books are

 also reflected in the

N
O

A
A

 Library C
atalog available via rem

ote online ac-

cess, com
m

ercial C
D

-R
O

M
, and

 the
 library's public ac-

cess catalog w
orkstation. Interactive searches m

ay be

m
ade of library records using B

oolean search options and

displays in
 various form

ats. G
LE

R
L library facilities are



open
 to

 the
 public during

 norm
al business hours.

D
uring FY

 95, the library expanded services w
ith

the
 addition

 of four new
 C

D
-R

O
M

 databases m
aking

 a

total of 29 titles supporting bibliographic and reference

needs.  T
he

 public services area w
as also

 enhanced

w
ith num

erous new
 resources on the internet.

F
uture

 plans include
 the

 addition
 of a

 read only

version of the P
C

-based databases used for reprints

and dissertations to facilitate access by library users.

T
he library staff also hope to have Internet access to a

new
ly im

plem
ented N

O
A

A
 libraries catalog that w

ill

include  the G
LE

R
L library holdings.

The G
LE

R
L library is a m

em
ber of the M

ichigan

Library C
onsortium

 (M
LC

), W
ashtenaw

-Livingston

Library N
etw

ork (W
LLN

), F
ederal Library and Inform

a-

tion N
etw

ork (F
E

D
LIN

K
), N

O
A

A
 Library and Inform

a-

tion N
etw

ork (N
LIN

), and the O
nline C

om
puter Library

C
enter (O

C
LC

).

In
fo

rm
atio

n
 S

ervices—
P

u
b

licatio
n

s U
nit

T
he P

ublications U
nit provides editorial and publica-

tions support to the scientific staff, prepares and distrib-

utes G
LE

R
L publications, responds to publications and

inform
ation requests from

 the public, and produces re-

ports, brochures, and displays concerning G
LE

R
L's w

ork.

R
esearch results published during F

Y
 95 include 72

scientific publications; G
O

form
al presentations w

eregiven.

R
equests for inform

ation this fiscal year w
ere received

from
 universities, schools, m

edia, federal, state, and local

governm
ent  agencies as w

ell as from
 private citizens in

the U
.S

. and 49 foreign countries.

T
he establishm

ent of G
LE

R
L's hom

e page on the

W
W

W
 (w

w
w

.glerl.noaa.gov) has created an excellent

avenue
 fordissem

ination
 o

fo
u
rre

se
a
rch

 products. M
any

com
plete publications 

have been added  as w
ell as a

com
plete history of G

LE
R

L publication abstracts, cover-

ing the years 1974-1995. A
dditionally, several N

O
A

A

T
echnical M

em
orandum

 and D
ata R

eports have been

converted and placed on the W
W

W
. T

he num
ber of

G
LE

R
L products available on the W

W
W

 w
ill continue to

increase as conversion continues on past, current, and

future products. T
he num

ber of item
s sent to requestors

using
 both

 the
 Internet and

 traditional m
ethods totalled

42,532.

M
arine O

p
eratio

n
s and

 Instrum
entation

 L
ab

o
rato

ry

V
essel O

perations. T
he R

esearch V
essel S

H
E

N
E

-

H
O

N
 is ow

ned and operated by G
LE

R
L. T

he S
H

E
N

E
-

H
O

N
 is based at the

 Lake M
ichigan 

F
ield

 S
tation

 in

M
uskegon, M

l and is the prim
ary platform

 used in support

of G
LE

R
L's field

 operations. T
he

 S
H

E
N

E
H

O
N

 w
as built

in 1953. It is 65.6 feet long, w
ith a 6.5-foot m

ean draft, a

700-nautical-m
ile

 cruising
 range, and

 a
 10-knot cruising

speed. N
avigational equipm

ent includes a S
perry G

yro-

com
pass, R

aytheon R
adar, 

G
P

S
 and tw

o LO
R

A
N

-C

positioning system
s, S

perry A
uto  P

ilot, and a R
aytheon

D
epth S

ounder. A
n electro-hydraulic articulated crane is

used for deploym
ent and retrieval of w

ater and bottom

sedim
ent sam

plers and heavy instrum
ent m

oorings. E
lec-

trohydraulic w
inches handle hydrographic w

ire and m
ul-

ticonductor cable for sam
ple casts and in situ m

easure-

m
ents.  A

n
 on-board w

et laboratory is available
 for on-site

experim
ents and sam

ple processing.

T
w

o sm
all boats are used as auxiliary 

research

platform
s. A

 23-foot M
onark w

orkboat, the R
em

orse, is

outfitted
 as a

 research 
launch

 w
ith

 navigational and

safety equipm
ent and an electric w

inch and crane. A

S
eaA

rk w
orkboat, the C

Y
C

LO
P

S
, is 28.5 feet in length,

including a 2.5 foot deck extension, and is used prim
arily

for the N
on-Indigenous S

pecies P
rogram

 in S
aginaw

 B
ay

and in Lake S
t. C

lair.

D
uring F

Y
 95, cruises w

ere m
ade in Lake M

ichigan,

Lake 
H

uron, 
Lake E

rie, 
Lake O

ntario, 
the S

traits of

M
ackinac, and in S

aginaw
 B

ay.

M
arine In

stru
m

en
tatio

n
 Laboratory. O

urengineer-

ing and technical staff acquire and m
aintain scientific

equipm
ent  and w

hen necessary, design and develop

equipm
ent to collect data in the G

reat Lakes. T
hey w

ork



closely w
ith

 G
LE

R
L

 researchers to
 ensure

 that instru-

m
ents are

 com
patible

 w
ith

 their needs. T
hey also

 partici-

pate in
 field

 experim
ents by providing

 support for the

deploym
ent and

 retrieval of field
 equipm

ent, assistance

w
ith

 the
 

collection
 

of sam
ples and

 d
a
ta

, and
 in-field

m
aintenance or repair of equipm

ent.

In
 F

Y
 95, M

O
IL

 staff began the
 design

 of an
 auto-

m
ated

 w
ater sam

pling
 system

 for deploym
ent in

 Lake

M
ichigan and

 a
 control system

 for an
 underw

ater video

m
icroscope. A

 m
ajor re

-d
e
sig

n
 of a

 w
ave

 m
easurem

ent

buoy data
 collection

 system
 w

as tested
 and

 deployed.

M
O

IL
 m

em
bers also

 prepared
 equipm

ent for use

throughout Lake
 M

ichigan
 in support of the E

P
A

 LM
M

B

project, in
 S

aginaw
 B

ay in
 support of zebra

 m
ussel

research, and
 in

 Lake
 C

ham
plain

 hydrodynam
ic

studies. G
P

S
 drifter buoys w

ere
 prepared

 for deploy-

m
ent in Lake

 H
uron's T

hunder B
ay in support of

investigations on bay currents and zebra
 m

ussels. A
lso

in support of the T
hunder B

ay effort, a m
eteorological

station w
as installed to

 provide
 real-tim

e
 w

eather data

through
 the

 G
O

E
S

 satellite
 system

.

G
LER

L's D
ata

 C
ollection

 E
quipm

ent

C
u

rren
t M

easu
rem

en
t, F

ixed
 P

o
in

t
39 A

M
F

 V
ector A

veraging C
urrent M

eters
5 M

arsh M
cB

irney 585 G
urreht M

eters
3 O

D
E

 C
urrent M

eters w
ith T

herm
istor S

trings
1 S

ontek A
cpusic D

oppler C
urrent M

eter
1 R

D
 Instrum

ents D
R

-1200 A
coustic D

oppler P
rofiler (A

D
C

P
)

2 SC
-6Q

O
 N

arrow
 B

and A
D

C
P

s
1

 S
C

-600 B
road 6and A

D
C

P

C
u

rren
t M

easu
rem

en
t, D

rifters
7 LO

R
A

N
 D

rifter B
uoys

10 G
P

S
 D

rifter B
uoys

W
ave M

easu
rem

en
t

1 D
ataw

eil W
averider B

uoy

M
iscellan

eo
u

s E
q

u
ip

m
en

t
10 C

om
puter C

ontrolled S
equential S

edim
ent S

am
plers

1
 S

ea-B
ird R

eal-Tim
e C

T
D

, P
A

R
, pH

, O
xygen M

easurem
ent

and W
ater S

am
pling

 S
ystem

3 S
edim

ent Transport M
easuring Tripods

2 M
eteorological D

ata C
ollection P

latform
s

16 A
coustical R

eleases
6 TR

-1 A
anderaa T

herm
istor S

tring R
ecorders

7 T
R

-7
 A

anderaa Therm
istor S

tring R
ecorders

16 B
ranckner Tem

perature Loggers
4 C

TD
s w

ith fludrom
eter and transm

issom
eter

G
eo

g
rap

h
ic In

fo
rm

atio
n

 S
ystem

 L
ab

o
rato

ry

T
he developm

ent of G
LE

R
L's G

IS
 laboratory w

as

initiated
 in

 the
 fall of 1992. T

he
 laboratory is com

posed
 of

com
m

ercial G
IS

 and
 relational data

 base
 softw

are
 resi-

dent 
on a U

N
IX

 w
orkstation, 

10 G
B

 of external disk

storage, a
 high

 accuracy digitizer, a
 color therm

al w
ax

transfer printer, and
 a

 C
D

-R
O

M
 drive. A

 full-tim
e
 G

IS

specialist operates the
 system

.

If you
 w

o
u
ld

 like
 to

 be
 added

 to
G

LE
R

L's m
a
ilin

g
 list, or w

ould
 like

a
d
d
itio

n
a
l inform

ation
 on

 G
LE

R
L's

research, please
 w

rite
 to

:

P
u
b
lica

tio
n
s O

ffice
N

Q
A

A
/G

LE
R

L
2205

 C
om

m
onw

ealth
 

B
lvd.

A
nn

 A
rb

o
r, M

l 
48105



O
U

T
R

E
A

C
H

T
he G

LE
R

L m
ission includes the developm

ent of

environm
ental inform

ation, data, and service tools for

users in governm
ent, academ

ia, and private organiza-

tions. 
S

taff participation
 on

 boards, com
m

issions, task

forces, and
 com

m
ittees helps to

 identify 
environm

ental

inform
ation

 needed
 by our users and

 to
 guide

 our re-

search focus and the developm
ent of usable products.

G
LE

R
L has regular interactions w

ith
 dozens of

organizations and collaborates w
ith scientists and

m
anagers from

 a variety of research institutions and

agencies. F
ollow

ing is a list som
e of these partner-

ships and
 collaborations:

•f 
N

O
A

A
/N

ational R
esearch C

ouncil (N
R

C
)/P

ostdoc-

fora/ R
esearch F

ellow
ship P

rogram
 - G

LE
R

L hosts

one or tw
o N

R
C

 post-doctoral researchers each year,

usually for 2 years.

4- 
C

ooperative Institute for Lim
nology and E

cosys-

tem
s R

esearch (C
ILE

R
) - this institute prom

otes

collaborative research betw
een G

LE
R

L scientists

and academ
ic scientists from

 throughout the

N
ation, but prim

arily from
 the G

reat Lakes basin,

addressing a
 w

ide variety of topics.

4- 
International Joint C

om
m

ission (IJC
) - G

LE
R

L staff

actively participate on boards and com
m

ittees of

this policy recom
m

ending bi-national com
m

ission

w
ith oversight of G

reat Lakes w
ater quantity, lake

levels, w
ater quality, and

 ecosystem
 issues for

both
 the

 U
S

 and
 C

anada.

+
 

U
.S

. E
P

A
 - since the

 m
id-1980s the

 E
P

A
 G

reat

Lakes N
ational P

rogram
 O

ffice, the E
P

A
 Large

Lakes R
esearch S

tation, and the E
P

A
 E

nviron-

m
ental R

esearch
 Laboratory in

 D
uluth, M

N
 have

w
orked closely w

ith G
LE

R
L scientists to

 plan,

conduct, and/or participate
 in

 m
ajor m

ulti-institu-

tional, m
ulti-disciplinary research program

s, such

as the
 U

pper C
onnecting

 C
hannels S

tudy, the

G
reen B

ay M
ass B

alance P
rogram

, the Lake

M
ichigan M

ass B
alance P

rogram
, and

 E
M

A
P

.

•f 
G

reat Lakes C
om

m
ission - this eight-state com

pact

organization
 represents the

 interests of the
 eight

G
reat Lakes states and is a leader in evaluating

and prom
oting

 environm
ental and

 econom
ic policy

in the G
reat Lakes basin. G

LE
R

L scientists w
ork

closely w
ith C

om
m

ission staff to provide scientific

expertise and advice on a variety of environm
ental

and policy issues, and serve on several task forces

and panels sponsored by the C
om

m
ission.

•f 
U

S
G

S
 - G

LE
R

L's radionuclide geochem
istry and

retrospective analysis expertise is the basis for

several im
portant collaborations w

ith scientists at

the
 U

S
G

S
, including

 sedim
ent-derived environm

en-

tal chronologies related to F
lorida B

ay, the E
ver-

glades, the
 record M

idw
est floods of 1993, and

several contam
inated lake sites.

•f 
U

.S
. A

rm
y C

orps of E
ngineers - G

LE
R

L's roots go

back to the C
orps of E

ngineers, and close ties have

been
 m

aintained
 w

ith
 the

 C
orps for the

 entire
 22

year history of G
LE

R
L. In particular, G

LE
R

L



hydrologists and
 physical lim

nologists interact w
ith

C
orps staff concerning G

reat Lakes w
ater levels,

river flow
 m

odels, and general lake circulation.

4- 
U

.S
. C

oasf G
uard - the C

oast G
uard often provides

field support (ships and aircraft of opportunity) for

G
LE

R
L research projects, and G

LE
R

L provides

scientific expertise, inform
ation, products, and

advice concerning G
reat Lakes environm

ental

topics, including
 trajectory m

odels used
 for sp

ill

response, and search and rescue, ice forecasts

and
 historical ice

 cover data, and
 various environ-

m
ental regulatory issues facing the C

oast G
uard.

4- 
V

arious academ
ic institutions - in addition

 to

research interactions conducted through our

cooperative
 in

stitu
te

 (C
ILE

R
), G

LE
R

L scientists

regularly collaborate w
ith colleagues at several

m
ajor academ

ic institutions, including the U
niver-

sity of W
isconsin, O

hio S
tate U

niversity, and K
ent

S
tate U

niversity.

G
LE

R
L outreach also takes the form

 of presenta-

tions, and transfers of inform
ation, data, and technology.

G
LE

R
L

 and G
reat Lakes E

ducation

In keeping w
ith

 N
O

A
A

's desire to better inform
 the

public of its research activities, G
LE

R
L is involved in a

num
ber of G

reat Lakes com
m

unity education pro-

gram
s. In FY

 95:

4- G
LE

R
L's Lake M

ichigan F
ield S

tation in M
uskegon

held an O
pen H

ouse from
 A

ugust 25-27. T
he them

e

for this event w
as "Lake M

ichigan
 S

cience P
artners

'95 - W
orking T

ogether to K
eep our Lake G

reat"

em
phasizing

 cooperation
 am

ong governm
ent,

education, and the public in m
anaging the Lake

M
ichigan

 ecosystem
. T

he
 event featured

 displays,

exhibits, and dem
onstrations and w

as attended by

approxim
ately 500 visitors throughout the w

eekend.

4- G
LE

R
L staff m

ade presentations concerning the

G
reat Lakes and G

LE
R

L program
s at area schools

and gave several tours of our facility to interested

students and teachers.

•4- G
LE

R
L w

as represented at several com
m

unity

environm
ental aw

areness functions.

4- G
LE

R
L staff participated as judges in science fair.

4- O
ne G

LE
R

L em
ployee served as a contact and

m
entor to a group of high

 school science students.

4- S
everal G

LE
R

L staff assisted local elem
entary

school students and staff in the installation
 and

configuration of a digital w
eather instrum

ent system
,

S
tudents are chosen on a daily basis to read the

instrum
ents (air tem

perature, relative hum
idity, w

ind

speed and
 direction) and

 m
ake a

 w
eather report over

the school P
A

 system
.

4- G
LE

R
L scientists provided

 assistance
 to

 students as

they began a "F
uture C

ities" project. T
he project

challenged
 the

 students to
 design

 a
 city for the

future, taking into account lim
ited natural resources

and population increases. T
he students focused on

building
 an underw

ater city and elicited the expertise

of G
LE

R
L scientists to help m

ake their project

successful.  T
he students placed first at the regional

com
petition and second at the N

ational C
om

petition

in W
ashington, D

C
.

4- P
rovided m

aterials for a G
reat Lakes E

nvironm
ental

E
ducators W

orkshop sponsored by O
hio S

ea G
rant.

4 P
articipated as a judge for the W

om
en in S

cience

and E
ngineering C

onference in W
ashington, D

C
.

LakeW
atch

G
LE

R
L's lead scientist  at the Lake M

ichigan Field

S
tation developed and coordinates a citizen volunteer

sam
pling program

 on W
hite and M

uskegon Lakes.

B
oth of these lakes are G

reat Lakes A
reas of C

oncern

(A
O

C
). T

hese volunteers m
easure and m

onitor w
ater

quality and
 w

ill help
 the

 advisory councils m
ake in-

form
ed decisions on how

 to im
prove and protect the

lakes.

P
artn

ers fo
r E

xcellen
ce

G
LE

R
L continues its involvem

ent w
ith the S

cience

D
epartm

ent of the
 A

nn
 A

rbor P
ublic S

chools' P
artners



for E
xcellence

 P
rogram

. T
his program

 seeks to
 enrich

the schools' curriculum
 in the area of environm

ental

science, particularly w
ith respect to the G

reat Lakes

and aquatic sciences. P
artnership activities include:

•f providing m
entors to help students w

ith science fair

projects.

-f providing practical "hands-on" experience to prom
is-

ing science-oriented students via participation in a

S
tudent V

olunteer P
rogram

.

•f providing
 inform

ation on careers in environm
ental

science and acting as consultants for the science

curriculum
.

•f inviting science teachers to laboratory-sponsored

sem
inars.

S
tudent V

olunteer P
rogram

G
LE

R
L and the A

nn A
rbor P

ublic S
chools estab-

lished a S
tudent V

olunteer P
rogram

 authorized by the

C
ivil S

ervice R
eform

 A
ct of 1978 (P

ublic Law
 95-454).

This program
 provides selected high school students

w
ith the opportunity to perform

 volunteer w
ork at

G
LE

R
L after school.

G
reat Lakes E

d
u
ca

tio
n

 K
it

The P
ublications U

nit has com
piled and is continu-

ally updating a kit com
posed of m

aterials for teachers

w
ho w

ish to integrate G
reat Lakes education into their

curriculum
. The kit is available on a loan basis. C

ontact

the P
ublications U

nit for m
ore inform

ation 313-741-

2262.

S
outheast M

ichigan
 S

cience
 F

air

In
 conjunction

 w
ith

 the
 35th

 A
nnual S

outheast

M
ichigan

 R
egional S

cience
 F

air, G
LE

R
L sponsored

aw
ards for outstanding

 projects in
 aquatic science

 in

each of the
 S

cience Fair divisions: S
enior P

rojects,

Junior P
rojects, and Junior M

odels and C
ollections.

G
LE

R
L staff (T. C

roley II, T. H
unter, D

. Lee, D
.

S
chw

ab, H
. V

anderploeg, J. S
aylor, and A

. B
eeton)

acted as general science fair judges and also as

judges for the G
LE

R
L aw

ard in the S
outheast M

ichigan

S
cience Fair.

S
a
te

llite
 T

echnology E
ducation

 P
rogram

 (S
TE

P
)

This program
 w

as coordinated and im
plem

ented

by the E
nvironm

ental R
esearch Institute of M

ichigan

(E
R

IM
). It is a N

A
S

A
 and N

O
A

A
 program

 to introduce

and use satellite im
ages and data in the K

-12 class-

room
. G

LE
R

L participates by providing C
oastW

atch

data and products.

T
ake A

 G
irl to

 W
ork D

ay

E
ach year, girls are invited to spend the day at

G
LE

R
L observing and w

orking w
ith several G

LE
R

L

em
ployees. The girls have hands-on learning in m

any

areas, such as statistics, the G
IS

, collecting and testing

w
ater sam

ples, labelling
 sam

ple containers, grinding

sedim
ent sam

ples, and digitizing zebra m
ussels. T

hey

are given presentations, a lab tour, a special lunch,

and a
 certificate

 for their participation
 in

 the
 program

.



G
reat Lakes C

oastW
atch

 D
ata U

sers

Internet O
u

treach
http://w

w
w

.glerl.noaa.gov/

A
ccesses to our w

ebsite show
ed a steady

increase throughout 1995, and w
e continue to expand

and upgrade the services available on our internet site.

D
uring F

Y
 95, the

 follow
ing

 inform
ation w

as available :

G
LE

R
L 1994-95 P

rogram
s and P

lans

C
oastW

atch

G
reat Lakes S

urface E
nvironm

ental A
nalysis m

ap

C
ILH

R

G
reat Lakes B

athym
etry data m

aps

N
on-Indigenous S

pecies

G
LE

R
L D

ata and Inform
ation S

ervices

P
ollutant E

ffects

N
earshore H

ydrodynam
ics

Lake E
rie G

reat Lakes F
orecasting S

ystem

G
LE

R
L history

C
lim

ate  V
ariability

W
ater R

esources

G
LE

R
L P

ublications

G
LE

R
L

 N
ew

s

S
am

ple
 C

oastW
atch im

ages

M
arine

 H
azards

N
E

C
O

P

G
reat Lakes  T

opographic R
elief M

ap

G
LE

R
L
 P

ersonnel

P
hysical S

ciences D
ivision

D
uring 1995, our W

eb site had a total of 38,400

outside accesses fro
m

 throughout the U
.S

. and 50

foreign countries. T
he

 m
ost popular item

s during 1995

w
ere the G

LE
R

L P
rogram

s and P
lans for 1994-95, the

G
reat Lakes C

oastW
atch page, and the daily G

reat

Lakes S
urface E

nvironm
ental A

nalysis (G
LS

E
A

) m
ap.

A
bout 26%

 of outside access to our W
eb site

during 1995 cam
e from

 U
.S

. colleges and
 universities.

A
ctivity fro

m
 num

erical dom
ains accounted for about

25%
, and U

.S
. com

m
ercial addresses about 20%

.

O
ver 10%

 of external accesses w
ere from

 dom
ains

outside the
 U

.S
., m

ostly C
anada. U

.S
. governm

ent

agencies and
 m

ilitary addresses com
bined for about

6%
 of all requests.

A
rgonne N

ational Laboratory
B

loom
 T

rail H
igh

 S
chool

C
A

P
 A

C
 C

om
m

unity S
chools

E
astern M

ichigan U
niversity, D

ept. of G
eography-G

eology

E
nvironm

ental R
esearch  Institute

 of M
ichigan (E

R
IM

)
Illinois

 D
epartm

ent of C
onservation

Illinois-Indiana
 S

ea
 G

rant P
rogram

Indiana
 D

N
R

, Fish &
 W

ildlife/Lake
 M

ichigan
 Investigations

Lake S
uperior C

enter, D
ututh, M

N
M

cM
aster U

niversity, E
nvironm

ental H
ydraulics P

rogram
M

iam
i U

niversity, D
epartm

ent  of G
eography

M
ichigan

 D
N

R
 Forest M

anagem
ent D

ivision
M

ichigan
 S

tate
 U

niversity
S

ea G
rant E

xtension—
M

arquette
S

ea G
rant E

xtension—
G

rand H
aven

M
ichigan  S

ea G
rant P

rogram
C

enter for R
em

ote S
ensing

M
ichigan

 T
echnological U

niversity

D
ept.  B

iological S
ciences

D
ept. of C

ivil and
 E

nvironm
ental E

ngineering
M

innesota  S
ea G

rant E
xtension P

rogram
, D

uluth C
am

pus

O
hio S

tate U
niversity, D

ept. C
ivil E

ngineering
O

ntario M
inistry of N

atural R
esources, Lake H

uron U
nit

S
tate  U

niversity of N
ew

 Y
ork

G
reat  Lakes C

enter, B
uffalo S

tate C
ollege

D
ept. of E

arth S
ciences

U
.S

. A
rm

y C
orps of E

ngineers, C
hicago D

istrict

U
.S

, D
ept. of C

om
m

erce
N

O
A

A
 N

W
S

 (C
entral R

egion, C
leveland, G

aylord,
G

rand  R
apids, N

egaunee)

N
O

A
A

 P
acific M

arine
 E

nvironm
ent Laboratory

U
.S

. D
ept.  of Interior

H
am

m
ond B

ay B
iological S

tation
N

ational F
isheries R

esearch C
enter, G

reat Lakes
U

S
G

S
, W

ater R
esources D

ivision
Low

er G
reat Lakes  F

ishery R
esources O

ffice

U
.S

.  E
P

A
 - E

nviron. M
onitoring

 S
ystem

s Lab, G
reat Lakes

N
ational P

rogram
 O

ffice
U

niversity of F
lorida, D

ept. of Fish &
 A

quaculture

U
niversity  of Illinois, Illinois-Indiana S

ea G
rant P

rogram
U

niversity  of M
ichigan - B

iological S
tation, D

ept. B
iology,

D
ept, of A

tm
ospheric, O

ceanic and
 S

pace S
cience

U
niversity of M

innesota

Large Lakes O
bservatory

C
enter for W

ater and the E
nvironm

ent
U

niversity  of T
oronto in M

ississauga, E
rindale

 C
ollege

U
niversity  of W

isconsin
M

adison
 (W

isconsin
 S

ea
 G

rant P
rogram

)

M
ilw

aukee, C
enter for G

reat Lakes S
tudies

W
isconsin D

N
R

, F
isheries M

anagem
ent

W
oods H

ole O
ceanographlc Institute



S
E

M
IN

A
R

S

T
he

 follow
ing

 sem
inars

w
ere presented

 at
G

LE
R

L
 during

 F
Y

 95:

Lake M
aracaibo: C

urrent status of cleanup.
Lenin H

errera, Institute
 for the

 C
ontrol and

 C
onserva-

tion of Lake M
aracaibo, V

enezuela, F
ebruary 1

7
,1

9
9
5
.

T
he environm

ental status of Laguna
 de B

ay.
D

r. Z
enaida

 B
atac C
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