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TO THE REAOER:

The Laurentian Groat Lakes form tho nation'a
fourth soa coast, ~ chain of beautiful, enor-
mous lakes linking tho heartland of America
with the Atlantic Dooan. In addition ta recrea.
tlon and transportation uses, these gaoioglcaI
marvels could provide an evertastlng supply
of freshwater and food fish. Instead, the
lakes' water, planta and animal life are being
contaminated by a variety of man-made toxic
substances. Ultimately, these substances
pose a threat to the health and economic
well-being of tho region's people.

The primary mission of the University of
Wisconsin Sea Grant College program is to
explore the potentials of and soak solutions
to the problems of tho Great Lakes and other
marina resources. Socauae of the urgency
and Importance presently attached to the
Great Lakes contaminants problem, this over-
view of Sea Grant achievements during the
past three years gives special attention to our
activities related to toxic substances. Soa
Grant's many other programs and research
projects - ranging from aquaculture and
policy studies to diving physiology and ocean
engineering � are proNed later In this report.
The goals and priorities of tho Soa Grant mis-
sion shift and change to moot the needs of
the time, but its three key functions remain
the same: research, education and outreach.
Only by tying together all three functions can
real progress be made toward realizing the
benefits snd solving the problems of marino
resources. The lakes' resources, If preserved
and used wisely, will continue to benefit
future generations of Americans and our
Canadian neighbors.

ROBERT A. RAGOTZKIE ~ DlRECfQR





Since the University of Wisconsin Sea Grant Pro.
gram began in 1988, research aimed at solving
Great Lakes water quality problems hss been a
high priority. So far, over 50 such proJects have
been supported.

In the late 1980s and early 70s, Wisconsin Sea
Grant investigators focused on such questions as
pesticide contamination of ducks In Lake Michigan,
eutrophication In Green Bay and the effects on fish
of chemicals used to control populations of the
parasitic sea lamprey.

As the program has grown and knowledge of Great
Lakes contamlnants has become more sophisti-
cated, the field of topics has expanded to Include
the sources, fates and effects of many problem
chemicals In the lakes, These include organic com-
pounds like PCSs and DOT; heavy metals like zinc,
cadmium and arsenic; petroleum, and phosphorous.
Scientists have studied, ln particular, where these
substances can be found, how they affect the
aquatic environment and their public health impli-
cations,

In addition lo this research, the University of
Wisconsin Sea Grant Program has also supported
economic and policy studies related to lake man-
agement snd public service proJects meant to
enhance public understanding of Great Lakes water
quality issues.

This report describes many of these Ssa Grant
activities over the past five years and puts them
Into the broad context of water quality problems
related to the Great Lakes. It is meant only to be a
glimpse of the program as lt existed in 1979, This
part of the Wisconsin Sea Grant College Program
will continue to evolve and grow as long as water
quality problems plague the people of the U.S. and

8
Canada who live along the shores of the Great
Lakes.





UW-Ilsdfson water chemist Anders
Andrsn shows visitors one of the elr
monitoring stations used to determine
how mech of Lake Istohlssn's FCB
load comes from the atmosphere.

NOnetheleSS, "point sourcea" Of theee chemicalS
remain important. One of the major contributors of
PCBs to Lake Michigan is an area just offshore
Waukegan, Illinois, where Outboard Marine Cor.
poration had been dumping wastes for years. In
Wisconsin, the prime PCB hot spot th

eboygan River. Here, a company inadvertentfy
dumped large amounts of PCBs in a landfgl site
where the I

I

the fish,
ey cached Into the river and contaminated

F,te of PCB

Armstrong and his coileagues have been studying
the fate of PCBs In Lake Michigan by collecting
samples of bottom sediments from the lake and
studying how organisms take up PCBs in the water
and from the take bottom.

David Armstrong, also a UW-Madison water
s been working extensively on the PCB

problem. He says that because irboa me sources

Sea Grant research in answer to that iast question
prompted the Federal Food and Drug Administra-
tion In June 1979 to take iegal action to lower the
amounts of PCBs permitted In fish sold for human
consumption from five to two parts per million
 ppm!. This action has raised some new questions:
How will the PCB ruling affect the Great Lakes
sport and commercial fisheries'7 What fish in the
iakes will meet lhe new standards7 How long will
the fish remain contaminated with PCBs7 New Sea
Grant research will attempt to answer these ques-
tions, too.

PCBe in the Great Lakee-
Where do they come from%

At first, it was thought that most of the PCBs corn-
ing inlo Lake Michigan and the other Great Lakes
were Carried ln runoff Or Were dumped With
municipal and industrial wastes.

However, UW-Madison water chemist Anders
Andren has shown that the atmosphere is perhaps
lhe most Important source of PCBs In the lakes.
After collecting air samples around the southern
basin of Lake Michigan, he and his students found
that as much as 70 percent of the PCBa entering
the lake may come from the atmosphere. This
amounts to soma 8800 kilograms or nearly 19,000
pounds per year,

"It's hard to pinpoint the sources of these airborne
PCBs because they are so diffuse," says Andren.
"Large cities with a lot of industrial activity always
have eievated levels of PCBs in their air. They
come out of landf ilia, incinerators, hydraulic fluids
and leaking transformers."

Related research at the University of Minnesota
has found PCBs in the sediments of Lake Superior,
generally regarded ae the purest Of the five Great
Lakes. Because of the scarcity of Industry around
that lake, Andren believes these findings under-
score the importance of atmospheric inputs of
PCBs.

are so difficult to control, it is all the more critical
to track down the easier-to-manage discharges
from specific sites.

Once PCBs get into the lake � by whatever means
� they normally become attached to particles in
the water and settle to the bottom within two
years, says Armstrong. From there, he notes, they
are often recycied into the lake's food chain by tiny
bottom-feeding organisms known as benthic
invertebrates.



Previous studies of DDT, a chemical cousin of
PGBs, showed that once its use had been banned,
DDT decreased but did not disappear completely in
Great Lakes fish. This led to the theory that DDT
was being reintroduced into the food chain by
bottom-feeding organisms long after the chemical
was absent from the water.

Armstrong says a similar phenomenon may be
occurring with PCBs, According to present informa-
tion, he says, the burial of PCBs In bottom sedi-
ments ls the chief way in which these con-
tarninants are removed from the water. How long
this takes depends on the amount of sediment car-
ried into the lakes, the topography of the lake
bottom and lake currents. If tiny organisms that
burrow ln the silt In search of food are present,
they will stir up these sediments and consume
PCB-contaminated particles, which are then passed
up through the lake's food chain.

This combination of factors, says Armstrong,
makes it hard to predict how long PCBs will remain
a problem in the lakes, even after all new inputs of
the chemicals have stopped.

"Depending on the area of Lake Michigan," he
says, "it could be ten or as many as fifty years
before the PGBs would be safely burled in the sedl-
rnents."

PCBs in Fish

The Great Lakes resources most threatened by the
presence of PCBs are fish. The level of PCBs in the
water itseif is so low as to be harmless when
ingested, However, PCBs do concentrate in the
fish, especially large, fatty fish like lake trout, carp,
coho and chinook salmon. PCB leveis of ten parts
per million are not uncommon in these species in
some parts of Lake Michigan.

For nearly ten years, John Lech and Mark Melan-
con, scientists at the Medical College of Wiscon-
sin, have been studying how fish take In and
metabolize toxic substances like PCBs

Lech says fish can take up PCBs directly from the
water as well as through the food chain. Some fish
have been found to contain concentrations of PCBs
that are 100,000 to a million times greater than the
concentrations in surrounding waters.

Lech says earlier research showed that fish can
chemically alter such foreign substances when
they are taken with food and digested.

"A compound could be changed to a form that is
less harmful," he explains, "or it may attach itself
to another molecule or particle that makes it easier
for the fish to excrete it,"

David Armstrong, ~dlnator of Sea Grant Microcon.
tsmlnants and Water Quality Subprogram, examines a
gas chromatoeraph Printout showing PCS peaks.



Controlling PCBs

John Lech, co.coordinator of the Water
Quality Program, in!ects a chemical
into the aquarium to see how it affects
the fish.

On the other hand, he notes, some chemicals may
become more toxic once they come in contact with
the fish's enzymes.

According to Lech, PCBs apparently do not become
more toxic once in a fish's system. He said adult
fish seem to be able to carry fairly high levels in
their bodies without ill effects. But the fish are
slow to eliminate PCBs.

Lech and Melancon found that rainbow trout,
exposed to one type of PCBs in the laboratory,
eliminated 30 percent of the chemical after two
weeks but took another 13 weeks to rid their
systems of an additional six percent.

Studies by UW-Madison pharmacologist Richard
Peterson have shown that spawning can help to
speed up the elimination of PCBs from adult fish,
since some of the chemical gets transferred to
developing eggs and sperm. Overall, spawning has
been found to reduce PCB levels in hatchery. reared
adult trout by six to ten percent.

But this may have other repercussions. Former UW-
Milwaukee biochemist Robert Broyles, now at the
University of Oklahoma, has reported that in the
early developmental stages, baby trout and chinook
salmon can take up PCBs directly from the water-
in addition to the PCBs already passed on from the

parent fish. These tiny fish can thus accumulate
lethal doses. Some scientists have speculated that
this contamination may be one factor in the failure
of lake trout, once native to Lake Michigan, to
reproduce successfully there now.

The most obvious piace to control PCBs is at the
source. For that reason, Congress and several
states- including Wisconsin � have banned the
manufacture and purchase of PCBs with few
exemptions, such as use in electrical transformers
and other closed systems.

In addition, the federal Toxic Substances Control
Act, passed by Congress in October 1976, requires
the government to enforce strict controls on the
disposal of PCBs.

The problem of what to do about PCBs already
loose in the environment still remains. Armstrong
suggests, for example, that PCB dump sites, once
identified, could be capped with soil that would
prevent the chemicals from escaping to the water
or air,

Another, somewhat novel suggestion for reducing
PCBs in Lake Michigan fish has come from Arrn-
strong and his former student David Weininger,
now with the Environmental Protection Agency in
Duluth, Minnesota. They note that the critical point
of PCB transfer in the lake's food chain Iles with
the alewife, the chief food source for the large lake
fish. Because alewives eat a lot and grow slowly,
they tend to concentrate significant amounts of
PCBs. Weininger has suggested that one way to
reduce PCB levels in the large fish would be to
harvest alewives on a massive scale.

In effect, this would remove that lake trout and
salmon's contaminated food source. Weininger
theorizes that these fish would then switch to eat-
ing smelt and scufpln-two species with low PCB
levels. Weininger believes that, if this were done,
PCB concentrations in adult salmon could decline
by a factor of four within five years. Ron Poff,
Great Lakes Fish Manager for the Wisconsin
Department of Natural Resources, is intrigued by
Weininger's suggestion, though he feels that a
large-scale alewife harvest might be costly for the
state.

In any case, there is some evidence that PCB levels
in I ake Michigan fish are declining naturally, albeit
very slowly. Evidence for this has corns from
Michigan and Illinois, but Wisconsin officials say
they don't see these trends in their state waters.
The Wisconsin DNR is now conducting a compre.
henslve monitoring program to look closely at PCB



levels in fish from throughout the state, The pur,
pose la to advise both commercial and sport fishe<,
men Of where in the State Certain fleh cOntain
levels of PCBs lower than the proposed FDA stan.
dard of two ppm,

Indications are that many fish, particularly those ln
Lake Michigan and the Mississippi River. are still
well above this standard. But when and how fast
PCB levels will decline remains unknown.

UW-Madison biologist James Kitchell has been
working with Armstrong, Welningar and UW-
Milwaukee biologist Fred Blnkowski to develop a
bloenergetics model of the lake's fish species, The
model incorporates knowledge of fish diets, growth
rates and predator-prey relationships, all based on
ongoing University of Wisconsin Sea Grant
fisheries research. With the model, the scientists
can uae a computer to predict what PCB levels ln
fish would be, given a certain set of environmental
circumstances.

For example, they have predicted that If PCB Inputs
to the lake were to stop immediately, PCB levels in
coho salmon would decline SHS percent within six
years. After that. 'they say, the remaining amount
would decrease very slowly.

4e¹msnt senNries laken from t.etre
Mkrhlaan ftrettemj Sre meeeured in a
~ hlpbosrd Iatreratery «efrt. 4clenttstn
are studying these semfdes to deter.
mine kew maoh PC4s are In lake eedI.
ments end how km4 they ere llkefy to
remain there.



PCBs and Human Health

The overriding concern relative to PC&contamf ~
nated fish ls human health. There Is controversy
over whether PCBa can harm humans when con-
surned at the levels found In Great Lakes fish. But
the evidence that PCBs can be toxic to humans
has been compelling enough to prompt the f DA to
tighten Its standards on food containing these
compounds, Some of that evidence has come from
the research of James Allen, a UW-Madison
pathologist.

Since a 1QN accident ln Japan In which f5,000
people ate PCB-laden rice oil, scientists and physi-
cians have known that large doses of PCBs could
kill or sicken people.

In 1972, with UW Sea Grant support, Allen began to
Investigate what effects much lower doses of PCBs
might have on rhesus monkeys, whose metabolism
closely resembles that of humans.

In his initial work, Allen fed the monkeys diets con-
taining high levels of PCBs �00 and fOII ppm! for a
month, The animals suffered overt symptoms of
poisoning. Within three months, they were dead.

Allen subsequently lowered levels to 5 and 2.5 ppm
and showed these could affect the health and
reproductive abilities of monkeys fed a steady diet
of PCBs ln the laboratory.

Infants born to these experimental animals
received PCBs through their molhers' milk and suf-
fered hair loss and acne. They were also more

susceptible than normal infants to infection and
stress-related diseases, Follow-up studies on these
animals, done by UW-Madison psychologist Robert
Bowman, revealed that these young monkeys also
suffered from behavioral and learning disabilities.

Even after adult monkeys were removed from a
PCB diet for three years, infants born during the
"recovery" period also showed some of these ill
effects,

More recently, Allen and research assistant
Oeborah Barsottl have been feeding monkeys PCB
levels as low as,5 and f ppm three times a week in
an attempt to more closely approximate human
exposure to the compounds.

The adult monkeys have suffered no obvious lll-
effects. But, as In earlier experiments, the mothers
have produced smaller-than-average infants with
the hyperplgrnentatlon typical of PCB poisoning.
Preliminary findings indicate these infants, too,
suffer from behavioral problems.

How all these experiments may apply to the human
situation, Allen can't say.

"There's no question that PCBs are harmful to
humans; the question is at what level they are
harmful," he says, adding that "there has been no
work on humans to date that has yielded con-
clusive results on this."

The pathologist Is particularly concerned that long-
term, low-level PCB exposure may be causing
subtle forms of health damage. But, as Barsottl
notes, "ln real life, people are exposed to so many

PoyohOIOgiete wtlh Wise»nein'S Primate fteeearch Center
have studied the behavior of young rsonkeye exposed to
PC4s through their mothers. They fled such rsoekeye to
be hyperactive end have iesmlag disabilities.



contamlnants that It would be hard to prove that
PCBs were the cause of a particular disorder,"

Nevertheless, Allen says some of the symptoms his
research team has encountered with the monkeys
bear investigating In men, women and children,
These include slight alterations in immune
responses, alterations ln menstrual cycles,
Increased incidence of abortions, decreases In
infant birth welghta, and learning and behavlOral
disabilities,

Several University of Wisconsin Saa Grant projects
addressing PCB effects on humans are now getting
under way. Edward Kendrick ol the UW-Madison
Department of Preventive Medicine has begun a
study of thirty mothers In the 8heboygan area who
have a history of eating fish from the PCBcon-
taminated Sheboygan River.

He plans to analyze the breast milk and blood of
these mothers and compare the PCB levels he
finds to those found In mothers who have not eaten
fish from the area.

"We' ll also look at the infants and assess their
development and qrowth rates," explains Kendrick.

Meanwhile, further north on Washington Island, Jill
Smith ls investigating levels of PCBs In adults.
Smith, a UW-Madison graduate student In
epidemiology and anthropology, ls working with the
Island's registered nurse to collect information
about local residents' dietary habits and to analyze
the PCB levels in their blood. Commercial fishing
has long been an important enterprise on the
Island, and many residents consume large amounts
of fish.

Depending on the outcome of this pilot project, a
larger study may be undertaken to see whether fish
consumption can be linked with high levels of
PCBs In the blood and whether this, in turn, can be
linked with any of the symptoms of PCB Intoxica-
tion uncovered by Ailen and Barsotti.

Given the present state of knowledge about PCBa
and human health, the Wisconsin DNR advises
pregnant women, nursing mothers and children
under six years old not to eat fish known to contain
high levels of PCBs. All others are advised to limit
their meals of these fish-especially carp, lake
trout and salmon � to once a week.

UW-Madison food scientist David Stulbar is among
those advlslng consumers on how to reduce PCB
levels In their fish. He notes that PCBs are stored
in the fat,and so fat and skin should be removed In
cleaning, especially the fat around the fish's back
and belly. Stulber, a Sea Grant Advisory Services
specialist, also recommends broiling, baking or bar-
becuing the fish so that it doesn't cook in its own
juices.

WlaoanatrA Lake Mlahlqaa oomrsarcial
fisherman ara a«onq those hardest hH
hy the PCI prosiest

Stuiber works closely with sportsmen, fish con-
sumers and commercial fishermen. Ha says that If
the new PCB ruling from the FDA goes into effect,
lt could have a serious Impact on Wisconsin'a com-
mercial fishing industry, the largest of any Great
Lakes state.

Economists have estimated that Wisconsin's
fishery could lose some $1 mllilon a year because
of fish-pHrnarffy In Lake Michigan-that are off
limits as a result of the proposed 2 pprn standard.
Sport fishing activity in the lakes couid also
decrease, says Stuiber, through negative publicity
or, possibly, reductions In fish stocking programs.
The Lake Michigan sport fishery in Wisconsin is
valued at more than $10 million a year.

These figures dramatically emphasize the Impor-
tance of resolving the PCB issue in Wisconsin,
Questions about PCS sources, fates and effects
remain, and the University of Wisconsin Sea Grant
Institute will continue to probe for answers In the
laboratory and In the field, In addition, the Institute
will make a special effort to keep government
agencies, other universities, fisherman and the
public apprised of the information Its investigators
are uncovering,



PESTICIDE 8:

DA.NGEHOUS ALLIES

The problem of toxic substances In the Great
Lakes flrsl came to light In the late 1MOs, when
high levels of DDT, s persistent pesticide, turned
up ln the lakes' larger fish species. Trout and
salmon In Lake Michigan were contarnlnated with
DDT at levels as high as 25 parts per mllllon-
greatly In excess of the federal standard of 5 ppm
In food tish. As a result, some of these fish could
not be marketed.

Concern also resulted from studies linking DDT to
declines in the populations of eagles and other
birds of prey. Ths pesticide disrupted the birds'
calcium-producing mechanism, causing them to lay
eggs that had precariously thin shells snd were
subject to premature breakage.

In 1972, DDT was banned nationally. One hearten-
Ing result has been that levels of the pesticide In
Great Lakes fish have dropped by about 80 percent
In recent years, according to research by UW-
Madlson water chemist David Armstrong. Levels of
dieldrin, another restricted pesticide, have also
declined.

"DDT residues In fish began to decline faster than
we thought they would after many of these
chemicals were banned," Armstrong notes. "We
saw an Initial rapid drop when their Input to the
environment was stopped. Now DDT levels In fish
are remaining fairly constant."

Keglee ttop! end other hints of prey
were adversely effeoted by DDT spray.
Ing In the 1gsge end SOe. The green
hydra  bottom! hee given eclenllete
new Insights Into the effects that low-
Ievel exposure to peetlctdee oen have
on organisms.



The chemicals haven't disappeared entirely
because pestlcldes entering the lakes settle to the
bottom and are burled in sediment, Bottom-feeding
organisms pick up the pesticldes from the sedl-
rnents and cycle them back into the lakes' food
web. This explains why concentrations of DDT
dropped to about 20 percent of their original levels
and then stayed about the same. Eventually, how.
ever, the DOT In the surface sediments becomes
burled by uncontaminated rnuds, according to Arm-
strong. His research has also shown that some
degradation of OOT occurs In the sediments.

Past Sea Grant work has also shed light on the
way in which pesticldes affect the smali organisms
that are food sources for fish, In one study, UW-
Madlson entomologlsts Furnlo Matsumura  now at
the University of Michigan! and Mallory Boush
found that low levels of DDT, dieldrin, toxaphene
and other persistent pesticldes can impair the
reproduction of the green hydra  Chiorohydrs
virldfsslmaJ, a zooplankton.

l.evels of these compounds ranging from one to
five parts per billion  ppb! significantly reduced the
green hydra's ability to produce buds. When grown
ln the laboratory In pestfcld~ontaminated water,
the tiny animal had to use 50 percent more energy
to produce a bud,

Over the years, another pair of scientists- John
Lech and Mark Melancon of the Medical College of
Wisconsin in Milwaukee- have examined how
various pesticldes and other toxic chemicals are
taken up, metabolized and eliminated by fish.

Among the compounds they have examined are
Bayer 73 and TFM, two chemicals used to control
sea lamprey populations In the Great Lakes. Lech
and Melancon found that rainbow trout exposed to
Bayer 73 over a 24-hour period concentrated it in
their bile at levels up to 10,000 times greater than
those in the surrounding water; TFM waa concen-
trated over f,000 times. As a result of this work, the
researchers have suggested that fish might be
effective monitors of pollutants lhat are nearly
undetectabie in the water Itself.

In other work, Lech and Melancon explored the
effects Of chemical interactions in an aquatic
system. The pharmacologlsts found, for example,
that carbaryl � a DDT substitute widely used on
corn and other crops-can react In combination
with other chemicals to harm aquatic organisms. In
the laboratory, carbaryl significantly increased the
toxicity of 2,4-D, an herbicide; dieldrin, an Insecti-
cide; rotenone, a carp poison; and pentachioro-
phenol, a wood presenrative.

Chemicals Hke these have been used wideiy
throughout the Great Lakes basin. Through runoff

and other sources, they eventually reach the lakes.
The implications of that process underscore the
need for a better understanding of the toxicity and
interactions of various chemicals released to the
environment.

Mark lietanccn, Medical College of
Wisconsin, extracts fish tissues for
analyele ol PCB reekluee and
metabat ttee. Such testa revest how fish
concentrate PCBe end haw they
eliminate PCBs tram their tissues.





increased incidence of liver cancer among Viet-
namese people in the wake of the U.S. rniliitary's
extensive use in 196142 of Agent Orange, a
defoliant containing relatively high levels of TODD.

In the U.S., dioxin has already turned up in the
breast milk of nursing women living near 2,4,5T-
sprayed lands. Cattle grazing on treated rangelands
have also shown TCDD ln their fat, where the
chemical has a tendency to build up.

UW-Madison pathologist James Allen, a consultant
to the Italian government in the Seveso incident,
has been looking at the health effects of long-term,
low-level exposure to dioxin-exposure that, ln
humans, could result from diet or proximity to
areas sprayed with 2,4,5-T,

To find out if there is a "safe" level of TCDD, Allen
has been placing small amounts of the chem/cal in
the diet of rhesus monkeys, whose metabollsrn
closely resembles that of humans.

"We have yet to find a 'no effect' level of dioxin,"
the Sea Grant investigator reports. "In the rhesus
monkey, we know that TODD Is extremely toxic.
Even at low levels, it produces blood abnormalities,
reproductive failures and an increase in liver func.
tions."

In his first tests, begun in 1975, Allen fed eight
female monkeys a diet containing 500 parts per
trillion  ppt! of TCDD for nine months. Five of the
eight animals died three months later.

"We didn't expect to see that, We thought this
amount of dioxin was so small that it wouldn't kill
the monkeys," says Allen's assistant, graduate stu-
dent Deborah Barsotti. The surviving animals, like
the monkeys that died, experienced a drop in red
and white blood cells and lost body hair. In addi-
tion, they suffered swollen eyelids and reproductive
failure. Only one of the monkeys was abie to give
birth.

The scientists later lowered the level of dioxin in
the diet of a second group of monkeys to 50 ppt,
None of the animals have died but they have exper.
lenced problems, Including a number of spon-
taneous abortions and one stillbirth. Only two
monkeys produced offspring.

Allen and Barsotti recently began feeding another
group of monkeys a diet containing 25 ppt of
dioxin. The results are not yet in, but Barsotti
believes this group may produce enough offspring
to permit an evaluation of the physical and
behavioral effects of TCDD on infant development.
Another group of monkeys will also be tested after
being fed a diet containing 5 ppt of dioxin.

A rhesus monkey, exposed to only 500
perte per trillion fppt} ol dioxin, suffers
dramatic effects, Including swelling
~ round lhe eyes, lose ol heir end skin
problems.



In nature, TCDD levels generally remain low. But
Allen ls quick to point out that low-level, long-term
exposure may be as serIous as a one-time, high-
dose exposure. For example, Allen's work has
shown that only two to three mlcrograms of TCDD
per kilogram of body weight were enough to kill
most of one group of monkeys over a nine.month
period.

"These results should be sufficient to warrant
further investigations into the health effects of
dioxin on humans," warns Allen. "The 'no effect'
level of TCDD may be below our detectable limits,"

Allen believes the U.S. government should study
Vietnam veterans who came Into contact with
Agent Orange- the 2,4,5-T-based herbicide used
extensively ln Vietnam. Many vets have complained
of health problems that they claim have resulted
from their exposure to Agent Orange.

But herbicldes may not be the only source of
dioxlns. The Dow Chemical Company, one of the
three maJor producers of 2,4,5-T In the U.S., con-
tends that minute quantities of TCDD are also
formed during combustion In refuse Inclnerators,
fossil fuel plants, automobiles and even in the
smoking of cigarettes.

Dow made this claim after high dioxin levels turned
up ln fish taken from the Tlttabawassee River,
which flows past the chemical company's Midland,
Michigan, plant. While critics point to Dow as the
likely Source of the TCDD, the company has sug-
gested other sources are to blame.

Until ~scantly, there was some fear that traces of
dioxin might also be formed during the chlorine
bleaching of pulp ln paper mills, UW-Madison soll
scientist John Harkln believed that the right cornbi-
nation of chemicals and conditions might exist In
pulp processing to create dioxin-type compounds
as a byproduct.

To find out If this was happening, Harkin analyzed
effluents from Wisconsin paper mills and also
simulated effluent bleaching procedures in the
laboratory,

Fortunately, he found that the bleaching of paper
pulp does nof produce dioxins.

"This is probably due to the fact that the tempera-
tures generated in the mills are not high enough to
create these compounds," Harkln explains.

Had the reverse been true, he says, "it would have
wreaked havoc on the paper industry, since there
are some 47 pulp and paper miils In Wisconsin, and
many use chlorine to bleach their pulp and alter-
nate bleaching compounds are very expensive."

Sea Gran'l research hss shown that
dlojdns ere nct produced ss s by-
producl of lhe paper-msklntf process
~ s hsd once been suspected  tope,but
other discharges, Ilka those from fossil
ruat power plants fhottom! ~ remain
ender suspfclen ss sources ol ndnute
~ mounts of dioxin.





ticular was ewaste mixture being handled
ed, allow ndustrles and munlc p
II buy and sell pollution "rights-q Un
stem a comp~~y which finds It diffic�ft t

ts permitted effluen'l standards would
pany wy with more efficient waste treatment f

me river or lake to remove an addit
o p osphorus. Thus the total a

being added to the waterway wo Id
remain the same while overall treatm
would be less.

This ge~~~al ~cheme has been variously termed
Marketable Pollution Rights, Marketable Effluent
Permits and Transferable Discharge permits fTDq
T e Wisconsin Department of Natural Flesources
prefers the latter designation- which avoids the
Implication that polluting ls either "a right," or that,
being "marketable," phosphorus removal may be a
desirable source of profit.

Joeres and David suggest that a TDP system would
be appropriate for a city like Milwaukee, which has

1he ffrowth of green algae along Green
Say's shores ls one syrnpton of the
hlffh phosphorus content of the bay's
wstora.

large and efficient facilities for removing
pollutants. Milwaukee's treatment plants receive
"pickling liquor," a by-product of the local tool and
die industry, These acid chemicals remove the
phosphorus in Milwaukee wastes that would other-
wise be contaminating Lake Michigan. The Wiscon-
sin Sea Grant researchers believe that nearby sani-
tatlon districts could pay Milwaukee to remove
those amounts of phosphorus that the smaller, out-
lying plants cannot economically eliminate.

In 1977, Joeres and David estimated this trading of
phosphorus removal obligations could save Wis-
consin taxpayers almost $750,000 a year ln sewage
plant operating and maintenance costs. A system
of TDPs also avoids the political problem of impos-
ing a uniform treatment standard on dischargers
along a river that has sections with significantly
different levels of pollution and treatment require-
ments.

ln effect, instead of achieving the required stan-
dards themselves, the smaller plants would pay
nearby dischargers with more treatment capability
or those located on cleaner stretches of the water-
way upstream to do more than their share, On
balance, then, the waterway would successfuily
meet federal water standards. The DNR would
record these transactions and monitor water
quality by computer and act as broker between the
two dischargers.

While not yet ready to endorse the concept of
transferable discharge permits, the DNR has
encouraged the research team to look at ways such
a system might be implemented to control organic
pollutants that use up dissolved oxygen in the
water. This biochemical oxygen demand is particu-
larly heavy on the industrialized upper Wisconsin
and lower Fox rivers,

According to DNR water quality planning official
Donald Theller, transferable discharge permits
would work best in regions where city and indus-
trial dischargers are clustered and have a cumula.
tive effect on a river.

Of equal concern and more difficult to control is
the phosphorus draining off the land, referred to as
nonpoint source pollution. Two projects, recently
incorporated in the Wisconsin Sea Grant sub-
program on Green Bay, deal in large part with these
diffuse sources of phosphorus,

To better understand and monitor such nonpoint
source contamination, UW-Madison environmental
engineer Frank Scarpace is developing techniques
for mapping large watershed areas in the Green
Bay region from the air. The data that result from
aerial reconnaissance can then be plugged into
computer models to predict water runoff and its
impact on the quality of receiving waters.



Phosphorus ln municipal and industrial
wastes can be removed in treatment
plants  top!, but olher sources ot the
element, like runoff from suburban
lands  bottom!, are not as easy to con-
trol.

Taking a different approach to the same problem,
UW-Madison resource economists Daniel Brornley
and Basil Sharp are examining land use practices
that contribute to nonpoint source pollution of
Green Bay area waterways, In particular, the
research team is assessing the impact of livestock
wastes on water in the Lower Fox-Green Bay
region.

From these observations they will compare alterna-
tive poiicies designed to iessen the polluting
effects of various agricultural practices. And, on a
more comprehensive level, they will simulate alter-
native watershed management policies and evalu-
ate effects on water quality.

These various Sea Grant projects are aimed at con-
trolling the influx of phosphorus to Wisconsin's
rivers and lakes and the Great Lakes in particular.
The approaches to the problem cut across several
academic disciplines � aquatic biology, engineer-
ing, sociology and economics. Success in integrat-
ing these efforts will go far toward helping to pre-
vent the waste of a valuable nutrient and the
further eutrophication of areas like Lake Michigan's
Green Bay.





UW Madison water chemist Merc
Anderson  lofti studies a sarnpl ~ under
a laser microscope, while hia student
Dennis Ivsrson  right! measures out a
water sample containing arsenic.

physical and chemical states. Furthermore, it can
cycle through these states many times as lt moves
through the water.

Unlike mercury, there is no evidence that arsenic
can build up in the food chain and endanger human
health, But Anderson is concerned about the possi-
bility that arsenic might change the composition of
algae or other organisms in the water. If so, it
could affect the rest of the aquatic system.

Anderson's Sea Grant research so far suggests
that the arsenic is diluted soon after it enters the
bay. It then appears to follow the bay's counter-
clockwise flow pattern, drifting to the south,

He finds the highest concentrations of arsenic in
muddy sediments. These muds are rich in clay, iron
and aluminum oxides, which take up arsenic easily.

A phenomenon not yet explained is the occurrence
of large amounts of arsenic in the northern part of
the bay. Anderson says this may be due to the
presence of iron-manganese nodules ln that area.
He says the arsenic could occur naturally with the
nodules, or may concentrate there for some
unknown reason.

CADMItjM

Cadmium is another metal suspected of adversely
affecting aquatic life in the Great Lakes. The
cadmium in Lake Michigan comes primarily from
two sources: rubber tires and electroplating. Car
and truck tires contain small amounts of cadmium.
As tire rubber wears off on the pavement, rainfall
washes the cadmium into the waterways, The
metal is also discharged by the electroplating
industry, in which cadmium is used to make other
metals more durable and corrosion-resistant,

Two biologists at UW-Milwaukee � Arthur Brooks
and Paul Bertram-are studying the effects of
cadmium on a zooplankton called Dephnie. So far
they have successfully grown two species of Lake
Michigan Dephnie in the laboratory. The next step
will be to subject the tiny animals to long-term
cadmium exposure over the course of severai
generations.

Brooks and Bertrarn already found that one
Daphnis strain suffered reproductive failures in the
laboratory when exposed to cadmium levels as low
as one part per billion, The biologists worry that if



'lhia happens In nature, It could have serious impli-
cations for the aquatic organisms that rely on
Daphnfa for food. They are also concerned about
the Dephrlfa's proven ability to aCCumulate and
concentrate the metal. This could mean that
cadrnlum Concentratea ln organisms aa it iS pasaed
on up Ihe aquatic food chain,

ln related work, the Milwaukee researchers are
exploring the possibility that, over time, a strain of
Dephnfe resistant to cadmium may develop.
The human health Implications of cadmium pollu-
tion are aleo a rnatter of cOncern, Thia metal COn-
centrates ln the kidneys and liver of humans, and
high levels are known to cause kidney disease and
birth detects under some COnditiona. Forturlately,
says Bertrarn, the human body seems to be able to
tolerate low levels of cadrniurn.

LEAD 4 TRACK METALS

Exploring another piece of the heavy metals picture
ia UW Madlsorl water chemiat Andera Andrerl. He is
attempting to find out precisely how metals enter
the lake from the atmoephere and what the magni-
tude of this source is in Lake Michigan,
The question of magnitude invotves calculation of a
"mass balance." Measurements of the ame amount of ametal entering the take from all sources are corn
pared with the amount that settles out int thin o the

animal ab ve isa y ng Oaphnfa
� a zoopfantdon very important In the
Great Lakes food chain-as seen
through a mtcrosrxrpe. These organ-
isms have been shown lo be sensitive
to low levels of cadmium in the water.



sediments. If the sediment figure is lower than the
input figure, it is an indication that the metal is
building up in the water.

In analyzing sources of metals in the atmosphere,
Andren has found that much of it cornea from
industrial areas-Gary, Chicago, Milwaukee and
even as far away as St. Louis.

Most of the lead in the atmosphere comes from
automobiles, which contribute heavily to the 0.5 to
3.0 ppm lead concentrations in the air over Lake
Michigan. This compares to lead concentrations of
,02 to .06 pprn in air a century ago. The sediments
in southern Lake Michigan contain 46 times more
lead than they did approxlrnately 100 years ago,
before the use of leaded gasoline.

Andren is trying to determine how much of that
lead enters the water and how much gets carried to
the lake bottom. Among other things, he wants to
know, can the fake effectively rid itself of ail the
lead it receives, or could lead concentrations reach
a level toxic to aquatic organisms and perhaps
even humans?

Andren is working with another UW-Madison water
chemist, David Armstrong, to determine how heavy
metals move through water from the lake sedi-
rnents.

"lf we find metal concentrations are building up in
the water, then controlling these materials at their
sources is even more important," says Armstrong.
"lf the metals aren't building up in the water, it
would indicate the lake is taking care of the prob-
lem by Itself, That's what we' re trying to find out."

Armstrong and Andren have discovered that metals
adhere to aquatic organisms like algae and plank-
ton and are carried by these organisms to the
bottom of the lake. But if there is more metal in the
water than the organisms or other particles can
carry, the metal will accumuiate and become more
concentrated in the water, An understanding of this
process can help in evaluating the impact of trace
metal pollution, says Armstrong.

Since heavy metals are toxic but difficult to
measure at very low concentrations, sensitive
methods are needed to detect them. One of these
methods is Anodic Stripping Voltammetry  ASV! � a
process by which trace metals are collected and
concentrated on an electrode  usually a mercury
drop! and then eventually released at concentra-
tions that are higher and easier to measure. This
process has limitations, however, since researchers
must carry samples back to the laboratory for
analysis, and contamination of the samples is a
constant risk.

researchers in the field. Instead of mercury,
Blaedel's technique involves using an electrode
made of porous, sponge.like carbon material that Is
formed into small plugs. These fit Into a portable,
battery-powered apparatus that scientists can carry
with them on research trips, Eventually, Blaedel
would like to see his system refined so that it
could be placed in the water and left there to
record heavy metal contaminant levels auto-
matically.

These Wisconsin Sea Grant projects are providing
information on the increasingly important problem
of heavy metal contamination of the Great Lakes,

Joseph Wang of the UW-Madison
Chemistry Department makes adjust-
ments on a nsw ABV Instrument he and
Walter Blaedel have developed. The
devtce ls meant tc enebl ~ sdentlets to
analyze water samples ln the field fcr
Iow Concentrations Ol heavy metals.

UW-Madison chemist Walter Blaedel is working on
a new ASV technique that could be used by





has found that, to date, most oil spills occur in the
form of smail, chronic spillage in harbor operations
� which suggests that the fewer loadings required
by large tankers may result In less harbor contami ~
nation. Yet spills from tankships and tank barges
for 1976 and 1977 were up significantly �2 in 1976,
28 in 1977! over those of the previlous three years,
during which the average was 21 spills per year.

Keillor is also concerned about a trend to tanker
barges. High winds and waves can easily break
lines from tugboats, leaving barges adrift and at
the mercy of a storm, Tanker barge spills off the
Cleveland and Milwaukee harbors in 1975 and 1976
graphically demonstrated this risk,

The Sea Grant researcher has made his research
information available to Michigan and Wisconsin
officials, the U.S. Coast Guard, Canada's Environ-
mental Emergency Branch, and the U,S. Fish and
Wildlife Service. The latter agency is especially
interested in the potential number and effects of oil
spills that might occur if Great Lakes navigation
becomes a year-round operation-a possibility now
under study by U.S. and Canadian authorities.

In related research, UW-Madison water chemists
Anders Andren and David Armstrong are investigat-
ing the extent to which petroleum hydrocarbons
have contaminated Lake Michigan's southern
basin.

"We know for sure this ls happening near Indiana
Harbor," says Andren, "but we want to see if we
can detect it further out."

A U.6. Coast Guardsman uses a suc-
tion hose to vacuum up cil spilled from
a barge that went aground ln Lake
Michigan near the Milwaukee shore.

Basic to this quest is the need to distinguish
between naturaifywccurring hydrocarbons and
those introduced by human activity. Andren notes
that there is no standard way to analyze hydro-
carbons in sediments. With graduate student Paul
Ooskey, he set about establishing ways to sample
and analyze sediments in Lake Michigan. In August
1976, Doskey and other researchers collected lake
bed samples from five locations ln the southern
lake basin.

"Our first objective will be to see whether petro-
leum hydrocarbons have contaminated sediments
in areas other than the industrial ports of Chicago
and Indiana and nearby regions of the lake," says
Andren,

The research team brought back box-shaped
"cores'* about one quart in volume, Preserved by
refrigeration, these cores will be sliced into hori ~
zontal layers and analyzed. The lower strata will
represent the older sedimentary deposits in the
iake bed.

"We are far from identifying the thousands of com-
pounds in petroleum," says Andren. But in the last



he notes, researchers have developedfew years, e nogas chromatographic techniques for date g p yctin ol

nucieated aromatic hydrocarbons  PAHs!.
Because many are carcinogenic, PAHs are an
Important class of compounds. They may also be
good indicators of oil pollution because they are
constituents of many refined oil products, Andren
says.
The relative abundance of Carbon-f4 and Carbon-
53 in samples can reveal the age of a petroleum
deposit. The ratio of such hydrocarbons as pristane
and phytane can also indicate the relative age of
the petroleum deposits. Phytane, for example, is
known to be abundant in ancient sediments;
pristane is generally associated with more recent
deposits.

Oil may be a significant Great Lakes pollutant, at
least in and near harbors, and both Andren and
Keillor regret the lack of research on how il affects
Great Lakes fauna. Research on ocean oil spills
indicates that petroleum compounds can interfere
with fish spawning and kill bottomdwelling organ-
isms, In the Great Lakes, aquatic animals are
already contending with eutrophic conditions and
mlcrocontaminants in the lower lakes and with
cold, nutrient-poor waters in the upper lakes. In
these stressed environments, petroleum contarnina-
tion may represent an excessive burden.

John Lech, toxicologist at the Medical College of
Wisconsin in Milwaukee, has examined how fish
take up and transform two hydrocarbons character-

An oil boom curves around the barge ln an only partially
successful effort to keep the leaking oil  lighter areas!
from drifting out Into Lake Michigan,

lsticaily found in fuel and lubricating oil � naphtha-
lene and 2-methylnaphthalene. These and other
hydrocarbons have been found in lake trout caught
in the open waters of Lake Superior and Lake
Huron.

Lech exposed young rainbow trout to naphthalene
for eight hours in the laboratory. He found that
they concentrated the compound in their tissues at
levels 20 to 100 times higher than those in the
water and concentrations in fat and bile were
several hundred times higher, These concentrations
declined rapidly, however, once the contaminant
was removed, The fish eliminated half of the
dosage in [ess than 24 hours, and the remaining
levels declined by half over ensuing 24-hour
periods.

Longer exposure to these substances resulted in
even greater uptake. Following four weeks of
exposure, concentrations ln bile were 13,000 times
for naphthalene and 23,500 times for 2-methylnaph-
thalene the concentration of surrounding waters.

While the Great Lakes may never experience an oil
spili anywhere near the magnitude of large ocean
spills, smaller spilis in the lakes are constantly
exposing aquatic life to chronic contamination
from petroleum compounds.

Keillor and other researchers believe the potential
for serious environmental damage illustrates the
need for improved oil recovery equipment as well
as more research on the effects of chronic low-
level exposure on lake organisms,
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The chartered carferry maneuvers Into position, At
a signal, thousands of lake trout yearllngs are shot
over the side through large hoses and into Green
Bay. Three SCUBA divers bobbing in the cold,
choppy water disappear as they follow the stunned
young fish to the bottom.

In this watery undertaking, Sea Grant scientists, In
cooperation with government agencies and fish
hatcheries, are trying to get to the bottom of a vex-
Ing mystery: Why aren't once-abundant lake trout
successfully spawning In Lake Michigan?

The researchers were hoping to find a partial
answer 30 feet down on Horseshoe Reef, a historic
trout spawning ground ln central Green Bsy. The
biologists and divers thought the fingerllngs might
remain Iong enough on the reef to pick up sensory
cues of sight, smell and currents that would lure
them back to that site to spawn ln four or five
yearS. If SuCCeSSful, thla and Similar plantings at
other sites could help to reestablish natural spawn-
Ing by th/s valued sport fish.

Lake trout are not the only native fish that once
knew better days. In the last century, Lake
Superior's whitefish were caught In large numbers
with a standard six-inch mesh net. Today, the fish
are generally smalier and so are the catches-due
to the mid-century onslaught of the parasitic sea
lamprey.

With the lamprey now under control, the harvest of
whitefish shows occasional rebounds. But with
such unpredictable boom and bust cycles, where ls
the fishery headed'7

UW-Stevens Point biologists have been probing for
the answer, recently tagging and analyzing over
B,000 fish over a three-year period, To encourage
the cooperation of fishermen, the researchers
offered bounties of 41 to $10 for each tag returned.
The response was tremendous, with tag returns
topping 1,500 in the third year alone. Personal con-
tact and a growing appreciation for the research
also helped, the scientists feel.

While fishermen earned a few extra dollars. the
biologists beileve they gained useful information
on two population strains of whitefish ln Green Bay
and northern Lake Michigan, They found that the
more important strain spawns in North»y and
Moonlight Bsy, which are adjacent bays on Door
Peninsula's eastern shore, The taggi~g e"ea'~
that this one population contributes more t"an T5
percent to Wisconsin's whitefish catch
biologists believe it Is essential, theref '
tect these fertile coastal waters from Pollution,
dredging or other harmful devefopme«s.

A divor inventories aquatic animals
found within a sarnpene rtng on a reef
near 4ka Michigan's Ooor Pantnsul ~
whore lake troat once spawned.

ln Lake Superior, a research team works even more
closely with local fishermen. The target for both is
the lake's under-harvested, yet abundant, popula-
tions of smelt.

Because smelt feed after dark and near the sur-
face, scientists in their research vessel � an old,
converted tug-often meet fishermen on the lake at
night. Both the research vessel and the fishing
boats use sonar equipment to locate smelt concen-
trations, and such Information is frequently shared,
to the benefit of both parties.

Through these experiments, as well as more basic
studies of the smelt and their habitats in the
western half of Lake Superior, the scientists intend
to prove that a neglected fishery can be tapped tc
produce more food and provide more jobs.



Scientists check ~ trawl nel for smelt during a nlghtlime
research expedition cn Lake Superior.

Other Sea Grant researchers are assessing alewife
populations in Lake Michigan, examining the poten-
tial of white suckers as a food source, studying the
feeding behavior and growth of yellow perch in
Green Bay, and documenting the biological role of
plankton- the microscopic plants and animals that
are a vital source of food for fish.

Much of this information is being assimilated ln a
mathematical model, which researchers developed
in an effort to approximate the dynamics of fish
grOwth and predatlOn in the lakea. In One applica-
tion, the model reliably predicted the uptake and
retention of PCBs by yellow perch over a period of
years,

PCBs have been a chronic problem for Great Lakes
fishermen, a problem aggravated by a recent deci-
sion by the U.S. Food and Drug Administration to
reduce by more than half the maximum level of
PCBs allowed in fish sold commercially. Those
standards could reduce the marketable fish harvest
in Wisconsin's Great Lakes waters from 48 million
to two million pounds annually. Sport fishing might
also be adversely affected by the negative publicity
of unsafe fish.

In response to the toxic substances issue, Sea
Grant researchers are developing a model to
assess different strategies to manage the Lake
Michigan fishery while minimizing the problem of
PCB contamination. That proJect, as well as
another project concerned with assessing the
benefits and costs of sea lamprey control and
salmonld stocking, are intended to help restore the
fishery ecosystem while rehabilitating the commer-
cial fishing Industry on the lake.

Focusing on the human aspects of the fisheries,
Sea Grant economists are developing an economic
profile of Wisconsin's commercial fishermen. This
information Is being made available to agencies
charged with regulating many conditions of the
fishing trade.

Although the financial outlook for Great Lakes
fishermen has not been bright, it is getting better.
The reopening of the Lake Michigan chub fishery in
1979, for example, was encouraging � suddenly, it
seems, the Issue has become not what other work
is available to the chub fishermen, but how they
would divide the 900,000-pound chub quota.



AQUACULTURE
Experimental filtration system et UW.
Madison'e Aquaculture Research
Laboratory <top!, Laboratory technician
Bllt Mencl feeds perch flngorllnge smell
~ mounts of ammonia end nltrltee to
~ ee how they effecl Qrowlh  bottomj.

The Great Lakes once held what was thought fo be
an inexhaustible supply of fish. In Wisconsin, the
tradition of Friday night fish fries � with yellow
perch the usual entree-grew out of this abun-
dance. Buf overfishing, pol/ution and competition
for food with invading alewives took their tool on
the perch population, and today the demand for
perch greatly exceeds the supply.

To help ease this shortage, University of Wisconsin
researchers are developing techniques for raising
yellow perch in tanks under controlled environmen-
tal conditions � a system called aquaculture. They
are also looking at freshwater aquaculture in a
broader sense-to see what role it might play in
the future of the Great Lakes fisheries,

in one form or another, aquaculture has been prac-
ticed for centuries, But growing perch in an artifi-
cial environment presents many problems. One is
the water itself, The most practical approach
seems to be to recycle water continuously through
an aquaculture system. But the electrical and heat-
ing costs of recycling are high, so chemical engi-
neers are working to develop a more economical
system.



Water in present recirculating systems also picks
up small amounts of ammonia and nitrite from
waste filters. These toxic chemicals retard the
growth rate of fish and could, in concentrations
high enough, be lethal. Researchers are exploring
how much ammonia and nitrite water can contain
and still support healthy, fastgrowlng fish. The
next step will be to design filters to maintain water
quality within those levels,
Another problem ls what to feed the fish. Perch
seem to fare best on a formulated diet composed
mainly of fish meal. But this diet is becoming
expensive and difficult to obtain, so scientists are
searching for a diet that will produce rapid growth
at the least oost. To do this, investigators are
deterrnlnlng the energy requirements of perch and
~ xperlmentlng with different diets to find out how
much energy the fish use to digest various feeds.
Among other things, they hope to deveiop a feed
that will approximate the perch's diet in nature.

Securing a reliable supply of brood stock is another
challenge. While techniques for the artificial
insemination of warm-blooded animals have been
used for a long time, they are new to the fish world.
Two UW-Madison scientists, however, have suc-
eeet In freezing fish sperm for as long as six
weeks. They expecl to eventually be able to pre-
serve the sperm for even longer periods. With arti-
ficial Insemination, aquaculturlsts will need a
smaller supply of brood stock and will be able to
breed the fish at any time of the year.

Through cross breeding and selection, researchers
~ re also working to develop a strain of perch that is
suited to aquacuitural conditions. A critical phase
of perch aquaculture ls the period of growth from
the larva to the fingerling. Young perch transferred
from the wild don't fare weil ln tanks, and raising
perch from larvae lsn't practical because no artifi-
cial food sour ce can compare with natural sources.

The present alternative � now used at the UW Aqua-
culture Research Laboratory-is to grow perch in
ponds during this critical larval stage. The ponds
are fertilized and then stocked with

Ah er e eggs hatch and grow to fingeriing
size, the ponds are drained and the fi
ferred to tanks. an t e fish are trans-

perch ftngerfintt reared in fingerling
production pond st one of the UW-
Madison's agricultural experimental
terms.

Aithou hough perch aquaculture Is still a bOperatiOn o�, S I a bOrderline
some pioneers ar

smail and experime t I, b
rc n tanks. Most of these o roperations are

Taste tests sho th isimen a, but the r

taste as good as � or bettow at aquaculture-raisised perch
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Fishing ground, transportation artery, industrial
workhorse, recreation area � Lake Michigan's Green
Bay is one of the nation's most heavily used and
most productive waterways.

At the same time, this resource suffers from a
familiar list of ailments: pollution from municipal
and industrial waste, eutrophication, the pressures
of shoreline development.

In fine with a renewed effort to clean up the water-
way and restore its fisheries, the University of Wis-
consin Sea Grant Program in 197S launched a
major, 10-year research program on the bay and its
watershed. The program aims to fill in gape in cur-
rent knowledge about the bay's physical, chemical
and biological systems, and to translate the resuits
of that research into a form useful for making deci-
sions about the bay's future.

Involved in the effort are biologists, chemists,
geologists, oceanographers, economists, engineers
and social scientists from UW campuses in
Madison, Green Bay, Stevens Point and Milwaukee,
and from Lawrence University in Appleton.

A key part of the research program is to study the
ecology of Green Bay's west shore rnarshes, which

represent an estimated 80 percent of all of Wiscon-
sin's Great Lakes wetlands.

Among other things, these marshes are important
as fish spawning grounds and as habitat for rare
bird life. Researchers are studying the relationship
between vegetation, bird life and changing water
levels in the hope their work will help government
agencies design better ways to manage and pro-
tect these critical wetland resources.

Other researchers are looking for ways to improve
the management of the bay's fishery � the most
productive on Lake Michigan. Projects focus on the
growth and distribution of various fish, including
yellow perch, a staple of Green Bay's commercial
fishing industry; whitefish, Wisconsin's most valu-
able commercial species; planted lake trout, which
have failed to reproduce naturally in Lake
Michigan, and sucker, a potential target for com-
mercial fishermen.

Equally critical to the future of the bay Is Its water
quality, which is imperiled by industrial discharges
and runoff from rural iands in the watershed.

One Sea Grant Investigator Is examining land use
practices in the bay area with an eye toward

Qreen Bsy perch fisherman Everett
Marks, heading fer home.



Industrial clean-up of the Fox River Is
lmprorlnti Green Say's water qualify
licit!. UW-Green Bay students use a
seine nei to capture perch llngerllngs
In one of Ihe bay's lish nursery areas
 below!.

developing proposals for reducing the runoff of
nutrient-rich sediment.

Another researcher is working to improve tech-
niques for mapping land uss in the bay's watershed
with airborne cameras and remote sensing devices.
These techniques, in turn, will be plugged into a
Department of Natural Resources computer model
to assess the impact of pollution from diverse
"nonpoint" sources such as farmland runoff.

Yet another scientist is examining the fate of some
35 tons of arsenic seeping into the bay each year
from an industrial waste dump on the Menornlnee
River.

To provide a bridge between the research aspect of
the program and the community, a planning work-
shop was held at the UW&reen Bay campus In the
fall of f978. The workshop drew together about 100
Wisconsin, Michigan and illinois representatives
from universities, industries and government, who
explored research needs and opportunities on the
bay. From this workshop came several recom.
mended research priorities that are being incor-
porated into this year's Green Bay program-
arnong them circulation patterns and water trans-
po e bay and a toxic substances inventory forrt in th
the Fox River and Green Bay.





The fate of the lakes' human resources has also
concerned Investigators. Along these lines a group
of Milwaukee research rs Inventoried lab,r and
management organlmtions in the ~rest Lakes St
Lawrence S away system and found that larger
ships and new technologies have rttade lakes
sailors an aged, vanishing breed. In particular, the
trend toward fewer, larger and more automated
vessels has reduced the need fof spiffed crews

Partly in response to these flrtdinps, manpower
planners are attempting to retrain any relocate dls.
placed Great Lakes sailors. Other agencies, Includ.
ing the Coast Guard and the U.S, department of
Transportation, are also relying on the results of
this study for their planning efforts.

Endangered resources of an unusual sort are lhe
focus of two other projects. In one, sn Investigator
is examining the relationship between the coastal
environment and the people of the Sea tslsnds In
South Carolina, This remarkably intact African
culture is imperiled by changing technology and
land development, Other researchers studying the

relationship between cultural development and the
ocean environment in waterfront communities
should find this Sea Islands study both interesting
and useful.

The second project ls also designed to help protect
a threatened cultural resource � Great Lakes ship-
wrecks. By looking at the resource Itself, legal
ownership patterns and what other states have
done, Investigators hope to make recommendatlons
on alternative ways In which Wisconsin might pre-
serve these Invaluable archeologlcal relics.

In the nationalf international arena, a noted legal
scholar Is exploring the implications of negotia-
tions at the Third United Nations Law of the Sea
Conference as they relate to global natural
resources decisions. The investigator ln this
proJect, a UW-Madison law professor, has extensive
experience in the study of international legal
issues and has been asked to serve on an
American Society of International Law panel study-
Ing nationalism and the marine environment.

Coemereiei fishermen on Scwth
Carolina'e Sea Ieleede.



COASTAL STRUCTURES 8t* EROSION

Ics damaged dock in Muntstng, Mlchlfisn.

Looking like a dilapidated roller coaster, the
Munlslng marina dock stands twisted and distorted
as a result of the awesome force of winter ice.
Each year, shoreline ice bends iron railings, twists
docks into crazy shapes and iifts pilings right up
out of the lake bed, causing hundreds of thousands
of dollars worth of damage along Great Lakes
coastlines.

Allen Wortley, a University of Wisconsin-Extension
engineer, has been trying to find solutions to this
expensive problem. He has surveyed ice damage at
nearly 100 Great Lakes rnarinas, including the one
at Munising on Lake Superior, and has advised
many marina owners on how to minimize ice
damage.

As a result of his advice, some marina owners have
installed bubbler systems that prevent ice from
forming around their docks. These systems are
expensive, however, each costing over $4,000 to
install and more than $1,000 a year to operate.

Wortley has also prepared an ice engineering
guidebook and sponsored conferences on ice and
marina design for northern climates. One alterna-
tive he is investigating is a system used by the
Scandinavians-floating docks. In Lake SuperioCs
Bayfieid Harbor, Wortley is testing three different
types of commercially available floating docks to

see how they hold up under severe ice conditions.
So far, he says, these docks seem to withstand the
stress and strain of Lake Superior ice.

Another problem plaguing those who live along the
coast is the continual toss of coastai land and
structures to erosion, The lakes have long demon-
strated overpowering forces of erosion in this
geologically young region, The red clay along the
shores of Lake Superior and the glacial tilt along
Lake Michigan are both vulnerable to runoff, seep-
age and to the clawing action of the surf,

In one project, UW-Madison geophysicists have
explored the layers of glacial till that lie exposed in
the clay-like bluffs along Wisconsin's Lake
Michigan coastline. By examining soil properties in
the laboratory, the researchers have been able to
assess how vulnerable these bluffs are to erosion
and to offer guidance to coastal planners.

Along Lake Superior, two UW-Superior botanists
have cataiogued plant life at 25 sites along the red
clay bluffs from the western tip of the lake to the
Bayfieid Peninsula. Aerial pictures, old surveys and
other historic records reveal that these bluffs have
lost an average of two to three feet per year over
the last three decades. The northern Wisconsin
botanists seek to determine what plants provide
the most effective anchors for the red clay soil.



ltnnt« lcs otsntt the Share Csh Calkse
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'Information from these projects will help coastal
planners and engineers find the best erosion
control techniques for various high bluff areas
along the lakes,

in a related, retrospective look at the Great Lakes,
UW-Madison climatologists are trying to correlate
long-term climatic changes with water levels in
Lake Superior. These historical trends offer possi ~
ble insights into future lake levels and associated
erosion in the lakes. Such information may also be
of use in other research and in management
policies that must consider the effects of different
climate episodes.

To verify the region's climatic history, the
researchers are examining published reports on
tree rings based on corings from 122 sites in North
America. They have also collected over 100 red and
white pine corings at three sites in Michigan's
Upper Peninsula. Many of these trees were over 250
years old.

The thickness of each ring indicates the annual
precipitation in the region of the tree. From this evi-
dence, the Madison scientists detect what appear
to be sharp breaks in patterns of water supply to
the Lake Superior basin in 1915, f934 and 1953. An
understanding of the characteristics of such
climate episodes and causes will enable scientists
to predict future lake levels more reliably.

None of these projects, of course, can hope to
completely thwart the process of erosion. But Sea
Grant research should help scientists to under-
stand erosion's causes, enlist the natural defenses
of shoreline vegetation and project the long-range
effects of climate on lake levels and the resulting
loss of shoreline.

Although strong and deep root systems are
desirable, the researchers conclude that to control
erosion, roots must not extract too much water dur-
ing dry periods. If the clay becomes too dry, it
becomes brittle and fractures. When it rains, these
cracks act as if they were greased, one face slip-
ping against the other and exposing the soil to
further erosion. The researchers hope to find
vegetation that will not extract too much moisture
and yet stabilize the bluffs, thus helping prevent
the waters of Wisconsin's Lake Superior coast from
turning blood red after a heavy rain as they do now.

ln another project, researchers have analyzed eight
sites along Lakes Michigan and Superior to assess
factors influencing shoreline slope, vegetation,
wave action and lake levels, Among other things,
they have determined that rains and surface wash
can be as important in causing bluffs to recede as
other factors such as groundwater saturation.





devices for recreational divers, who now spend over
$500 million a year on equipment. Patents have
been applied for on new SCUBA equipment, diving
regulators, rescue decompression chambers and
other devices. The researchers have also developed
a mobile underwater laboratory and a stable diving
platform.

In current work, the investigators are creating
equipment designed to minimize breathing
resistance underwater and allow divers to re-
breathe exhaled gases. And in a novel approach to
recreational SCUBA diving equipment, new snorkel
gear designed to work In deep and shallow water is
being developed.

In a third ocean engineering project, UW-Madison
engineer T. C, Huang is exploring ways to help
Great Lakes freighters withstand the force of
waves, vibrations, and other forms of stress.

The awesome power of these forces was illustrated
by the 1975 sinking of the freighter Edmund
Fifzgerald In Lake Superior. White the exact cause
of this disaster remains a controversy, the ship's
hull was found ln two pieces on the lake bottom,
suggesting that the ship broke up under stress,

Huang's correspondence with shipbuilders, naval
architects and marine engineers Indicates a need
for better understanding of hull vibration under dif-
ferent wave conditions. With most new ships being
designed by computers, Huang's three different
computer models could lead to better design of
Great Lakes freighters.

Plttmy goats  above! end Pregnant
~ heep  beIow! are being used ls deoom.
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Iiedieon Blotron'e hyperbaric chamber





fisheries. Through workshops on deep sea mining,
toxic substances and fisheries research, the
Advisory Services staff has acted as a switchboard
Channeling reaearCh and pOliCy informatlOn tO COm-
merical fishermen, industry representatives, scien-
tists and government officials.

A special project involving Advisory Services per-
SOnnel IS the CoastwatCh prOjeCt. SpcnSOred by
the Wisconsin Coastal Management Program, a
group of local citizen volunteers is monitoring
shoreline processes In Racine County. This project
is providing information to coastal planners who
are developing criteria for regulating shoreline
development and use in erosion-prone areas,

Aquaculture, or fish farming, ls an area of Sea
Grant research that has generated such wide-
spread interest that, ln the fall of 1977, Sea Grant
opened a new Aquaculture Research Laboratory.
Here yellow perch are grown in tanks in a con-
trolled environment, More than 1,000 people have
been taken on tours of this facility by Advisory
Services personnel to see how a fish farm might be
set up and operated In Wisconsin's environment.

Another example of assistance involves the fishing
industry, Advisory Services food scientist David
Stulber has helped some fish processors modify
their operations to correct sanitary problems and
deal with fish wastes by converting those wastes
Into a liquid fertilizer for house plants, Now the
wastes are disposed of safely while providing the
processors with a new product line,

Door County Sea Grant specialist Lynn
Frederick helps commercial fishermen
Dennis and dahn Hickey make minced
sucker patilea using equipment bor-
rowed ffom food science professor
David Stulber  top!. See Grant coastal
entilneer Phil Keltfor ddvaa a marker
stake into a Racine County bluff aa
pert of the Coaetwatchere shore ero-
sion project lbot tom!.



Stuiber is also developing new uses for long-
neglected species of Great Lakes fish, He has
found that, with the help of smoking and spicy
sauces, alewives can be made into a tasty product
similar to sardines; with the aid of vegetable fat
and sweet corn, suckers can be breaded and used
as minced fish cutlets.

On a regional level, Sea Grant representatives par-
ticipate in the Great Lakes Network, a coalition of
Sea Grant people from the Great Lakes states. As
part of this program, Advisory Services co-
sponsored a fisheries conference in late 1977 to
map out long-range policy considerations for
managing the Great Lakes fisheries.

On the national level, the Wisconsin Advisory
Services Division hosted a national workshop on
toxic substances in aquatic environments in July
1979 and coordinated the ninth and tenth Under-
water Mining Institutes in fali of 1978 and 1979. In
recent years, this annual meeting has focused prl-
rnarily on the legal, economic and technical chal-
lenges of mining the ocean floor for its goffballwlze
manganese nodules.

The Communications Office is another part of
Advisory Services, producing and distributing a
wide range of publications and public service pro-
grarns based on Sea Grant work.

A total of 46 new publications were produced by
the Communications Office In 1977-78 alone, and
more than 100,000 copies of all Wisconsin Sea
Grant publications were distributed. These publica-
tions range from technical reports for use by scien-
tists and engineers to simplified, down-t~arth
publications for school children and the general
public.
UW-Sea Grant's newest publication is Around the
Shores of Lake Superior: A Guide to Historic Sites.
This 180-page book, written by two UW-Extension
historians, takes its readers on a 1,000.mile journey
around Lake Superior, identifying and describing
113 sites of historic or scenic interest along the
way. The book is being distributed by University of
Wisconsin Press.

In cooperation with the University of Wisconsin-
Madison Institute for Environmental Studies, Sea
Grant also continues to produce Earfhwatch, a
daily, two-minute radio program about the Great
Lakes, science and environmental issues. The
award-winning program is broadcast by about 100
stations in six Great Lakes states and is heard by
an estimated four miilion people, making it the
largest public service program produced In Wiscon-
sin,

In addition, the Sea Grant Communications Office
distributes films and slide shows, issues press
releases and prepares pamphlets and brochures for
the program. The staff's public reiations role some.
times takeS a mare direct apprOaCh: At the 1979
Wisconsin State Fair, more than 100,000 people
visited the Sea Grant staff's Great Lakes fisheries
exhibit and examined materials about PC8s, smok-
ing fish, fish recipes and the Sea Grant Program in
general.



EDUCATION

ln an effort to help teachers integrate environ-
rnental studies into their curricula, the Sea Grant
communications staff produced and distributed An
Educator's Guide to Great Lakes Materials, which
describes Great Lakeswrlented books, films, maps
and pamphlets available for classroom use.

In addition, Sea Grant has joined with the UW.
fviadison Institute for Environmental Studies in
developing a tabloid called Esfthbeats for junior
and senior high school students. The first two
issues, which focused on the Great Lakes and
energy resources and conservation, are now in use
in classrooms throughout Wisconsin.

Sea Grant education funds have I bee
su rtppo a "Problems in Oceanograph "ve a so n used to

rap y'course at

Sa lo
UW-Madilson and to send st d tu en s in the class toape o Island, Georgia, for oceanic experience.

People are the ultimate users and beneficiaries
when marine resources are developed and utilized
-and the ultimate losers when these resources are
abused. Whether they are policymakers, resources
managers, technicians, private entrepreneurs or
simply members of the general public, people need
to know about marine resources, how they are
developed and what their limits are. This is the
business of education.

An Integral part of the University of Wisconsin Sea
Grant College Program, marine education takes on
many forms. Sea Grant supports education in
several ways � through financial assistance to stu-
dents, funding new courses and special lectures on
the Great Lakes and oceans, providing educational
publications, and supporting field research, educa-
tional travel and seminars on marine topics for
college students.

About 50 graduate and scores of undergraduate
I
students are financially supported dlrectl oy orndlrectly, by the UW Sea Grant Program. Many
ro

more students are Involved in Sea Grant work/ t d
p grams and Sea Grant-supported courses and

wor su

other educational activities. With Sea G ta rant sup-
a e significantport, graduate students who have made si f

research contributions participate innatio I
tlfic meetin

in national scien-
ce ings and symposiums, Five exceptional

graduate students are receiving special research
ass la tsntships.

With partial support from Sea Grant, 17 Advanced
Botany students were sent to San Salvador,
Bahamas, for a fiefd study of marine algae of the
Caribbean Ocean in 1978.

Several lecture series and a few special lectures
have been supported, too. Among them were a
guest lecture seminar for the UW-Madison Water
Chemistry Program and a nine-lecture series about
Sea Grant research held on three UW campuses.
One of the more recent special lectures was a dis-
cussion of the new 200-mile national fishing zone
by Dr. Brian Rothchilld of the National Oceanic and
Atmospheric Administration.

Other Sea Grant education projects have intro-
duced Milwaukee inner-city youth to Great Lakes
issues, sent Sister Bay and Green Bay students out
on the RN "Aquarius" to witness Lake Michigan
field research firsthand, and provided field trips to
Lake Superior wetiands for Washburn area stu-
dents,





TECHNICAL REPORTS

Institutional Design for Improved Environmental Quagty:
Loyal snd Eoenomic Aspasia In Wisconsin. Daniel W.
Bromley, Metvlhe McMIRan. Mare Robertson and
Ation Schroeder. WIS4IG-77 232.

Maritime Labor OrgeldsaNons cn the Great Lakeo4t.
Lawrence Seaway Systems. Eric Schenker, Harry C.
Brockel and Wayne R, Wendllng. WIS-SG-T8.233.

Green Say Research Worjkshop Prooeedlngs. WIS-S6-78.
234,

REPRIIIITS

Some Legal lasuse In the Coeelal Zone Management Act:
Grant In.Akl Aapeole- Part Two. Zlgurds L Zlle.
WIS.SG-7747 I,

Influence of Turbkgty on SurvlvaL Growth and fjfstrNw
tlon ol Larwl Lake Henfny {Corogcnus srtedllj.
William A. Swenson snd Melvin L Matson. WIS.SG.
77-372.

Resonant Tidal Co.Dadflatktns In a Narrow Gulf. N. S.
Heaps. WIS.S6-77473.

The Lake Mkrhfgen Charier FIshfny Industry: A ~ of
Lew and Taxes. W. A. Strang and R. B. Dllton.
WIS.SG.77471.

Total Mercury Roolduoe fn Llwrs and Eyya of Oldarfuawa.
Steven R, Peterson and Robert S. EIIerson. WIS-SG-
TT-375.

From Economic Theory to Fisheries Policy: Conceptual
Prcbtema and Management PlaelulptlOIIS. Dan let W,
Brcmley and Richard C. Btehop. WI8-86-77-3TS.

Statlsthrsl Study of Phrasphorus ftemoval ln WIsconsln.
M, H, David, F, J. Schrooder, J. J. Pslrce, E. F,
Joeres and D. A, Brassch. WIS 86-77-377.

The Effects of Tlsnspfecental end Mermnery Mowment
ol PCys on Infsrrl Rhesus Monkeys. J. R. A4sn and
D. A. Barsottt, WIS-S6-77478,

Host end Seasonal Associations ol Echlnorbynchus
~ almonls {Acantfurcophalar Echbtorhynchklsej in
Lake Michigan Fishes, Orner Amln and J, M,
Burrows. WIS-SG-77-379.

Hshnlnth Parasites of Some Southwestern Lake Michigan
Fishes. Omar M. Amln. WIS SG-TT 380.

Expkuatlon for Copper Mineralization In an Extension ot
the Nonesuch Shale Under Lake Superior. Edgardo L
Nebrlja, Carol J. Welkie and Robert P. Mayer. WIS-
SG-78-38 t.

Vertical ond Seasonal Dlstltbution of Chlorophyll~ In
Lake Michigan. Arthur S. Brooks and Byron G. Torke.
W IS.SG 78382.

Power Plant Sftlny on Wisconsin's Coasts: A Cess Study
of a Olsplaceablo Usa Richard C. Bishop and Daniel
L Vogel. WI 8-SG-78383.

11orphologlcal Changes In Monkeys Coneurslng ~ fjlet
Containlny Lcw Levels of 2,3,7,8.Totrachkrrcdlbsnzo-
P.QIcxkt. J. R. Agen, D. A, Barsottl. J. P. Vsn Miller,
L J. Abrahamson and J. J. Latlch. WIS.SG-T8-384.

Food HaNs ol Ohfsquaws Wintering on Lake Michigan.
Steven R. Peterson and Robert S. Etlsrson, WIS-SG-
78385.

Percld Habitat: Tho Rlwr Analogy. James F. Kltchell,
Murray G. Johnson, C. Kenneth Minns, Kenneth J.
Loltus, Lorne Greig snd Charles H. Olver. WIS-SG-78-
388.

Applications of e Bjconergetics Model to Yellow perch
{Parce flawsoonej snd Walleye {Stlzostodknt vltrotan
vltroumj. James F. Kltchell, Donald J. Stewart, David
Welninger, WIS-SG 78.387,

Wind.Drlwn, Steady Flows In Lake Superior. S. L Lain
and J. A. Hoopes, WIS.SG-78388.

Unit TrslrVQrest Lakes Bulk Ship Cost Comparison.
Edward A. BeimbOrn and Mohammed T. Soomrc.
WIS-S6-78-389.

Species Interactions In Percld Cornmunltfee. James
Maclean and John J. Magnuson, WIS-SG-78-390.

Geophysical.Qeolcgfcaf Exploration and Evaluation of
Offshore Sand and Growl Oepoalts. Edgardo L.
Nebrtla, Carol J. Welkie and Robert P. Meyer. WIS.
SG-78-391.

Horning of ~lne.imprinted Brown Trout {Balms
truttaj. Allan T. Scholz, Jon C, Cooper, Ross hl.
Horratl and Arthur D. Healer. WING 78.392.

Sardine.Like Products from Lake Michigan Alewhes
{Aloes pssudchsrengusj. L. H. Hicks, O. A. Stulber,
R. C. I indssy and V. L. Cartson. WIS-SG-TM93,

Uso ct Animal Fat In Formulated Dials for Yellow Perch
{Parce Ravsscensj. Nancy E. Heck and Harold E,
Calbert, WIS-SG-78-394.

Homing of Rainbow Trout Translated in Lake Mlcfdgan: A
Compartson of Throe Procedures Used for Imprinting
and Stocking. A. T. Scholz, C. K. Goose, J. C. Cooper,
R, M, Horrall, A. D. Healer, R. I, Daty and R, J. Poff.
W IS.SG Flk385.

Preliminary Observations on the Sperm of Yellow Perch.
Steven D, Koenlg, T, B. Kayes and H. E. Calbsrt.
W IS.SG-79 398,

Comparstlw Growth of Male Versus Female Yellow Perch
Ftngorttnys Under Controlled Envfrcnmentat Condl.
tlons. E. F. Schott, T. B. Kayes snd H. E. Calberk
WIS 86-79397.

Cvr the Crustacean Hosts of Larval Acsnthol sphafen and
Costode Parasites In Soulhwestern Lake Michigan.
Omar M. Amln. W IS.SG-79.398.

Effects of Sodium Chlorhfe and Shot Peonlng on Corro.
alon Fallyue of AISI 4150 Steel. M. S. Baxs, Y.A,
Chang snd L H. Burck, WING-79-399,

Olscrtmlnstkrn of Fish and Seafood by Quafhy by Con
sumer Populations. J. B. Wesson, R. C. Undsay and
D. A. Stuiber, WIS-SG 79.700.

SPECIAL REPORTS

Case Study Analysis of Potential Benefits from ~ Waw
Forecasting SerHce. Daniel C. Dettman and WIIUam
D. Berg. WIS46-78-505.

Analysis of Local snd Long Distance Transportation
Options In the Apostle islands Notional Lakeshore
Region. Robert L Smith, WII4am D. Berg, Robert H.
Helnen and Gary Rylander. W IS.SG-77-508.

Recent Recesslng of Lake Michigan Shorelines tn Racine
County, Wisconsin. Vole. I and II, WING-78-507.
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PRO JECT DIRECTORY

The largest reservoir af freshwater on the face of the earth, the Great Lakes
are host to a remarkable diversity of Hving and mlnerai resources, and pra-
vide a unique oceanic shipping artery connecting the world with the agricui-
turai and industrial heartlands of the United States and Canada. The fakes
also provide graphic examples of ecosystems thrown into disarray and clean,
clear waters despoiled by human use.

To explore the potentials of this extraordinary natural resource and to provide
solutions to the problems it faces are the primary missions of the University
af Wisconsin Sea Grant Callege Program,

Though less than 12 years old, the Program has already gafned international
recognition far its research on Great Lakes chemical pollutants, particularly
PCBs  pofychiorinated biphenyisj. Sea Grant-supported PCB studies have
been used by both state and federal poiicymakers as the basis for enacting
controls on these toxic chemicals.

Another major area of Sea Grant research Involves rehabilitation of the Great
Lakes fisheries-enhancing fish production and utilization to restore a once-
thriving food industry and faster a healthy recreationai Industry,
But the Wisconsin Sea Grant Program encompasses much more than fisheries
and water quality. Other major Sea Grant subprograms include Aquaculture,
Green Bay, Geological and Mineral Resources, Ocean Engineering, Diving
Physiology, Policy Studies and New Applications. Within these subprograms
are more than 50 research projects. Project goals range fram determining
what types of docks and piers can best withstand the lakes' destructive
winter ice to finding new ways to detect and mine underwater minerals.
Scientists in these subpragrams are also developing electronic devices to
locate and estimate lake fish populations, designing safer and more efficient
diving equipment, tracing the fate of toxic chemicals after they enter the
lakes, and examining international law with regard to acean issues and na-
tional policies.
Solving "real-life" marine problems is the underlying goal of all Sea Grant
research, and project proposals are carefully reviewed both at the lacal and
federal level before they are approved and funded.
Of course, scientific research means little if the information it produces is not
communicated to the individuals and industries that need it, This role is filled
by the Sea Grant Advisory Services staff. Research results are widely dis-
seminated through scientific, technical and general audience publicalions,
Information is also shared at special workshops and conferences on Great
Lakes issues, and Advisory Services field agents make direct contact with
the public on the local level through speeches, exhibits, involvement in com-
munity activities and answering individual inquiries.
In cooperation with the Institute for Environmental Studies, the Sea Grant
Program also produces farfhwafch, Wisconsin's iargest public service radio
program, The award-winning program is broadcast each weekday by about
100 radio stations and reaches an estimated four mi'llion people in six Great
Lakes states,



A other ~jor Sea grant function is education. The Program supports manyAnother ma or ea

graduate an uraduate and undergraduate students throughout the University of Wi~nsjn
System and provides grants for developing new university courses holdln
special lectures and film Serlee, and Creating Oppgrtun ties for aduIts and
students to do field studies on the Great Lakes and oceans
Administered bY the University of Wisconsin Sea Grant Institute, the Sea
Grant Program brings a wide arraY of university talent to bear on Great
problems and marine resources ln general. Though headquartered on th
UW-Madlnn campus, Sea Grant work Involves nearly 100 faculty me be
and 150 graduate students on six other Unlvershy of Wisco�,�
Green My, Milwaukee, Stevens Point, Marinette, SUPerlor and UW-Mens
-and at two private colleges-Lawrence University and the Medical Co ll
of Wisconsin,

One of a national network of Sea Grant institutions funded by the National
Oceanic and Atmospheric Administration of the U,S, Department of Com-
rnerce, the Wisconsin Sea Grant Program became the nation's fifth Sea Grant
Coilege ln 1 972 in recognitlon of its achievefnents. Sea Grant work Is well
regarded ln Wisconsin, and the legislature recently increased the program's
state budget to match increases in an annual federal grant that now stands
at $1.T million.

A list of 1978-80 Sea Grant subprograms and projects-and a brief descrip-
tion of each � follows,

LTVIHG HEBCURuES

Biologists, ecologlsts and resource economists are seeking to understand and
enhance the biological riches of the Great Lakes and promote their wise use.
Research extends from investigation of nutrient recyc ing by microscopic
zooplankton to an analysis of fish management strategies to minimize PCB
contamination of the lakes' valued trout and salmon.

2! SAEIT LAKEs zogPLINKTON KEy INS
MONOSRAPH  Ul ~ 12!
Stenfey Oedsen. ZONnW, UW-Madfeen
I definitive lisl, or ksy, of the zooplankton
ln Lake Superor and the Great Lakes in
hist
general will include informsbon thnont estory. abundance, trophy rslatkrnships
and distribution ot these minute uah'nu squab c

48
imsls, This information, plus detailed li

pec s, wiff provide basicdrawings of each s ie,
~ luspful ln managing ffshel'Ies

1! IMPACT OF NUTIIIENT RECYCUNO ON
LAKE MICHMAN'S NUTRIENT OUOOET
 La-lg!

Arthur greeks, Charles Refuses, Ceeler fer
areal Lakes Studies, UW-Mfkeaskee
In important phase ln ths cycle of nutrlenfs
wffhin a lake's SCoayalem Is the tratISport Of
such elements as nitrogen, phosphorus and
carbon in tbs sxcrstioiis of zooplankton and
nsh. Zootogists are sampling Lake Michigan
welers tc bauer underatand the contributiun
oi this phase to the lake's essential nutrient
base as well as related interactloiis of
aquatic life.

S! FOOO REOUIREMENTS, OROWTH INO
METASOUKM OF yOUNO ALEWlvES  LR-g!

Catreg Harden, Fred glnkewskl, ZeNegy,
UW-Mgssankee

Research is determining the amount of
energy derived froin food use in alewife
growth over erne and at Ccntrelfed
temperatures. This informatkni N being im
corporated in a model of biomass dynan«cs
and fish predalor-prey relationships in Lake
Mkhigan � particularly that between
salmonid species snd their alewife prey.

g! OFTIMIzINO YMLS FROM wESTERN
LAKE SUPBHOR COMMERCUL FISHERIES
THROUOH SMELT STOCK ASSESSMENT
 LKA!
WMsst Swensen. Olsfogy, UW-Seperfer

Biologists are studying smell populations
and, ln cooperation with commercial
fishermen, developing suitable equipmsm
and techniques for a yesr-round. oftshore
commercial smelt fishery. In addition, waTer
sampling throughout western Lake Superior
is revealing the effects of water turbidity,
plankton concentrations and water
temperatures on alewife abundance.

O! RECREITIOIIAL ANO COMMERCIAL
FISHINO IN WISCONSHI'S LAKE MICHIOAN
WATERS  LR-11!

Richard Olskep. Agricultural EeenseNu,
Uw-Ilatnsen

Resource ecoriomists are monitoring the
economics ot commsrcfal fishing and.
through Interviews and mall surveys,
developing s McIai/economic profile of
recreational ffshermen. From this inlorma-
gon, the economists will be abls to clarify
and perhaps resolve the economic issues
that arise In conflicts between sport and
commercial fishing In Lake Michigan and the
Great Lakes ln general.

g! ILTEKIUTlvE MANAGEMENT
STRATEOIES FOR MINIMlzfNB Pcos IN
LAKE MICHIOAN FISHES  LR-ta!

aatnes KRchsg, Zeekqnr, UW-Madison

Building on previous Sea Grant work, this
project ls an investigalion inlo the effec-
tiveness, caela and beneflta Of vaifouS kindS
of fish management practices aimed at
minimizing the amOuntS Of PCBs ln Lake
Michigan lish harvested for human con-
sumption. lt wilt result in a better
understanding ot the dynamics of snd rela-
tionship betvnen the lake biomass and the
hvels of PCBs in salmOnldS anif their prey
and how this might be manipulated to
reduce the risk to human health.  InltiMed
September 1, 1979!,



7! COMPETITION FOR RESOURCES AIIOHB
PLANKTIVQROUS FI8HES lN LAKE
MIQNBAN  LR-15!

Jeha Magnuson, Llmnakkgy Lsbruatsry. UW-
Medlsea

Decision on gsh stacking programs and
harvest quotas must be based, in part, an
knowledge of the planktlvorous fish popula-
tion. This project wgi examine the seasonal
dMsions af habitat resources among
ptankthorous fishes and how this affects the
distrRrutkm of the food tish that prey on
tham.  Initiated September 1, 1979!.

0! ECONOMICS OF REHARIUTATINB THE
LAKE MCHIBAH RSHERY: A CASE STORY
f Ul.le!
RNhard Slshep, Agdoehuret EsenentNs,
IIW+a disso

This project will assess the benefhs and
costs of sea lamprey control and salmonid
stocking programs tor all of Lake Michigan.
Ta be carried out jointly with hllchigan State
University Sea Grant researchers, the project
will be especially important to future policy
decisions on these programs lf the
chemicals currently used to control the ssa
lamprey run into problems with the EPA.
 initiated SePtember 1, 1979!.

9! APPUCATIOH OF fISH BROWTH
MOBELS  FA-7!
harass KRcbel, Marine Studies Centsr, QW-
Madtsea
To predlcl changes In lhe complex biological
web In the Great Lakes, bkrlagists developed
a mathematical model usetul in investigating
the dynamirs of fish growth and the rate at

which predate consume their prey. While
this work focused on lake trout, rainbow
trout and alewife, Other liXXhda were
~ 'lo estimate sea lamprey predation
under variauS enulranmental influanCea and
ta eatknate the route and peialatenae of
PCBs in fish.  Complated August 31, 1979!.

10! FISH FBPNLATNNI ESTIMATMN IN
LAKE MICHIBAN USNB SOHAR  FA-1!
gaia Magaeeee, Zedagy, UW-MatHsea
Biologists and engineers pertecM new ship-
board sonar techniques for detecting
fish-their location, abundance and spatial
distribution. This research focused par-
ticularly an Lake Michigan alewives, which
constItute the lake's preponderant bloom
and forage base,  Completed August 31,79!.

Several interrelated projects, involving an array of scientific disciplines, are
fooueed On Green Bay. W/thin this watershed lie the environmental and social
prOblernS of aver-enriched waterS, induetrlal poliutiOn, urban and rural
runoff, highly productive but dynamicajly changing fisheries-and the
promise of a better future.

fish stocks and lo determine the age distrh
bution. abundance and migrations of this
commercial tish thrOughaut Green eay and
northern Lake Michigan. Intarmatian on fish
morlality and year class strength will
enhance management ot a more stable
filshery. Drawing upon this research experi-
ence, fhe investigators are heiplng the
Wisconsin Department of Natural Resources
to design a whitefish sampling program for
the future.

1! BIOLOGICAL PROOUCTIQN IH BREEN
~ AY COASTAL MARSHE8 fBIHI!
H. J, Harris. Stdence snd Environmental
Change, UW4reea Bay
Systematic sampling af the biota of three
wedands-Peters klarsh, Sanslba Wiidlife
Area and Peshtilga Marsh � is providing an
understanding af these ssnsffive coastai en-
vironments. Data on rooted plants. small
animal organlsrns and marsh birds should
reveal the effects of natural changes In
water level as well as human-caused pertur-
batlon, such as diking and the disposal af
dredged materials ln wetlands areas.

E! DYNAMICS OF HERRIvoRE POPULA.
TIQNS ANQ FNIST-YEAR YELLOW PERCH Hl
LOWH GREEN SAY iLR-7!

Seerew Rioiuaaa, Nhdegy, Lawreeoe Unk.
Veralty; Paul Sager, ScteaCe and Emrtlerr-
~ reatal Change, UW4reen Bay
Glolaglsts are examining lhe tesding Inter-
actions among phytoplanldan, zooplankton
and juvenile perch to better assess the
growth and abundance of perch ln the tower
bay. Water sampling as well as examination
of perch stomach contents will reveal
specNcagy Ihe role al zooplankton ffuctua-
fians in the energy flaw ot pelagic com-
munities.

8! VITAL STATISTICS AHO POPULATION
STRIICTURE OF THE WISCONSIN WHITE-
FISH ffSHERY QF LAKE MICHIGAN  Ltt-3!
Hertry Books, Wtsaeaskr C~
Rehedea Reaearsh itnh, UW-Stevens Pehrt
Whitefish tagging and enzyme studies are
helping to locale geneticaily discrete whlle-

d! BYNANICS OF SUCKH POPUIATIONS
OF BREEH BAY ANO AILIACENT WATERS Qf
LAKE MICHIGAN  LR-8!
John Nagaussa, Zaehrgy, UW-Msahae
Bkhogists are studying the population struc-
ture, growth snd mortaltly rates of suckers
in Green eay tributariea and on the Lake
Michigan side of Ihe Door County Peninsula.
In addition IO bialOgiCal informaeon, the
research wili indicate how great a corn.
msrcial harvest of suckers can be sustained.

0! FACTORS INFLUENCIHB THE REESTAB-
USHNENT OF SELF4USTAININR STOCltS
OF LAKE TRGUT IN LAKE MID HIBAN wITH
SPECIAL REFERENCE TQ GREEN SAY �0-7!
Jela Mageeaee, ZaaiSgy, UW-Nadiswr;
Ress Harrag, Nartrre Studies Carder, UW-
NaHaen
To help restore naturagy reproducing lake
trout in Lakes Michigan and Superior,
biologists are studying the history of the
lake trout papuiations, the genetic character-
istics of three strains of trout, and the
physical features of spawning rests in Lake
Superior and Green Bay. Federal and state
agencies, with recommendations and

aaakltanae by the <nveatlgatarS, are planting
lake trout flngernngs on these otfshore sites
tO sse lf they will "remember" and return
ta spawn at these offshore sites where they
have been planted.

8! FATE Of ARSENIC QEFOSITEQ HI GREEN
BAY EY THE MHQMINEE RIVER  BR-71!
NarC Aaderam, Waaar Chsadahy, QW-
Msdlsse
Water clwrnmts are mvesbgatrng the move-
ment and chemical cycling of arsenic that
has leached from an industrial dump into a
tributary of Green Bay. fbi sampling of
this massive contamination coupled with
laboratory testing seeks to determine where
and in what form the arsenic is "ending
up"-whether it escapes to the atmosphere,
concsntndes in the bay's biota, or sallies in
bottom sediments.

7! REMOTE SENSINR QF THE GREEN RAY
WATHSHEQ TQ ESTIMATE THE IMPACT Of
LA'Ng OEIIEILOPMENT OH THE RAY' S
WiTH BVAUTY  N-0!
freak ~, IastNafe fer EavkeeareaNI
Shrtgsa, IIW-Madison
Engineers are ~ng digblzed  number-
COded!, mute-Speatral aerial imagery-
rsmote sensing that can ' picture ' land
cover and water currents, These techniques
witl assess nonpoinl source pogu5on in the
Green Bay watershed in the form of urban
and agricultural runoff.

~ ! HBNPONIT SOURCE POLLIJTH}N IN
SHEEN RAY ANO rrs IMFUCATIQNS FOR
WATER QUALITY NANABEMENT IBB-0!
gasdal Breadey. Agrfeelterel Eoaaaadca,
UW-MatRsee

focusing on the Lawer Fox River and Green
eay Watershed. reSource economists are
analyzmg current land use practices and
alternative policies for reducing sediment/
nutrient runoff fram rural hin'lerlands. By in-
tegrating the estimates ai these and other



AQUACULTURE

To extend and enhance the capacity of the Great Lakes for producing fish, a
research team ls developing techniques for growing fish under controlled
conditions via aquaculture. !nit!ally the emphasis has been on the culture of
ye!tow perch including nutrition, reproductive biology and larvae production.
The program will be extended to research on other species of coot water fish
such as walleye, centrarchlds  sunfishes! and whiteffsh.

2! PERCH AQUACULTURE SYBTENIS STUDY
lAB-7!

Erkard Jeefes, Pant N, borthenox, ClvN
and Emrlrenfnenfof Engineering, UW-
Madleon

Perch aquaculture has been demonstrated to
be technically feasible, but can it be made
commercially feasible? That is what this
pra!ect aims ta find ouT. By building a fish
growth model and a production cost model,
the researchers will provide a realistic
estimate of the costs and feasibility of
developing a perch aquaculture operation.

DIVING PHYSIOLOGY

Scientists are investigating how the human body functions underwater-
knowiedge thai wiit help make 5 ;USA diving a safer and easier acbvi y.
I! PHYSIOLOBY OF DIVING  NA-Il!
John hankie, Provoneve Modfcfoe, UW-
Nofffeen; Edward Lanpfder, Nlotrao,
UW-Nofusen

A medica! research team is ~nvestigating the

60 ~
medical aspects and physiology of deep-sea
diving and u~r work in order to
ktcreaee underwater perfOrmanoe ability and

diving safety. Research involves work with a
hyperbaric chamber and immersion tanks In
the uw-IV!edison's Blotron.

2! FETAL RESPOHSES TQ DECOMPRESSION
IQP-1!

Jeha H. B. Rankin, Pkyskdogy, UW-Madtsen

There are mare than 4O,OOO regislered

ronpoint soirees wiih known paint source
loadings, the investigators can better simu-
late and compare allernative water quality
management policies.

Bj WATER-MASS STRUCTURES ANQ EX-
CHANGES IN GREEN QAY, LAKE MICHIBAN
lBQ-10!
CNNeftl Moremor, Center for Greet Lakes
Stndloe, UW-NNweokee
Information does nat exist about the
dynamics af 'Ihermal slrahfication and water-
mass exchange ln Green Bay. This project
will provkle such intorrnation, which is
urgently needed lar the selee!Nn, testing
and devekipment of madels Of water quality,
eCOSyaiem dynamICS and managemenT
strategies. This information will lead to s
bolter-designed waler quality monitoring no! ~
work lor abtaining realistic assessment ol
IOng-term effeCts on Green Bay af manage-
rnenl strategies Iii the watershed This
project will have immediate, practical value
in assessing water quality changes In the

'I! EVALUATION OF WITH REUSE
SYSTEMS FOR YELLOW PERCH ABUA-
CULTURE  A04!

John T OTHBfoy, Englnoenng, UW-Extension
By monitoring Ihree water treatment and
rocycling systems, researchers are compar-
ing their relative efficiency, testing energy-
saving rnadlficafions in water circulation and
identifying production-scaki water quality
needS ot the fish from egg lo marketable
size. Specific factors being examined in-
clude water temperatures, dissolved oxygen
levels, the water's pH  alkalinity vs. acidity!
and the presence of such excretory products
as ammonia, nitrate and nitrite.

bay and providing real-world data for testing
and improving various ecosystem models,
ana IOng-term value in impraving water
quality management with respect to the bay.
 Initiated July 1, 1979!.

1S! PHYSICAL-CHEIIICAL CHARACTER-
ISTICS AND DYNAMICS QF GREEN BAY,
LAKE IIICHIGAN  GB-12!

James Wtersnta, SrJeaco snd Emrlrenmental
Change, UW-Green Bay

This project will provide baseline data
agalnsT which the actual impact of tuture ac-
tivibes on the bay can be assessed. This in-
formation can also be used to test predictive
mathematical models of eutrophication and
water-mass movofnen . The project will pro.
vide physical-chemical data about the bay,
define major seasonal changes during the
open water period, examine nutrient transfer
processes and determine whether eutrophic
conditions in the lower bay are causing
oxygen depletion in the hypolimnion during
the suminer.  Initiated July 1, 1979!.

sl QEYELQPMEIIT OF AGUAGULTURE
SYSTEMS FQR COOL WATER FISH SPECIES
I AQ-a!

Harokl Ceetort, Faod Soionao, UW-Madison

Food scientists, biologists and engineers are
perfecting ways ta grow yellow perch and
other cool waier fish in controlled en-
vironments. Research objectives include the
develOpment of year-rOund perch repraduC-
lion, optimum feeding regimes and analyses
af the effects of water conditions in tanks
and rearing ponds on perch growTh.

e! ENERGY REQUIREMENTN BF YELLOw
PERCH  AQ-5!

CNHord H, Mortimer, Fred Blnkewski,
Center Ias Groat Lakes Studies, UW-
Mawenkeo

Biologists are determining the metabolism of
yeilow perch in relation to their weight and
water temperature. Conversion-efficient Tish
diets that enable fish to grow wrth the least
expenditure of energy will contribute to the
success of perch aquaculture.

female SCuBA divers in the U.S., but very
INle is krewn about the dangers of diving
during pregnancy. The ailm of this project Is
to deterfxine whether standard decompres-
sion tables, designed for men, ara suitable
for use by pregnant women and lo prove the
limits of fetal resistance to decompression
sickness so that recammendatkins to women
wha dive during pregnancy can be made.
This will be accomplished by observing the
effect of standard "no decompression"
dives on sheep at varous stages of gesta-
tion.  InhiaTed Oct. 1, 1979!.



MICHQCONTAMINANTS Be WATER QUALITY

"The Commission believes that the control and monitoring of toxic
subsfances within the Great Lakes ecosystem is the most urgent problem
facing the Governments under the present tiyater Ouality Agreement. "�
International Joint Commission Fifth Annual Report

This statement reflects the considered judgement of the scientific com-
munities and government agencies in both the U.S. and Canada. Chemists,
biologists. pathologlsts, toxicologists and medical scientists of the Wisconsin
Sea Grant Program are engaged in research on the sources, ecosystem
routes, effects on aquatic life and, ultimately, the consequences on human
health of several of the more critical contaminants of the lakes. Research is
alSO underway On methOdS to detect and anticipate neW tOxiC ChemiCalS
entering the lakes.

5! RHPDHSE OF PIIIMATES TO PCSs
 QR4!
James R, Agee, PatheN M, UW-Matgsen

Rheaua munkeyS fed dkTTS COmaining FCB
levels comparable to those found ls con-
tanlmlnatsd Great Lakes fish suffered il!
health and impaired reproducffon. Now sub-
lects are being tested on diets of fish meal
containing PCBs at one part per mlllion-
closely approximating human exposure to
these compounds.

11! PCB LEIIELS IH HUMAN FLUIDS:
SHEQQYQAN CASE STUDY  IIW-IQ!
Jehu Ranfdn, Pravattgva Medfahm, UW-
Maifeen
At ffta requeSt ut the State nepartrnentS Of
Natural ReSOurCeS and Ot Health and SocTai

Ti AM POLLUTION INPUT OF ORQAHIC AHD
INORQANIC SUBSTAHCES TO LAKE
MICHIQAN WATER  MW4!
Andsrs Andren, Clvg snd Emdraamerdal
Engineering, UW-Madison
Water chemists are analyzing air and rain-
water sampies taken from Lake Michigan tc
determine what proportion ot contaminants
in ths water arrive via the atmosphere. This
knowledge � plus a determination as to
whether airbcrrle Ccntaminanta are Comulg
from natural sources or from human activi-
ties � will indicate the usefulness of water
quality programs based solely on controlling
pollullon from tributaries and coastal runoff.

2! PETROLEUM HYDROCARBONS IN THE
SEDIMENTS ANO BHITHOS OF LAKES
MICfflQAN  THOIANA HARBOR! AHO
SUPERIOR  DULUTH HARBOR!  MW-13!
Aaders Andren, Clvg aad Emrlranmentat
5 gfneerlwg. LTW-Madison
Water chemists are measuring the levels of
selected hydrocarbons in two petroleurn-
poiluted harbors. information derived trom
sedimenT cores, indicating the depth distri-
bution of these hydrocarbons, and concan-
trathns found in important benthic
organisms will be useful in assessing and
controlling Great LaKes oil pollution.

3i BIOTBANSFDRMATTON OF SUBSTITUTEO
PNENOLS RY RSH AND AQUATIC MICRO-
QRQANISMS  MW-17!
Jeha Lech, Phartneesktfiy, Medical Cegega
~ f Wlsaenafn
Pamachtorophenol  PCP! has been shown to
ba totdC Io flah at luw Conoentratlcns, and
pentachklruaniacle  PCA!, ita methy! ether
form, has bean found in several fish
species, including Lake Michigan lake trout.
Thih protect will evaluate some of the possi-
ble sources of PCP in fish. This will be ol
value in predicting what situations might
cause hIgh PCP fevsts in ffsh and how these
levels ndght be reduced if they become a
problem.  Initiated September 1, 1979!.

d } RESPDHSE of DAPfffuM POFULATIONB
TO LONQ-TERM CADMIUM EXPOSURE
 MW-15!
ArNwr Brooks, Cenler fer Brest Lakes
Studies, UW-MNwaukee
By exposing Oaphrria to controlled amounts
of cadmium, biologists are Testing zuoplank.
ton resistance to a toxic pollutant tound in
trace amounts in the Great Lakes. Determin-
ing how this industrial contaminanl affects
Oaphnia raprodurtion, predator avoidance
and other survival characterisffcs of this
important aquatic animal will influence how
waler quality criteria ln the Great Lakes are
set,

5! IHVfTATIONAL WORKSHOP DH THE
ANALYSIS OF TOXIC ORQANIC COMPOUNDS
IH THE QBEAT LAKH  MW 15}
Joseph Mine, CIN ead Eauheamaafai
Eaglaeerlag, UW&adfseu
Intercalibratlon ol rrethodolo N and general
agreement on analytical protocols are essen-
tial to the efficient diffuslon ol sctntM
k~. This workshop wlli provkfe an
opportunffy for scientists concerned with the
analysis of tedc organic compounds in the
Great Lakes lo inspect firsthand ihe data of
other scientists in the ffefd and to exchange
information face lo face. A summary relxnf
on the Censenaua Oplttlona reached regard-
ing methcds TOr TOxlcs anafyaeS in Great
Lakea matnCeS will Subsequently be pre-
pared and widely dislributed lo appropriate
university and agency laboratories.  Inltiafed
September t, f979!.

Ti EYALUATHNI OF PROCESSN COH-
TROLUHQ THE TIIACE METAL STATUS OF
SOUTHERN LAKE MICHMAH  MW-Ili
Oavkf !Trmsfrattg, Water Cheadstzy, Uw-
Madhen
Analyses of Lake Michigan sediments show
increasing leveis of such trace elements as
iced, zinc, copper, chromium, tin, bromine
and nickel, To u~ the ecological
effects, water chemists are studying trace
metals input from Take trtbutarhe, their
pathways through the lake, ~ in
and out of bottom sedknents, and interaction
with piankton and other aquahc life.

5! DN4ITE HEATIY METAL ANALYSM
IISINB ANODIC STRIPFIHQ VQLTAMMETlly
 MW-IS!
WNam BtaedeL Cheadafsy. UW-Madisea

For on-site measurement of trace metals in
var Tous aquatic media, chemists are
developing an improved eiectronic method
for delecting traCe metal ianS tn water. A
prototype instrument, ~ting porous
electrodes  of pyrolytic carton! and other in.
novations, wgl be Tested on water samples
of increasing chemical comphudty-distilled,
tap, Take and sea water � as wali as Lake
Michigan Ksalf.

gl ACCUMULATIOH. DISTRIBUTION AND
EUNMATIOH OF PCQs IN YELLOW PERCH
FED A cONTAMINATED RATION  MW-15!

Richard Maraca, Pharmacy, UW-Madison
Pha~ista are feeding yeuuw perCh
PCB~taminated fish meal  made from
Lake Michigan alewives! and recording the
accumulation, distrlbutkm and elieinat'en of
the compound in the test fish, These
laboratory studies will indicate whether ale-
wife fish meal can safely be used in perch
aquaculture

lg! EFFECT OF SPAWNINQ ON NSTRIQU-
TON AHD EUMINATKN OF PCQs IH LAKE
MTCHIQAN FISH  MW4}
Rhhsrd Paasrstm, PharmatQ, UW-Madfaen

PharmaaAgists are mvestigating the effect
ol egg and sperm formation and spawning in
rainbow Trout  fatty fish prototype! and
yeaow perch  nonfatty ffsh prototype! on
the distribution and atiminatkm of pces by
the fish. In addition, tfw researchers are
looking at the transfer of Pces from the
adult fish to the ogg and then to the
developing fry to better understand the
effect ol this widespread industrial con-
tammant On Great Lakes ecosystems.



expected tc appear in the lower Fox River
squalls enutrcnment. devfuop Or imprcve
methods of detecting such chemicals, and
ilsofate and kl entify pr'erity pollutants,

contaminant concentrations not onty In the
fish but in Ihe takes.  Completed August 31,
1979!.

Human activities in lakes and oceans involve risks to property and life itself.
Research engineers are designing devices to make underwater diving safer
and more efficient, ship hulls less prone to wave damage and mall craft
harbors safe from winter ice.

often disorienting realm beneath fhe surface.
Ther ach~nts Include techniques for
improving the design of standard snorkels;
air regulators that agow easkri breathing aad
the one-time reuse of exhaled gases. and
lighter. stronger SCUBA tanks.

Services, and the City of Sheboygan, this
project will examine PCB contamination o I
the breast milk and bkod ot Sheboygan
msidents, obtain preliminary dale on the
effect of PCBs on Infant health, and deter-
mine the retatianship between PCS levels
and the ingeetion oi spart fiSh from VVISCOn-
Sin waterwayS. Speolfeapy lhe Sheboygan
River.  Initiated July 1, 1979!.

12! IIESPONSES Of PIIIMATES FEO
QIQXIN44NTAMINATEO FISH OIL  QW-22!
James R. ARsa, PaNudefN, UW-MefHset

Game tish and water supplies in soma areas
of the U.S. are contaminated with levels of
TCDD potentially Injunous to humans By
feeding lish ol! containing dioxin lo an
animal modal that responds similarly to man,
the project wil! provide an evaluation of the
potential danger to the human population
posed by the consumption of fish con-
taminated with this subslanco. This data will
be of assistance to regulatory agencies in
establishing safe levels of TCDD in the food
chain.

13l AN ASSESSMENT OF SELECTED
PRIORITY OIIQANIC POLLUTANTS IM THE
LOWER FOX RIVER ANO GREEN QAY
 MW-29!

Joseph Mlles, Ckre aed Eevkeassefdal
Eeglesaleg, UW-Madison

State and federal environmental poHcy-
makers need a broad base of accurate
Information by whkh to assess Ihe organic
pollutant pro5em. This project will investi-
gate the types of chemicals that might be

1! IMPULSIVE RESPONSE ANO RESONANCE
OF QREAT LAKES SHIPS  OE4!

T. C. Hoeag, Engineering Mecbsfdcs. UW-
MsdIsen

Tc investigate a possible cause of Great
Lakes shipwrecks, an engineer is rnathena-
tlcally modelling the responses of ship hulls
to venous types of wave action which create
vibrations m long-bodied vessels. These
vibrations cause the hull to resonate-an
amplified motion that in Some instanoes
might lead to structural failure and loss of
ship

2! BEYELOPMENT OF IINOEBWATEN
OEVICES  OE4!

AS Sefreg, Mscferdcal Engfneerfeg, UW-
Madlsee

Engineering research teams are designing
safer and more officiant equipment to assistJ4 underwater divers in lhe strenuous and

td! AN ASSESSMKNT OF PATHWAYS OF
CHEMICAL IN THK LOWBI FOX RIVEIII
QIIEEN QAY  MW-21!

Asdws Andren, Civl aed Eavkefuaafdst
Esgksserlag, UW-Madtsee

What ~ of hazardous chemicah once
ikey enter the SqusdC environment? Thia
project Is aimed at improving and evaluating
Ihe preaent praoedureS used to predict the
fate of ~ cfendcah in tfe Fcx River
and Green Bay area. State agsncke can use
this information to evaluate the Impact of
hazardous chemicals in this area and to
evaluate the human health Implications of
these pollutants.  initiated September 1,
1979!.

Isl OIOTRANSFORMAlloN ANO DISPOSI-
TION OF QREAT LAKES MICROCON-
TAMINANTS IN SALMQNIBS  BR-5!

Jobs Lech, PbaseeadeW, Medkel Cegegs
~ I Wisconsin

T~ISIS examined the manrer In Whkh
rainbow trout take up, metabolize and
excrete the lampdcide Bayer 73 � a toxic
compound sometimes used as a synergist in
the chemical control of lamprey reproduc-
«on. Other compounds slmibufy studkxf are
PCBs and Other khOWn Great Lakea Ccn-
taminants, whose ~ concentrations in
fish bile may provide a means of gauging

ai ICE ENQIHEERINQ FOR SMAI.L CRAFT
HARBORS iOE-9!
Agon WsrQsy, Engineering, UW-Exleaslen

Cock failures and malnference costs
due to ke result ln keses of melions of
dollars annually. This project will prepare a
"Design Iulanual for Northern Small-Craft
Harbors," which will provide practical infor-
rnation about ice behavior and characteris-
tics, and dockage systems to deal with
them. included will be specific dock design
cnteria and rocommendatkms, and evalua-
tions and comparisons ot cornmerclally-
produced fketing duck systems.  Initiated
Sept. 1, 1979!.

le! AGCUMULATION AND BIBLQQICAL
AVAILASiUTY OF PCBs In LANE MICHIQAN
SEIMENTS  MW-12!

Bafrld Ansstrsng, Water Cheedsby, UW-
Mafgsoe

Water chemists have investigated the rate at
which PCBs are accumulating In Lake
Michigan sediments and are now calculating
the compounds' future movement via
bonom-dwelling organisms to pelagic fish,
This Information will be used to estimate
how long PCB concentrations will persist in
Great Lakes fish as an environmental prob-
lem.  Completed August 31, 1979!.

17! RESPONSE OF PRIMATKS TO 2,3,7,Q-
TETRACHLOROOIBENZO-p-OIOXIN  MW-Q!

Jaiaes R. Also, PsdkdoiW, UW-Madlaon

Rhesus monkeys were led diets containing
trace amounis of a dioxin called TCDO, an
extremely toxic compound thought to exist at
very low concentrations in the Great Lakes.
Steady diets containing TCOD at only 500
parts-per-trillion impaired the monKeys'
reproductive system, lowered resistance to
disease and kllktd  ive of the eight animals
within nine months. Concentrations reduced
tenfold pnxlucsd similar resulh within two
years � results consklered quite significant,
since the physiology of rhesus monkeys ls
slmlfar to that of a human,  Completed
August 31, 1979!.

I! FLOATINB BOCKARE SYSTEMS SUB-
JECTEO TO ICE LOAOINRS  OE.7!

AQoe Wertfey, Engkesrksg, UW-Xrteesfoe
An engineer sought to Improve the tech-
niques for the design and constructkm of
nesting dockage systems in small craft
harbors troubled by winter lco. In addition to
comparisons of commerciagy available struc-
tures, the ressarch included measuremenf of
Ice thickness, water temperatures and other
winter conditions found in small craft har-
bors in the Upper Great Lakes.  Completed
Aug. 31, 1979!.



POLICY STUDIES

Many water reSOurCe queStiOnS, Within the Great Lakea regian and gtebatfy,
require social, politicai and economic answers, Several projects, grouped as
concerns of "policy," are developing managerial options and approaches to
a variety of problems � from the decline of Great Lakes shipping to the
preservatiOn Of hiSterlCally irnpOrtant shipwreCkS.

scores ot shipwrecks along Wisconsin'I
Great Lakes shoreline. They are further
researching the jurisdiction and ownership
of these wrecks, and exploring ways to pro-
tect the most interesting and accessible
wreck sites as underwater parks � to be
managed as ihrlng museums af Great Lakes
histary,

3! ASSESSINS AN UNDERWATER PARK
PRESERVE FOR WISCONSIN 8 GREAT
LAKES WATERS  PS-26!
IMam Tlshier, Landscape Arctdlectars,
UW-Marffsen

To preserve a regional heritage, ln-
vesffgatars ars making an inventory of Ihe

IAW APPLICATIONS~ e I

Some prOjeCtS dO nOt fag within the tOpiCGI baundaries Of other reSearCh Sub-
programs, Currently, one such project is examining how Lake Superior water
leveis respond to lang-term changes of climate,

Lakes water isveis. in this effart, protebglty
distributions and tune series models of
climate and net basis supplies for a
300-4OO-year perkXI are being ~,
based an historical records and dimaffc
indicators, such as tree rings and palien in
lake Sedimemu. These data wig be used la
devaki scenarios af tuture net bus a sup-
plies and take levels.

1! RESPONSE Df LAKE SUPERIOR TD NET
RASIN SUPPUES AND GREAT LAKES
WATER LEVELS TO COMATE VARIATIONS
tNA-7!
Walfraed Srlekmana, Instaem fer Enulren-
meatsl Stadles, UW-Mad sen
Cgmatalogists are assessing the influence al
curnate an lOng-term fluCtuationS Of Great

1! OCEAN POLICY AND NATUIIAL
IIESDURCE STRATEGY  PS-2l!

fgelerd Older, Lsw Scheel, UW-Madison

A former Stale Department specie'list in
tn~nal law is exploring the wide range
Of OCaan reeaurae iSSueS Confronting the
workl's nat ans and possible approaches to
their resolution � both within and outside the
framework ol the Law al the Sea con-
lerence. through a study of international
poltckrs and law, as weil as cansukat ons
with authartties in the field, the research
alms at "more management consistent
policies for ocean and global resources."

2! ECDNDMIc INCENTIVEs AHD RARRlfha
TD COASTAL WETLANDS PROTECTION
 PS-29!
Riche«I Ssrrews, Agrtcuaural Ecsaemms,
UW-Madison

Mater opposition to attempts ta preserve the
slate's wetkeds appears ta come tram the
agrlcukural sector. This pra ect will attempt
lo provide information about the economic
incentives la drain wetlands for agrculture
and thus help resource managers and law-
makers develop innovative means ta Over-
come these incerrlives through partial or full
compensation ta wetlands owners. This will
include the development and applicatlan at a
conceptual mathematical model of these
economic incentives for typical Wisconsin
farms.  Initiated Sept. f, f979!.

a! CULTURAL CDNTfNUfTY: THE SfA
ISLANDS AFRO-AMERICANS  PS-27!
Tem SMck, Afro.Araerlcen Stadles, UW-
Maddaa
A specialist in Afro. American history Is
daaumentihg the evolutiOn al Atra-AmeriCen
culture indigenous ta the remote barrier Sua
islands off the South Carolina coast. An
understanding of the manner in which the
descendants of early island pkmtatkrn slaves
are adapting ta madam farming and fishing
may provide a model for studies of other
insular communities while encouraging
greater sensillvffy in caastal development
that may encroach upon ethnic popukrtfons.

S! TRANSFERASLE DISCHARGE PER'MITS:
IMPLEMENTATION STUDIES  PS-29!

Martin DauM, Economics, UW-Madisen

Building on previous Sea Grant research,
this study will create a simulation model oi
the iindustrial sector's reectkrn to the oppor-
tunity ta purchase and sell pollutke permits.
and assess the effects at such actke on
water quality, the likeuhood ot via attune of
water quality standards, and the river's
atdlity ta withstand short-term pollution
shocks, The thrust ai this study is ta pro-
vide a comprehensive report ta the Wiscon-
sin Department ol Natural Resources on the
design and implementatiah al a transferabkr
discharge permit system for the Fox River.
 initiated Sept. I 1979!

S! GREAT LARES INTERNATIONAL TYQDE:
NINTBNAND SERVED AND SHIPPER'S
ROIITE OPTIONS tPS-ES!
Erie Scheakar, Seshress Admkdatralsa,
IJW-Mgwaekaa
Economisls and marltinw trade specialists
are sNdytng recerrlly ~ data on the
Oitginrdeetinatkm af Great takes' mark me
trade. In a related effort, they are kxrklng at
shkNdng casts and market areas, and
~ng a model ta define optimum cargo
routing for Great Lakes shippers-an
analysis that will identify the strengths and
weaknesses al vartous Great Lake ports.

7! AN NIVESTIGATNM gf MARRETASLE
PDLLIJTOR RIGHTS RM POLL ION CON-
TROI IPS-22!
Marge DauM, Eeaawnfcs, UW-Mamsen;
E. J~, Englneerfag, IJW-Madlsea
An ecanondcswngineerlng research team
has proposed a system lar ~ling pollu-
IIOn by the ISSuanae Of "pollution rightS"�
preferably termed "transferable diischargo
permits" by Wisconsin Department af
Natural Resound olffcials-to industries
and mun clpaMiea dlschsrgkrg into river
systems. The inveaff putois analyzed the
poky and aperatkeal aspera of lhe
system, whhh they begeve wauk 
strengifne DNR effarts to Implement mora
fairly the Wisconsin Pollution Discharge
Erknination System.  Conpieted Aug, 31.79!.

~ ! UMNOLOINCAL COMMENTARY ON THE
MIL'WAUREE POLLUTION CASE
CMferd Mergmar, Ceemr Ter Orsul Isfrws
Studies, UW-Mgamakes
A protracted lawsuit, ending in f977 In
federal court, found that Mlhvaukee harbor
effluentu ware poHutlng Illinois waters ef
Lake Michigan, A lirnnoiogkd studied the
legal Cantrlnmray ~ lffinoiS aa Plaintiff
and Milwaukee and its sanitatkrn dlstrk:t as
defandunlS ta detenmrw What Scient5C evi-
dence weighed most heavily in the courl's
dsctske, An abjacM was fa discover the
impticstkes for resolving future environmen-
tal disputes and how the legal process, as
invoked in this case might be improved.
 Completed Aug. 3l, f979!.

2! LAKE SUPERIOR SHSREUNE YEREYA-
TMN ARD ERINION; AN ECOUJGCAL
SURVEY  NA.IR!
Redy Reeh. Ceeler lar Lake aepelter
Strnaee, HW4eymNr
TO eatabauh the lnfluenae of vegetatkrn On
caestrd erosion, botanists ~ued plant
iffa al 25 sites along  Afscansin's Lake
Superior shore and studied aerial pictures
and historical surveys af the receding coast-
arw. Through field work and greenhouse
Sludles of seleatfe plant SpeCieS, they
looked for suttabkr trees and plant cover that
wauid help stabilize the uranian-prana red
clay bluffu ot the region.  Completed Aug.
31, 1979!.



GEOLOGICAL 8e MI1VER I!kL RZSOU   EB

Analysis of Lake Michigan and Lake Superior shorelines will lead to an
understanding of the forces causing Great Lakes coastal erosion, Investl ~
gators are also concerned with long-range water supplies, considering the
hydraulic connection between Lake Michigan and groundwater aqujfers near
its tAI sconsln shoreline.

assess how much groundwater tlows into
the lake, or, conversely, how much can be
induced to ffow from the lake into heavily
pumped areas. This informatke will also be
valuable in determining where contamination
of the lake is possible as a result of surface
waste disposal  e,g., landlilis and sewage
sludge! and in assessing the environmeatal
impact of power plant and other construction
sites.  initiated Sepl. 1, 1979!.

EDUCATION 8e A.DVISORY SERVICES

Through personal contacts, meetings and media communication, the Advisory
Services program within the Sea Grant institute forges the inforfnation and
service link between those who study marine and Great Lakes resources and
those in industry, government and the public who use those resources.

I! ADVISORY SERVICES IHIIECTQB'S
OFFICE  A-I!

Qragery Hedden, Qkaofar, uw~aalen

Sea Grant specialists provide information
and assistance to individuals and organiza-
tions interested in aquaculture, coastal ero-
sion defenses, fisheries, underwater mining
and other areas of Sea Grant expertise.
Such contacts outside the institute program
also identity public needs and rnfluence the
course of future Sea Grant research.

2! SEA ORANT ADVISORY SERVICES FIELD
AQENTB ANO ACTIvnnES  A-11!

Bene Wench, OW Sea Brans Offfce

UW Sea Grant lnStitute representativeS�
stationed at Washburn, Green Bay, Sister
Bay and Milwaukee � provide information
about the lnsthute program and carry out a
variety of educational/informal'enai projects
ranging free meetings on fish cookery to
short courses on lake biokrgy.

I! DETAILED ANALYSIS OF FACTORS
INFLUENCDIQ SHOREUNE ERDBION QN THE
BBEAT LAKES  Ill%!

Temwr Eda, Ckrl and Erwfrarrmenlsl
E~, UW-Madison
Davfd MleNsea, Qeehgy aad Qeephyaka,
IN-Marffsan

Factors influencing coastai erosion � among
them, climate, soll type. groundwater. vege-
taffon, wave action and lake levels � are be-
Ing analyzed at several shee characterized
by slopiing contours along Lakes Michigan
and Superior. This information is being com-
plied for the use ot anyone involved In deter-
mining both structural and nonstructural
remedies for erosion in high bluff areas.

BEOPNYSICAL ASSESSMENT OF TNE
HYQRALIUC CONNECTNIN BETWEEN LAKE
MICHIBAN AND THE QRININBWATER
AOQIFERS QN ITS WESTBIN BOUNDARY
 MN-1!

Mary Anderson, BeaNgy. IN-Madison

Informatkm gained from this tive-year project
wilf enable scientists for the tlrst time to

a! STRATIBRAPHY ANB BEOTECHNICAL
PROPERTIES OF GLACIAL DEPOSITS ALQNQ
THE SHORELINE OF LAKES MICHNNN AND
SQPEROR  MN-2!

OavM Mkkafsen, Qeeisgy end Qaepkyslcs,
IN-Madison

The vanabllily Of material alOng the Shoreline
must be tested before bluff retreat models
can be deveioped to assess the slope failure
process, This project will produce that infor-
mation. In addition, lt will provide a better
knowledge of the glacial history of the Lake
Superior regions. Cosponsored by the
Wisconsin Coastal Management Program.

S! SEA BDANT COMMLINICATIONS  A4!

Unde Wekaw, UW See Qraat ONee

Great Lakes and Swt Grant information is
disseminated in many ways � through films,
publications, news articles, radio programs
and special exhibits. Publications designed
for the public inctude, for instance, "ABCs
of PCBs," "Fundamentals of Fish Farm-
ing." "Our Great Lakea," and "Fish rd
Lake Superior."

d! EARTHWATCH PIIQUC SERVICE RADM
PROGRAM ANQ ff EWSPAPER COLLIMN  A-S!

Umfe Wefrner, Nyfea Sarffh, LW Sea grant
Offke
EarrhwafCh � a daily, hvO-minute environ-
mental radio program produced in coopera-
tion with the UW-Madfaen Inatltute far Emri-
ronmental Studies � is carried by over I OO
stations in Wisconsm and the Idkhvesi, Ear-
fhwafch/Hrlscorjsirr, a more regionally-
focused news column, appears weekly in 80
newspapers. principally in Wisconsin.

B! FOOD SCIENCE AND FISH PROQIIAM
 A4!
David Steerer, Feed Safeaca, IN-Marnsan

A Sea Grant food scientist provides informa-
tion and lechnical assistance to the tlshing
industry and advice on fish handling and
preparation to sports fishermen and con-
surners. in addition, he is devekrping new
food products from under-utilized ffsh like
the sucker and alewife and working on bet-
ter ways to use or dispose of fish process-
ing wastes.

B! BPEcfAL EoucATION PRDQRAMB

Tha Sea Grant Offic underwrltes several
educatkeai activhies, including assistant ~
ships for students working on Sea Grant
research, new courses in oceanography and
limnology, and special lecture/film series on
campuses around the state,
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Professor of Biochemistry, UWMSN

SOL BURSTEIN
Executive Vice President, Wisconsin Electric
Power Company, Milwaukee, Wisconsin

GORDON CHESTERS
Professor of Soil Science; Director, Water
Resources Center, UWMSN

DAVID EDQINQTON
Director, Center for Great Lakes Studies,
UWMKE

CHARLES ENQMAN, Chairman 1975.77
Associate Director, institute for Environmental
Studies, UWMSN

ALLEN MII.LER
Program Manager, Wisconsin Coastal
Management Program, Wisconsin Department
of Administration, Madison, Wisconsin

JUNE OSBORN
Professor of Medical Microbiology and
Pediatrics; Associate Dean of Graduate
School, UWMSN

DALLAS PETERSON, Chairman 1977-79
Associate Vice President for Academic Affairs,
University of Wisconsin System

EDWARD PRINCE
Citizen Representative, Milwaukee, Wisconsin

ROBERT A. RAGOTZKIE ex officio
Professor of Meteorology and Environmental
Studies; Director, University of Wisconsin Sea
Grant Institute, UWMSN

JOHN REED
Professor of Science and Environmental
Change, UWGB

JOHN ROBERTS
Professor of Urban and Regional Planning;
Statewide Program Leader, Natural and
Environmental Resources, UWEXT

CARLISLE RUNGE
Professor of Law; Director, Center for the
Study of Public Policy and Adrninlstratlon
UWMSH

DANIEL TRAINER
Professor of Wildlife; Dean, College of Natural
Resources, UWSTP

DAVID WILLIS, Chairman 1979-present
Professor of Geological Sciences, UWMKE
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