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A Lona Term Stud v of . mild challenge to the conventional
Soil E?osion y CONTENTS wisdom: “The processes occurring on

Coon Creek are indicative of many
agriculturally disturbed basins in the

Introduction: SOIL U.S. and elsewhere.”
How far these results can be

Coon Creek in Northern Wiscon- CONSERVATION applied to other watersheds is a
sin dralns gbout 360 square kilometers AND SOIL EROSION subject of debate, but the extraordi-
of rolling hills and bottomlands and nary depth and breadth of this work
empties into the Mississippi River near IN THE UPPER should provide a benchmark by whigh
LaCrosse, Wisconsin. In the 1930s MIDWEST: other soil studies can be measured.
during the Depression and Dust Bowl, -
the Soil Conservation Service chose Stanley Trimble ER: Professor Trimble, what is your
the Coon Creek basin for an intensive training?
study of soil erosion that involved
surveys throughout the basin, land use CLIMATE CHANGE ST: As an undergraduate | had a
studies, and aerial photography. AND chemistry major with minors in

In the 1970s and again in the i ;
3 physics and math. | had intended to |pe
1990s, Stanley Trimble and others ~ EMERGING MARINE a1 engineer, but the school I attendéd

returned to the Coon Creek basin to c did not have an engineering program
measure how the land had changed in DISEASES: so | just finished ingchemist?yl.omgthe
the intervening years. In many cases Drew Harvell ensuing years of military service and
soils had moved from upland farms to travel | realized that | was interested
become sediments in stream beds, in landscapes, especially in the humpn
stream channels had widened and element of the landscape. I'd been
moved, terraces had become swamgs; living in Europe so | came back to thjs
swamps had grown up into forest. By until around the turn of the century. | country and did another bachelor's
repeating and extending the 1930s | After 1900 soil erosion increased degree, this time in geography. Then |
surveys they were able to estimate thedramatically, peaking in the Dust enrolled in graduate school at the
amounts and rates of soil erosion thgt Bowl of the 1930s. Soil erosion University of Georgia, where | did a
had occurred in the basin during the | decreased as farmers adapted soil | Ph.D. in essentially human geography,
previous half century. conservation practices. Soil conserva-interested particularly in human

To extend their study further back tion techniques have continued to | settlement and population patterns. |t
in time, they dug down to markers of| improve and recent rates of soil was during graduate school that |
the first European settlements such gserosion in the basin are about 6 realized that | was more interested i
mill dams, house foundations, and olfl percent of what they were during the| how humans had changed the physital
road beds; digging deeper, they 1930s. landscape.
located the original prairie soils dating Trimble’s paper has generated
to the 1850s when European farmers controversy within the academic ER: Almost an archeology kind of
first settled the area. community, which is a sign of an approach?

Although farming started in the | important contribution. Professor
Coon Creek basin in the mid"19 Trimble assured a warm reception | ST: Well, more of a demographic
century, soil erosion was not serious| when he concluded his paper with a | approach you might say: looking at for
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example, how people settle the land,
how they take up agriculture, how a
landscape develops over time.

| had done a master’s thesis

Piedmont, so when the time came to
do a dissertation, | went back to that.
had to pick up a lot of agronomy,
geology, and hydrology along the
way. That dissertation was published
by the Soil Conservation Society of
America, and it elicited quite a lot of
attention.

ER: What is the southern Piedmont?

ST: The Piedmont is a foothills region
that extends all the way from Alabam
to Virginia. It's a huge chunk of land,
big as most states.

After graduate school | accepted
position at the University of Wiscon-
sin at Milwaukee. | had done my
graduate work in Georgia, and so
there | was in the upper Midwest, anc
| said, Well I'm here, | might as well
look for projects here.

Through a friend — Stafford
Happ, a retired geologist — | found
out about a series of stream projects
that were conducted back in the
1930s, and one of those was on Coo
Creek. | found out that Happ and
others had done a lot of work in this
general region, the upper Mississippi
River hill country, more generally
called the driftless area, it's the
unglaciated part of the upper Midweg

So in 1973 | reconnoitered the
area and was taken with first of all,
the possibilities of a study because
based on my earlier work | could see
that there had been tremendous
changes in the landscape. | could fin
buried bridges and other indicators i

looking at soil erosion in the Southerp at hand. But he said, Well look,

the landscape that showed me what
massive erosion had occurred there.

So | went back to Stafford Happ
and got whatever information he had

there’s a lot more of this information
lin the National Archives. He had see
to it that a lot of that old information
had been retrieved and put in variou
repositories.

So in 1973 | wrote a proposal to
the U.S. Geological Survey and
brought Happ into the grant; they
funded us and we restarted the Coor
Creek project in June of 1974. So for
the next five years | spent usually
three months of every summer

aworking up there twelve hour days,
seven days a week.

aER: What sort of information was in
the archives?

ST: The basic data consisted primari
of, first of all, borings across the
floodplains. This had been done by g
M.A. student at the University of
Wisconsin by the name of Vincent
McKelvey, later head of the U.S.
Geological Survey. Working under
the direction of Happ he would bore
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hdown through the modern sediment,
which was highly stratified and
generally brown in color. When he hi
the original soil; that is, the original
prairie soil that was there at the time
of European settlement, it was usual

t.dark and more homogenous with

contact was usually quite clear. So h
did all these borings and recorded it
all.
Then right behind him came a
] surveying team. The surveyors
according to Happ, were the very be

much more organic material in it. That get the best people because the

they could find. Remember, this was
;| the Depression and many very good
professionals were out of work. So th
government could just cruise the lvy
y League schools — Happ, for examp
was a Ph.D. out of Columbia — and

- government could offer living wages,
So they had this crack survey crew.
The chief surveyor was a man name
Witzgall and he apparently had eyes
like a hawk. He could survey and

stclose survey lines like no one | have

e
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ever seen. I've looked at his notes, a
the guy was just beyond belief,
particularly when you consider the
primitive equipment that he had to ug
compared to what we have now. He
resurveyed all of that area. At that
point they had this wonderful data of
the borings and they had the survey
profiles on top of that. In many cases|
they put monuments in to show wher
the profiles were installed, steel pipes
set in concrete on either side of the

Environmental Review

ndire a couple of them in the USGS
paper — that go back to the turn of t
century. So you can see landscape
efeatures in good condition at the turn
of the century; you can see them in
horrible condition in the 1930s; and
then my photographs of the last thirty
or so years show them in greatly
improved states.

11

5 ER: How would you characterize the
information from the borings and the

basin.
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again. This study has allowed us to
ndook at that process in detalil.

ER: What happens to a soil particle
that is washed off a field?

ST: Say a particle of soil has eroded
off an upland field. Conventional
wisdom, at least among many, was
that when it erodes it's on its way to
the Gulf of Mexico. But that particle
of soil can be deposited anywhere
from where it

They had two more

-8

began. It may

crews working, a
hydrologic crew that
established two stream
sediment measuring
gauges in Coon Creek
to measure the rainfall
and to measure sedi-
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ment coming down the
stream. Unfortunately
that operation only
lasted six years. The
Second World War
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even if it makes
it to the stream
it can then be
redeposited,
either in the
channel or on
the floodplain

came up and the work 4 \ t( o :’) o anywhere down
they were doing here 7’“‘”\{ ‘f e S z e EOLOSC oA the system.
just obviously had to bg I i w3 So that
dropped. RN T . LRIt B particle of soil
Before they can literally

stopped they also did &
lot of documentation in
the region. They had a
crew that came
through, including
some of the people like

1930s

Map of Coon Creek basin, Wisconsin, showing research
locations. More than one hundred transverse valley profiles
were surveyed (indicated by lines across streams) in the

and again in the 1970s and 1990s.

take millions of
years to get to
the Gulf of
Mexico. That's
not to say that
every particle

Happ and McKelvey,
and they made a tremendous numbe
of photographs. They also did detaile|
land use studies, which | have. | also
have aerial photographs made in 193
| have a collection of time lapse
photographs of that whole region
showing how the landscape has
changed, particularly since the 1930s
Some of these government peop
would knock on doors and ask peopl
if they had photographs going back
earlier. | have photographs — there

[ surveys and the hydrology and the
dpictures?

AST: That information has given us
time lapse snapshots of the riparian
landscape[Riparian means stream-
side. Ed.]Thirty years ago we were

. just beginning to understand how

ecomplex the movement of sediment

P was, that it can remain in storage for

long periods of time and then feed olit ST: First of all, most of those old

of soil takes
that long. It's conceivable that a
particle of soil eroded does go to the
Gulf of Mexico by the direct route, bu
that is a very minor part. Most sedi-
ment is going to be redeposited and
going to stay in storage for anywhere
from moments to millennia.

ER: What did your fieldwork involve?

profiles were hard to find. Very few in
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fact had the permanent markers that
mentioned, the pipes, and of those th
had them, many of the pipes had beg
destroyed. They were put alongside

roads for the most part and, of coursg
with any road widening they would be
destroyed, or a farmer would find ong
in his field twenty years later, and he
would take his tractor and jerk it out.

You don’t know how many times that
happened. So those pipes tended to
disappear. Other markers were nails
trees. The profile was usually drawn

on an aerial photograph, so that

tions of the location from the survey
notes.

The first big job was finding the
profiles. That's where Happ was so
helpful because he could remember
some of these things, and in other
cases where he couldn’t

helped, plus, of course, | had descrip}

not find many of our marks. Thirty
ayears later directions changed becau
nthe change of magnetic north, and
many of the old compasses were off.
,So in some cases we had to run trial
survey lines. In other words, we had
keep doing surveys until we found th
we were where our unaffected
topography matched the old topogra
phy. But surveying those was really
difficult because many of these surve
nlines were through almost impassiblg
swamps. These swamps were old
floodplains now permanently flooded

all the sediment in it. Going across
them was like... well, let me give the
best example. The first year | went tg
the field | had an older student just
back from the Vietham War, a comba
veteran. He had spent two years ove
there and he told me after the first

remember, he was such a
consummate field person
that he could usually find
them from the old field
notes. He had an old army
mine detector and he’d
sniff around these trees
trying to hunt for nails.
Sometimes it'd be a 10-
penny nail which by that
time would be several inches inside
the tree. This man was so patient, if I
thought there would be a nail in the
tree, he would sit there with this little
hatchet and he would chip away
literally for hours. There have been
days where | said, We've got to get o
with this, and so we’d do something
else and we’'d come back, it might be
the next day, and there would be a bi
pile of chips and a gap cut out of the
tree and right in the middle of it woulg
be this rusty nail, but it'd be shiny
where he had hit it with the ax. | don’{

But in many cases we just could

know how many times that happened.

because the stream had built up fron

of us is wet with sweat, and we've gg
senosquitoes all over and around us. |
don’t mean to try to portray heroics
here because there were some easy
profiles and some cool, nice days, bl
tosome days and particularly those lon
atranges across the wider bottoms, wej
just hell on Earth. I'd come home in
the afternoon and I'd be covered not
just with mud, but with this old
byanaerobic muck out of those swampg
with sulphur dioxide and all that stuff
Normally I'd come in and my wife
would hose me off out in the drive-
way. It'd be dark anyway, so I'd just
drop all my clothes outside, which sh
would then further hose off, and then
go inside wrapped in a towel and
shower.
t I normally tried to take the worst
r of it, but unfortunately students often
got it too. It's unavoidable because w

Thirty years ago we were just beginning to
understand how complex the movement of
sediment was, that it can remain in storage
for long periods of time and then feed out

again.

week, I'm going to say it far less
ecolorfully than he did, but he said, |
didn’t see terrain this bad in Vietham

had to be out there
with the instruments
and generally there
would be three of us
doing this. That was
just running the survey
lines.

Remember, in the
1930s many of these
profiles were run
across quite open fields. In fact, som
of them were even pastures at that
time, so surveying those lines in 193

The mosquitoes were terrible and '39, '40 was not so big a problem.

we were always afraid of encephaliti
but the chiggers got him one day anc
hhe wound up going to the emergency
room. He was one of several student
that had to go to the emergency roor
gfrom insect bites. Deer flies were
another problem. they didn’t bother
me as much because | took antihistal
mines anyway, but if people were
susceptible they swelled like a ballog
One day it was 112 degrees out
there. Down in these swamps we're
wet up to our waist in water, the rest

5, When we came back they were not
only grown up into swamps, but som
have grown up into woodlands wherg

syou can't see ten feet ahead of you.

N It's a real lesson in plant succession.
So for 800, 1000, and in one case 25
feet, we had to cut a clear line of sigk

- Try cutting a half a mile through

nthe line can take two days, and then
you may find out you've got the
wrong line. So for some of those oldg

woodland with brush axes. Just cuttipg
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profiles we spent two weeks. The tim
required is what some people couldn
understand. They would say, You
surveyed 150 profiles and it took five
years?

ER: How do you measure a profile?

ST: You have an optical instrument
which is sitting perfectly level. That's
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not affiliated with any other

your level line. So you look along it
and someone walks along a line with
vertical rod demarked to 0.01 feet.
You start from one side of the stream

channel or valley, and as you go out p

number of feet, you place this measu
ing rod down on the ground. The
person reading the instrument knowsg
how high the level is from earlier

marks, so the reading on the level ro
shows how much lower that point of

ground is than the level. From that yqu

can get the elevation of the ground a
that point.
In some of those profiles we had

hundreds of measurements; every tir &

we set the rod down we had a mea-
surement. If it's relatively featureless
topography like a plain, we might tak
readings at every fifty feet; but if
we're in a complex valley or stream
channel we might take readings at
fractions of feet.

ER: First you had to find the right
line.

ST: Right. Once we have found the
line and cleared a line of sight, we
then resurvey along that marked line
We hope to be directly on top of
where they were fifty or sixty years
ago. The new survey shows what ha
changed in that time.

At the downstream end of the
basin it would usually show

%ceretional material. We'd be standin
anywhere from one to three feet
higher than they were, maybe in som
cases more than that. In some of the
Mributaries and middle valley, the
stream channels may be two or threq
times as large as they used to be; in
other words, channel erosion had
taken place. In that case the stream
removing soil. Usually it's a mixture,
in some places the stream has adde
material, in other places it's lost
material. This survey gives us an
insight as to process. By looking at

)

'fhese cross sections of the landscap
over time, we can deduce the pro-
| cesses that occur.

ER: What do you mean by equilib-
rium in reference to soil erosion?

ST: Well, the general concept, even
the science up to the early or mid
seventies was that stream sediment
yields were indicators of upland
erosion. The 50-cent word here is
denudation, the stripping away of the
land; lowering of the land is another
term that's sometimes used.
Several of us showed in the mid
| seventies that was not necessarily th
” case: sediment could either be store
over long periods, thus reducing the
amount of material going out, or

g conversely that material can come oy
of storage, increasing downstream
esediment yield.

ER: How does soil come out of
storage?

ST: Normally it comes out from
schannel erosion. That can either be
vertical cutting or horizontal cutting o
| a combination of both. We find mostl
horizontal cutting: a stream is mean-
dering across the floodplain cutting
away material from one bank but it's
P not putting as much back on the othg
side. So over a period of time there
can be a significant loss of sediment
along the stream channel.

Another thing we didn't realize
until fairly recently is how many
places within a stream system that th

ncould occur. Within the stream syste
there can be reaches that are losing
sediment, there can be reaches that
gaining sediment, and figuring out th
balance can be very complex. There
probably some sort of system to it, b
we don’t know fully what that system
is. We won't know until we see these
sorts of things described more fully,

eand the only way to describe them is

| to get into the stream and measure

them for a long period of time.

ER: The map of the site indicates yo
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have a large sample.

ST: It is. And since then I've added
more profiles because | knew that
there would be attrition of these
features over the following years. So
added quite a few, particularly in areg
where | thought the stream was
relatively dynamic. For the middle
region of the basin, in particular, |
added a lot of measurements becaus
there’s so much variance there that |
knew we needed a larger sample. |
added at least fifty new profiles and
sure enough when | went back |
couldn’t find many of the profiles.
That happens for many reasons.

ER: How would you characterize the
results of your survey?

ST: Well, there is an inexorable
movement of sediment

LS
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present stream you know that the

stream system was highly disturbed

one time. So yes, these sorts of

changes can occur without human

intervention during strong environ-
| mental changes.

ER: Fire, earthquake, flood.

ST: Well, generally a fire won't do it,

eor even prolonged fire won't in most
areas. It has to be really a strong
climatic change of some kind. Fire of
course makes a huge difference in
some California basins, but it would
never be of that magnitude here. Yes
tectonic changes can set these thing
off too, you bet.

ER: But normally Coon Creek
wouldn't have all this sediment
moving around.
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were clear.

At

ER: I've seen it on the lower reaches
and it's anything but clear.

ST: Yes. It's anything but clear now
almost anywhere. But again, I'm just
trying to tell you what it was like then
at the time of European settlement.

ER: When did serious erosion start i
your study area?

ST: The settlers moved into the area]
and by roughly the turn of the centur

5, they had all the land taken up. By
5 1900 the extent of agriculture in the

drainage was as great as it's ever
been, but very little erosion had
happened. The land had enough
natural resilience to buffer many
changes. The soil was originally quite
fertile and deep, it had a

downstream, of course,
and it's clear that it moves|
in fits and starts. Eventu-
ally the stuff's going to
work its way downstream

There is an inexorable movement of sediment
downstream, and it's clear it moves in fits and

starts.

high infiltration capacity ang
a lot of organic material. So
these people came in and
cultivated the soil and very
little happened. But after

and perhaps out of the

basin, but that may take, as | said
earlier, millennia. In other words theré
were huge amounts of sediment
produced by European-style agricul-
ture and if you came back 1,000 yeaf
from now, maybe 2,000, there would
still be a lot of that sediment in that
basin.

ER: How does that compare with the
natural condition?

ST: Well, certainly streams have
undergone changes of this magnitud
under natural conditions when there
have been strong climatic changes.
The presence of stream terraces the
tells you that. A stream terrace is an
old floodplain, a relict floodplain, and

any time you see a terrace above the

p ST: That's right. Generally in this

region streams at the time of Europe

some period of time you
reach the end of the rope, and that ti
happened sometime after the turn of

arthe century. By that time, number on
settlement were quite stable. There arenost of the land was in agriculture and

sany number of observations of people much of it had been cultivated for

standing by streams and being able foforty or fifty years. So those great soi

count the number of trout — brook
trout by the way — and being able to
describe bottom formations. | have tf
account written by a young Lieutenal
in the Corps of Engineers named
Robert E. Lee, who was coming up t
Mississippi on a steamboat and he

b could observe formations on the

bottom of the river from the steam-
boat. If you know the Mississippi
reRiver anywhere now, to imagine that
it seems beyond belief, but the uppe
Mississippi was fairly clear appar-
ently. At least the tributaries feeding

with all that organic material had
begun to deteriorate from prolonged
euse. Additionally, they had a lot of

ntcattle on the uplands that were com-

pacting the soils, again reducing the

necapacity of the soil to infiltrate water.

So around the turn of the century
the rates of erosion and the rates of
water flowing off the land started
reaching noticeable proportions. It
was a threshold situation where you

push a system to a point and it break

suddenly. That period happened

t shortly after the turn of the century.

me
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Generally it was
identified with the First
World War, but that in
part is a coincidence,
although during the
First World War :
farmers pushed the lan¢:
as hard as they could. |
A Mr. Martiny had
been living in
Chaseburg, Wisconsin
since the place was
settled. In 1903 he felt |
confident in building a

-

house on a terrace just f‘ - _ﬂ_ !

few feet above the
creek.

Well, in 1907 the
biggest flood on record
came through and it
was three feet to four
feet above the founda-
tion of the house. They|
were shocked by this. |
talked to his son —
when | first arrived in
the area many of these
old timers were still
around — and they
were shocked by this
flood.

So they jacked the

Environmental Review

Aerial photographs of a selected region of Coon Creek basin. Picture on right from
1934 shows rectangular fields and gullies across fields from overland flow of
water. Picture on left of the same area in 1967 planted in contour strips to reduce

soil eroision.
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house up. They said,

Surely it'll never happen again, so
we'll just jack the house up four feet,
put more rock under it, and we must
be above any flood that's ever going
happen.

Well, you look at the foundation
now and it's totally buried. There’s ng
sign of it, except a water pipe that
sticks out. Mr Martiny’s son, who was
then mayor of Chaseburg (1976-77)
took us down to the site, showed us
the water pipe, and he said, dig here
Sure enough, a couple days later we
get down to the rock. We hit rock at
about four feet but we kept digging
and then we could see the old soil on
which the house was built.

So as late as 1903 Mr. Martiny
felt perfectly confident in building his
house there. That house had to be

loabandoned in the early 1920s; and b

the time we came there in 1977 the
place was buried four feet down. |
mention all that just to show you how
fast this happened. Once the soil
erosion started it was just gangbuste
They didn’t know what was happen-
ing to them.

Another example on the
Whitewater River is the village of

Beaver, Minnesota. These settlers hadl975 when | first visited the place, it

come from New England as a group
and had built a beautiful little New

England village complete with a
commons out there; and the same
thing happened to them. About 1910
y 1915 floods started increasing, and
they were in a more vulnerable
position on a somewhat lower terrace
| have a picture showing Beaver in
1880 in which you see the village wj:
rsthe commons and the churches. | h
another picture made in 1938, and
there’s one house left. So it went from
a flourishing village in 1890 to one
remaining house in 1938, and then b

14

was just another wilderness. This plg
had gone from wilderness to wilder-
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ness in 125 years.

ER: How long does it take for soils tg
stabilize?

ST: Soil recovery doesn’t happen
immediately either, there is a lag
period. You may treat a particular fiel
and do everything you can to it and
you would greatly reduce erosion in
the short run. You

it, wear it out and then buy a new on
But these people, Germans and
Scandinavians, were intelligent,

educated people who generally had @ for centuries, wrought disaster within
good land ethic. They had never or
rarely owned land in the Old Country,
but they came here with the idea that
i land ownership was a big deal, and
they certainly did not intend to destro
this land. They did though, because

. intensities and amounts in Europe ar
so much less. What they could have
done in the Old Country with impunit

half a century in this environment.
Their techniques simply were not
adequate to the situation.
These were people who for the
y most part were doing the very best
they could. Now I'm sure in the mind
of many of them

wouldn’t elimi-
nate it but you
could certainly
reduce it. Over

soil conservation
measures become
greater, and even
more importantly,
the movement of
water off that field
is improved. The
first year the
condition of the
soil is essentially
what it was
before, so it's
going to take time |
for that soil to

_; !‘. :

or some of them
maybe was the
idea, Well, if it
folds up here we
can move over
to Nebraska or
other points
west. But | don't
think many
| people saw it
| that way. They
had their
| communities

| and they had no
intention for the
;| most part, of

# selling and
| moving out, as
was often the
case farther

improve. It's got
to get more
organic material,

Running survey lines in the lower reaches of Coon Creek, August 1992,

south and in the
east. | say that
because my

it's got to improve
structure, and that may take a decadks
or decades.

ER: Was the Dust Bowl era the low
point for this watershed?

ST: Yes. Much of American agricul-
ture tended to be fairly exploitive, ang
| don’t want to make too much of that
because people in this case didn’t
mean to exploit it. There were farmer
particularly in the Southeast, that use
land like they would a wagon: you us

e they simply did not have the technol-
ogy to deal with it. And the technol-
ogy had not been developed in part
because there had never been a

land. You use it up and move on. Th
term “inexhaustible soil” appeared in
that era.
These Germans and Scandina-
vians came over here and used the
5 best methods they knew. In the Old
dCountry, particularly in Sweden but
e also in Germany, those methods had
worked just fine because the rainfall

demand for it, again because of cheapER: When did soil conservation get

earlier work was
in areas where people pretty much
destroyed the soil and then when the
could, moved.

b started in this country?

ST: We generally had not addressed
soil erosion in this country in any
organized way before the 1930s. At
that time it was being addressed by t
soil conservation movement in this
country which was very strong. It wa

11
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headed by H. H. Bennett who later
was head of the Soil Conservation
Service. Bennett was a North Carolin
farm boy who became a soil scientist
and he was an evangelist for soil
conservation. He went around the
country making speeches spreading
the word. To him and his ilk we owe 4
lot because they in fact turned things
around in the 1930s including the Du
Bowl. | don’t know if you've seen
pictures of it but in the 1930s there
were clouds not once but many times
that covered square miles. Livestock
would be asphyxiated; even people 0
occasion. These dust clouds were
carried to the East Coast where they
would literally darken the sky.

ER: What did the farmers do to hold
back the soil?

ST: Well the big things they did then
were practices like contour plowing,
contour strip cropping, and greatly
improved rotations. The old Europea
three-year rotation was one year of
corn, one year of oats, and one year
hay, then you're back to corn. But in
the Upper Midwest you actually need
about three years of hay, and if you ¢
that you can make the soil more or
less recover. One year of hay isn't
going to do that, and they didn’t know
that, but later on they did. There are
whole host of treatments to reduce
erosion. That's what we might think g
as first generation soil conservation
techniques. Now we'’re into minimum
till, no till, and so forth, which in a
relative sense are as important as th
earlier techniques. In other words, th
improvement the new methods
represent is almost as great as the
improvements they got by going from
the old cropping up and down hill to
contour strip cropping and so forth.

ER: How do you generalize from
these results in Coon Creek to other

Environmental Review

watersheds, different climates, differ
ent soils?

A ST: With great care. But I'd say first
of all that Coon Creek, and even the
upper Mississippi River is not the onl
place I've seen. There is scattered
evidence from throughout the East t
L the model of Coon Creek is not
inappropriate. The chronology, the
Stabsolute numbers may be quite
different, but the general trend is
similar.

In the Southern Piedmont some
similar things occurred. What was
ndifferent there though is that much of
that land simply reverted to forest.

it was a great reduction of cropping
and the lands reverted to forest or in

better land use. | don’t mean to

downplay soil conservation measure

they were important. But the change
the Coon Creek area was not chang
of land use, it's change of land

N treatment. They're still growing corn,
they're still growing soybeans, they'’r

oftill growing wheat and in almost the
same acreage, or close to it. It's just
that they do it far differently.

0  The only generalization | would
make is that | think my work only
addresses in general the humid east
United States. However, I'm willing tc

h go on record here saying that | think

there has been great improvement ir

f almost all regions of the United Statg

Not to say recovery, and probably ng

to the extent of the recovery that we

see in Coon Creek. Soil erosion
pgemains a problem, but | think it's not

P a crisis no matter how you define it.

Literature Cited:
1 Decreased Rates of Alluvial
Sediment Storage in the Coon Creek
Basin, Wisconsin. SW Trimble 1999
Science:285:1244-1246

Rather than improvement of cropping, corals and some marine mammals

some cases pasture, which was a faf
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Emerging Marine
Diseases

at
Introduction:

y

In a recent article iscience
magazine Professor Drew Harvell ar
other biologists present an overview
of recent trends in marine ecology.
Major groups of marine animals havg
suffered disease outbreaks and mas
die offs. Reports of epidemics in

have increased. A dramatic increase
coral bleaching around the world
occurred in 1997-98 coinciding with
increased sea surface temperatures
5,due to that year’s El Nifio.
in Itis thought that environmental
b stresses may compromise animals’
resistance to disease and increase t
frequency of opportunistic diseases.
h Human-caused stresses include
pollution and increasing sea surface
temperatures as a result of global
warming.
Disease outbreaks can occur
when a disease causing organism
brghanges its host. For example, the
HIV retrovirus that causes AIDS in
humans probably originated in apes,
and flu often comes to us from birds.

sDisease can also move into new

t geographic regions either when the
disease organism changes or the
environment changes. Malaria for
example is expected to move into
more temperate regions in the future,
as global climate warms. These
patterns of disease movement and h
shifting also occur in the oceans,
however marine scientists have only
recently begun to study them system
atically. We spoke with Professor
Harvell about marine diseases and
what we need to do to understand

)

in
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them better.

ER: Professor Harvell, what is your
training?

DH: I've been a professor at Cornell
University since 1986. Before that |
received a Ph.D. from the University
of Washington followed by
postdoctoral training at Friday Harbo
Labs in Washington and at Woods
Hole Oceanographic Institute. My
graduate work focused on the evolu-
tionary ecology of marine invertebrat
defenses against predators, working
largely in temperate oceans.

After moving to Cornell | started
tropical work with defenses of gorgo-
nian soft corals. | became interested
this study system because soft corals
are well known for having interesting
chemical defenses. | wanted to tie
together work that was being done
with plants and animals. Plant ecolo-
gists were focussing on chemical
defense and scientists working with
inducible defenses of animals were
focussing on

significant anti-bacterial and anti-
fungal activity in extracts of many of
them. So to understand the puzzle of
this diversity of interesting com-
pounds, it became clear to me that w
were going to have to understand thg
role of pathogens.

We started working on a fungal
disease outbreak in sea fans. Most g
the diseases of corals have not been
identified; that is, we don’t know the

wonderful thing, at least from our

gen is that it was a fungus that was
identified by Garriet Smith and Dave
Geisler, so we knew the causative
agent. It could be cultured in the lab,

irand that gave us the ability to assay
the chemistry of the sea fans against
the living pathogen. As far as | know
that's never been done for any other
coral diseases.

ER: How often does a marine diseas
appear because it crosses to a new
host?

causative microbial organism. And tHe

b perspective, about the sea fan pathor

The simplest hypothesis to
explain the outbreak of disease in th
sea fan corals is that tiespergillis

eSydowiifungus was washed in from
| terrestrial soil where it's known to
[ occur naturally and, for whatever
reason, the environment changed or
 the genetics of sea fan changed and
the sea fan became a suitable host.
That's one possible example of a ho
shift, in this case changing from
terrestrial to a marine environment.
One of the problems with this
hypothesis of a new introduction
though, is that we knowspergillis

It's been recorded from marine
sediments. So even with this case
which seems to some clear cut, we'r
struggling to understand more pre-
cisely the origin of this outbreak.

ER: What is the extent of the diseasé
e
DH: It's Caribbean wide. lvan

Nagelkerken , who's been working in
Curacao, first docu-

mented that sea fans

morphological
defense. Since
corals are colonial
animals and are
like plants in

...many of these epidemics are like lightning strikes: they hit
quickly, unexpectedly, they run through a population and then

they're gone.

throughout the Carib-
bean were affected by
this epizootic[An
epizoitic is an epi-
demic in animals. Ed]

several respects |
thought this would be a good study
system for evaluating the role of
secondary chemicals in defense of
colonial invertebrates.

For many years we worked on th
predator deterrent aspects of second
ary compounds, such as the chlori-
nated briaranes and the hydroquinon
of several species of Caribbean
gorgonian and that’s the project that
led me into the disease work. Throug
a collaboration with Bill Fenical and
Paul Jensen at Scripps, and later Kih
Kim at Cornell, we surveyed the
common Caribbean gorgonians for
biological activity and detected

DH: My sense is that we don't have
enough data to evaluate that very we
We gave a couple of examples in the
b Sciencepaper. One example is the
- fungus that's affecting our sea fan.
We're studying a sea fan that's
esnpacted by a fungal pathogen,
Aspergillis sydowii Prior to this
epidemic in the sea fans, this fungus

in the ocean. However a closely
orelated speciedspergillis fumigatus
has long been known as a human
pathogen and indeed a killer of canc

hhad never been reported as a pathogerr?”memal variables, such as turbidit

Following that, Kiho

Kim (then a postdoc) and | initiated
|monitoring studies in Florida to
understand the epidemiology of the
disease. So we're asking questions
like, Were small individuals infected
or large individuals? What's the
probability of the sea fan dying once
it's infected? Kiho is trying to corre-
late intensity of infection with envi-

of water, nitrogen level and chloro-
phyll A.

At least at the sites where we
Lfhave permanent transects, the disea
has had a significant impact on the

sydowiihas been in the ocean beforg.

1%

—

o

D

174

patients.



populations. At some sites as many §s  The novel chemicals chemists a:le menting that a fair number of them

finding in marine organisms also have have some sort of antifungal chemis

20 percent of the fans have died.
There were probably similar impacts
throughout the Caribbean although w
don't have the data to know.

ER: Can you keep sea fans going, of
at least samples of them going in the
lab?

DH: Its possible to

enature, and it's the rich tradition of

maintain them in the
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some important ecological roles in

natural products chemistry that has
driven the growth of chemical ecol-
ogy. Many of these organisms have

chemicals that slow or inhibit bacterigl are. Melissa Wagenaar working in Jgn

growth, slow or inhibit fungal growth,
viral growth, as well as having effect$
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try.
ER: Are these novel agents?

DH: Yes, in some cases they likely
Clardy’s lab at Cornell has identified
some new antifungal components

from our extracts.
We haven't even

lab, but it is not our
current focus. All the
sea fan work we do is
either in the field or

in the lab directly

Many of these marine organisms have chemicals that slow or
inhibit bacterial or fungal or viral growth, as well as having

effects on predators or competitors.

started in on
extracts from
species other than
seafans. So there
certainly is bio-

adjacent to the field.

To work with host resistance it's
important to have healthy hosts. We
don’t want to be in a situation where
our hosts are stressed physiologically
so we've developed methods of
running experiments in the field so
that we're sure we’re not adding lab
artifacts.

The fungus grows well in petri
dishes, allowing us to work comfort-
ably with one half of the association
here in New York and then the other
part of the work we conduct in the
field.

ER: What about this idea of chemica
defenses?

DH: There is a rich literature on
natural products chemistry of marine
invertebrates. In fact a large propor-
tion of the so-called hits that the
National Cancer Institute finds for
potential anti-cancer drugs is from
marine organisms. There’s a growth
industry there, just to understand the
chemistry and to isolate biologically
active compounds. Many of the
compounds that the National Cancer
Institute is examining are interesting
because they disrupt mitosis or have
other biological functions.

on predators or competitors. So now
the real task in my mind is to under-

stand what role those compounds playER: Do they attack the bugs in a
,in nature.

Some of the groups of animals

that have been the prime study targgtsDH: That's the goal of course: to fing

of the natural products chemists are
organisms like soft corals or sponges
which are sessile, and they seem to
have a high allocation to chemical
defense in the same way that plants
do.

ER: They don’t have the option of
running away.

DH: That's right. Which is a little bit
of a tip-off that some of that activity ip

nature has an important defensive rdlebut they can certainly yield important

For example, with the gorgonians —
they’re a group of soft corals, and
there about forty species in the
Caribbean — we've assayed the
antibacterial activity of these species
in collaboration with Bill Fenical and

Paul Jensen at Scripps, and found thafact Estee Lauder working with Bill
a fair number of them have some kind Fenical at Scripps developed an

of antibacterial activity. As an under-
graduate honors thesis, Paul Kim did
the same with antifungal activity on g
subset of those gorgonians and we

submitted the paper this week docu-

medical potential
for some of these chemicals.

different way than other drugs?

not only new compounds as potential
drugs but also new mechanisms of
activity. In the case with the sea fans
would be useful if we found a novel
antifungal agent againgtspergillis
sydowiibecause it might have clinica
relevance against the human pathgoen
Aspergillis fumigatus

The reality however, in terms of
the clinical applications for these new
compounds, is that many of them are
too toxic to be used directly as drugs,

it

leads to biomedical researchers.
There is one compound from a
Caribbean gorgonian, pseudopteres
an anti-inflammatory compound
discovered in Fenical’s lab that's in
clinical trials as an arthritis drug. In

>

antiinflammatory skin care product
that's based on the extract.

U

ER: How does environmental chang
influence diseases in the ocean?
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DH: Certainly a focus on understandi ration between ecologists and microlp The
ing how _|ncrea§eq tem_perature affectsologists to assess in hundreds of sitgs Environmental Review
disease is a priority. Alisa Alker as | throughout the Keys how the levels @ . .
part of an honors thesis showed with| coral disease are increasing and neWSlett_er is & low cost, high
in vitro culture experiments that the | declining, waning and waxing. quality resource for
optimal temperature for thaspergillis The other thing that's innovative | students, teachers, libraries,
pathogen is at 30 degrees Celsius, npabout work in the Florida Keys is tha or anyone interested in the
the peak of summertime temperaturgsthere’s been good environmental
in the Keys. Thus we would predict | monitoring in place for the last five tg
that warming temperatures would giveten years also. The Southeast Regiopal
the pathogen a growth advantage. Thi¥Vater Quality Program monitors Try a six month subscription
kind of experiment is only possible fof temperature, chlorophyll-A, nutrients} tg the newsletter for only ten
pathogens that we can maintain in all the relevant water chemistry ic s .
culture. Another challenge is simply tp parameters at hundreds of sites dollars and see if it suits you.
describe environmental change. | jusf monthly throughout the Keys.
spent the last hour in the Geology Our addition to this is we're Call 206/523/2501 or write us
Department here talking with Bruce | working with sea fans trying to at 6920 Roosevelt Way NE,
Monger and Jen Whiteis about their | correlate changes in the prevalence pf
remote sensing project to try to work| the disease - the percentage of indi- STE 307, Seattle’ WA. 98115
out a way of describing temperature | viduals that have a disease, and the or email us at
changes that have occurred in the | amount of damage from disease - with dtaylor@igc.apc.org
Caribbean over the last ten years to | these various water quality parametgrs
provide the environmental backdrop | they are measuring. Kiho Kim has
for assessing apparent increases in | monitored seafans for three years at| tions between a disease and changes in
disease and bleaching. nine sites spanning the length of the| the environment. It seems an obvioup
What is striking is the lack of Florida Keys, and is now attempting fohypothesis that disease outbreaks may
disease monitoring data to go with th|scorrelate the disease and environmen-be related to declining environmenta
environmental information. We have | tal data. conditions, but there are very few
ways of getting at the environmental One strength of our program is | good data to show that association.
data, and now it seems to me an that since we’re only monitoring one| The question that I'm asked over anc
enormous priority to put some diseasespecies we are able to measure over again is, Are there more new
and coral bleaching diseases now? And you car|'t
monitoring pro- answer that question withouf
grams in place. | There haven't been many cases where a new pathogen a good historical baseline,
think they are emerges that's never before been a pathogen. There which at this point we don’t
forming, but hardly are more cases where a pathogen has undergone a have for marine diseases.
fast enough to deal range shift or a host shift.
with this issue. ER: It seems like common
sense: if you see a lot of
ER: Isn't there a monitoring study in | parameters in more detail: we know | pollution and you see dead corals,

=

environment.

the Florida Keys? how sick individual sea fans are and| there’s a connection.

how that varies with fan size and sitdg,
DH: The Florida Keys is a different | and most of the other monitoring DH: Yes, but it's important to have
situation: there have been good cora| programs measure only whether the right kind of replication to be ablg

monitoring programs there for the lagt there’s any disease present at a site| to establish cause and effect. Or in the
ten years. Jim Porter, Esther Peters,| and can't take data from individual case of trying to detect a correlation
Debby Santavy, Erich Mueller and corals, but they’re monitoring diseas¢sbetween environmental parameters
others have been running a coral of fifty species. and the disease, again, there needs [to
disease monitoring project, a collabo It's a hard thing to come up with | be enough variation. You need sites
the good data to nail down correla-




pollutants and a lot of damage from
the disease, and then a range to site
with different levels of disease and
stressors because there are a lot of
other factors — and realistically
multiple stressors — that could
contribute to the mortality associated
with disease. To tease apart what is
the causative agent of this requires
good data sets that span large spatia
scales and fairly long temporal scale
and that’s missing in most cases.

It's not enough to say: this seems
to be a polluted site and these corals
are dead. You need somethig more
like five polluted sites and five contro
sites to demonstrate that the corals
died at all the polluted sites and they

Environmental Review

pox, white band, white plague, or

5 yellow blotch, where the causative
agent is not known and we're simply
relying on the symptoms.

ER: It seems like the Florida Keys
may give you the best information.

DH: The problem with the Keys for
| making simple conclusions is that it's
5,2 very complex ecosystem. There is
substantial anthropogenic influence
there, but it's overlaying an already
fairly stressed, variable ecosystem.
Those coral reefs are near the north
extent of reef growth. They're experi
encing some of the highest of sum-
mertime temperatures and some of t

did not die at any of the
control sites.

ER: You could use
Koch’s rules: give the
bug to them and see if
they get sick; take it away
and see if they get better.

DH: There's been very
little experimental work
with disease in marine organisms. Ta
fulfill Koch’s postulate requires three
steps: 1) isolating a micoorganism
from diseased individuals, 2) estab-
lishing it in pure culture and 3)
successfully reinoculating healthy
hosts and producing disease symp-
toms. The failure oftentimes to fulfill
Koch’s postulate illustrates the
problem with marine diseases becau
many of the pathogens aren’t easily
cultured. It's an enormous victory
when even a single pathogen is
identified and Koch’s postulate is
fulfilled, and there are only three or
four species of coral diseases for

a list of about fifteen symptoms whick
distinsguish other coral diseases:

which that's the case, balanced agaifst

These coral reefs (in the Caribbean) are near the
northern extent of reef growth. They're
experiencing some of the highest summertime
temperatures and some of the lowest of the
wintertime temperatures for the Caribbean, so
it's difficult to pick out the causative agents in

some of the declines.

lowest of the wintertime temperature
for the Caribbean, and so it’s difficult
to pick out what are the causative
agents in some of the declines we se
from that area. For example, there’s
lot of fresh water input and in many
cases we know the quality of that
water coming out of the Everglades
and Florida Bay is not always good,
Sdout its challenging to pinpoint this
rather than other environmental
change as a causative agent of cora
decline.

ER: Where are new diseases coming
from?

DH: There haven’'t been many cases
where a new pathogen emerges that
never before been a pathogen. It

a strains of morbillivirus and scientists

brhost shifting. In oysters and clams

nevarious bivalve taxa. This host

5 disease going. Is that an issue in

eDH: | think those are starting to be
a some of the ecologically and evolu-

'sbeen that kind of an epidemiological
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where there’s high levels of the white pox, porites ulcerative white seems there are more cases where ]he

pathogens that are found have undef
gone a range shift or a host shift: from
one organism to another. One example
of a host shift is that of the
morbillivirus of seals and other marin
mammals, which is interesting be-
cause it's virtually identical to the
canine distemper virus.

Molecular studies suggest there is
likely a terrestrial link with some

e

think the seal morbillivirus originated
in a terrestrial canid. Among the bett
studied bivalve diseases we also seq

1%
—_

there’s a whole group d®erkinsisthat
appear to have host shifted among

shifting might be a common
motif of a new disease
appearing and is an issue th
urgently needs good quanti-
tative data.

at

ER: One thing that we know
from human epidemiology is
that there seems to a mini-
mum population size for the
host species to keep the

marine systems?

tionarily exciting questions that
ecologists can ask about these sys-
tems. Certainly it is a vital issue for
conservation biologists to understandg
what's a critical host size for mainte-
nance of an epidemic.

There’s been some beautiful work
done by Bryan Grenfell and col-
leagues with the seal morbillivirus that
suggests that the population size of I1e
seals is such that the morbillivirus will
eventually always die out. That's the
only case | know of where there’s

analysis in a marine organism. There




for most natural populations, in the
first case, we don’'t know what the
causative agents are, and so it's harg
to study the epidemiology. In the
second place, we don’t know enough
about resistance to understand what
a viable host and what isn’t. And in
the third case, there just hasn’t been
the kind of work done in marine
systems to quantitatively study the
dynamics of the epidemic. | hope this
will change because those are critica
guestions.

The sea fan disease has been a
fairly extended epidemic, and we've
been able to study it for several year

Environmental Review

the CDC for human disease. Both th
urchin disease that virtually eradicate
the dominant urchin from the Carib-
bean and the frog viral and fungal
diseases on land underscore the
spotential danger that emergent
diseases can pose to biodiversity. It
important to have a rapid response
capability so we can at least identify
the causative micro-organisms as
these outbreaks occur.

That's where | hope this interviey
will be useful: to help people under-
stand that there’s a real need for
putting funds into understanding
5 disease processes in natural ecosys

and actually
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e chestnut blight and Dutch elm diseag
pdthat spread and caused enormous
mortality over short periods and
changed the face of terrestrial forest
ecosystems within ten or twenty yea
We don’t have examples like that
s from the ocean, and | would guess tf
is because we've missed many of
them, they’'ve probably happened an
were never recorded.
We saw the example of the
v Diadema antillarumwhich is a sea
urchin in the Caribbean that was
virtually eradicated by a mid-eighties|
epidemic. That was a spectacular

scientists were able td

develop a pretty
good data base
and a profile of

One example of a host shift: the morbillivirus of seals is virtually
identical to the canine distemper virus... scientists think the seal

watch the urchins fall
apart throughout an

island within a space
of several days, and
then a week later it hif

But many of these epidemics are
like lightning strikes: they hit quickly,
unexpectedly, they run through a
population and then they’re gone. Wg
documented one last year in the
Florida Keys at the height of the El
Nifio high temperatures in a gorgonia
soft coral,Briareum asbestinunover
60 percent of the individuals were
killed within 3 months and then all
symptoms of the survivors disap-
peared. You couldn’t do an epidemio
logical analysis of something that wa
so virulent and that ephemeral.

ER: We may need an emergency
response plan for ecosystems.

DH: We have talked about needing
Centers for Disease Control for
environmental disease and marine
diseases certainly — a critical need i
to identify the causative agents for
new outbreaks. This requires the king
of rapid response capability and

how that morbillivirus originated in a terrestrial canid (dog).
epidemic has

affected its

population. tems in the ocean. It's a whole

different ball game in ocean systems
than on land. We know very little
about transmission biology of diseas
in the ocean, and yet oceans are
traditionally thought of as being oper
systems where water masses freely
nmix.

In such an open system we woul
predict that disease propagules coul
get readily from one geographic
region to another and spread very

- rapidly. And yet, despite the hypoth-

5 esis that disease transmission might
much faster and greater in the ocear
there are no quantitative data to assf
the hypothesis. Transmission of
disease is very well understood in
terrestrial ecosystems because of th
economic importance of human and
agricultural disease and concerns
about endangered wildlife. Our

5 understanding of the rates of diseasg

transmission and the role of host

resistance is far behind for marine

h

the next island. So
there did seem to be a waterborne
agent that spread Caribbean wide in
that case. As far as | know, that’s the
bonly situation where there were any
estimates made of transmission rate

ER: These problems cross a lot a
academic boundaries.
d
i DH: That's why we wrote th&cience
paper, because evaluating the cause
of recent increased reports of diseas
in the ocean is a complex topic and i

, the magnitude of the problem, and th
bsit wasn't just affecting corals, it
wasn't just affecting seals, and not jy
oysters, but organisms in many

b regions were affected.

When we have processes that w
don’t understand causing major shift
in the composition of communities in
p the ocean, | think it's a cause of som
concern. The impacts of disease for
long-lived organisms could be far
reaching. In the case of corals, someq

epidemic that was well recorded, andl

beeeded to be a whole paper to descli

may be examples with oyster too. Buf instrumentation that we associate wilh There are some classic cases Iiae

e
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