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Oil in the 
North Star State? 
Over the last century, speculators have spent 

fortunes trying to answer the question — which 
really has two answers: yes and — er — no 



December 1981. Larry Nattress 
and son Blair chetk cows on 
theft farm near Ellsworth. Oil 
drilling rig looms $t right. 



Oil in the North Star State? 

Drilling equip-
ment on Nattress 
farm. Operation 
shut down 
when well 
failed to 
produce oil. 

G. B. Morev 

EVERY SO OFTEN reports of oil or 
natural gas being discovered in 

Minnesota lead to a flurry of phone 
calls to the Minnesota Geological 
Survey in St. Paul. Most are from 
newspapers or TV stations wanting 
background information. But the re-
port last winter of an oil deposit near 
Brooten in Pope County prompted a 
call from a Texas oilman. We told 
him the hole had bottomed in 
gneiss. After a pause, he drawled, 
"That's the kind of rock we call suit-
case sand' — when you hit it, you 
pack your suitcase and go home.' 

Experienced companies that make 
profits drilling for oil do not buy 
leases in Minnesota — they know 

their geology. The idea that large 
petroleum deposits are waiting to be 
found in Minnesota is based almost 
entirely on three misconceptions: 

• How oil and gas form in nature 
• How they concentrate into de-

posits large enough to be worth drill-
ing 

• How such deposits can be 
found. 

Petroleum is an organic substance 
made up of molecules of hydrogen 
and carbon atoms (hydrocarbons). 
Hydrocarbons in rocks are known as 
petroleum — from the Latin for rock 
(petra) and oil (oleum). Most pe-
troleum is either a vapor (natural 
gas) or a liquid (crude oil). Natural 
gas is largely methane, the simplest 
of the hydrocarbon molecules. 

Petroleum originates from plant 
and animal remains that accumulate 
in mud and sand on the bottom of 
large bodies of water. Decay of 
organic matter at or near the surface 
generally involves oxygen from the 
atmosphere. Only if decay occurs in 
an environment where oxygen is ex-
cluded — under layers of sediments, 
for example — do hydrocarbon com-
pounds result. If such burial is deep 
enough, pressure and heat result, 
and oil rather than gas is produced. 
But if the temperature rises too 
high, any oil formed is destroyed. 

Thus, oil will not be found 
• In recently deposited rocks 
• In rocks that were never deeply 

buried, or 
• In rocks that were buried so 

deep that the temperature exceeded 
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the chemical stability range of hy-
drocarbon molecules. 

Oil Basins. Virtually all the 
world's petroleum comes from 
sedimentary basins — large seg-
ments of the earth's crust that, for 
millions of years, were "low spots 
into which thick accumulations of 
sedimentary rocks were deposited. 

Four geologic features must be 
present in the rocks of a sedimentary 
basin for petroleum to accumulate in 
recoverable quantities: a source 
rock, a reservoir rock, a trap, and a 
seal. 

One common source rock is or-
ganic-rich shale which originated as 
clay-like mud containing abundant 
remains of animals and plants. Deep 
burial beneath younger layers of 
sediment converts mud to shale and 
stimulates the breakdown of organic 
compounds to petroleum hydrocar-
bons. In time, some petroleum may 
be squeezed out of the shale and be-
come concentrated in a reservoir 
rock. A good reservoir rock has a 
large number of pores or cracks to 
store the petroleum. These spaces 
must interconnect to allow the pe-
troleum to seep from void to void 
and saturate the rock. 

Once in reservoir rock, petroleum 
moves upward until halted by some 
kind of trap — a compact, non-
porous rock which acts as a seal. 

In summary, petroleum deposits 
are beds of saturated rock, not large 
caverns containing lakes or pools of 
oil. Petroleum deposits may occur in 
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layers only a few feet thick. The 
layers, however, may extend for 
miles underground. 

An oil company's decision to drill 
is based on locating rock structures 
where large deposits of petroleum 
could have accumulated. The deci-
sion, though, is not based on the 
presence of petroleum itself; no sci-
entific method can detect deeply 
buried oil or gas. Techniques that 
claim to detect petroleum, such as 
witching or doodlebugs, are not 
used by companies whose survival 
depends on finding petroleum. 

Geophysical surveys allow oil 
companies to infer the type and con-
figuration of rocks at depth. Some 
surveys measure small variations in 
the earth's magnetic and gravity 
fields, caused by differences in rock 
magnetism and density; others mea-
sure vibrations generated in the 
earth's crust by shock waves. 

A geophysical survey costs hun-
dreds of thousands of dollars. As 
often as not, it will show no indica-
tion of petroleum traps. However, if 
results are encouraging, a decision 
may be made to drill an exploratory 
well. The drilling will cost more 
hundreds of thousands of dollars. 
Only a large oil or gas deposit can 
repay the costs and make a profit. 

Petroleum Chances. Sedimentary 
rocks were deposited in Minnesota 
350-550 million years ago during the 
Paleozoic era at the edges of the 
Forest City and Williston basins. In 
southeastern Minnesota — in Dako-
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Oil in the North Star State? 

ta, Faribault, Waseca, and Washing-
ton counties — these rocks contain 
interconnected void spaces and ex-
cellent structural traps. One trap is 
being used by the Minneapolis Gas 
Company to store natural gas. 

Of thousands of water wells 
drilled into Paleozoic rocks in Min-
nesota, however, only a few have 
produced even trace amounts of pe-
troleum: The source beds are too 
small, and they were never deeply 
buried like their counterparts in the 
deeper parts of basins in North 
Dakota and Iowa. 

Minnesota's next chance for pe-
troleum occurred when a shallow sea 
covered most of the state in Late 
Cretaceous time (about 90 million 
years ago). Small quantities of natu-
ral gas have been found in sandstone 
beds in western and southwestern 
Minnesota in places where there 
also are thin beds of lignite, a low-
grade coal. It seems likely that the 
gas was formed by bacterial pro-
cesses akin to those that produce 
methane gas in swamps today. In 
any case, the sandstone beds are so 
thin that gas in quantity is unlikely. 
Deep burial never happened, and 
there are no traps. 

Pleistocene glacial deposits — 
within the last two million years — 
overlie the bedrock in most of Min-
nesota. In places, ancient peat bogs 
that formed during warmer intervals 
are buried in them. It is these pock-
ets of organic matter that contain 
natural gas, sometimes under 
enough pressure to "bounce the 

tools' during the drilling of water 
wells. The pockets are small and the 
flow of gas is soon exhausted. Drill-
ers, assuming oil or gas at depth, lost 
a lot of money on wildcat wells. 

The excitement caused by some 
discoveries is understandable: "The 
gas came out with a rushing and 
roaring sound from the drill hole, 
wrote one driller. "We had a column 
of fire 12 feet high in an instant, and 
a hot one at that. It was a grand 
sight. . . . [The] gas came with 
such force that it did not burn within 
two feet of the ground. The column 
iwayed back and forth as the wind 
blew upon it. 

In the 1880s, both the geology of 
petroleum and of Minnesota were 
still poorly understood. To deter-
mine the' source of the methane in 
water wells in Freeborn County in 
southeastern Minnesota, N. H. 
Winchell, then State Geologist, 
ordered the drilling of a test hole. 
Winchell thought it possible that the 
gas originated in Paleozoic rocks be-
neath the glacial drift. In Ohio, 
these rocks were a major source of 
gas. 

When the test was completed in 
1889, Winchell concluded that the 
gas did not come from the Paleozoic 
limestone, but from organic-rich 
units in the glacial drift. Conse-
quently, there was little likelihood 
gas occurred in commercial-size de-
posits. 

Doodlebugs. But the opinion of 
Winchell and later state geologists 

February 1983. Crude oil, top, sprays from 1,722-foot well on Hubert and 
Kenneth Visser farm south of Brooten. Well yielded two barrels of crude on 

first day, little thereafter. Bottom: Crew member holds fresh sample of crude. 





Oil in the North Star State? 

January 1983. Mrs. Carroll Bigelow displays old newspaper stories about attempts, 
beginning in 1923, to find oil on family farm south of Rochester. Although traces 
of oil were found, drilling ceased in March 1925 after well reached 3,300 feet. 

left hopeful investors unconvinced. 
So did the history of failures. Natural 
gas at shallow depths, they were 
convinced, had to indicate oil at a 
deeper level. 

Typical was an investor who lost 
money in a 1935 venture at Kiester 
Hills in Faribault County. Failure 
did nothing to convince him that oil 
did not exist in the area. Not only 
had he found gas, he had also ac-
quired "conclusive proof" of oil at 
depth. What proof? He preferred to 
keep it a secret. 

In 1950, he organized a group of 

local property owners and together 
they hired a driller whose equip-
ment was shipped in from Illinois. 
The first hole caved in at about 600 
feet, but a second hole reached at 
least 1,000 feet. MGS has no record 
as to how long drilling went on or to 
what depth, but it obviously was an 
expensive disappointment. 

The "conclusive proof"? A doodle-
bug — in this instance a one-ounce 
bottle of Illinois crude suspended on 
a string through the cap. The deter-
mined investor claimed that the bug 
swung like a pendulum everywhere 
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except over oil. Where there was oil 
underground it swung in a circle. At 
Kiester Hills it had swung in a circle. 

Petroleum discoveries in neigh-
boring states have been responsible 
for much wildcatting in Minnesota. 
Prompted by discoveries in the Wil-
liston basin in North Dakota, for ex-
ample, a syndicate acquired drilling 
rights in 1952 to some 21,000 acres 
in Kandiyohi and Renville counties. 
One member of the syndicate, who 
claimed to have a "sixth sense" for 
locating oil, used his talent to select 
the first site. This operation was 
halted by the State Securities Com-
mission, but not before the hole had 
penetrated 640 feet of glacial de-
posits and five feet of granite. 

Divining was again in the news on 
January 23, 1981, when the St. Paul 
Pioneer Press reported the 
announcement by a midwest oil spec-
ulator that oil fields ranging in size 
from 1,000 to 7,600 acres existed in 
Beltrami, Big Stone, Blue Earth, 
Koochiching, Olmsted, Red Lake, 
Roseau, and Watonwan counties. 

The oil was supposed to lie at depths 
between 2,500 feet and 13,500 feet. 
The man had made this discovery at 
his home in Indiana by suspending a 
doodlebug — a pendulum-bob — 
over maps of Minnesota. 

It's hard to believe, but among the 
telephone calls to the MGS last 
spring about oil in Minnesota was 
one from a newspaper in southeast-
ern Minnesota. An oil speculator 
from Indiana was in the area claim-
ing there was oil in the county. What 
did we think of the chances? You can 
guess our answer! • 

G. B. Morey is associate director 
and chief geologist with the Minne-
sota Geological Survey, School of 
Earth Sciences, University of Min-
nesota, St. Paul. Morey has written 
a book, as yet untitled, on the his-
tory of petroleum exploration in 
Minnesota. Information on the 
book, including price, can be 
obtained from the Minnesota 
Geological Survey, 2642 University 
Avenue, St. Paul, MN 55114. 

- f r - f r 

New Pheasatit Stamp Buys Habitat for Popular Game Bird 
THE DNR WILDLIFE SECTION will spend $452,000 during fiscal year 1984 to 
plant winter cover and food plots and to improve nesting cover for the state's 
pheasants. Funds for the new program will come through sales of the new 
pheasant stamp. Starting with this year's pheasant season, the $5 stamp will be 
required of all pheasant hunters between 18 and 65 years. 

Before the pheasant stamp bill was introduced in the State Legislature, DNR 
wildlife specialists identified priorities needed to improve roadside nesting cov-
er: incorporate habitat requirements in agriculture programs; expand existing 
habitat improvement programs; and ensure adequate supplies of nursery stock 
to plant shelterbelts.— DNR News Service 
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What killing moose'* 
intnortherixMinnesota? 
^fteaffive decades of 
patient research, wildlife 
JpL^Ogists identified the 

"^Wiiispected killer — 
and the equally unsus-

pected carrier 

ftiirfiBerggren -

\V« I THE DISEASE loose among 
J L Minnesota's [moose] herd is 

Jm affliction peculiar to Minnesota 
alone. Increasing in its intensity, it 
took? a toll of 30 moose in the past 
yeaii. . . . The nature of the disease 
. . 'striking down the animals is not 
yet known." 

This news item, from an issue of 
the Minneapolis Journal for 1932, 



Moose Disease: Fifty-year Mystery 

announced startling news: Moose in 
Minnesota were dying at an alarm-
ing rate. 

Trappers in the north woods had 
seen strange sights — moose circling 
aimlessly unfearful of humans, 
sometimes colliding with trees. 
Others seemed paralyzed, hardly 
able to drag their hindquarters as 
they walked. Some of the big ani-
mals were found dead, rare because 
moose seldom die of natural causes 
in the wild. 

For lack of a better name, wildlife 
biologists termed the condition 
"moose disease.' Although first re-
ported in 1912, the cause remained 
unknown for over 50 years. 

At first, investigators thought ticks 
might be the reason behind the 
deaths. Many of the afflicted animals 
were covered with the insects — 
over a bushel of ticks was picked off 
one moose. Biologists suggested that 
the ticks carried bacteria or a virus 
that infected moose. But Dr. Robert 
Fenstermacher, a veterinary 
pathologist from the University of 
Minnesota who investigated the dis-
ease in the 1930s, was unable to re-
produce the disease in guinea pigs 
by infecting them with ticks. 

In the process of examining dead 
moose, however, Fenstermacher 
found diseased tissue in their brains. 
And then a curious thing happened. 
In the brain tissue of several moose, 
Fenstermacher found a worm, two 
to three inches long, extremely thin, 
about the diameter of a hair. More 
worms appeared in other sections of 

the brain. Although the biologist re-
ported his findings, he made no link 
between the worm and moose dis-
ease. He concluded many years of 
study by stating there was probably 
no single cause of moose disease. 

Search Continues. Scientists con-
tinued to look for bacteria, viral, and 
nutritional deficiencies in the 
afflicted moose, but with no result. 
However, an interesting develop-
ment was taking place. Biologists en-
gaged in parasitic studies in several 
countries were coming across evi-
dence of the tiny worm Fenster-
macher had discovered — in parts of 
the brain of dead moose and in the 
eyes of sick moose. The same worm, 
or a close relative, was also found in 
sheep, reindeer, and in the nervous 
system of white-tailed deer. 

Dr. Roy Anderson, a biologist in 
the Department of Parasitology, 
Ontario Research Foundation, 
Toronto, Canada, finally made the 
connection between the worm and 
the disease. By experimentally in-
fecting several moose with the para-
site, Anderson was able to produce 
the disease. And after examining the 
brain tissue of the infected moose, 
he found the same worm that Fen-
stermacher and others had found 
almost 30 years earlier. 

In 1963, at a meeting with deer 
biologists in the Great Lakes' states, 
he reported that a parasitic worm 
called Parelaphostrongylus tenuis 
caused the disease. The carrier for P. 
tenuis? The white-tailed deer. 
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At first, Department of Natural 
Resources biologist Pat Karns — 
who had been working on the moose 
disease problem for several years — 
was skeptical. It wasn't to a parasite's 
advantage to kill its host. Even 
though Anderson's work had shown 
that P. tenuis produced moose dis-
ease symptoms under laboratory 
conditions, no one had yet con-
firmed that the worm caused the dis-
ease in the wild. Definitive evi-
dence, Karns felt, was lacking. 

That proof, however, came a short 
time later. At his office in Ely, Karns 
learned of a sick moose near Big 
Falls. With Keith Loken, UM veter-
inary microbiologist, Karns ex-
amined the animal. During a thor-
ough autopsy, they found the first 
adult worms on the animal's brain, 
thus confirming the parasite's pres-
ence under field conditions. 

Follow-up laboratory work by UM 
parasitologist John Schlotthauer con-
firmed that, indeed, it was P. tenuis 
in the Big Falls moose. UM veteri-
nary pathologist Harry Kurtz then 
traced in minute detail the damage 
the worm had done while touring 
through the animal's brain. This 
work left no doubt in anyone's mind 
that P. tenuis was the cause of the 
mysterious disease. 

Deer Migration. Here's how the 
puzzle fit together. During the early 
20th century, changes in vegetation 
in northern Minnesota from farm-
ing, logging, and fires caused deer to 
move north of the range they occu-

pied before settlers arrived. By the 
1930s, deer had expanded rapidly 
into moose territory. It was in this 
period of migration that moose be-
gan to die off at an alarming rate. By 
the 1930s, moose in northern Min-
nesota were fairly well wiped out. 

Biologists later proved that P. 
tenuis was a normal parasite of 
white-tailed deer. It resided peace-
fully, and with no harm, in a deer s 
nervous system. In one research 
project, Karns found that P. tenuis 
inhabited the nervous system of 
nearly half the deer in Minnesota. In 
one adult deer, he found nine 
worms. 

The parasite actually resided on a 
thin membrane, the pia mater, one 
of three membranes separating the 
brain from the skull. The worm did 
not penetrate into the deer's brain. 

But a question remained. How 
did the worm get from deer to 
moose? The answer, biologists 
found, was in the life cycle of P. 
tenuis. 

The female P. tenuis lays its eggs 
in the head of deer. The eggs hatch 
into first-stage larvae and enter the 
blood stream. In the blood, they 
move to the deer's lungs from where 
they are eventually coughed up, 
swallowed, and passed in droppings. 

Then an intermediate host enters 
the picture. A land snail ingests the 
first-stage larvae which then mature 
in the snail until they reach an infec-
tive stage. While feeding, a moose 
ingests the snail. Inside the moose, 
the digestive actions of the stomach 
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Moose Disease: Fifty-year Mystery 

release the larvae from the snail. 
The larvae then penetrate the stom-
ach wall, enter the moose's blood 
stream, and migrate to the spinal 
column where they mature into an 
adult worm. 

Eventually, P. tenuis moves along 
— sometimes in — the spinal cord to 
the head. Here it pierces the 
meninges and burrows into the brain 
itself. There, P. tenuis may move 
around or coil upon itself, causing 
irreversible brain damage. No won-
der, then, that the victim of the 
worm acts so bizzarly — walking in 
circles and crashing into trees. 

Moose begin showing symptoms 
about 40 days after eating an in-
fected snail. The disease is most 
common in moose under four years. 
How prevalent is the disease among 
moose in Minnesota? At present, 

Exposed brain of 
moose found near 
Big Falls. For-
ceps at left 
point to curled 
P. tenuis (dark 
spot at tip of 
forceps). About 
thickness of a 
hair, worm is 
usually found 
inside animal's 
brain, only oc-
casionally on 
surface in 
curled position. 

less than one percent, Karns esti-
mates. 

No Overlap. As it turned out, na-
ture resolved the problem in north-
ern Minnesota. In the northeast, 
deer and moose populations no long-
er overlap as they once did for the 
first 50 years of this century when so 
many moose died off . Moose disease 
in this region is not a problem as it 
once was. 

In the northwest, however, large 
populations of deer and moose 
apparently coexist on the same 
range. This makes biologists believe 
that they have more to learn about 
the disease. Research funds, though, 
are limited and other projects have 
superceded continued moose dis-
ease study. 

The mystery of moose disease was 
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solved over a period of 5 0 years. It 
required the c o m b i n e d efforts o f sci-
entists in many disciplines — biolo-
gis ts , m i c r o b i o l o g i s t s , p a r a s i t o l o -
gists, pathologists — and in coun-
tr ies throughout t h e world — b e -
s i d e s t h e U . S . , R u s s i a , I n d i a , 
Sweden , Canada, and England. 

Research in any area, wildlife biol-

ogy not e x c e p t e d , rarely p r o c e e d s 
along a straight line. Cooperat ion , 
pat ience , and even chance are often 
required to coax nature to reveal its 
secrets . • 

Kim Berggren is an editor for the 
M i n n e s o t a W i l d l i f e R e s e a r c h 
Quarter ly published by the DNR. 

- f r •£? 

Ducks and Geese Do Not Enjoy Inclement Weather 
"THOSE DARK and stormy days that are 'fit only for ducks' can be fine for hunting, 
and may in some remarkable ways be beneficial for waterfowl. But ducks and 
geese do not enjoy inclement weather. Wildfowl that seem unusually active at 
the approach of a winter storm are probably anticipating trouble, not fun. In 
their excited comings and goings, they are seeking a sheltered spot where they 
can ride out the imminent unpleasantness in safety and comparative comfort. 

— John J. Lynch, Waterfowl Tomorrow 

" f r ft " f t 

Record Winter Death Toll on Minnesota's Lakes and Rivers 
MINNESOTA'S ice-related death toll reached an all-time record of 20 during the 
unusually mild winter of 1982-83. Eight people were riding snowmobiles, seven 
were on foot, and five were in motor vehicles. 

According to Kim Elverum, DNR boat and water safety coordinator, the cause 
of the deaths can be laid partially on the unusual winter. "In an average winter, 
ice fatalities and breakthroughs occur during late November and early Decem-
ber when ice is forming. If there is warm weather, however, or if heavy snow 
cover acts as an insulator, breakthroughs and deaths will occur all through the 
season — as they did last winter. 

Rapid temperature changes can also cause problems in the form of pressure 
ridges — long sections of weak ice formed by temperature fluctuations which 
cause expansion and contraction of the ice surface. 

Two other death-causing factors: alcohol and darkness. In accidents last winter 
involving snowmobiles and vehicles on the ice, 64 percent of adults who died 
had been drinking. Nighttime accidents accounted for 77 percent of the snow-
mobile/vehicle fatalities. 

What can be done to prevent these winter tragedies? Elverum offered these 
tips: Warn children of the dangers of playing on ice; if possible, don't drive on ice 
— especially at night; avoid alcohol while snowmobiling or driving on ice; remem-
ber that ice conditions can change from day-to-day on the same body of water. 
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Hazards 
of 
Heating 
with 
Wood 
That wood stove or 
fireplace in your home 
must be used and 
maintained properly. 
Burning wood 
improperly is a health 
risk and pollutes the air 
indoors and out 

Marjorie Borchard 
and Paul Hoff 

WHAT COULD be more romantic 
than a blazing fireplace? Or 

more cozy and nostalgic than a pot-
bellied wood stove? 

Because of the high cost of gas and 
oil, and because wood is readily 
available in our state, more Minne-
sotans are turning to wood as a fuel 
to heat their homes or to supple-
ment other fuels. 

In fact, the State Legislature's Sci-
ence and Technology Research 
Office reported that Minnesota leads 
the nation in the number of house-
holds using firewood. But even 
though wood appears to be a "natu-
ral' fuel, it creates air pollution and 
potential health hazards indoors and 
out just as other fuels do, according 
to the Minnesota Pollution Control 
Agency, particularly if it isn't burned 
correctly and with safety precau-
tions. 

Burning wood emits very little 
nitrogen or sulfur oxides, two air 
pollutants that can aggravate breath-
ing problems. However, compared 
to gas, oil, or coal, wood emits far 
more carbon monoxide, a colorless, 
odorless, poisonous gas. Carbon 
monoxide replaces oxygen in the red 
blood cells. Exposure to low levels of 
carbon monoxide may cause 
headaches and slow the brain's reac-
tion time. But higher levels can 
cause death. These dangerous levels 
sometimes result from a blocked 
chimney. 

Burning wood also produces more 
particulates than gas or oil. Particu-
lates are tiny particles of soot and 
ash. If inhaled, they go into the up-
per lung. Natural processes then ex-
pel them from the body. But par-
ticulates in wood smoke are ex-
tremely small. Lodging deep in our 
lungs, they remain longer because 
the body cannot expel them as easi-
ly. These small particulates tend to 
be more irritating and more harmful 
than larger ones. Although few 

16 Compared to gas, oil, or coal, burning wood emits far more carbon monoxide, 
a poisonous gas. Wood also produces tiny particles of soot and ash that 

lodge deep in human lungs. Correct burning reduces health hazards. 





Wood-heating Hazards 

Comparison of Emissions from 
Different Fuels in Pounds per Heating Season 

Gas # 2 Oil Coal (stoker) Wood Stove 
Six Ton Seven Cords 

143,000 cf 1,100 gallon Bituminous of Oak 
70% efficiency 65% efficiency 60% efficiency 55% efficiency 

Total Suspended 0-1 3 120 210 
Particulates 

Carbon Monoxide 3 78 60 4004 
Hydrocarbons 0-1 0-1 18 50 
Nitrogen Oxides 11 20 36 13 
Sulfur Oxides 0-1 78 912 0-1 

health studies have been conducted 
using wood smoke, the U.S. En-
vironmental Protection Agency has 
identified a number of compounds in 
wood smoke particulates as toxic or 
cancer-causing. 

Fifty years ago, wood stoves were 
used mainly by households in rural 
or sparsely-populated areas. In re-
cent years, however, the largest in-
crease in wood burning has occurred 
in the Twin Cities and in other 
densely-populated urban areas. This 
means that more air pollutants from 
wood smoke — mainly carbon 
monoxide and particulates — are 
being released in highly populated 
areas. 

Before you install a wood stove to 
provide supplemental heat, consider 
insulating and weather stripping 
your home to conserve heat better; 
it may be cheaper and safer. If you 
decide to go with wood, you can 
minimize the harmful effects from 
burning wood by choosing a good-
quality wood stove and using and 

maintaining it properly. But keep in 
mind that even a well-maintained 
wood stove or fireplace used regular-
ly has about the same effect on the 
air in a house as adding a moderate 
smoker to a non-smoking family. 

Proper installation, use, and 
maintenance of wood stoves also 
helps reduce the danger of fires. In 
1981, wood stoves and fireplaces 
were the third highest cause of fire 
deaths in Minnesota, according to 
the State Fire Marshall. 

Useful Tips. Here are tips for the 
safe and clean operation of your 
wood stove or fireplace: 

• Watch your chimney. Position it 
away from obstructions to allow 
emissions to disperse properly. If 
you see smoke, your wood is not 
burning completely. Try increasing 
the air supply to the fire 

• Avoid burning wood on poor air-
quality days. Better yet, avoid using 
your wood stove or fireplace if at all 
possible. Instead, use your furnace 
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until the air quality improves. Air 
quality can be judged hv the degree 
of visibility of smoke or the odor of 
smoke outdoors 

• Burn briskly for the first 30 min-
utes. The first half hour is the period 
of greatest air pollution. A hot fire 
will heat the stove enough to burn 
the wood completely and cleanly. It 
will also reduce creosote build-up in 
the chimney and help avoid chimney 
fires 

• Avoid dampering too far. Allow 
enough air into the stove to burn the 
wood completely. Fires that smolder 
because of lack of air are the worst 
polluters. Excessive dampering will 
also increase creosote build-up and 
the possibility of chimney fires. 
Don t burn on moderate tempera-
ture days unless you use small 
charges of fuel at frequent intervals. 
Make sure your stove size fits your 
house 

• Don't burn garbage or coal. 
Avoid burning garbage, trash, 
treated wood, plastic, or coal in your 
stove or fireplace. Burning,garbage 
and trash smell bad. Many types of 
plastic release toxic gases. Coal con-
tains sulfur, another pollution prob-
lem, in addition to particulates 

• Clean your chimney. Damper-
ing your air-tight stove will increase 
creosote build-up in the chimney 

and require frequent cleaning. 
Check your chimney regularly 

• Don t burn in moderate temper-
atures. Stoves that are choked down 
to restrict heat generation pollute 
more. Savings on fuel costs are not 
as great when burning in moderate 
temperatures. It is best to save your 
wood for extremely cold days. 

Call or Write. For information on 
air pollution from burning wood, 
contact the Minnesota Pollution 
Control Agency central office in 
Boseville at (612) 296-7373 or the re-
gional office nearest vou: Brainerd, 
(218) 828-2492; Detroit Lakes, (218) 
847-1519; Duluth, (218) 723-4660; 
Marshall, (507) 537-7146; and 
Rochester, (507) 285-7343. 

For more information on purchas-
ing, installing, or maintaining a 
wood stove or fireplace, contact: De-
partment of Energy and Economic 
Development, 980 American Center 
Bldg., 150 E. Kellogg Blvd., St. 
Paul, MN 55101, (612) 296-5175. 
Toll-free number: 1-800-652-
9747. • 

Now a freelance writer, Alarjorie 
Borchard was an information officer 
with the Minnesota Pollution Con-
trol Agency. Paul PI off is director of 
public information, MPCA. 

- f r - f t 

Cheerless December Sun 
"The sun that brief December day / Rose cheerless over hills of gray / And, 

darkly circled, gave at noon / A sadder light than waning moon.' 
— John Greenleaf Whittier, Snow-Bound 
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Fish 
Farming: 

New 
Fishery for 
Minnesota? 

Although fish farming is practiced in other 
parts of the world and the U.S. , this 

new fishery is just getting started in our 
state. Results so far have been impressive 

Dennis and Meredith Murnyak 

MINNESOTA HOLDS m o r e surface 
water than any state — 5,000 

square miles. In addition, 20,000 
ponds have been built — for erosion 
and flood control, irrigation, and 
habitat for wildlife. 

While this abundance of surface 
water is in itself a valuable resource, 
these waters hold the potential for 
another important resource — fish. 
In a state with over 12,000 lakes, our 
emphasis has been on recreational 
fishing. 

Until recently, little attention has 
been given to the need to raise fish 

for food. With rising food prices and 
declining numbers of ocean fish, 
however, the opportunity to develop 
local sources of fish becomes appar-
ent — most commercial fish prod-
ucts are imported from out-of-state. 
Many ponds and some lakes not suit-
able for sport fishing could be used 
to increase local fish production, 
thus creating a new type of fishery in 
Minnesota — fish farming. 

Fish farming is a type of animal 
husbandry in which fish are raised 
under controlled conditions and har-
vested as a food crop. Growing fish is 

20 Above: Howard Habstritt, Montrose, shows off T/z-pound channel catfish raised 
from fingerling in one season. Right: Ron Rademacher, Waconia, tosses feed 

pellets. Square "feeding ring" prevents floating feed from washing to shore. 





Fish Farming 

as distinct from sport fishing as rais-
ing chickens is from hunting 
pheasants. The fish culturist raises 
fish to a marketable size as quickly 
and economically as possible. To 
maximize yields, fish farmers re-
move unwanted plants and animals 
from a pond, modify water quality, 
control the number and type of fish 
stocked, add fertilizer and food, and 
periodically harvest all fish. 

In some areas of the world, fish 
farming has been practiced for 
thousands of years. The Chinese be-
gan raising fish about 2000 B.C. 
They have developed methods to 
produce high yields of fish at low 
cost with simple technology. 

Only in the past 25 years, howev-
er, has there been a significant 

amount offish farming in the U.S. — 
mostly in southern states. The Mid-
west has lagged behind. Only a few 
hatcheries supply fish for stocking, 
and markets for locally-raised fresh 
fish are undeveloped. In short, it is 
not easy going. Anyone raising fish 
for food in Minnesota today is a 
pioneer. 

Sharing Knowledge. No one 
knows this better than members of 
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the Central Minnesota Fish Farmers 
Association of Waverly. Formed 
several years ago, this group is made 
up of people who share equipment 
and information about fish farming 
in the state. 

Each member of the Association 
has one or more ponds and raises 
bluegills, catfish, bass, trout, wall-
eyes, crappies, even bullheads. 
They believe there is a future to fish 
farming in Minnesota and are work-

ing to develop culture techniques 
appropriate to our climate. 

Association members are dis-
covering that well-managed ponds 
can produce high yields of fish. After 
one growing season, they harvest 
200 to 400 pounds of fish per acre 
from warm water ponds. Yields are 
much higher in cold water ponds 
with a constant flow of water from a 
spring or well. Ten pounds of trout 
can be produced annually for each 
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Fish Farming 

Don Merrill, Dassel, and author Dennis Murnyak release bluegill fingerlings 
into farm pond. Reliable source of good-quality water and correct pond 
design — at least one-tenth acre — are necessary for successful fishery. 

gallon per minute of water flow. 
Supplemental feeding is necessary 

to obtain these yields. Fish farmers 
expect a two-to-one feed conversion 
from commercial catfish or trout 
chow — two pounds of feed produce 
one pound of weight gain. This high-
ly efficient ratio means lower pro-
duction costs. 

Potential fish farmers, however, 
should be cautious. Not every site 
with water can be turned into a pro-
ductive fish pond. "Successful fish 
farming depends both on a reliable 

source of good quality water and cor-
rect pond design," says Larry Pol-
lard, state biologist, Soil Conserva-
tion Service. He recommends that 
ponds be at least one-tenth acre in 
size and four-feet deep for single 
season production, and six-to-eight 
feet deep to raise fish year around 
with aeration. Ideally, fish ponds 
should be drainable and located in 
areas not susceptible to flooding. 

Fish Needs. Water conditions dic-
tate the types of fish that can be 
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In canoe, George Lukach, Buffalo, feeds channel catfish he raises in wood 
and wire-mesh cages. Each 3 x 3 x 4-foot cage holds 200 fish, floats in 
a natural, eight acre, 40-foot deep pond not suitable for net harvesting. 

grown. Each species has specific en-
vironmental requirements for good 
growth and survival. For example, 
trout grow best in cold water (55-60° 
F.) with high levels of dissolved oxy-
gen. Catfish prefer wanner water 
(80-85° F.) and can tolerate much 
lower oxygen levels. 

Winterkill of fish resulting from 
low oxygen in the water is a common 
problem in Minnesota. Unless aera-
tors maintain adequate oxygen levels 
during winter months, fish must be 
harvested each fall. It is much easier 

to obtain total harvests if a pond is 
drainable. In non-drainable ponds, 
farmers must rely on seines, traps, 
or hook and line. Usually they don't 
recover all fish. 

Many farmers face a common 
problem: How to use a pond not de-
signed for fish farming. George 
Lukach, Buffalo, president of the 
Fish Farmers Association, overcame 
this problem in a unique way. 
Bealizing that it would be impossible 
to harvest most fish from his eight-
acre, 40-foot deep pond, he raised 
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Fish Farming 

Various pond shapes and sizes are used to raise trout at Seven Pines Hatchery, 
Wisconsin. Aerator provides oxygen. Stocked as one to two-ounce fingerlings 
in spring, trout reach harvestable six- to 12-ounce size in one growing season. 

catfish in cages. Wooden frames cov-
ered with wire mesh, the cages 
measured 3 x 3 x 4 feet. Floats kept 
the cages at the surface. Each day he 
canoed to the cages to feed the fish. 

After one summer, the results 
were impressive. Each cage con-
tained 200 good sized catfish. 
Lukach and his family had fish for 
the freezer, and some to sell locally 
to help offset costs. 

Can fish reach eating size in just 
one growing season? Studies in Min-
nesota have shown that catfish, 

26 

bluegills, and trout reach a harvest-
able size of six to 12 ounces in one 
season when large fingerlings (one to 
two ounces) are stocked in early 
spring. 

While trout farming can be profit-
able under these conditions, produc-
tion costs to raise warm-water spe-
cies in a single season are relatively 
high. Therefore, some farmers have 
installed pond aerators to keep fish 
alive over the winter. In this way, 
they raise fish to a larger size during 
a second growing season. Farmers 
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are now trying several methods of 
aeration to find out which is the most 
effective and economical. 

Rewards. There are many reasons 
why fish farming is increasing in 
Minnesota. Economic incentives 
lure some farmers. For others, it's 
an opportunity to use land and water 
resources more efficiently. A few are 
fascinated by fish. Whatever the 
reasons, though, most find it an en-
joyable and rewarding experience. 

Take Ron and Rita Rademacher. 
They began building ponds on their 
Waconia farm in 1979. "At first, our 
purpose was to create more crop 
land by digging ponds and using the 
fill to build up low places on the 
farm," Ron said. "Now that the proj-
ect is completed, we have 20 new 
ponds averaging six to eight feet 
deep and ranging in size from one-
fifth to three-fourths acre each. In 
addition, we have 20 new acres of 
tillable land. " 

The Rademachers obtained a 
license from the Department of 
Natural Resources to rear catfish, 
bluegills, crappies, and walleyes, 
and installed an aeration system to 
produce their own fingerlings. and 
maintain fish year around in the 

More Information 
on Fish Farming? 
Contact these sources: 

• U.S. Soil Conservation Service, 
316 N. Robert St., St. Paul, MN 55101 

• Agr icu l ture Extension Service, 
University of Minnesota, Hodson Hall, 
1980 Folwell Ave., St. Paul, MN 55108 

• Department of Natural Resources, 
Section of Fisheries, Box 12, Centen-
nial Bldg., St. Paul, MN 55155 

• Central Minnesota Fish Farmers 
Associat ion, Box 39, Waverly, MN 
55390. 

Two new publications on fish farm-
ing are now available: "Fish Pond 
Planning and Design in Minnesota," 
and "Raising Fish for Food in Minne-
sota Farm Ponds." Obtain them at 
your local Soil Conservation Service 
office, or request them from the state 
SCS office at the above address. 

ponds. Ron and his family have 
found that fish have added a new and 
exciting dimension to their farming 
operation. • 

Dennis and Meredith Murnyak, 
Bloomington, are fisheries biolo-
gists. They became aware of the pos-
sibilities of fish farming in Minneso-
ta while working on a three-year 
aquaculture development project in 
Wright County. 

Naturalists: True Interpreters of Life on Earth 
"WE DO NOT KNOW what theories cherished today must he discarded tomorrow. 
Forever the challenging whistle, the bright flash of truth, eludes us in the green 
growing forest. But there will never be truer interpreters than the naturalists of 
this beloved, dusty, struggling, fateful, and illustrious experiment called life on 
earth!" — Donald Culross Peattie, naturalist and nature writer 
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Two bear cubs rear, cuff each other, and wres-
tle. Are they playing? Wildlife scientists are 

studying this playful type of behavior in birds 
and mammals. While plav may be the motive, 
the behavior can have more serious intentions 

Do Animals Play? 
Richard E . Phill ips 

AN OTTER head rippled the sur-
face of Lake Insula. A second 

head appeared, and both streaked 
for shore. Dark bodies scurried up 
the slope, turned, and slid down into 
the water. Again and again the two 
otters scampered up the hill and 
tobogganed back into the still water 
of the Boundary Waters Canoe Area 
lake with scarcely a splash. Fasci-
nated, my wife forgot all about 
fishing as she watched the fun. The 
otters continued playing until I pad-
dled up and interrupted the game. 
Then they dipped under the water 
and disappeared. 

We in Minnesota are fortunate to 
have an abundance of wild animals, 
many of which are known for their 
playfulness. In addition to otters, 
these include timber wolves and 
black bears, and even some birds, 
notably ravens. 

What is play among animals? How 
can we recognize it and separate it 
from other kinds of behavior? No 

firm rules exist, but one characteris-
tic of play is that the actions some-
how aren't "serious.' That is, they 
don't lead to the usual results — 
damaging an opponent or killing 
prey, for example — even though 
similar movements are involved. 

Another feature is that actions 
from several systems, say, fighting, 
prey-catching, and body care, can 
follow one another in a single se-
quence. In non-play, they would not 
occur together. Furthermore, play 
uses energy extravagantly for no 
purpose that is immediately ob-
vious. 

Inviting Play. Play fighting in 
both wolf and fox cubs very closely 
resembles that in puppies around 
the yard or house. One cub will 
approach another and give a play-
invitation bow — front legs straight 
out, chest lowered nearly to the 
ground. One looks at its companion 
with a relaxed, open-mouthed "grin" 
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Canada geese gliding to a landing. Note geese doing "barrel rolls" — turning 
completely around. Photographer claimed geese were playing. Another inter-
pretation: Birds rolling in mid-air were simply slowing down before landing. 

that signals, "Let's play!" In the next 
moment, it may bound away, its 
companion in hot pursuit. If it gets 
caught, the roles are reversed. Even 
if it outruns its companion, it will 
circle back, like a dog returning a 
ball, and beg to be chased. 

Another time the play-bow will be 
followed by pawing at the other's 
face. This can lead to a rolling, bit-
ing, wrestling match with both cubs 
chewing at each other's scruff and 
throat or worrying one-another's 
jaws. Such play fighting is one of the 
most common forms of play in mam-
mals. Unlike serious fights, howev-
er, when one party has had enough, 

it will signal. A growl or squeal, or a 
changed facial expression, and both 
cubs will quit. 

Cubs invite play in other ways, 
too. One is to approach a companion 
in a bouncy rush. If this fails, the cub 
may carefully stalk its "victim," 
perhaps interrupting the stalk with a 
hasty charge and retreat. 

Bear cubs are even better known 
than wolf cubs for their playfulness, 
probably because they are seen 
more often. Their play closely 
reflects the close relationship be-
tween wolf and bear families. Like 
wolves, bear cubs bite, paw, and 
wrestle in play. They also chase one 
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Do Animals Play? 

another on the ground and in trees. 
The bear cubs will sit on their 

haunches or even rear on their hind 
legs and "box" — attempting to 
knock each other oft balance. When 
one succeeds, it quickly grabs the 
other by the throat in a restrained 
play-bite. Then they roll and tumble 
as the victim tries to shake off the 
bite and get its own hold. One very 
effective defense is to bring up the 
hind legs and push and claw the bit-
er away. Anyone who has wrestled 
with a pet dog or cat knows how well 
this works. 

Facial expressions are important 
in play signaling in many mammals. 
An open-mouthed, relaxed, play-
face contrasts with an open-mouthed 
threat. In the latter, the lips are 
pulled back tensely, exposing the 
upper as well as the lower teeth and 
often wrinkling the upper lip. 

Black bear cubs have very large 
ears for their size which they use to 
signal play. Alert interest shows by 
erect, forward-pointing ears which 
they may swing to the side in a quiz-
zical look. When a cub flattens its 
ears back against its head, tucking 
them out of harm's way, the posture 
signals that it is getting serious; this 
usually stops play. 

Racing Fawn. Play is especially 
well-developed in carnivores, but 
herbivores also play. A fawn will 
race away from its mother, dodging 
and jumping, shaking its head and 
bucking, then bound back and slide 
to a stop, or run in circles around 
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her. Sometimes the doe will join in 
the game by chasing the fawn, but 
usually she just watches alertly. 

When several does congregate, 
their fawns will play together, racing 
and chasing one another while the 
does watch. I have seen the same 
behavior in elk. A herd of elk calves 
racing through a wet meadow 
sounds like a stampede! 

Both deer fawns and elk calves 
play "king of the hill . " One stands on 
a rise and the others try to displace 
it. As they get older, fawns and elk 
calves begin to butt and push and 
even to rear up and flail at one 
another with their front hooves in 
mock fights. Members of the deer 
family don't wrestle the way bear 
and wolf cubs do. probably because 
their limbs aren t built for grappling. 

Play is most frequent in young 
mammals, but adults sometimes 
play, too. It is a low-priority be-
havior, however, and occurs only 
when the animals are undisturbed 
and in good physical condition. This 
is well illustrated by dashing and 
diving in flocks of ducks. 

Picture a dozen mallards loafing 
together, dozing or preening. One 
starts to bathe, then suddenly dives. 
Popping up a few yards away, it flaps 
frantically across the water, 
splashing as though hotly pursued. 
Almost immediately it dives again. 
The spirit is contagious. In a mo-
ment, the entire flock is splashing 
and diving wildly. Despite the 
appearance of utter panic, the birds 
stay in the same small area. After a 
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few minutes, the game dies down 
and the birds settle down to bathing 
and preening. 

Sometimes play involves inani-
mate objects. A fox kit will worry a 
bone, toss it, then stab it with both 
front feet in a high, pouncing jump. 
It uses the same maneuvers to catch 
mice. Falcons carry sticks high in 
the air, drop them, and catch them 
again in midair. A pet raven often 
hung on a rope upside-down by one 
foot and repeatedly passed a stick 
from bill to foot and back again. Ot-
ters are well-known for their play 
with stones, feathers, or sticks — 
anything maneuverable. A moose 
calf pushed and butted a hanging 
branch just as though it were a rival. 

Survival Skills. Whatever form 
play takes, it always conveys an im-
pression of enthusiasm and enjoy-
ment. The movements are quick, 
often exaggerated, and repeated 
again and again with only minor 
variations. This enthusiasm and the 
absence of any apparent immediate 
gain suggest that play is done for its 
own sake. In other words, because it 
is pleasurable. Thus, it seems to 
have its own motivational system, 
but it also seems to take place only 
when higher priority systems, such 
as hunting and avoiding enemies, 
permit. 

Many functions have been sug-
gested for play. The most common is 
that play develops physical strength 
and neuromuscular coordination. 
This explains why young animals 
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play more than do adults. As an 
animal grows, the timing of the 
nerve activity necessary to control 
complex, high-speed movements 
changes. Limbs get longer and 
change proportions; muscles grow 
bigger and heavier; acceleration and 
slowing down become more dif-
ficult. The muscles, bones, and con-
nective tissues grow stronger or 
weaker according to how they are 
used. 

Unless a growing animal constant-
ly uses its body to the utmost of its 
strength and agility, its brain has no 
way to re-program the timing of 
nerve impulses so the animal can 
achieve its maximum speed and agil-
ity in an emergency. The top prior-
ity of all animals is to avoid enemies; 
the most common play is high speed 
runs and quick turns. Predators re-
quire great skill to catch their prey; 
much of their play is practice prey-
catching — like wolf cubs and bobcat 
kittens chasing butterflies or pounc-
ing on crickets. 

Young animals must also learn 
skills to find and compete for mates. 
Play fighting and incomplete sexual 
acts are common in social play. Each 
individual must learn the subtle de-
tails of social interactions so that it 
can find its own place in society. 
Play seems to be a relatively safe 
way to learn much of this. • 

Richard E. Phillips, Ph.D., is pro-
fessor, Department of Animal Sci-
ence, University of Minnesota, 
St. Paul campus. 
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Trek Into Solitude 

Above: Photographer 
Jerry Stebbins in 
the BWCA. Right: 
Cross-country skier 
on West Bearskin 
Lake. Page 34: 
Sun through pines, 
Sawbill Lake. 
Night camping, West 
Bearskin Lake. 
Fallen tree across 
centerspread, Snow-
bank Lake. Stebbins 
provided the photo-
graphs for Boundary 
Waters (Minneapolis, 
Nodin Press, 1983) 
available in book-
stores. (See Vol-
unteer, May-June 
1983, page 66.) 
All photographs, 
pages 32-35, copy-
right Jerry Stebbins. 

Siren Call of Winter 
in the North Country 

"The North Country is a siren/ ' exulted Min-
nesota historian Grace Lee Nute. "Winter adds 

a regal touch with gleaming diamonds in her 
hair and ermine billowing from her shoulders." 

• Minneapolis photographer Jerry Stebbins 
captured the pristine beauty of winter in the 
Boundary Waters Canoe Area in the photo-

graphs in our center section — sun in a cloud-
less sky sparkling through ice encasing branch-
es of tall pines; snow mantling a tree trunk fal-

len across a wine-dark brook; brooding pines 
dwarfing a lone skier. • Night in the BWCA, 
however, is another matter. In darkness that 

can last 15 hours, the cold sometimes becomes 
so intense that it robs a campfire of "every-

thing but its light," according to Greg Breining, 
author of Boundary Waters and a frequent 

BWCA winter camper. • Why challenge the 
wilderness in winter? Why heed the North 

Country's siren call? Naturalist Sigurd Olson 
offered one answer: "[We] are in truth children 

of the earth and cannot change," he wrote in 
Reflections from the North Country. "It is whole-

ness we are seeking, and being in tune with 
ancient rhythms and the intangible values of a 

life we have abandoned." • Winter in the 
North Country offers removal from the clamor 
of our daily living. In the still landscape, trek-

kers find solitude, but never loneliness. 
"Though in wilderness," Sir Thomas Browne, 
an English physician, observed over 300 years 

ago, "a man is never alone." • 
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Exposing Untruths 
About the Deer Rut 

How many of these misconceptions about 
deer behavior during breeding season 

have you heard — and believed? 

Patrick D. Karns 

PAT KARNS is a D e p a r t m e n t o f 
Natural Resources wildlife 

biologist with the Forest Wildlife 
Populations and Research Group, 
Grand Rapids. Over many years, his 
study of white-tailed deer in Minne-
sota has helped him clarify miscon-
ceptions that many people — pri-
marily hunters — have heard about 
deer during breeding season. In 
Minnesota the rutting season begins 
in late October, peaks in mid-
November, and gradually declines 
through mid-December. 

In this article, Karns reviews 14 
common misconceptions about the 
annual event. — Ed. 

The timing of the rut depends on 
the moon and a frost. 

Actually, the controlling factor of 
the rut is the day length — the hours 
of sunlight. For some eight months 
of the year, a buck has little or no 
mating urge. Beginning with the 
shorter days of late summer, howev-
er, his metabolism begins to change. 

The shorter days activate his hor-
monal system to produce increasing 
amounts of testosterone, the male 
hormone that provides the drive for 
the breeding season. 

The testosterone level — low at 
first — governs this change in the 
buck's behavior. One of the first in-
dications that it is increasing is the 
drying up and shedding of antler vel-
vet in late August. This is followed 
by other developments — the en-
largement of the testicles and swell-
ing of the neck — which peak in ear-
ly November. 

All these changes are carefully 
orchestrated by the sun. The buck 
receives the signals through his eyes 
which transmit them to the brain, 
which in turn puts the breeding cy-
cle into motion. 

Breeding takes place when bucks 
are most active. 

Bucks are most active just before 
the breeding period. This pre-
breeding period is akin to adoles-

The breeding season is well along, but this buck in his prime will remain 37 
available if a doe chooses him for breeding. Contrary to customary belief, a 
doe selects a buck to breed with; it is not the buck that chooses the doe. 



Deer Rut 

cence. The deer is fully charged with 
the testosterone hormone and he has 
to make his presence known. 

During this period, he advertises 
himself with antler rubs on small 
trees and hushes, scrapes in the 
ground, and traveling to size up the 
competition — other bucks — in the 
neighborhood. The peak level of tes-
tosterone helps to explain why bucks 
act so foolish during this period. 
Running around and showing off just 
aren t conducive to survival in the 
deer world. Fortunately, this be-
havior lasts only a few days. It's part 
of the selection process that provides 
the population's genetic strength. 

Once the antics of the pre-
breeding period end — and they do 
end abruptly — the bucks settle 
down to the life of a family man dur-
ing the breeding season. By January, 
most of this drive has diminished 
and the buck resumes his place in 
the deer hierarchy. 

Bucks rule the roost in the deer 
world. 

For a short period during the rut 
maybe the does let them think they 
do, but basically it's the adult doe 
that's in control. By adult, 1 mean 
animals 2Yz years old or older. 

When it comes to getting the best 
food or cover, you can be certain 
that the doe comes up with it, even 
to the exclusion of her fawns if need 
be. And therein lies another secret 
of deer survival: The adult doe is the 
best equipped to get through rough 
times to perpetuate the species. 

Bucks are kind of disposable when 
things get tough. 

Bucks determine when it's time to 
breed. 

Does come into a period of heat, 
called estrous, for about 24 hours. 
During this period, they are recep-
tive to the buck, can breed success-
fully, and seek out the buck to mate 
with. Actually, they are somewhat 
choosy in the process. 

The breeding cycle of the doe is 
also determined by the day length in 
the same manner as the buck is. The 
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majority of does are bred during the 
first estrous, which in Minnesota 
generally occurs between the 10th 
and 20th of November. In the un-
likely event that she is not bred, 
another estrous will occur about 28 
days later. In our northern latitudes, 
unbred does can go through five 
such cycles. Younger deer — fawns 
or yearlings breeding for the first, 
time •— may be bred in December. 

As a result of the bucks-only deer 
seasons in recent years, many does 
go unbred. 

Pregnancy rates were studied in 
deer across Minnesota before and 
after the bucks-only seasons were 
put into effect. There is no differ-
ence. Over 95 percent of adult does 
are bred each year. The number of 
fawns and yearling does that are 
bred, and the number of fetuses 
they carry, is largely a matter of 
their nutrition the first six to 18 
months of life. 

Shooting off the old bucks means 
only young, inferior stock will do 
the breeding. 
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First of all, we still have a good 
stock of old bucks out there to do the 
breeding, as judged from the deer 
whose age we record during the 
deer season. Second, a tremendous 
amount of genetic diversity exists in 
the white-tailed deer, so there's little 
of an inferior nature about our deer 
in the wild. This genetic diversity is 
one attribute that makes the white-
tail such an adaptable animal. 

To fuel their increased activity dur-
ing the rut, bucks eat more and thus 
gain weight. 

Bucks can lose over 20 percent of 
their pre-rut weight in a short 
period. Just like love-struck teen-
agers, they don t eat while showing 
off during the courting period and 
lose a considerable amount of 
weight, primarily fat. This means 
they have lower reserves going into 
winter and depend on day-to-day 
feeding following the rut to stay 
alive. Does, on the other hand, con-
tinue to gain weight through De-
cember, after which they coast 
through January and February. 

Bucks travel long distances during 
the rut. 

Not so. Most bucks don't move 
out of their home range. Remember, 
it's the does that come to the bucks 
and make the selection, not the 
bucks that seek out the does. If hard 
pressed by hunters, bucks generally 
prefer to hide, simply by not mov-
ing, rather than striking off for un-
familiar territory. It's much safer to 

40 

stay where one knows the turf than 
to go off into strange territory and be 
at the mercy of whatever lurks 
there. 

Deer are masters at hiding. Once 
they've successfully eluded a hunter 
or two, they adapt a strategy for liv-
ing at home. Their home range dur-
ing this period is about one-half 
square mile. 

Deer are color blind 
This was both a popular and scien-

tific notion until just recently. Using 
an electron microscope, researchers 
have found cells in the retina of the 
deer's eye capable of color percep-
tion. Subsequent behaviorial studies 
have confirmed the fact that deer 
can discern color. Now, the un-
answered question is how deer per-
ceive color. 

Deer grow horns 
No, deer grow antlers. Horns are 

bony growths on the heads of cattle 
and sheep and are not shed annual-
ly. Antlers are grown and shed 
annually by all male members of the 
deer family, and by female caribou. 

The growth cycle of antlers gener-
ally begins in April with small nub-
bins on the top of the head. These 
elongate and branch to form the 
antlers. A vascular material, called 
velvet, covers them during growth. 
Growth ceases in August and the 
velvet is shed. The antlers are then 
polished as part of the rut ritual and 
serve to identify the social status of 
the animals. Antlers are shed any-
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time from December through 
March, generally earlier in the 
northern part of the state. Some 
southern deer shed the old antlers in 
spring when the new growth begins 
and pushes the old ones off. 

Antlers have the same general 
structure every year, unless their 
growth is interrupted by an injury. 
Thus, the shape of a buck's rack and 
the number of points is determined 

genetically. With the exception of 
size, they remain much the same 
throughout the life of the owner. 

You can tell the age of a deer by the 
number of points on the rack. 

The number of antler points on a 
buck s rack has little to do with his 
age. Age can be determined by the 
wear patterns on the teeth in the 
lower jaw or, better yet, by the 
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annual rings in the roots of the front 
teeth. These annual rings develop in 
the cementum layer of the teeth. 
The rings are the results of a deer's 
reduced metabolic rate in winter. 

Some bucks live to a ripe old age. 
On the average, deer are short-

lived creatures. Bucks are "old" at 
six to seven years of age, although a 
few may live to the ripe old age of 12 
to 14 years. Most die before they 
reach five years. A buck is in his 
prime at 3V2 to 4Vz years, after which 
signs of old age show up. 

Swamp bucks are a super breed. 
Generally, the "swamp buck" is a 

dark-haired critter in full rut. Deer 
come in all different hair colors. Just 
as some people are dark complex-
ioned, so are some deer. Thus, the 
myth of the super swamp buck. 

Bucks shot during the rut aren't fit 
to eat. 

Some bucks take on a strong odor 
during the rut. Some does do, too. 
The odor comes from pheromones, 
the perfumes of the animal world. 
Deer use this chemical scent to com-
municate their presence and readi-
ness to breed. Strictly external, the 
odors have little bearing on the qual-
ity of a well-cared for carcass. 

Some deer described as having a 
rotten smell during the dressing out 
process have an old injury that has 
become infected, or may have a 
bacterial condition about which very 
little is known. 

Bucks taken during the rut often 
have enlarged or swollen necks. This 
is one of the thickest muscle areas on 
the deer. It will spoil quickly, espe-
cially during warm weather if the 
hide is not removed. • 

ft ft ft 
Why Scientists Clean Fish for Anglers at Salmon Derbies 

FISHERIES BIOLOGISTS are trying to foresee the future of the Great Lakes fishery 
by examining the stomach contents of game fish, reports the University of 
Wisconsin Sea Grant Program. Last summer, researchers from Great Lakes-area 
universities, state departments of natural resources, and the U.S. Fish and 
Wildlife Service went to fishing derbies around the Great Lakes. They offered to 
clean an angler's catch in return for examining the contents of a fish's stomach. 

The main item in the diet of Lake Michigan's salmon and trout has been the 
alewife. But scientists worry that increased stocking of trout and salmon, though 
popular with anglers; could exhaust the supply of alewives. The game fish might 
then prey on commercially valuable fish like chubs, smelt, and small perch. 

The effect of stocking predator fish on the forage base is as yet inadequately 
understood. For instance, in the Pacific Northwest, billions of salmon stocked 
annually in the Pacific Ocean by the U.S. , Russia, and Japan could exceed the 
ability of the forage base to feed the predators. 

Fisheries biologists involved in the project say: "The whole Great Lakes 
system is serving as a gigantic laboratory." 
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Adaptation: 
Nature's 

Secret for 
Winter 

Survival 
Birds, mammals, and plants employ unique 

mechanisms to live through Minnesota's cold 
season • Carol Propotnik and Thomas McGuigan 

AUTUMN in Minnesota signals 
that the cold, short days of win-

ter are close at hand. It is a time of 
preparation; the final cord of wood is 
stacked, snowshoes are varnished, 
and parkas removed from storage. 
But people are not the only crea-
tures that prepare for winter; all of 
Minnesota's plants and animals 
share this characteristic. How they 
do it and why is the subject of this 
article. 

When life first developed in the 
ocean billions of years ago, organ-
isms were not subjected to drastic 
temperature fluctuations: The 
temperature of the ocean water was 
relatively constant. But when plants 
and animals invaded the land, they 
were exposed to temperatures that 

varied from day to night. They were 
also subjected to seasonal tempera-
ture changes as they moved farther 
from the equator. 

In Minnesota, cold temperatures 
are only one facet of the winter sea-
son. Snow, wind, and short daylight 
hours also play an important role. 
Plants and animals have to adapt to 
these winter conditions. Only spe-
cies that are successful at adapting to 
severe weather conditions inhabit 
Minnesota in winter. 

Birds in Winter. One of the most 
dramatic and noticeable adaptations 
is found in many birds: migration. 
Each fall, most of Minnesota's 
breeding birds journey south where 
food is more abundant and climatic 

The snowshoe hare adapts to winter by changing its summer brown 
coat to white. By burrowing into snow among twigs, litter, and 

deadfall, the hare is practically invisible to predators. 
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conditions are not so extreme. Why 
don't all birds Hy south for the win-
ter? The reason is: Some birds are 
better adapted to use resources in 
the north than in the south. 

To survive Minnesota's winter, a 
bird must find food and stay warm. 
Two sources of food are generally 
sought: plant materials, such as 
seeds and berries eaten by chick-
adees, nuthatches, grosbeaks, 
finches, and sparrows, and dormant 
insects in the bark, buds, and in 
other parts of a plant. These insects 
are, for the most part, eaten by tit-
mice, kinglets, and woodpeckers as 
well as by chickadees and nuthatch-
es. While all birds have a preference 
for certain foods, they will change 
their diets when their favorites are 
not available. 

Conspicuously absent from Min-
nesota in winter are those birds that 
catch insects on the wing, such as 
flycatchers, swifts, and warblers, 
and those birds that eat ground 
dwelling insects — robins and tow-
hees, for example. These insects are 
not available in winter. 

Waterfowl may also leave the state 
in winter to search for open water, 
although some species remain in 
northern states if they can find open 
water, thanks to a special adaptation. 
Ducks restrict the flow of blood to 
their skin surface; this helps to retain 
heat in the animal's inner core. In 
many waterfowl species, almost all 
blood flow to the feet and legs can be 
cut off, thus reducing the heat loss to 
cold water. 

The problem of keeping warm in 
winter has been solved by other bird 
species in a couple of different ways. 
Two general strategies are 

• To reduce the amount of heat 
required to maintain the body 
temperature, and 

• To develop mechanisms that 
allow high heat production for long 
periods. 

Heat loss can be reduced by in-
sulation. Downy feathers are thicker 
during winter and can be fluffed to 
provide even greater insulation. In-
creased body size also helps a bird 
retain heat. Larger birds have less 
surface area per volume where heat 
can be lost. Because of the small size 
of some birds, the thickness of their 
insulating layer cannot be as thick as 
that of larger birds. Researchers be-
lieve that this fact allows larger 
birds, such as blue jays and gros-
beaks, to go without food for longer 
periods than can smaller birds. 

Heat can also be conserved if 
birds remain inactive during severe 
cold and if they seek protection in 
trees, shrubs, snow, or other unex-
posed places. Some birds enter a 
coma-like state during cold winter 
nights and recover during daylight 
hours to search for food. 

To maintain a high body tempera-
ture — around 104° F. — some bird 
species shiver most of the winter. 
During shivering, opposing muscles 
contract simultaneously and no ex-
ternal work is done. This produces 
heat which helps them survive cold 
periods. 
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Shelter and Fat. Mammals have 
acquired a number of adaptations to 
withstand Minnesota's winters, 
among them insulation and hiberna-
tion. 

An obvious form of mammalian 
insulation is thick fur. Another in-
sulator, but one not quite so ob-
vious, is fat. In mammals, fat is not 
deposited in lumps, but is spread 
out to form an internal blanket. 
Deer have another interesting form 
of insulation: thick, hollow hairs that 
trap and warm air next to the ani-
mal's skin. 

A few mammals hibernate to sur-
vive winter. Before hibernating, an 
animal will eat great amounts of food 
to store energy in the form of body 
fat. During hibernation, the animal's 
metabolic rate is greatly reduced 
and the body temperature is low-
ered. It uses its stored body fat as an 
energy source. Seven of Minnesota's 
mammals are true hibernators. They 
are 13-lined, Richardson's, and 
Franklin's ground squirrels and the 
eastern chipmunk, woodchuck, 
meadow jumping mouse, and black 
bear. 

Black bears have not always been 
considered true hibernators because 
their body temperature does not fall 
much during hibernation — only 
about 12° F. below the animal's nor-
mal temperature. However, black 
bears remain less active during win-
ter than most other hibernators, so 
they are now included in that cate-
gory. 

Raccoons and skunks spend the 

coldest days of winter in dens. 
Rather than hibernating, they be-
come very inactive and enter a deep 
sleep for short periods of time. On 
warm days, raccoons often sun in 
trees and move about searching for 
food. 

The behavior of mammals changes 
in winter. Deer stay in a more re-
stricted area and pack down trails, 
thus conserving energy that would 
otherwise be wasted moving 
through deep snow. They also 
switch their diet from grasses, which 
are covered with snow, to the avail-
able buds of deciduous trees and the 
foliage of some evergreens. 

Although generally nocturnal, 
foxes may hunt on winter days. They 
conserve energy by walking in shal-
low snow, staying out of the wind, 
and exposing themselves to the sun's 
warmth on a south-facing sidehill. 

Plant Adaptations. Whereas 
animals can survive winter by den-
ning, increasing insulation, migrat-
ing, hibernating, or changing their 
behavior, plants are unable to use 
any of these cold weather strategies. 
How do they adapt to winter? 

One of the greatest stresses placed 
on plants in winter is lack of water. 
Water is either frozen in the ground 
or frozen above it as snow and is un-
available for food production and 
growth. These growth processes are 
centered in the leaves. To conserve 
water, deciduous trees drop their 
leaves in fall and seal over the points 
of attachment. Even the following 
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year's leaves, in the form of buds, 
are covered with moisture-
conserving, waxy scales. 

But evergreen plants do not lose 
their leaves in the fall. Instead, they 
have developed a waxy coating on 
their leaves to reduce water evapo-
ration. Most deciduous plant leaves 
are killed by frost; the water in their 
cells freezes, expands, and ruptures 
the cell walls. Evergreens solve this 
problem by channeling water from 
within the cell walls to spaces be-
tween the cells. There expansion 
through freezing does less damage. 

The fact that evergreens retain 
their needles helps them thrive in 
cold regions. By keeping their 
leaves, evergreens continue the 
food-making process of photosyn-
thesis later in the fall and begin it 
earlier in spring than do deciduous 
plants. Evergreens thus have an 
advantage in the cold, northern 
areas of North America. 

Herbaceous plants use a drastical-
ly different strategy to deal with win-
ter. Rather than develop adaptations 
against freezing, the above ground 

parts of these plants die off . Some of 
them, such as asters and cattails, re-
main alive within the ground as 
roots. Others put their energy into 
seed production and the rest of the 
plant dies during winter. The seeds 
develop into new plants in spring. 

People have developed a range of 
recreational activities to make the 
most out of winter. Cross-country 
skiing and snowshoeing are two 
favorites. Several state parks have 
naturalists on duty year-around so 
that people interested in natural his-
tory can take part in naturalist-led 
activities. Identifying trees and 
shrubs in winter by examining buds, 
bark, and shapes provides a chal-
lenge even to those familiar with 
vegetation in summer. 

If we choose to learn about the 
natural world in winter, it cannot 
only be a tolerable time for us, but 
an interesting new season. • 

Carol Propotnik is the naturalist at 
Helmer My re State Park. Thomas 
McGuigan manages the DNR's Root 
River Trail, southeastern Minnesota. 

ft ft ft 
Long-Distance Wandering of a Wolf 

A YOUNG MALE WOLF traveled 551 miles, from International Falls to Carrot 
River, Saskatchewan, in 15 months, a new record, according to Audubon maga-
zine. The wolf was wearing a collar, but the attached radio pack was missing; the 
animal was identified by ear tags. The 551 miles is a straight-line measure of the 
journey — roughly equal to a stroll between Blue Earth near the Iowa border to 
Warroad on the Canadian border, and back to Bemidji. But since the animal 
wandered along the route, the actual miles it traveled was no doubt considerably 
more. The previous record for a wandering wolf, according to wildlife researcher 
David Mecli, was 416 miles. 
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A Volunteer Report 

Let It Snow, 
Let It Snow, 
Let It Snow* 

Appropriate to the onset of Minnesota's cold 
season, a miscellany of fact and folklore on snow 
T H E J O U R N E Y T O E A R T H 

All water molecules lock together 
into six-sided structures as they 
freeze. But the structure of snow 
crystals . . . is determined by the 
temperatures, vapors, and winds 
they encounter as they swirl through 
the upper atmosphere. Crystals are 
always symmetrical because chang-
ing conditions inside the cloud affect 
all six sides simultaneously. It takes 
about 15 minutes for one crystal to 
form, and each carries the turbulent 
history of those minutes etched in its 
shape. 

When a crystal becomes large 
enough and heavy enough to get 
through the winds below the cloud, 
it begins a leisurely journey toward 
Earth at about two miles an hour. 

— "No Two Alike,' Science Digest 

* Title of song by Sammy Calm, lyricist 

NOVEMBER-DECEMBER 1 9 8 3 

S M A L L E S T S P H E R E S 
O F W A T E R 

Individual cloud droplets are the 
smallest possible spheres of water. 
They are so small that 10,000 of 
them could be laid in a line cross the 
head of an ordinary pin. If they ever 
expect to reach the earth, these mi-
nute, suspended droplets must join 
forces in one way or another to cre-
ate rain, sleet, hail, or snow. 

To build a raindrop or a snow crys-
tal large enough to fall from cloud to 
earth, cloud droplets approaching 
the million mark must lend their wa-
ter to the project. 

— Corydon Bell, The Wonder of 
Snow (Hill and Wang) 

C O R E O F A S N O W F L A K E 
Moisture in clouds congeals to 

form different kinds of snowflakes by 
a process called nucleation. This re-
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quires some tiny foreign body such 
as a speck of dust, particulate waste 
from an industrial plant or auto ex-
haust to serve as the nucleus around 
which a snow crystal can form. . . . 

So far the [National Oceanic and 
Atmospheric Administration] 
researchers have found that the 
shape of snowflakes can change con-
siderably with such variables as 
rush-hour traffic emissions and aero-
sol sprays released into the atmos-
phere. 

— "The Snowflake Counters," 
Newsweek 

S N O W S C A P E 
Oh! the snow, the beautiful snow, 
Filling the sky and earth below. 
— John Whittaker Watson, 
Beautiful Snow 

P O O R M A N ' S F E R T I L I Z E R 
A snowy winter is good for your 

garden. Snow fixes nitrogen as it falls 
through the air and has been called 
"the poor man's fertilizer. . . . " 

The depth and duration of this 
winter's snow will affect your garden 
in a number of ways. Plant hardi-
ness, for example, is dependent not 
only on the number of extremely 
cold days, but also on the depth of 
the frost line, which in turn can be 
affected by the thickness of the 
snow. Your ground water accumula-
tion can be partly determined by 
whether the soil freezes before the 
first snow. If the snow comes before 
the freeze goes deep, some soil 
organisms and tender roots may be 

able to live through the winter; but if 
you get a heavy freeze first, they 
may die. 

An early and lasting snow, that 
comes before the ground is frozen 
hard, blankets the surface to keep it 
open all winter. When the soil 
temperature is above freezing, the 
snow in contact with the soil melts 
steadily but slowly during the win-
ter, and the water is absorbed by the 
soil without runoff, thereby increas-
ing the amount of ground water. 

— Maurice Franz, "Snow and 
Your Garden," Organic Garden-
ing and Farming 

E F F I C I E N T I N S U L A T I O N 
F O R W I L D L I F E 

[Massed] snowflakes trapping 
dead air in countless spaces [form] 
one of nature's most efficient insula-
tors. In extremely cold weather, the 
temperature of the ground beneath a 
deep blanket of snow may be 50 de-
grees warmer than the air above it. 

This protection is of inestimable 
value to wildlife. With the approach 
of winter, the forest floor is popu-
lated by a dense concentration of 
hibernating creatures. Queen 
bumblebees, woolly bear caterpil-
lars, wood frogs . . . crickets and 
countless other forms of wildlife 
snuggle beneath the forest duff and 
leaf mold. . . . Box turtles, toads, 
snakes, and beetle larvae burrow 
underground. . . . 

A recent study showed nearly 70 
percent of certain larvae hibernating 
in trees perished during the winter, 
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while those wintering beneath the 
snow lost less than 10 percent of 
their numbers. 

— Ned Smith, "Snow is Nature's 
Security Blanket," National Wild-
life 

F I N N I S H W E A T H E R P R O V E R B S 
• A green Christmas makes a 

white Easter. 
• If the lanes are full of snow on 

Candlemas (February 2), so the bins 
will be full of corn in the autumn. 

— David Andersen, "If a Horse 
Yawns, Rain is Coming," Natural 
History 

F I N E T U N I N G : S N O W , 
P L A N T S , A N D W I L D L I F E 

Trees markedly affect the buildup 
of snow. So, too, the buildup affects 
the trees and other forms of life. 

Let a spruce in the northern 
[evergreen forest] tip slightly off ver-
tical, and it will catch more snow 
than those still standing upright. 
Eventually the load breaks the tree 
or causes it to fall, leaving an open-
ing within the forest. 

Other trees ringing the opening 
then grow most luxuriantly on their 
sides facing the extra light. In time 
the weight of snow caught on their 
branches overweights and breaks 
them, and the opening grows. Shade 
and the rain of dry needles from the 
branches are gone, which soon 
affects the plant community. Mosses 
die out and willow, alder, aspen, and 
birch take over. 

In time, snow bends these new 

branches and brings their tips within 
reach of snowshoe hares and ptarmi-
gan. The surface of the glade be-
comes hummocky with caves formed 
beneath snow-weighted branches, 
and there small creatures take ref-
uge. Nitrogen from their fecal pel-
lets enriches the soil, and eventually 
spruce seedlings gain a new start. 
The succession of plants has come 
full circle. 

Human understanding of the fine 
tuning of such relationships between 
snow and life has only barely 
begun. . . . 

— Ruth Kirk, Snow (William 
Morrow) 

T H A T S Q U E A K Y 
C R U N C H Y O U H E A R 

Snow is a plastic medium once it 
has fallen, but every layer has a 
different plasticity, and different 
conditions can radically change the 
bonding strength that holds it 
together. 

That squeaking crunch you hear 
underfoot as you walk through snow 
— old-time radio sound-effects men 
used to squeeze boxes of cornstarch 
to simulate it — is caused by the 
breaking of snow crystals under 
pressure. It is more extreme in very 
cold weather, and as the tempera-
ture climbs the pitch of squeak 
deepens and then disappears. 

Some people will estimate the 
temperature from the sound, which 
would be fine if only there weren't 
all those variables in humidity, crys-
tal structure, amount of air in the 
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pack, and so forth. If only nature 
would hold still for a moment. 

The sound goes away at warm 
temperatures because the crystals 
can then bend without breaking, 
thereby making the snow plastic. 
The bonding comes about by the in-
terlocking of crystal points and 
branches in newer snow, by capil-
lary action and refreezing in older 
stuff; every layer develops a differ-
ent strength. 

—John Jerome, On Mountains: 
Thinking About Terrain (Har-
court Brace Jovanovich, Inc.) 

W E I G H T O F S N O W 
ON Y O U R R O O F 

A six-inch layer of moist new snow 
and a 30-inch layer of dry, fluffy 
snow are each approximately equal 
to one inch of rain. And one inch of 
rain over an acre of ground weighs 
113 tons. If we take an average of 
moist and dry snow, and assume that 
a 10-inch cover is equal to one inch 
of rain, the weight of 10 inches of 
snow over one square mile of land 
would be 72,300 tons. . . . 

Architects are familiar with [snow 
weights]. In northern latitudes, the 
problem is to anticipate the weight 
of possible snow loads when design-
ing the roof structures of public 
buildings, factories, and dwellings. 
It is not surprising that roofs sag and 
collapse under heavy snow when 
one considers that an average 10-
inch snowfall rests a burden of 39 
tons on a flat roof measuring 100 by 
150 feet. Covered by snow of the 

same depth, the 40- by 70-foot roof 
of a small house would be supporting 
almost nine tons. 

— Corydon Bell, The Wonder of 
Snow (Hill and Wang) 

P R E D I C T I N G N U M B E R 
O F S N O W F A L L S 

Brodhead, Wis. — (U.P.) — Fred 
Ties, 73, says his Indian formula for 
predicting the number of snowfalls 
has worked again. 

The retired police chief said there 
would be 44 snows, and there were 
43. 

Ties uses an Indian secret he 
learned 60 years ago and has missed 
by no more than one snow in the 
past eight years. 

A South Dakota medicine man 
gave him this formula for predicting 
snowfalls; 

Add the date of the first snowfall 
to the number of days the new moon 
is old when the first snow falls. 

Ties counts a snowfall if it is heavy 
enough to track a cat or rabbit. 

— United Press news story, 1954 

S N O W B L I N D N E S S 
Snow isn't white; it is clear. That 

is, it is made up of billions of tiny, 
clear prisms, each of which breaks 
up all light that strikes it into the 
entire spectrum. All the colors. The 
befuddled eye, unable to handle that 
kind of sensory overload — unable 
to make all those fine distinctions — 
turns it back into whiteness. Per-
ceives it as white. 

This diffusion is what causes the 

Snow and Years: "The years creep slowly by. . . . The snow is 
on the grass again." — Henry De Lafayette Webster, Lorena. 
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Snow Miscellany 

dreaded whiteout, a weather condi-
tion that can cause anyone in snow 
country to become totally dis-
oriented. When snow is blowing 
under an overcast sky, the daylight 
is so diffused by the multiplicity of 
reflecting surfaces that all contrast 
vanishes — along with the horizon 
and any sense of what is up, down, 
or sideways. 

— John Jerome, On Mountains: 
Thinking About Terrain (Har-
court Brace Jovanovich, Inc.) 

P H O T O G R A P H I N G 
S N O W F L A K E S 

Studying the more complicated 
snowflakes requires that the student 
suffer some discomfort. Snow can be 
captured and examined under a 
microscope in an unheated room or 
outdoors. Since snow evaporates 
rather rapidly even below zero de-
grees C., such examination must be 
fast in order to ensure that the de-
tails are faithfully recorded. 

One way to preserve the crystals 
. . . is to collect them in a cold liq-
uid that does not dissolve ice. They 
can [then] be studied and photo-

graphed at leisure, although the en-
vironment must remain cold. 

That is the method we have 
chosen in our work at the National 
Center for Atmospheric Research. 
Hexane is the liquid we use, but 
kerosene or unleaded gasoline 
would be equally satisfactory. Our 
procedure has the added advantage 
that it reduces the contrast between 
the crystal and the background, be-
cause the index of refraction of the 
liquid is not very different from that 
of ice. Thus the details of the more 
complicated snow particles are much 
clearer. 

— Charles and Nancy Knight, 
"Snow Crystals," Scientific Amer-
ican 

T H E T H O U G H T B E H I N D IT 
"Besides," Mother Nature con-

cluded, "you may think of [snow] as 
a gift from Mother Nature. " 

"Fine gift," I said. 
"Well, I always say it's not the gift 

that counts, it's the thaw behind it," 
said Mother Nature shamelessly. 

— Goodman Ace, "White Is Not 
Beautiful," Saturday Review • 
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Growing Fonder of Wild Places and Wild Creatures 
"WHEN I WAS A BOY in Scotland, I was fond of everything that was wild, and all 
my life I've been growing fonder and fonder of wild places and wild creatures. 
With red-blooded playmates, wild as myself, I loved to wander in the fields to 
hear the birds sing, and along the seashore to gaze and wonder at the shells and 
seaweeds, eels and crabs in the pools among the rocks when the tide was low; 
and best of all to watch the waves in awful storms thundering on the black 
headlands and craggy ruins of the old Dunbar castle when the sea and the sky, 
the waves and the clouds were mingled together as one." — John Muir 
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Iron 
Range 
Crocodile 
A blackened chunk of 
fossil and skillful 
scientific probing 
revealed an 
extraordinary discovery 
about sizable reptiles 
that once lived in 
Minnesota 
A Volunteer Report 
Drawing by Ken Sander 

^ / V MONG THE MUCH n e g l e c t e d 
- L X . fossil vertebrates of north-

ern Minnesota's Late Cretaceous 
rocks, there is noteworthy evidence 
of a very large marine crocodile. 

This statement, by Bruce B. 
Erickson, director of The Science 
Museum of Minnesota's paleontolo-
gy department in St. Paul, made 
startling news. A crocodile — and 
most certainly crocodiles — had 
once lived in Minnesota's Iron 
Range. 

The disclosure appeared in a 
monograph authored by Dr. Erick-
son in 1969. Because monographs of 

this sort circulate exclusively in sci-
entific circles, few Minnesotans 
heard about the crocodile that had 
once existed in our state. 

Evidence of this large reptile first 
appeared in the summer of 1967 
when Vincent Garlough, a biology 
teacher from California, and his 
brother Gary, were poking in a rock-
spoil heap from the Hill Annex Mine 
near Calumet. 

A power shovel had dug the spoil 
from a layer of rock 20 to 30 feet 
below the surface. Called the Cole-
raine Formation — mostly shale, 
sandstone, and iron-ore conglomer-
ates — the layer had formed some 70 
million years ago. 

Before the Garloughs came to the 
old mine, the Coleraine Formation 
had given up scores of fossils to other 
hunters — shark, ray, and skate 
teeth; odd pieces of bone, probably 
from large aquatic reptiles; a variety 
of fish spines; oysters, clams, and 
snails; even a two-foot wide coiled 
mollusk related to the octopus. 
These marine fossils indicated that 
eons ago an ancient sea had covered 
the Mesabi Range. 

Evidence that crocodiles had once 
shared this ancient sea with these 
creatures appeared in the form of a 
nine-inch long fossil embedded in 
rock. Garlough, recognizing that the 
fossil was unusual, brought it to 
Dr. Erickson at The Science 
Museum to identify. 

"We knew that crocodiles and alli-
gators had once lived in North Dako-
ta, Montana, and in Minnesota from 
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Iron Range Crocodile 

a few isolated teeth that had been 
found," Dr. Erickson told the 
Volunteer, "but the Mesabi fossil 
was the first evidence of an identi-
fiable crocodilian existing in Minne-
sota." 

Examination revealed that the fos-
sil — nine inches of the animal's up-
per snout — was from an ancient, 
and now extinct, species of croco-
diles belonging to the genus Tele-
orhinus. One of the largest marine 
crocodiles known to exist, Teleorhi-
nus reached a length of perhaps 30 
feet. Although remains of numerous 
species of crocodiles have been dis-
covered world-wide in ancient 
marine deposits — in Europe, Asia, 
North Africa, Madagascar, North 
and South America — evidence of 
this particular genus had been found 
in only two other places in the 
world, Montana and Germany. 

Unlike modern, blunt-snouted 
crocodiles, Teleorhinus was narrow-
snouted. Dental sockets indicated 
that its teeth extended at a near 45° 
angle and were lined up along the 
perimeter of the upper jaw. From 
this scant evidence and from his 
years of study of extinct and modern 
crocodiles, Dr. Erickson was able to 
make an approximate reconstruction 
of what the extinct creature had 
actually looked like. 

But the question the fossil 
brought to mind was: How did a 
crocodile, a creature of tropical 
climes, arrive in northern Minneso-
ta, a region hardly renowned for 
palm trees and warm breezes. 

Dr. Erickson points to internal nostrils in upper palate of 58 million year- 55 
old crocodile unearthed in North Dakota. Reconstructed head is made up of 
black, fossilized pieces of bone. White plaster holds pieces in place. 

nostrils 

Teleorhinus — view of top of 
skull. Shading indicates nine 
inch fossil found near Calumet. 

Eye 
sockets 

Skull 
openings 
for jaw 
muscles 
to expand 



Iron Range Crocodile 

Time Beyond Time. The Mesabi 
crocodile lived in the Iron Range 70 
million years ago — Dr. Erickson 
determined this by dating the rocks 
in which the fossil was embedded. 
The span of time that has passed be-
tween now and then is beyond com-
prehension. However, we can 
appreciate these years by assigning a 
single minute to each year gone by. 
Then World War II ended fewer 
than 45 minutes ago; Columbus ar-
rived in America eight hours ago; 
Egypt's Great Pyramid was built 3'/2 
days ago. But Teleorhinus ended its 

days in the Hill Annex Mine de-
posits 133 years ago, about 1850 on 
our scale of one minute per year. 

"Back then, Minnesota was a far 
different place,' Dr. Erickson said. 
"Days were warm and sunny for an 
entire year, much like southern 
Florida today. Palmettos and red-
woods thrived in the damp, warm 
climate.' 

Lake Superior didn't exist, the 
Atlantic Ocean was a seaway in the 
early stages of separating North 
America and Europe, dinosaurs trod 
the land, and a shallow sea dotted 
with islands spread across Montana, 
North Dakota, and east into Minne-



sota to the southern part of St. Louis 
County (see map). 

Bays, estuaries, swamps, and del-
tas formed the boundaries of this 
sea. Sharks, rays, and skates swam in 
its warm water; oysters, clams, and 
snails foraged the sand, gravel, and 
clay on its bottom. Crocodiles lived 
along its shores and swam its 
breadth the way salt water croco-
diles range the open sea between 
New Guinea and Australia todav. 

Teleorhinus' long snout lent 
itself to swift movement through 

the water in the daily pursuit 
of fish. Drawing by Ken Sander. 



Iron Range Crocodile 

Teleorhinus lived in a shallow, island-
dotted sea that covered Minnesota to 
southern St. Louis County in the east. 

This ancient sea probably did 
much to shape the physical features 
of the Mesabi crocodile. "Narrow-
snouted crocodiles were fish-
eaters,' Dr. Erickson declared. "A 
long snout lends itself to swift move-
ment through water which is neces-
sary to pursue fish. The forward 
thrust of the Mesabi crocodile's 
three-inch long teeth were designed 
for capturing fish, not for chewing. It 
probably grabbed a fish, then 
maneuvered it towards its throat to 
swallow. It also probably dashed into 
schools of fish to capture prey by 
swinging its head from side to side 
and trying to impale one on its long 
teeth, the way today's sawfish do. 

It breathed by drawing air 

through nostrils on the upper end of 
its snout above the hard palate. The 
air passed through a hole at the rear 
of the palate into the throat and then 
to the lungs. Underwater, a flap of 
skin closed over the. hole in the rear 
palate to prevent water from enter-
ing the throat when the animal 
opened its jaws. 

The basic differences between this 
prehistoric crocodile and modern 
crocodiles, Dr. Erickson explained, 
are two: 

"Crocodiles today have shorter 
snouts — except for the gavials of 
India — and most stalk their prey 
rather than pursue it. 

"The second difference is that 
modern crocodiles have a more 
efficient backbone — a ball and sock-
et arrangement. The rounded back 
end of each vertebra fits into a hol-
low in the front of the next vertebra. 
Ancient crocodiles had a more 
primitive backbone. Each vertebra 
was flat-ended and butted the next 
vertebra in line. This arrangement 
made for a more rigid, less flexible 
backbone." 

In North Dakota, in the badlands 
along the upper branch of the Little 
Missouri River, Dr. Erickson has led 
expeditions to search for the fossil 
remains of these prehistoric reptiles. 
He and his fellow scientists have 
found 53 crocodiles, from tiny hatch-
lings to adult males 15-16 feet long. 
A cousin to these crocodiles, the 
Mesabi crocodile was 25 -30 feet 
long, "one of the largest marine 
crocodiles yet discovered. 
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The Last Crocodile. Other evi-
dence of crocodiles in Minnesota 
may turn up, Dr. Erickson stated. 
Teeth found in mines in layers of 
earth belonging to ancient geologic 
eras have been identified tentatively 
as crocodile teeth, but more evi-
dence is necessary for positive iden-
tification. 

Whatever happened to Teleorhi-
nus? No one really knows. 

What is known is that the warm 
sea in which this grand reptile once 
pursued prey vanished 63 million 
years ago during a period marked by 
the mass extinction of large reptiles 
worldwide. The great dinosaurs, 
flying reptiles, and many marine 
reptiles died out. But the majority of 
crocodiles and alligators survived. 
For some unknown reason, they 
were not affected by whatever killed 
off most other reptiles. 

"Teleorhinus filled a niche created 
by the environment. Dr. Erickson 

concluded. "It was a very specialized 
animal — a large, marine, fish-
eating reptile with a six-foot-long 
head, protruding teeth, and a par-
tially flexible backbone, not as so-
phisticated in its breathing or feed-
ing as today's crocodiles. 

"As the environment changed and 
crocodiles better adapted to new 
conditions appeared, it may have 
had no place to go. We know it 
wasn't able to survive. But the fossil 
record doesn't tell us what hap-
pened. Three families of crocodiles 
survive today — crocodiles, alliga-
tors, and gavials. The Iron Bange 
crocodile belongs to one of the ten or 
so families of crocodilians that be-
came extinct over the past 200 mil-
lion years." • 

Ken Sander, Minneapolis, a free-
lance science illustrator, created the 
drawing of Teleorhinus in consulta-
tion with Dr. Erickson. 

ft " f r 

Reintroducing Peregrine Falcons to Their Former Home 
IN LATE JUNE, 10 peregrine falcon chicks arrived in St. Paul from Canada where 
they were raised in captivity at a special rearing facility at the University of 
Saskatchewan. The birds were taken to two nesting towers south of Lake City 
near cliffs along the Mississippi River where peregrines once nested before 
D D T eradicated them. The program calls for releases in southeastern Minnesota 
over the next four years to help re-establish the peregrine as a nesting species in 
the state. 

The project is a cooperative effort by the Minnesota Chapter of The Nature 
Conservancy, the University of Minnesota Bell Museum of Natural History, UM 
Raptor Research and Rehabilitation Center, U.S. Fish and Wildlife Service, and 
the DNR Nongame Wildlife section. Cost of delivery and release of the pere-
grine chicks: $10,000. Donations by Minnesota taxpayers on their state income 
tax form provided the funds needed to reintroduce the peregrine to its former 
home along the Mississippi River bluffs. — DNR News Service 
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V-STAR 

k 
North Star State Journal: 
Points of Interest 

from Near and Far 

Pheasant and Duck Stamp 
Contests: Rules Available 

CONTEST RULES a r e a v a i l a b l e for 
Minnesota artists who wish to enter 
designs in the 1984 Pheasant Habi-
tat Stamp and Migratory Waterfowl 
Stamp contests. 

Entries for the "duck stamp ' 
contest must be delivered to the 
DNR Bureau of Information and 
Education, Centennial Bldg., St. 
Paul, by noon, November 28. 
Judging will be held November 29. 

Pheasant stamp entries must be 
on hand no later than noon, De-
cember 19. Judging will be on De-
cember 20. 

The public is invited to view the 
entries and watch the final judging 
for both contests. Judging will be 
held at the National Guard 
Armory, 600 Cedar Street, St. 
Paul, two blocks south of the Capi-
tol Building. 

Snowmobile and Skiing 
Guides Ready 

THE MINNESOTA Travel Informa-
tion Center and the DNB Trails 
and Waterways Unit have new edi-
tions of guides for snowmobiling 
and skiing in Minnesota. 

The snowmobile guide lists trails 
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throughout the state; the skiing 
guide lists downhill ski locations 
and cross-country ski areas. 

The guides are available from: 
Minnesota Travel Information 
Center, 240-V Bremer Skyway, 
419 N. Bobert Street, St. Paul, MN 
55101. In the Twin Cities, phone 
296-5029 to request the guides. 
Outside the Metro Area, phone 
toll-free 1-800-652-9747. The out-
of-state toll-free number is 1-800-
328-1461. 

The guides can also be obtained 
from the DNB Trails and Water-
ways Unit, Box 52, Centennial 
Building, St. Paul, MN 55155. 
Phone: (612) 296-6699. 

Both the Minnesota Travel In-
formation Center and the DNR 
issue a weekly snow report of trail 
conditions in state parks, forests, 
and on state trails. Reports are up-
dated every Wednesday and 
should be available starting in mid-
December. Obtain snow reports by 
phoning numbers listed above. 

"Wolves and Humans" 
Exhibit Opens 

"WOLVES and Humans: Coexist-
ence, Competition, and Conflict," 
a major exhibit focusing on people's 
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attitudes toward wolves, will open 
December 10, 1983, at The Sci-
ence Museum of Minnesota, Tenth 
and Wabasha, St. Paul. 

Along with a historical look at 
wolf myths, legends, and folklore, 
the exhibit — which is supported 
by a grant from the National En-
dowment for the Humanities — 
will present current knowledge 
about wolf biology and a display 
showing 12 taxidermically-
mounted wolves surrounding a 
white-tailed deer they have just 
killed. This northern Minnesota 
scene depicts the social organiza-
tion and behavior of a wolf pack. 

Also included in the exhibit: a 
wolf den, a howling booth, a com-
parison of wolves and dogs, video-
tape interviews of people express-
ing opinions of wolves, and tools 
used in studying wolves. 

The Museum will also offer re-
lated programs through its Educa-
tion and Continuing Education de-
partments. These include a one-
day conference on exploring hu-
man attitudes towards wolves. The 
conference will be held on Decem-
ber 10 at the Museum. For confer-
ence details, call (612) 221-9438. 

Fish for the Table: 
Two Booklets 

Fixin' Fish: A Guide to Handling, 
Buying, Preserving, and Preparing 
Fish. Jeff Gunderson. 47 pp. $2. 
Kitchi Gami Cookery. J. Agnew 
and L. Salmela, editors. 64 pp. $2. 
Both published by the Minnesota 

Sea Grant Extension Program. Re-
cently reprinted. 

Fixin' Fish gives details on how 
to keep a fish fresh, from the mo-
ment it's removed from the hook, 
through cooking, to the first 
mouthful. The booklet also pro-
vides freshness guidelines for 
buying packaged fish, illustrates 
filleting techniques for those fish 
like northern pike that present 
filleting problems, and shows how 
to skin an eelpout. Freshwater fish 
of Lake Superior and inland Min-
nesota waters are featured. 

Other chapters include steps in 
making caviar ("Eggcite Your Pal-
ate") , pickling fish, building a 
smokehouse, smoking, salting, 
drying, and canning fish, and mak-
ing fish jerky. 

Kitchi Gami Cookery is a collec-
tion of 50 recipes by fish lovers in 
Minnesota, Wisconsin, and Michi-
gan. Included are recipes for 
baked, boiled, fried, broiled, and 
grilled fish — trout to smelt. 

Order from your nearest Great 
Lakes Sea Grant Program or from 
Minnesota Sea Grant Extension 
Program, 208 Washburn Hall, Uni-
versity of Minnesota-Duluth, 
Dulutli, MN 55812. 

New Series of Books 
for Hunters and Fishermen 

A TWIN CITIES p u b l i s h e r has p r o -
duced a new series of illustrated 
books that will appeal to every 
fisherman, novice to expert, in 
Minnesota. 
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Star Points 

Cones in retinas of walleye's eye 
reflect light like cat's eye, 
enable it to see prey in dim light. 
(The Art of Freshwater Fishing) 

So far, three titles have been 
published in The Hunting & 
Fishing Library, each a handsome, 
160-page hardcover lavishly illus-
trated with over 400 color photos. 

The Art of Freshwater Fishing 
presents how-to information on 
catching freshwater game fish 
throughout North America, includ-
ing fish behavior and habitat, 
equipment, and techniques for 
catching bass, bluegills, northern 
pike, walleyes, and trout, among 

other game fish. Extraordinary 
underwater photographs show fish 
in natural surroundings and 
approaching lures. 

Cleaning & Cooking Fish helps 
readers master fish cooking tech-
niques — baking, poaching, and 
smoking. It includes three sections: 
cleaning, cooking, and recipes. 

Fishing With Live Bait shows 
fishermen how to use over 75 kinds 
of natural bait — insects, baitfish, 
worms, frogs, even clams and fish 
parts. Again the color photos, many 
taken underwater of game fish pur-
suing live bait, are stunning. 

Each title is priced at $12.95, 
plus $1.98 shipping and handling, 
and is available on a subscription 
basis. The Art of Hunting will be 
the first title in the hunting series. 
For more information on The 
Hunting & Fishing Library and for 
a free eight-page sampler on The 
Art of Freshwater Fishing, write: 
The Hunting & Fishing Library, 
5700 Green Circle Drive, Minne-
tonka, MN 55343. Or call, toll free, 
1-800-328-3895. 

Growing Flowers in 
a Harsh Climate 

Flowers for Northern Gardens. 
Leon C. Snyder. University of 
Minnesota Press, Minneapolis, 
MN 55414. 1983. 385 pp. $25. 

Leon C. Snyder, professor emer-
itus of horticultural science, Uni-
versity of Minnesota, states the 
purpose of his new book on the 
opening page of the Introduction: 
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"This hook provides information on 
those garden flowers that do well in 
our [northern] climate and offers 
suggestions [to] help you grow 
healthier, more attractive flowers. 

The first three chapters discuss 
plant culture, selection, and fami-
lies. "Every gardener wants to 
grow healthy, attractive plants. 
Professor Snyder writes. "To do 
this requires some basic under-
standing of how plants grow, their 
nutrient requirements, and cultu-
ral practices that will ensure suc-
cess.' 

The balance of the book, 300 
pages, lists plants alphabetically by 
genus, followed by the family 
name. Common names are listed 
alphabetically in the appendix with 
scientific names. Longevity, 
height, and blooming dates are 
given after each entry; use and cul-
ture are also included. Example for 
the yarrow: 

"Use. Plant at the back of the 
flower border. Use for cut flowers 
or dry for winter arrangements. 

"Culture. Plants grow in any 
well-drained soil in full sun. Plant 
in early spring about 60 cm. apart. 
The species can be propagated by 
seeds sown in the spring or by 
division. . . . There are few insect 
or disease problems. 

A center color section includes 
277 plates of flowers discussed in 
the text. Professor Snvder is the 
author of Trees and Shrubs for 
Northern Gardens and Gardening, 
in the Upper Midwest. 

Are You Moving? 
Please notify us four weeks in advance 
of your move. At tach your latest 
address label below, then print your 
new address. If you move and we do 
not receive your address change, your 
subscription to the Volunteer will be 
cancel led. Temporary out-of -s tate 
address changes cannot be accepted. 
Send this form to: Minnesota Volun-
teer Circulation, Dept. of Natural Re-
sources, Box 46, Centennial Bldg., St. 
Paul, MN 55155-1679. 

Old Address Label: 

New Address: 

Street Address 

City S ta te Z IP 
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The following abbreviations indi-
cate issues in which ar t ic les 
appeared: 

J F — January-February 
MA — March-April 
MJ — May-June 
J A — July-August 
SO — September-October 
ND — November-December 

Algae. Toxic Algae: Threat to Pets, 
Livestock, JA. 

Animal Diseases. Moose Disease: Fifty-
year Mystery Solved, ND. 

Aquatic Biology. Hidden World in a Road-
side Pond, MJ.'Predator vs. Prey in 
Underwater World of a Roadside 
Pond, MJ. 

Archaeology. Our Search for Minneso-
ta's Unwritten Story, MA. 

Bats. Why Study Bats in Minnesota?, SO 
Superb Pursuer of Night-flying In-
sects, SO. 

Bear. Focus on the Black Bear, JF. 

Berggren, Kim. Moose Disease: Fifty-
year Mystery Solved, ND. 

Bird Houses. A New Nesting Structure 
for Bluebirds; Ski Group Builds Nest 
Boxes; Dick Peterson's New Bluebird 
House; in Inviting the Bluebird Back to 
Minnesota, MA. 

Birds. The Birds of Minnesota's Spring, 
MA. Inviting the Bluebird Back to Min-
nesota, MA. How Many Species of 
Birds in Your Back Yard? MJ 

Birk, Douglas A. Our Search for Minneso-
ta's Unwritten Story, MA. 

Birney, Elmer C. Why Study Bats in Min-
nesota? SO. 

Boat Safety. Warning! Lowhead Dams 
Claim Lives! MA. 

Bonebr igh t , Denise A. Laboratory 
Orchids May Show Way to Preserve 
Wild Orchids, SO. 

Borchard, Marjorie. Toxic Algae: Threat 
to Pets, Livestock, JA. 

Borchard, Marjorie & Paul Hoff. Hazards 
of Heating with Wood, ND. 

Borie, Louis. Why Preserving Our 
Vanishing Natural Places Is a Busi-
ness, MJ. 

Born, David O. What We're Learning 
About Hypothermia, JF. 

Boundary Waters Canoe Area. Ranger in 
the BWCA, JF Siren Call of Winter in 
the North Country, ND. 

Bow Hunt ing . Minnesota's Dean of 
Broadhead Design, SO. 

Bluebirds. Inviting the Bluebird Back to 
Minnesota, MA. 

Brady, Kate J. A Day Wild Ricing at Deep 
Portage, SO. 

Breneman, Don. Capture the Beauty of 
Wildflowers — on Film, JA. 

Camping. Try No-trace Camping, MJ. 
Caron, Steve. Goal: More Deer in North-

ern Minnesota, SO. 
Catf ish. Catfish: Our Neglected 

Sportfish, MJ. 
Civilian Conservation Corps. A Prideful 

Recollection of the Old CCC, JA. 
Crowley, Leonard V. & Kather ine V. 

Hirsch, Growing Sport: Whitewater 
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Kayaking, MJ. 

Daily, John B Catfish: Our Neglected 
Sportfish, MJ. 

Dallman, Harvey B. Try Fried Puffballs 
and Scrambled Eggs! Delicious With 
Fried Grouse, Too! SO. 

Deer. Goal: More Deer in Northern Min-
nesota, SO. Exposing Untruths About 
the Deer Rut, ND. 

Devery, Glenn. A Memory of Distant Cow-
bells, SO. 

Djupstrom, Bob & Lee Pfannmuller. Pur-
ple Loosestrife: Aggressive Invader of 
Meadow and Wetland, JA. 

Drake, Robert M. A Prideful Recollection 
of the Old CCC, JA. 

Eagles. Counting the Chippewa's 
Eagles, JA. 

Elverum, Kim A. Warning! Lowhead 
Dams Claim Lives! MA. 

Energy. Hazards of Heating with Wood, 
ND. 

Eng, Morris. That Old Gravel Pit: Living 
Space for Wildlife? MA. 

Fish. Make Mine Panfish, MA. 
Fish Farming. Fish Farming: New Fishery 

for Minnesota, ND. 
Fish Management. Hunt for the Deadly 

Lamprey, JF. Spring Run of the Wall-
eyes, MA. Creating a Pond Fishery, 
MA. Fish Farming: New Fishery for 
Minnesota, ND. 

Fish Prints. Memorable Images from Na-
ture, MA. 

Fisher. Fisher vs. Porcupine (excerpted 
from The Fisher: Life History, Ecology, 
and Behavior, Roger A. Powell), JF. 

Floods. I Remember Rochester's Flash 
Flood, JA. 

Forest Fires. The Badoura Fire: Seven 
Years Later, SO. 

Forest Management. Counting Minneso-
ta's Trees, JF. 

Geology. Marine Fossils Link Minnesota 
and Antarctica, SO. Iron Range Croco-
dile, ND. 

Hanson, Wayne & John Mathweg. Count-
ing Minnesota's Trees, JF. 

Hennings, Kim. Goal: One Million Acres 
for Wildlife, JF 

Hirsch, Katherine V., & Leonard V. Crow-
ley. Growing Sport: Whitewater Kayak-
ing, MJ. 

History. Our Search for Minnesota's Un-
written Story, MA. A Memory of Distant 
Cowbells, SO. 

Hoff, Paul & Marjorie Borchard. Hazards 
of Heating with Wood, ND. 

Hughes, Judy. Minnesota's Best Kept 
Vacation Secret, MJ. 

Hunter Education. Hunting in Minnesota: 
The View Ahead, SO. 

Hunting. Exposing Untruths About the 
Deer Rut, ND. 

Hypothermia. What We're Learning 
About Hypothermia, JF. 

Jones, Alan C. Paper Birch: Fragile Orna-
ment of Yard and Forest, MJ. 

Karns, Patrick D. Focus on the Black 
Bear, JF Exposing Untruths About the 
Deer Rut, ND. 

Kayaking. Growing Sport: Whitewater 
Kayaking, MJ. 

Kroll, Thomas. Ski Group Builds Nest 
Boxes (in Inviting the Bluebird Back to 
Minnesota), MA. 

Lamprey. Hunt for the Deadly Lamprey, 
JF. 

Lang, Jeffrey W. Blue Devils in Rock Val-
ley: Our Search for the Five-Lined 
Skink, JA. 

Lawrenz, Ron. Hidden World in a Road-
side Pond, MJ. Minnesota's Dean of 
Broadhead Design, SO. 

Lundgren, Kathy. Memorable Images 
from Nature, MA. 

Mathisen, John E. Counting the Chippe-
wa's Eagles, JA. 

Mathweg, John & Wayne Hanson. Count-
ing Minnesota's Trees, JF. 

McGuigan, Thomas & Carol Propotnik. 
Adaptation: Nature's Secret for Winter 
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1983 Annual Index 

Survival, ND. 
Moose. Moose Disease: Fifty-year Mys-

tery Solved, ND. 
Morey, G. B Oil in the North Star State? 

ND. 
Murnyak, Dennis & Meredith. Fish Farm-

ing: New Fishery for Minnesota? ND. 
Mushrooms. Try Fried Puffballs and 

Scrambled Eggs! Delicious with Fried 
Grouse, Too! SO. 

Nature Conservancy, The. Why Preserv-
ing Our Vanishing Natural Places Is a 
Business, MJ. 

Oil. Oil in the North Star State? ND. 
Olson, Sigurd. Sigurd Olson's Last Book 

(excerpted from Of Time and Place), 
MA. 

Orchids. Laboratory Orchids May Show 
Way to Preserve Wild Orchids, SO. 

Ostman, Richard (Finn). Ranger in the 
BWCA, JF 

Peterson, Ron. A New Nesting Structure 
for Bluebirds (in Inviting the Bluebird 
Back to Minnesota), MA. 

Pfannmuller, Lee & Bob Djupstrom. Pur-
ple Loosestrife: Aggressive Invader of 
Meadow and Wetland, JA. 

Phillips, Richard E. Do Animals Play? 
ND. 

Photography. Capture the Beauty of 
Wildflowers — on Film, JA. 

Ponds, Back Yard. Water Lilies in My 
Back Yard, MJ 

Ponds, Fish. Creating a Pond Fishery, 
MA. 

Powell, Roger A. Fisher vs. Porcupine 
(excerpted from The Fisher: Life His-
tory, Ecology, and'Behavior), JF. 

Propotnik, Carol & Thomas McGuigan. 
Adaptation: Nature's Secret for Winter 
Survival, ND. 

Purple Loosestrife. Purple Loosestrife: 
Aggressive Invader of Meadow and 
Wetland, JA. 

Reptiles. Blue Devils in Rock Valley: Our 
Search for the Five-Lined Skink, JA. 

Rieke, Hedia. Why We're Using More Wa-
ter Today Than Ever Before, JA. 

Schimpf, Ann L. Planning the Future of 
Superior National Forest, MA. 

Schneider, James. Creating a Pond 
Fishery, MA. 

Schwenk, John. Minnesota's Dean of 
Broadhead Design, SO. 

Scriven, Dorene. Minnesotans Aid Re-
turn of Bluebird (in Inviting the 
Bluebird Back to Minnesota), MA. 

Skinks. Blue Devils in Rock Valley: Our 
Search for the Five-Lined Skink, JA. 

Skrypek, Jack. Make Mine Panfish, MA. 
Smalley, Tim. Here Comes the Cookie 

Cutter! MJ. 
Snow. Let It Snow, ND. 
Snow Shelters. Quin-zee: Snow Shelter 

for Winter Campers, JF. 
Soderberg, Barbara. Summer Volunteers 

at Superior National Forest, JF. 
Splettstoesser, John & Gerald F. Webers. 

Marine Fossils Link Minnesota and 
Antarctica, SO. 

Spurrier, John. Hunt for the Deadly Lam-
prey, JF. 

State Parks. A Memory of Distant Cow-
bells, SO. 

Superior National Forest. Summer Volun-
teers at Superior National Forest, JF. 
Planning the Future of the Superior 
National Forest, MA. 

Teske, Fran. I Remember Rochester's 
Flash Flood, JA. 

Tree Diseases. Paper Birch: Fragile 
Ornament of Yard and Forest, MJ. 

Trees. Paper Birch: Fragile Ornament of 
Yard and Forest, MJ. 

Trout-Oertel, Diane. Water Lilies in My 
Back Yard, MJ. 

Volunteer Centerspread. Winter's Icy 
Grip, JF. The Birds of Minnesota's 
Spring, MA. Predator vs. Prey in 
Underwater World of a Roadside 
Pond, MJ Showy Colors Serve a Wild-
flower's Purpose, JA. Superb Pursuer 
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of Night-flying Insects, SO Siren Call 
of Winter in the North Country, ND. 

Volunteer Fund. "Keep the V. Going!" 
JA. 

Volunteer Report. Spring Run of the Wall-
eyes, MA. How Many Species of Birds 
in Your Back Yard? MJ. Hunting in Min-
nesota: The View Ahead, SO. Iron 
Range Crocodile, ND. Let It Snow, ND 

Volunteers. Summer Volunteers at Su-
perior National Forest, JF. 

Voyageurs National Park. Minnesota's 
Best Kept Vacation Secret, MN. 

Walleyes. Spring Run of the Walleyes, 
MA. 

Water. Why We're Using More Water To-
day Than Ever Before, JA. 

Water Safety. Warning! Lowhead Dams 
Claim Lives! MA. 

Webers, Gerald F., & John Splettstoesser. 
Marine Fossils Link Minnesota and 
Antarctica, SO. 

Wetlands. Goal: One Million Acres for 
Wildlife, JF. Hidden World in a Road-
side Pond, MJ. Predator vs. Prey in 
Underwater World of a Roadside 
Pond, MJ. Purple Loosestrife: Aggres-
sive Invader of Meadow and Wetland, 
JA. 

Wickman, Allan. The Badoura Fire: 
Seven Years Later, SO. 

Wild Rice. A Day Wild Ricing at Deep 
Portage, SO. 

Wilderness Ethics. Ranger in the BWCA, 
JF. Sigurd Olson's Last Book (excerpt-
ed from Of Time and Place), MA. 

Wildflowers. Grow Wildflowers in Your 
Back Yard, JA. Capture the Beauty of 
Wildflowers — on Film, JA. Showy Col-
ors Serve a Wildflower's Purpose, JA. 

Wildlife. Adaptation: Nature's Secret for 
Winter Survival, ND. Do Animals Play?, 
ND. 

Wildlife Management. Here Comes the 
Cookie Cutter! MJ. Why Preserving 
Our Vanishing Natural Places Is a 
Business, MJ. That Old Gravel Pit: Liv-
ing Space for Wildlife? MA. 

Wildlife Management Areas. Goal: One 
Million Acres for Wildlife, JF. 

Winter. Winter's Icy Grip, JF. Adaptation: 
Nature's Secret for Winter Survival, 
ND. 

Wolter, Al. Try No-trace Camping, MJ. 
Wood Stoves. Hazards of Heating with 

Wood, ND. 
Woodman, Jean. Quin-zee: Snow Shelter 

for Winter Campers, JF. 
Wright, May. Grow Wildflowers in Your 

Back Yard, JA. 

-tr i? 

Charles Darwin on the Extinction of a Species 
"CERTAINLY NO FACT in the long history of the world is so startling as the wide 
and repeated extermination of its inhabitants." — Voyage of The Beagle 

"WE NEED NOT MARVEL at extinction; if we must marvel, let it be at our own 
presumption in imagining that we understand the many complex contingencies 
on which the existence of each species depends. " — On the Origin of Species 

"IT IS MOST DIFFICULT always to remember that the increase of every creature is 
constantly checked by unperceived hostile agencies, and that these agencies are 
amply sufficient to cause rarity and extinction. So little is this subject understood 
that I have heard surprise repeatedly expressed at such great monsters as the 
mastodon and the dinosaurs having become extinct, as if mere bodily strength 
gave victory in the battle of life." — On the Origin of Species 
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Ideas & Ideals 

Birdwatchers stroll path 
in Nerstrand Woods State 
Park: Values that tran-
scend commercialism. 

Inside Back Cover 

MALLARDS 
AFLOAT 
Frosty Morning — Mallards 
by wildlife artist Marian 
Anderson, Mankato. Snow 
has arrived, but these 
mallards still float in 
ice-free water. Prints 
of Ms. Anderson's paint-
ing are available from 
Brass Lantern Publishing, 
6 South Main Street, 
Winnebago, MN 56098. 
Inquire about price 
information. 

Two Questions Everyone Must 
Answer About Our State Parks 

Over the past few years, many state park 
systems across the U.S. — including Min-
nesota's — have undergone budget cuts. 

These cuts place us in a dilemma. Our 
DNR Division of Parks and Recreation is 
charged with managing 64 state parks in 
the face of costs that continue to rise and 
income that doesn't. To generate income, 
all states have raised admission fees. The 
average annual fee for a vehicle and its 
occupants is now about $17. Utah ranks 
highest: $35. South Dakota is lowest: $6. 
Minnesota charges $10. But entrance fees, 
though they continue to rise, don't meet the 
cost of maintaining parks. 

Some people have suggested, perhaps 
only half-facetiously, that we open our 
parks to money-making ventures — water 
slides and video-game parlors are two ex-
amples. But is this what we want for our 
parks? 

Today, two vital questions about the fu-
ture of our parks confront us. One, do we 
want our parks to continue in their present 
role? Traditionally, they have functioned as 
places of refuge from the bustle of daily liv-
ing and as preserves of our scenic, natural, 
geologic, and historic heritage — expres-
sions of values that transcend commercial-
ism in our parks. 

A positive response to that first question 
calls up the next question: Are we willing 
to pay the cost of maintaining our parks in 
the role we have defined for them? 

Difficult questions. Sooner or later, each 
of us will have to respond to both. 

Rudy Perpich, Governor 
State of Minnesota 
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Frosty Morning — Mallards 
by Marian Anderson 
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T H E MINNESOTA V O L U N T E E R 
BOX 46, CENTENNIAL B L D C . 
658 CEDAR S T R E E T 
ST. PAUL, MN 55155-1679 

R E T U R N P O S T A G E G U A R A N T E E D 

KNOCK, KNOCK! 
WHOOO'S THERE? 
For two years, DNR Conserva-
tion Officer Greg Spaulding 
looked for cavity-nesting 
birds near his home in Wask-
ish. He kept his eye on 
one hole in an old aspen 
once occupied by pileated 
woodpeckers. Rap, Rap! 
Each time he tapped the 
trunk with a stick, noth-
ing happened. But one day, 
rap, rap and out popped a 
saw-whet owl. "I visited 
the owl often," Spaulding 
said. "Each time I rapped, 
she looked out. She was 
as interested in me as I 
was in her." On one occa-
sion when the owl peered 
out, Spaulding had his cam-
era ready. The photo at 
left of a curious saw-
whet owl resulted. 


