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Stream and lake improvement were twin children of the depres-
sion, conceived by an able fisheries scientist who could not be faith-
ful to purely academic interests but who ever and anon consorts
with the practical side of fisheries work to the benefit of the angler.
These twins were the direct result of stream and lake surveys in
various scattered areas of the state. The germ of the idea was
found in each group of waters studied. No two were alike and some
were much better than others. Some reasons for these superiori-
ties were immediately evident to the scientist: bottom types wmore
productive of fish food, pools affording more adequate shelter or
superior spawning conditions. We suspect the parent of these chil-
dren received some stimulation from reading European literature
on stream improvement (several books appeared in England a few
years before conception); in fact we are certain the developing
embryos were ‘‘marked’ by indulgence in such literature.

At all events the twins were born here in Michigan sometime
during the year 1930. As is often the case with twins, one—stream
improvement—was much more vigorous than the other and became
the favored child. The parents, like many of us, tried to give the
children long, dignified names—in this case ‘‘environmental im-
provements’’—but few people would use them preferring the easier
(and to them more understandable) terms used in the title of this
paper.

Our scientist did his best to start the children in life but the off-
spring were poorly received. No one—least of all the parent—had
the moneyv to develop them properly. The state Conservation De-
partnient, while acknowledging some interest and responsibility for
their support, was in dire straits for funds but helped all it could.
Several wealthy fishing clubs adopted one or the other of the in-
fants for a time but could not keep them indefinitely, and then came
their fairy godmother in the form of the CCC and after consider-
able persuasion (and a little pressure, perhaps) the children were
adopted but with the Couservation Department still acting as
guardian. At first they were given little attention but as they
ogrew and became noticed by the sportsimmen their popularity with
their foster parents increased until today stream and lake improve-
ment are recognized as legitimate and worthwhile projects for all
state and National Forest ECW camps in the vicinity of fishing
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waters, not only in Michigan but in almost every state in the union.
The children have come of age!

As evidence, witness the following report of the work as supplied
by Mr. George Young, Jr., Administrative Assistant in charge of
ECW in Michigan, covering this work from April, 1933 to Sep-
tember, 1936 : lake and pond development (another change of name
for our progeny)—34,238 acres, stream development—3,819.4 miles,
stream and lake bank protection—43,931 square yards including
treatment of 43614 acres of gullies.

As further evidence, consider the report of Mr. R. R. Hill, Assist-
ant Regional Forester, U. S. Forest Service, covering stream and
lake improvement in the National Forests of Michigan from 1934 to
1936 inclusive: 284.7 miles of stream improved, 38 lakes improved
by 1958 structures, experimental plantings of aquatic vegetation
to the extent of 5,914 pounds.

So much for the development of the infants. What of the actual
results of stream and lake improvement? The Institute for Fisheries
Research was charged by the Conservation Department with the
responsibility of watching the progress of the twins to keep them
developing along proper lines and to actually find out how much
good they were accomplishing. Clarence M. Tarzwell was selected
to check on and test out stream improvement; R. W. Eschmeyer
was to be the guardian of lake improvement.

The following facts are from recent reports by Dr. Tarzwell® 2
completed before leaving the Institute for other fields. KExperi-
mental sections of 18 streams developed and checked since 1930
show that:

1. The type of stream determines the kind of improvement. Log
deflectors only can be used in soft bottomed (other than coarse
gravel, rock or boulder) streams; log or boulder deflectors are effi-
cient in most of the harder bottomed types; dams are practicable
only where the bottom is firm and even in such streams some filling
will occur during floods so that eventually the permanent pool will
be below. Simple log dams with end cribs and board facings have
proven most successful.

2. The amount of ice forming in a stream limits the types of
structures which can be used and the manner of installation. Cover
devices must be submerged below winter levels and all structures
should be kept low.

3. Tree covers, slanting log covers, submerged bank covers, boom

iParzwell, Clarence M. Lake and Stream Improvement in Michigan. Proc.
N. Am. Wildlife Conf., 1936, pp. 429-434.

“Parzwell, Clarence M. EBExperimental Evidence as to the Value of Trout
Stream Improvement in Michigan., Trans. Am. Fish. Soc. (1936), 1937. (In
press.)
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covers, underpass deflectors and various styles of log or boulder
wing deflectors are most useful in Michigan streams. During the
fall of 1936 the author observed spawning brown trout were at-
tracted to gravel near boom covers on the Boardman River. Any
disturbance caused them to dart beneath these covers—proof that
they found these shelters of value.

4, QOak and tamarack are most suitable for stakes.

5. Sound dead or fire-killed timber is best for log structures.
Pine logs or ‘‘deadheads’ make the most durable deflectors; white
cedazr, the best covers.

Of the great variety and number (2,235) of experimental struc-
tures installed, the loss during a five year period ranged from none
to 30%. Anchored stumps and raft covers made up the bulk of the
loss due to heavy ice action. Certain structures proved to be much
more efficient than others in bettering trout environment.

In addition to providing shelter, deflectors exposed gravel areas
which trout were observed to be using for spawning and which are
also much more productive of fish food than the original bottom of
shifting sand. The sand was deposited in the lee of deflectors, be-
came mixed with silt and soon supported beds of water plants rich
in fish food.

Numerous counts of bottom food organisms taken with the quanti-
tative sampler before and after improvement showed that the strue-
tures installed increased the food supply from 4 to 9 times that of
the original bottom.

Counts of fish population as described by Greeley! were made
before and after improvement in two sections of one stream. They
showed an increase in the number and average size of the trout.
Creel census on this stream also demonstrated an increased yield
following improvement. However, more evidence of this type is
necessary to show definitely the value of various structures in
promoting the fish yield.

The undersized twin, lake improvement, meanwhile continued to
grow but less rapidly because the reasons for better fishing in one
lake of a group were not so readily apparent and the remedy not so
obvious. Results of the work are harder to check and properly
evaluate. In fact, the Institute maintains stoutly that a rather
detailed survey is essential to intelligent lake improvement.

Nevertheless, brush shelters of various shapes, sizes and com-
pactness have been tried out; several types of gravel spawning
beds have been used; slab, tile and other structures have been in-

1Greeley, John R. Pishes of the Upper Hudson Watershed, pp. 64-101 of A
Blological Survevy of the Upper Hudson Watershed, Supp. 22nd Ann. Rept.
(1932), 1933. N. Y. S. Cons. Dept.
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stalled for minnow spawning; and plantings of several kinds of
vegetation were made in different types of lakes. In other lakes
superphosphate was introduced to enrich the basic food supply.

Results of experimental lake improvement may be summarized
as follows:

1. Plantings of aquatic vegetation have not proven very success-
ful. It is our present opinion that such plantings do not result in
successful weed beds (except in newly formed lakes) unless the
existing environmental conditions for plant life (improper bottom
soil, severe wave action, acidity, etc.) are first improved.

2. Plantings of forage minnows have proven successful in a num-
ber of lakes lacking this food for game fish. Golden shiners
(Notemigonus crysolencas) seem best suited to the larger, weedy
‘‘pike’’ lakes. The blunt-nosed minnow (Hyborhynchus motatus),
the fathead (Pimephales promelas) and the northern dace (Chroso-
mus eos) are well adapted to smaller lakes where forage minnows
for bass, perch, ete., are needed.?

3. Slabs or flat objects at least six inches wide and placed on
sandy bottom in from 6 to 18 inches of water are preferred by
spawning blunt-nosed or fathead minnows. Evidence of the use of
such structures wlhen installed is available for a number of lakes.

4, Gravel piles (about one bushel each) placed in lakes deficient
in such bottomm are used by bass and bluegtlls for nest building.
Best results were obtained in water from 2 to 3 feet in depth and
the piles must be placed not closer than 8 or 10 feet. On soft bot-
tom, boxes to hold the gravel must be used. Logs or small brush
shelters in deeper water and close to spawning beds add to their
attractiveness to the nesting fish.

5. Brush shelters have been proven to attract fish. ILarge, loose-
ly built structures attract the larger game fish; small, compact
shelters were favored by voung game and forage fish. Sinee the
shelters are not equally attractive to all species (perch rarely use
them), they can be used to favor certain species which need en-
couragement. Crayfish and insects were also attracted to shelters
in considerable numbers.

‘While enough experimental work has not been done, especially in
the field of lake improvement, to demonstrate the value and prac-
ticability of many methods which have been suggested, the young-
sters show definite promise that if they are given the proper en-
couragement and direction they will be a credit to their parents
and will be of great assistance in building up and maintaining
better fishing.

iCooper, Gerald P. Importance of Forage Fishes. Proceedings N. Am.
‘Wildlife Conf., 1936, pp. 305-311.
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RESULTS OP STREAM AND LAKE IMPROVEMENT IN NICTIGAN
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Miohizan Depertrent of Conservation eand
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Stream and lake improvesrent were twin childrem of the depressiom,
conceived by an able fisheries scientist who could not bs faithful to purely
acaderxic interests but who ever and enon consorts with the practical side
of fisheries work to the bemefit of the anglere, These twins were the direct
result of stream and lake surveys in various scattered areas of the state,
The germ of the ldea was found in each group of waters studied, Io two were
alike and same were much better than others, Some rsasons for these sup-
eriorities were immsdiately evident to the scientist: bvottom types more
productive of fish food, pools affordirg more sdequete shelter or superior
spawning econditions, Ve suspect the psrent of these children received some
stimletion from resding Nuropean literature on streem improverent (several
books appeared in Incland a few years before cornception)j in fast we are
certain the developing embryos were “merked” by indul;ence in sueh literse
ture,
At all evemts the twins were born here in Ylchipan sanetime during
the year 1930, As i8 often the omse with twins, ome--strean improvertntee

was much more vizorous than the other and becare the favored child, The
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parents, like many of us, tried to rive the children long, dipnified narese-
in this case "envirommental improvenents"eebut few people would use them
preferrins the easier (and to them more understandable) terms used in the
title of this paper,

Our sciemtist did his best to start the ohildren in life but the off-
spring were poorly received, Xo one--least of all the parenteshad the money
to develop them properly, The state Conservetion Departrent, while acknowe
lodgins some interest end rezponsibility for thelr suprort, was in dire
straits for funds but helped all it could, Several wealthy fishing clubs
edopted one or the other of the infants for a time but eould not keep them
indefinitely, and then came thelr fairy godmother in the form of the Celele
and after comnsideratle persuesion (emd a little pressure, perheps) the
children were sdopted but with the Conservetion Department still acting as
guardiane At first they were piven little attention tut as they grew and
became notlced by the stortemen their populerity with their foster parents
increased until today stream and lake improverent eare recornited as le-itimate
and worthwhile projects for all state end Natlonal Forest E.C.'., carps in
the vielnity of fishing waters, not only in Michizan btut in alrmost every
state in the union, The childrem have ccme of agel

As evidence, witness the following report of the work as supplied by
¥r. George Young, Jre Administrative Assistant in charge of E.Cel¥s in
Kichiran, covering this work from April, 1933 to September, 19368; leke end
pond dovelopment (another change of nare for our progeny)-— 34,238 acres,
strean development--—w 3,819.4 niles, stroer and lake bank protection—— 43,951
square yards including treatzment of 4368 1/2 ecres of pullies,

As further evidence, consider the report of Mr. Re Re lill, Assistant
Regionsl rorester, 7, S. Forest sﬁm@, covering strean and lake improve-

ment in the National Forests of Michipan from 1934 to 1938 inclusive;
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284,7 niles of stream improved, 38 lakes improved by 1958 structures,

experimental plantings of aquatio veretation to the extemt of 5,914 pounds,

So much for the development of the infants, What of the actual results
of stream and lake improvement? The Institute for Fisgherlies Resecrch was
charged by the Conservation Department with the responsibility of watching
the progress of the twins to keep tham developing along proper lines and
to ectually find out how much good they were accomplishinge Clarence M. Tarzwell
wag selected to check on and test out stresn improvements Re We Csclmeyer was
to be the ruardian of laks improvenent,

The following facte are from recent reports by Ir. Tarswell completed
before leaving the Institute for other fields, ZIxperimental sections of
18 streams developed and checked since 1930 show thaty

le The type of stresm determines the kind of improveromt, Log
defloctors only can be used in soft bottomed (other than coarse pravel,
rock or boulder) streams; log or boulder deflectors are efiicient in
wost of the harder bottored t;pesy dams are practicable only where the
bottom is firm and even in such streams some filling will ocour during
floods so that eventually the permament pool will be belowe Simple
log deszs with end oridbs and board faocing have proven most sucocessful,

2, The amount of ice forming in a etroeam limits the types of
structures which can be used and the manner of installation, Cover
devices must be subuer;ed telow wirter levels and all structures should
be ket low,

3s Tree covers, slanting log covers, submerred bank covers, boam
covers, underpass deflectors and various styles of log or boulder wing

deflectors are most useful in Miohigen streams, During the fall of 1936

a;‘ Tarzwell, Clarence X, Leke and Stream Improverent in Michirane, Proc, Ne 2z,
Wildlife Confe 1938, ppe 429-434,

4 Tarrwell, Clarence X, [Cxperimental rvidence as to the Valug of 'rroux Stream
Izprovexent in lichigan, Trans, Am. Fish, Soc, (19368) 1937, (In press).
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the author observed spswming brown trout were attracted to pravel
near boom covers on the Boardmen River. Any disturbance caused them
to dart benssth these covers-eproof that they found these shelters
of wvalue,

4, 08k and tamarack are most suitable for stakes,

Be Sound doad or fire-killed timber is best for log structures.
Pine lozs or "deadheads™ make the most durable deflectnrss white cedar,

the best covers,

Of the great variety smd number (2,235) of exrerimental structures
installed, the loss during a five yoar period ranged from none to 307.
Anchored stumps and raft covers made up the bulk of the loss due to heavy
ice action, Certain structures proved to be much more efficient than others
in bettering trout enviromment,

In saddition to providing shelter, deflectors exposed rravel areas which
trout were observed to be using for spamning and which are elso much rmore
productive of fish food than the originsl bottom of shifting sand, The gand
was deposited in the lem of deflectors, becare mixed with silt end scom
supported beds of water plants rich in fish food,

Rumerous counts of bottom foeod orgenisms takenm with the quantitative
sarpler before end after improverent showed that the structures instelled
inoreased the food supply from 4 to 9 times that of the oripginal bottom,

Counts of fish population as described by Gmlcy&/ﬁore mede before
and after irproverent in two sections of ane streem, They showed an increcse
in the nmumber and everage sige of the trout. Creel census on this stream
elso derorstrated an increased yield following improverent, However, more

evidence of this type 1s necessary to show definitely the value of wvarious

gI/Grooley, John Re Fishes of the Upper Hudson Vatershed, ppe. 64=101 of
A Blological Survey of the Upper ludson Watershed, Suppe 22nd Ann, Rert,
(1932) 19334 HeYeSe Conse Depte
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structures in promoting the fish yleld.

The undersized twin, lake improvement, mearwhile continued to grow but
less rapidly because the reasons for better fishing in one lake of a group
were not so reedily spparent and the remedy not so obvious, Results of the
work are herder to check and properly evaluatee In fact, the Institute
maintaing stoutly thet a rather detailed survey is essential to intellipemt
lake improverenmt,

VYevertheless, brush sheltera of various shapes, sires and corpectness
have been tried cut; several t;pes of gravel szpewning beds have beoen used;
8lab, tile end other structures have been installed for minnow spesmiary
and plentings of several kinds of vegetation wore made in differemt types
of lakes, In other lakss superphosphats was introduced tc enrich the basio
food supplye

Results of experimental lake improverent may be summarized as follows;

1, Plantings of aguatic vegetatlon have not proven very success—
ful, It is our present opinion thet such plantirgs do not rasuli in
successful weed beds (except in newly formed lakes) unless the exist-
ing environmental conditions for plant life (improper bottom soil,
severe wave action, acidity, ete,) are first irproved,

2. Plantings of forsge minnows have proven successful {n a mm-
ber of lakes lackinz this food for game fish, Golden shinsrs

(Yotemironus erysoleucas) scem best suited to the larger, weedy

"pike" lekes, The blunt-nosed minnow (Fyborhymchus notatus), the

fathead (Pimephales promelas) and the northern dece (Chrosorus eos)

are well adepted to smaller lakes where forage mimows for bass,

perch, etc, are needed.V

yCOoper, Gerald P, Importance of Forage Fishes, Proceedings N, An,
wildlife Confe 1936, ppe 305-31le



8w

3. Slabs or flat ol jects at least six inches wide and placed on
sandy bottom in from 6 to 18 inches of water are preferred by spawning
blunt=-nosed or fethead minnows, Lvidence of the use of such structures
when installed 1s available for & nunber of lakees,

4. Gravel piles (about one bushel each) plased in lakes deficient
in such botiom ere used bylmss and bluegills for nest building, Best
results were obtained in water from 2 to 3 feet in depth and the piles
rust be plaoed not closer than 8 or 10 feet, On soft bottam, toxes
to hold the gravel must be used. logs or small brush shelters in
deeper water and close to spawmin~ beds 2dd to their attreoctivemess
to the nesting fish,

6« Brush sielters have been proven to attraot fish, Large,
loosely bizilt structures ettract the laryér gave fishy =mmall, conpact
shelters were favored by young ;eme and forage fisk, 8ince the sheliers
ere not equally attractive to all epecies (perch rarely use then), trey
osn be used to favor certain species whioch need encourageuent, Crayfish

and inscots wore also attracted to shelters in considersble inmbers,

¥hile enocugh experimentsl work has not been done, especially in the
field of leke improvement, tc demonstrate the value and practicability of
many methods which have been suggested, the youngsters asl.ow definite promise
that if they are piven the proper enouuragement and direction they will be
a credit to their parexts and will be of great assistance in Building up

and maintaining better fishing,
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