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Stream and lake impronment ,vere t,vin children of the depres­
sion, coneeind by an able fisheries scientist ,vho could not be faith­
ful to purely acatlemic interests but ,vho 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 sm·veys in 
nuious seattered areas of the state. The germ of the idea was 
fouml in each group of waters studied. :No two were alike and some 
were mneh better than others. Some reasons for these superiori­
ties were immediately evident to the scientist: bottom types more 
productive of fish food, pools affording more adequate shelter 01· 

superior spawning conditions. ·we suspect the parent of these chil­
dren receiYed 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 l!J:30. 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 receiYecl. Xo one-least of all the parent-liacl 
the money to develop them properly. The state Conservation De­
partment, ,yhile acknowledging some interest and responsibility for 
their support, was in dire straits for funds but helped all it could. 
Revera! 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 gorlmother in the form of the CCC and after eonsiclrr­
able persuasion (and a little pressure, perhaps) the children ,yere 
adopted but with the Consen-ation Department still aeting- as 
g-uarclian. At first they were ginn little attention but as the,v 
grew and became noticed by the sportsmen their popnlarit~· with 
their foster parents increased until tocla~· stream and lake irnpron­
rnent are recognized as legitimate and wortlnYhile projects for all 
state and Xational Forest EC\Y r:amp;; in the vicinitr of fishing 
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waters, not only in l\Iichigan but in almost eYery state in the muon. 
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 
EG\V in Michigan, covering this work from April, 1933 to Sep­
tember, 1936: lake and pond development (another change of name 
for our progeny )-34,2:38 acres, stream clevelopment-3,819.4 miles, 
stream and lake bank protcdion-43,931 sqnare yards including· 
treatment of 4:36½ acres of gullies. 

As further evidence, consider the report of l\Ir. R. R. Hill. Assist­
ant Regional Forester, U. S. Porest Service, covering stream and 
lake improvement in the National Forests of Michigan from 1!)84 to 
1D36 inclusive: 284.7 miles of stream improved. 38 lakes improved 
by 1958 structures, experimental plantings of aquatic vegetation 
to tho extent of 5,914 pounds. 

So much for the development of the infants. vVhat 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 
goocl they were accomplishing. Clarence NL Tarzwell was selected 
to check on and test out stream improvement; R. W. Eschmeyer 
was to be the gnardian of lake improvement. 

The following facts are from recent reports by Dr. TarzwelP· 2 

completed before leaving the Institute for other fields. Experi­
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 chu·ing floods so that eventually the permanent pool will 
be below. Simple log dams with end cribs and board facings have 
proyen most successful. 

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

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

1Tarzwell, Clarence M. Lake and StJ."eam :improvement in Michigan. Proc. 
N. Am. Wildlife Conf., 1936, pp. 429-434. 

'Tarzwell, Clarence M. Experimental Evidence as to the Value of 'l'rout 
Stre"m Improvement in Michigan. Trans. Am. Fish. Soc. (1936), 1937. (In 
press.) 
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eo,·ers, underpass deflectors and various styles of log or boulder 
wing defledors are most useful in ::\Iiehigan streams. During the 
fall of 19:JG the author obsened spawning brown trout were at­
tracted. to gravel near boom eovers on the Boardman Riwr. Any 
disturbance caused them to dart beneath these covers-proof that 
they found these shelters of rnlue. 

4. Oak and tamarack are most suitable for stakes. 
5. Sound dead or fire-killed timber is best for log structures. 

Pine logs or '' tleadheads'' make the most durable deflectors; white 
cedai, 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 
whieh trout were observed to be using for spavming and which are 
also mueh more produetive 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 struc­
tures installed increased the food supply from 4 to 9 times that of 
the original bottom. 

Counts of fish population as described by Greeley1 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 1s 
necessary to show definitely the value of various structures 111 

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 surve~- is essential to intelligent lake improvement. 

Nevertheless, brush shelters of Yarious shapes, sizes and com­
pactness have been tried out; several types of gravel spa,vning­
beds haYe been used; slab, tile and other structures ha Ye been in-

1Greeley, John R. Fishes of the Upper Hudson Watershed, pp. 64-101 of A 
Bioloirical Survev of the Upper Hudson Watershed, Supp. 22nd Ann. B.ept. 
(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 ye;tetation have not proven very success­
ful. It is our present opinion that such plantings tlo not result in 
successful weed beds ( except in ne,vly formed lakes) unless the 
existing environmental conditions for plant life (improper bottom 
soil, severe wave action, aciclity, etc.) are first improved. 

2. Plantings of forage minnows haYe proven successful in a mun­
ber of lakes lacking this food for game fish. Golden shiners 
(Notemigonus crysoleucas) seem best suited to the larger, weedy 
"pike" lakes. 'rhe blunt-nosed minnow ( H yborhynchus notatits), 
the fathead (Pimephales promelas) and the northern dace ( Chroso­
mus cos) are well adapted to smaller lakes where forage minnows 
for bass, perch, etc., are needec1.1 

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 ·when installed is available for a number of lakes. 

4. Gravel piles (about one bushel each) placed in lakes deficient 
in such bottom are used by bass and bluegills for nest building. 
Dest results were obtained in water from 2 to 8 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. Large, loose­
ly built structures attract the larger game fish; small, compact 
shelters were fayored by youug game and forage fish. Since the 
shelters are not equally attractiYe to all species (perch rarely use 
them), they ran be used to favor certain species which neecl en­
couragement. Crayfish and insects were also attracted to shelters 
in considerable numbers. 

While enough experimental work has not been clone, especially in 
the fiekl of !ah irnproyement, to demonstrate the value and prac­
ticability of mauy methods which have bee11 suggested, the yonng­
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 builcling up and maintaining 
better fishing. 

1Cooper, Gerald P. Importance of Foraita Fishes. Proceedings N. Am. 
Wildlife Conf., 1936, pp. 305-311. 
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sti·eam and lake improverr.e~~t were twin chilcron of the depression• 

oonceiv~~ by en able fi•herie1 soiontilt who could not be fa.ithi\ll to purely 

acad.emi<1 interest• but who ever and 8l'lOn coneorta with the prn.etical side 

of fiahc,rlea work to the bonetit of the ln,f;lor. Theae twine were the direct 

result <>f stream and lake surveye 1D various scattered aree.a ot tho state. 

The cer.m of the idea we.a found in each group ot waters studied. lfo two were 

alilce and aatne were J112ch better than other•• so:z:r.e reaaona for these aup. 

erioritiea were ilm:'l&diately evident to the scientist, bottom types more 

producttve of fish food• pools af.fordiq_~ more ndequnte 1helter or superior 

spawning oondit1ona. We suspect the pa.rent of then children received aome 

etimulation from readilll".'. r.urope&.."l literature on atremn iJ:lproverr.ent (several 

books appeared in Enr;land a few years before conception) J in taat we are 

certain the developing embr,os wore •marked• by 1ndulr,enoe in such litera­

ture • 

.At all event, the tm..ne were born here 1n J.11chies.n ~ime during 

the year 1930. .Al ia o.rten the case with twina• one-stl'C8lll improvet.~nt­

wu moh more vi goroua than the other and becm::e the fa,;oNd. child. The 

.... , 
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parent ■, like many of ua. tried to rive the children lone. di{;!'.ified na=cs­

in this case •envirom:.ental. improvements"-but fffff people would use them 

prefe~ the easier {and to ther.:t more understandable) ter.c,a used in the 

title ot this paper. 

our scientist did hia best to start the children in life but the oft­

spring were poorly received. No one-lenst of all the parent-had the ?It:Jney 

to develop them properly. The state Conservation Depe.rb:ent • while acknow­

ledgint; some i.."'l.tereat and responsibility for their support. wu 1n dire 

strait■ for fund■ but helped all it could. several W8althy fishinf; cluba 

adopted one or the other of the in.f'anta for a time but could not keep them 

inde1'1nitely, and then came their fairy godmother 1n the fonn of the c.c.c. 

and after considerable persuasion (and a little pressure, perl-.apa) the 

children were adopted but with the Conservation Department still act~ u 

guardiq. At first they were r,iven little attention but aa the-; f;TCW and 

became noticed by the ■r.ortmnen their populnrity with their foster parent, 

increased until today ,tream a.".ld le.lee iJnprover;-.ent are recop;niied a.a lc:~i& ate 

and worthwhile project■ for all atate and Natioruu Forest E .c .~7. car.pa in 

the vicinity ot fishing watera • not only in l!.ichi::;an but 1n al.no st every 

atate in the union. The children have con:e of age l 

A• evidence• witneaa the following report of the work as sup11lied by 

:Kr. Geo:rge Young. Jre Administratift A1ehtant 1n charge of E.C.\T. 1n 

Michigan, covering tr.is work trorn April.,1933 to septE11C1ber, 19381 lake and 

pond dOTelop!:lent (another ohange ~ n.nn:e for our pror:eny)- M.238 aorea, 

atream development- 3•819.4 mile•• atrorur, and lake be.nk protection-- 43•931 

■qua.re ya.rda i:nokding treatr-..ent of 436 1/2 a.ere• of g:u.lliea. 

J..s further evidence, consider the report of Mr. R. Re Hill• Aadatant 

Regional Forester, u. s. Forest Service, covering strMI:1 and lake improve­

ment in the National Forests of Jtlchitan tram 1934 to 1936 incluaive1 



284.T miles of stream improved. 38 lakes improved by 1958 structure•• 

experimental planting• or o.quatio verotation to the extent of s.914 pounds. 

So moh tor the development of the infnnts • What of the B.Otual resulta 

ot stre9J:! and lake ilnprove~t, The Inatitute for I-'iaheries Research waa 

charged by the Conservation r.epartment with the responsibility of watching 

the progress of the twina to keep then developing along proper lines an4 

to actually find out how much food they were e..ocOC:plishing. Clarence u. Tarnell 

was selected to check on and test out atr881!1 impro"f'8m8!:tJ R. w. EaehCleyer waa 

to ~ the cuard1Bl1 of lake improvffl!lent. 

Tho tollowinc: .taota are from recent report• by Dr. Tarswell~OJ:l{lleted 

before leaving the Inatitute for other field•• E:Xperimental sections o~ 

18 stre.«rJ developod and cheeked since 1950 show thata 

1. The typ8 of stream determine• the kind or improver:ont. Lor; 

deitleotora o:1ly oan be used in soft bottomed (other than coarse cravel• 

rook or boulder) atrea.~sJ log or boulder de.f'lectora are efficient in 

-,at of the harder bottomed types J dams are practicable only whero the 

bottom 11 firm and even in auoh strewna some filling will occur durin{; 

floods so that eventually the permanent pool will be bolow. Si?:lple 

log druta with end cribs and board facing have proven most sucoesci"ul. 

2. The arr.aunt ot ioe for:ming 1n a etrc,e:m limits the type• o~ 

atructurea which can be used and the man."ler ot installation. CO'Vel' 

devices 1.m.ist be eubluerced below wi~er levels and all structure• should 

be kept 1cw. 

3. Tree covers, slanting log covers. submerr,ed bank covers, boom 

covers• underpass deflectors and various styles of loa; or boulder wing 

def'lectora are reost useful in Miohieen strea.ma. During the fall of 1936 

If Tarzwell. Clarer.ce !.'.e La.kc and stream Iznprovenent 1n lr:3.chlr;an. Proc. N. >.r.. 
Wildli.fe cont• 1'336 • PP• 429-434. 

J,-· Tarzwell, Clarence !c':. Experimental. ~dence as to the Valu-, ot Tro1-lt stream 
Improver.:;ent in Uiohigane Trana. A:llte F1ah. Sooe (1936) 1937 • Cin preas). 



the author observed span.ing brown trout -.ere attracted to c;ravel 

near boom coTera 011 the Boardman River. Any disturbance caused them. 

to dart beneath these covora-proo:t' that they found these shelter• 

ot valu•• 

•• Oak and tmt!8.r8.Clc a.re most suitable for stakes. 

~. Sound doad or f'ire-ldllod timber is beat for log structures • 

.Pine lois or •deadhead.a• mo.ke the m::ist durable defiect,,rsJ w'rlite cedar. 

the beat oover■• 

Of the great variety and number (2.235) ot experimental struoturea 

installed• the loas during a five year period ranged from none to ~. 

Anchored stumps an4 raft covera mad.a up the bulk or the loa■ due to heavy 

ice action. certain struoturea proved to be :aach more efficient than others 

In addition to providinr, ahelter. defieotora exposed r:ravel areaa which 

trout we.re obaened to be u1ing for apawnin!'; and which are alao mu.oh more 

productive ot tieh food than the original bottom of shiftinr; sand. The sand. 

wu depolited in the la of detlectora, beamn.e J!lixed with silt and soon 

supported beda of water planta rich in t'iah food. 

Nw!lieroua counts of bottom food orga.1'l.isma taken with tho quantitati-.. 

aa:mpler before e.nd after improvement ah.owed that the structures installed. 

inareaaed the food aupply from -& to 9 times that ot the original bottom. 

counts ot fish population &a described by Greel~ere made before 

and after improver.ent in two sections of one stream. They showed an inc!"eflae 

in the mm.her and average 11&e ot the trout. creel census on this stream 

a.lao deTo:c.strated an inoree.sed yield 1"'ollowinr; iln?ro~ent • However• mre 

evidence of thi8 type 11 neoeasary to ■how definitely the value of ..-arioua 

Vareoley. John R. Fishes or the Upper Hudson i1aterahed, PP• 64-101 ot 
A Biolorica.l Surve-J of the Upper Uudaon watershed. Supp. 22nd Anne Rept. 
(1932) 1933. B.Y.s. cona. Dept. 



irtructurea in pro!?IOtinf'. the f'ish yield. 

The undersir.ed twin• lake il:lprovanent. :meo.'1lmile continued to gTOlr but 

leas nq,idly because the reason.a tor better fishing 1n one lake of a t;roup 

were not 10 readily apparent and the remedy not so obvious. Results of the 

work are harder to check and properly evaluate. In tact, the Inati tute 

maintain.I stoutly- that a rather detailed aurvey ia eaaential to intelligent 

lake improvement. 

N'evertheleas• brush shelters ot TB.rioua shape•• si1ea and car:-.pactnes ■ 

have been tried. outJ aevera.l t::,rpes of gravel spa,rr,inr, beda have boon use4J 

slab, tile and other str-.Jctures have been inrtalled tor minn011r spmmL"lt::J 

and planting■ of several kinds of Tefetation wore made in different types 

of lakes. In other lake■ superphosphate was intrcduoed to enrich the b&aio 

tood eup1)1Y• 

1. Plantings of aquatic vee:etation have not proven very sucoess­

f'lll. It is our present opi.."rlon that sueh plantinr,s do not r:,sul t in 

suceeas.f'ul weed bed■ (except in newly formed lakes) unless the e."d.rl­

ing environmental oonditiona for plant lite (improper bottom soil• 

2. Plantings of f'ortl.{;e m1nnowa have proven suocessf"ul 1n a mm­

ber of lakes lacldnrr thia food for game tiah. Gold91'1 shinsn 

{Note!!'.izonus orysoleuoa.s) seem beat suited to the lar0er • weedy 

•pike" lake•• The blunt-nosed lllinnoW' ('f.yborh;echu.s notatu1 ). tho 

fathead (PL;;!Pha.les pro:mela.a) end the northern d8oe (chroaorus eoe) 

~ well ade..pted to smaller lak•• where forage :minnon £or bass. 

peroh • etc• are needed .V 

J7 ~ ooper • Gerald P • J:mr,orta.>toe of Forage Fiahea. Proceeding■ ?i • Am. 
Wildli!'e cont. 1936. PP• 305 .. ;311. 
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s. Slab1 or flat ol:,jecte at lea.at ■ix inch.el wide and placed on 

eandy botto?!l in from 6 tc, 18 inches or water a.re preferred by spmming 

blu.."lt-noaed or fathead Drl.n.--iowa. Evide~oe of the use ot auoh stn.:.cturN 

when inatalled. b availal)le tor a nwnber of lake•• 

•• Gravel pile• (about one bushel eo.oh) placed 1n lakes deficient 

in such bottom are used l>y?au and bluegills for nest building. Best 

result• were obtained in water .from 2 to 3 feet in depth and the pi~• 

mat be placed not oloaeii- than 8 or 10 reet. an sort bottom, boxea 

to hold the gravel llJU.St be used. !Ac:• or small bruah shel ten in 

deeper water and close °bl spmmin:; beda e..dd to their attractiveness 

to the nesting t1ahe 

s. Brush sl.eltera :bnve been proven to a.ttra.ot t1sh. Larr;e, 

loo11elybiJilt struc-'citres attract the larrer r,a::-.,o f1sh1 m:ulll, co.pa.at 

aheltera lfe!"e :f'a-rored by younr; r,ame and .f'ors-i,~e f'ish. Since the sheltera 

are not equally &ttrac~ive to all specie■ (perch rarely use the;:-,), they 

can be used to favor certain speoiea which need encourac;e:tient. :::rayf1sh 

and 1.naecta were aloo attracted to shelters in considerable numbers. 

While enough experil:l.ental work baa not been done, eapeo1o.lly in the 

field of lake i.:rrJrovement • tc, demo:r,atrate the value and praotieabili ty ot 

many method• which have been sur.,gested, the young:stera a:.ow definite pr011li.se 

that if they are riven the p:r'Oper eno:auragmnent and direction they will be 

a credit to t..'1.eir pare:rt1 an~i will be or great aaaistanoe 1n building up 

and mainta.inine better fiahi.?Lge 
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