Original: 7. MacChume
0t Seth Gordon (2)

mer prepared for Americsn Jame Conference, New York, November 26.30.
Report No. 182 Nov. 21, 1972
TIE TECHNTWE OF IMCROVING OFR PISFING WATERS
By Garl L. Hubha and John %, Oreeley,
Inatitute for Fisheries Reseprch
Oniverzity of Mighigan

The upbuilding of the game-fish rescurce i{s = complex problem involvins three
primary factors: (1) the erop harvested by the sportsmsni (7) the stock of the fish
specles gonc=rned, and (3) the entvromment of the fish,

Each of these three main factors involved in fish increase 1s rudject io
control by mamn, and has deen subjected to a grester or lesser jezree of control,

(1) The harvest or total eport catch can b#egulated by various restrictive
laws, These measures snd thelr enforcement have usually heen necessarvy and helpful.
But unlimited extemsion of regnlatory measures is m-nifastly inrafficient. Rer.
trictions ars esrentially means of saving, rather than of produoine.

(?) The stock of the given svecles of game fish oan be dirasctly ingreased by
fish eulture, Xfforte to tuild up the fish vopulstion by the eetsblizhment of
exotiec speclea, and by the contimad propagation of hoth foreign and native scvecie-,
have heen in zeneral well renaid., Pish oulture however has uv=ually vroven insuf-
fiolent in maintaining the stoek, not to mention increasing {t, Iven a grest
expantion of vrooagntion can not bte exnected to meet successfully the {ncreasing
drain on the fizh supnly. The effectiveness of sn unlimited increasse in fich
culture mst encounter the limitation set by the garrying capreity of the environ.
ment.‘ %hen thie 1imit i reached, we gcan not expeot more fish oroduction to
result from doubling the stocking, sny more than we can expect more corn production
to follow the planting of trige the normal amosunt of seed per acre. %Tven though
the carrying cmpagity of a body of water haz not been reached, greatly increasec

stocking faces the law of diminishing returns. We can have little doubt that the
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nearer the earryinz saracity le sonroashed, other frotors remaining emual, the smaller
will he the advemtare geained from each adiitional inersase In the munber of figh
plsnted,

The stock of fish emn he alded to by increasing natural renroduction =e wall as
by expanding artificial pronaration. This iz one of the fondamentsl mesns by whigh
the immroving of cur flehing waters can be axnected to heln inorease the fish supnly
and the fish orop., Imtural revroduotion can be inersased by meny forms of gwvironnental

control, amongz which we uay mention!

(8) sAllowinz fish sccess %o matural sngwming grounds..This can be sscomplished

by aonstrusting really usable fishways over dsmel byfemlating pond levels so fich
may reach and utilize such spawming aress se mgrehes, or strivs of gravel alons the
shores by cleaning nut feeders too chaoked for fish to readily nass through on their
spawning rana; by onenine un chamele into pdjncent lagzoon= or swales wmuitable for
sparning. (b) Ineremsing the sngwminsz faeilities. Tis can be scesmlished by exe
powing origzinagl agravel Yottome in itrout stresms, as has heen done bg%é‘h/ surrent.
accelerating deflectors derorited in sur Bulletin on ™e Pethodr of lmrrovement for
Hichizan Trout Streamm; vy proventins the turying of more gravel hottom thrrusgh erosicn
aontroli bty adding gravel to stream or lake bottoms for the use of =penles which
prefer to place thelr erge in gravel] bty inetalling .e;ravﬂ-fil\ed spaming boxws en
bottoms too soft to hold up gravel otherwise! hy addins lishter debris on very soft
hottome for the use of specien, like hluesilles and large-mouth base, which readily
utilise such mat=rial} by estgblishinz Millruzhes or other nlants whose stems or roote
serve to suoport the egzs of zartain smecles. (¢) Tinally, the natural recrosugtion of
game-tish gan be Angreased by nroviding effegtive gover in the ‘orm of brush shelters.
or otherwise, for the youn: fish sfter they have hatched.

Increazing the natural revroduction has of courrce the same limitation: az has
the exvanding of artificial propacation, MNerely adding %o the eiock of fish in any

given water will not inereses the fish vroduction berond the cavasity of thire antiron.
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ment to produce fish. And the nearer thie producing capscity is approached, the less
effective will be each additiom of another lot of young fish.

(3) Obviously the course to folow, wheraver and whenever practicable, 12 the
fmmrovement of our fishing waters so that they will carry more game fish, produsing
a larger crop for the angler to catch. The conditioms holdinz dowm the fish preduction
should be Pirst determined by a lake or stream survey. Them these conditioms should
be rectified. This 1s the essenge of the new idea of gnviroymental gontrol, as applied
to the fish suvoly,

The impraoving of our lakes and streams is being thown to be a really successful
method for the increase in our supnly of game fishes. The fish yleld has been very
much increased in sections of trout streasms whish have been {mproved, Good catches
of lake fish have been tade about bruzh shelters, immediately following their sonsztruo-
tion. S0 marked has been the inoreased cateh of fish about the new conatructions,
that many have questioned whether this new method 1s not merely adding to the depletion
of the fish supply. ¥Ye regard this logitimate criticism as unacund for the following
reasonst o %‘l

Unlmproved sections of a lake or stream, whish are unquestionsmlyddcpleted be-
cause the Pish take quickly to the {mnroved areas, remain gopable of holding as many
fish as before, and chogld hold them, after the fmnroved sections have become crowded.

There i{s some evidence that a large proportion of the fizh erop of most epegles
is not harvested bZy man. If thie ie true, it follows that attracting snd concentrating
the adnlt fish to make their ospture more certain, incressez the pergentagze which

the ang?r oatches and deeressee the vercentare going to the natursl enemies. It
mst not Te forgottem thot am increaze in the catah, un to the noint of not endanger-
ingz the future supv:oly)is cur primm objective.

It 1w possidle to construet the improvemsnts so that some of them will serve

as refugeds, insuring the survival of a brood stoek,
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A rednction in the @ar of adult fsh, when the population of large fish
is enywhere nsar the saturation limit (ecwrrying cspasity) adds to the growth of
the young replacement crop.

Pmutty, g:he imorovements 1f intelligently inetalled increase the reproduction,
sarvival and growth of the fish, through the bettering of conditions. The replacement
rate may thuz ds acceleratef, =0 as to Yrlance the ingreased depletion by the snzlers.

That the reproduction, survival and growth of game fishes in lskes and streams is
subject to ineresse through human oontrol is repidly passing from a theory to a
demonetration. Trout have repeatedly been observed eparning in gravel uncovered by
eurrent deflectorz, and in gravel which has been hauled into streams with sand or marl
bottom, and lake fish have utilized gravel zpsWming areas which have been added to the
shoals. XNearly 7000 young ard halfegrown fish by sctual eount, almoat all game and
pan fish, have Deen seined about s single small brush shelter. Cbservetions and study
have shown that the food for fithes ¢an Ve and hae been increased ,by such means as
improving the conditions for imseet larvae and vroviding °pawning facilities for
fer;wh. ‘

\Qho 1denl method is to {mprove a whole laks or stream, =0 as to make all sections
hebitable, to make sll food producing areas avellsble to the fish and to avold any
undue erowding of either fish or fishormen.

The wucces= resultins from the improvement of cur fishing waters is likely to
install over.confidense in its possibilities. Some enthusiasts are already heginning
to clatm that fish hatcheries may now be abandoned or greatly curtailed. Thie view

is no more justified in our opinion than was the baseless hone of come early fieh
culturieta that artificlal vroparstion would redider unnecessary all fish lawa, The

upbuilding of our game fish m’ptply’ requires every pozaible meanst laws and resulstions
wisely made and thoroughly enforced; extended and improved fish culture, and the

imcrovement of ocur fishing waters.
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The imorovement of fishing weters involves the reetoration of natural conditions
where these have heen destroyed. This i3 to be accomplished by suech fundementsl
chenge= as the aleviation of the siit and pollution miteances, the re-mesnderins of
unnegsssarily ditched stresme, the restoration of umsisely drained lakes, and the
construction of artificial lakes., Parbaps no other factor has been more {mportsnt
in the depletion of the fieh supvly, in ggriculturel end sandy recsions, than the
silting. 7his has resulted in the f1illing of holes, reducing the general depth and
smothering the natural food-producing bottom with a bdlanket of send or mud, to change
1t into & vaxﬂu'bh sfquatic dessrt, The control of moill arosion, the cmise of the
gilting, 15 demanded from all conservatlion viewpoints. The evil of pollution is too
well Imowm to need any restatement. It is not so generally rocognized th-t horoughly
treated sevage may be a great Yoon to fish life, for its s0lid matter is removed
and its excens oxygen-demand destroyed, while its fertiligine elamente (phosphates,
nitrates, notassium, etc.) are retained. These increaso the aguatic life, jJust as
the nams alements in ordinary fertiliszers increaze land aroves. The &draining of lakes,
marshes and bayous, and the Alitching of etreams, has been seriouvsly detrimental to fish
11fe, It 12 Vecoming realized that s=uch éralna~e has often been carried beyond the
needs of agriculturs. Conesrvation of 7fishing requires vrevention of uwwrize drainave
vractices and restoration of° high water levels when compatible with aerieulture. The
construstion of artifielal lakes is of oouree an especially important means of ine
aressings the fish supnly.

Thess. are blp.scale, fundamental methode for the increa<e of flah 1ife, in-
dispenssble to the attalmment of our poaml of going beyond the mere gonserving of
the dwindling fish supoly. These methode desal with streams or lekee as a whole. In
general they require state asstion, and tnvolve other wild.1life interests. We are
more parficularly concerned im thils paper with those methods of imwroving fish

conditions which are ussble by individuals, and whiech are deri/med for the direet smd
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immedinte Denefit of fishings in the part of the stream which has heen improved.

A technique for the immrovement of American fishing waters is rapidly belne
develoned, =ince this method for Pulldinz up the fish supply has been aprreciated
in many parts of the country. Like many other latent ideas, this one hss shréng
up independently and similtaneously in many places,

Fithout meaning to underestimate the imwortanee of imorovement methods
develoned slmsevhere, we chall briefly diccuar the technique of immroving fishing
waters as this ie¢ beinz developed in Michigan. In this state, the tmrovement of
pab1le trout streame has haen practiced sinase 1927, whem the Department of Qonzerve.
tion inmusurated the work. During the past three years (1930 to 1937), this astivity
has heen expande’, and the cheoking of the recult« and the related investigmtions
have heon carried on hy the In=titute for Mrheriec Nerearch. The first bulletin
of this Inatitute deals with WMethods for the Immrovement of Yichigsn Trout Streams%,
This publication goes farther into detail than is possibtle in this brief revort.

It may be vurchased from the Institute for Wisherles Research, Univer~ity of ¥ichirsan,
Ann Arbor, Michican. Lake imnrovement work has been develoved in a similsr fashion,
during the last two years, following and in conjunction with the lake surveys con-
ducted by the Institute under the support of the Michigan Divizion, Iszaak 7alton

Leasue of Amsrica.

Imorovement devices for streams may be roughly claseified as dams, deflectors
and covers.

Dans are designed to make poolr, varying in sige from those only a few inches
deeper then the original stream, up to large artificlal lakesx. They inerease the
av;ilahle water volume for fith life and create a fast water vool helow, provide
holding dDasins over periods of low flow, and increassdhe food suoply. Dams in

atrepme with low banks may overwarm the water and kill the dPruch where flooded. Om

such waterz they are\ ot desirable, Dams may bde milt of brulders, ueing ecare to
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chink stones in hetwsen the boulders, and Mnally usine zravel on the upper side to
- prevent leakm~e. Alternate layere of brush and stoner may Ve built um inte a sturdy
and watertisht dam. YLog dams are o004 if made nerrly or mite leak.nroof, and if very
securely staked down. The Hewit?! Dam has been deseribed and figured so often, and =o
many of them have been huilt, that a deserintion i{= not neses-ary. Several sther
tymes of damn for trout =treasms have been devieed,

Tarious types of Aeflegtors, descriddd in the hulletin on *"VMethodz for the Ime

provement of Michigan Trout Streams", are especlally well admpted to =andy low=banked

streams, Daflactors are designed to nut the current to work: to Po‘oe the stream to

{mrove 18self, Py careful planning, the current (unlese very sluggish) cen be made

to ereate and emlarge pools in sofi-lottomed streams to almost my degree desired,

with the expesotation that the cheltered pools ro ponrtructed will ineresse the carrying
capacity of the stream for large trout. The principnle of the deflector: i the bloeking
of emly part of the stream, thus concentrating and accederatinz the current where not
tlocked. Yhere properly slamted (30° to 60° downstream), this type of barrier docs not
greatly spresd out the water above, although 1t deevens the water several inches by
offering a vartial revistance to the matural flow., %4lting of the bottom 1= avoided.
"he desvensd watar asbove, the creviges shout the =tonme or log conztruction and the
despamed riffle below ars all attractive to fish, Tmased and wached gravel ineresres
the food nroduction mnd provides snamning rrounds, Weed beds vroduced in the lee of
the deflectors and in the muiet water helow furnish shelter aa well as food. The
gonetruction methods for deflectors are in genaral =imilar to those for dams, ™e
different types of deflectors includet wing deflectorz, =lamntecd downsiream from one
shore; V-defleators, confining the water to form n midstream riffle below the opening
in the Vi Y-deflectors, elmilar to the ¥'a but with parallel dAirectors delow; l-deflec-
tors, crovs.babs in midecurrent; A-deflectors, splitting the current againet either
banke: underpass deflectors, designed to szouge ocut s hole below, All thece types

are effective and useful in the proper eituation,
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Pigeing holes, uncovering gravel, producing riffles and establishing weed beds,
by means of deflectors, are all to the pood tut 4o not commlete the improvement of
a stream for trout. A small shallew pool with good dover is usually more acceptable
to trout tham a large open pool. And the large open pool can be greatly bensfited by
adding hiding places, Some e*reams or sections of streams already 3 fest or more
deep may need only rhelter to bulld up thelr carrying capassity. It is gemerally sound
policy to combine deflectors with covers, directing the aseelerated current ageinst a
cover. IRtvecially when the shelter devices rmdo with a front digzsing leg, the
strong ourrent iz foreed down to gouge cut a hole below, Thue the finest sort of
trout holee are vroduced. OQover types described in the bulletin already referred to
include the boom cover, Demdt raft, dank gover, triangle sover, X.cover, tepee cover,
stumna, bridze covers, "fish housre® or =lab aovers and stepping <tones, .

"he bhoom govers and Yend rafts are decigned to serve a doudble wurpose-—providing
shelter for trout, snd retsrding srésion on the ocuter swing of the bends, ‘fontrol.
ling streoam erosion 1= one of the mort fundamental mnd fmportant means of imnroving
etreams, as already vointed cut. "he planting of <hrube and trees along eroding
banks to orevent bank erosion, =% well a< to yield chade, snd the planting of treen,
grass or other cultable vegetation on high banks, to bind down the surfage =0il,
wvill no Acult become important methods of bettering stream gonditions. The Institute
for Msheries Besemrch now has & sraduste 2tudent tackling the=e orcoblems.

To ecunteract the tendency of stream immrovement to conoentrate the fish snd
to imneresse the catch, care chould be talen to balanoe the comditions co that el}
atres in the 1ife cycle will ' ¢ benefited. The first step, whare vracticsble, is
to retter spawning eonditions. The next ix to vrovide adequate chelter for the
youngz trout, Frosh snelters or weed beds can be estnblished snd little ~lde channels
o* spring runs can be cleaned cut for fry murseries, Other methods for the irmprovement

of trout stresme nre 2120 aveileble.

It has alresdr been demonstreted:

(1) That barriere (Aame, daflectors and covers) esm Ye installed chesply =nd

soundly,
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(2) That the 11fe-conditions for trout (shelter, epawninz and food) can by these
means be markedly dettered.

{3) ™at trout quickly respond to and take advantake of the bettersd conditiens.

(4) That lons stretches of heretofore troutlees or almost troutless water can
thus te made to yleld p00d catches of adult trout within a few months after the ine
stallation of well.de~igned im:rovements,

Tnvironmental control in lakes has aleo shown zreat promise. The improvemsnt of
lake conditions, for the basses snd other game fiches, promises to tzke a plass nlong
t{de of stream {mmrovement.

Prosrese has scpecially heen mede along the line of increasing rhelter for the
younz fish, ‘That young fizh ‘take readily to brucsh shelters has bheen clearly ob:erved.
As mentioned beﬂ)}ye. one fmall shelter was foumd to be harboring nearly TOOO young
gome fish., The sheltersz al«c serve to attract lsrge fich, and have thue increased
the fish cateh. Methods for the eomstruction and installation of bruch shelters are
tein- developed.

Exnarimente hove been unddrtcken to increaze the supsly of foreze fishi the
minnows on which the bass zrow bdblg. The blunt-nosed minnows i an especially valuatle
forar-e fizh, since it is nonepredacecus, and subeir-ts upon dottom mrteriale, with
the amall plant and animal 11 fe econtained therein, thus vrovidinc a direet link
ketwaen zuch food *nd the zame Mi+h which feed uoon the minnow, ™e sgee of this
minnow and 0f a few other forage fithes are desposited om the under side of the =ztones,
hoards or other ?1nt ohjects. Toards built into "minnow =lsha® are bound to be
utilired a= toawning nl-ees., TFxverimentsz in ponde have shown that the renroduction of
thece sneeles of minnow cnn be greatls Inereased by vroviding them with an adequete
cuantity of spawming surfnce. The vrineiple is baing annlied to lnkes, to increase
the growth end the mumheras of hass and other spedles of game fish, which feed upon
minnows,

Methods for the incercase of weed bede in lakee are being studied with the exe

vectation that practical measns for increasing weeds where they are needed will result,
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T™e establishment of ravel beds &n miltatle places han been accomplished aw nart of
the lake improvement vrograw. The edsence of gravel bede muitsble for spawning is
condidered to b one reason for the fatlure of mallemouthed bass to reprofuge in ger-
taln waters which saem otherwise well sulted. ravel added to lakes is zlso used by
soma of the pan “icher.

Adjoining lggoons which are rich end vell suited to ~upporting fish Jife are
being cornected by ditching to the lake, so that fish may utilire the favors=hble area
for feeding or spawning.

Nany thinss may bs done to maks our aguatic enviromments more productive of
fish 11f¢, The work Which has been done in ¥, chigzan Way be gonzldered a mere =tart,
¥any yvears of effort, by a great mumber of individuals, will be required before fish
environments can be made to yleld thelr maximum productivity. Mut the promise of the
vork already ascomplished leads us to predict thxt 1t will nrove nossible to incrasase

our sapprly of game fish teo an alundance wall teyohd the prevent level.



