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The Emlluation of the results obtained by stroom. impl"O'f'lllncnt bas rooei.ved little 

attention. Y1ith the exception of the experimental work carried on in Michir,ar~ by the 

Inatitute £'or Fisheries Research, little or :no ,=,xperiloontel __ work ha.<J been done. The 

constJ"Uetion phase of the work has bean r;reatly enphasized, hnwever, and l.'D.VMt!'OUB 

papers have been written dealing with the :methods of etroom 1J!lprove1,'l.ellt• It is bolieved 

that :more oonaidetttion should be r;iver. to a study o:f the pei'tltnenco o.r.d utility of 

eaoh structure and to the changes produced by stream improvement. 

Althour,h the writer has been enge.1~ed sinee the sumnior of 1930 in the development 

of method111 for the improvement of trout streams, he bas not cc.:r:.fined himself' solely 

to the deviain1r of methods but has also endeavored .. Go evaluate each dovioe a.YJ.d learn 

its special value in the improvement of mrrlronmer:tal con<litions. Mauy structures 

·nere installed merely !'or experimental r~.i.aons in order that the-; could 'bo reoheoked 

and their action o'btwned and recorded. In 1931-, the rochecldn;· and evaluation 0£ 

-tho various t:;pes of stresm improvement devioos C'.:!lne to constitute en important part 

or the invest1r;atione• 

Three dii'.ferent methods ware ei:r,loyed ror the testinc and. avalua,'t;ion 'J~ ,.;J:i.e st.re111n 

improver.:-:eut methods used. 'i'he <!ifferent phases of the experimental work may be briefly 

listed as £ollows1 
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l. '.fhe d3tel"!ni!lation of th13 most pormanent. eoonomicel end eff'eetive 

structures f~r different types of streums 4:llld different situations 

2. The determination of the physical. and biolor,ical changes produced by 

each type of stream imprOV8Jl1e?lt device 

s. The evaluation of the rchysical and biolor.).cal changes produced. 

In order to car:ry out these i.nv(:st1gations effectively• it waa necessary to knew the 

atrerua conditions be.fore illlprovenicnt one. to take oomplete notes on the str..2ctures 

which were built. Special forms W(,:re devised f'or ta.kin6 these notes. Each structure 

was given a nu.mber and ·tag-ged with a non-corrosive metal tag end located by pao&a in 

relation to other stn::.ct;ures. The type~ ai~e and materials t:sed in each structure were 

recorded. 'l'he kind end extent of the bottom. types suoh as sand. gravel. rubble. muck 

end plant beds were not-ed as well as the depths across the stream at each yard tuld the 

nwnber• size and depths of the pools. These notes made it possible to determine at 

ea.oh aubsequent examination the catent of the physical chances produced by the ~ructures • 

E'u:n'Mtrous roohecka or the work were mo.de at ftVioua seasons of the year to deter.mine 

these ehane;eo and the ~:i:f'ficienoy of the structures rolati ve to eaoh season. As many 

s.e nine rechecks were made. Since it was knmJ?l that certain bottom types were 1nore 

procluotive of food tha·1 others. the extent of different bottom types produced wae 

eepooinlly noted. 

svveral :methods -wore ueed to evaluate t!'lo physical end biolocioal chances produced 

by the il'liprovewente. ¼,'llantitative studies of the bottom food organisms we1·e made cm 

variou.a bottom types so that the moat productive bottcm type end the relative pro

ductivity of each could be determined. ().:iantitative bottom counts of the £ood organisms 

were o.l.oo taken e.t the sites of the barriers bef'ore they were installed so that counts 

could be made some ye.ar3 later at the aSJr".c ple . .oe fl..'1.d the ef'f'eot of each structure 

~.etenr.i.ned• In addition to the food counts. c.i.uantitative counts of too fisl1 population 

werf.\ made in certain oectiOl!s of etream before ond llfter improvement. Creel censua 

studias were me.de in the 1:f_st Brnr..e1: ol' the Black Hiver before e.nd e.f'ter improvement 

to detenni..-ie chanr,ee in fishing returns. 



PFRHANENCY AUD EFFECTI'v1.mTSr OF STEJ-:JJ' 1 FROV?Ti11J'l' DCTICES 

!Totes have been taken and re<)hecks made at all soasons of the year on e. totP.l of 

2,235 barriers located in eip;hteexi different UichiGEL'l'l streruns. In addition. observations 

have been made on structures in the :mouuce.in si;ree.r..s or s«neral ·.-resteM states a.a well 

es on the work done in l!ichiean by ECW. Those nume~ous exrun.i.nations have supplied data 

relative to the stability. utility nnd comparative cost of' the different types oi' 

barriers; e:ind certain conclusicns have been reached in teeard to the d-3sirnbility ot 

the various types ox" devices which have been used and the :materials from which thcty 

have been built. 

Oak and tamarack haTe proven best for stakes. Sound dee.do:- fire-.killod timber ia 

:most des-irable. Fine loe;s or "dead-heads" have proven bost for 101_ deflectors., w'ttcreaa 

cedar haa been most satisfactory for covers. V1her-e the bottom is fil:TL end large stones 

are available• stone de.flectors are to be desired• 

The type of stre8lll determines the kind of inq,rovemen·t devioes wh.ioh should be t1soo.. 

Sand bottom streams are not suited to stone detleotors. streams which .flood seve~ly 

require different etl"Uctures M.d more bank prot€c·H~ tM ... , stre:ma whio'.,1 tard no~ S'J.iJjoct 

t-0 high water. In streams which have severe ice action• all cover dmces should be 

aubmerged and all structures should be kert. 1.ciw. 

Tree covers. slantil:.g log covers11 the various typ~s of subuerged bank covers., the 

underpass deflectors and the various typea of wine deflectors na.de of: locs or boulders 

have proved to be hest. It is concluded that the s:iJnple lor.; 6.am with end cribs ru:1d 

the board dam are the must sueeessf'ul types cf dava. Wl10n def.is are :,le.c"d over uort 

bottoms such as are found in ms:.1y Michigan stree.:.:·s, great care must be taken tc prevent 

undercutting. In sor:-:e .,treru:ne• Y• A end I deflectors enn be used to a.dva1:tage. Centsr 

co-ver.tJ b.Eve been found to be satisfactory only to stre8Jl1S whicn do not have sovo.ro fl®ds 

or ice action. The action of totally suomerged center coveri3 is better• It has btile)'..1 

found that sub.m.crp;ed covers held down with boulders have a tendency to becor...o f'illed 

unclerneath1 in streams whioh carry le.rr;e nnounts of sand. Underpass deflectors nre 

Vel"'J effective in f'orminc pools. In llich:tgan. drons often cau~c dept:>sits of barren 
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aand which covers large aroas of productive gre.val. 

Wing defleotors have proved to 'Le most effective in creating: mcky uiee.s., encouragine; 

plant beds., uncovering gravel when it is covere<i n"ith sand 8lld in producing graval 

end rubble riffles• It has been 1"ound that or.e of the chief .t\m.ctions of deflectors 

is to create bottom types which a.re r.iore productive of' food. .i'Ul deflectors, ho'l'rever• 

do not aid foot production. Tl:ose which have extremely lor.g directors produ1>e large• 

thin• mucky areas which a.re not stable. Food counts in e,1ch areas show tll8.t less food 

ia produced than on the original bottom. 

Large boom covers and raft covers have bAen i.'onnd to be unsatisfactor-.J on moot 

streams. nectangular bank covers held by stakes, square covors in the center ,.;,f the 

stream., tepee covers and Wl!'!dge covers when placed e.t the surface of the Wl\ter are un

aat1=1faotory in streams subject to heavy ioe• All oovers in such streams should be 

submerged. 

Wing de.flectors. w:L"lg jams. slanting logs and trees and bE'Ol covers have been found 

eff'eotive for preventing bank erosion. Drusll placed below dei'leotors is very l't$lpf'ul 

in ::mllding bars to narrow tho stream. 

With the exception or the structures built the first year (1930) in the Li"t;tle 

Manistee River in W.chi;::an., only a. fer: have been lost. S:i.nce the work on the Little 

Ma..-iistee River was the first to be undertaken many errors were made and al>0ut 3(¢ 0£ 

the structures were lost in five years. Du.r~g tho past five ~.?6ars -:;he loss in the 

streams under observation has boon ns f'olloviB: E~st Branch of' the Bleck Hiver • 2.S,:J 

Gamble Creek• 1%s Pieeon River. 10.8%; west Branot of the ~-;turgeon Idver. 2%J Se.lron 

Trout River, 4•°1%J and Black Uh-er, no losf>. stur:q..,a end rafti. covers c.:omr-0seii a larg• 

percentage of the loss. 'l'he relatively larr;e loss in the Pie.eon River is due to tr...e 

heavy ice action. 

.PHYSIC.AL AHD B . .:OLOGICAL CHJ'.l,:GW 

The efficiency of the various i:mproveruent structures in produeinr, denirable physical 

and biolor;ioal changes in -t;he atr8811l is oonsidP.rf'ld. a. mflnsuro of their eff'eetivenesae 
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Deflectors have proven most auoceaaf'ul in producing chanr,es in the type of bottom 

and these changes can be utilized as r. :measure o~ the effectiveness f'f these structures. 

Since pools and shelter are genorally reoor;nbetl ris essentials for ~ood trout p,-,oduotion, 

the sucoea1& obtaim,d in the produe't;ion of good. poo!.a., the deeponinc and cnlnrz:..ng vf 

aistinc pools and the es+.abl ishment of' perme.ner1t fflld ef feotive shel cer serves as an 

important measure of the effectiveness of stream illfprovemen-t. 

The :physical changes produced by stream in'Provamo-nt in six str&"-1:l.S are sunr.nrized 

in Table No. 1. Since pre'ltioally all the changes were produc:i9d by deflectors., the 

average changes have beoo. detel'nined on the basis of the number of deflectors. Th.ft 

average increase in average o.epi,h and pool depth Tepreeents the average amount which 

ea.oh structure increa&ed 'hhe average dopth of the stree:n and or the pools. Vcr-J cf'ten 

the depth was increased several times the origine.l depth. It will he noted that the 

de.fleotore wore more successful in so:me streams than in others. In the East Franch of 

the Black River, each dofloctor produGed on the a.7eraga eighty-two :,qua?"e feet ot plant 

bed• 392 aqua.re feet of mucky area_. 965 square foeb of rlf'i'le, and unoove~ed 144 uquare 

feEFb ot graveled. area. It may be noted that a greater area of plant beds was produced 

in the West Branch of the sturgeon than in any other stream. Since the cover devices 

caused plant beds to form in this stream the average produotion was obtained by dividing 

the total number of struetures installed. 

In the Black River., each deflector produ?ed on the ~vcra~, 2.021 aque.ro f'oat of ?.10re 

productive bottom.; whereu, 1n the Piceon River• oaoh deflector produced 1.418 squw-e feet 

of more productive area. In view of the fact that these areas are !'ram four to nine 

times as productive as the original bottonis., it 1.n apparent that doflootors oc.:.."l bo used 

to increase tho production of food organisms. 

L'VALUA'!'IO}; OF PHYSICAL .AJl!D I?IOL saC.JIJ, c,1.,urcr~s PTIODU1::ED BY TlIE 

The three methods used for the evaluation of the physical mid biolo~ieal changes 

produced by atreem mprovement are creel census, fish population studies and quantitative 

studiee of bottom food organism.a. Creel cerurus studies were undertaken on both the 



..s.. 

Pigeon River and the ;:a.at Branch of' the Blo.c!: River bui. only the returns f'rotn the East 

Eranoh of the Ela.ck River could be used since the recurna tram the Pigeon River were 

vei-J .,-,eager. The results of the creel oeusus on tho East Branch of' the Black River 

&re S"..:mmarhed in Table }f-,. 2. It may be noted that the fishing was woh ir.1proved 

after the installation of' improvement device•• 

The results obtained frOl'll the f'ish counts made before and after improvement are 

nut cnr.olunivo clue t:::• tho small r.1.unber ci oounts m..'\d.e• The cost of these count• 1.iJnited 

their number tt.1 four wh..'loh is too small a number .from which to drmr oonolusions. It 

is a:lt,Uf':1.eant, howevor ~ tlmt in r..11 inE:tanceG there were lliore legal trout in the 1m,. 

prov,cd s 1.;lct:i.on EW.d tl-•e -weir:ht per legal trout per :r.ile was rreater in the improved section. 

The average size of the trout ·••88 also greater after improvement. 

(~antitative food stutlies cer:-1ed 011 l>ef'or'e and. a:f'ter i:mprovsnent have defiritely 

a:1om. that food produ.;rl;ion is erea.ter 011 the bottom types pl4oduced by the improV'.m'..ent 

s--trucbu.roa than on tha original oottozr:• and that food produocion is r:roa-~er af'ter u... 

prcrnimont. The ooun:1:~ cl&Rrl~ indicate that ":.he typos o.r bottom produced by deflectors, 

nar.,ely • g:,:"1.'l.Vel :,md l'"l.tbblH• mucky area.es ,,r.d plant beds. a.re t.he roost :productive bottom 

typf'"-'• A total of 447 counts were made on si::t diffarent streams. The results of these 

counts are SWUD'larizoo in Table no. 3. It will be noted. that sand is the least pro

<'.'t!:>"tive. If a&"ld is 1;;iven the p:roducti7e ratin6 of 1. 1;he relative productivity of tlWJ 

other bot·corn t;rpes is as t'ollowsi .marl, 6J fine e;ravel,. 9J sand and silt. l0.5J gravel 

l'.<....'td t·ru1d, 12; sand, silt and debris, 13; gravel an".l silt,. 14; oht!.ra. and aH.t. 2?J 

} 00-~u10.;eton peotinatua, 28; rub'tle, 29J coarsee fravel. 32; chara,. 35J :rmicky aree.s, 35J 

:mec.ht.'il gravel., 36J Pota:i:101:::etou fi:i.lformin, 43J rraval Wl.d rubble, 53J sand and Sl'WNl.mth 

:plwta, G7J JWol:, &c.nd end pla.n:ta, 67J :noss on fire r;:ravcl, 89J m.oof! on ooarae gravel, lllJ 

:::noen on f:'l"&Vel and rubble, 140J V&lliane1--ia., l59J lism.'Ileulus, 1941 natereross1 301J and 

Elode.a, 452. The(te relo.t:t-ve producti't"itiee clen.rl;:: .. nhow how focd production in a 081:14 

r;ection is L"lcreasad by a 0ef'lecto1• which uncovers f'.ravel nnd which produces mucq 

r..ro.'ls and pla"Tt beds• 



A number of quanti·te.tive counts ware ?<.!.B.C1.e baf()re ant'i. ~er intprov8I:letrl;. These 

were ts.ken in the vicinity of tho barriers 1n order to obtain a direct check on the 

different structures. ~1!he results of' theso counts are ~ed in 'i'e.ble ?-Io. 4. These 

results show that the volume of food orr;anisms were three to nine times as great ai'ter 

illlprovertanb• 

In addition to the studies made in the vicinity of the barriers. studies wore made 

of .foe;d produe-cion in certain str~om seetions of th6 £ast Branch of the Black River 

before and atter improvement. 

?.'hen the improvSir.c:nts wore plf.ced in the :.::a.st L'ra.nch cf the Black River• ti10 

sections of' thA stre&10. were more im;ensely improved than the others• These are the 

au~otion~ just below the lower dam which eont.a':,ns barrier• 502 to 546 and 627 to 640 • 

and -'.;he section just !>el.ow the upper dam Thach contains barriers 582 to 614. 

'!he first section of the stream which is just below the lower dam• is fast and baa 

a gravel and rubble botto1n. It contain& forty-f'our deflector&• three dams anC,. thirteen 

covers, or· a total of sixty barriei·s. 'this seetion of the stream ie s.eM i'eet :tong 

ru•.d has an averar;& width of thirty-six feet .. indice:tine; an 11.rea of abot.>t 202.834 square 

:c"r,et • '!he barriers in this section produced 9 •390 £.qus.ra feet 0£ mucky flats• which 

11;; 4.6% of the total s.reaJ 1.165 square feet of pln.n.t boo.a. which is o.~ or:· t-h• 

tO".;al nreaJ end 62.550 square i'oet of ri.f:f'le., which is 30.8% of the total o.rea. Thua 

the lt!provementa have modh'ied about 361/., of the totrl urea of this secticm. of' the 

stream. Sinee these oodified areas are types of bot;tom wh.ieh are rioh in i'ood• a 

considerable increase in food produc::bion is indicated. Ti'.e oouflte Jmtde be:tore and after 

i.nprov00!8!lt show that on the average i;he mucky areas bela.: the barriers have four times 

as r:ruch rood as the original bottom. a.res.. These s&r'IB counts also ahow that 4.53 times 

as ri!Jch food wu~ found in the rii'fla areas produced by tr..ei barriers as was found in 

ches':! &lll!!G a:,,•8(ts bei"ore the !nstallo.tio:n of the ::.mprovemonta. Since theee oou:rrh were 

te.ke:.i over all the d.iiTe:re:nt bottcm;. ~s end since the stream bottca in this section 

is a rather unif'om mixture of .t'!ntt• Dlediwn B:ld coarse gravel and &ome rubble. the food 

produc-tion in ttd.s area before improve.nient is considered as unity. After improvement. 



however• 30.~ or the area yielded 4e5Z times as much food and 4.S,: of the area yieldecl 

4 timee e.a much, while 64.~, oi' the area produced the srune e.:rnvunt of i"ood. Tht,s according 

to these fit,-urea, it is oaloulatod that the improvements have incree.ned the i'ooo. organisms 

in this section 122•·• 

The second section which is below the upper cart containe thirty.three barriers. 

twenty-one or which are deflectors, wh:He the ren-.:S.i"lder,. twelve~ are covera. }!he area 

of this section is calculated to be 98.338 square :f'eei.. ,;efo,•e improvemeJ,t the ·oottam. 

in this section of' the str~ waa me.de up oi' r..edium gravel., sand, and. muck. The mndiua 

g1·avel covered 17 •960 square f'eet or 18% o:f the area. the mck oovered &ft (a mnxilll.ul'l eats. .. 

mate) or ,.942 square feet, while the sand covered 71% or 76104.6 square feet. The 

stretllll improvement devioes in thia section of' the stream n-.odi.t'ied a oonsidere.ble portion 

of the area. They uncovered 7 • 740 square i'eet of ?,ravel, whioh is 7 •8% of tho total 
I 

aree.; produced 1 •142;square feet of riffle area which i6 7 .~ cf the total aron1 form.ad 
I 

18.,455 square f'eet fot mu.aky area which is 18.5)& of the aroaJ O.":ld produced 4•582 square 

fef.rl; of pla.nt bed whi~h 1s ,.~ of the area. Thus thtt barriers have 1.1od.ii'ied ~rn.~~ or 
j 

the total a:--ea. Using the :=-esulta of 'the food ,iete::-min.:,.ti~1s; :!.t i~ ca.'.cul~ted ·thrrc 
'Ii 

the riffle areas :formed 'Oy the barriers produoe on the avnre.ge 4.53 times aa nm.ch :t"ood 

o.s the aeroo area produced before improvement. By uainf; the results of the food 

deternd.nations and the avern,ees in the volume t'.nd nUit,her of. f"oi,d ortruistlS found on 

each bottOlll type in i;he Ea.et Bra.nah of' the Ble.ok Ri'Ier., it is ;:ossible to caloulntc the 

• T!1Q rilatUl.ta of these. oal.culationa are dvqn in Table ~J s. ~ 
food proouetion l.ll, t1us section 01· tne stres.m bef'oreNld ai"ter imprOV'ement. I\ These 

oalc-ulationa show ,that tho voltm!$ of food. is dmost three times as great a..."ter impr-ovament. 

In eoncluaion,. it,:may be said that since the barriers r.nve -;:,een round to be relative

ly permanent and efficient in creating phy~ioei and biolor,ical cllanges,. ro:1d since 

these ohangea haTe been found to be beneficial to food produotio:1 and t'ish production• 

stream improvement ii conddered to be beri(,f'icie.1 to W.c:hi[;fU'l tl"Olrt atrcar.a. 



Name ot Stream 

Avera~e ID.crease 
1n P.VGra,$• De,>tt\ 

Avera~• ID.oreaae 
in .Pool :Defth 

New ;~oola 

lncreaa• in Pool 
Area 

Am.ormt or Gravel 
1inaovere.,:_ 

An;r. 1::xpo0&d by 
Ea.oh Detleetor 

Amount of IU..ffle 
Prod1J0ad 

J:ver. Expos-9d by 
l::ttch Lef"leotor 

Mucky LNG 
Prodac;z:d 

Aver. ::l'oduoed by 
Each DffleotoJ:..__ 

Area of :•1au.t 
L<'ldt ·roduced 

Avor. PlR t ::Jed 
,.'rod:i.ced by Each 
Deflector 

TABLE ?flJMBER 1 

Little Manhtei, Rivt9r F;. Branch or Blaok RiV$r Gamble Crfflc -
4.11 in. ----------

13.5 1n. 
_...., __________ _ 

280 128 1$ ---------

•• 122 .,. r_t,, 

290 sq. rt. ____ 9_65 sq. ft. 

154 S\• f't. 392 sq. tt,, 86 !4• i't. 

, 18 sg. tt. _________ B_2_e_q .... _r_t. __ _ l6L s~• f't. 



Name of Stream 

Avera,:;e I~roese 
1n Averar.• Depth 

. Avera_;e _:rcreaue 
in ool De :th 

::ff'W Poets 

Increase in eool 
Area -·-------

Am.o::.nt of Gravel 
~'!1.<;overad 

Awr. 1-:xposed by 
j,;aeh. ::eflactor 

Amo,mt of Ltfi'le 
?rodueed 

Aver. Exposed by 
I:;nch Defle.ctor 

Kw,ky~ 
Pl"od.uo•d 

Aver. f'rodueod by 
Eaeh ~.rlcc-!-;or --------

Area of 'la~ 
'3eds ,>rod®ad 

Aver. ;;hnt ,,ed 
/!'Orl'..teed by each 
Lie-"loator 

-------------------------------
Pi-·~ River 
.-? I a -

n. Bnnoh ot St~l\;eon .i:dver Black iiiver 

th2 in. l to 6 in • 

17.l in. 12.6 in. 2 to 25 in. -------------- -
120 17 

________ 1_a_ .... ,"' ... Sl ... •-· _,._,~--··-· ____ _ 

... 21,100 sq':.ll• 21 &,0.9...~_r ... t .... ____ _ 

452 lli• rt. 654 'f_,i.,•_f_t_:•------

306 sq. rt. 2o3 aa. rt. 

.. • 119 ~!l ~-____ ,.._:s_s_·_r_s.,.4_._ft_._" ___ _ ~93 ,sq. ~'t • 



--------------------- --·-----------------
------·--------------

Total Houre Flafutcl 

Letaal Fish Pe_ r Hour -- ...... * 

_f:._!_•-ry._,.Mt1_e,_1~.~.s_h_a_nna __ n_na_~ ..,;(,..., ____ ,.,.,_,_, ___ ,. 

.Percent of' Underaize '?r()1.tt in '!otal Gatoh ------------------·--·-

'Tl ti.sh 
.............. ,~-------

oh& fish --c-...--------
4.?4 fish 

,.,,.. T ••••• I ■-- •• 

2 fiab 

4.7 1nchea 

Af'tw 
1!:PrO't''811kSD.t 

250 i"hh 

lo7.5 houre 

1.495 fish ----, .......... ..,...-...,........._... 

i.oa .f'iah 

3.44 hours_ 

__ 2_, 1_,_t_____ -·- . 32% 



Table N\.mlber 3 

SUJ'I!mary of' the Averase Volume end Number of Bottom organisms on Various 

Bottom Types in the Six streams studied P,ased on 447 Bottom S8Inplea 

!fubbie Gravel Ooarse 
. l!edium n Pliii • 

and Gravel Gravel Gravel 
Rubble 

XD • ti gs !'1 tlJ Number of Srles 
Fetromyzonl e.e voi. .o64co. 
{~r~•L no. .064 

Gociiae vol. .o63oo. 
(Horse-hair Snake) no. .07 

ifi&r&,arliia vot. • ooioc. .oo!co • 
½water Mi.teal no. 1.47 .94 

o.!gochaeta voi. .inoc. .02lcc. .oS1cc. .o1oc. '.Mee. 
i:Wormal no. 4.37 .2s s.31 3.03 .s 
H rud!iiea voi. .bffloc. .!doe. 

~Leeches2 no. .001 3.67 7.l 
Gastropocfa voi. .oi,co. .MSoe. .dz§ec." ·.ntoc. .bicce 

(Snails) no. 1.06 1.9 .86 l.'1 .so 
taiie11ltranchia voi. .oi5Soc. .ooscc. • .17!oc. .ascc. 
(c~ no. .21 .1'76 a.1a 28.9 

vol. .ffioc. .63cc. .i'lsco. ' .66cc. .osoo. Dec 
(Craz!ishl no. .186 .67 .215 .2 .1 

iuiipliipoda •• voi. •.2S3eo. - .Die • .:D.cce 
1:udsl no. 17.7 27.2 13.9 

H pten. vo!. .ooSoc. .mco. 
?~~~~era 

no. .137 .143 2.6 
voi. .Boe. .aacc. .o'4cc.- .osoe. .Moo.· 

fHell~tes2 nc. 3.8 8.16 .sa 1.02 .5 
p ecoptera voi. .!Dec. .2Scc. .15100. e06cc. .Mooe 
Jetone-flies) no. s.ss 23.l,3 4.27 5.0S 1.0 

vol. e25Bcc. • aecc. .411cc. .Szoc • • .1Go. E hemerida 
~Ma.1-rlies) no. 43.48 265.6 130.6 117.9 1.2 

Odom.ta 
. voi • .'fflcc. • §§co. .Moc. .l!scc. .Ucc • 

~Dra~n-flies) no. s.s 8.5 3.44 2.4 2.1 
Coleop·era vo1. • 02Sec.· .1200. .osicc. ·.&roe. .o1cc • 

(Beetles2 no. 11.9 54.32 24.7 27.l. s.s 
Tr!cr.optora vol. .sl2ce. 2.04cc. 1.91cc. .B5oc. 

, 
.i§cc. 

(Cao.dis-flies) _ no. 138.16 56~.6 245.7 116.3 14.4 
Diptera vol. .4aec. I.Moc. .4~. .nee. .!Le. 

(Flies) no. 29.28 293.9 115.04 126.2 8.3 
voi. 3.8500. s.§Scc. 4.2i3iec. 4,76cc. 1,16cc. 

TOTAL no. 244.8 1222.2 555.32 462.8 52.9 -



Table Humber 3 (Cont'd) 

Summary of the Avere.r;e Volume a..'"l.d number of Bottom or~iams on Various 

Bottom Types in the Six streen11 Studied Based on 44 7 Bottom Samples 

floss 1.soa, Dose sana aiid Grave:[ 
Gravel on on Gravel and 

and Medium Fine with Silt 
Rubble Gravel Gravel Plant■ 

number of S&!,lGa § ! I ill g 
Petromyzoii! vole 4.S'co.· .a§cc. 

A{~) no. l .31 
vole vo 0 

(Horse-hair Bnake) no. 
Mytli=&iarlna vot. 
t'fater Mi:te•l noe .Aco. I 

Oigoc1iieti vol. .10oee 
(Wonna) no. 12.3 34.l - d 

Iil.rud!nea vol~ ""!'.OScc• 
(Leee~ no. .2 35.25 

Gastro vole • Mee. 1.2cc • .mcc. 
(Snails) noe .9 1 12 s.94 -Lamellibranchia vol. .00200. .acc. le06ec. 
~Cl~ no. .4 8 48♦93 

Ueea vo!. !.Roe. .!§co. .ozce •. 
~~shl no. .9 .19 .a 

vol. .'11co. 
{Soudsl no. 47.5 

neiiilptera.. vol. .mco. 
~Dug~ no. 4.'75 

ffeuroera voi'. 1.,0ce. .o&ic. 
fliellgrammitea} no. 24.6 l 

p ecoptm. vol. .§!cc. 1.2cc. • Ice. .mlco • .oicc. 
~stone-flies) no. 47.4 Sl 4 3.68 6 

l~pfiemerida vol. 1.Uoo. • ice • !co • .no'e • .2§cc. 
a£:t•£'11es) no. 76le2 10 16 251.3 a.s 

O a vol. 1.Roc. • !Sec. I.Moc • 
,Dragon-flie•l no. 10 l.l8 s.2 

coleoptera vo!. • Moc. . 
.bScc. .4oc. .rltcc • 

~eetlea} no. 227.6 20 80 4.5 •• T-choptera voi. s.1D'co. .§oc. .Moo. 1.6cc. .lloc• 
tCaddis-flies2 no. 2991.3 84 64 92.6 1 

15 ptera vol. 2.o!oo. 7.5eoe 8.78cc. .86lfuo. .14cc. 
(Flies) no. 458.6 210 484 236.3 7.4 

vol. Ia.~o. Ii.Mee. Il.82cc. a.14cc.-· 1.b5cc. 
TO't.AL no. 4535.4 358 728 643.5 21.a -



Table ?lumber 3 (Cont'd) 

Su mary of the Ave"-€~ Volume and Number of Bottom organisms on Various 

Bottom T~,1pes in the Six streams Studied Based on 447 Bottom Samples 

Number of s~lea 
Mromyzo~ voi. 
(L~r!a) 

Gorolae voi. 
~orse-hair Snake) no. 

H rGcarina - vol. 
iwater Yi.teat no. 

0 igociiaeta vol• 
½Wonu) no. 

ff rudfuea vof. 
(Leeohea_¾ no. 

Gaitrop'o vol. 
~ils) no. 

nthnmch!a voi. 
(Clmna) no. 

Deoapoda vol. 
:rJir:p'ish) no. 

lupoda vo1. 
(Scuds) no, 

'ii'em3.ptera vof. 

u~~$tera :t. 
(Hell~tes) no. 

Plecoi,tera vo!. 
(stone-flies) no. 

r;pherurida · vo!. 
(May-flies) no• 

6donata vol. 
(Dra;£n-flies) flo• • 

cofeo era vol. 
{Beetle1) no. 

Trichoptera vo1. 
(Caddis-fliea) no. 

Di pt era vol. 
(Flies) no• 

vo1. 
TOTAL no. -

Gravel'· 
and 

Sam 

'11 
e058cc;· 

.109 

.bffcc. 
17.38 
.oo!co. 

1.49 

.1§3<ic." 
.418 

.cn:200. 
.171 
.059cc. 

.112 
.oooicc. 

.125 

• Mtl7oc. 
51.6 

sand 
Silt 

and 
Debris 

A 

.oiee. 
6.4 

• • oSoc. 
3.4 

.osco. 
1.5 

.1 
• 17oc. 

17.8 

saiil 
and 

Silt 

14 
.Siioo• 

.71 

• oioc. 
.se 

.&:!cc. 
.1a 

1.SG7co. 
73.2 

<~and ., 

14 

.01 .nee • 

.os 

.01 

.6?J!oe • 
.14 

.iSco. 
1.c 

·crn 
and 

Silt 

1 

.Meo • 
6 

.1cc. 
1 

.c:s,cc • 
7 

s.Sacc. 
127 



Table Number 3 {Cont'd) 

Summary of the Average Volume end Mrunber of l3ottw. Organisms on Various 

BottOlll Iypee in the Six Streams studied I~ased on 44'7 P.ottom 3e.mples 

tiiclc Elodea ',';ate:r- . ·- - 'iraii!e-Renun,,., 
Sand Beds crest oulus neria 

and 
Plan.ta 

Number of P-~lea D I -r- I ! 
Petromyronl vol; .ifflcc. xs.zsoc. s.!Sec.- s.4oc. 

~Lamprali) no. .63 16 2.67 10 
r!o~diol voi. 
aorae-hair Snake) no. 

.iioo. raoii!iii voi. 
(water Mi tea) no. 17.9 8 

Oligoc'hieta. voi. 2Jlcc. .t':5ieo. • !oocc. t.§cc. .bscc • 
JWorms) no. 20.9 44 198.7 6252 222 

voi. .Igoe. .Secc. .oo1cc. 
. J rud:!iiea 

(Leeohea) no. 4 4 1.33 
Gastropoda vo1. .43cc. I.lice. 11.!!'cc. .!foe. 14.0cc. 
(Snaila) no. 58.l 152 214.1 48 744 

mtilbranchia vol• 1.15cc. 1.4cc. !.W1cc. ,:0cc. !.Seo. 
(Cl,¾ no. .88 120 364 14 544 

&capo voi. .Bee. 2.2sec. Z.6o'c. "" 
~yfish) no. 117.6 8 2 

vo1. .13oc. 2.57cc. -hipoai 
{Scudsl no. .21 206.7 

i1emlptera vol. -- .oofcc. .Mee. 
no. 4 2 

~Bu~ Neuro era vo1. • 4co. .2li1cc.· ~oo • .::!cc •• 
iHoll~tesl no. 12 10.6 29 20 

iVeooptera voi. • Rec. .oS'Soc. .btfoo • 
{Stone-f'liee) no. 24 1.33 3 4 

Epliemer!ai vol. • !~o. 1§.scc • '1.067cc. .!J!5"tfoc. .cmec." 
(~lies2 no. 99.8 620 244 24 38 

M vo:I. • 03co. • ice • .S§Scc. 2.25cc • .ice. 
(D~n-flies2 no. .13 12 4 8 24 

boi era vol. .oioc. 
(Beetles) no. .75 2.67 9 ' ~richoptera vo'!;; • 41cc. 1.4cc. .Sa1cc. .!ice. l.Ocoe • 

iCaddis-flies2 no. 16.3 40 12 12 • Diptera voi. i.!ico. 9.2cc. §.acc. 1.0cc. 1.1cc. 
(Fliea) no. 368.9 844 966.'1 329 162 vor. a.nee. 58.Scc,. !§.21cc. 25.~!200.- m>.fcc.• 

TOTAL no. 607.1 2020 2233.3 6777 1940 -



Table number 3 (Cont 1d) 

Suntnary of the Averag:e Vol\Ulle snd llumber of' Bottom Organi&m8 on Varioue 

Bottom Types in the Six streams studied Based on 44'7 BottOl!l Samples 

Potamo- chari Potmno- llueicy Mari 
geton geton Flata 

pectinatu■ tilif'ormia 
?iUmber or 8~lee I !5 :m !D 2 
Petrom.yzoni ae vol. .15oc. .14co. .MGo"o,; .Wee. 
<~l no. .16 1.1 .2a 2.8 

(}ord 0 vo!. .5cc. .d!co. 
(Horse-hair Snake) no. .25 .M 

HydrQparina vol• "".bo!ec. .ooiooe 
(·;.:a:bcr Mites) no. 1.32 .57 

Oligocfui'.uta vo1. .15co. .see. . • S!3cc.- . 
.iocc • .tffoe. 

(Wo,:k no. 1 16.8 403.6 5.? l 
=-i- 1.boc,. - ·.46100. .4~oce 

. m:rua vo ... ., 
(Leeche•~ no. 19.5 6.<:5 1.1 

~aitropode. vo!. • bsco. ';!Seo • • 19!en. .Uoo. -mtco • 
no. 1.25 0.1 6.74 .os ~Snails2 

tameli!'bra:nchia vo1. • moo. .21oc • • !ace. 
,..37 

.!9oo • .Msec. 
(Cl~ no. 1 44.32 18.48 21.z .os 

vol .. a49cee .2aeo. .... !&\cc. -;om--Deoa 

i£~fiS:h) no. l 1.4 1.,2 .14 
vo!., • i&o. .2i'fuc. . ..... 91!cc:·• ..... .• ~ * .4650(" • .-.1350<'• 

(Douds) no. 16.1 111.s 21.74 6,.32 31 
l!eiii!ptera vol. .om;;;: -.003oe. .isoc. .o'.tlfco.· · 
(~ no. .oo 27.54 1.1, 

• vol~ .mm .ooce. • Macc1." .H'.~o • Beu •era 
litHel~ammitea) no. 1.5 2 1.5 .38 

vol. • dl.Scc.' ·.tJ!cc. .txmoc • .moo. eco ra 
(::tone-fliee) no. .25 1.9 s.2 1.39 

Ephemeridi. vo1. • s15<io. ;6Ucc • • !'Ice. t.ftoc • .045eo • . 
a:flies) no. 17 11.74 101.32 31.2 6.5 

ta vo1. ~Seo. • ooco. .4Moc • .Mee• 
(Dr;ffl-flies) no. 1.25 4.t i.25 2.cs 

vof. ·™· •• ofoc. ·.004oca ~ • .b3cc. (}oleo era 
(Betrtlem) no. .s .a o.z, 18.5 11.s 

!r!elioptera vol• .6!'1co. 1.57cc. - -.'86cc, . 
• lgt'oo. .M.Sce • 

( Cad.dis-flies l nc. 2.75 1.22 78.04 17.7 3 
Diptera vol. • 17'Gcc. • i71cc. • !t?foc • .!!co • .MSoc • 

(F'liea) no. 15.25 68 1ae.1 91.3 16 ·- vo!. t.@sco. l.stoo. -s.l:!1cc"; 1.67cc. • .lffloc. 
TOTAL no. 70 295.08 8'75.92 214.9 89el -



Number ,;of' Sameolea 
Time in helation 

to Imyrovament 
Petl-om:raonid&e 
• (1!5?Nys) 
i!ydrocarina f l;a ter lU tea) 
01 gochaeta 
• (~forms) 
Hirud1nea 

( !Aoohes) ,w 
Gastropoda 

(~ila) 

D-ecapoda 
(Gn.Jffishi 

Hem-optera 
C l~!l+ira~'!;tes i 

?le'co?t•ra 
(Stone-fliee) 

BphemenJa -
O.ta~1•f.lias) 

Odona2_ ... 

i Di:-~ on-,:1 ~-e..!.L 
Co eoptera 

(!?oeetles) 

vol. -no. 
vo!. 
no. 
vol; 
noi. 

:r~c • vor: 
1'!)• ,,.,1. 
no. 
-.!~i. 
co. 
vol. 
nn. 
vol. 
Tl.')• -vol. 
no. -vol. 
~o. 
vol. 
no. 
vol. 
no. 
vol. 
nth 

vol. 
n.i>e -
vol. 
no. -

TABU; ?iUMJF R 4 

Nol"t-h Branch 
ot 

Auf:able River 

24 40 --
.le fore Arter .osa~,e ~ .16ee. 

.... 1"!112,.s ____ ._2 __ 
.066100. 

.042 

l .5 5 .o 
.h54c. S.19Geo. 

17.8 85.1 
.74co. .aoce. 

• ss .s • .oooc. --."""§""'s_o_c_: 
c:.s 12c.1 

- ..iltlif"..I ' .009oee e.i.8cc. 
1.58 38.l ,r-·-=o 
0 0 

.OSoo. --.""5""'9-5-cc-. 
.01 s 
·:19000. --~1-.~0~3~20-0-. 
27.5 389.? 
"';22seo". .sace. 
.ss 
·.001oc:. 

2.31 
.2sd'oo. 

lJ.60 
.12000·: 

13.70 

3al3S•oe• 
105,1 

.c556oe. 
~8.1 
1,9:Jcc, 
170,6 
1.5200. 

!t)2.2 

12,7960cc. 
1308.80 

l:Alst 3ranoh 
ot 

Black River 

16 27 

EefoN Attar 
.13:Sce. 

2.6 

.3 -- .,...... - .. .. 
.02000 •• 4oo 

.56 6.7 

.10 

• 

.lee. 
1.4 

,ODloc, 
.56 
,lolcc. 

u.1 

-."""ooo-""'J_o_c. 
,oe 

.0:.:)2oc. 
2,Y 

.075co. 
••M . . >*" J .00.1.oc, 
1,8 

.54eo. 
34.6 
.§!ca. 

363,4 
i,:llco";'" 
7.S 
.157oc. 

llt.5 
2.9so'c~ 

961.1 
.9a4oc. 

390.3 

d.ouco. 
1898.9 



number ot n&m;.:•lea 
'rilll9 in neiatlon 

to improvement 
k~et~aonidae 

V..ampreya > . 
ffydrocarine. 

rater Hites' 
0 i~oche.ota 

(·Jonns) 
l!'rudinea 

(Leocheal 

ll1branchia 
(Cl9.Ul9l 

Deoapoda 
• (Creztish) 

Amphipoda 
~eudo) 

· ptera 
.. ('HS•/ 

ifrich'.opt.ra 
{ Ce :ld i s•f'\ .;"GI) 

Diptera 
(~·lies) 

TO'r.AL 

TAB.Ll.:, tn?BLR 4 (Cont'd) 

vol. 
no. -vol. 
no. ,,;,r. 
no. 
vi,l. 
.r;.e. 
vol. 
no. 
vol.' 
no. , -vol • 
no. 
vol. 
no. 
vof: 
no. 
vol. 
no. 
voi: 
110. 

vol. 
no. 
v'oi~ 
no. 
vol. 
no. 
vol. 
no. 
vol. 
no. -vole 
no. -

Littlu Manistee Riffl' 

9 

BefoN 

-·---

-----

0 
0 

-• l9ficc. 
132.4 

"'!.ifoe. 
21,.2 
-.as5so. 
.9 
.9a4o,i. 

83.l 
I .02200. 
1.8 

.49ec. 
5.1 
·.1000 .. 
1.a ·,.tr5oc. 
1a":'1 __ 
-.2Ric. 
1 .a 

• i55oo. 
12.4 
-~705oc. 
n.a ... .. 
ff.Moo. 

154'1 -

?i67eon River 

8 10 

Before 
• OGoo. ., 

0 
0 
0 

0 -:mrco: 
2.a 
".oote"c. 

.1 
'i.o§oa. 

1 
0 

0 :-o---
0 

• ,:VJ -.vv3cc • 
• 1 a 
0 

• oSco 
1.0 
.o!cc. 

.s 

·•.odoo. 
ll 
·.1sec." 

9.9 ••If 
1•4\)CC • 

iw.s --

A.rtel" 
1.esoc • 

2 

i!.aaco • 
2'166.8 

.boo: 
6 

.Hoc. 
~i3.4 

.60-tJ.co. ., 

.oleo'. ., 
- .. 1 • .1.oee. 
ss.1 
1.S§oo • 

1'15.0 r.oaeo·. 
14 

.i7co • 
es.7 



.., 

F'ood production in a Seotion of the East Branoh ot the Black River Detore 

and Arter Impl'OVel1l8n't Calculated on the Baaie e>t Determinatlona ot Bottom 

Ol'ganlsma in the Stnam 

Average h·oduction 
on 4 14• ft. 

I -

Total 
Area i?r'oduetion 

Bottom Type 

.M.u.ot 

Gravel 

TOTAL 

• 21 cc. 

2.756 cc. ---------

16,105 sq. ft • 

J_,_9f2 •i• ft • 

17 ,''/91 Bi• ftw 

22,340 cc. 

.. 

·- Afte~lmgrn_v_eme_d ___________ _ 

Sand 

Muck 

Plant Bede 

ora.,.l Rittle 

Gravel 

1'C'I'AL 

• 21 cc. 

5.32 oe. 

2,756 co. 

48.995 

23.397 

• 686 11 · d 

IL 
1,1,2 

!', 719 

aq. rt • S!SOT co~ 

s9.. rt. 2s,s97 ••• 
' 

sq. rt. a109a cc. 

!4• rt. ~2,200 co. 

8(£• t't. ~0-141 CCh 

65,233 oo. 
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