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WAPTRIMSLTAL DVIUVENCE AS T TEY VALUBE

OF STRTAY IMPROVELEET IR BICHIGAN
{larence M, Tarzwell

The evalustion of the resulis obtained by streem improvement hes roceived little
attention, Viith the exception of the experimentel work cerried on in Michipar by the
Ingtitute for Pisheriea Research, little or no qxpermmm_‘mrk hes beon done, The
ecustruction phese of the work has been greatly emphasized, Hh:mever, end mmerous
papers have been vritten dealing with the methods of stresm improvement, It is belicved
that more consideretion should be river Lo a study of the permenence ard utility of
each structure and to the chenges produced by stream improvement,

Although the writer has been engared since the summer of 1930 in the development
of methods for the improvement of trout streame, he bas not econfined himeelf solely

to the devigins of nethods bhut hes also endeavored to evaeluate each device and learn
its speclal value in the improvement of anvirommertal conditions. Many structures
were instelled merely for experimental reusomns in order that they could be rechecked
eud their action observed and rccordeds In 1931, the recheckln; end evaluation of
the various types of streem improvement devices come to constitute en important pert
of the investirations,

Three dif{'ferent methods were arypioyed ror the Lesting and oveluetion oL the stream
improveremt methods used, The different phases of the experimental work may te Lriefly

listed as followss
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l, The datermination of ths most pormenent, economicel and effective
structures for different types of streams and differemt situations
2e The determination of the physical and biological chsnges produced by
sach tyre of stresm improvement device
3+ The ewvaluation of the rhysical end biological changes produced.
In order to carry out these investigations effectively, it was necesssry to inow the
stremn conditions before improverent and to take complete notes on the structures
which were built., Special forms wore devised for teking these notes. Zach structure
was piven & number and tagged with a nonecorrosive metel tag and loceted by paces in
relation to other structuress The type, size and meterisls used in each structure were
recordeds The kind eand extent of the bottom types such as sand, pgravel, rubble, muck

end plent beds were noted as well as the deyblis across the stream et esch yard and the
nutber, size and depths of the pools. These notes made it pcssible to determine at

each subsequent examination the ecxtent of the physienl changes produced by the structures.
¥umerouts rochecks of the work were wmade at verious ssasons of the year to determine

these changes and the efficiency of the structures rolative to each season. Ais many

a8 nine rechecks were made. Since it was known thet certain bottom types were more
productive of food tha: others, the extent of different bottom types produced was
egpacinlly noted,

Suveral methods were used to evaluate the physical and biclogical changes produced
by the improvements., tuantitetive studies of the bottom food organisms were made on
verions bottom types so that the most productive botiom type and the reletive proe
ductivity of each could be determineds. ‘uantitative bottom counts of the food orgenisms
were slsc taken ot the sites of the tarriers befere they were inetalled so that counts
could be rmaede some years later at the same plece and the effect of each structure
determined, In addition to the food counts, ¢uantitative counts of the fish population
were made in certain sections of etream before ond after improvemente Creel csﬁm
studiass were mecde in the Trst Hraneh or the Black Hiver before end efter improvement

to determine changes In fishing returnse
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VRHANENCY ANDy FFYECTIVARESE OF STRIUAF 10 PROVIIWET DUVICES

lotes have been teken and rechecks made &t all scasons of the year on e totel of
2,235 barriers located in eiphteen different Michijaen streems. In addition, observetioms
heve been made on structures in the mouncein streems ol seversl vestern stetes as well
aes on the work done in Michipan by FCWe These numerocus examinations heve supplied data
reletive to the stability, utility snd comparative cost of the differemt types of
barriers; und certain conclusicns heve been ireached in Fegard Yo the dasirability of
the verious types of devices which have been used erd the materials fram which they
have been built,

0ak and tesmarack have proven best for stekes, Sound dead or firswkilled timber is
most desirable, Fine logs or "dead-heads” have pruven bost for lo: deflectors, whereas
cedar has been most satisfactory for covers, Uhere the bottom is firc and large stones
are availabtle, stone deflectors are to be desired,

The type of stream determines tho kind of improvement devices whioh should be used,
Sand bottom streams are not suited to stone deflectors, Streame which flood severaly
require different structures and more beni protecetlom taan sireums whieu are not suvjoet
to high weter, In streems which have severe ice action, all cover devices should be
submerged and all structures should be kept lew,

Tree covers, slanting log covers, the various types of sulbmerged bank covers, the
underpass deflectors and the wverious types of wing deflectors rede of lops or boulders
have proved to be hests It is concluded that the simple lop dam with end cribs und
the board dam sre the rwst successful types cf dana, When dans are placed over acft
bottoms such as ere found in meany ¥ichipan streesis, great care must be takem tc prevent
urdercuttinge. In some stresms, Y, A and I deoflectors con be used to advantages Cemter
covers hevs besn found to be setisfectory only to streems which do not have sevare flouds
or ice amction. The action of totally suomerged center covers is better. It hzs beeu
found that submerged covers held down with boulders have a taudemcy to becomo filled

underneath, in streams which carry lsrge amounts of sande Underpass deflectors ere

very efiective in forming pools. In lichipan, dems often causc deposits of barren
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sand which covers large areas of productive grevel,

Wing defleotors have proved to be most effective In ereeting mmcky areas, encouraging
plant beds, uncovering gravel when it is covered with sand snd in producing gravel
and rubble rifflee. It hes beem found that one of the chief functions of deflactors
is to create bottom types which are more productive of foode All deflectors, hwvever,
do not aid food prcductions Those which have extremely lorgs directors produce largs,
thin, muoky areas which are not stable. Food counts in ench arcas show that less food
is produced than on the original bottom,

Large boom covers and raft covers have been found to be unsatisfactory on most
gtreams, Nectanguler basnk covers held by stakes, sqguare covors in the center of the
stream, tepee covers and wedge covers when placed et the surface of the water ere une
satizfaotory in streams subject to heavy ice, All covers in such streems should be
submerged.

Wing deflectors, wing jams, slenting logs and trees snd bemd covers hiave been found
offective for preventing bank ercsiona. Brush placed below deilectors is very helpful
in building bers to narrow the stream,

With the exception nf the structures built the first year (1930) in the Little
Manistee River in Michijan, only & few heve Leen loste Since the work on the Little
Menistee River was the first to be underteken meny orrors were made and about 307 of
the struetures were lost in five yeafn. During the past five vears the loss in the
streoms under observation has been as follows: Host Branch of the Bleck #iver, 2.87;
Garble Creek, 13 Pigeon River, 10.6%; Viest Dranclh of the Iturgeon kiver, 273 Salron
Trout River, 4,773 and Dlack River, no loss, Sturps and rafﬁ_covers composed w large

percenttage of the lesece The reletively larre loss in the Pigeén River 1s due to the

heavy ice actiom,

PHYSICAL AND BuOLOGCICAL CHANGLS

The effieciency of the wverious improvement structures in producing desirable physical

and biolopiosl changes in the stremm is considered a messure of their effectivenccse
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Peflectors have provenr most successful in producing chenpes in the type of bottom
and these chenges can be utilized es ¢ memsure of the effectivemess of these structures,
Since pools and shelter are genorally recopnized ns essantials for sood trout production,
the success obiained in the production of good pacis, the deepening and enlarring of
exigting pools and the eshablishmeat of permemernt and effective shelier serves as an
important messure of the offectiveness of stresm iwprovement,

The rhysiecel changes produced by streem iwprovemont in six streams ere surmarized
in Teblse No. 1. Since prastiocally all the chanpes were produced by deflectors, the
everage changes have besn determined on the basis of ths nmumber of deflectors., The
average increase in averapre dept.h and pool depth represemts the average amount which
esoh structure incressed the evereze depth of the stream end of the poolss Very cftem
the depth was increased several times the originel depth., It will %o noted that the
deflectors wore more successful in some streams than in otherse In the Zast Pranch of
the Black River, cach deflector produzed on the averapgs eighty=-two square feet of plemt
bed, 392 square feet of mucky area, 965 square foet of riffle, and uncovered 144 squere
feot of graveled area, It may be noted that a preater area of plent beds was produced
in the Vest RBranch of the Sturgeon than in any other streams. Since the cover devices
cgused plamt beds to form in this stream the average production was obtained by dividing
the totel number of structures installed,

In the Black River, sech deflector prodused on the averags 2,027 squars foot of more
productive botiom; wheress, in the Pigeon River, cach deflector produced 1,418 squure feet
of more productive area, In view of the fact that thess aereas are from four to nine
times es productive es the original bottoms, it in apparent thet defloctors cum bo uesed

to irecreese the preduction of food organisms,

EVALUATION OF PEYSICAL AFND PIOLGICAL CHANCES PRODUCED BY THE
UPRCYTITENE PIVICES
The three methods used for the evalustion of the physicel and biolozlcel changes

produced by streem improvement are ereel cemnsus, fish population studlies and quantitative

studies of bottom food organisms. Creel cemsus studies were undertaken on boih the
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Pigeon River and the Iast Branch of the Bleeck River btut only the returns from the Rast
Eranch of the BElack Hiver could be used since the returms fram the Figeon River were
very meagere The results of the crsel census on the Zast Branch of the Black River
ere sumnmarized in Teble Xo. &4 It may be noted that the fishing was mch iuproved
af'ter the installation of lmprovesient devices,

The results obtaived from the fish counts mede tefore and after improvement are
net corclunive due to the smell number ¢f counts madee The cost of these counts limited
their number to four which is too emall e rumter from which to drew oonclugione. It
1s siymifieant, however, st in cll inetances there were nwore legel trout in the ime
proved section snd the weight per legal ftrout per mile was preater in the improved sectione
The average size of the trout was also greater after improvement,

qusntitative food studies carried on before and after improvement have defiritely
shomm that food production is grester on the bottom types produced by the improvement
structures than on the originel vottomr, and thet feod production is gsreaSer after ime
provement., The coum”s eclearly indicate that “he tynes of bottom produced by deflectors,
nanely, gravel and rudbble, mucky areas .cd plant Leds, are the most productive bottam
typese 4 totel of 447 counts were made on six difforent streams, Thé results of these
counts are sunmerized in Teble lo, 3, It will be noted that send is the least pro=-
cuotive, If sand is given the productive reting of 1, the rclative preductivity of the
other botiom typee is as follows: marl, 63 fine pravel, 93 sand and silt, 10,63 gravel
end rand, 123 sand, silt and debris, 133 sravel and silt, 143 chara and silt, 27;
Potirwzeton pectinatua, 283 rubtle, 293 coarce gravel!, 32; chars, 303 mucky areas, 353
melium gravel, 36; Potamopeton fiilformis, 433 gravel end rubble, 533 sand and prawel.with
plents, 673 muck, scnd end plants, €73 moss on fire sravel, 89; moss on coarse rravel, 1llj
o3 on cravel and rubble, 1403 Vellismerie, 1593 lanunculus, 1943 Viatercress, 3013 end
flodea, 452+ Thesre relative productivities clesrly show how focd productior in a sand
goction 1s increased by a deflector which uncovers cravel and which produces mucky

eroas and planh beds,
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A mumber of quantitative csounts wure nede bufore and «fter improverent. These
were taken in the vicinity of the barriers in order to obtain a direct check on the
different structures. ¥he results of these counls are swmarized in Taeble Yo, 4. These
results show that the volume of food organisms were three to nine times as great eafter
improvensent,

In addition to the studies made in thc viecinity of the barriers, studies were made
of fucd produccion in certain strsam rections of the fmst Branch of the Black River
before mnd after improvemort,

#r.en the improverants wore placed in the ast Branch c¢f the Black River, two
seotions of the stream were more iniensely improved than the otherss, These are the
sectiond just below the lower dem which contains barriers 502 to 546 and 627 to 640,
ard the sectlon Jjust below the upper dam which contsins barriers 582 to 6l4,

The first section of the stream which is just below the lower dam, is fast and hes
a grevel and rubble bottoms It contains forty-four deflectors, three dams and thirteen
covers, or & total of sixty berriers. This seetion of the stream is 5,634 feet long
ard has an average width of thirty-six feet, indicating en eres of asbovt 202,834 aquare
feet, The barriers in this seotion produced 5,390 equere feet of mucky flats, which
is 4,67% of the total areay 1,185 square feet of plent beds, whioch is 0.57 of thke

total areaj and 62,560 square feet of riffle, which is 30.87 of the total crea, Thus
the luprovements heve modified about 36 of the totrl area of this section of the
streans JSinve these modifled areams are types of bottom which are rich in food, &
considerable inorease in food production is indicated. Toe oouﬁ__s made before and after
improvement show thet on the average tne mmcky ereas helow the barriers have four times
a8 ruch food as the original Lottom erea. These sare cowrts also ghow thet 4,53 times
88 ruch food wee found in the riffle arees produced by the barriers as was found in
ches> swiais ai'ens befure the installution of the Improvemonts, Since these counts wore
tekesa over all the diifferemt bottom types end since the stream bottom in this section

is a rather uniform mixture of iine, medium #ad coarse gravel and some rubble, the food

production in this srea before improvement is considered as unity. After improvement,
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however, 30.8% of the area yielded 4453 times as much food and 4,67 of the area yielded
4 times as much, while 64467 of Lthe area produced the sems emount of food. Tims according
to these figures, it is calculatod that the imprevements have increessed the food organisms
in this section 122,5%.

The second section which is below the upper dar. contains thirtyethree barriers,
twenty~one of which ere deflectors, while the remainder, twelve, are covers, "hs area
of this scction is calculated to be 98,338 square feet, sefore improvement the vottam
in this section of the siream was made up of nedium gravel, sand, end muck, The medium
gravel covered 17,550 square feet or 18% of the area, the muck covered & (e maximm estie
rete) or 4,942 square feot, while the sand covered 77 or 76,048 square feet. The
strean improvemsnt devioeé in this section of the stream modified e considerable portion
of the area, They unc:t‘zvered 7,740 square feet of zravel, whioch is 7.8% of the total
arees produced 7,142 square feet of riifle area which i3 7,27% af the total areaj formed
15,455 square feet ‘;’of xnnuky area which is 13,57 of the aree; and produced 4,562 square
feet of plemt bed which is 4467 of the srem, Thus the barriers heve nodiiied 38,1 of
1the total area, Usiné the results of the food determinations,; it is calculated that
the riffle areas i‘or,n'i;ed by the barriers produce on the averege 4,53 times asg much 2
as the seme area prééuced before lmprovement, By using the results of the food
determinations and the averages in the volume end rumher of foed orgsrisms found on

each bottom type in "hhe fagt Bransh of the Black River, it is ;o¢sslible to calcoulats the

food proauotion rﬁhlétsse%fti&e%? % s%eilteamm%e%z eg'i g eﬁegebilﬁ% 2 5' tﬂi\ These

caloulutions show thet the volume of food is olmos: three times es great after improvement,
Ir e¢unclusion, it "may be said thel since the tarriers have Deen found to e relativew
ly permenent and efricient in ereating physicsl end biolericsl changes, ond since
these chenges have been found to be beneficisl to food production and fish productlonm,

stream improvement ig considered to be beneficiel to Michipan trovt strears,



TABLE NUMBLR 1

SULMARY OF PHYT.CAL ALD BIOLCGICAL CHAHGES PROLUCED IN SIs RIVEARS

Yame of Stresm Little Manisztee River Ees Branch of Blaok River Gaxble Creek

Avera;e Inorease
in Zvers:e Devth _ 4.1 in, 808 1ne 3¢4 in.

Avers.e increass
in ool Tepth 135 in. 10.68 in, 12,2 in.

Hew “ools 280 128 78

Ineresao in Penl
Area __5,309 sq. ft. 13,744 8Qe Pt

Raount of lravel :
‘noovera:. 37l265 5qe e 10,840 83. fte 6,454 5qs Tta

Aver. Lxpeosed by
Lach Deflestor 268 8g. f't, 144 8ge Tt. 122 8, £t

Amount of iiffle
Produced 40,620 a8gqe Tt 72,372 8¢ te 3,500 8qe fta

Avor. Lxposad by

Lach lafleetor 290 sg. Tt. 965 8qe fte 85 ege £
Yusky Lrea
2roducad 21,680 sg. 25,4456 sg. ft. ; 4,685 8qe Tt

Aver. -roduced by ) X
feach igflector 154 59+ f'te 252 sq. Pt : 85 8qe It

Area of lant
ads Croduced 10,980 £3. Tt 5,126 8Q. 7te 2,351 sq. ft.

Avore Fla t Zed
“roduced by besh _
vofleotor 78 8gq. ft. B2 8ge e 15 5Qe 't
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TAKLE NUMSER )1 (Cont'd)

INAL AND #OL o TO8L UVANGES YRLDEC

IVERE

Hame of Stream

Lvere e ITnoroese

Pi;_,m Rivepr

iie Branch of Itur;eon itiver

Elack xiver

in Avera:e Ieuth Be7 ine Ged ine 1l to 6 ine
iveraje ircroaze

in 00l le th 17.1 in. 12,5 in. 2 %o 26 in.
Tew Poclsg _}20 B 17

Increass in Poul
Lrea

Amount of uravel
Taeovarad

26!010 Eq' Ft »

600 53+ T,

Aver, Ixposed by
reeh Tefleetor

542 aq. G

18 80e "Tu

Lanounk of 1iffle
sroduced

21,700 Bq, ft.

21,800 53s f'te

4.400 G e L.

Aver., Exposed by
ueeh Deflector

452 8. ',

662 Q. £t

734 60, fhe

Y¥uoky Arew
Produced

- 14,840 sg. ft.

6,695 8. Fte

6154{1‘ Sq. £t

Aver, Produesd by
___Emch Deflogchor

506 84+ fte

263 8q. ft.

Area of ‘lant
Zeds “roduced

£,730 89 fte

72‘!345 8Qe T%e

].M 89« Tt

1,225 8g. Pt.

Aver, ~lint sed
~rorduced by each
10 "lactor

118 Q3. e

® 357 81. e

188 Bds "G

* This is the avere ;e for ts total ~ucher of devices, not just for the dofleciors.
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SisAsY OF ChokL CEHS'S REYURNS IROM THe EAST SRALCH QF

7ifi. PLACK RiVER

Total Latch of Lezal frout

Total Hours Fished

Buf'ore Aftor
Imorovensnt Improvemsnt
71 rish 280 Tish

THe75 hours

1876 hours

Lezal Fish par Hour

Undersige iish por Hour

Averaze iflgharman Day

Avera e Le;;nl cateh yer Fisherman Ay

Avareze Sige of A)1 P’lsh Cau-ht

vorcentage ol ailures

Percant of tUndersize Trout in Total Catoh

Parcent of Lozal Trout ic Total Catoh

o938 fish 1,495 rish
44,74 figh 3408 fish
1,84 hours 344 hours
£ fish 5 fish
4.7 inchas Se7 inches
19% 7%




Teble Rumber 3

Surmeary of the Averare Volume and Humber of Bottom Organisms on Various

Bottor Types in the Six Streems Studied Based ocn 447 Bottom Samples

Rubble “Gravel Coarse Todlum Tine
and travel (ravel Gravel
Rubble
Number of Sarples 16 ¥4 = 27 15
mmm'g'?;—— Vole TU04cc,
(Lempreys) no. 084
Gordioidese vol,. 00300,
(Horse~-hair Snake) noe 07
Tydrdgarina Vole 200ilcc,  ¢00CCCe
(water ¥ites) no. 1447 «94
Oligochseta vols b s CY U21c0e  o057CCe e07CCe eU4CCe
(?{OM) NOe 4.37 .25 3.31 305 b
Wrudines Vole «0780C e e20CC o
(Leeches) noe +061 3487 7el '
Gastropoda Vole  eUl7cC, eU03CCe  <UZTCCe SUDCCe ULCCe
(Snails) n0e 1,06 " 169 +86 1s7 +80
Temelllbrenchin vols ~JOU3cCC. e00bC0e el720Ce <0G0Ce
(Clsma) noe 27 «175 3,76 28,9
Pecapoda Vole e 7800, LT 17500 <56cC, <UBCO e
(Cralfish) Noe Q186 .67 .215 .z .1
Tmphipode Vol, Te233c0o, Py k{78 olicCe
(SGUdS) NOe 17.7 ) 27.2 13.9
Hemiptera vols “W0050Ce UZcce
(Bugs) no, o137 0143 26
Teuroptera Yol. 200G, <08CCe O740ce oUbCCs <U4CCe
(HellgrmiteS) N0 3.8 8.15 088 1002 .5
Flecoptera vole e228CCe e23CCe e151cC, e05CC e «03cCe
Stone=flies) Noe 6 458 23413 4427 5.09 1,0
Fphemerida Vols o250CC o eBbCCe ATTcce . < edfcCe oXdcCe
e -flieﬂ) Y1Oe 43.4‘8 265.6 150.6 117.9 7.2
Oc.;onats. vol, o 78CCe <B8CC e e300CC e edbCCy «23CCe
(Cragoneflies) N0, 5.6 845 344 244 2.7
Coleoptera Vole <UC5CCe el2CCq JUDdCCe  a05CCs <0lcCe
(Beetlea) Noe 11,9 54,32 24,7 271 36D
Trichoptora Vol. e012cce  Ze0dcO, T 51cc, “BBcc, el0CCq
‘(Caddi&-flics) NOe 138,16 563 o b 245,17 116,43 14,4
Tiptera Vol, e48cC, “1.04cc, . e eblcoe o120Ce
(Flies) NGe 29.28 293.9 115.04 126 .2 8.3
Yole eBDCCe “JOCCe o201cCe  %e70cCCs T.16cc,
TOTAL Noe 244 .8 122242 555432 46248 529




Surmary of the Aversge Volume and

Bottom Types in the S5ix Streeans

Table umber 3 (Comt'd)

mber of Bottom Orgenisms on Various

Studied Besed on 447 lottom Samples

Toes Yoes ~ Yoss Yand and oravel
Gravel on on Gravel and
and Fediwn Fine with Silt
Rubble Cravel Gravel Plants
Yumber of Samples D 1 1 18 L
'Pe'bronwzonidae vole 4.§00 05500 ®
reys) N 1 32}
tordio vole
(Horse-hair Snake) no,
Hydraserine vole
(Water kites) noe
Oligochaeta Vole  elloce e3lcos
(vorms) no, 12,3 34,1
Firudinea vole “ZJ08cce
(Leeshes) N0 o2 35425
Tastropoda Vole  e0ZCCs 1, 2coe elbCCe
(Snails) Noe 9 1 12 394
Lamellibranchia vol, «002¢0, +8cc, 1.,06cc0,
Glam) e ot 8 48,93
eca) vol * 1.240@ » «LPC0, m‘-—.
Cra -fiﬂh) Noe .9 .19 .8
: vol. “eTlco.
{Souds) no,. 4745
TemIptera Yole U2cC,
(Bugs) Nnoe 4,75
Teuroptera vole I,70ce, “Ubco e
Hellgrammites) no, 24.6 1
Tlecopters oI, ~49%cc, 1,2c0, »lcce T08cce oOlcos
(Stone=flies) noe 47,4 31 4 3468 6
sphemeride vol, 1.4lcoc, oXCC 23C0o «01cG, “eZ8cos
(Hey=flies) Nnoe 76142 10 76 23143 8.8
Odonate Vole  1s24c0s elhCCe 1le24cc,
(Drﬂgmﬂflie') NoOe 10 1.18 8.2
Tolooptera Vol, o35c0e TeU50Ce 2200, 7cCe
_(Begtles) nOe 22748 20 80 4.5 od
Trichopters vole »1B8cCqe ¢900, o04c0, «00Ce eliCCe
(Caddis=flies) no, 2991,3 84 64 9248 1
ﬁiptem volse 2Ua0C, , Q-EO * § > : gcc ™ ™ Ce o142CC,
(Flies) N0, 458 ,6 210 484 23543 T2
vol, . Ce 1éedbce, 11.52cc, Be74cC, 1.890Ce
TOTAL no, 4535 .4 358 728 64345 2748




Table Humber 3 (Cont'd)

Su-mary of the Averaze Volume and Mumber of Bottom Orpgenisms on Various

Bottom Types in the Six Stresms Studied Pased on 447 Bottom Samples

Gravel S Sand Sand Chare
and Silt and and
Send and S5ilt S1lt
Debris
Number of Sarples 71 34 1% 1z 1
Petromyzonidee vol, eUbBCC e o200, “e3X4co,
Lamprevs ) NOe «109 1.0 » 71
Gordioldae vole
Horse-hair Sneke) noe
B 8.!“1133 VOI. .mcc ° .MOBQ
(vater Mites) 10, «438 6e4d
0ligocheeta Vole cCe U3CCe ~008ce, Tobcoe
EéWOm) " NOe 17.38 9.6 1.9 2
rudines 'VOT' - Oe ¢&AiCCe .:ch. 1.903'
{Leeches) no, 1,49 ot 25 22
Gasvropode vole U76co,e eUZCCe <0100 200CC,
(Smils) NOg 1.4:1 1.5 .56 .O? 8
Lemellibranchis vol, » . <Ub0C, » Ca ediCCe oUCCO e
I(CIMJ N0 2 «64 344 6ok «09 8
Decapoda vole 10000, e2C0q “elcec,
Amphipoda VOl,e » CO,s -3160. .ﬁcco .3200.
(5cuds) no, +925 2 1.2 72
Hemipters voli, eU1200 e <OlcCe Te30C,
_(Bugs) no, 171 4 6
Keuroptera vol, +UbBce, 05CCe «014cCe
(Hellgremmites)  mno, 0112 1.5 «20
Flecoptera vol,. LO001cCe T00c0e
(stone-flies) no, 2125 ol 04
Ephemerida vol, ollZcc, el7CCq TelBce, «07CCq
(ay-flies) Nnoe 36,2 17,8 5 7
Odonata VOlie +086co, odZoc, e2G50Ce
{Dragon-rlies) f10e. 205 1.5 «TC 07
Coleopters Voie  eOl4cC, o003C0s  o0200GCe «05GC e
(Baﬁtle. ) DO 6 .52 3D 029 4
Trichoptera Vers N e T “16CCe SUB0c0s  sUDLCCe
(Caddis-flies) noe 51,5 2846 «73 14
ﬁp’hm vole * CCe oVACCy 'S CCo .mcc.
(Flie“) NOe 67496 66 46 5347 o2l
Voia 4 ITR 1. 70cc, «307CC, el3CCe SeDOCCe
TOTAL Noe 180,048 140.,4 T3e2 1.0 127




Table Kumber 3 (Cont'd)

Summary of the Average Volume and Mumber of Dottom Organisms on Verious

ttor Iypes in the Six Streams Studied ased on 447 Pottom lemples

Tauick Eiodea ater- “Rertine Yelllsw
Sand Beds cress culus neria
and
Plents
Wumber of Samples k] ) § g R k4
Petromyzonidae vole oTBcce  IB.2Boce Se30CCe  Bedoocs
(Lampreys) no. «63 16 246 10
Gordloldas vol,e
Horse-hair Gnake) no,
racerina vole el3cce
(water lites) noe 17.9 8
Ol1gochaeta Vole Ce <04CC, wa00CCe  DeDCCy eUBCC
(Worms ) NOe 2049 44 198,7 6252 222
Mirudinea Vole  oib0Oe e30C0e  s087cCe
(Leeches) no, 4 4 1,33
Castropodn VOle A 5C0 L 5cC, e280Ce  eUCCe 1Z.Boce
(Snails) n0e 58,.1 152 214,17 48 744
Tamelllbranchie vols I.Ibcos Y. %co, B 28Tec, T.0cc, “Felcos
(Clams) no,  +88 120 364 14 544
Tecapoda vol, ed00Ce CelBCCq “8.0cce
cra ﬁﬂh) NOe 117.,6 8 2
ﬁﬁpoé& Vols o130C,e 2eD70Ce
(Scuds) Noe «21 20647
ﬁmiptm Tole o& ,00. -:6?500.
Eugs) 0. 4 2
leuroptera vole sdCC,e «207CCe 3 LT ecCCo
Hollgrammites) no, 12 10,6 29 20
ecoptera vole edlcC, HLbdoc, JUBCCe
(stone=flies) no, 24 1,33 3 4
Tphemeride vole «35G0 o T8 8ce, <UGTcCy <B08c0, UGcC,
(Bey~flies) TI0e 99,8 620 244 24 38
od vol, ° Ce s3CC, .5536;7. mc. vi0Cqe
(bregon-flics) N04 013 12 4 8 24
Coleoptera vole ~<Olocs
(Beetles) noe N 2467 9 4
Trichoptera vole  e4dlcCe T.8cc, B8Vcc, ellCCq T.0cce
(Ceddiseflies) no, 16,3 40 12 12 4
Diptem Wl. 1.&00. 9.250. 5.560. mc. 1;100.
(Flies) NOe 368,9 B44 966,7 329 162
vol, e flCCe DB ehCCe e£4CC e 0ZZ0C o e1CCq
TOTAL no, 60741 2020 223343 8777 1940




Table Mumber 3 (Cont?'d)

Surmary of the Averare Volume and Number of Bottom Organisms on Various

Bottom Types in the Six treams Studied PBased on 447 Bottam Samples

rotamos Chara Fotamo=~ Husky Yary
geton goton Flets
pectinatus filiformis
Rumber of Samples [ 35 L 28 2
Petromyzonidae vola +750C ¢ «1&C0, «U36C0 » oEdcCe
(Lm@rm) NO s .75 1.1 .28 2.8
Eordiom vOle sOCC, .52@0 P
(Horse-hair Snake) no. 25 «34
EydrQearing vole e001cC, <00Lcce
{vabter ¥ites) no. Te32 «57
Oligochacte YOls  #1l0CCq 2DCCy Rt . . 2100Ce
(‘s‘v’oma) NOe 1l 15,8 4035 ,6 547 1
Hrudinea voi, Y.B0c, 0750, TdCCe
(Leeches ) NOs 19,5 ] 1.7
Eas%ro;)o&a Yol - .mco - ,1500 'Y .IQSOG ™ .4200 Y mﬁc P
(Snaila) Noe 1425 el Be74 " «05
Lemelilibranchia vole «1800, wliCCs oG CCy j 0G0y O05EC
(Cle.MJ noa 44.52 18.48 27.3 ‘05
Decapode vol. od0cCe o 2BC0, . Ce alk
(Crayfish) Noe 1 1.4 1,42 14
ZImphipods Yol, e150C,  e2BCCe O720C,  eooboCe «2000C o
(Souds) noa. 16,1 11143 21,74 ol 3
Femiptere Yols v 00300, albcCe i) & LT
(Bugs) Noe <06 27.54 1.14
Feurophora vole 086 <OBCC, TO0Bcc, < ePibcce
(Hellgrermites) no, 1.6 2 1,6 +38
ecopLere Vol eOLBCCs  eUBCCe <U0BGC o SLUbCO,
(Stone-fliel) NOg '25 1.9 5.2 1.59
Tphemeride vole " Ce , Ce  +570C, eT30cC, «0dbcc,
(May~flies) N0, 17 11,74 101,32 31.2 Geb
ta vol,  «2tcCe eUGCC, ABAGCC, oD6CCq
(Dragon—ﬂiea) NOoe 1,28 4,2 325 2456
Coleoptera Vole  +COGoC, LOlcce T0%ce,  «ClDcc,. ST
(Bee’tles) e b 8 ot 18,5 11,6
Trichoptere Yol QU2 7c0s  IeD7cCe o 136cC 13T CG, ) ;TN
(Caddis=flieg)  no. 2475 1,22 78,04 17.7 3
Diptera vol. «17BCCs el71lcCa WBi3cCe ALY CABCC,
(Flies) NOe 15,25 68 18€,7 91,3 16
v°1. * .500. z.g 500. P CCe 4.%0. ¢ {OCCy
TOTAL NCge 70 295,08 875,92 214,.9 69,1




SUM ARY OF T

Sumber of Semoles
Tinw in celation
Lo Improvement
Patromeonides
(lan:reys )
Hydrocarioe
(Zater :{ltos)
Glizochneta
{Vorms)
Hirudinea
_{leecores)
Gastropoda
(Samils)
Tamsilibroschl
{(lams )
Teoapods
{Crayfish)
Anphipods
Seudy )
Hemistera
(3uzs)
leuroptera
{lell-ra-mites;
*lecoptera
(@tone-{lieg)
Ephenerida
© (Hmveflias)
Odocata
(Drazon=-flies)
Coleoptora
_{2estles)
Trichoptera

_(Cedite~rlieg)

Diptera
{Flias)

TOTAL
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TABLE NRB:R £

Lo T
U N

I FOUR HIVEERS

GOGAH DIES

CEFORE AND AFTLR OVROVEISHT

North Brenech
of
Ausable RWiver
24 40
Jefore Af%erx
.033&3. OIGQCA
o125 2
0656400.
o042
;1530. 04200o
1.03 43.1
.6830. 108500.
5.25 59.&
.0500 QZSQC.
Led 5e8
TJG5ac. “3i193oe.
17.8 USe7T
-:7130. «8licca
!33 06
~,06cc, «830C
] 120,7
COJ0C . «lco,
1.5 381
0
0 )
«0300, +09560 .
.87ﬁ1 5
+190cc . 1. %o
275 382,7
.223%0. ;ggbﬁc
23 1et)
T 00700e  +0BGOC
2437 céel
T.23000. 1.9J0Ce
13459 170.6
c1200Cs  1+6200Ce
134,70 3i%e2
3e13%c0e 12.7960cc.
165.7 130680

Last 3rench

of

§390k Riveor
16 27

defore  Aftar
0135000
Zed
3
WUE0C0s od00
36 Gl
<00030C,
«08
dISCGC . QQJ§GCO
.lg 2.7
LT
2e3
IBZEGD «C75c0.
31 wdd
. ujﬁblﬂcn
1.9
R ELTN
- .95
sldoce. +73cc.
1.03 1305
elCCoe +S4co,
l.4 340
0037000 »: Ce
3.2 3EZ44
1e240Cs le2300,
7 7ol
«001loo, .15?00.
«Gh 114,56
elGlces 5093000
Je7 967 47
0132000 «J840C,
745 3309
1.93ece d.lvice.
307 169649




STLARY OF UHE

Humber of Jam:les

Time in Relation
to im:rovement

Hetromyeonidae
{Lazoreys)

Hydrocarioa
( Jater Liites)

Glizochaota
{orms)

H' rudinea
{leoches )

Gastropoda
(“unils)

fanellibranchia
(Clews)

Deoajode
(Crayfish)

Amphipode
{Seuds)

Hemiptore
Suges
Heuroptere
[He))sramaites

(Stone=fliss)

Trheweriam
(iar=Plios)

idenata
{Uracon=flics)

Coleopters
{iieatlog)

Trichoptera
(Caidig=f1i68)

Diptera
(Flics)

TUTAL

TABLL WTR3LR 4 (Cont'd)

C L RTGH

[FC S iarTA
e LP3LEY 7. REEHPES

I PRI 231V RS

B Fukk Al APTRR ROV CLET

Little Manistee River

Piseon River

9 8 10
Before Aftey lefora Afber
3.98¢0, NeRT. LIS 1l.58¢c,
3 4 2
002000
15,4
«10500 e ¥ “Z.60cc,
13244 0 2756.8
Ge200, 0 o100,
o0t 0 3
Bed000s 20500e <3000
271.2 Ze8 3542
236080 ¢ ) I 0%00 .
- — _2!‘:3 ol 3344
.'é?:?so . 1 .5590 . oGCB o
.9 1 o3
«9840c. [¥) o%? .
83,1 0 o
002§c° . -0 eiilCO s
1.8 0 _ .
o45cc, UG3c6s o4Bce.
_ 5.3 .1 11.9
¢§C’Oﬂ ‘-6 ol500C
7 o8 0 35.7
“TelFoce <03ce T 306c.
—_ wm 1.8 176.0
«26400C, QGEGOQ JicC e
T o o5 14
LT .MO . 01700 .
12.4 1.9 88,7
«7060Cs +Uii0C, 3TN
2643 11 43307
Ged3cc. B ETTER BETTHN
540,.2 F49 427.0
U m odiicC e Tﬁoggec .
0 1547 2946 4015.4




TABLL WUR3ER B
Focd production in a Ceotion of the Last Brensh of the 3lack River Before
and After improvement Caloulated on the Basie of Determinmtions of Bottom

Organisms in the Stream

Sefore Improvement

Averagze oroduction Total
on 4 8qe e Ares Production
Bottom 222!
Sand «27 6c. - 76,105 8. fte 5,137 oce
stuek 3499 ce, 4,042 sq. ft. 4,842 oc.
idravel 24756 CCo 17,731 89, fte 12,257 ce,
TOTAL - 22,340 oc.
After lmprovement
Sand «27 cce 48,995 sq. e 3,307 cos
Huek 3.99 oo, 23,397 sq. ft» 33.397 80,
Plent Beds 5432 oCe 4,686 sq. ft. 8,098 oo,
revel Riffle 12,47&5‘ CCw» 7:1‘2 aqe fhe 22,290 0C e
Gravel 24756 coe 14,712 sq. f6o 10,141 <o,

TUTAL 65,283 ce.
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