
INSTITUTE FOR FISEERIES RESBAB.CH 

Reuort Ho. ll6 

EXPERIMENTAL TROUT-STRBJlJl I?/PROV'l<~VE.Jl'!T WORK O'N TEE 

PI G1WW RIVFR IN 1031 

In A.ugust, 1q31, the G8me Division of the Conserv8tion Denartment ,ne,el_e 

available the SU':ll of ~;250.00 for experiments in improvement of a nart of the Pigeon 

River, on the Pigeon River state forest. The planning, suuervision, 2nd testing 

of the work was to be done by the Fisheries Institute. A particular point in these 

experiments was to determine the resistance of t1,e cover-control inste11Ations to 

flood And to ice. The general nature of the improve'11ent was similar to that 

discus~ed in otber reports. 

Mr. Clerence Tarzwell mad.e a -orelimina,ry investigation of the stream on July 

31 ~md August 1, cruising e section of the stream in a rowboat in ore.er to find 

-parts at which imnrovement was needed and. to loc2te supnl i.es of logs end stones to 

be used. Due to the limited funds avdlab'l-e, it was consi(:lered desirr,ible to do the 

work at nlsces v_ohich could. easily be reached. awl neer av8ilable materi[:11 s, so other 

sections were left for later consideration. 

Field work was started August 20 with the aid of 3 laborers hired in the vicinity. 

A tea'.'Ylster and two-horf.'!e team,;-·· ere e,d.ded the following c'lay an<'!. for a .. -ryeriod of two 

weeks fhe instal1Ation of inmrovement clevices was continued. These consistea of 

wing aams, V-types, Y-tynes, A-tynes encl I-t;v:pes built of loes or stones, or both, 

in such a way as to ceflect the stre2m cU!'rent anc_ cause a trout ;)ool to be for'11ed. 

Also cover shelters were ma<le to provicle hiding ulaces for trout. Log devices were 

anchored into -plr,ce by cedar or tamarack f'takes whichvsre driven solid.ly into the 

hard stream bed or, in a few instances, were wired to the bank. 

From August 20 to September 4, a total of 71 installations v:rere made. Of these, 
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60 were constructed of logs and trees. 6 of stone, ancl 5 of logs ana stone. Current-

deflecting devices numbered 34, while 37 cover-shelters were put in. The ·improvements 

~ere put in three sections: near the Pigeon River ford, Section 17, Corwith Township 

(21); in sandy ~ection about 3/4 mile below the Forest Read.ouarters, Section 9, 

Corwith Township (21), and just north of the south line of Cheboygan County (29). 

The total stream mileage covered by the work was approximately 2 miles. Most of this 

was in parts having a hard bottom, al though a nredominatly sandy area of about 1/2 

mile was included. 

Costs of the work were as follows: 

Teamster and team 14 days at $6.oo ................ 
Laborers (46 dAys at $3.00) •••••..••••••..••••..•• 138.00 

Total labor cost •••············•···•$222.00 

Wire .............................................. 
Sta:ples • . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . • l. 75 

Dyna~ite, caps, and fuse ••···············•·······-•--1~•-7_6 
Total materials cost • • • • • • . • . • • . • . • • 12.26 

Total cost (labor ancl materials) •••••....•••..•.•• $231~.26 

Cost, per single installa.tion • • • • • • • . . . . . . . . • . . . . • 3 .29 

The costs given here do not include an item of $9.00 for labor used in the 

experimental flooding and recording of the flood stages at three points by men 

stationed. the!'e to make observations. Including this expense, omitted above becrmse 

it was not en expense incurred in actual installation of work, the total expenditure 

fro~ the fund which the G~me Division made available for the Pigeon River project 

was $243.26. 

Expenditures incurred by the Fisheries Institute are not included in the co~ts 

of the improvement work. The full ti~e of one man (Mr. Tarzwell) for 15 days might 

-2-



.. 

pro·pe:rly be figured into the cost of installing the improvement worl:, as TIIl.lCh of 

his time was s-pent in planning, su-pervising, ancl. participating in the work. However, 

since a nart of his time was devoted to the experi:nente.l nhases of the project 

(Note-taking, etc.) hh time has not been given in the labor costs. The expense of 

a s:rnall amount of use of a Ford CAf' run by the Institute is also excluded from the 

cost of the work as given above. This expen<'l.iture was slic;ht since the mileage run 

was very low. Tools (axes, picks, shovels, mauls, pl.iers, peavies) were loaned by 

the Institute. Expencli t,1res incurred by the Institute for biological studies of 

the Pigeon River (Dr. Greeley and Mr. McCrimmon) as well as in the experimental 

flooding and testing of the work ?re, of course, not part of the costs of installation. 

The cost of $3.29 'Per improvement device is higher th?.n simila.r costs for work 

in certr,,in other streams (Little }fanistee, and :Black Rivers). This fact was due to the 

very hard bottom of the Pigeon River, which ma.de the driving of stakes difficult, 

and the difficulty of reaching the place of worJr. Since about six stakes are used 

for each wing dam or shelter of logs, the time spent in driving these is greater than 

tha.t of gi=ithering materials or any other o}).erations conce,...ned. (unless materials are 

scarce). From the point of view of mileaGes improved, the sandy area was m~re 

e:x,ensive than the stony pleces, because the sluggish cur1·ent made it necessary to 

space the devices closely in the sandy region to accomplish the desired result. The 

stony areas, with more rapid current, are more easily imoroven and the influence of 

a current deflector extends a much greater distance. 

The two weeks of work on the Pigeon River ,,as not ~fficient to improve a very 

large percentage of the ?...l'ee that is in need of trout-1)001 improvement. However, some 

very iood trout -pools were uroduced rmcl the amount of e;ood fishing rcater ha8 been 

conside~ably extended. It was found that the effect of a wing da~ device on the 

Pigeon River differed from that of e. similar apparatus on the Little Manistee River. 

due to differences in the bottom of the two streams. The former has a much harder 
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bottom than the latter where dee-p holes ouickly developed. on the Little M2nistee, wher

ever t'he current was greatly acceleratect, this was less true on the Pigeon, where an 

increase in current velocity often failed to scour out a hole, due to the compact 

bottom, of lime-encrusted stones. At places in the third part of the work the current 

(surface reading) was accelerated from 2 up to 4 feet per second without an immediate 

result of digging by the swift water. The resu.l ts of B longer neriod of current 

action are awaited, however, ancl it is probable that holes will develop in a few 

months, at points of swift current. Experiments with 40% dynamite were made, charges 

of from one to two sticks being exploded. at places just off the ends of wing da!Yls. 

Due to impracticability of seating the dynamite deeply enough, only shallow holes 

could be blasted and the use of explosive in starting the digging of a hole was not 

very succes.sful. It is difficult to seat dynamite dee-oly into a stony bottom, when 

wor'ldng in a swift current, and it was considered that the use of picks and shovels 

was more efficient in starting such holes. Some time was spent in this type of labor 

at a few :places. If holes clo not develop in the course of a few months, it ~ be 

advisable to spend several days of labor in improving the holes by use of -pick and 

s40vel. 

Y~. H.F. Harper offered the use of the Lansing Club dam on the Pigeon River 

for the purpose of giving the improvement work an experimental flooding, to determine 

how successfully the .devices would withstand high water. Tests were made on September 

g. Al though the flood was of short duration, as compRred to a norma1 flood, a rise 

of water somewbat greater than a norme1 s"9ring flood was produced and maintl'!ined for 

<.-
several hours. Driftwood which had. not been moved by the water in the S!)ring of 1930 

was moved by the emeri1D.ental flood. (This driftwood hi:H~. been piled above reach 

of the stream by flood waters when the fu>m here went out). 

Observers were posted at each of the three points at which work had been done. 



Each "nan was sup-plied Ydth a gauge so ,:•laced as to show u~2 rise in the stream level. 

Readings were ma.de at each point at ten-minute intervals. (See attached grauh of 

water rise at each :point). The greatest rise of water varied. from 22 inches to 14 

inches above normal at the three poinh. The lower most station (D in graph) showed 

the least rise. However, due to the s-oeed of the strea>n here (surface velocity 7 ft. 

per second) the stress of the flood waters against the im-orovement devices was -orobably 

greater here than elsewhere. At all points it wa.s noted that the flood water poured 

over the tons of the wing-dams and other devices, and so it is probable that the 

force against them is not uroportional to the height of the flood water since :my 

water above a certain height spills over them. Although flooding increased current 

velocity, it is not probable thAt a hie;her flood. than was given could material 1y 

increai;:e the velocity over whe.t it vras during this flood, for A higher flood would 

allow water to extend its channel over the streAm banks. 

Readings on veloci t:r increAse at r-everA1 points are P.,S follows: 

Section A. ( immediately below Lansing '.'.Hub dam, in stream channel below the large 

pool). Normal w~ter velocity 1.7 ft. -per sec. Velocity at 20 inches of flood 3 ft. 

per sec. 

Section B (at first section of imurovements). NoMia1 water velocity 1.4 ft. 

per sec. Velocity at 17 inches of flood 3.5 ft. per sec. Velocity at 22 inches of 

flood 4.2 ft. per sec. 

Section C (at second section of improvements, sand area). N0 rmal water velocity 

1.0 ft. ner sec. V81ocity at 21 inches of flood 1.2 ft. per sec. 

Section D (at thi.rd section of improvements). Normal water velocity 3 ft. per 

sec. Velocity at 9 inches of flood 5.2 ft. ~er sec. Vplocity at 11' in. of flood 7 ft. ner 
sec. 

Velocities were meaPUred at the surface, by method of timing a float over a 

given distance. Due to friction, bottom velocities Foulcl be less than surfa:e ones. 

The flooding was continuecl apuroximately six hours end c'!uring this time the pond 
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level was lowered two feet. The spillway of the a.am w~s -pouring over WA ter at a de-pth 

of 10.25 inches at noMJ.al low-water. Ta'l:ing the spillway width as 11 feet the cal

culated disch~,Irge of the river v;:-2s 30 cubic feet per seconcl (calculatecl from formula 

for discharge over Eharp-crested weir). At the height of the flooct, the d.isch2rge 

(crest of 41 inches over the s:pillway) wa!:' calculated as 2l~o cubic feet -per second 

( sa'tle formula). 

Study of the effect of flooding was ma.de imrnediBtely after the Wflter had 

dropped in the various sections sufficiently to ~ermit accurate observation. Each 

of the improvement devices was examined (by Mr. Tarzwell) and tested for loose 

stakes or other defects. It VJas found that the work had resisted the high water well 

and that losses were confined to one trout cover on which two sta~es had pulled loose, 

allowing some shifting of the logs (but noy a destruction of the cover). These two 

stakes -.Pere ones which h/:1d been cut too -short (about 3 feet, instead of 7 or 8 feet) 

and evidently there z,;as not sufficient length imbed.aed in the stream bottom. A 

total of 207 stakes were used and All othe:tt held firmly. As the high wate:r had 

carried down a great amount of loose driftwood, the first tr,o of the obstructions 

caught this to form a large lot':; jAm. The second device was bea.:ring the greater pa.rt 

of the jam and it is -possible that the stl"!kes may not hold all this me.terial and it 

would not be surprising if this improvement may be torn loose. 'The strength of the 

barrier shov,,n in hold.ing the large jam even for the time-being is worthy of note. 

The short periods of high water cluring the exoeri'!lental flooding clid no 

a:p,:,recia'ble dc1rl!~_ge to the irrrorovement v.-ork (with the excention noted above). The 

effect of longer periods of nAtural high water and of ice will be studied. The number 

of different types of devices which ,,-,,ere installed. will make it possible to find out 

what types are most effective 'or use in this or similar str,2ams. (The work was af;ain 

inspected December 20 and an account of findings at this date is apuended to the 

~resent report). 
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In con."lection with the improvement p:ro.ject, a general m.1.rvey of tr-ou.t

stream conditions was carried on by the writers, as~iste~. by l~r. G. L. i/cCrim,non. 

The purpose of this work was to obtain 1':'.!1ov;rledge of the general conditions sncl 

productivity of the wc:ters where imorovement was to be r1one. Such infor-rnation is 

essential in -planning this ,.,or1,:: and. in evaluating its :results. 

The survey cards which accomnany this reoort inclucle mod of the d.ata gathered. 

in the fezi CJ'<YS of survey work (A"U.£.,""Ust 20-23 ana. Spntember 2-7). Temperahires 

taken by the caretaker at the Lansing Club have been diec11ssed. in a -previous re-oort 

(No. 107). Thst report also diFcussed the general condition of the brook end 

rainbow trout, and the black spot parasite of the brook t1·out. 

The brief survey has disclosed a mi"'tlber of points which should. be considered. 

in their bearing on the problem of i!!l-provement of the st!'e"'m. These may be 

summarized as follows: (1) The Pigeon River on the Forest Reserve becomes dangerously 

high in temperature du.ring very hot weather (refer to report No. 107). (2) The 

brook trout are heavily infected with a. Trematode para.site (Family S:t.rigaeida.e) 

which causes black spots in the flesh. The -oarasite goes throur,h one of its lite

history stages in snails (refer to report No. 107). (3) The brook trout are mostly 

thin 8.nd s:nall for their age And mod of the second. year gro11-p ( in August ) are below 

legal size. The cause of the poor cono.ition is not 1mown (refer to report No. 107). 

The rainbow trout in the !::'1?.me waters are in excellent cond.i tion and. most of the 

second. year group (in August) are above legal size. (h) The strEBn su-ot1orts a 

heevy -population of minnows, suckers, and other non-game fish. The ratio of trout to 

other fish, es determined. fro:n h seining examinations on the Forest Reserve -r.as low, 

the trout being less in number than the others (ratios were 1:2.2, l:ll.8, l:5.8, 

and 1:7.5). This means an intense competition for food, since the smaller sizes of 

trout eat mu.ch the SAme food as these other gpecies. The trout population could 

not be accurptel;,r :lete1-!1i.ne,1. 1mt a conservative estimate (based on seinine) would be 

above 1800 !)er mile. (5) The stream is ra.ther heavily fished, particularly A.t regions 

where there are good pools. 

-7-



It :i.s desir2ble to consVer the ">Jrobr,ble effect of t1:e sire:Y" irr:nrovc:,·01ent 

nork in relr,tion to these .,,Joints of conPic'l.eration tl'Jc,t !'.rwe been lifted: (1) Tem

ner:=iture cond.i tiom ,'.'ill "be il'ID)roved. :bo so'!le degree o;r the cm•J'r::nt-d.ef: ectiniQ: devices 

which make the stre.gm more n:=irrov.' ano. c oncentrAte the 11.rrent towarc the more 2.l:,2c1ed 

f"ide. 1:.'herever it t:r2s -possitle to r'lo so, irrrorovwnents ,·-ere nlan!1 ea. Y:eith thi!" in 

mind. By concentr<>ting the current into a rat.bey narroY. chsnnel, the ·n'lter vTill be 

less easily warmec1 than it is when flaring in 1'3 wia.e, shpllov;- chrmnel. The tott':'l 

result of the improve"1.ent s, _ in their effect on temperature, Ydll den end on the 

amount of stream t1:2t is improved. At -present, -vri th 71 devices insta1led 1 the retio 

betv-.·een improvecl 2nc'l unimnrov·e<'!. ,-:-eters on the Pigeon Stpte ]'oreet is low '?!ln. a 

great irnnrove:nent in te:'.TI'Oer::,ture conci tions cannot be exnPctecl. ( 2) The effect 

of the improveme!lt work on the bl . ..,c1: wir2.sH-e of the trout Y'ill "Drob9bly not ::ie 

noticeable. Ho'7eve"', by con!"t:ruction of trout uools of ~ cteep t;rae Bnd cutting 

clown of the emount of Rhc:>1low, werrn, ''Mr,.c;inel flats, it is -probable thnt favor[1ble 

habi te.ts for snailr ·will be c!ecre9sed1 anf1_ the ·::ia:resi tism rnay thus be lessenerl. 

( 3) The effect of pool-imnrovement \'i·ork on the --ooor cono.i tion of the broolr trout 

cannot be nredlcted, with 2~r certai~ty, 8S the cause of the noor henlth of the trout 

ie not u:nclerstoocl. If the t:rout ere sufferi.ng from so11e rl_j_sease it is -ooesible th'.'-,t 

this '.712.Y last for only a few yenrs or les£:. If the brook trout ·17e,.'e othe:r-1"dse healthy, 

it would be very -probable t}mt the construction of favorable --oool hAbi t.0ts Y:ould 

re!"ul t in the -oroduc tion of more large trout. ConPide:ri:ng both rainbow ancl brook 

trout, we can ·orecUct ",7i th confir.ence th,,t the nools which have been inmrovef! wi11 be 

inhabited by trout of one or hoth specie!" of lar,:er P izes than could be :ound 8t arees 

rithout :,:ioolr.. (11--) By changing ir,icle, sh8110i'7 are9s to swift, cleen nool!:'. it is exoecta:1 

that the 'l')ronort ion of :ninnows, suc1rere .snc1 oth,,r fish to trout will be ctecreased by 

re2,son of A decrea2e of their :nore favor2ble habitats .c.ncl incre9pe of 'Tlore fpiTOraole 

trout h2l1itpts. If an 2D:irec1.2'ol e 0ec,..eE1se in te11n:e r8ture is caused by the irnprove'llents, 
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this should also result in increasing the ratio of trout to other fish. (5) By 

improving areas unfavor2ble for trout because of poor -pools, it is exoectecl_ thet the 

improvement work will increase the C8pacit;y of t'he stream to C8rry leg&l-r·1 ze trout 

and_ will spread. the fishing over a lerger area than is utilized. at present. Stud.y 

of the Little Yani stee Ymrk done in 1c30 has shown th2t angling ,.,as extemled over some 

areas formerly neglected because of being non-productive. 

Inspection of Improvement Work, December 20, 1°31 

Following the experimente,l flooc'l. ing of September 8, several a.dcH tional floods 

were sent down from the Lansing Club dam. In o:rcler to observe the effect of Pll such 

floods, and to note all changes in the improvement devices tha.t had occured in the 

four monthi;, period. Mr. Tarzwell checked over the work on December 20. It was 

also essential to know the concli tion of the barriers before ice action ha,s begun 

so that it will be possible to note the effects of the ice next spring. 

Each of the devices was examined anc1- notes of its condition were rnacle. The 

first one has collected a large e,mount of logs and stumps brought doV111 by the flood 

waters and is now en excellent cover. T1,e second hM also collected m~>..11y drifting 

logs a.nd has been converted into a ,jam. The digging effect that it has caused is 

remarkable. There is now a four foot hole rhere before there was onlyF< few inches 

of water. This is all the more notable since the bottom is extremely ha.rel_, being 

made up of gravel 1:ind stones. In fact, the bottom is so firm that r1_:oir:.bow trout would 

find great difficulty in digging their nests and in most places would -probabl;y- be 

unable to do so. The large, clean gravel ber extending 50 feet below and formed from 

the material scooped out by the current should_ furnish an excellent place for rainbows 

to spawn as the gravel is water-sorted, loose and clerm. SimilPT bFrrs he,ve been 

formed by many others of the barriers and snawning srea.s for rainbow trout have been 

much increesed. 
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Many of the barriers a.re piled three or four feet high with logs, ana_ this 

h par·ticularly true of the first section of hmrovements. The log!" will C8USe 

the ice to exert a powerful force u-pon the"!1. \'li th the excention of nurnber 3, every 

d.evice in this section was in perfect condition. This latter one hatl been in,jured 

by the firet flood_ but it is now· in stable concli tion arnl looks as though it will 

remain so. It forms a very good. hide for trout. Pools are being formed by every 

barrier and clean gravel is eX!)osed. In the sheltered areas, deposits of dark, 

mucky material a.re forming and these will be richer in food-producing effect than 

areas of sand. Holes up to four feet deep have been forned, ?..nd a. great amount of 

digging has taken :place in the first section. On the wing-dPJ!l type of barrier, the 

high ~ter R'-'S spilled over the top and caused a hole similBr to thoM made by the 

Hewiit.t dams ( which extend entirely across a.nd. c au~e paneling of the water). The 

wing-dams have m13.cle excellent holes without causing -ponding, vrhich 1°'ould be detrimental 

in this stream. Large areas of sand have been removed_ from the greirel by current 

action near the barriers. 

In the second section, the stream is wide ancl slow, with a bottom of shifting 

sand. It is here that the greatest improvement has taken pla.ce. Large areas of sanc1 

have been removed to expose the gravel, a far more productive type of bottom. The 

area had been filling UlJ with send for :rears and cleposi ts were 2 to 3 feet thick. 

This sand has been removed to a depth of 2 1/2 feet over areas .of 2500 to 300'.) square 

feet behind the barriers. Pools li to 5 feet deep have been formed unaer the cover 

devices. These pools and griwel areas comnletely tr~msform the a.rea which before 

was a uniformly flat, sandy stretch. All of the barriers here are made of 11 dead-heads 11 

and all are in perfect condition. 

The third section is narrow, swift r:ma. £tony. Good nools have been n.ia.a.e here 

but changes are not so evident as in the sand region. Two of the barriers have been 

da:naged. One large, wing-tyPe device swung in to the bAn'k- as the end sta7,..es were 

dug out by the current, and in the other c,"'f'e, the flood lifted a loe over a. large 
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boulder which was holding it. With the exce-ption of t},ese tv;o, all instell~ti.ons 

were in good condition. 

Of the 71 improve'Tient (levicee., only three have been d,.:imP.ged. The aa111age to 

these tas not completely clestroyed. their usefulness PS shelters to trout. The extent 

of digging caused bJr the work hAs been -very great, more th~n h2.d been expected in 

view of the hard botto"!l of the stream. Y.ciny good trout nools hiwe been formed, areas 

of good food-proa_ucing bottom have been greatly increased, and sp~nming beds for 

rainbow trout have been greatly incrased. f!e consider the improvement worlr on 

the Pigeon River the best that we have a.one. 

nrnTITUTE ]'OR FISHERIES RESEA...'qCH 

signed: 
John R. Greeley, Ass 1t. to Director, 

and 
Clarence M. Tarzwell, Fellow. 

cc - Game Division, De~artment of Conservation 
cc - H, F. Harper 
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