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Abstraoct

Description and reesons for the installation and operation of the
most important types of two-way fish weirs used in Michigen are presented,
with a summary of the results obtained and the conclusions reached as a
result of the operations.

Five weirs are in operation at the present time at the Bunt Creek
Fisheries Experiment Station. Four of the weirs (one of a self-cleaning
rotary type) installed near the mouths of tributaries are used to determine
the movements of native and planted fish between the tributaries and the
mein stream, end the fifth weir was installed at the outlet of East Fish
Lake to block the re-entry of undesirable species into the lake. During
1943, a total of 1,161 brook trout (fingerlings and fish approaching legal
size) moving downstream and 292 moving upstream were captured in these
weirs. The eontribution by tributaries to the main stream is evident.

The Muskegon River weir was installed just below Houghton Lake for
the purpose of determining the extent of the migration of fishes to and

from Houghton Lake and the role of Houghton Leke in contributing to the
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fish stoek of the impoundment formed by the Reedsburg Dam (about 11 miles
below Houghton lake). There is some migration of fish between Houghtoen
Lake and the Muskegon River in the spring and early summer; this movement
appears to be aasooiated with spawning, Common suckers and redhorse made
up 92.5 per eent of the total upstream and downstream migrants in 1939
and 1940, while only 3.0 per cent was composed of the important game species,
northern pike and yellow pikeperch.

A weir was installed in the Ontonagon River below lake Gogebis te
determine the nature and extent of the movement of yellow pikeperch and
other fizh to and from the lake. Exoept for suckers, there was no signifi-
oant loss of fish from lLake Gogebiec by migFatiom down the outlet. During
the period of operation of the weir, more game fish migrated into the lake
than were cocunted leaving the lake.

Oocasionally during low water and following etrong en-shore winds,
temporary send bars may develop aoross the mouth of the Platte River where
it enters lake Michigan. A weir was instslled on the Platte River to
determine the extent of fish migration and to what extent this migration
wes blocked by sand barss During the 20 months that the weir was in opera-
tion, fish were sable to enter the river at all times. Unless future
observations indieate a change of conditions, no improvements need be made

in the channel of the river mouthe

Introduetion
One of the tools at the disposal of the biologlist is the twoeway fish
weir. Foerster (1929), Taft (1934), Shetter (1938), Reymer (1942), Raney
and Webster (19L2), Carbine (1942 end 19}3), and others, have recognized
the usefulness of the struoture in fishery researeh. Since 1936, more
than a dosen different weirs have been used in Michigan to provide informa-

tion on many controversial questions of fishery management, The value of



-3
these structures in studying diverse fishery problems can be illustrated
beast by some examples of the information that may be obtained on such
problems ass (1) the role of tributary streams in contributing to the
f£ish supply of lakes and streamss (2) the sex ratio, size range and number
of fish in the spewning runs of several species; (3) the efficiency of
natural reproduction as estimated by trapping all spawning adults and
resulting young; (L) migratory tendencies of hatchery-reared fish as come
pared with native fish; (5) growth and survival of marked fish; (6) effects
of temperature, water level and other physical factors upon the spawning
runs (7) the abundance of certain undesired species of fish (the destruc-
tion of undesired speoies taken by means of weirs also provides a method
of partial control). |

The purpose of this peper is to give the reasons for the operation
of weirs at the Hunt Creek Fisheries Experiment Station, at the outlet of
Gogebic Lake, on the Mugkegon River below Houghton lLake, and on the Flatte
River, to summerize the results obtained, and to present the conclusions
reached as a result of the operationa. A brief description of the type

of weir used at each site is alsc given.

Hunt Creek weirs

Five weirs are im operation gt the present time at the Funt Creek
Fisheries Experiment Station of the Institute for Fisherieas Researeh, One
weir, located at the outlet of East Fish Lake, was installed primarily te
bloek the re-entry of undesirable species into the lake after its popula=-
tion was eliminated by poison and brook trout were planted. Data on
migration are also aveilable from 1ts operstion. The other four weirs
(one of a self-cleaning rotary type) installed near the mouths of tributaries
are being used to determine the movements of native and planted fish between

the trlbutaries and the main stream.
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Desoription of weirs., The weirs on the tridutaries of Hunt Creek are

of two types; a modified V~shaped structure, sonstructed from lumber and
wire soreen built on single sheet-piling to prevent undercutting (Fig. 1);
and a self-cleaning rotary type built of conorete over Wakefield piling
(Fige 2)« Where the volume of water is relatively small and uniform, the
first-mentioned type operates efficiently with a minimmof care., Where
the flow 1s large and is likely to fluctuate, a self-cleaning rotery sorsesen
is very desirable, since it will eliminate much of the lebor necessary to
keep the screens cleaned in periods of high water. One of the stationary
weirs can be installed for between !i0 and 70 dollars, while cost of a
rotary, self-cleaning weir such as installed in Fuller Creek (Fig. 2), is
approximately 1,000 dollarses The initial high cost of the rotary weir
will be offset by the saving in labor after installation since this type
of weir will not require the constant cleaning demanded by a stationary
structure in a similar location.

Results. During 1943, a total of 1,161 brook trout moving downstresm
and 292 moving upstream were captured in these weirs. The majority of
these fish were fingerlings or fish approaching legal size. All were native
trout, The contribution by the tributaries to the main stream is evident,
Details of this investigation which is still in progress will appear in a

subsequent paper.

The Muskegon River weir
Houghton Lake, located in Hoscormon County, has always had a reputa-
tion as one of the best northern pike lakes in Michigan. The decline in
the abundance of northern pike in 1931 and again in 1935, as demcnstrated
by creel censuses taken by Conservation Officer Thomas White since 1928,
resulted in numerous complaints by fishermen and resort cwners who believed

that adult northern pike left Houghton Lake to spswn in the Muskegon River
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and that neither the adults nor the resulting young returned to the lake.
Por several years the Houghton lLake Chamber of Commerce prevented fish
from leaving Houghton Lake by placing blooking bars across the Houghton
lake dam. Considerable pressure was brought to bear upon the Department
of Conservation to make a survey of eonditions and to take steps te
prevent the alleged movement of fish from the lake.

At about this same time another problem arose. The Game Division of
the Michigan Department of Conservation proposed to eonstruct a dem on the
Muskegon River approximately 1l miles helow Houghton lLake which would
flood several thousand scres of river bottom and marsh and back the water
up to within a short distance of the Houghten lake dam. This impoundment,
which was subsequently created late in 1940 end is known es the Reedsburg
Dem, is used for the improvement of the habitat of water-fowl, fur-bearing
animsls and fishs In the winter of 1938+1939, it was suggested by
Mr. F+ A. Westerman, Chief of the Fish Division, that the Institute for
Fisheries Research ghould install a two-way fish weir on the Muskegon River
below Houghton lake for the purpose of determinings (1) the extent of the
migration of fishes to and frem Houghton Leke; (2) the role of Houghten
lake in oontributing to the fish supply of the new impoundment formed by
the proposed Reedsburg Dwmp and (3) the probable effect of a dam on the
fish movements, and the fish populatien of Houghtom lake, the new impound-
ment end the Muskegon River,

A twoeway fish weir was installed and was operated in the Muskegon
River, approximately ﬁns eighth of a mile below the Houghton Lake dam,
from April 7 until June 19, 1939, and from Mareh 31 until July 11, 19L0.
At the site selected for the weir, the river was 120 feet wide, with a
maximum depth of 3 feets The bottom was composed of clay covered by from

6 inches to 2 feet of sand.
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Desoription of weir. In 1939, the weir consisted of a eingle wing

extending across the river at an angle of about 25 degrees with the
currenate The traps were connected to the ends of this main arm. Numerous
changes were made throughout 1939 in order to increase the efficiency

of the structure. These changes resulted finally in a double=~V weir with
the traps looated near the center of the main wing, st the apex of each V.
We were not too well satisfied with the design of the 1939 weir, Con~
sequently, in 1940 a much improved double«V weir was designed and installed.
The weir eonsisted of a 12« by S=foot trap, located approximetely in the
center of the river, with the long axis parallel to the river banks

(Fige 3)« A partition of blocking bars divided the trap into equal parts,
eash 6» by Gefeet. The trap on the upstresm side of the weir captured
all fish moving downstream, and the other trap oaptured sll fish moving
upstresm. Four wings or blocking arms, esch approximstely 85 feet long,
and set &t an angle of about 25 degrees with the current, conneeted the
corners of the trap with the shores, This arrangement resulted in a
double~V weir, with the trap forming the apex of each V {Fig, 3). The
blocking bars whioch were installed in a lumber frame oonsisted of l« by
2-ineh wooden gslats, pointed et one end and driven into the bottom., The
welr was constructed in such a marner that slats could be removed or
driven Pfarther into the tottom at any time. The distance between the
blocking bars was 1 1/2 inches. Thie spacing allowed all but the mature
individuals of the larger species free movement, either upstream or down-
streams A L» by Li=foot removable gate which rested on sheet piling pro-
Jecting sbout one foot above the bottom, formed the entrance to each
trap. Each gate was built so that it could be lifted out of the trap

(by sliding upward) to facilitate oleaning of the weir. The coneeshaped

funnel, made of 1/2-inch-mnh wire screen, was attached to the bottom half
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of the gate. The apex of the fummel projected into the trap. The funnel
was 2l inches long, with a diameter of 6 inches et the small end. The
large end was 36~ by 2i~-inches. The upper half of the gate was made of
1- by 2-inoh slats, spaced 1 1/2 inches apart. The total cost of materials
for the completed 1939 weir was $89.6L, and for the 1940 weir, $126.06.

No estimate is available of labor and transportation costs (furnished in
pert by the CeC.Co Camp Houghton Lake, of the Houghton Lake State Forest).
Resultse During 1939 and 1940, 15 species of fish were taken inm
the Muskegon River weir (Table 1), Common suckers made up the bulk of the

run followed by redhorse, bowfin, northern pike, and yellow pikeperch in
that order of abundanee, These five species made up 99.)4 per cent of

the tetal downstream run of fish and 99.6 per cent of the total upstream
run for the 2«year periode Very few other fish were teken in the weir
although over 60 species are listed from Houghton Lake and the Muskegon
River. The small number of Speoios taken was partially due to the wide
spaeing of the blocking bars of the weir which allowed the smaller varieties
guch as perch, bluegills, minnows, ete., to pass through the weir.

In 1939 and 1940, all northern pike, yellow pikepersh, and chanmel
catfish were "jaw-taggede® Other fish taken in the traps in 1940 were
marked by olipping fins, Different fins were clipped on upstream and
downstream migrents to permit future identifieation of all fish which
passed through the weir. After marking, esch fish was released in the
direction in which it had been moving when captured,

Because of faulty construction, no fish were taken in 1939 in the
weir during the first 13 days after completion, although the downstream
migration (which begins earlier than the upstream movement) started shortly
after the weir was completed. For example, obserwvations disclosed that

if one sucker found en opening in the trap and esocaped, the remaining



Table l.--Total catch and the size range of each species taken in

the Muskegon River weir between April l and June 19, 1939, end

between March .3_1_ and July 11, 1940, all dates inclusive

Number of fish captured

Total Tength (inches)

1939 19 Total
Common name Scientific name Downstreem | Upstream | Downstream| Upstream o
tra tre tra tra; 1939=1 Minimum| Ave Maximum

Common sucker Catostomis ©. commersonnii 95¥ 13 h,§§'§ g %. ;8% 11.0 E.E 25.0
Northern redhorse NMoxostoma aureclum 117 28 906 373 1,L2k 9.8 18.6 22.3
Dogfish or bowfim | Zmle calva - 150 10 113 65 339 21.5 | 25.2 | 30.5
Northern pike Es0X lucius 13 16 10 L8 217 17.2 21.8 L0.2
Yellow pikeperch Stisos on v. vitreum 16 ces 3 6 L5 10.9 17.7 2342
Bullheads Ameiurus 8Ps - 8 00 8 2 18 XX coe oo
Channel catfiash mﬂ l. lacustris .ne 1l 10 XY} 11 XX XX} so @
Rock bass oplites r. rupestris 3 ces 5 3 11 37.6 38.5 39.7
Bluegill Lopomis E:. ﬁroch}m‘ 1 onn 1 coo 2 see X “ses
Largemouth black

bass Huro salmoides e XY 1l ece l eee ese eee
Black crappie Pomoxis nigro-moulatul see xr: 1l cee 1l ose see eoe
Longnose g£ar Lﬂpisosteus o8 sous oxyurus s 0.0 e se 1l XX 1 XX esoe oce
Yellow perch ?erca flavesconl XY} ese cee b 1 Xy} eee eeose
Spotted suocker Mingtrem mel&nopg 1 ese XX coe 1 coe soe XY
TOLBl evecsccecccosnccessccvnsescsconscsrosscoseee 1.211 h95 5,605 1.:33; 8’@ eoe [ Al [ XX)

—II-
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suckers followed 1%, Eight different types of trap entrances were installed
before we were able to hold substantislly all of the figh that entered the
trapse ‘The funnel entrance finally devised was most satisfactory (the
eonstruotion of this entrance was described esrlier). No doubt meny fish
thet would normslly heve moved downstream in 1939 were not recorded be~
oause of the faulty entrances to the traps.

Ancther fault of the Muskegon River weir was that it was not always
"fish=tight.® During periods of high water, holes developed due to under-
cutting. The weir wa; cheoked daily and all blocking bers in the weir
were driven farther into the bottom when underocutting was noted. Maintemance
of & "fighetight® weir in a flowing stream having a sand bottom is extremely
difficult unless sheet piling is used. GSeveral northern pike that were
taggzed going downstream were eaptured in Houghton Lake by anglers in 1940
tefore the welir had been removeds These fish, and undoubledly other marked
and urmarked fish, passed through holes in the welr and were therefore not
recorded,

Data on the upstream and downstream mirration of fish in the Muskegon
River are not complete because the weirs were not in operation throughout
the entire year. Figh were still moving upstream when the weire were re-
moved in 1939 and 1940, and it is possible that more of the fish would
have been recorded as returning to Houghton Lake if the weirs had been in
eperation for a longer periode In 1939 and in 1940, several northern pike
that were tagged going downstream and not retaken going upstream, were
recovered in Houghton lake by anglers after the weirs had been removed.

If the weirs had been left in longer each year, there might have been a

better balance between the number of upstream and the downstream migrants.
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The main reason for removing the weirs when we did was the shortage of
help and the pressure of other duties. The early removal was also prompted
because so few game fish were captured in the weir.

The effect on the total oatoh of fish im the Muskegon River weir of
the three factors discussed above, namely, (1) the faulty construotion of
the weir in 1939, (2) the faet that the weir was not alweys "fishetight"
in 1939 and in 1940, and (3) that the weirs were not in operation through
the entire year, should be kept in mind when consgidering the data thas
follow,

The first fish were oeptursd in the downstream trap of the welr in
1939, on April 19, 13 dayas after the weir hed been in operation. The first
fish were eapbured in the upstream trap on April 28. In 1940, the first
fish were taken in the downstream trap on April 2, the third day that the
weir had been in operation, and the first fish were tairen in the upstream
trap on April 17. The heaviest run of downstrean migrants (all species
combined) oseurred between April 19 and May 30, 1939, and between April 6
and June 7, 1940 (Teble 2). The greastest run of upstream migrants took
place between April 29 and May 27 in 1939, and between April 23 end
June 7 in 1940,

In 1939, & total of 1,701 fish were taken in the traps of the weiree
1,211 (80.5 per eent) in the downstream trap and Lj90 (19.5 per cent) in
the upstream trap. Of the 6,957 fish captured in 1940, 5,602 (71.2 per
cent) were moving dowvnstream and 1,355 (20.8 per cent) were moving upstream.
A total of 5,575 of the 5,602 fish that were taken in the downstream trap
in 1940 were marked either by tegging or by fineclipping, and 465 (8.3 per
cent) of these individuals returned through the upstream trap (Table 3).

Of the 1,348 fish that were marked in the upstream trap, 355 (26.3 per

cent) returned downstream again. In other words, 355 of the 5,602 fish



Table 2.--The weekly catch of the most important species of fish

taken in the Muskegon River Weir in 1939 and 1910

Common sucker Northern redhorse Dogfish Northern pike _Yellow pikeperch Other _%2001" __Total (all species)
o Downs tream | Upstream [Downstreasl Upstream|DoWnstresm Upstream| Downstreasm Upstresm |Downstreas] Upstreem|Downs p:treu D""nt::l‘ﬂ UP;‘:“‘
Time peri tra tra tra tra tra trap tra tra tre tra Ta P _Ei__!:a_
— 1539] 19 1553 1539 [iL0 1939119 7 1939 FOa s isglﬁ‘é' 19L0]1939] L0939 T&iﬂ} 910 N939 191011939 IO 5% | o0 T3] 15
Apri XX} eve e X X soe X X =00 eose ose ons oo LX) os e cee eve eece [ XX XN eoe LA soe esos soe soe
April 7-13 oo hlé ee0 | 000 | 0ve] 000 | 00| 0o ]| 00| 299 | 0ee]| ses| eee 52 vse eee | ess 6 eoe | eoe] see| ase oce | ooe eee h?h soe ees
April 114-20 m 530 seoe 1|eee 1 | ees| oce| see]| oco |oen| o0 h 33 “se 2 s 8 eee | coe| sce| o0e | 000 | seo ]J-G 572 coe 3
) April 21-27 3145 821 oes 39 h G | eee| ooe ﬁ 1‘4 oo | eosn s 17 con 6 6 3 eoe 1l 1l ) 4 ese | oo 389 865 eee M
April 28‘&}' h 220 1,619 115 137 11 2!4 oeoe 1 69 314 oo 2 3 9 1}4 13 1l l [coe | 0ce| wae h oo 1l 295 1.691 129 19‘-
May 5-11 16| 680] 213|268 | 37| O | 1| 5| 38| 22 ees| 15| 2| 11| 1| K| 1] 1 |eee |eee| 3| 2 |eee|oese| 2uh| 756} 215| 292
May 12-18 271 78| 6| 235 | 26| 211 {..e| 95| 13| 2 eee] 3| cee| Llees| 13| 3] 1 leee| 1| 2| 1 |eeelees| TL| 316 6| 347
¥ay 19"25 6! 1& 79 LB 3 257 10 8‘4 3 9 1| eoe!l oes ,4 1 s ons | s00 |cee | eee 1l . 1 veow 1 23 285 91 133
my 26"(’\1110 1 h 12 13 ll.h. 25 152 12 ‘41 5 2 3 h, 00 | eoo lees 1| ees l leee [ece | aee 2 oo 1 314 169 28 91
June 2‘8 2 168 5 30 1| 200 S 79 3 5 5 7 0o | o00 |eosn l jeee| see jowe 1 3 b 4 l|eoe 9 37h 16 118
June 9"15 ece 2 3 9 lees 8 |ece 2T L eoe | ave 1 20 | cou | o0s [00s | ave |cee | coe |see [eee 3 9 oene | vee 3 19 h %
June 16-22 ves h 1 35 cos 3 {ees 22 |ene 1 |eee B | eee| ene |aes 3 [ eee| aee |ooe l | ces s ses 2 coe 13 1 69
June 23-29 soe 10| «ee 15 ses | s00 [soe m see 1 Jeee l]eee ese |ees eoe |o0e 2 (eee (X sse ) § LX) 1 os® 1’4 L 31
_iune BO'M 6] .os ___? s00 | 000 [00e | 0ee [eoe ve0 ) B |eee| coe |oee |oee [0ee | oas loee 2 see | nes soe | 000 see 3 (XX 1
Total .eeessesl 902 1,393 | 135 | 856 |117 1906 | 73 (150 (113 | 10| 66 13| |16 | B | 16| 23 | 0 | 6 13] 21 BT, 21 5,602 | 190

Y Ia 1939 the weir was in operation frem April 7 to Jume 19; the first fish were taken in the weir em April 19.
In 1940 the weir was operated from March 31 to July 1l.

-TT[ -



Table _3;--‘1‘!10

in the Muskegon River weir im 1940

number and percentage of marked fish that were recovered

Total number of

Total number of

Return of Percentage Return of Percentage
Species fish marked marked fish of fish marksd marked fish off
(downstresm trap) upstresm returns (upstream trap) downstream returns

Common suoXer 19 ] : Ge3 BEh 300 .
Northern redhorse 906 107 11.8 313 [} 137
Northern pike 10 33 23.6 L8 2 L2
Dogfish 113 13 38.1 66 2 3.0
Yellow pikeperch 3% 2 17. 6 0 0.0
Totals ssceeescee + 57 }46 %) I;E : E [
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that were captured in the downstream trap were marked fish, and L565 of the
1,355 fish taken in the upstream trep were marked fish., Actually then,
only L65 of the 5,247 fish that left Houghton Lake returned during the
period of operation of the weir. These figures show a net loss to the
lake of 91.1 per cent of all of the fish that left Houghton Lake. A part
of this loss was made up by the 890 upstream migreants (fish that were not
returning from & downstream movement) that did not return down the river
again. Therefore, the total loss of fish to the lake amounted to Th.6
per cent, or 3,892 fishe.

Because the bulk of the run was composed of suckere and redhorse, the
loss to the lake of game fish was not large, Only 37 of the 163 northera
pike and yellow pikeperch (numbers of the two species combined) that left
Houghton Lake returmed through the weir againe. This net loss to Houghton
Lake of 126 fish was reduced by the 52 of the 5l upstresm migzrants that
did not return downstream again, The net loss to Houghton Lake of thege
two species was therefore 7l fish, or LL.7 per cent of the original 163 fish.

Doubtless some of all of the species taken in the weir were normal
residents of the river. The first upstream migrants of all species im 190
were presumed to be inhabitants of the river since they wore unmarked fish.
Whereas the downstream migration was mainly a spewning run, the upstresm
run was composed mainly of spent fish. It i1z possible that many of the
downstream migrants found suitable habitats and remained in the river.
Conditions for fish were favorable in the river. Food for all spesiec was
plentiful. Shelter was adequate for young and adults of all species, All
species were obeserved to spawn in the river, with the possible exceptiom
of the yellow pikeperch.

It is known that msny fish, especially suckers and redhorse, die after

spawninge In 1939, and 1940, @ number of dead fish were found above the

weir, and others floated down to and lodged ageinst the weir (Table L),
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Table &_._-Number of fish found dead above er lodged

againet the Muskegen River weir in 1939 and 19L0

i “Rumber of fish ‘

Species Tg gg - ﬂ% Total
Northern redhorse ' 366
Common sucker : 7 65 12
Bullhead 19 11 30
Pumpkinseed sunfish 2 9 1l
Yellow pikepersh g 2 1
Bluegill sas. é 6
Smallmouth blaeck bass ’ 2 L 6
Rogk bass v 2 2 L
Northern pike ’ .ee 3 3
Dogfish L ¥ ¥ 2 2
Black erappie 1 o0e 1 1
Jl_!a:labw trout o0 1 1
T (ZA 33 00‘04»400.&';.‘:4\ng.pmi;p.ij. 3 @ E
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Redhorse and suckers were obeserved to spawn above the weir, and many of
these species were found dead sgainst the weir immediately after spawning
sotivity was noted. The mumber of fish that dled belew the weir is not
known, but there was undoubtedly some mortality due to spawning and other
factors. This mortality may account ia part for the relatively few ree
captures of all species and ecppoially of the suckers and redhorse,

Anglers were exoeedingly active in the Muskegen River in the late
spring and early summer of both 1939 end 1940. Many northern pike, suckers,
redhorse and yellew pikepersh which normally would have returned te Houghton
Leke were teken by fishermen,

Some of the migrants traveled downstream & corsiderable distance.

For example, fineclipped suckers were found spawning in Townline Creek,

a tributary of the Muskegon River, L5 miles below the weir, and three tagged
yellow pikeperch were recovered by anglers in the impoundment formed by
tho‘Big Rapids Dam, a distence of 132 miles bslow the weir.

Conelusions. fhere is eome migration of fish to and from Houghten

Lake and the Muskegon River in the spring and early summsr. The movement
appears to be assoeciated with spawning. Common suckers and the redhorse
together made up 92,5 per cent of the total number of upstream end downe
stream migrants in 1939 and 1940, while bowfin made up 3.9 per cent,
northern pike 2.5 per cent, yellow pikeperch 0.5 per cent and all other
speocies 0.6 per cent. Suckers and redhorse are seldom ocaptured in Houghton
lake by anglers and in the river only when spearing is permitted in the
springe Dogfish are seldom uszed as food and sonsiderable agitation for
the removal of this species is ususally manifest by sportsmens groups.
Despite the fact that more northern pike and yellow pikeperch were taken
in the weir in 1940 than in 1939, the numbers are insignificant. MNore

northern pike ran up Peterson's diteh in 1939 and 1940 (Carbine, 1942)
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than ran down the Muskegon River., Peterson's is only one of perhaps a
dozen spawning mress for northern pike at Houghton lake. The northerm pike
run in the Muekegon River is therefore oﬁly a small percentage of the
total run from the lake, The Muskegon River produces good northern pike
fishinge From the small number taken in the weir we might assume that
few yellow pikeperoch leave Houghton Lake to spawx#n the river. The yellow
pikeperch population in this part of the Muskegon River was probo.bly small
as indicated by the small catoh of this species made by anglers.

Théro are sufflcient numbers of nerthern pike, rock bass, ‘peroh, and
other speoies in the Muskegon River to form an adequate breeding stock for
the impoundment formed by the Reedsburg Dame. From present indieations,
northern pike should do well in this impoundment beeause the habitat is
idesl for this species. The weir records indieate that Houghton Lake will
not contribute mioh to the new impoundment in the way of fish except
suckers and redhorse. Before the construction of the Reedsburg Dem, at
least 242 per cent of the 153 northern pike that left Houghton Lake to
spawn in the river in 1939 and 1940 returned agein to Houghton Lake., Of
eourse, eaoch year some fish undoubtedly find oconditionsz to their liking
in the river and never return to the lake, Also, there might now be an
upstream spawning run of northern pike from the new impoundment that
might enter Houghton Lake and remain there, The only way to determine whether
such a movement of northern pike into the lake is occurring would be te
reinstall the weir in the river between Houghton lLake and the impoundment.

Whether or not the Reedsburg Dam would dlock the migration of fishes
in the Muskegon River presents a problem that is of great consern to the
Houghton lake ChWmber of Commerce. The dam was provided with a fish ladder,
but its effectivenese is questionable. From the operation of the weir,

and the results of tagging experiments, we know that a considerable number
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of suckers and a few northern pike and yellow plkeperch travel downstream,
some farther than the dam. The return of part of the dewnsiream migrants
to Houghton Leke may be prevented by the Reedsburg Dem., We are of the
opinicn that even though the fish ladder is not too successful, little
difference in the fish populations of Houghton lake and the new impoundment

will result whether or not the fish sre able to get anf the dame

The leke Gogebio weir

Prompted by a suoccession of poor fishing seasons, especially from
1936 to 1939, interested groups began to search for a solublon to the
problem of improvimg fishing in Gogeblo lake (Gogebic and Ontenmagom Counties),
the largeet inland lake (1l,780 acres) im Michigan's Uppsr Peninsulse
Sportsmen and resort operators contended that large nuwbers of yollow pike-
perch and other fish escaped each year down the Ontonagon River outlet and
did not retura to the leke, The b;sis for this belief was that fishing
in the spring was good in the cheannel between Gogebie lake and the outlet
dam and in the river below the dam. Sentiment for the prevention of the
supposed migration increased until several petitions had been circulated
and the County Board of Supervisors formally requested the Depariment of
Conservation to install an electric fence mcross the lake outlet. Instead
of complying with this request the Department directed its Institute te
deternine the nature and extent of fish movemsnt at this polint.

A weir was installed irn the Ontonagon River about one~half mile below
the lake proper but just above the Bergland Dam of the Cepper Distrioct
Power Company, At this point the depth of the river ranges from 6 to
9 feet and the width from 130 to 1,5 feet, according to the water level.

The weir was in operation from April 10, 1940 until September 1l, 19lLl.
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Description of weir. The weir crossed the Ontonagon River at right

angles to the banks. This method of construction was not the most desirable
or the most efficient, but wes the only one that could be used in the
location availables The details of construction were similar to those
described by Shetter (1938) for the Canade Creek weir. Bars of 5/8«inech
reinforcing iron placed in a frame at 2~inch intervals left openings of

1 3/8 inches. The total cost of the weir inoluding materimls, lsbor
(furnished in part by the CsCeCe Camp Gogebio of the Ottaws Hational Forest)
and transportation expenses was $676.05, The reinforeing iron which alone
cost $352.50 was resovered and used in conetruction work when the weir was
dismantled.

Resultss The traps were checked at least twioe a day during the
principal run of figh and at least three times a week during the remainder
of the period of operations There were two periods when the structure
was not effective éue to bresks caused by high water and debris.

Only eight species of fish were taken in the Gogebic weir (Table 5).
All yellow pikeperch and northern pike were "jawetagged," and the other
spoeiQA;:::ked by clipping fins. Different fins were clipped on upstream
and downstream migrants to permit future identification of all fish which
passed through the weir,

There is some upstream and downstream movement of fish in the ocutlet
of Gogebie lLake during the period when the lake is not covered by ioe
(Table 6)¢ The major movement occurs from mid-April to the end of June,
which period covers the spawning season of most of the speeies taken.
Suckers, yellow pikeperch, northern pike, end rock bass, in that order,
were the species observed most frequently in the river at that time.

Except for the suckers, there was no significant loss of fish from

Lake Gogebic by migration down the outlet. More geame fish were counted
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Table S.~~Total catch and the size range of eseh spesies

taken in the lake Gogebic weir between April 10, 1940

and September 1l, 1941, both dates inclusivas

For soientific names, refer to Tables 1 and 6

~ Fotal

Humber of fish eaptured Tength (inches)
Common name |~ Downstresm | Upstresa
tra trs; - Total Minimum Average Maximum

~Common sucker T;g ﬁg 8% .o f:% ces

Yellow pikeperch 5% 53 109 124 17.0 277

Roek bass 13 ﬁ 72 6oh 809 11 .‘4

Northern pike m 28 1506 18.0 297

Black crappie 7 2 9 11.9 1345 Uil

Yellow pereh 2 6 8 8.2 10.5 12.0
Smallmouth black bass L 2 6 14.0 16.6 20,2

emouth bl‘ﬂk bass : b 4 Q 1 sen Pen swe

Total PO PELOILSENSOES m E 375 e ro® ‘v
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Table 6.--Weekly catch of the most important species of

fish taken in the Lake Gogebic weir, 1940 and 191

Common suoker | . Yellow pikeperoh | RoOk bDess 1

o Horthern pike

Time period Upstream Downstreah Upstreap Downstr Upstreap Downstread Upstrea Downstroem
trap trap trap trap trap trap trap trap

1940
April 1)4-20 ese ese sen ese Xy see cee 1
April 21"27 3)4 100 11 8 XX oo 3 6
April 28'”&}' L} ,43 30’4 2 9 1 ene 1 one
MAy 5"'11 10 1 see 28 cee 1l coe ess
Hay 12"18 32 6 2 2 soeo 1 XX} eoen
Mﬁy 19-25 2 1 see 5 X 1l ese ose
May 26—June 1 cosn 1 see XY (XX} oo vee see
June 2-8 9 3 § 1l cesn ese 3 see 1
June 9‘15 13 1l 2 2 9 2 eee ses
June 16"22 2 Xy ceon 1 11 3 coe xXx
June 23"29 oos e coe cee 7 2 eee see
June 30-Ju1y 6 2 see ese cee 10 cen ese cesn
July 7'13 1l XX S cse 6 see 1l ess
July 1).[."20 5 teoe 2 eae 3 ese 3 veon
July 21-27 1l XX 3 osne 3 XX 1 ese
July 28-Aug_. 3 h soe 1l ese see sew eee sve
Auge. h-lO eee vee 1 ose 2 cee o0 ese
Aug. 18-2}4 5 l 1l XY 1l cee eee ese
Aug. 25‘31 see 1 3 sse 1l sse see see
Sept. 1-7 xx eee 8 ose l cee XY XY
Sept. 8‘1).[. X cee 2 ses ese ceo cee 1
Octo 6‘12 (XX} cee 1 ss e soe oo xx coe
Octe 2026 ces cee s 1l ose X see see
Oct. 27"“0?. 2 s00 wee XX ese XX see Xy} 1l
Nov. 10-16 cee Xy’ ese eee Xy} eee 1l 1l
19l

Anril 6=12 ove cee Xy xx Xy cee veeo 1l
Apl‘il 13"19 1 vee 1 con soe ese xx 1
April 29"26 xx cee cee KXxl see eee see 1l
April27-May 3 1 1 e sese cee cee cee see
May ).1-10 sse 2 see s es e Xy ese cee
May 11"17 2 eee oce X X] 1l see ses Y]
May 18"2}4 1 es e 1 eee 1 eoe eee seon
¥ay 25‘31 ese coe 1l cee 1l see cee cee
June 15"21 see ase XY XY XY XX 1l xR
June 22-28 cee oo Iy vee eee see 2 ceo
June 29-Ju1y 5 eoe ese Xy} oo Xy} see 1l XX
July 6-12 1 vee eve eoe 1l coe eoe eve
J“ly 20-26 XX s ; XX XX ) XX XX
Tot8l ececenss 1@ m 3 ;9 ]g 1}.} 1}4
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going upstream than were counted going downstream during the period of
operation of the weir,

Conclusionse From the data obtained from the operation of the welr,

it wus determined that the erection of & fish screen for the prevention
of fish movement out of lLake Gogebic would not benefit the fiehery in that

watore

The Platte River weir

Ocoasionally during low water and following strong om-shore winds,
temperary sand bars mey develop soross the mouth of the Flatte River
(Bensie County), where it enters Lake Michigen. It was believed by
sportsmen that because of these bars, fish were not able to ascend the
river., The Platte River is famous for its trout fishing, partiocularly for
the big rainbow trout (steelheads) that enter the stream from Lake Michigan.
Previocus to the summer of 19)j1, many interested people sgitated for stream~
improvement devices, or for dredging or breakwater construction to remedy
the situation created by these temporary sand bars. Since 1t was known
that these types of improvement suggested were quite expensive, the
Department of Conservetion decided that it was first necessary to determine
the nature end extent of the fish migration at this point and to what
degree this migration was blocked by sand bars,

The site chosen for the weir was approximately 1 1/2 miles upstream
from Lake Michigan. It had the advantage of being state-owned and closs
to e county road, The width of the stream was ;5 feet and the depth at

the time that the weir was installed was 29 inches.



Description of weir. Construction of the weir was complicated by the

fact that at certain times of the year there was considerable boat traffie
betweer the upper river and Lake Michizan. The final design of the welr
incorporated all of the best features of previous weirs used by the
Institute, plus a pair of boat gates operated by pulleys and cranks.

The entire strueture was pleced on single-board sheet-piling driven
from 3 to 5 feet into the bottoms This oconstruction eliminated most of
the undereutting usually experienced in weir operation. The original plans
whieh ocalled feor triple nﬁkofield plling could not be used Boeuuso of the
difficulties encountered 1n'driving the piling into the subsurface material
of rubble and boulders. A double row of round pilings, at intervals of
5 feet, cupforted the framework that carried the blocking bars of the
weir (Figse. L4 and 5)s All piling was driven into the bottom with a power~
driven pille-driver and a Jet pump.

The diagram (Fig. li) shows the most prominent features of the weir.
A and B are the boat gates, eaoch approximately 5 by 15 feets ¢ and D are
the traps, downstream end upstream respectively, each 6 by 5 by 5 feete
Each trap hes a board flocor to eliminate any hiding places for fish. A
funnel made of L/2-1noh, galvanized wire screen acts as an entrance for
fish into each trap. E and F are the stationary blocking arms, both about
L5 by § feete The individual blocking bars were l- by 2-inch slats, spaced
1 1/2 inches apart. This spacing allowed all but the larger fish to pass
through the struocture without being trapped. The blocking bars on the
Platte River weir were nailed direetly to the framework, but it is possible
to make these in frames so that & seection of the bloeking arm can be removed
or replaced at any time. G is a 6-foot working platform. A catwalk on
the downstream side of the blocking arms facilitates the cleaning and repair

of the weir, H is a solid row of single-sheet piling, built as a safety
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measure in time of high water, across a 150-foot streteh of marsh to
higher ground on the south side of the river, I is a sea wall to prevent
erosion of the north bank, The blooking arms, traps, boat gates, and

ses wall all rested on sheet=piling. J is the attendent's ecabin,.

~

e

Resultse The weir was in constant operation from November 1, 1941
until June 20, 1943 except for seversl brief periods when pressure from
slush ice ard snow broke the boat gates or made it mecessary to leave the
gates open,

In 1942 all upstream migrants were either "jaw-tagged” or marked by
elipping fins. Tags were used on most rainbow trout and all northern
pike. All other fish, including some reinbew trout, were "fin-clipped.”
in 19,3, all suokers taken in the weir were distributed free to anyone
possessing a current fishing liocense. Beocause of a shortage of help, only
s few of the rainbow trout were marked in 19L3.

A total of 1l; species of fish were tkken in the Platte River weir
(Table 7)¢ The numbers of the two species of suckers taken in the weir
were necorded together. The rainbow trout and suckers made up 941427 per
oent of the oatchy the remaining 5.73 per cent was divided among eleven
species,

The heaviest run of all speeies combined occurred between April 1 and
May 31 (Table 8). The spring upstream migration of rainbow trout extended
from Mareh 25 to May 10 in 1942, and from April 19 to June 1l in 19L3.
Weather conditions are probably responsible for the difference in the time
of the run each year. In 1942, 756 mature rainbow trout were passed up~
stream through the weir and in 1943 only 196. Possible reasons for this
difference may have been: (a) passage of fish through holes in the
sheet«piling (13) or when the boatslip was open in the early winter of

1943 becduse of slush ices (b) a smaller run of fish in 19533 and (c) dis-

couragement of fish from rumning in 19/3 by opening-day anglers. In 1942



Table 7.--Total cateh of each species taken in the Platte River weir

between November }.L

19l and June 20, 1943, both dates inclusive

Bumber of fish captured

Common name Scientific nsme Upstresm Downstresm | Total
trap trap

Gommon sucker &%stms 0, commersonniy '} L 365 169 1,53,
Sturgeom sucker ) s 0, oatostosmus ) » ’
Rainbow trout m rideus 965 97 1,062
Smelt Osmerus mordax a6 1 217
Yellow peroh Terea Tlavesoens 76 PO 76
Rock bass Ambloplites r's rurestris 13 ese 13
Lake horring @ ..T: W 12 'YX 12
Dogfish or bowfin Inle ocalva 2 7 9
Nerthern pike Esox Juoius 2 2 L
Yellow pikeperch Stizostedion v, vitreum N oo I
Bullhesd Amelurus 8Pe 2 ene 2
Smallmouth bleck bass Weropterus d. dolomien 1 eos 1l
Eastern burbot m{oﬁa maculosa 3 cee 1
Carp &E E 1 cee 1
TOLAL 000000 800000000006008600606000000eti0d8rnestssesd m Jﬁ6 mé
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Table 8.~-The mumber of suckers and rainbow trout takea

in the Platte River weir between Hovember 1, 52}4_1_

and June 20, 1943, both dates inclusive.

Time periods when no fish or very few

fish were takon‘han been combined

_ Suckers . —___ Rainkow trout
Time period Upstream Downstresm Upstream Downstream
irap trap trap trap
TI9LT
Nov., Dec. h 0.0 )} ‘4
1942
Jlno, Febe ‘o0 R ) e *oe
MarcheApril 2 i 1l 17 1
Apﬁl 3-9 h » e 220 ree
Apﬁl 10"16 25 0 th 7
Lpl‘il 17=-23 1.“{3 .40 iz 2
April 2i-30 L7 sen 33 7
hy i‘? 313 Y 2 1
May 8-31 51 .on 1 6
June, Sept. Y woe s 1
Oot. 1’7 .o Y 12 .0
mto 8‘31 E L E 2 ] *9¥ aee
Novs, Decs k § ase 1
1943
Jan,, Mareh aee ses e b |
April 1‘15 san she e oo
April 16-30 206 1 113 i
May 115 1,075 es 57 2
May 1631 762 166 18 59
:_fune 1-20 13214 2904 8 ) 1l
Totel vesssns _ L‘E 169 963 §T




w3le

and 1943, before starting their upstream migration, between 500 and 800
large adult rainbow trout entered and stayed in the river between the weir
and Leke Michizen from mid-November until the following spring. In 1942
the heavy run started on April 5§ and the majority had been dipped over the
weir by the time the fishing season opened on April 25, In 1943 the run
weas delayed by oold weather and the fish did not begin to move upstream
until April 19, 2Anglers fished cover heavy concentrations of rainbew trout
below the welr when the fishing seascn opened on April 2. Observations -
indicated that this angling activity frightened the fish to such an extent
that the majority of them returned to lake Michigan,

From the data obtained from measurements of random samples, the
length of the rainbew trout renged from 17 to 3l 5/8 inches, and the
weight varied from 2 to 18 pounds. Males averaged 26 1/l inches in length
and 7 pounds in weight, while females had sn average length of 28 1/8 inehes
and an average weight of 8.7 pounds.

The downstream movements of fish through the weir were oconfined
chiefly 4o the spring spawning periods or following the spawning periods.

Conclusionss During the 20 months that the welr was in operation,

observations indicated that fish were able to enter the river st any time.
Therefore, no improvements need be made in the channel of the river mouth,

unless future observations indiecate a change of conditionaagf During the

%; The Platte River weir will be operated during the spring of 194} and

perhaps in other years.

period of operation of the weir the depth of water in the main channel at
the river mouth varied from 17 to L8 inohes. The position of the river
mouth changed noticeably. In 19,3 the confluence of the river with Lake
Michigan was approximately 700 fect west and somewhat south of its position

in 19l1.
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