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ABSTRACT

The Bleck River barrier dem is located on the Black River, 3/l mile
from the mouth, in Mackinac County. It was constructed of wood, with the
exception of the lip of the dam, whieh was of i/h inch steel,

The purpose of this dam was to experiment in attempting to vrevent
sea lempreys from reaching their spavning grounds, and at the same time,
not block the rainbow run. The lip of the dam was constructed especislly
tc achieve this purpose. This steel 1lip consisted of a 9 inch radius
half cirele harging over downstresm. The overhanging lip presumably would
biock the sea lamprey, which ere not noted for their jumping ability, yet
permit the high Jjumping rainbow trout to surmount i+,

During the spring of 1650, the success of this structure in fulfilling
its purpose wes investigated. This was done by direct observations of
sea lempreys ard reinbow trout at the dame In addition a checking weir was
ccnstructed a short distance upstreem from the dame This checking weir
would conceivably cstch all lampreys and fish which succeeded in getting

over the dam.




The large numbers of sea lampreys taken in the upstream weir trap
indiemte thet the sea lampreys were successful in pemetrating the barrier
dam, The method of penetration is believed to lie by way of eracks in
the dem itself and chamnels sut arcund and under the structure. Channels
were obviously present, as witness the continual oave ins and weshouts.

Three sea lampreys were found in ceve ins behind the bulkheads which show

thet at least some sea lampreys were using these channels to escepe upstream.

That oracks as small as 1/2 to 3/l; inch ean be used as & route of escape is
shown by the disecvery of L adult sea lampreys wedgsd in a crack a little
over 1/2 inch. The belief that cracks and channels-were the route of
escepement is further supported by the observetion pericd of &l hours.

During this time only cne sea lamprey wes noted to escape over the sieel

lip. This was during abnormal conditions. Since the steel lip is elimimated

a8 & route of escapement, it lesves chanpels and struetural failures as
the only avenues of passage.

The small number of rainbow trout observed at the barrier dem indiecate
thet, although they may have some difficulty, the mejority of adult rainbow
trout ean surmount the dam, The limiting factor appesrs to be the swift
current at the top of the lip. If the smaller fish observed could be
definitely identifiéd as rainbow trout, it would appear that smaller trout
might have great difficulty.

Smelt were present in large numbers below the dam, but none were
observed above. At this time the by-pass was open. Because of their
observed poor jumping ability, it is quite appsrent that smelt will be
blocked by this type of dem.

Sturgeon (black) suckers were not observed to jump more than 1 1/2

fost elesr of the water. The lip apparently constituted a barrier to them.,



Although white (commen) suckers were getiting through the dem, it is
thought thet they followed the same route as did the ses lampreys. lNone
were seen even attempting to ascend the lip. These observed jumping in

the trep showed no aptitude,
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Intrecduction

The experimental see lemprey barrier dam is located in T. L3 N.,

Re 8 W., S. 29, Mackinac County. It is situsted about B/h.mile upstream
from the mouth of the Black River in a locetion that has 5-+to 10«foot
partielly wocded barks. The bottom meterial at this point is sand.. The
Black River was selected for this experiment because of the known hesvy
upstream migration of sea lampreys and rainbew trout,

The barrier dem was first put intoc operation on Msy 15, but continual
operation was not initiated until May 2Li. The experimental operation was
terminated abruptly on the 26th of June by & period of excesdingly high
water which rendered the dam unserviceabls., During the periocd of 32 days

when the barrier dam was not in operation, ses lampreys and suckers were

very actively migrsting upstreem and rainbow itrout activity was limited.

Purpose of Barrier Deam

The purpose of this dem is, and I quote a letter of Aprii 25, 1950,
frem Dre. Hazzerd to me; "First to ascertain if s dam such as the Black

1w

River structure with a curved steel lip will effectively block sea lampreys
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from migrating upstream. Seeccnd, how high must such & dam be Lo constitute
a barrier? We wish to find out what is the lowest possible dam of this type
whieh will block the sea lamprsys. Third, does this barrier dam, at any
given height, partially or entirsly block the wpstiresam migration of food and
geme fish? Briefly then, we wish to sstablish the characteristics of a dam
which will‘be high enough and of a2 nature which will block spawning run seae
lampreys, yet will permit lake-run rainbow trout to clear it and reach their

spewming groundse”

Construction of Dam

The Black River barrier dam was designed with the previocusly mentioned
purposes in mind. It was constructed emtirely of wood, with the exception
of the curved stsel lip. The cost of the structure was $5,ﬂ60.h8. Exesedingly
high water made the construction very difficult., That a'better understanding
of the structure might be had, a plen view and crossesectional view are
presented,

The ee.st and west bark walls (bulkheads) were constructed with tomgus
and groove 1 1/L inch sheet piling driven L fest into the river bottom.

These walls were braced by & x 6 inch planks neiled horizomtally %o the inside
top of the sheet piling. Both the east and west wall, at their extreme
upstream and downstreem ends, bturn and extend into the benk. The open space
bekind these walls, was filled with sand and claj to the level of the top

of the sheet piling.

The”face of the dem was built of a double row of tongue snd groove 1 l/&
ineh sheet piling. A box=like platform was constructed on top of the double
row of shest piling for added strength, and to which the steel plates werse
bolted. The plates were boltsd to the downstfeam side, These plates
constituted the lip of the dam. Thay were 1/L~inek stesl and the curved lip
consisted of a 9 inch radius half cirels. Those plabes wers adjustable as o

height cver a lefoot rangse
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Irmedistely downstream end under the curved steel lip was the Jumping
pool. This was designed to insure an sdequate depth of water for the rainbow
trout to jump from. This pool has a wooden floor., The depth of water in
this pool waried from 19 to 3l inches, depending on the lsvel of the river.
In the period NMay 18 to June 7 the jumping pool water depth was 20 to 2l
inches. June 7 & 6a=ineh plank was added to the dowastream wail and conssguently
the depth increased é inches. A4fter this date the water depth in the jumping
pool hoversd sround 27 inches.,

Adjoining the jumping pool on the east side waes the trap and by-pass.
These, too are floored. Ths upsiream and downstream walls of the trap are
indicated by a broken line in the plan visw, The planks (splash boards)
making up the walls can be removed, thus converting the trap intc a by-pass.
When these splash boards are removed, the impoundment empties rapidly, and
soon all the flow is through the by-pass. That is, if there is nct %oo
much water in the river. The by=pass is completely floored Ho the points
of the east bulkhead. 1In the middls wall of the dam, which is the west wall
of the trap, is the entrance to the trap. On May 29 a wire funnel was
atiached to the inside of the hole. This would prevent escapement of upsiream
migrants, when they found themselves in the trap. In operation, & small
amomnt of water was let into the trap over the upstream wall. This water
flowsd out of the entrance of the trap, where presumably it would attract

upstream migrants.

Adventages of Dam

At this point I might mention the possible advantages a structure such
as the Black River barrier dam would have over a V-tiype sea lamprey weir as
a barrier to spawning sea lampreys. Number one adventage would be the man

hours saved in maintenanece. A barrier dam would not reguire sny mors than
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cesunl care once it was installed. While a sea lamprey weir reguires
continual cere wher it is in operation. Seccndly, the barrier dam would

be relatively permenent, which would eliminate difficult spring installation,
A disadvantage of the barrier dam might be the prevention of waluable food
and gams fish from reaching their spewvming greounds. However, these fish
eould be trapped below the dam and released upstream with a small fracticn

of the time required to care for a welr.

Checking Weir

In addition to the barrier dam,'another structure was constructed
on the Black River. This was & checking weir located 200 to 300 yards
ebove the barrier dam. This structure was in operation from the night of
¥ay 27 to November 2li. It was ccnstructed as a check on the effectiveness
of +the barrier dem. Any upstream migrent which was not blocked by the
barrier dem would conceivably be taken in this weir. However, there are
two factors which precluded & 100 percent capture of escapees, The most
obvious wae the frequent undercutting of the screens snd sill. This was
twice present during the operation of the barrier dem. There was & lefég&é
hole under the center of the weir from May 31 to June 12 and on June 26.
Through these holes it is estimated thel there was 50% 10 percent escapement.
Seecndly, there was a small tributary entering the Black River between the
barrier dam and the checling weir. TUndoubtedly some fish went up this
stresm. I believe that this escapement was small since the tributlary was
not more then 3 feet wide at the mouth and within l/@ mile narrowed down
to about 1 foot, Thera was probably not much, if any, spawning aree in
this stream.

The checking weir was constructed by the T. 5. Fish and Wildlife Service,
The details of construction ere similar to those of a V-type sea lawprey Weir.

That is, with a sill laid directly on the bottom and the screens placed on
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the sill snd braced with steel fence posts. The checking weir was not
the Vetype but was strung diamgonally across the river with & trap at

eithsr bank., Thus it could take both upstream end downstresm migrants,

Observation Period - With Special Refersnce to the Sea Lamprey

Lo

The night cbservatiom period wes initiated on Mey 9, when the by-pass
was still open and one steel plate was not yet in place. This was the
condition of the dem until May 15 when the dam wes put into operstion. The
position of the observer was on the lower sast bulkhead, From this place a claar
view of the falls was obtained, with the excepticn of the plate next to the
trap. Two Colsman single mouth lanterus provided illumination for all night
observaticn., These were hung to the walls about 5 feet downstream on gither
side of the falls., The position mentioned wes held until May 13, when my
ettention wes called to the portion of the lip where the plate wss missing
(extreme west side). Here fishermen had noticed rainbow trout going up, So
the point of observation was changed to a position dirsctly above the point

where the plate was missing. This remained the cbservation post wntil May

e

30, Then, in order to observe achivity in the trap, the observation point
wes changed back to the lower east bulkhead. Also, at this time the lantern
on the middls wall {east side of falls) was hung in the trap. This position

was held until the dam was parily washed out on June 26, whereupon formel

observation ceaseds

At first, the observetion procedure was &s follows: the falls, jumping

pool, and the steel lip were observed carefully from the observatiA.f'iifyf

andevery helf hour an inspection tour was conductsd of vital points. Vital
points included: (1) the walls where the plates moet i%, (2) the platform,

(3) the lower sast and west bullhead, (4) the trap and (5) the steel lips.

The precading procedurs was followed until June 1l when it waes modified slightly.
TVital points were checked every 15 minutss. Several observable lsaks had
developed and these and an area & short distance above the dem were added to

the points checked,
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The aress of concanbration of ses lampreys observed during 65.h hours
of ohservatisn tims ere quite well defined. Thess areas are listed in order
of decreasing concentration: (1) the floor of the by-pass below the trap,

(2) the trap itself and (3) the west bulkhead whare the lower jumping pool wall
meets it. Sea lampreys were sesn at other points but not in large numbers.,
Several were seen to escend the dewnstream well of the jumping pool, and many
more must have done o since the entrancs to the trap opene on the jumping
pool. Those seen in the jumping peol were observed clinging o the wesd
bulkhead and to the middle wall (east wall of jumping pool).

The behavior of the ses lampreys below the dem was somewhat standardized.
The first habit of the sea lamprey noted was that of seeking out lesaks in
thé dam from which smell currents were issuing. This was especially noted on
the night of ¥ay 21 when an attempt was made to capture a few lampreys with a

spear. It was inberesting 4o note how the lampreys would seek oub ths places

4y

S

where the dam was leaking and attemp®t to get upstream. On this particular

<

night the by-pass was cpen and there were smell lesks betwesn the west bulk-
hesds end the floor of the trap and a small gurrent issuing from between the
Ploor boards of the jumping pool. Also there was & strong current coming from
the entrance to the trap which extended pelf wey across the jumping pocl. The
sea lampreys tended to concentrate around those currents, mcst being observed
closs to the suirance to the trap. It is of interest to note that the immediats
spren around these lesks was alive with American brook lampreys.

Another indicsticm of the attraction of small currents is seen by the
heavy concentration of sea lampreys on the by=pass floor downstream from the

ne ohservation period water was flowing from betwsen snd

o
Cy

i
o

“hrape. Duriding mos
under the downstream splash boards and from between the sast bulkhead wall and

the floor. Nany ses lampreys wers cbserved trying to penstrate the dem at

this point. On one cccasion e sea lamprey was seen to dive into one of the

lesks, 1t was not seen to come oute.
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The obssrvations made indisate that the jumping ability of the sea
lamprey is about nil, One procedure of "jumping" is as follows: a sea
lamprey would be attached to & vertical surface with the point of attachmen®
2 4o l; inches out of wabter. Suddenly it would release its hold and attempt
to swim or jump straight up. Seldom could they clear the water by this
method. Albthough mo sea lampreys were observed in the proximity of the
steel lip early in the season, some sea lampreys were observed attemplting
te jump the lip on June 26, TVhen migration hit ibs peak, behavior was mers
active even ineluding the daylight hours. The only date upon which this was
observed was June 26. The by-pass was open and water was sbill going over
the steel plates, There was a large boil of weater in the jumping poocl next
to the west bulkhead whore two floor boards were missing. One sea lamprey
was cbserved to ju@p from the top of the boil to the lip and thus escaped
upstream. It is estimated that the distance between the boil and the lip
was not more thaﬁ %;?o5£;2 The see lampreys wers very active on this date
and many jumped ci;afﬂof the water. It is not known whether this was s
vertical or horizontal movement. Details ars not available since I was not
present on the 26th and Mr. Hanson's notes are Brief. As mentioned previously
others attempted to jump the falls on the 26th but as befors further details
are not availabls.

Almost helf of the sea lampreys observed were fastensd to some object,
most of thess seen wsre attached to the vertical walls composing the dam,
They werelusually attached some 2 to L inches above the water lims. The
highest point of attachment observed was 2/3 of this particular lampreys
length out of water. This would be anywhere from 46 to 16 inches. It is
thought that this sea lemprey arrived at this position by the jumping procedure
deseribed previously. UNine sea lampreys were cbserved to jump up a vertical

wall and athtach themselves 2 to I} inches above the water line.
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The observabtion period indicates that the steel 1lir was successiul
in preventing thse ses lampreys from going over the face of the dam. The
cne ses lamprey which wes observed sscaping over the vlates did sc during
shnormal conditicns., However, I wonder if ths steel lip would prove to
be @ barrier if there were no other avenues of escape upstresm. It would
seem thet the lenger the ssa lampreys wers held below the dam, the more
powerful would become the spevming urge end conseguently their desire %o

swrmount the dam, +t was noticed that the ses lampreys were much more

active lsts in the sesson then during the sarly parts.

Tsocapement Through By-pess

At one time it wes thought ithat many sea lampreys escaped upstream
through the by-pess when it was open during the day for repairse. It
was belisved thet the sudden relesse of water might stimulate the lempreys

into metive movement. This theory has little substentistion other than

1]

the observetions of June 1& when the ses lemprey were sctive when the by=
pass was opsn. Iwo were seen in the trap 1/2 hour aftsr the by-pasc was
olcsed and 1 was seen immediately upstream from the by-pass during repairs.
However, thera is no appsrent correlation between the open by-pass and

the upstresm welr catch of lampreys except with a rise in temperature,

It sppeers thet the open by-pass was not an importent avenue of escspe
durirg deylight hours, Probebly some rumbers of suckers and reinbows
escaped through the open by-pess, since on oceasion they were ackiwve in

+he lste afternoccon.

Expsrimentsl Operstion - With Specisl Reference to Sea Lempreys

The first sea lemprey seen this spring in the Black River wss observed
the night of April 27 about 100 feet upstream from the mouth, although one

was reported on April 1G. Apparently the run begen during the first two
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Table l,«=Detes and time of observation pericd

Date Time Totel hours
Peom To
5= Om50 10:3C P¥ 11330 P 1.0
5«10=50 8:C0 P 11:00 PM 3.0
5=11-50 8:00 PN 10:30C P 2e5
BalZa50 91Z0 P 10:%0 FPM 1.0
5n13a50 8:00 P 10:30 Pu 1.5
5=1L=50 12:30 PU 1:00 P Ce5
5=15=50W 73100 AN 8100 AM 1,0
5m22a50 9:C0 P 10:30 Pu 1.5
5:21 9:00 PM  11:00 PM 2.0
52 . ¥8:00 P 12:00 P L0
5w =50 12:00 M 8:00 AM 8.0
52650 9:00 P 12:00 Pu 3,0
5e27=50 12:0C PM 2:00 AM 2.0
En20+50 10:3C B 12:00 P §1§Sf
53050 12:00 PM  12:2C AN 0.5
5mZCm50 8:00 P 12:00 PM 10
b= 250 8:20 FM 12:00 FH Zs5
b Lw50 8:C0 P 11:00 Fil 2.0
bm CuB0 8330 T 10:00 ™ 1.5
ba baTO 7:30 PM 11:00 P 3.5
bu T=5 8:C0O P 11:00 PM 3.0
b= 9250 2:00 FM 11:00 B 2,0
£al0=50 9100 Fu 11:C0 PU 2.0
6=13=50 9:00 FA  11:00 FM 2,0
6m1lie50 9:00 FM 11:00 PM 2.0
61550 G100 Fi 11:00 Pu 2.0
6-17=50 9:00 TH 11:00 B 2.0
b=2L=50 23100 FIL 11:00 Fi 2,0
Total = = = = = = = = = = = = = = = = = =655

\y Prom

the 15th on, all observations were made with the barrler

dem in complste opers tion,.
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weeks in Mav when a few were taken by smelt dippers. The 18th and 21lst
of May were pericds of active movement,

During the periocd Mey 2 to June 26, when the barrier dem wes in

relatively continucus operation, there were i separate periods of activs
see lamprey movement. To determine the offectiveness of the berrier dem
it is necessary to amalyze these pericds closely and correlate them with
the upstream weir catch and related conditions, As a general rule these
Ly pericds were accompenied by a rise in mean water temperature and/br water
level. The L pericds of active movement are: (1) Msy 28 to June 3,
(2) June € o June 10, (3) June 13 to June 17 and (L) June 2L to June 30,
These pericds csn be verified by the observation period and the dam trap
sgateh, Additionsl evidence is supplied by the upstrsem weir cateh and by
the meen water tempersatiurs records.

The firs%t pericd to be considered will be (1) ¥ay 28 to June 3, The
dam had been in operation May 2i, 25, 26, but the by-pass was opeged at
9:00 4 May 27 and remained open unbil 5:C0 FK of the following day. During
the time that the by-pass was open it is thought that the sea lampreys Were'
moderately active since 9 were taken in the upstream weir trap on the night

of Mey 27. A slight increase in temperature also suggests activity.

From the very beginning of operation there was & streem of water issuing

sst bulkhesd and betwesn the floor of the

o

e
D
Q@

frem the corner of the lowe

{
jate

wn

by-pass and lower east bulkhead, On Vay 20 the trap wes discovered to have

[a.1)
vxi

gbout & 1/2-ineh crack under the bobbom splash boar our ses lsmpreys

.
were discovered wedzed in this crsck and doubtless some hed esceped upstream.
Tis was repaired. On the 31st a heevy raein roised the level of the river
some 20 inches. The £ill behind the upstreem sast bulkhead begen to cavs,
probebly as a result of the high weter. The following day (June 1) the f£ill

and sand cortinued to wash badly., The upstream eest bulkhsad corner was

gspecially ved. The cave-ins were £illed as scon &s possible, but they were




I |

not all filled on this date. On the 2nd of Jume & erack was diseovered

in the floor ef the trap and more send was being washed from behind the

upper east bulkhead. The by«prass was open from 10:00 AM to 1:00 FM on the

3rd for purposes of chécking for possible avenues of escape. A ersck was
found in the jumping pool floor and a hole was discovered in the east bank
about 10 feet upstream from the east bulkhead. The hole in the bank was filled,

During this period (May 28 « Jume 3) 338 adult sea lsmpreys were tsken
in the upstreem weir trap. Undoubtedly some of these sea lempreys were
in the river between the barrier dam and the checking weir when the barrier
wes put into operation. Also some probably went up the bye~pass when it
was open on the night of May 27. It is likely that scme eseaped upstream
from the trap through the previously mentioned ersck wmder the gplash
boardss The caveins behind the east bulkhead suggest the presence of
one or more underground channels whick probably were avenues of escapee
Is this perioed it can be seen that the barrier dam was not at all effective
in blocking the sea lempreoys frem reaching their spawning grounds,

The period of June Lm5 was one of little sctivity as shown by the
barrier dem catch and the observation period. The mean water temperature
and water level also indieate little movement,

The next active pericd of movement was fram June 6-10. It is evident
that sea lempreys were moderately active during this li~day pericd since LO
were seen during the observation period, 16 wore taken in the barrier dam
trep and & were taken in the upstream weir trap.

In addition to the permsnent leaks, i.e., between floor and east
bulkhead and from corner of lower east bulkhead, there was & stresm of
water issuing from between the lower east bulkhead wall and the bank,

These remained throughout the entire operation, On Jume 7 & large hole
formed under the face of the dam but was repaired 'on the same date, The

by-pass was open 9300 AM « L4330 PM for this repair.




On the same date a cave=in occurred behind the upper east bulkhead. In
water of the cave-in was an adult sea lamprey. The following day the sand
and fill was still washing out. On the 9th two large cave-ins were present
behind the east bulkhead. An adult sea lamprey wes discovered in one. The
cave-ins were filled but another one formed the next day and it, téo, was
repaired (filled).

During this period evidence that sea lampreys were going through the
dem wes obtained. Iwo adult sea lampreys were observed in cave-ins, ons
of which was next to the upstream east bulkhsed. This lamprey must have
traveled some distance underground to arrive at such a poSition. The con-
tinued difficulty with the east bulkhead indicates that channels are still
present, and the presence of lampreys in the cave-ins caused by the channel
show that et least some sea lampreys are using the channels for escapement.

The 11lth and 12th of June were periods of little active movement.

The limited activity is thought to have been due to the relatively low

mean water temperature and stable water level, It has been noted thgt

the upstréam migration of white suckers coincides with that of the sea
lamprey. Sinee the white suckers have free access (via the dam trap) to

the weir they might be used as an index. Since neither species were taken
in any number at the checking weir trap, it can be assumed that the lampreys
were not prevented from reaching the checking weir but merely were not
active.

Following this quiesent period was a period of moderate tc heavy ac=-
tivity of sea lampreys and white suckers extending from June 13-17. In
this time 1% sea lampreys were taken at the upstream trap of the checking
weir, % at the barrier dam and 52 sea lampreys were seen during 6 hours

observation time.
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Four cave-in‘holes were discoverad on the 16th, two behind each bulk=
head., A sea lamprey was discovered in one of the cave-ins behind the east
bulkhead. Also on the 16th a large hole was formed under the face of the
dam. The by-pass was open 2:00 to 11300 PM for purposes of repair. During
this fima I have no doubt that many suckers and a few lampreys went up since
both species were quité active that afternoon. Two lampreys were seen in
the trap shortly after the by-pass was closed. The following day (17th) the
four cave-ins were still present and were somewhat enlarged.

The weir catch during this period indi&ates that the dam was blocking
the majority of sea lempreys. It is known that sea lampreys were concentrating
below the dam. Hundreds were‘seen clinging to the rip rap on the 13th when
the impoundment was being filled and the rocks were exposed below.

This concentration may be normal, as Applegate (1950) mentions concentrations
of sea lampreys below natural obstructions on the Oecqueoc River. As he

oo Tt - o 1s
s not a barrier. The upstream weir catch of white

e

uses it an obstruction
suckers was high and that of the sea lamprey low in spite of the activity
of the sea lamprey as shown by the observation period. The sea lampreys
teken in the weir are believed to heve penetrated the dem through cracks
and channels as the discovery of an adult sea lamprey in a cave~in sub=-
stantiates.

From June 18 to 23 there was little activity of sea lampreys or suckers.
Over this 6-day period the weir catch of lampreys was 2, that of the dam trap
0 and none were seen during l.5 hours of observation., The mean water temper-
ature was relatively low (L9°-52°).

The period Jume o, to 30 was a period of great activity of sea lampreys.
Nine hundred and thirty-three sea lampreys were taken in the upstream weir

trap, O in the barrier dem trap, and many were seen during a 2-hour observation

period on the 2lith,
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. The checking weir's efficiency was reduced tremendously June 26 when the
weter was so high that it was running around the ends of both the upstream
and downstream trap as well as over them. The water was so high that the
weir could not be cleaned and consequently a large hole was worked under

the middle of it.

The dam fared little better in this period. On the 2Lth two large
cave-ins were observed behind the west bulkhead and one behind the east,
These cavesins were partially filled on the same day and repair work con-
tinued through the next day. There was a heavy rain on the morning of the
26th which raised the water level some 18 inches in a 2li-hour period, As
a result of the heavy rain there were 3 very large cave~ins behind the sast
bulkhead and 2 behind the west. As was subsequently discovered, there was
a large hole under the face of the dem. Incidentslly, the upper east bulke
head had settled preceptibly. The by-pass was cpemed at 10:30 AM, Juns 26,
The condition of the dam prevented further cperation,

Judging from the weir catch during this pericd the lampreys wers very
successful in their attempts to reach their spawning grounds. Of the 933 taken
in this period 289 were céught when the dem was in eperation. Over this |
period it was noted that there were cave-ins present behind both east and
west bulkheads continually, indicating the presence of underground chammels.
These channels along with cracks and leaks in the dam, it is believed, are

responsible for the 289 sea lampreys taken in the upstream weir trap.

Rainbow trout

During the time (May 2l to June 26) that the barrier dam was in
continuous operation, reletively few rainbow trout were teken migrating
upstream. A total of 26 rainbows were caught in the barrier dam trap., Of
these, 1l were perr (young with parr ﬁarks), 1 was a smolt (immature silvery

fish), 9 were adult ripe females, 1 was & spent female, there were 2 ripe
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miles and 2 rainbows, sex unknown. It is thought that the barrier dam weir
trap hindered the experiment since 13 asdult ripe rainbow trout were taken in
this trep. Presumably some were captured before they could attempt to jump
the dem. 1In the same period 3l rainbows were tsken in the upstream trap of
the checking weir. These comsisted of 20 parr, 2 smolt, L adult females, 3
adult males, and 5 adults whose sex was undetermined. The additional fish
taken in the checking weir may be presumed t6 have jumped over the barrier
damn,

The dcwnstreaﬁ migration was very much heavier over this period as shown
by the checking weir catch. A total of L92 rainbow trout were taken in the
dovmstream trap.’AThis figure was composed of 122 reinbow parr, 22 smolts,

11 adult spent females, 21 adult spent males, and 15 adults, sex unknown.

The catches of the barrier dam trap, the upstream weir trap and the
dewnstream weir suggests that the upstream spawﬁing migration of rainbow
t?out'was neering its end when the barrier dam and checking weir were put
into operation. Few (2) ripe spewners were taken in this period, snd |
after the period only one ripe adult was taeken until the beginning of the
fall run., Additional evidence is the fact that of the 18 fish whose sex
was determined 1% were females, or 72 percent., Alsc, during this period 47
spent adults were taken in the downstream weir trap. As a comsequence of the
nearness of the end of the spring run, the number of rainbow trout observed
jurping at the dam was small.

The cateh of the upstream trap of the checking weir indicates that
rainbow trout were having some success in surmounting the dame. Twelve ripe
adults were taken which presumably must have swrmounted the dem to arrive
at the weir. Some of these may have been seen jumping over the dam, but
there is no apparent correlation, except in one instance. Undoubtedly others
passed through the weir by means of a large hole under the weir. The

remaining rainbow trout taken were mostly parr with a few smolt. It is
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belisved that they just wandered into the trap after release dowmmstream
itrom the downstream trap. At the time there was a heavy downstream migration
of parrs. '

’*““More:direét e&idence that some rainbow trout can suceessfully jump the
dam is :supplied by direct observation of rainbows jumping the falls.
During the 65.5 hours of direct observation at least 13 reainbow trout wers
observed jumping or attempting to Jjump the falls caused by the barrier dam,

Since there were so few rainbow trout seen jumping, perhaps an

individual discussion of the activities of each rainbow trout observed would
prove to be of interest. First, however, a consideration of the conditions
under which these fish were jumping. These trout were jumping from a pool
8 by 25 feet, In depth the pool varied from 20 to 28 inches with 21 inches
being the usuale A b-inch board was added to the downstream wall of the
jumping pool June 7 and consequently the depth was increased 6 inchss,
The head of water veried from 30 to %8 inches and the depth of water going

over the lip varied from L to 7.5 inches {see following data sheet).

Individual discussion of rainbow trout seen jumping at dem

No. 1 This trout made the jump over the lip on the first attempt
within the observation period. If jum?ed and swam up the stream
of water coming over the lip. It was not noted at what time this fish
mede the attempt so it is not known whether this ﬁas the first attempt.
No. 2 On the first attempt within the observetion period this trout
swam or jumped up the flow over the lip with such velocity that it
broke water on the upstream side of the lip. Again the exact

time wes not recorded so it is not known if this was the first

atvempt,
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Table 2.e=-Various Water lMeasurements at Dam

i

Date Water Jumping De’pthw Hea d\g/
level Poo]_ over of
depth lip water
May 18 +2 2}_‘_ 5 37
19 +1 - - -
20 0 - - -
21 -1 - - .
22 -2 o, 5 36
2% 0 - Z -
2l =Ly - - -
25 = 21 5 27
26 =5 20 5 38
27 -7 -— - A
28\’ -8 16 - -
29 -8 20 5 37
30 -7 20 L 38
31 +13 - - —
June 1 +5 28 7 3L
2 0 2L 6 36
3 -1 2l 5 36
L -3 23 5 36
5 L 22 5 36
6 -5 21 5 35
7 =5 21 L 35
8 -6 27 5 31
9 =5 26 5 30
10 -5 27 5 50
11 -6 27 L 29
12 -7 27 L 30
13 -6 28 L 29
14 -7 29 L 31
15. =6 27 in 31
16 =6 27 in 29
17 -5 26 5 50
18 -7 27 t 2 i
19 -7 a7
oo ..Z - - -
21 Ed - i - -
29?/ -7 27 L 30
23 =7 27 L 30
2l -3 28 6 30
25 & 26 L 30
26%/ +12. 3l 8 26

Measured from water surface of Jjumping pool to surface of water in

impoundment.
' By-pass open or partly open.

\\%// Measured from top portion.

All measurements in inches.
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Table 3,==Svummery of Rainbow Trout Seen Jumping at Dam

Success

Number

Bstimeted

Point where

Total time required

Date
of size ettempt made
attempts

May 22 1 yes 1 20-25" stesl lip secs
22 2 yes 1 15-20" steel lip sec.
ee 3 yes 1. 20=25" steel lip sec,

o5V L no 3 10-12" steel lip 1 hour, LO min.

25 5 no 2 20-25" steel lip 15 min,
26 6 yes 1 20" steel lip sec.

26 7 yes 8 18-20" steel lip 20 min.

29 8 yes 5 20" steel lip 30 wmin,
30 9 yes 1 15-17" wall of trep 560G,

30 10 yes 2 12-15" wall cf trap 22 min,

30 11 no 2 15-20" wall of trap 15 min.

June 6 12 no 5 15t steel lip 1 hour, 10 min.
'f@/ 13 no 1 6.8 " wall of trap s6C.

W Questioneble as to species.
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No. 3 This £ish broke from the water some distance downstream from
the 1lip and 1it on tpp- of the lip. It lay there for a split second
and swam over. Again it is not known whether the fish jumped at the
beginning of the observation periocd and so may have made more than one
attempt, |

No. L No informetion available except that which is shown on the
SUMMArY o

Noe 5 On the first attempt within the observation period this fish
jumped 2 feet from the weter in a vertical direction 6 to 12 inches
downstream from the falls. This first attempt was made 2.5 hours after
the observation period was initiated., Fifteen minutes later the
second attempt was made. The fish broke water about 1 foot below the
falls. In the air it traveled verticelly and slightly forwerd and 1lit
on top of the lip. Here it attempted to swim upstream but was swept
dovnstreem. No more attempts were made by this rainbow for at lesst
6 hours, which was the duration of the observation period.

No. 6 This trout went over on the first attempt within the ebserntion
period. There are no notes as to method. Since this suececessful |
attempt was made at the very begimning of the observation period, it
is not known whether th;ls was the firi'b attempt. |

No. 7. On the first attempt, 1 hour and 45 minutes after the begimning
of the observation period, this fish jumped halfwey (l.5 feet) to the

\ lip, Three minutes later in the second attempt it jumped 2/3 of jl;he

‘ way to the lip. One minute later it made a third attempt, upon which

no deteils are available. The fourth attempt, 6 minutes later, resulted
in the fish landing on top of the lip, but it was swept back downstream.
Five minutes later the fish just broke water immediately downstream
from the lip. On the sixth attempt, 2.minutes later, it again landed

on the lip and foll back. Cme minute later the fish jumped halfway to
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the lip but fell back. The eighth attempt, 2 minutes later resulted
in suwccess. Details, unfortunately, are not awailable on this.

Neo. 8 One hour and 15 minutes after the beginning of the observation
period this trout mede its first attempte. It Jumped higher than falls
but lacked forward momentum to carry it over. On the second attempt,
10 minutes later, the trout broke water 6 to 12 inches below falls
end 1it on top of the lip, but fell baeke. The third attempt, 10
minutes later, was exactly like the second. The fourth attempt, also
10 minutes later, resulted in success. The fish broke water 2 feet
below the falls, travelling upward diagorally toward the lip. It
landed on top of the lip and swam on over.

Noe. 9 This fish jumped from the trap over the upstream splash boards.
Ii;, was observed to go over at the begimming of the observation
periocd so it may have made more than one attempt.

¥o. 10 This trout made en attempt to jump over the upstream splash
boards 1 hour and 10 minutes after the begimming of the observation
period, Om this first attempt it made it to top of splash boards, but
fell back., Twenty=-two minutes later the trout cleared the splash
boards and swem on upstream.

No. 11 This fish was also jumping from the trap. It made the first
attempt 3 hours and 10 minutes after the start of the cbservation
period., On this first attempt it jumped to the top upstream splash
boards but fell back, Fifteen minutes later in another attempt it
reached the second top splash board. At this pecint the observation
period was terminated, so it is not kmown whether this trout
gucceeded in getting upstream from the trap. However, the following
morning an adult femele was teken from the barrier dem trap. It is

quite possible that this was the same one seen jumping in the trap.
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No. 12 The first attempt mede by this fish was reported to the observer
as herarrived on the dam site. The second attgmpt, 15 minutes lgter,
was just‘glimpsed by the observer. The»thi:drjump, 10 minutes later,
was 2 feet dirsctly up the fall. of water over the lip. Ten minutes
later the fourth attempt was made. The fish broke from the water.6>
to 12 inches below the lip and 1lit on top of the lip, but fell back,
The finel sattempt was L0 minutes later. The fish jumped from a point
1 foot below the falls in a vertical direction (about 2 feet). Because
of lack of forward momentum this attempt resulted in failurq.

No. 13  The last rainbow observed was a 6 to 8 inech fish jumping L to 6
inches up the trap wall. It is questionable whether such a small fish
could be positively identified &as & rainbow in sueh light and distance.
However, several parrs were teken from the trap the next morning. If
this fish was & parr it is probable that it was trying to get out of
the trap rather than move upstream.

A total of 3 or 33 1/3 percent of the 9 rainbows attempting to scale

the steel lip were unsuccessful. These fish are numbers L, 5 and 12.

Although there is little information on number li, numbers 5 and 12 were able

to jump the required vertical distance, but were unable to cope With the

swift water rushing over the lip. Number 7 and 8 attained the lip but were
swept downstream before they were successful in their ettempts to surmount
the dam. The few fish observed suggests that the vertical height of the dam
is not & preventive factor but that the neture of the steel lip may prove to
be a limiting faetor.

Of the 3 trout observed attempting to move upstream from the trap only 1l
was unsuccessful or 33 1/3 peroent. On the date that these trout made their
attempt a block ofrwood 1 to l; inches was inserted between the top and next

lower splash board, The block was inserted at the extreme ends of the boards.




Thus thevflaw’into the’trgpﬁwas provided by a triangulgr crack'l to l; inches
wide at one end end O inches at the other. These trout were jumping from an
enclosureyé by 8 feet,with a depth of about 2 feet. The distance‘jumped was
about 3 feet.

Before the dam was in complete operation several other observations of
trout were made at the dam. When these observations were made the by-pass
wes open and water wes still going over the steel plates. One steel plate
wes missing. Three trout were seen on the 13th of May. Iwo, which looked
to be about 1l inches were observed to go up over the dam where the plate
was missing. At this point there was & large volume of‘water coming over.
This fall was not vertical. The fish swam up the fells., Another fish
8 to 10 inches made two attempts to swim up the falls in the same place, but
could only get two-thirds of the way up the falls. Another fish was observed
on May lij, but was not positively identified as a rainbow trout. However, it
looked like & trout and the behavior pattern seemed to be the same as positively
identified fish. At 12:30 AM,&this fish attempted to jump the plated portion
of the falls. Jt got halfway up and fell back. At 12:50 the second attempt
was made, the fish jumping a little higher. At 12:55 the fish broke water
6 ineches dovnstreem from the falls and 1it on top of the lip and fell back.
The léngth of this fish was estimeted at 9 inehes, If the smaller fish
observed jumping eould be positively identified és rainbow trout, it would
appear that smaller rainbows might have difficulty in sealing the lip of
the dam.

Smelt

The first smelt taken in the Black River were taken at the mouth on the
night of May l. They were first observed below the dam on Mey 10, and were
present there in unbelievably large numbers until the lhth, when their

numbers started falling off. During this period a single pass with a long-
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handled net would take 10 pounds of smelt. By the 15th they had largely
disappeared from the vieinity of the dam.

During the period that the smelt run was on, the by-pass was open
and one steel plate was not on yet. Water was still going over the face
of the dam in spite of the open by-pass. It was interesting to note that
the smelt, in their desperate aﬁeinpts to penetrate the dem had wedged
themselves between the face of the dam and ths steel plates. The slots
for the bolts were clogged with them.

Only 3 smelt were observed to attempt to jump the dam., One leaped
6 inches elear of the water and thg height to which the other 2 leaped
was certainly not more than a foot. Even with the by-pass open, no smelt
were observed above the barrier dam. Coupled with the observed poor jumping
ability of the smelt, this observation indicates that the smelt were blocked
by the dem, With the by-pass closed it seems certain that smelt will be
blocked.,

Stgrjeon suakers

The first sturgeon sucker observed was netted below the deam May 1.
Several were seen and small numbers were trapped in the barrier dam trap
from May 15 to 27.

The observation period is one of the most reliable indxes of determining
whether suckers can get over the lip of the dam. No suckers were seen
attempting to jump the feece of the dam although many were observed Jumping
in the trap. The actions in the trapwere rather uniform. Most of the
suckers would nose up to the upstream splash boards and attempt to jump.
Seldom did they clear the water by more than 1 and 1/2 their length in a
vertical jump. dJudging from the weak jumping ebility of suckers observed

in the trap, it is rather doubtful if they could surmount the face of the

dam.



All sturgeon suckers tgken at the barrier dam May 29 to June 6 were
marked with fin clips and released upstream to determine escapement., That
is, all ummarked suckers taken in the upstresm weir trap which were not marked
would be those which penetrated the dam without help. The following teble
indicates the numbers and percent of these fish taken in the upstreem weir.
Although the record was not kept for any length of time, a trend
toward 100 percent marked fish appeared. Although not conelusive, this brief
investigation substantiates the belief that sturgeon suckers could not pass
the dam.

Whitse suckers

White suckers were actively migrating during the whole period that the
dam was operating. The time of upstream migration was coincident with that
of the sea lamprey.

During the observation pericd these suckers eould not be distinguished
from the sturgeon suckers so the activities of the white suckers would be
.eonsidered similar to that deseribed for 'Ehe sturgeon suckers. The
escapement from the dam was somewhat different, however, The following t;.ble
wikl illustrate. This investigation was conducted in the same manner as that
for the sturgeon sucker.

The percent of clipped suckers taken in the weir warisd over the period
June 13 to 22. Thereafter it steadied and remesined at 50 % 1 percent for
L, days which gives a fair indication of escapement over or under the barrier
dam. Since none of these suckers were o'bserved to jump the dam, it is
probable that some other method of escapement was employed. It is believed
that these routes of escapement were the underground chennels, which are

mentioned in the discussion of the sea lamprey.
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Table lj.--Number and percent of marked
sturgeon suckers taken
in upstream weir

il

Date Dam Upétream\y Number‘g/ Percent
-ocateh weir catoh marked marked

Mey 29 , 160 Ll 0 0

30 199 5 33 63

31 78 152 9 50

June 1 61 18 18 100
2 5k | .- . == == deta missing = = = = - - - -

3 7 10 7 70

L 9 Y 0 0

5 25 3 3 100

6 26 1 1 100

Y Total (included marked fish).

\@/Number taken at weir which were marked at barrier dam,
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Table 5.-eNumber and percent of marked

white suckers teken in
upstream weir

I

i

wapw——
M a———

Date Dem Upstream ¥ Number\s/ Percent

catch weir catoh marked marked
June 13 8 60 0 0
1L L6 2 6 25
15 56 28 21 75
16 L Lk 2l 55
17 3 11 5 L5
18 1 2 2 100
19 0 1 0 0

20 0 8 1 12.5
21 0 5 2 Lo
22 3 2 0 0
23 5 28 L 50
2l 28 50 23 L9
25 75 29 M1 Lo
26 -7 29 15 51

\V Total

‘3/ Number taken at weir which were marked.

\? Dem trap out of operation
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Suggested Improvements

The need for several imporvements_ in the Black River barrier dam becanme
apparent during experiment'al operation. Number cne is the addition of a
sturdier foundation. That is, a structure more deeply imbedded in the river
which would prevent undercutting. Undercutting and bankeutting were frequent
during the experimentel operation. In addition, the bank walls (bulkheads)
will have to be heightened, The water nearly topped them this year. MNore
rip-rap is necessary below the dam to prevent washing.

Although the trap amnd by-pass are not to be operated this year (1951),
several short-comings were noticed. First, there should be & sover over the
trap. Considerable difficulty was experienced with fishermen molesting the
fish in the trap. Second, the entrance must be modified. Iempreys wandered
in and out almost at will, Concerning the byepass, some other method of
opening and closing would prove to be of value. Often the splash boards would
become swollen and it was very diffiocult %o get them out. Also the by;pass
should be wider to accommodate excess flocd waters.

Most of these defects will be eliminated this year (1951) by the addition
of a single row of steel sheet piling which is to be driven where the steel
plates are now. The steel plates are to be bolted to the steel sheet piling.
The piling is to extend through both east and west bulkheads and a éonsiderable
disteanee into the bank to prevent bankeutting. The by-pass and trap are to
be eliminated.

Perhaps I should mention that the steel plates were set at the lowest
possible setting, This provided & head of 30 to 36 inches. It is entirely
possible thet a setting of the plates which would hold a head of 2l inches
would block the spawning lampreys. Of a certainty this lower setting would make
it easier for & rainbow trout to surmount this strueture. Onee it is definitely
proved that see lampreys camnot negotiate the lip holding & 30-inch head, I

believe it would be worthwhile to lower the head to 2l inches, sometime during
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the operation of 1951. The observetions made of sea lempreys jumping

suggest that a 2i-inch head will constitute a barrier to them.

Smmnarz

l. VTha large numbers of sea lampreysv‘ca.ken in the upstream ﬁreir trap
indicates that the sea lampreys were successful in penetrating the barrier
dem. The method of penetration is believed to be by way of eracks in the
dam itself and channels ecut around and under the structure. Channels were
obviously present, as witness the Qéntinual cave-ins and washouts. Three
sea lampreys were found in the cave-ins which indicates that at least some
sea lampreys were using these channels +to escape upstream. That oracks as
small as 1/2 to 3/ inch cen be used as a route of escape is shown by the
discovery of li adult sea lampreys wedged in a crack a little over 1/2 inch.
The belief that channels and oracks were the route of escapement is supported
by the observation period of 6l hours, During this time only 1 sea lamprey
was observed to escape over the lip. This was under abnormal conditions,
Sinee the steel 1lip is eliminated és a route of escapement, it leaves channels
and structural failures as the cause of escapement.

2. The small number of rainbow trout observed at the barrier dam
indicates that although they may have a little difficulty, the majority
of adult rainbow trout can surmount the dam. The limiting factor appears
to be the swift current at the top of the lip. If the smaller fish observed
could be definitely idemtified as rainbow trout it would appeer that smaller
trout might have great diffieculty.

3. Smelt were present in large numbers below the dam, but none were
observed above, At this time the by-pass was open. Because of their observed
poor Jjumping abilit,w,;, it is quite apparent that smelt will be blocked by

a dem of this type and head.
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L. Sturgeon suckers were not observed to jump more than 1 end 1/2
feet clear of the water. The lip apparently constituted a barrier to them.

5¢ Although white suckers ﬁere getting through the dam, it is thought
that they followed the same route as did the sea lampreys. None were seen
even attempting to ascend the lip. Those observed jumping in the trap

showed no aptitude.
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