


ALL'V II.'V,  HERRING! PASNAGI;WAYS

by

Robert W. Daya

John W. Zahradnika

Arthur B. Clifton

ll j, < l i

l i 0'~~~
y   y J $ Li I 1<eport iso. 1V1 I'I'4 l i .'~ -6,1 I 'M

index No. V5-606-ZJc

� IIniversity oS Riassaehusetts Aquacultur al L'ngineering I aborator y,
War cham, Alassaehusc.tts

� 5'l. 1. T. Sea Grant Program, Cambridge, Klassachusetts



MASSA C k USETTS INSTITUTE OF TEC kNOLOGY
CAMBR1OGE. MASS. 02139

SEA GRANT PROGRAM

A dministrative Statement

% hile once most of the Atlantic coast ~ aterways between Nova Scotia
and Uorth Carolina supported annual alev ife spawning runs, at present the
sigh  of alewive» making their way inland is often limited to those str < am:�
in ishich wooden or concrete fish ladders have been constructed. The
alewives' population has declined as many smaller brooks became too
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help rebuild the alewife populations, a joint advisory services project
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A L.oui, C <>s t A 1 ew i fe J tu n

A member of the herring family  Clupcidae!, and often its< lf <.all< d

a herring in r naatai tlaaaaehaar tta trranr, the.;rlerrife, -'tin.a tr;.r uderh rem

is a plump silver y fish, ni<.asuring from l0 tn 15i in< h< s long when gros n.

S<.hu<>ling iri north' est AJ,Iantic v uter» over thc continental shelf, al< v. ivc»

feed on plankton and small fi»hc», .ind serve a, food for commer'cially

valuable finfishes. Alewives have also beer! an cxccll«r!r food fish for'

man, a prime»ource ol bait, and, in colonial days, fertilizer for scttl<.rs'

crops.

Remaining at sca until mature, at thr'cc to four years of ag»., th<

alewives bcgirr swininiing up <..oa»tal str'canis and brooks in spring  Late

Marc h and early April! when the wat< r temperatur c has warmed to b<itv ccn

50o and 55" 1'ahrenhcit. Spawning occurs in fr'».shwatcr pond», in the pool.

behind barrier boa<.hes, and in quiet reaches of str cams. In, Junc' thc up-

strcar» run has slacI-< ncd, and the adult fish return to the ocean. Ihy th<.

middle of thc month the fry have begun traveling back down the br ook.

toward the sea., a migration that continues until the autumn.

 !ften the ale@, ives travel up»niall brooks that may bc very shallow,

<>r may have been alter cd by man in such a ~t ay as to impede their migratit>!i.

Br ooks too shaLlow for passage <'.au»e the alewive» to ground out and die,

or expose them to predation by her ring gulls and other natural enemics.

1'ewer fish ar c able to spav n, and the numbers of alewives available a

food for larger fishc» and for man decrease.

Traditionally man has helped th». al».wive» to over< ome these obsta< le.-

by building fish ladders, and traditionally these ladders, consisting <>f a

series of small dam», have been constructed of v.ood arid/or concr et».

I:nder certain conditions it become ' very practical to u»e flexible J>la«ti<

or canvas sheets to build a dam or ladder in»tcad of the more expensive

wood and concr etc. l'la»tie fish Ladders are inexpensive, vasily installed,

flexible relative to their location, arid may be easily "tuned," or adjusted

to existing condition» of water level and stream bed. '1'hese plastic <ir'



canvas darns are rno»t practical for relatively «mall shallow brool . ~~ ith

very small gentle bed «lope», conditions quite con~mon in southea.-tern

Kl as «a chus etts.

Jll ater ials Itequired

Consider a brook that has a cr o«s section a» indicated in lcigure l.

The objective i« to take a rectangular sheet of flexible pla«tic or canvas

ancl to construct a clam with this material. I. or thi«par ticul.Lr cro. »

section thc pla«tic «beet should b» about 10 feet ~~ idc. This allot.»

four feet for the str eani bcd, three feet for the tv o banks, and about

three feet of exce»» n~ateriaL for staking out or> the brook's bank«.

Thc plastic. sheet's Length should be about 20 feet, which iiill «LJo~~

eight feet upstream of the dam, «ight feet dox~ nstrcam, and four feet for

the' formation of the dam it»clf, Thc length of material upstr can~ «nd

down«trcam of thc' dam is not critical, as long as ther e i«enough pla»tic

upstr can~ to give the dam stability. 4» a ru]e of thumb, this length is

at least five tin>e» the intended depth of thc water. The plastic dov nstre ~r i

C ROS S S EC T ION 0 F B ROOK
TO BE DAMMED
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L'igure l



prevents erosion of the str earn bed as the s< ater flows over the dam.

The plastic sheet should be thick enough to »maintain structural integer jty

but thin enough to bv very pliable. 1'VC  polyvinyl chloride! plastic about

12 mils thick, r einforced with nylon, has bvvn used v;ith satisfactor~ r ~ suits.

Figure 2 shows the mininium required thickne s of plastic as a function

of the water's depth.
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ae only other materials required are:

which consists of a pole, log, or piece

.ough to span the br ook and strong enough

n. i4 round pole of about six inches diana»:;er

cessfully to span the brook.
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Besides the plastic sheet, tI

a!The suppor t member,

of lumber long v.r

to support thv dar

has been used suc



b! lhe support lin», a rope about l0 feet longer than the v. idth

of' thc plastic and strong enough to support the dam.

Three-eighths inch polypropylene rope is adequate,

c! Six or eight tie-down stakes, wooden, such as ur veyor

stakes, which will be used to tie down the plastic that

will rest on the brook s banks.

Preparation of thc Rectangular Plastic Sheet

I'rior to installation, the plastic sh~ et should bc prepared as indi«;,t< d

in l'igurc 3. A hem is fornied in the plastic sheet, midway betwce» ~hat
will bc the upside earn and downstr cam faces, by folding i.he sheet and then

sewing or clipping the hcm along the entire width of the sheet. This hem
should bc large enough to accomn~odatc thc support linc, which is thread'I
through, leaving about five feet of linc free at each end of the hem. About
four gron~mets may be spaced along each of the edges that will rest on tbr
stream banks. Thc plastic dam is now r eady for installation.

PRE PARAT ION OF PLASTIC MATERIAL
P Rl OR TO I N ST A L L AT ION

l'igu re,'3



Installation 1'i oc<.durv

Th» installation of a dam is accomplished by following these stvps;

a! Span thc strvarii with thc support rncriiber at thc point whcr <

th<-. dam is to be f<» n>ed.

b! I3eginning with thc upstream face, spre;id the plastic sh»»t

in thc bottom of the .:trean with the hem dir vctly under th 

suppor'ting pol».

U ith th» bank vdgv» of the p1astic sheet in placv, and the < enter r'hit hi

the str.eam bed, h<il<I th<. sheet in this position by pla<.ing r ocks or sari<1-

bags on the upstream edge. Alake sur e that th» water i» flowing ov< r thc
plastic, and do not let thv. s;indbags obstru<.t the «vntvr course of th< sir. <;i<».

«! Hy lifting up on thc support linc, <'.ause the center por'tion <if

th<', p1astiv shcvt to r'isc, f<>rrrring a dani. Secure th< tw<i

vnds of the linc to the support mvmb< r. 'fhe v..eight of the

water that accun~ulatvs behind thc dam holds thc plastic

firnlly in place, as indicated in Figure 4.

I'igurc 4



d! The doxy nstrcarn fac.c. of the plastic. sheet should be wcighte l

v, ith sandbags or stones, or staked down to the str'eum b~.',.I,

again v, ithout obstr ucting the water's flow.

e! I''inal adjustments should be nEaclc . Adjust the height of the cia»i

bv alter ing thc length of the support linc. Adjust th«shapi

of the dam by «hangi»g thE points at u hich the suppor t. Ii»<

is tiecI tn the»upport member .

f! 'Stake out thc sides of the sheet on thc stream banks by using>.

the tie-down stake, some small lerrgths of line or tv'ine,

and the gromniets. An alternate niethocI is to gath< r sol'"I 

of' the plastic sheet around small rocks and tie these in place;

spac.«d along thc edge of the sheet, the tied rocks fu»c tion in

in thc same way a» the grommets. This step con>pletps tI~e

installation of a dam.

If thc darn is placed in an inter tidal zone, care should bc taken to t> i at

both sides of the dana as if they wer e upstream faces. This will ensure that

the darn will function properly when the water flow changes direction.

Illustratio» 3 shoe s a dam that, v as installed in the Cole Brook

herring run in Eastham, Massac:husetts. Evident in the photograph arc

the support merriber, the support line, the her», and the downstr earn

face of the plastic sheet.

Illustration B is of another darn installed in the same stream.

Alewives may be seen approaching the darn downstream of the cr est.

Since, unlike salmon, alewives must swim  rather than leap! up thr ough

th» 0ow,of wm4wr,g~vzr.thc crv~t ref the diern., thy heivht.af the Warn slrcu>M

e a iustl, ' e th o wa er over t e nrestI sv inirnab
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Illustration 3



Illustr ation 8

Selection of Sites

Starting where the brook empties into the sea, or into a major riv~ r,

proceed upstream. At the first point where the brook appears too»hallov
to provide adequate passage for the alee ives, place a darn to reme<>y the
situation. A brook is too shallow if alewives have to brcak water or <o

swim on their side» to get upstream.

A fter the dam has been installed and sufficient time has clap»ed for

water levels to change, i~.ork upstr earn again and note the next spox that

requires increa»cd depth of water. I'lace a dam herc, and repeat this pr ocess



until thc entire str car!i is navigablc for the alcxvif» from sea to freshivate r

pond. 'Vote that, by ol>scr'ving thc effect on the st,r eani, this tc< hniquc
c ould be used to deter mine optin>urn loc ation.-. for riiorc pcrrnancnt dcrmi

of u.ood or concrete, if so desired.

The riun>ber of dams in a stream will depcrid on the length of tire r»n,

the slope of the strcani bcd, and the. flo>~, of ivater.. Although the. k>cst v av

to determine this is to install the d.!nis arid co observe their cffcct, the

number of danis required cari be cstt!«ated. Vigurc 5 indicates the <listanc

rieeded bet~vee!n ctar>is, assuming th;rt the slope of the strean> bed is e oristant

and that under normal floxv, ii ith no rlams, there is insufficient ~~ ate r for

the alcivivcs to si~ irri upstr earn.
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KIaint<inanco of the Alewife Run

nd 1 itfjp trem>>Dn' finn

119ljI
Ilillillil

1n

2 statistical estimate of the alewives using a given stream niay be.

obtained by counting the number. of fish going over a dam during a . pecific

period. Perhaps by obs<.rving a darn over short periods of time throughout.

the tidal cycle for most days dur ing the nor mal alewife run, infnrniation

on the number of fish going to, or returning from, a given pond in a giv< n

season may bc inferred. However, without knowledge of the number s of

alewives that spawned in the same pond pr ior to the installation of the dain.-,

it is very difficult to determine what improvement in numbers was niad< .

This is usually subjective, and is best judged by those local persons who

are most familiar with the stream characteristi<.s.

C!Iice a suffic icnt iiuniber of dani s hav< b< en installed, one sh<>uld

p< riodically obscr vc the pcrforniance ot the run and adjust the darn. to

allow for varying v ater depths and var ying st1 eani scdin1ent. Afte<' the

adult ale wives have returned to the sea, the dams niay be reniovecl,

c learied, c1ried, and stor <.d u~til the following spring. '1.'hcy may also

be left in the stream ovc.r the x< inter, but no data have been taken on ahethc1

or not. the freezing v'cather ancl ice ii ill be clest1uctive to the dani..

However, data froni nianufactur< rs indi<.at< that om<. plastic s sho1;1<1

endure temperatures to -40o Fahrenheit v. ithout cracking.



 ;ost of a Darn

As of Junc 1974, thc reinforc ed plastic  ! X' ', 12 mils thick, r cinfor ccd

with nylon, 14xl4 threads per inch! for a dani, including the sewing;ind

gromnieting, averag«d about 35 cents per square foot. For the hyp~>thetical
d;ini of this report, total cost xxould b«about $70. 00. Add on to this pr ici

the cost of thc suppor t line, tic-dowii stakes, and support member . Txx o

men can install ii siiigle darn in a su>all stream in about one hour. I.xp«n. iv»

engineering costs are «ssentially eliminated. Ii.'Iaintenance arid evaluatioii

will require some regular schedule of observation and counting.

~Su m mar

Low-cost plastic <>r canvas dams cannot solve all the alewife .niigr ation

problems, but do seem to provide an inexpensive and practical ansxx «r to

a fcw of them. V herc the alewif«run is a shallov brook with a sma!l

slope, the plastic dani pr ovides an easily installed, flexible, and practic; I

solution to the problem  >f the fish grounding out in the shallow xx:ater.

If a morc permanent 1adder is desired, the plastic. dams niay still b«usefii.

in determining the optimum location for the concrete or wooden dams.
The plastic darris need not be subje< t to harsh xvinter conditions for they

may be removed during the xvinter months. In the event of abnornially
high xxater, the worst that may happen is the washing nut of the dam, r equi> ing

that it be reset xx hen the water recedes. In all probability the materials

w i 11 b e s a 1 vag cab 1 c.

I!nder severe drought conditions, qui< k d;im installations could

salvage a year's alewife spawn. Auxiliary functions envisioned for the

plastic dams include their use for the rcstocking of brooks currentIy

barren of annual alcxx if« runs and for the study of fish behavior. Con-

sidering the possible advantages, it seems that the plastic dam should

be given a chance to further prove itself in the field.
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~ources for I"urthcr !nformation

The plastic alewife dan's v. ere developed under a joint JV'!as»achu»et!-

ln»titute of Technology � University of 1Vla»sachu»ctts,'~ea Cr ant Advisorv

Services project. Investigator» werc Dr. John 5. Zahradnik, 1'rinc!pal

..Cientist, A quacultural Engineering I.aboratory, I nivcrsity of iX'! assachu.. ~ tts,

and A!r. Ar'thur B. Clifton, 3,luring I.iaison  !fficer, ~ca Grarrt Prograni,

!V! assachusett» In»titutc of Technology. Patents have been applied for by

thc dam»' inventor, Dr. Zahr adnik.

Kith the cooper ation and suppor't of the Town of I,a»tham, IVIas»ac!!u.'-'etts,

on Cape C;od, and of Mr. Philip 'Schwind, !"a»tham's,~'hellfish Karden and

former head of the town's Conservation C;ommission, thc dams werc

installed for the IIl74 season in the C.'olc Brook herring run.

Thc M. I. T. Sca Gr ant Pr ogram has pr oduced a 12-nrinute, Hmnr

film demonstrating thc dam»' succ css in augmenting thc numbers of alcv i!, cs

able to navigate C".olc Brook. To borrow the film, "I.ow Cost I ish

I.adders; A Novel Day to Cut Climbing Co»t»," please write to the

IV!.1. T. Sea Crrant Program, Boom 1-2li, !Massachusetts Institute of

Technology, Cambridge, 1VIassachusctts 02139.

For further information and assistance on fabricating and installing

thc plastic dam s, contact:

Dr.,John W. Zahradnik or Mr. Robert A. Day

A quacultural Engineering Laboratory

University of Massachusetts

Karcham, IV! assachusetts 02571

617 2J! 5 6

or

Mr . Ar thur I3. Clifton

M. I. T. Sca Grant I'rogram

617-253-7135

Figurc 4 was adapted from a �oston lierald-An>erican drawing bv thi

M. I. T. GI aphic Arts Service.




