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The questior{ of providing a fis hiiiay ari ses ;iherever a s t rear.1 is 0,) ­
s tructed by either a dffiH or a na tural barrier tha t p r events or i ers 
the free ~)assa:;e of fish . A f i shH'ay i s a vrate r-filled.oassa "e ,:' lock , 
or seTies of connected )ools by iTleanS of 1Nhicl1 fish i:li.i:r Sl i.8 pstre or 
dOlilT1s tream ~)as t an oostruction . Be fo re incurrin -:, the expense of const,r' rt-
in~ a fish',iay and providin ~; f or its pr oper armual operation . 1 d m in e ce, 
its cos t sho.ul d be c ons i dered in r e l ation to the ex)ecte benefits . 

. AnadToEloUS fishes, such as salmon , shad , stur .(.;eon , aleu iv s , !.elt 
striped bass , and sea- run t r out or steelheads J r. ust be a'Jle to ascena ~tr ',IS 

far en oubh to r each spa ·minr: gr ounds sui table i or t . e ?articular ~ccies 
involved and sufficiently ext ensive t o a c co;· .. . lOQate the PO)' latio For 
s?ecies in 1Vl1i~h t he ~roung mus t spend SOL e time in fre sh-'!ater b f re I, i ­
grating to sea J suitable nurs e r y a reas of a stre .... i or 1 2.:(8 s he case i!1<.J.y 

be must be avail able for t hem . Lan;; fine r uns of all of these an~(Jroi:1.O IS 

species have been total l y destroyed i n t he past 'because of f3.ilure to :.)ro­
Vide pass a~e over dams , 

For fresh- vrater fishes t he neces s ity for .::.'is:11.a:rs is not· ays 0 

clear- cut. Certain spec i es , especiall:r the sal.:ilonoL.s , h~ ve r her stric t 
requirements so far as spawnil1': c onditions are concer!1ed . "'11e;r neea f' rav_ 
beds in novin?; , :ater t hat Hill keep the 8",";S e r .:lted. d rill·.... he lOi:. t)eriod 
of incubation . ~ :any l al(es , otheI".:l s e. suitable for land- loc1:ea s , T n 
trouts, have spa,ming '!,r ounds insufficient for t "1e fis ~ to . . n ~il. t: p. -

selves in abunuance o"[in ;:; to obstructions on tri~)ut~r:'T str~i:.1'1S :.t co:! ai:1 
t he needed spa'.min::; beds . 

For manv .rar!:1- 'Io·ater s-.:>ecies ,:hic'1 Cdn re,)l'oduce , .U !"luke p '0 er TO~ ~ 
·~·"j.thout exte~s ive l:I i o,;ratio~, f is ln :a s often are entirel:' .8cess ry . In 
streams inhab i t e d princiuallv by r es ident lishe..3 J the sit' at, ' on 5.10' - e 
carefully a~praisGd .)efo~~e a ' fi~. Fa:' i s instal e' . 



The bas i c requirenent of a success f ',..:.l f i s h, ';'ay i s t'Klt its all ' pr ovide 
a passage1,"aI ove r the dm:! f or the various t Tpes of i li grat or y fis!1es in t he 
pa rt i cula r s trecll!l a t any I:Clt e r l evel or vol UIi1e of $trean flOi i . FUrthe rmore , 
t he,' E1Us t b e ab l e t o make t he a s cent 1t;"i thout in j ury Qr the exartion of ex­
treme effort and [lus t not b e unduly de l ay ed a t the barrie r '\ i ~lile s earching 
for the entranc e . To mee t t'hes 'e r equirements particular attention r.1USt be 
pai d t o c ertain' f eatures of loca tion and design . 

Fish\:a~ rs have b een in use fo r a gr eat nUTllbe r of year s and a rnulti-plicit~ 
of t ypes , s iz.es , and des i :;ns have been tried i n va rious s treams . Jl. feH 
t:r~Jes have Hle t 'Jith success ; s Olne ha ve b e en 'partial l:r suc ,essfulj an d a 
,:c:r8J.t er nwnber can be c ount ed as. fail ur es . 

The s i1t1pl est t~rpe of fish"a~r i s r.Jerel~' an i nc l ined c:mt e , '\,ri t h or " j 'i th­
out some I1l0di fication t o decr ease the vel oc i t y of t he 1.'a t e r, and Hith or 
Tfitl10ut res t in~ j')ool s . 'l'he :10r e usual fis~1 ladder is a suc cession of pools, 
one above the other , con. ect ed by lmi falls or sor t rCi) i ds . -:-" hese ) ools 
may be c onnected a l so by a su~rl~8r~ed openjJ1 ; . • t~ird type of f i sh-,:a,r i s 
the fish lock or e l evator "' [~1ich reou i r es mec'1anica l gates ancc eit he r an ' 
automatic or an a t tended device to r eo l 2.te t,18 f lo-vi' of iiat .; r i n to the l ock. 

C'2rtain ~)asi r: factors Ii1USt b€: ' considf'-red j..'.1 el-3ctin::; the p rope r t~rpe 

of fish,·:ay , SUC:1 us : the size and activity' of th~ fi sl:l using i t , t he tota l 
height of the d2J.1, and the gener a l confi 'f,'.lT Cl.t ion 'of the t e r rain. In s treans 
'.'-'he r e i n l a r ge mmb e rs of snall fish suc'-1 as al i~'.. ives n i gr ate ritl:lin a s hort 
season , the fish'.:ay needs to be of f a i r s i z e to accomnodat e th<.~ l a r ge nunber 
of f i sh t ha t must pass t!lr Ol.l.f.(1 i n a short spJ.ce of t ime . T~e t ot a l he i~ht 
of the dam tha t mus t b e sur mounted deter mi n .:)s t he n ned for ros tin~ :;Jools . 
Some tYPGS of fishiIays a r e built \: it':1out r esting ,pools but t h c;; s ;J a r e s uitabl 
onl:,r fo r lor: dams , per!1aps up to s ix or (::: i ,:-:ht feet in he i e;ht . 

It fl1ay be poss ibl e; to sur nount a 1 01 ;' d:.lJ!l , i n a vGr y sI:1all stream '\[hich 
forms an iltlport ant pc::th of miGrati~n:' (as i n the cas e of nEmy l a r ge a l e"\:ife 
runs ascendincs a sf.'laJ,l s t r eam t o a l .:lr ge pond or l ake) b:{ making the entire 
s treaobed into a s ucces s i on of pools .... ;i t h a 10,: fall or short rapi d b et leen 
then . 

The entr cUlce of a f i s h'\ fay , i f lo~a t ed t oo fa r d01. ;ns trc.:JJTl fron · the , ba rri 
wil l be passed unnot i ced by t he fish , uh i ch t end to follO\: t he :lain channel 
until barred by t~e d.J.m . I f t he:' f ind s u ch an entr an ce a t a ll it is often 
encounte r ed only l ihen driftinF" dOl',ns trC2.r.l, ex haus t ed or injured , E\.ftc r fight 
ing i n vain t o pass t he obs truct ion . Th2r eforc, t !lC cn tl" nce s houl d be 
pl aced ve r :l clos o t o t hfJ f oot of the don . If t . .1C d:.lI:l i s built obliquol : r 

across t he strGan, t he entrance t o t he fish~ ra~r i s usual l ;:'T ;')cst loca t ed <:It 
the upstr eClJ!1 end . One of the ;:>r imar y r E.: ':,ui r er'wnts f or a ttrac ting f i s h into 
the 'ladder is that t~e ent ran :-:e shall b e s ufi'icicntl:.r close to the Ll2in 
curr ent f r om t:'u s '):LlL 'a~{ or th2 t ail r ace so that. fis h fo lloi'ring this , cur­
r ent 'dill find t h'3r.1se l Y'3S a t tl1€ entrElI1 CO. If i t i s so f a vorably l oc a t e d 
that the fis h find it , then ind.ucing t hen 1:,0 ontor is l 2.. r ::;el y a ~attcr of 
providing a sufficiont f l O\o: of "',J. ter. The v olune necessar :T dep~nds t o a 
grc~at extent on t hat of t he main s tream. 
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'I'~:le }J l~ rr.liSSr) le velocit.}· of the ,,"s.t er in a fj.sl1:fay i s governed by sev­
e r a l factor s, but chi2fly by t':1e specj,es J.nd s ize of the fisn , t~e total 
heisht of the dd.I:l , . tn8 dis t ~nce bet -v';een restin:~ pool s , . nel tho siz0 ilDd t ype 
of the fish'dClY . Host ' observa tions on t he speed O:L f i sh a r e inClximw:1 speed~ 
under ideal conditions over a compareltively short d i s t ance . Si'finu,ling agains t 
a cur r ent ~dtl its surl~e s and eddies is quite diffe r ent from s'lli rru,ling in 
qui et ·wat er. 

A t able of maxi mum ve locities a gains t 1iihich fis h Ci.U1 SI;irn. i s given by 
Dr . Frischholz, i n the Cons truction and Operation of },ish~)asses . Hi s ' ve lo ­
cities in meters ha.ve boen ' trans l a t e'dint 0 feGt ~ In a strai6ht flwne or 
sluiceHay, in '\;'hich the '. rater fl01'is Y:ithout any baffles or ' obstruction , he 
found. for dis tances over 33 fe e t tha t poor- svri mr:1ing s:J8c i es . c ould. S1'i'it1 onl y 
1. 7 to 3,3 f eet per s econd anci. good swirnLl<.) rs 3 . 3 to 5 .0 feet . \',non the ,dis -· 
t anc e Yf2..S r e duced to less than :33 feet the poor swil1ners coul d Sivll,l 1,7 to 
3.:3 f ee t p8r second and the good s\iimmers 6. 6 to 6 .3 f ee t . 

In a f i shEa;;' in .... ·;·hich the f low is che cked at interv<.:.ls bi:- :)affl es or 
partitions so t h:J.t t he points of maxir:1Ull'velocity Qre sp::,c8d a t int-J rvals, 
a much gr eater .. ve locity c<'1.n be to18r.::lted at th8s e particul J.r po i nts . 'rhus 
Fris chholz .?;i ves a mc'1XllllWll ve locity ' of 3 .3 to 6 .6 fGe t pe r s ocond fo.r poor 
sY;imr. "' r s p3.ssinr.:; over five of theSE:: Sy,ift points and 6 .6 to 9. 6 for good 
s .rirJiilCrs . .ht:;l1 l ess theln f i ve opcninr-;s '.rer e to 'x;; n e~sotio.tod tha' poor s,iim-

, [,lerS c oul d f u.ce curre:lts of f ron 5.0 to 8. 3 f .Jet p3r s e cond o.nd Good S ... {jj11l.lOr s 
those of' f r on 13.1 t o 16 . 4 f eet 1)8r second . Of courS d the,s c l "s t - nc:l':led 
swi mning velocities iJ.rG a tta ined onl~i yd th Gxtrelil0 ...;xortion and for a ve r y 
short di stance . The:r a r e much t oo fa!3t to c onsider i n fis ]T. !a~T construction . 

The 6 .6 to 8. 3 f ee t p8r second for :;00<.1 si,,-:ilTL"Jo rs in a str<.~i '-o;ht f,lume 
l ess than 33 fee t in L_m ~th rou2:hl y coincideS ',; ith the find i n ::;s of l,:'cLe od 
and NeTllenyi. Tho best specd tho. t · t r out (2. good sHii:u;lcr ) coul c1

. attair). 'lia s 
7 f ee t pe r s e c ond in flUl,lGS not over 10 fe e t i,l l C;1l :-; th . 

In gene r al, t':lo ve locities shoul d b 8 he l d to '2, E1ClXimUl.i of :l ess than 5 
fee t pe r second t illlJ po,i..l1t i n t ~10 fish'.;a~t , a,nd if poor svriEll,10r s , such as 
perch, 'c a r p , .... "!1itl.~ fish , or c atfish', a r c. to uab:: us c: of the po.ssJ. ·z;e the, ve l o­
cities should bo SOI'hJ";hdt l ess . 

FishHays for th.::: smalle r species ar 8 soneti nes r:le r e l y incline d s l u ice ­
'rays , in which the 'V{a t or i s some'viha t r e: tc.rded by a series of bo.ffles extond­
ing from each s ide of the flume . This type i s entire l y lli~suited,for a dam 
of any he i ;;~ ht, fo r, unl:.;ss thoe s lop ,1 i s v3r :.- ~~raci.uJ.l, the Y[atcr rushes throu,.;h 
at ~igh speed . f.urthr~ rmore , unl (3ss tho daji1 i s ve r y ~oYv , the '3ntranCG ~s 

, too f a r downstr eam. For daEls up to six or p ;rhaps E: l t;ht f ee t or mo r e In 
he i ght this t ype can be us ed but t ho sloPG i;1USt be moda r o. t e , pref orably not 
OV(3r one foot ris e in f ive . '1'h0 flwn~: shoul d be at l eds t four or five f eet 
in vridt h , with the s i des a t L,as t four f e,c;t in hoi -ht . The bJffl~s s:10uld 
be spQ.ced i bout four rC 2t apart and. extend to T,i t~1in ab out (; i :,>,htscn inches 
of the oppo,site s i de . 11;0 ~)robh:1TlS then present thcrfls ,," l v;.:; s : the ent r 2..l1?e 
must be ne 3.r the f oo t of t h::; daw ',[hi ch r:1ay ne c s s i t .::.. t e a cmpl e t e turn I n . 
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the flume; and a l a r :<e fl O\,! of ,{at~r must ".:l ,: o.v:d,Llbl c f r e f 'ici -;n t func ­
tioninr.; . Thi s ·t yp", of ins t 3.11ation may 00 I o md .~; x ,~(::lent ,. or ?<lssin,., na ­
tur 1 barrie rs of. mod~rat c.: h!) i p,ht if th t3 t orl'J.in ? -.: rr. itrj £l. r.lo r.e r .:ltc risE: . 
In s uch a sit uation pl \;..;nt,~ of 'mt e r i s us u ·..:.lly [!'vJ.il .. bl13 ; . nd t h:: 1 ck of 
compl e t e partitions wil l 2.id in keepi nG the ~Jass cl l;o. of zr- vl31 ·j.nd debris . 
Such a bypass if built 'ii th consi e r ".:lI e depth will provi e <.... cqu·'te p.::SS 1 :8 

through a l o. r 6G range in nat e r l evels . 

I,los t fish ha ve little difficulty .:lscendil13 throu ;h a s l; ric:s of pool s 
connected by 10,", f .:llis or sh.ort rapi ds . ', 'h8r(~ i t is il!liH 'ctic 1 to construct 
pools of na tura l rocl~ 'or masonry , a 's c r"ics of '\[0 " ..:.8n or conc r ot ,.- box·,:.;s Jl1.,:1" 

be substitut8d . Such a l .:tdder for sm<.111 spJcics i s illut .r ltcd in ii ::;ure 1. 
Tho f al l ··)t:: t .. :.]"m snccessive; box,:;s s hould aot cxcce r 1 2 to 16 inc~ :.s . 1'h8 
siZG of t h , pool s C".i1 vary s omc,;hat in r corG.111cc i'lit'l th.1t of ':It- str.;;an 
and. of thJ nm of fish that Plust b~ 3.CC mr~ d-A tJO . In s tr~.: <:..mS --i , a good 
run, t ho boxes ShCllld be not l ess thJ.l1 siY £'f~ot 10n2 four fee t ~ride , and 
four f C·3t deop . If th8 l .:tddcr is :ll so to "'CCO~1!.10 ')3.t ; S.:llr.l0 or 0 h : r l.:lro 
sp~c i2 s , it i s des i:::'3. le to incr .:lsc t:18 S i~ . SO .. 1(;1'~ t , t: us .., b ox e i -;: t fe3 t 

, long, s ix fG et \;ide, .:lnd six f eo t del;? pro i dos .:l l Olo <;:. r 0_ ampl e proportions 
Tho oyorf"ll pool t ypo of laddor is GspJc i rJ,ll:r dcs i:::-a'Jl c f "r s tr.::- TIS liith. ., 
v r:.: r y small S1lL1r.'l0r floy,' as it can. be r un e ffe ctivolv "I i h 1 ':5s :.::.tt; r th£.n oth::;) 
t ypt.:s . 

Pool t ype I ndders r ..;; SOlllot i..":lCS b'ilt i n '(1ic~ .:m pcrlin,- i s cu.t hro $h 
th,~ pa rtition bJt',rc(.n t , -.; pools , ins t ead 0-,- a l o-. :in.:; 11 of th, \ ·~ter to 
flo,-: ove r t he top . T:li s b.ttcr typ o:; r 3quir..:s .:l lar ot:r vol .Ie o · ,; t~r nd 
th,3 10Tl8St orifice must bc suolJor tjed at <..;.11 ti1 :,s . it i s mor_ d':ficult to 
obt .:l in a prope: r flo~ ·; as thl:. anount O.l ',mLr Dust be: Lnint- in<;d ,rithin nJ.rro .­
li1!lits . .L'hle.) fish tlUSt ovc rco;nc a considor"bl e "thr0shold r c:s i t -nce" in ,;>-SS ' 
in~ f rortl cne pool to the: n Gxt. '1' h<:. undcnra t~ r current f rom t h s bm:, r gcd 
orifice is not as :lttr- ctive t o nost f is!}, as is t he noi se anc. .... ?l sh of he; 
ov(;rf~ll entrance . , 

7hc c hi .:.:: f 3.dvaJ t age of using t he SUbl s r zed orL. ice in the pool t rpe 
of fishv;a~' is t h::!.t it provides an cas it:;r ptlssazc fo r spe; i cs of iish..:s tha t 
do not l i ke to jump or eX?ose th:;msel VGS . ~~'iS :1 c 11. rlsccnd t he overfall pool 
t ype: , h01'iGVCr, ';ithout l~;avi...l1 .'5 t he ';c.: t c: r if tl1C; diffi~n.mc e bct ' :Gcn pools 
i s he l d to ono foot or l ess , and the gap in th,:: P rtitio' s i rounded so 
?S to pr Gsr.;;nt :. solid floYi . Jo not U S0 a V- 3h2.ped notch s it b r cc1!(s up 
tho::; stn33.m of 'l>ratc r . Th0 ovcrfall t :rpe of : i sh l a dder ' m- ,'lS e~ ch pool a 

. fires tint: pool, fI vlhe r 82,S the s ubmer Ged 'oriiic'] t :'r}l6 h s s tron~ curr':-:1ts on 
the b9ttom. 

It Y{ill b ..: n ot e d in t0~ slwtch of t he fis hl :::.d'(; r (Ii...> r e 1) th:lt provi­
s ion h;~s been Lq.de for diff 'r c;nces in th~ l -:: ve l of t he ~:3. tl3r in thL. foroba~r , 
by buildi n:;; two pools ~)3.rnllcl '\:i tl1 thu f a c o of the do..m . If the dc.:i:: is v~ry 
high or 9ubJ ..::c t ·to c.';r -.;a t ·fluct·uations in 1Vat..:r l evGl, this nW':lba r m&' hC;lve 
to b e :incr (;Clsed .. The ·exis ts nr-:: provided \Tith s top logs, so that the: f l o'd 
cun bo I' uudily a dJusted . ;, ttny dams , ins t ead of havin~ stop logs , h~ ve a ~ate 
s ~tti11.g on th'~ bot tom of the oponin:s thtlt can bo r a i Sed to alloH ;:rat e r to 
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p:..ss into tl1~ fis ll1 .ay by flmdn.~; under the .';.::::t.3 . Thi s m8thod of r "iR.;ul ~ ting 
th", flo,;, hm";v,,, r, ha.s cJrtain dufini t o d i sadv;2nt&gt)s . If tb ; ga t o 0xt(;nds 
d8Cp tmou~11 to provide ii~ t cr for tho fis h\{-lY .;hem the lc... ve l in tho..; for..;ba~;· 
i s 101. , the op0n~n3 i s so deepl y- s ubmorgcd ~~ t hi ~h Hat er l~ve ls t hat t hlo ~ . 
fish E1USt for ~ e thoir \{ay t:.hrough the oPemin ?; under t ht;; g'lt e 3.~a. ins t a con­
s ide r ..:lbls h~D.d of Yi2..te r . f urthe r f.lo r e , b CCilU3 .,; of thl:! inCr8(lSGd pressure 
2t hi~h l 8ve l s thu opcmi ng must b e mad.e so small to conp·.;:.nsate for incrc.J.sed 
v0locity of c!rrGnt that th(; space i s us uc.llJ too smal l a nd the curr o.:lnt 
throu~h t e openinh too s\dft. '::e have.; s een s ever al l Cldders othe r vJi se well 
design8d that Yie r e difficult for fish to pass because of this f eature . 

·"h.:.: U??3r end of t h3 f i shw y , or exit, inay need prot8ctioll to keep it 
fr01:1 b8COIIDl1inZ c l obsed or damage' by floa tin Q; lo ::;;s or lar~e d e1.Jris . Thi s 
T:lJ.:r b~ a ccomplished oy installin '~ a trash r o.ck of u i dG l y spc.lced bl:.:lnlS or 
iron '0 - rs 'Hell in f r ont of t hG Jxi t . 

If 0. fishTi3.Y is con~3 tructed of vrood , b ..-; s urs t o ") Or8 a small hol e close 
to tho floor of 83.ch pool so that it 'will dr:lin into the l1Gxt one , to l)rQ ­
vent frc: Gzin6 in the jJool s v,hen the l :-.dder i s not in US e . ·1'h·...; floors of 
th" ?ools C3.n b u . .> i VGl1 a sli~ht slope to :lid t h,; dr:d_n:.. ,);o . 

In some 10cr.:.litiGS icc i s G. ma jor prO-')1 81,1 . It Bay be Det by covGring 
tho whol e s t ructuTt ... Hi th h .... avy KoodGn b03J:1S , .:'.bou t six by six inches or 
1:.!r 58r, pl .?.ced longitudin~lly J.nd l <.:'-win~ sp~:c\jS <.'..;)out four inch~s '-Ti de bu ­
t\..G ~n th .. b.J],ms to .::.cirrli t li~ht . Icc cor.lin.; ovc.. r th2 top of tbs dam -vdll 
sl ide do ,n t :10 b c·.J!1S into the str eambed bclovl . 

In conclUSion , th" r -.: "'aT'J a f C'd SC '3~ .lin o.;ly diinor "dont ' s " that l a ck of 
a tt <: ntion t o i ..-:1ich LU- s p<...ll succes s or f ,::l.il ur", . Don I t ~l.:.'.c (; th:~ fishvvay 
so tl J. t 'I.',-'.. t u r froD th-1 s pillua? can fall into it, br02.King up the flm'T 2.nd 
supe:.r - a .:; r a tin,s th-.: 'ii!t",r . Jon' t allow ~an~r contC:::Jninat",d ,mt ..; r to cmt,-, r the 
f i sh' .... ay , as man:r f i s h shun s uch )'- t ,,: r . 

:aL. fore buildin ._; a fish,v-a~T it i s ~J,dvis'J.bl ", to consult a fish0r y biol ogi st 
. nd an c n t:; inelJr on t he des i gn an d location . i'h~ opuration, ui.lintc;nanc8 , 
o.nd r \3.p a.ir Dus t b(.. definite; l y- assigned to r <.:J.3ponsibl c p ',. r sons to ins ure 
Sll,CC';SS . 
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