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A Method for Memaring Swinrnling 
Speed in Oxygen Conmnlptioll 

Studies on thc Aholeholc 
Kuhliu sun,dvicensisl* ' 

I t  is well estnblishecl thnt the oxygen con- 
sumption of fish increases wilh activity, nnd 
mnny studies huve been mnde of fish i t h e r  
~t imulnted to  n slnte nppronchinf: mnxirnurn 
uctivily o r  induced by conlirit:rricr~t nritl isola- 
tion to  n stnte of relative q11iesr:ence. Mcasnre- 
rner~l-s of muximuni nctivity are  generally ex- 
pressed ns some functior~ or swin~rn i r~g  spet:d. 
Mcasurc:rrit:r~~s of low levels of activity hnvt: 
thus fa r  hcen c:xpressd HH write fur~c t io r~  not 
of swimming but of nonqjcciiic movements. 
Spoor (lC)llh), Cor example, s u q ~ e l ~ d e d  11 pad- 
dle in the fish chnmljer. Movernc-rits of the 
I'luh Y W I I I I ~  the pailillc, whit:h c:lost:ri n switch 
i i r d  iit:tivut(:d t i  corrnter. Denmish nnd Monk- 
lwrjii  (1964) rep1act:tl h i s  willi a thermo- 
ululic: 1ir:alcr p r o h  scl ul ~i Ie~r~p: ru t r~r t :  di,rrhtly 
liigher thnn that of the chamber wnter. M o w -  
merits of the fish generntecl wnter currerilrr 
t . :ooli~~g t l ~ u  probe. 'l'he nrnount of ~:lec-,lricity 
retluirtd t o  reheat thc p r o h  wus considert:tl 
n mensure of nctivity. 

Uwauuc: i r ~  hot11 or 111ese s ~ u d i e s  oxygc:ri 
roilsmn1)lion mid nctivity w m :  loulltl to  be 
lilwarly rt:lated over a fairly widc rtlrlgc., t h y  
chior~strnt t :  the rwed to mensure accurntely 
low l(w:ls of nctivity iri oxygcri c:or~surnpLion 
tilut1it:s. '111cir c:orriniorl ciefet:~ i~ thnt tht. IHCH- 

snrt. usf:rl is nrhitrnry. 'Thus only one a l ~ i -  
m n ~ e l y  useful clnturn is obtainable per  fish - 
lhc: ex1rn~)oluled oxygen ccrnsuml:~tion nl m r o  
nctivity. Rrett i1961) rc:c:t.nlly lius ntlackcd 
I C I V  p r o b h r ~  I)y i r ~ d u c i n ~  fish to swim agninst 
n wnter current of colitrollctl v~:Ioc:ily. His 
I I I V I ~ ~ O ~ H  were (:l"ri(:ii:~~t in determining the re- 
lnliun lwtwt:t:r~ oxypen consmip l io r~  and  me- 
cliiinl-to-hip11 swirnniitig .rpt:t:ds in ~oc:kt:yc. sal- 
rrloli, 1)ut wt:l-c: 11ot well suited to [he low- to-  

mt:diurn rarige. The  methodn tieucril~ecl 1)clow 
were cleveloped tipc:c:iCic:ally to  inensure low 
LO-rnedium levels of uctivity H A  a functior~ oj 
swimming speetl. 

F. E .  5. F r y  ( p r u .  comm.) hns 1nensurt:i 
s w i l n l n i ~ ~ g  ~pt:cil  using photusensitivt: resistor: 
~nounted  on the wull or 11 ~ l o ~ l ~ h n u t - s h n ~ ~ e c  
clinrnhcr. 
As thc, fish swims a r o ~ ~ r l d  tht. circular race- 
wny o l  the chnmher, it interruplr I ) C R I ~ Y  oj 

light focust:d on thc surfnce of thc: I~ho~ot:rllr  
an({ h e  interruptior~ is ~ - ( : ( , o r ( l d  on n rlifiila 
cour~lcr.  TJsing the snlne type or cliamber ~ h t  
present writcrs a ~ l c r n p ~ r d  to find n rncalls tc 
t1etec:t h r  passnge of n fish wihout  cmp1iryint 
lights which might clisturh tlit: fish and  w1iic:t 
lirr~it th(. applicntion of 111e r r ~ e ~ h o d  to certair 
light t:or~diLions. Proximity detc-:(:tors hascil or 
r:l~ur~gcs in  capncilnnce, ~ i ~ ( : ~ t : s s r ~ ~ l l y  e r n p I ~ y c ~  
11y terrc:slrial ecologists ( fo r  exlirnl)l(: Knva 
rlau, lO6l1, werv jr~vt:s~igat~:d hut f o u r d  I J I I  

~uila1)le hecnuse of tht. upparent clielectrit 
similnrity o f  [lie f i ~ h  nnd wuter. This up 
proach wns w o r ~  al~a~ldoriet l  whe i~  our  ~ I I C I I  

iinn was drawn to n dt.vic*e l~c:rlcctly suited tr 
t l ~ i r  npplication. 

Cummings ( 1963) tcslccl n 1'fluegi:r Fis l  
Finder ( Ihterprise  Mnnufac~u  ring Co., Ak, 
rori I), Ohio) for iletecting fish rr~ovt:ment 
E ~ n p l o y i r ~ g  the Doplller effec.:~, h e  instrur~~cni  
emits n 13111-YL 01 a u d i o - f r e q u e ~ ~ c : ~  ~ ~ o i s t :  el-bin, 
r:itlirlg in time wi1.h tht: rrlovt:rnt:ni of n fish ir 
lht: sensing field. As useel 11y Curi~trlirigs ttic 
I'iuli Finder rrlcasllres activity in 11rl)iLrnr) 
11r1i1s. 

r 1 l11c rnethod desc:ribt:tl in 111c. present rel~ori 
ndnpts tht: Fish Finder to  Fry's c:irt:dar chnrn- 
1)er YO lllnt swi inrn i~~g  s1)e(:d (.all be meus11rt:d 
'This rnc.lhni1 has the distint:~ atlvaritnge thal 
switntnin; crf ~ p o r ~ l a r ~ c o u s l y  a c h e  fish car1 ht 
rr~oriilori:cl under rir ly  t:or~tlitiolis of tunhien1 
light, T o  nt:llic:ve uliiform speeds in ~ h c  wrrrk 
rcported hen:, tl~i: r i u t i  wcrv incluc.ed to swin 
ill n sc:micirculnr shr~do\z~ r:rt:aled by n disc 
rcrtnting atjovt: the chniiiljer. S r ~ ~ r ~ p l r .  data oj  

11it: effect of s w i ~ n r ~ ~ i ~ i g  qJecd crrl crxygc:~~ (:on 
surnp~ior~ ,  with refere~~c:t: lo sizt: of fish, urt 
ir~cludcd to i l l u ~ t r n ~ ( :  tllc aIjl)lication. 
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Although we nre not curiccrried h r c  with 
other p o s s i h l ~  ~pj)li(:ntio~i~, the prinr:ipl(: r:arl 
hh u ~ r d  i ~ i  a wide variety nf situations where 
the invcsligutor wishes l o  follow h e  r,c:sporlse.r 
or ~ p n t n n e o u s  ~ ~ ~ o v c ~ r l ( : r ~ t s  of experimenld 
r~quntic arlimnls. Becnuse n o  uncorrt:r:~uble 
ir~lcrl(.rt:nce was (:IICOUIIICIIV~ IIC~WCI ' I I  ihe  two 
1"irh Findr:r.r u~(:rl ,  il would nppenr that a 
series could be e m p l o y d  lo s~ucly rnovclnent 
t1il-ouKh n variely or orir- or two-dirr~ensionnl 
grndirnts. 

ATPAR ATUS 

'The Fish I:ir~der consisls nf n high frequency 
C:W t runs~njt ter  atid receiver in n srnnll m b -  
irwrsil~le cas t... 1C11r:r-;y radiatctl b y  11u: Lrurls- 
~ n i t t e r  i3 fncu3ed in u rlurrriw, l m ~ ~ l r r ~ u l ~ l y  
crir~icnl, 1Lclep;rct: field. M o v s n i e ~ ~ t  of n fish in 
t11is field d i i f ~ ~  t h :  fteqtte~icy of nny reflected 
s igial  i l)ol)t,ler effect) . 'ih tra~lwii t ted arid 
r,:llcc:~ecl signnls a re  cnml~art:tl (1le~erodyi1c:iJ) 
~ I I  thc ri:rt:ivi:r ar~t l  simplv c.un(.:r.l oul i f  111(:1-I: 
i.: no rnovil~g o1,jer:l 10 shift the f ~ - ( . q l ~ e r ~ ( ~ y .  
T I I I :  instrutnenl is sitnsitive r:r~ough I(> detect 
llie Inovt:~r~c:~~l c.:v(:11 or a sirlgle r i l l .  'L'llc: 1 '1 - (~-  
qllrncy used, about NK.) kr:, is Inr n l~ove  the 

hearing range of leleosts (Tavolga, 1W148) a d  
iippc:aru to hnve no cdlect or] the fish. 

The fish charii1)c:r ( F j ~ u r e  1) is rlnughnul- 
~ l ~ n ~ ) e d ,  the circular swimming chan~icl  being 
7.6 cm wicle and 9.5 cm cleep. The rnetlll swim- 
~ n i r ~ z  r:irr:umferel~ct: i~ 87.6 cm nncl the v o l i ~ n ~ c ~  
6.6 liters. The center portion is  raisetl from 
~ h v  1101 l om ; outflowi~ig wntcr is collected i ~ w n  
1111 direct i im under it nnd inllowillg wnler 
i. ~ i r  1 '  luted over thc lop. 'l'wo wells nttacheii ui 

I.angents to ~11e oirculnr channc:l house [he 
Firli I-'ir~clors. The inner nrid outer wnlls of 
thr: h i m h e r  are  o l  dieet alurr~inum nvt:rl~ticl 
with fi1)erglass (:loth and resin. Oval windcrw~l 
in  l h :  ulurninum aclitlcent t o  the wells allow 
passage of the nignnls. The windows art: cnv- 
wecl with Fiberglass lo  sepnrnte h t :  wnter iti 
tlw wells from that in the fish chnrnher a r d  
to hi(1r the transdu(:ers from the fish. Thc  
cliurnber is o p a q ~ ~ e  except lor n clenr pit-xi- 
glaw lop, A more rrc:er~t versioti or the cham- 
11c:r is mnde c:ritirt:ly of plexiglass (opaq~lv  
11ottom a r d  wnllsl which l ~ n s  been I o ~ ~ r d  to 
offer r ~ o  res i s tn~~ce  to the trnnsc1ur:rr ~ ignnls .  
r 1 1 he Fish F i ~ i t i ~ r ~  nre rnouriieti in  n cmista~it- 
lemperature wnter bath i l l  which ~111. fish 
c1iaml)r:r is immersed. 

Thc h p p l e r  cffcc~ requires t h a ~  rrwvrrnent 
be towar t l~  or nwny from h :  face of tht: L ~ L L ~ I A -  

rluc:(:rs. Tnngr:n~inl posilioning or the Fish 
F i n d c r ~  ensures thnt the Y C I I H ~ T I ~  field is rriuxi- 
rrlurn for this typc: or movement. In uc:tual prnc- 
tice, howt:vcr, the positioning is ucljustecl until 
atlr:quate sensitivity is ohtninecl and  thc: sc:rl.r- 
i l ~ c  f ie l t l~ do not nverlnu. Thus u fish swim- 
m h g  a rnur~d  the cham1)c:r passes throuph tlw 
ir~diviclunl fields of ~ l iv  t w o  Fish F'indcrs ill 
r i l l  nlternnte marirlrr. 

pnssagc: rc~lllt3 in continuous r~oist: which 
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D A Y S  S I N C E  F E D  

i~~forniriticrn on one-hnlf ol u lalf:hir~g reluy. 
A s ig~ia l  1ro1n [he o h 1 -  lGxh Fincler completes 
l h :  c:irc:uil n r~d  registers one revolulior~ or1 111~ 
counter. 

Tlw output or euc:h Fish Finder passes 
through a sepxratt: m ~ l ) l i ~ i t + r  multivihrntm 
unit. 'lhr: o u ~ p u ~  of 1l1c 4-stnge amplifier trig- 
gers n one-shot multivil-rrator opc:r~lting H plute 
relny. Movmieri~s o l  the: Tidl within the field 
01 111r I"isl~ Fir~rlrr w u s e  tlic: inu l~ iu i l~ra tor  to 
1)nss t l ~ r o u g h  one o r  more c y i h  of o11c:r-a~ior~ 
during tach 01 wl~ic:l~ ~hc. 1)lnte relny is crper- 
:i~t:tI. 'I'he sut.x:esgive o p e r n t i o ~ ~  o[ h t t  p l a ~ c  

c l ~ o o ~ c s .  Tlie Eisli is nnrnially held a t  one speed 
fcrr nbout 4 hours  to inaurt: thni the l l o w i ~ ~ g  
water reaches equi l i l~r ium and thnt the Cis11 
hns settled tlnwr~. 111 iriosl caves h e  lish f n i h  
fully follow the disc but the nctivil y rrlor~itor 
is ~ + Y Y ( : I I ~ ~ H ~  10 verify this. pnrticulnrly 11rr:nurc: 
the fisli chnmher is isol~itetl a r~( i  usually urlat- 
tenclecl. Perioclic wntw samjrles are: iaker~ from 
[.he outflow talw H I I ~  froni a sampling line 
lrorn ~111: inflow water, nncl oxyy.t.11 dctc:~,rr~i~~n- 
tions mnde wit11 11 Rwktrlan rnoilcl 777 an;]- 
lyst:r using ;+ magnetic stirrer. 

.- 

A scries of the e u r y l ~ a l i ~ ~ e  aholt.hol~. Klrhlia 
.sr~ntivicer~,sis r a ~ i + n g  from !I to 00 p i s  wns 
nc:r:limoied tn f rcshwa~er  ut 2.7 C. 'When intro- 
duccd into the chamber largcr ~pcc imens   MI- 
ernlly wugll l  L I I ~ :  shaclnw of the disc i d  fol- 
lowed il when it wris rotiitcd. 111 most c a w  
[he: fish would res1)ond even to the shudow re- 
su l tu i~ ;  f rom moonlight crllcrit~g a rlc:arhy win- 
tlow. Srrialler lish showed more val-iu1io11 in 
response; some t:ould I)e indurt:cl to follow the 
cl iu t :  lty h e  usi: of an over11e:l~tI 1)l-ighl light 1)ut 
most would not Tollow it for n suffit:ie:nt 
length of time. 

L)cterminntion of thc eTle:c:~ 01 s w i m ~ n i ~ ~ g  
s1)c:e:d or1 oxygcm consumption gerwrully re- 
quire:~ t h n ~  the fish be hrltl it1 tlw chmii11e:r 
lor u1)o11~ ;! e l ~ i y ~ .  It  is therefort: Ilcwasary to 
ccrnsicler the effect of 1)rogressivc. ~ t ~ ~ - v i i ~ i o l i .  
As shown ill Figure 2 the oxygen c c r i i s u ~ ~ l ) ~ i o r ~  
nf ri &L.4r-g~n aholeholv lnainlairicil a t  n rorl- 
stnnl level of u d i v i l y  (0.29 h t i y  Ic~igllis per 
sccorlcl) clecrenses f r o ~ n  n penk nfter i"c:etli~~g 
,inti rt:uc:hc:s a minimum in a I ) o u ~  3 d n y s  'l'he 
c:urvc is similar iri u h p :  Lo ~ h o s ( *  givr-ll~ 1)y 
Br:amish ( l!)M ) fo r  stnnclnrd metnl~olirrn. 111 
the r e n i u i ~ ~ i ~ ~ g  expe:rirrle~~L~ ~ - c ~ ) o r ~ ( * t l  11cre~ h e  
fish were cleprivecl of food for  n1q~roui 111ate.1 y 
3 f l ~ y s  l)(,l'orr 1wi11g p1~ice:d ill h e  ( - . I I ~ I T I ~ ) ~ I - .  
r 7 Ihus  thc effect of feeding should IN: elimi- 
11atcd from the oxygen ccmsuml.rtit.rr~ clula. 

I"or ~11otir liuli which wouId 1'0110~ tli(-: d i ~ ~  
for  suffic:ic.ni- p r ~ - i ( ~ ( l s  or Iiirle ; i ~ ~ d  ;il a I ~ I I I H ~ C ' T  

o l  sl)eecls, the effect of ~ w i r n m i r ~ g  sliratl 011 

o x y p : ~ ~  c,onsurnption nl)l)enred to ]I(, lille:nr 
Thnt is, struight lines ('o111d lw i"itt(v1 to 
data on nrithmetic plots. Some 01' LIH* 1i11t:s 
fish of tliffwent wriglite sho~i-c.tl a c,,t~sitlt.r- 
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i ~ l ~ l e  divergel~c:c$, 1arp:r fish having n grcaler 
slope, suggc~t ing  t111tt n ~ c ~ n j l o g a r i ~ h ~ n i r  ~r i ins-  
ro r rna t io~~ might result in l~arnll(:l l ir~cs. F o r  
six fish the plots of the lognrithrri or oxygen 
corlsulnp~inn against swimming sljeed in fork 
I ~ ~ g t l i s  (11er(:i11 termr(l I d y  Icr~gths) per see- 
o r ~ d  are  shown in 1"igure 5. Strniglit l i~les  art: 
n:,air~ ol~tained mcl 1111-re are  rlc:urly parallel. 
I3wnusc: . swi r r~rn i~ i~  sl)eeds g r w t  enough t o  dc:- 
tecL r1onlit11:nrily in nn ari~hmetic- plot nppar- 
er~lly canrloi h: nbtair~ed with h i 8  n p p r a l u s ,  
the sclcc:tion of cither I j a ~  renlair~s tealalive 
ulitil hipher rnl(:s of swirr~miug are examined. 
I?l.orr~ his stucliw 011 the medil~rn-to-high rangt: 
i r r  n l ~ r i o n ,  Rwtt  ( 1064 ) l)ostulnlecl  he logn- 
ritfinlic rc:lntiot~uliip 

W E I G H T  urns 

still aplmrellt-. The: cliv~?rgence may be d u ~ :  to 
a rir~nilwr of factors. It  is po5sihle that Iurgcr 
iiuh enwunter  more r1illic:ulty in swimming 
h e  cirr:ulilr chanrlcl. The clala for  Iinh 4) were 
ul>tuini:d using nn clr~rly nnil very crucle vt:r- 
sion of tllr rotating disc, which prover1 ]In- 
saiisrnctory. The fish tended to swim in hurstu 
ralher thnn it1 a smooth continuous Iu~hiori  
rl1nrat:terislic ol the other fish. Fish 1, h e  
smallest of d l ,  would 11o~ follow thc: disc fo r  
surficicrl~ ler~k& of tirm: evm w11c:rl a I~right  
lighl wns plnccd nverllenrl the sarne reulmnscJ 
was crbst:rved with thrrc  other lish oI similar 
six(:) , lh data shown for fish 1 were oI)Liiili,:d 
durirlg periods of s p o r ~ t a ~ l c ~ u s  s w i ~ l ~ m i ~ l ~  witll- 
out th(: rotaling disc. 'l'lw swin~ri l in~;  sl)c:edu .. A 

are  averages fo r  2-liour irltc~vals. Thus h e  

T11e 3tec:l) .slop. o1m:lwd for iish 2 cunnol 
he t.xI)lnilic:rl nwa!' I ~ e c a ~ ~ s e  tlnta Eoi tllr.cr trial.u, 
Fnr Ll~is i i ~ h  nll fnll o11 h e  same lint. undthr 

pwsent dntn w l i e h r  t11t: r r l n t i o ~ ~  I-rrlwc~rri 
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Tnnrx 1.-Weight and length duta for six nholcholc 
crd regression coefficients far the t:/fect oj  swim- 
ming s p e e d  o n  uxygon consurnprion as shozun in 
Figure 4 - - - - - - - - -- - - - - 

O ~ ) R C I . V C ' ~  r n i g h ~  he due  t c ~  vtirintion in  responw 
to ~ h c  c:hnnher, Lo vurjntion in i r ~ d i v i d ~ i d  fish, 

is tic^ w'ith size. 
I)c:q>itc: the variation irl slope, t h :  extrap- 

oliitcd oxygen connumption at  zero swimrnjr~p; 
appears LO hc a g00J  stntistic. 'Lhe Iogarjthniu 
of lhcue valueu arc  plotted ngairlst [he l o p -  
r i ~ l i m ~  of body weighls 111 Figure 48. The points 
givt: a good fit 10 the l i m  

'I'huw it would nppeBr thnl  tlw cxtrapolnted 
~ ~ ( ~ i n t  serves as  an anchor and i h n ~  vuriutiorls r 

in ~ w i r n ~ n i n g  charncteristics affcct thv slope 
ol' tltc: line originatirlp f r o m  this point. 

Wc urr p1cnu:rI to ar:!u~owlr.dgc ~ h c  n~~i~tat1r.e (I{ 

Mr. I{. Al.  Huc:klcy in r:onutrut:tin;: tho {inh chumlrrr~ 
and in 111i: exlrerj~nrntul work. L ~ H .  N. J. Jkrrill rind 
.I. .I. M:~~nasoii kjnrily rrvirwcti tht: munus~cript. 

T h \ ~ r s r ~ ,  F. W. JL  1 W .  hil1uenc.c: I-rf ~ tar~al ion 
OII ~ l n n d u r d  ond l-c~ntiue oxygen cor~mruplil.~n. 
TJ.IITIS. A m r ~ .  Fish. Sor. 03: 103-107. 

I ~ j 8 : , ~ ~ l i l l ,  P. W. II., A N l l  p. 3. MOC~TCHEH.ITI. 1964. 
Hcq)ir,~iion uf lidies wiih bpc:c:inl mqihuain on  
.rtll~liinrti nx)g(lrl ~onn11111pti011. 1'nr~ 1. Inllurncr 
I I ~  wcighl ioiti tclnyrcrutl~rt. o n  ~c~pirulior~ 01 
p1ldli~l1, ( : L I I ~ I ~ s . ~ ~ ~ I , s  rrrjrtlrus L. Cnr~udiun . I .  Zotrl. 
42: l h l -  175. 

1\1~1:3..1,, J. 1-i. 10tA. 'Shv rcfipir:~lury metnlroJism u11d 
t w i ~ ~ m i r ~ g  ~rr~t ' i r r~n;~r~cc of ~ ( I I I I I P ;  norhcyn hill- 

tnirn. .[. Fi:.l~. R c h .  Thi. Cnnatiu 21: 11 t l 3  -12215. 
(:I ~ T M I N C S ,  W. (:. I9fA L I ~ i l l &  L ~ P  Ihplrler e f fec t  

I ~ I  d c i i ~ l  rlll~ut.mrrlln oi captive fish in Ltcl~uvior 
~ h ~ d i t : ~ .  TI-LIIIR. Al11r1,. Eli&. SOC. 92: 178-1130. 

I * ; ~ \ v A N A I ; ,  . I .  L. l!J(il. Itlrntificnlion of &mull imi- 
I I I I I I ~  11y pl.~~.iimit) wr~~jnfi .  SI:~CTL(:C 134: 1694- 
I O O ~ r .  

S I , I ~ ~ I : ,  W ,  A.  1910. A c]u:~r~ti tal ivr.  rtudy nf the 
i c ~ I : ~ l i , ~ ~ i \ l ~ i p h  I I C L W W ~ I  t l ~ v  n c ~ i v i l y  U I I ~  o x y & ( ! ~ ~  
( v l l i + u ~ r ~ l ) L i l l n  of ~ I I I *  pi.sltlfinh unrl i t3 ul~rrlicalinn 
10 1 1 1 c .  I I I I . ~ I S ~ I I I , I ~ I ( ~ I I I  of T I Y ~ ~ I - ; I L I J C ~  ~ ~ i t ~ ~ ~ ~ l ~ r o l i ~ ~ n  
i n  li+l~(t,. 111111. Ildl. !il:  312 3%. 

Ohservntiurls on the Swim~rling 
Ahili ty of Adult Arriericnn 
Shad ( A h a  Y apidis~irtza) 

F o r  scvurnl yeHrs the Rureuu of Corruner- 
cinl l"ishc:rics, under c:onLrac:t with thc  11. 5. 
Army Corps of Erigir~er~.s,  has  bwn invc:stigul- 
i q  vnrioue fuctors i n f l u e r ~ c i n ~  tlie h e h v i o r  
of adult salrnnnids in  relution t o  fish pastinge 
problems on the Columl~ia Hiver 1111d its t~.ilju- 
l a r k s  (Collins and  Elling, 1060). 111 thc: 
c:ourse of these irlvestijiations, i i~cidcntul oh- 
sc:rvntiorla W e J T  made on the Amc:ric:at> dlad 
(Alosn sri~pidissima) which utilized thv sntne 
wnkrwaya nH the ~ n l ~ n o r l i d ~ .  Ob~erva t ions  
presented irl thi~l  report werr mad(: clurir~g tllt: 
period of 18 lo  28 July 1061. 

The ol~jectivc: of  h e  prirnnry study OII  snl- 
rr~itnicls M T ~ H  t o  puin lu r thc~ .  k r i o ~ l e c i ~ c  of ~ 1 1 ~  
rnnxirnunt wnter vc:lot:iti(::, that could I W  11e;o- 
tiutetl. 'l'he presence of s l m l  during h e  euljer- 
irncnts, however, nlso muilt: it possible to o b -  
luin information on th :  swimming ability of 
lhis spec:ies. Spet:ific:ally, this rcpnrt coverH 
the channel ciistuncc:~ r~e;otinteA by thc: Anw= 
icxn shad i n  waler vct1oc:itit:s rai~piilg lrom 
11.4 to 13.6 Sect per sec:ontl. 

Allho~lgli ve1ot:ilies ol this mugnitucie may 
not orten be t:rlcoun~crc:J Ity Americn~i  ~ h t i d  
~ i s c e n d i n ~   he rivel-s nnd fjrtlways at exislirtg 
dnms, n knowlc.dge of iheir swimming nlliliiy 
in these 11i~l1c:r vc:lot:i~jc:s is  rnentli~~gful.  Th(* 
c.:onLinuing eff or[- to ctevt:loll m o r ~  c-f ficieul 
and c:conomicnl fish pnusnge fncmililies in  the 
Colurrlbiu Kivw d r u i ~ ~ a g e  r q u i r e s  n L~lorOUgh 
k ~ o w l c d ~ e  of thr, I , l ly4ci~l recpirt:~nerlts erd 

nllilitiea oL' the ~ r n r i o ~ l s  t-r]w.cic:s of 

fish illvolvcd. 
Even ~ I i o u ~ l i  Ainc:rjr,an s h ~ d  in {he Colum- 

1)ia Kivvr a re  [lot a t  1,rc:sent rcptr.(le(l wit11 lhe 




