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Tnnr.s 1.-Weight and longdr dutn for .qix nholahole 
trntl regression couf/iuicnts for the effect of swirn- 
mirrg speed on  oxygen consumption as shown, in 
Figure 4 
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ohserved might be due to variatio~l in response 
to the chamber, to variation in individual f i ~ h ,  
or to n real change in swimrning charactcr- 
i ~ t i c s  with size. 

Despite the variation in  lope, the extrap- 
olated oxygcn coneumption at zero swimming 
nppears to he a good statistic. The logarithm8 
of these values are plotted agtl in~t thr: lop-a- 
i.ithnle of body weights in Figure 4. The points 
give n good fit to the line 

log Y = log 0.1664 t 0.7W5 log X 
'I'hufi it would nppear that the extrapolated 
point serveH as an anchor and that varialioris 
in mwimminp; chnrncteriutics affect the slope 
of  the line originating from this point. 
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Obsorvation~ on the Switnmiug 
Ahility of Adult Amurican 
Shad ( Alosa sapidissima) 

INTRODUCTION 

For ~evera l  years the Bureau of Commur- 
cia1 Fi~heries, under cmntract with the U. S. 
Army C o r p  of Enginecr~.  ha^ lwen investigal- 
ing v a r i o u ~  factors influencing the behavior 
of adult salmonids in relation to fish pamage 
pro1)lems on the Colunihia Rivcr arid it0 tribu- 
tnries (Collinn and Elling, 1060). 111 the 
course of these investigations, incidental oh- 
servations were made on the American @had 
( A h a  su,pidissima) which utilized thc same 
waterways a8 the ualmonids. Observatione 
presented in this report were mad13 during the 
period of 18 to 28 July 1961. 

The ohjuctive oI the pirnary study on sal- 
monids was to gain further knowledge of the 
maximum water velocities that could be nego- 
tiated. The presence of shad during the exper- 
iments, however, also made it possible to ob- 
tain informntion on the swimming ability of 
thiu upecies. Specifically, this repurt covers 
thu channel distances negotiated by the Amer- 
II:UII shad in water velocitie~ rnrlging from 
11.4 to 13.6 feet per ~er:ond. 

Although velocities of this mngnitudi: mny 
not o f ~ e n  be encountered by Amcrican shad 
ascer~dir~g the rivers and fishway6 existing 
dams, a knowlodge of their swimmii~g nldjty 
in these higher velocities i n  mt:aningful. The 
continuing effort to develop more efficient 
and economical fish passage facilities in the 
(:olumbia Hiver c1rnina;e  require^ a thorough 
knowledge of the physical requirelnents anrl 
swimming abil i t ie~ of the various ~ p c i e s  of 
fieh involved. 

Even though American shad in the Colum- 
Ilia River are not nt present regart id with [he 
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FICUIW 1.--View of in~roductnry ureu m d  channel 
tlul-illg 11w 11.4-frrot-pcr-sncond-cod velocity lentu. 

Ham: esteem nH salmon arid trout, large num- 
l w r ~  01 these fish ascend this drainago nn- 
i~ually, nriri they musL be considered iri lhe 
design and operation 01 fish passage facilities 
~ h n t  may he utilizcd by hem.  By the same 
token, informncion on the swimming abilities 
I I ~  American shad may ht: of use or1 the E a ~ t  
C ~ ~ R I - ,  where efforts are currently under way 
to rehnldilate shad runs by providing paRuage 
t o  production areas thal have heen lost due to 
(lctrn~3 01 o ~ h e r  reaource developments. 

ME'l'IIODS AND MAI'ELIALS 

The observtltions were madt: at the Fiahcr- 
jes-Engineerirlg Rescarch Lahorntory at Bon- 
~ ~ c v i l l e  Dam or1 the Columhitl River. The l a b  
oratory itr basically a large tnrlk, npproxi- 
inately 10.1. Fwt long 11y 24 feet widt:, located 
on the right bank ol  the river adjacent to the 
Washington shore f i ~ h  ladder. The fish enter 
ilnd 1bass through the lnhoratnry via short fish 
lnrlders con~iec~ecl w j ~ h  the Wauhirlgton shore 

fiah ladder. Passage is volitional, and the:lish 
are riot handled at any time. 

The arrmgeinent of the lal~oratory during 
these experiments was h e  same ns that em- 
ployed in earlier velocity experiments con- 
ducted in 1957 (Weaver, 1063 ) .  Testing f a d -  
ities for lish consiuted of n channel 85 feet 
long 11y 5 fect wide (Figure I ) .  The velocity 
of thc flow in the cllarlnel was regulated by 
the s l o p  of the c,hannel floor and the head or1 
the channel. Four different velocity c:o~iditions 
were tested. Average velocities during the 
Lests, 1)aued upon measurements taken at the 
downstream end of the charirlel, were 1,1.4, 
12.6, 13.2, nriri 13.6 feet per second. More ex- 
tensive measurements matie wilhiri the c:hun- 
nel after the testR were completed rnvealed 
thnl velocities were generally somewhat lower 
I up to 1 foot per 8er:ond) in the upper reaches 
of the c,hannel. Ilepths of water in the channel 
were 2.1, 1.8, 1.8, and 1.6 feet, r&pectively, 
for the above velocity c:or~ditions. 

Normally, tests were made in the r:har~r~oI 
by releasing iildividual f i ~ h  inlo tho introduc. 
tory area (Figure 1). As they moved uptream 
through the channel, the fish were followed 
hy observers stationed or1 walkways above. 
Although some of the American  had ohst3rved 
during these experiments entered the lahora- 
tory in this mnnner, a larger number entered 
hy drifting downetream from the muin fish 
ladder through thc exit ladder of the lal~ora- 
tory. After entering in this fashion, the shad 
continued downstream through the test chan- 
nel, a i d  accumulnted in the introductory area. 
Even though there were areas where these 
f i ~ h  could remain in relatively calm wuter, 
they were contiriually eriteririg the test chan- 
nel and attempting to swim back upstream. 
The observations of swimming ability pre- 
sunted here consist of the dist~nces which the 
shad attnined in these attempts to negotinte 
the channel. 

, > I he water ve1ocil.y in the chaririel was re- 
duced at the end of each day to give shnd, 
act:umulating iri the introductory pool, thr: op- 
portunity to puss through h e  chanriel mid 
leave the lnhoratnry. Although many shad 
were noted swimming up the i:hanrlel wheri 
the l l ~ w  was l d ~ ( : e a ,  they ~eemed to have 
no great cle~irc to lenve the lahorulory and 
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DlBTANCE (FEET) ATTAINED IN CHANNEL 

return to the Washingto11 shore ladder. Kach 
morning shad were present in the flow intro- 
duction pool (upstream end of the r:hamlel). 
As ~0011 as the velocity was increased, they 
Legan falling back downutream through the 
rhannel. I t  is believed that Rome of theae fish 
remained in the lnboratory Tor several days 
nnd could have contril,uted Lo daily observa- 
tions. 

Ths upstrenm a d  downutream movement 
of @had in the lnboratory warn similar to their 
gmernl behavior in the Wnshington shore lad- 
der during the same period. Although large 
riumbers of shad could he observed in the lad- 
der pools and considerable to-and-fro move- 
ment was evident in the fishway, few shad 
were I)einl: counted out o f  the laddcr at  the 
upstrcam end. I t  is balievc:d, however, that 
even though marly shad did not cor~tinue their 
movement up~lream through [he ladtler, this 
phenomenon was due 10 son~ethirlg other than 
a lack of ability to negotiate the ascent. Simi- 
lar upstream-dowrlstreani passage was re- 
ported hy Tnlbot (1053) and a l ~ o  rloted 1)y 
Bell and Holmeu (unpul~lished) while study- 
irip the pnssnge of shad in the fiuh ladders at 
llonneville Dnm. 

T h e  American shad ohservcd in this study 
were from [he latler part ol the run, ant1 it is 
possilde t h a ~  soinc had reached ~ e x u a l  maturity 
and were preparing to upawrl in the ladder 
13001s The peak of the nligration had occurrctl 
during the first week of July. At this lime, 

TABLE 1.-Distances uttained by  shad in flows o f  
11.4, 12.6, 133, and 13.6 feet per ~ e c o n d  

Wnttlr Water Number Dlstmloo nttalnrd 
voloo,w Dntn tempera- of ---- 
ftlaec turc obaerva- Mcnn Muulm~lrn 

(P") tlolla (fnet) ( fns t )  
.- --, --. 

July 21 70 132 273 54 
28 70 109 29.2 ,5 0 

11.4 23 70 ifin 33.0 00: 
24 00 108 30.5 03 
25 RM 30 99.0 HI1 - - - 

Totd 551 30.1 65 

98 AD 18 19.1 41 
12.0 3fl 00 20 34,H 43 

27 OH 25 24.8 - - 44 - 
l 'otnl 72 23.4 44 

18 70 72 1R.8 35 
13.2 1U 70 127 IM.8 

- -- 40 - 
Totnl 198 1R.R 40 

13.6 28 AH 15 11.7 20 - - -- 

counts at the upstrc:am end of the Wnshington 
shore ladder exceeded 10,000 shad ptlr day. 
When these ubservatior~s on shad were in 
progress, courits averaged less than 200 f i ~ h  
per day. 

IIESULTS AND CONCLUSIONS 

The distances attained hy shad in their at- 
tempts to ascend the channel varied inversely 
with the velocity of the flow (Figure 2 ) .  Mcan 
di~tances attained by groups of fish testcd in 
the four velocitieu ranged from 11.7 feet in 
the 13.6 ft/sec velocity to 30.1 feet in the 11.48 
ft/uec vnlocity (Table 1). None o f  the shad 
negotia~ed the entire %-foot channel. Maxi- 
mum distances attained ranged from 20 fcet 
at  13.6 fl/sec to 65 feet at 17.4 ft/sec. 

ConsiderinK the possibility that many of 
these observations may have been made when 
[he uhad were in n weakened or declining 
physical condition (from repeated exhaufitivc 
swimming efforts or fa~:tors asso~:iated with 
spawning), performanrw levels showri may be 
~omewhat less than would have or:curred un- 
der more Iavortlble circmneta~lces. Although 
shad nppenr to be c:apahle of uwimming modest 
d i ~ t a n c e ~  in reletively high velocities, r:ve11 the 
lowest of the four velacitics te~led might pre- 
sent a aerious barrier for somc: shad if a 
J I U B U R ~ ~  of more than n Icw feet were ~ - e ~ n i r e d .  
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Observations on Size Distribution 
~ n d  Spawning Behavior of 

Threadfin Shad1 

INTHODUCTION 

The original range of the threadfin shad 
( Dorosoma petenensc) is being exparidad by 
acclimatization of the fish to more northern 
W H ~ C I . ~  and 1)y introducing them into other 
waters (Parsons and Kimsey, 1954,; Haskell, 
lC)59; Kimsey, 19.54: King, et al., unpullished; 
U I I ~  Minckley and Krumholtz, 1!)60). Intro- 
rluctionn of the threadfin shad into other wa- 
t m  has been mainly to furnish forage for 
other fishes. It has been acclaimed as the 
ideal forage fish (Pareone and Kimsey, 1954) 
I>ecauso it does not grow too large to be uti- 
l i z d  such as does the gizzard shad (1)oro- 
snina c e p d i a n w z ) ,  which is a l ~ o  prone to 
overpopulate a l~ody  of water (Miller, 1960). 
Parsons and Kimsey (1!)548) state that the 
threadfin ehad ~e ldom rt:aches 7 inches in 
length while Shelto~i (unpuldished) states that 
i ~ s  maximum size is 8.0 inches. McCo~lncll 
niid Gerdes (1964) reported threadfin shad 
u p  to apl~roximately 175 mm or 6.9 i n c h ~ s  iri 
Iota1 length from Penti Blarrcn Lake in Arizona. 
Tnasniuch as the introc1uc:tinn of threadfin 
slrnd to other waters is l~nsed pnrtly on the 
awumption lhal this fish does not reach a 
Ir~rxe size, dtirtl on the size diptribution of the 
tlii-nadfin shad collected from some Louisinr~a 
wakrs, which art: within their miginul rnngn, 

' Thia report i~ n cont~dmlion o I  Louini~mn Fedrrul 
A i d  i n  Finh He~torntioil Projec~ li-I-H nnd Contrilm- 
t i ~ m  No. 157 oi tlln Oklalioiliu Fisl~rry Rweurc11 
I2ulwl.atory, u coopnrntivc uni t  of l l ~ r  0Llul1u111n L k -  
~ ~ r t m e n ~  o l  Wildlilr Cnnwrvaiion und 111e IInivrrd~y 
ol Oklnhoii~n I-liologicul Survry. 

TABLE 1.-Siz~ distribution of threudlin yhrrrl cnl- 
lected from some Louisiuna waters 

- - 
Bodv nE wntm nnd oollccthp: m ~ t h n d  

Total length - 
111 hchnh Rogue F ~ l u y n  LPka 

(olnsa Rivrr 

- - -- 
0 s 

as well aH Rome ol)st:rvntions nn their ~pnwn-  
ing behavior in Louisiana are presented. 

The ~ i z e  ch~tril)ution oi  threadfir1 shacl 
shown in Tnl)le 1 collected from the Bogue 
Falaya River are fish which were gillcd in 
tlrc one-inch-quare mesh in~ ide  wall of n 100- 
yard trammel net set overnight in the river 
on 3 April 1056, near Covington, Louisiana. 
The Rogue Falayn Kiver is located in uouth- 
east Louisiana and is n m a l l  slream which 
flow6 into the Tchenfuncta River which in turn 
ernpties into Lake Ponchartrain, a large eu- 
tuary. The Tchenfuncta Kiver below its (:on- 
fluence wilh the Bopue Faltlya River is large, 
deep, and sluggish, greatly affcwtecl by tides 
in Lake Ponchartrain. I 

I 

Fiuh popula~ion enrnples from Lnke Risti- 
neau: a 17,200-acre artificial impoundment, 
taken during August and Septemlwr 1056 
(Lamlmu, 1059 and 1962) and Clear TAnke, a 
115-ncrc oxl~ow, taken during September arid 
Ocloher 1956 (hni1)ou n r d  Geagan, 1061) 
hy rotenone p o i ~ ~ n u i g  yielded estimates of 
the size distribution of threadfin shad in lhese 
lakes. The h e a d f i n  shad shown in Tahle 1 
are the estimntecl total number occurring in 
the sanqjles. 

RESULTS 

The size distribution of the specimens (size 
range: 1.G5.0 i n c h  in total length J fl.oni 
Lake Ristiriear~ tind Clear Lake art: typical of 




