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Research 

Propa.ga.tic ef the creek chub in pond.a with artiticial raceays 1 

----------------------·~--·------

Sueeeaatul apavm.ing of the oreek ohub (S•otil»;•.!.• a11.ro.maeulatue} 

was achieved in a •peoially d•td.gned. rae--.y. An .artificial stream, 

ha"V'bg a gra~l•i bO'ttOfl.1 rith pool• ant\ riftlet, •• @onat,,uotef. wi thb 

the basin of a pcm.ti u whioh brr~ atoek were intrfildaced., Spawning 

activity commenced. in late April and. terllllne.ted in ee.rl.J' ~1• A 

hnvy mortality 9ocvred --.g tne brood. stookwhen the ratio ot :ml•• 

wa.a equal to, Gt' u•ter tllu that et tho fems.lea. 4 better sVYi:val 

was attained by itloreaaing the number o.f tamales in the combination. 

and auc<uiuu,tully cul t1.2r@d in a h.Atchery by the use of it~ehean jars 

and egg trays. The complete incubation period, (fertilized egg to 

tr•• ~ing fry) required about 25 days at a mean tempen.tur& of 5? F. 

Several rearing ponds wer• stocked. with 8-day ... old fry; oth•r• With 

20.d&y•old try. though the 8-d&y ... old fry were found to tolerate long .. 

di•t&noe tra.n.1:porting, they did not survive in. any appreciable numbers 



• 

.n♦l' iatr•duetion into rearing ,-4•• the a._ltmg ot pcm.de W'lta 

~7•••• fry •• 1n<Wtt tue•••stul, tor bettw than 50 percent of 

the tr, eUJ'\ti ved. Pr<:Kb:to'bia. la pond# Where th.e fish bad to rely 

cm a. natural food nppl7 'ffllB light as compared to that aohi•ved in 

a. pad where N"ti.fioial feeding was praetieed. 

Introd.ueticm 

Ia reoent years, V&#icm:e b•••tigat.• have aiven contid.era:'bl• 

attatta to th• pro:pagatl• of 'balii 1a1n».-. an« tong• fish••• .fh4JJ 

-.-.. •• prompted by •~1 «uma1urt:hione, ••g themt (l) reglaal 

scarcity et bait unn•• in natural waters so great •• t• induee or 

even require 4•1•r• to pl"Opage.te their own be.it, (2) recognition by 

f'iah-eulturtns of a need tor prepagating forage mb:m.ne to •UJport 

.,.. fiah tn· hatoher7 fOl'lUI •• (l). r•J.mtie i'int it •'1 b• 

beinhl♦, occe.aionally • ti, iai;l!'o..-e .. _.. tato natural nt•••• 

ha eoutributlon • thia pre'bla, nu41•• ••~• initiate in 

194() e 1-t prepag•tion of the oi-•Jt ehtlb• Snotilus at:romaoul•~ 

atromacula.tu• tii:ehi.11. Although th.a experiments are etill 1n progrese, 

enough data ba"ff NU obtained to warrent publication of re•ults 

obtained during thre~ pasons from 1944 to 19.l.ib• 

Aoeouts of the sucoea•:Nl tJultur• of ae•eral species of minow• 

uc $her forage fishes t-iA'f'e been. pubU.ahed. Kethoda tor the artiti• 

♦Jal prepl\gation of 'the •r•ek ohttl:I haft beea published by Hanltwon 

(1910}, Maroua (19}4), and Clarke (1943). Clarke (loo. cit.) ma.de 

the first large-aoale demonstration of the culturing of 'b,hie ,pecies, 

,using artitieial raceways and spawning grounds. fhere were, hewever, 



a,ortaat 4e•ils 3-oking from Id.a repon. ta• •r•k u~•s lUe 

history has been reported on by P..eighard (1910), &nld.naon ( 1910 h 

lieonara (1927h and Greel.-y (19JQ). 

Pr-ep&r'ation of a 1pa111'Atng."°ewa.7 

Ol>Ml'•titu on. the natural tpawning ha'bite ot t.he •r••k ohu"b 

by thtt writer tog♦ther nth Wormai;i.on in the a.hove r•tern.4t.ts,. were 

ef ulue in duignbg a 1,-ai.n.g r•cewa.y. In th~ ti.rat pl&ce, it wae 

•••lu4fil that t-he d••irq p-roduoti•n anc1·rat• ot return from•~• 

ing would 1M depencteni upon adeiquate spawning apa.e$ for the brood 

noek. In othe w•ll•• the :rao-.y had. to n large enough to aoc•o. 

elate the 'broo<l stoell: nthat ex0:neiv• eomp•iii.tion. f•r apawning •pace• 

:FUJ."th•rm.ore• the "f'Glume of wa.ter aa4 etr-.m grattent had to be suf• 

tloient to &iff • rapid. tl• • a gravel stream. bed •• n~eti tr.d: •pa.,. 

~. an.ti GOl'!le prote0ct.ia tor the itrood atoo.k ••inn predation~ 

'bi:ru was deeird. 

At a preliminary step in the study a nail s~ing raoeway was 

o&etl'ueted in one Qi the ponds at the- State l<~eh Ba.teheq a:t L?e,yton 

Plaua, Miehigan1 durhlg the •pring ot 19'.+4. A gravel~d stre-.m 110 

feet long by 2 tee'b wide hr 4 inches dcfep •• prepared" The aotual 

•on.atrueti@ aonaisted ot digging a tl"$neh from the intake pipe 

tnarl the ntl•t• within the basin of the pond41 and p•rtially filling 

"thia escafttiea with a 3•h•h layer ot one-fourth to one-half•ineh 

eveened pa.val. At inter't11Lls of about 25 :feet tbs stream was widtmed. 

to form shallow pctol• wbieh -..re c,overed with boards to act ae shelters 

II/It'll the l>J>eecJ..-1. the gntd.ient of the stream f'l!om. the 10\U"Ce to the 



eutln -.ua'tef to 8 ffll)hQ ta the 110 , •• ~. u.t4. 'tht; UU)~g flow 

•• re:gulattd at one.MU cub:te :foot per aeccnd. Splatt:A board• were 

installed at th• •utlet of~ pond• raising its water lnel t;o. a 

point wen w1th tile lower en& ot the ft4ew&y11 thu pl"'Oviding a pool 

tw 'the a.dt\lta. Operatioa ct thi,• 1"44 ra.oaa1 iruU..oa1ut4 that: ,arto•• 

bl:pro~ta eould be aatl♦i ln 1945 the la.gth •t the. rao.-.y •• 

iUI"Maed to 285 tfft ancl the bed: wi'4$11H te, ¥eet t-0 pr01rtde a 

gr•t• spawning area. 1th• pools Dr• enlarged sem.cnthat a:iad d.of,peed 

to provi4.• b•tter ooveJ>• 1:'h:«> d.epqait1on. of pr-.vel •IS uer••- w 

4 1-bea and. the ••r~ aiae changed to inolu4e. thl.-ffwqWl.l'\er ... ineh 

.-ton••• ine. fl.ow •a •~•• eed tiQ tm-e-.qUU"t•r• •t a cullio tlM1 ~ 

HORd and 1.1\e veloei:ty cotNlle4 by iutalliag • •erie.a et --.11 

eheok --· In. 191.p • ill h.rthltr ~ex-i.lnfttation_. the lMgtih of tl'Ult 

raopa.y waa e:aten4ed to JOO tee,, and. 'lht, W141ih ~. $ fe•ta the dep,h 

ot th• gl"Aftl -· incl"QaSed to 5 uehe•J · anti the flf,)W Qf wa:ter J"lllfU• 

l.a:te4 at one eu'bio. f'ooii P• .affOJMi• 

As a re.-Ul\ of these -.r~• in :re.oeway o-.,;;ruet1oa anA 

eperauen. eertab. features f?if· e. ta1;iataotory spawn:ing raenay have 

b•en eftlu:t•4• A spawning .raceway far c:reek chubs ehould h• con• 

1-tructeti Within tu 'basin of a pond (figure 1). or at a location 

Where a amall retairu.ng pool oan 'be formed. at th• lO'W'er end. The 

pwpoae of this pool ia to ;provide• haven tor 'I.the brood etock dm-ing 

inactive periods and to evve •• a eoll•otmg bl.sin tor the nwly 

hatehecl try. A raceway oapabla of furnishing adequate &pawning 

taoilitiers for 500 to 700 fish should be a't lust ;oo feet long and 

ha.ft • minilll.um width of 5 feet. The £low of wa.ter should be at least 

l•l/4 cubi• t••'i pa StMond.. Sheltere should be pPerttied. at interval• 





of e.ppr<1~d.1•-t.ly 2!, f'fft alcmg the raceway (upper put of i'igve a). 
A ,.ud:ta'ble type of shelter eonsiata ot a:n efteet ...,,..tic,n• joinet 

to th♦ au channel at • pout •pposit& noh splash boucl .and 01i>Nre4 

wit:h any type of ••therproof eonstruetiott ateru.l,. such as tarred 

felt. p3.pood1 or board•• Te indtuie tun utiliotion et the avail­

able sp&.WAing ar• by th• er••k ohulu,. it is n.eeeaary to iu-ll 

.apla.ah ~o (lo•r p&J"t ot Figl.lre a} creating poela of alowly movug 

•tm- l>etlNell the rit'llecl --·· !M h•1ght of the •plash boe.ru Ob 

be alter•, thu• all~g a eevel of the velocity and iepth &f 

water tff any w.i.• $eot1on. It iii 4eeirabJ.• to na.ve. thct ,trftll 'bfffl 

co'ffrtt4 with gravel. to • d.epth •f 6 inehea •• atwU.ee nave the!tWn that 

· ♦gg de:poaitlefl ru1n.etimea oec,ura nearly - that depth.. !o al.l.- a 

good oh'aulaticm of nte.r thffu:gh the P~ll"6'tmn. tcht' gra.Tel aho'ltl« l'I• 

of one.fourth to thJ-ekf~th•inoh eiru,, au be £11'•• tr• •~ or 

other tine material&, 2• pro"Ceot the· weENling ti.eh from predacious 

uirja, th• etir• r&o.-.ay •hould be oofl ... ei with ••• type of netting. 

or ele• aome prt of a control over tMse pred.atei-s should be axer .. 

eiaed.. In these stud.1••• fl.eh nettiag supported by stake• (i'i$•• l) 

ne 1u11ed and proved to be eatiafaetory. 

:Selection of brood stoclc 

In the eel.$Ct1on of a brood stock of ereek ehubs suitable tor 

us~ in an artificial spawning raceway it is de,irable to sffure a 

,took of fish in which all females mature at nearly the same time,. 

th.ue re1tricting th.ill !1?$,'fflling season to the shortest period poseible. 

The ti.advantages arising from an t,x'tended seat1on (more than 20 dayt) 

are many• The eggs deposited at the onset ot th• anson will have 
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a«er1•• ·complete ine\ll.batle U4 1Mnf ot the -.erging friJ will be 

Rten by the parent fish _.·w111 be 1.-t b)I' bj~ or •aeap• ,_.a, 
ii.a o,wat.ions incident to t"a6'rim.g the aeulte., Furthermorfl. fildebed 

egga and developing try. A principle· difficulty enooatered. in the 

selection of a broocl atock which will meet the ab•ve reqUU'aen.ts 

u-1•• t.f• the tact that thW• ia a HJt 41.tt•nee in both rate .t 

&tcMitlh u4 age of mturlty, -4 al.ff from th• tact that age ot ia:tul"i't)r 

U 4ep~t to some eottftt a ,a,e ot g~. Greelev (19,0) tOtlD& 
~ - ' 

m:>it&r. This •• di.tfere:nee in ebe at ma}urity mak:ee it difficult to 

sel-.o'ti a _.ood atock .-.,, hu:meiiailel.y preo-1ing the apawn.in.g ••--­

when maturing -1•• ou. be eeleet&d by the preae»e of iiuptial tubercle• 

~nd tem,.l~• on t.he batis of ei,., and e:nend•d e.bdoraex1♦ A.&• alone is 

not a clependa'bleJl,._i_,'i\for the ••lectioa of a brood atook. juqing ' ' '., = ''"'; ,. 'i'" ·•.· ' ' ' ' 
&• the resultJt~ ~d.g':lu Greeley (19,0) and the results ot prh 

. . tr ::_· ·•-)~- .. 

sent et> .. ultea On''~",,v111rA~a1f'cnuba. Greeley toad tM;t chuba in 

natural waters ~ltlii1y mature in theu- fourth and. fifth summers. 

Presumably the fiah studied by Gt"eeley had elaw growth. One stook 

ot ohuba uaed in the present experi:$.ent·9om.prbad pond-reared. ta.et ... 
' ' ' 

growing fish among which eome ~•U.viduals ot both sexes were atve 

1n the 1pri.ng ot their aec•d growing rHJ&s,on. 25 perc•nt of the malee 

and 50 percent of the female, were mature &mcmg fish in their third 

season, an.a 75 percent of the :males and 100 percent of tbe femalea 

were mature among fish in their fourth season.. In tu;;io,ther lot of . 



120 pond•rftl"fkl ehul;us,. averaging ; 1:nchea long at one year ot age 

(ver1 .fast growth), 1f; pE':IJ"O&ll.i. Qt the indiYid•l• of each ••.x were 

brooti stock on the baais ot a min.bum size of about 5 :t,o 6 inches 

to,.- tamales au 6 to 8 :lnehes fol:" ma.lea (o.r- 6 "'" 7 inch.es for both 

••e•) ~ a :pQpulatioa wit-h a~ least mo.lerately £•et growth wmtl« 

u.au• m.oatly adult .fiah, and would aid. in the ree'trietion of the 

An e:ample ot the retl,;llte from an unselected brood stock: •Y be 

oite4. At the Dntyton Plains Iiatohery in l94b., th$ pond•• atoeke4 

on April 22 with a mxed brood stock of 384 chubs .from natural waters 

and 42 pond-reared ohu.'ba. 'l'hote of wild stock (4 ... 9'--1/2 inche$) 

•--• larg,n· than the pond•reared 2-year ... olds (; ... 6 inches}• and 

presumably were :mueh older. 1n the spawning raceway• all of.' the 

llU'gft' temales (mostly wild stock) had spawned by May 2, while most 

ot the Sll'laller £$Jll&lee spawned during the period :may 2 to 16 and later. 

the en-tire spawning eeaaon had extended ov,n1 a period oi' 25 days, and 

epe:wning in the latta pa.rt 0£ th• season. 



",/,·:~·.; 

2 to 6 (•~t ltm.g/ · mt &Tiit1'4lge of eevenl couat• on the nUli.ber ot 

•cc• ••••eriea tr• eom.pleted ret'lde ga. ve app:r<D:int&1y 2, ~O egga per 

r1mJ1ing f<M>t. Egg comts en temide creek ohtiba av~ragfld approxi"!ll\t•ly 

, 1500 tf!I" f'Utale• 6Tet>ag1J11 5i iao}KU!I in length, e.nd 5,000 fot" 6-lneh 

ob.ubs. On the bi.11.f of these :findings., the potential e&g produotion. 

of the 'brood stocks US'!IJC. in 1944 to 194.6 is o-.pued wi~ th• capacity 

ot the ftoeway tor the aitteren• ••a111on•• in !able l. Ii; it shawn 

that thoo0J'eti.eallJ the r&O$W'&:f was &veretocked in 1944 and under ... 

etoeked ill 1945 and 1~. Untortuntltely the t:ru♦ capacity ot e. rae•-

c,,alled especially to a dif f ieul ty that ia comm.only encountered and ia 

,erae their Ndds etticiently over the area &'ft.ilable, but the late 

,p.a:wners :rework and de:atroy -.rlier redd•• In 1944. thou,gh the race ... 

way ·mu, potentially overstocked from the etand:point of egg; capacity. 

th• b?'.it&d&rs uaed oru:r e. portion of the aYaile.ble &pawning ar.ea. In 

1945., only about :55 percent of available are$. was utilized, and a still 

smaller pereentag• in 1946 (fable 3). In that year through inten~d.ve 



observations it was found that there was a tendency for male chubs 

to concentrate in certain zones of the spawning race.my and as a 

result many redds were reworked,. from outward appearance the physi­

cal features of the entire raceway were 111ore or less identical and aa 

yet no apparent reason can 'be f ou.nd to explain why ·this occurred,. 

It is apparent that there still remains the problem of determining 

more e:;x:actly the spawning requirements of the creek chub. Once this 

has been acoompl.bhed a.11d e. satisfactory raceway designed i:n which 

the entire available spawning area is uniformly utilized by the brood 

stock it will ·.;hen be poasible to calculate on a theoretical basia 

eatisfaotory stooking ra:tes. Pending the reaul ts o:t' rnoNl er i ti cal 

studies, the stooki:ng rates used during the thl·ee years at tne Drayten 

Plains pond (Table 1) 1J'JJAY be retarded as representing the minir11mn a.nd 

ma:id.mum of &'i. suitable rate of stocking for the size o:f raceway indi ... 

cated. The average sizer£ the femle1; should be ts.ken into oonsidera. ... 

tion because of the difference in fHu..-:idity. A ratio of about two 

males to three females ia recommended to minimize the conflict among 

males on the spawning Grounds. 

Observations on the spaw:r1inr.; activity of creek chubs 

In Miohir;an., the spawning season of the creek chub com:m.ences about 

mid-April in streams alon.6 the 1Hehir:,an-021io border 1-.ud extends 'Go 

late June in wa:ters of the ,)ppE:r Pe:r,insula. I:n a 1'\ngle localit;y Lue 

length oi' the season is about 2S daya. At DrR.Yton .. 'le.ins the brood 

stock of chubs each yeru: was introduced il1to tbe re,cew$.y pond :sL,ortly 

before the time of cpa-wnini::, in local streaas. In '.re.ble 2 are the 

spawning dates for the raceway f:h,I,, co,•ering a }-year period, showing; 



aoewa.:1 dimensions. 
Year S't•kins_ rate Average t••~S.ty E&tiated total Squ&r• fee.t nee4•4 tor Sq•• fee5 Malta Fema.lea of !'em.a.let •~2 »r>od.uction -~It denoaiticm2 a•ilable 

1~ 63 101 5-000 • 505.000 202 123 

1945 60 90 5,000 4So._ooo 180 506 

1946 164 262 3.500 917~000 367 988 

1 The avet"age £ecu.ntitty rcr temalse (16 ova,ty oowita) r11.ngi;a,g between 3 &nd 1 inob.$8 •• 

:,.,,00 ud for 4,. to 6;..inoh flab {12 ovary 4ounta) 5:.000>• 

2 ¢aloulated on a basis of an e.veragi& ot ~,500 eggs dep~s:i.ted per rux:mi:ng f'oo'\. 

3 Pool.a., refuge zone•, and str~~ I¥t1illl"gine have been fie.duoi.Eid trom ·total aret.. 



fable a .•• .,.Jxtent of apavm.mg S041"m of ereek chu.be L"l a prepared re.oeay and prevailint; wate 

tempei-atures (•1 .. ), fot' a 3•Yff.t' period. 

Stocking 
date 

April 24. l9il4 

April 11,,, l94S 

April 17,,_ 1946 

Water 
t• fl'S. t\Q"tt ' 

April ~9, 19!&4 

April lot l94S 

April aa, 191t6 

55 

61 

May 19, 19,44 

' :May Z'f, 1945 

, ~y 21., l9Li6 

·1 . ' 
Total length 
of aeaeen 

29 



-Ut.-

the u:tent o:t the seiuon and thie prevailing water temp&re.ture at the 

onset of Teproduoti:ve activity.. The extended $eason._in 1945, 12 day-a: 

longer than either of the other t-.vo years; can be e:x:plain,::;d. in part 

by the presence Qi' abnormal weather.. Unr.&as011ably hi~h we:ter tempera ... 

ture$ in early April ce:u.sed a flurry of aeti:vi ty which soon e1ibdded. 

with lowering temperatures• and es a result a 2-week inactive period 

was ettcounteroo. 

In the raeeway, spawning &ct:'brity was more ooncentratsd in the 

l~r sections during the tirsii £ew day$-' and the -.etivity was 

graduall;r exten.d.ed u.petrea.m a.s the ffsuson pl"Ogl"G'S$ed. Dl!l.tt.t. on the 

diatribution of reads in the raceway throi.¼bhout the •e&.son are pre ... 

sented 1n Table 3. On t:ne ti.rat obseru.tion date • .&pril 2l:?. l:.]46, 

a.bout 6; pffoent ot the :r(fd(i~ ware found. in thi, lower oM .... thtrd of 

the nieeway, whereas by April 25 this fi~"'Ul!"• W$.S r~dti.e~d. to 45 percent, 

ind.ioating that relatinly more male$ were e$tablishi:ne; redda in 

upper seQtions. By the- end of the eeason 4 of the 13 seotiona (4, 7-' 

9 and 11), CQU"tprbing about one ... third ot the total area, CQntained 

56 rf!>dd.s or 60 percent of the total. 

Both sexes took:: part in the first upstream movement of' the breeders 

f'ro:m the pond; the -.lea were extremely active on the riff'lfl zones and 

the f'e.malea darted about in ll.lecluded ar•t• During; the initial phase 

it•• noted that spawning ~ctivity started about :mid.morning and 

termine:bed. an hour or so before dusk. At the height 0£ th• 3ee.son, 

however, the fish were fnge.ged in nesting operation$ «iay e.nd night, 

stopping only when water temperature• tall below 51 ° ,. The lower ... 

ot the water temperature not only our-tailed reproductive activity, but 
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•• 4 ·-;-r; " 7 . 8 , 9 10 l.l 12 ' ~~ ::i-.:::de 
ApF1l 22, l~ 

.Apri.l iJ, 1946 

April 25, 1946 

May 4. 1946 

May 10• 19146 

Total nuiriber 
ot redds Pel" 
aeetion 

1 _it\ ~. f" 
0 f1 
0 2 

1 ' t 
' 

1 3 0 

0 l 0 

J J l 

l j 6 

~ 1'"' 7 ';) 

2 l 

l l 

O 6 

2 4 

t 
7 114 

~ Inlet ee:oti•• about on...,ha.lf lG.rig'tth or ot~har s. 

0 

1 

0 

0 

3 

l 

; 

l 

lli 

~ Partial entien belo];r ::tl.untber 12., ;junet1m1 oi' stream aad P,ond,. 

l 

0 

2 

5 

7 

l 

2 

2 

14 

l 

0 

0 

0 

4 

I 
l 

l 

0 

0 

.~ ••• 



alse brought about a dovmstrem movmnent of the brood stock to the 

pool below,, Periodic ob$ervations of the ti.du.lts over th® entire 

spawning season r(tvee.led that some fish W$re present in the pool at 

•11 ·ci.'Ilee. The presence of many spen:t .t'$n1&lee in the pool indicates 

that $Qt1&, ii' not all, of them leave the raoe aftsr spawning. 

Within a f w d$ye aftel" the end of each spawning -SfflUion, all 

surviving adults were reocvered from the pond and raoew&y.; In ~oh 

1•~ 'there ns a large loss of both sexes. In 1944, out of 1$4 f'ish 

introduoed, 9,nl7 65 aurvived,...16 mal~s e-nd 49 females. '.l'he m•rte.lity 

rat'1a we~• of 80 and 50 p•rcent respectively. Dutin~ the 1945 season 

the eC1Rnbinf.Hl mortality as s~he.t high.er-78 perc.-nt of the r1Bl0s 

and 62 percent of thta teniale$• In 1946., th~ mortalit,,y was .mueJ:J 1:igh:ter 

than for either of th~ wo form.tr yt1ars, amounting to 40 p0rcent of 

thf!.¼ males and 15 percent Qf th• teales. It ia bal.i••v•d. that th~ 

exeeptionally high m1J.rtality rttoorded for 1945 was in part due to the 

predations o:t' the groat blue heron, since the rs.eewe.y was not screened 

that yefU' and h$ron& were eom.mon. However, for 1944 and 191+6 it is 

d.ei'initely lm.own that predaeious birds were not a. contributing factor 

oeoa:use 'tl:ui raeewaya were well screened.. The diff'erenoe b~tween the 

:m.oruliti,111 of 191,4 and 191.p might h&.v4:i1 been du.$ to the di:f:ferenoe in 

growth hb-toryt • the l9Aai4 breeders were large, ta.st..g,Towug, pond• 

reared. ohuba, and the l9Llb fish were omaller., prEtsu...711&bly more slowly 

growing, wild chubs. It has befln noted by numerous investigators that 

tast ... gowing fish t•d to have a shorter l:U.•• span. 
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Coll~ting of e"s and lJ'lGuba:M.on poriocl 

Dul"ug l.944 aml l,45 ai.uGies of th$ mortality anfl incubation ct 

chub eggs were limited to the euminatic:m. of sewl"'al !'edd.1. By 

•r••l'lin.g thet eggs tll'om portim1s of r~dds, it was found that a higher 

Mrtali~J ooovred in nestas located in the quieter w11:ttirs,. SinQe it 

wae obaerv•a that •ett:tment had aocUM'lllated more over th<'l nests in 

qai$te:t- •tei-, it ia: peiudble that the mortalii.iy was due t<> suf.foca-

1.ictn. During the see.son ot 1945 a protracted. incubation period, due 

to low average nter temperat'lll"ea, a considerable depoeit of silt 

MOU\'Mllatet't OT~r all the redde, even thoe• in fast water. There waa 

an l\tlltcMtsin :mortalit, ammg the n•ly hatched try in all redds, a.gain 

pree1.1."l'labl7 as the Pe$Ult ot suffooation. 

In 'View of 'bhe obtter..-ed loss of e-ggs in red.di during 1944 a.n.4. 

1945, a. vartation in th♦ proeedurtt ua institut$d in 1946. Certain 

redd.s 'WeN openad,. the egg• r11movEH'i, tuen to a f1ah r.atchery, and 

ineube.ted. The purpose ft$ twotoldt ti.rat, to seek a me:e.ns ot 

greater production of try by the progressive remoTSl of a portion of 

the eggs from over...er®ded n>e$ting ~re$.s (Table ,h and second, to 

aeeure pertinent data en the incubation period. At a means of eol­

leotd.ng eggt a three ... !;;ided., 12 .. ineh-squara, sereen box, 1,-ra.e placed 

im.12ediately bel<1W a. nest. By sifting the g;ra.vel throug;h the l'.ands,. the 

e,ggs wore waehed free and eolleeted in the trap below. It required 

S$Vel"s.l ,r,..1oct,ssive washings to insure that all of the e~s were removed 

trom a pe.rtieular redd. The lo$s of egt;s (by c.rushin,g or failure to 

be trapped) dw-ing removal in this manner was aet:1:me.i.ed at not more "ban 

25·peroent. 



A tote.l et 98 .flu,id ounces of' egg,s (115,000 to 1;;0.000 per 

quart) wtu rerneve4 from redds in the e:tmve -.:aner; ...... 31 ounces on 

Apl"U 23, ;5 oune~e 0n the 25th .. and 32 oimo~e on the 29th., These 

eggs we1·& plaoed in ha:tehery jars on ~ch occasion,. and the incuba­

tion period studied. It was i'oun-0. that creak ehub egbs could be 

ineu:bated to the eyed staged in hatchery jars, but could not be 

1> .. a:tcned sueef/lJ.isfull;r b1:1eause the hee. vy fry v,ould not escape W'i th. the 

ru.nmug water. lt lett in the j•rs the try had a te.udfinCJ to settle 

and accumulate near the 'bottom a.nd die as a result of mec'.hanieal 

injury. At the <ilyed stage t:he eg;gs were transferred to screened trays 

in &ta.lldard hateh:a'7' troughs for the remaud,er of their development. 

This jar-tray m.etho<l proved to ba auoee•sful (T~ble 4). The use of 

trays alone £or tl1e entire ineu.bation wa,s a.tte,i;npte4 kt was found to 

be lesa ••tia:f'at,'toq than emgl•ying jars for early deVEilt>pllent. 'because 

et the difficulty of piokin:g dead eggs i'l'om tra.ye. the ueateet egg 

mortality waa enoomitar&d 'Within the tirat 6 days of developm.itllt• lrJ. 

the jar method th~ dead egs.s •t'• found to Ae~umulate at th.s surface 

Qf the egg ase and eould be •ipho11;ed of£. l"rom the origir..&l 98 

oWlef;ls of eggs (3,750 per ounce) approximately 46 ounces of fey 

(5..400 per ounce) were produ11ed,. representing a hatch ot, ab~.mt 67 

pereent. The average inoubation period •ta. :mean temperature of 55°F. 

•• 10 ds.ya,. 6.l/2 hours. 

!he sac fry upon hatching pass thro~p th• 14-- by 16-inesh soreo. 

to the bottom of th.a tr~ and und-ergo further development tb.<tre tor 

• period of 12 to 16 dAya. At hatching 'the fry are gold-colored and 

the q•• are without any 1ma.rke-4 ptpentatit.,n. TJithin 2 to 3 day•• the 



EHoolleotion tfe.ter Incubation 

1 
ten:.pBaturl (hours) 

De.tee Ounces (•1t"'.} J11r l'ray 

April 23, 19li6 31 (:',- 147 94 

I 
;r;; • 

A.prll 2j, 1940 }5 54 178 81 

.lpri,1 29, l9l4{) 32 j 56 134 86 

l The &1terage n~ber ot eggs per tlu:i.d ounce was ;, 750. 
2 !be av.,..co number ot fry per fluid. om1oe was 5,400.,. 

p;,:'i-iod Ou.noes.:: Peroeni.• 
of fry age of 

:J:Qtal produced ht.toll 

241 14 i:; .., 67 

259 17.4 71 

240 14.0 65 



try take on a darker omnge, and the eyes become vary eonspicuou.s. 

Within another 3 days, dark lateral bands of ,,;elanophores appear on 

the sid&e of the body. Within 12 days after hatching the fry are 

able to maintain a normal position, can $Wire feebly, a11d support the:m­

$elvea bl a weak current. By 16 days the yolk sao is abso:«"bed and the 

fry are ready to take food. lt was noted during these studies that the 

try had a tendency to concentrate i.'l'l shaded aree.s or about any dark 

object placed in the trough (negatively photo-trophic). It was die ... 

covered further that they react positively to a current (positively 

rheotrophio) and will collect in large masses. One au.ch large concen­

tration ot fry was followed by an abnorm,l mortality. Thereafter, 

excessive concentrations wtitre dispersed by feathering. or prevented by 

control of water currents and r~uction in the number Qf fry 1n the 

trough1!h 

For e. oom.parison with incubation period of creek chub eggs by the 

ja.r-tray method_. observations were made on eggs in the r&effay redds. 

Certain redds were examined periodically throui;hout the spawning sea.son. 

fhe water temperature in the spawning raceway averaged a.bout 1 to 2 

degree~ Ligher than that in the ,jar_. and the range of variation was 

found to be greater. In the hatchery, the loweBt temperature recorded 

was 50• and the highest 59•, while in the streeJn the lowest was 49° 

and the highest 64°. The rate of development of the eggs up to hatching 

was about the same in redds and jars. Rowaver, development of' fry 

must have been somewhat faster in the redds, for free-swimming fry 

were observed in the raceway within 20 days after the first spawning, 

whereas it required from 22 to 26 days to reach a comparable stage :tn 

jar-tray development. 



!n some redds dark pigmented fry were found still irJbedded in 

the gl"avel at depths up to 3 inches. Upon liberation., these fry 

quickly nam. away in a normal l'llG.nmtr. Apparently the fry remain in 

the beds u..11til th.ey are well developed,. 

For a comparative study of the viability of :naturally and arti­

ficially spawned eggs. 47 ounces of creek chub eggs •ere obtained from 

l4 redds in Paint Creek, Oakland County, }.Uohiean on April 29., 1946, and 

ta.ken to the hatchery for incubation. At the t:im.e of eolleotion, some 

of these eggs showed no signs of development and others had progressed 

to the eyed stage. J;;[any ot the eg;:;s were hatching 2 days later., while 

others r•quired 6 to 6 days. From the 47 ounoes o±' eggs only 13.s 

ounces of fry were produeed, representing a hatch of about 42 percent .. 

The low rate of liatching of the Paint Creek eggs, a.s compared to the 

67 percent hatch of eggs from raeErW&.f redds, oan be attributed 

partly to the spread in time of l'ultching (d:isouesed below). The spread 

in ti:me of hatching among individual lots ot eggs was found to be an 

objectionable feature in the jar.tray method, because of the need :for 

tre.ns:t'ering eggs to trays at the eyed stag11te :Wiany fry not removed 

a.re destroyed by meehanieal action in the jars ( see above). It is 

desirable therefore to have individual lots ot eggs of uniform age. 

The experience with the eggs from Paint Creek indicated that it normally 

would be more difficult to obtain e;;:::;s of uniform age from wild streams 

where the history of individual redds is not observed. other contribut­

ing factors might have been the sensitivity of the eggs at some speeifio 

stage in development to changes in water temperature, to handling or 

to jarring in transit. It is a well-known fact that eggs of aalmonids 

can be l-i..andled safely either v1hen ttgreentt or at the eyed stage., but 

that there is a long in:tervHning period when the eggs ttre highly sensi­

tive to jarring. It is probably safe to assum.e that the sue is true 
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et creek chub eggs, although it has not been demonstnrted. lt would 

therefore seem desirable to eollect the eggs from nests shortly a.:t'ter 

deposition. In the pr,n;;ent studies at the Drayton Plains raceway th$ 

eggs were removed within 24 hours, which proved to be satisfactory. 

Transfer o:t fry 

During the 1946 studies it was found that 4.,. to 8-de.y ... old ea.a 

try could be .handled safely and tra.naported for long distances. On 

May 7 11 1946. 95,000 s~c fry (volunetric measurement, 100 fry per 

oubic centimeter j were oe.ri-ied in a light truck in lo.gallon fish 

cans at the rate of 12,000 per can for a distance o.f 110 miles without 

significant lou. Th.is aucoeiu.t:f'ul operation ns repeated again on 

'Jfay 13, at which ti:m.e 115.000 fry were mcrved the same distanQe. Bach 

of these trips required about 5•l/2 hour:.. to complete, a:r.1.d tho water 

was not oh&.nged e::aroute. The sao fry, not advAneed enough for tree 

swimming. settled to the bottom when placed in the can. and rernained 

in that position dUl"ing trand t. 

Smne transfers of advanced try (free-swirJming for 8 to 12 days) 

wer~ ms.de trom the raeffe.y poml to other ponds e.t the Drayton Plains 

Hatchery. TJ:vase fry were collected by bobbinet 3eine and transported 

in pails and fish eans. A total of 33.,000 of these tr;, was handled 

without appreciable loss. In another transfer., 20.,000 fry of this 

age were transported by truck in 10-gallon eans for a distance of 60 

miles without signi.fioant loas. It is oonoluded from these results 

that advanced fry can survive handlint arid transportation over long 

distances. 

Stocking of fry 

Some information was obtained by studies during 1946 on the 

relationship between rate of stocking;, age of stocked fey, rate of 



aunival and rate of growth (Table 5} t Eight ponds at the llastings 

State Fish ¾tohery and two ponde -.t the Drayton Plains State Fish 

.ffatchery were stocked with S..day ... old and 20-day ... old creek ohub fry, 

respectively. The 8-day ... old fry (not free swicrming) were placed on 

screen trays located in one foot of water. The 20~day-old fry (free 

swimming) were simply liberated into the ponds. During September all 

ponds were drained.. The fish were removed., counted., weighed and 

individual lengths were obtained. from representa:ti ve sample a. 

!he pt::mds stocked with 20-day .. old fry gave much higher rates of 

survival (51 and 73 peroent)than those stocked with 8-day .. old try 

(17 percent and less). In the series of experiments at Hastings where 

rates ot• stocking were varied from 10.,000 to 41.i,OOO par a.era, the per­

centage rate of survi-val tended to be higher in those ponds stoeked at 

the higher rato•• fh1s result is contrary to ti.t ordinarily obtained 

from try planting. The great variation e.m,.mg the three ponds whioh 

Qt'e stocked at 25,000 per acre indieatee., however, that rate of 

surviftl was determined mostly by factors other than rate 0£ stocking. 

Rapid growth was strikingly related to low conc~ntration$ of chubs in 

this series of experiments. ln Po::ids 5, 1.2, 7~ and ll where production 

was extremely lov1., the fish in a 135-day growing season attained an 

average length of more than 4 inches; in Ponds 2 1 8., 10 and 6, where 

production was moderate, the :fish in 128 days attained avBrage lengths 

between 3 and 4 inches; while in Ponds 3 and 4 where relative high 

production occurred, the fish in a 115-day season grew to an average 

length of 2-1/2 inches. lt is believed that the differences in growth 

among the three groups of fish oa.n be attributed to the amount of food 



Table 5 ..... Re:sulte .from stoeking ponds with creek chub try at different ages and rates. 

(Pond.$ 3 and 4 were at the Drayton Plains Hatchery; the remaining ponds were 

· e.t the ¥,,astings liatehery). 

hximun I age 0£ Date oi' in- r.t'otal Average 
Pond Area Stoeking rate fry troduction Date of number length /Percentage 

No. (a.ores} Per acre Per pond. (day$) removal removed (inches) survival 

5 2.11 10,000 21,100 8 May 7, 1946 Sept 1c :1, 194{ 421 4 .. 82 2.0 

12 1.50 10,000 15,000 8 do. do. 219 4.26 1.5 

3 o.46 38,700 17,800 20 J,m 3, 1946 Sept 26, 1946 9,158 2.53 51.4 

4 o.48 32,000 lii-,400 20 do. do. 11,224 2.47 72.9 

7 1.11 25,000 27,750 8 }IA.y 7, 1946 Sept. 19, 19J.t, 342 4.37 1.2 

ll 1.25 25,000 31,250 8 do. do. 84 4.19 o.; 

2 1.02 25,000 25,500 8 M:ay· 14, 1946 do. 4,500 ,.10 17.6 

8 0.98 35,000 34,300 8 do,. do. 1,;12 3.70 3.8 

10 1.0 35,000 35.000 8 do. Sept 20., 1946 2,880 3.72 } a.2 

6 0 .. 56 w.i,,ooo 24,640 8 ao. do. ;,850 3.92 15.6 



available per indiTidual. Bine~ the fish in all of the ponds had to 

rely upon i'ood from ne:tural soi.U-<.rns it is e.ssmn.ed th&t the fish in 

abu.'ld.ant supply of food. If the assumption. is eorreot that :f'ood is a 

major lixniting factor in growth of pond-reared chubs, then a.rtifioial 

feeding with the eorrecrt diet ld.ght be expected to give a greater 

production of larger fish. In a. separate 0:,,:pe:rL"llf.mt at Dr~.ytcm Plains, 

there was a rnarked indioation of increased produetion by artificial 

length in a 115 ... day growing season; 800 pounds of food was used and the 

58,000 chubs, when recovered, 1'fei1,:;h.ed ;28 pounds. The rate of feeding 

was relatively low as oompared. to that employed by Clark (1943} in the 

propagation of creek chubs, 1n a 1941 experiment a total of 952 

pounds of food was used to produce ll.-;000 chubs weighing 137 pounds 

in a 1/12-acre pond.,, e.nd in 1942,, 776 pound.a ot food•• uaed to pro .. · 

duce 9,000 chubs in a 1/7-aere pond. 
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