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Abgtract

Suuneas;ﬁl spawning of the oreek chub (8umatilus‘3, atrgM&eulatus)
was achieved in & specially designed recewey, An artificial streanm,
havizig 8 graveled bottom with pools and r‘iffles? was constructed within
the basin of a pond in which brood stock were introduced. s;mming
activity conmenced in late April and terminsted in early May. A
heavy mortality cocurred among the brood stock when the ratio of males
was equal to, or greater than that of the femalss. A better survival
was attained by increasing the number of fmles in the combination.
The breeding fish had a tendency to cencentrate in certein zones of
the spawning racewsy, snd as & result many redds were destroyed in the
overworked areas, To offset this condition, thus increasing the
efficlency of the racewmy, deposited eggs were removed fram the beds
and successfully eultured in a hatchery by the use of Heehean jars
and egg trayss The complets ineubation period, (fertilized egg to
free swimming fry) reguired about 25 days at a mean temperature of 55° F,
Several rearing ponds were stocked with 8e.dayeold fry; others with
20=dayeold fry., Though the 8B«day-old fry were found to tolerate long=

distance transporting, they did not survive in any sppreciable numbers
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after introduction into rearing ponds. The stocking of pende with
20«day=~o0ld fry was more successful, for better than 50 percent of
the fry survived., Produetion in ponds where the fish had to rely
on & natural food supply wes light as compared to that achieved in

@& pond where artificisl feeding was prasticed.

Introdustion \

In recent yeoars, various investigators have given considerable
attention to the propagation of bailt mimmows and forage fishes, They
have besn prompted by several coneiderations, mmong thems (1) regional
goarolty of bait minnows in natural waters so preat as to induce or
even require dealers to propagate their own baity (2) reeagniti@ by
fisheoulburists of & need for propagating forage minnows to support
game £ish in hatohery ponds; and {3) realisation that it mey be
desirable; cocasionally, to introduce minnows into natural waters.

Az & contribution to this problem, studies were initiated in

1940 on the propagation of the sreek chub, Semotilus atromeculatus

atromaculatus Mitchilli. Although the experiments are still in progress,

enough data have been obtained to warrent publication of resulis
obtained during three messons from 1Shh to 1g94b.

Asoounts of the successful sgulture of several species of minnows
and other forage fishes have been published. Nethods for the artifi.
cial propagation of the oreek chub have besn published by Hankinson
(1910), Marsus (1934}, and Clarke (1943). Clarke (loc. cit.) made
the first large-scale demonstration of the culturing of this species,

using srtificlal raceways and spswning grounds. There were, however,
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important deteils lacking from his report. The ereek chub's life
history has been reported on by Reighard (1910); Henkinson {1910)3

Leonard (1927); and Greesley (19%0).

Preparation of a spawning receway

Observations on the natural spawming habits of the creek chub
by the writer together with information in the above refsrences, were
of value in designing & spswning racewsy., In the first place, it wee
senoluded that the desired production and rate of return from spawns
ing would be dependent upon adequate spawning space for the brood
stoeks In other words, the recewsy had %o be large enough to ascomo=
date the brood stook without excessive competition for spawning space.
Furthernmore, the volume of weter end strsam gradlent hed to be suf-
ficient to give & repid flow, & zravel stream bed was needed for spawne
ing, and some protection for the brood stock against predation by
birds wes desired. |

As a preliminary step ir the study a small spswning racewany was
congtructed in one of the ponds at the State Fish Hstehery at Drayton
Plains, Hiechigen, during the spring of 19hh. A graveled stream 110
feet long by 2 feet wide by L inches deep was prepsred, The achual
eongtruetion consisted of digging e tremch from the inteke pipe
toward the outlet, within the basin of the pond, and partially filling
this excavetion with a 3.inch layer of one«fowrth to ones-halfwineb
geresned gravel. At intervals of about 25 feet the stream was widened
to form shallow pools whieh were covered with bosrds to act as shelters

for the breeders. The gradient of the stream from the source teo the
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outlet amounted to 8 ineheg in the 110 feet, and the incoming flow
wae regulated at one~hall subie foot per second. BSplash boards were
installed at the outlst of t}m pond, reaising its water level to a
point even with the lower ené of the reaceway, thus providing s pool
for the adults. Operation of this 1Ll racewsy indicated that various
improvements could be made. In 1945 the length of the racewsy was
inereased to 285 feet and the bed widened to % feet to provide a
greater spawning ereas The pools were enlarged somewhat and deepened
to provide better sovers. The deposition of gravel was incremsed to
§i inohes and the sereening sise changed Lo include thres-gquarter«inch
stones, The flow was ineressed to three-qusrters of a subie fool per
second and the veloocity sontreolled by installing e series of emall
sheck dams, In 19iH, in further experimentation, the length of the
racewey was extended to 300 feet and the width te 5 feety the depth
of the gravel was increased to 5 inches; and the flow of water regu~
lated &%t one cublie foot per second.

As & result of these experiments in raceway construection and
operation, certain features of a sstisfastory spawning raceway have
beeon evaluated. A spawning raceway for creck chubs should be cone
structed within the basin of a pond (Figure 1), or at & location
where 2 small retaining pool can be formed at the lower end, The
purpose of this pool is to provide a haven for the brood stock during
inactive perieds and to serve as a collecting besin for the newly
hatched fry. A receway cspabls of furnishing adequate spawning
facilities for 500 to 700 fish should be at least 300 feet long and
have & minimum width of S feet. The flow of water should be at least

11/l oubic feet per second, Shelters should be provided at intervals






e o

of approximately 25 feet aleng the racewsy (upper pert of PFigure 2),
A puitable type of shelber consists of an offset excavation, joined
to the malp channel at 2 point opposite eech splash board and covered
with any type of weatherproof construction material, such as tarred
felt, plywood, or boards, To induce full utilization of the awaila
eble spewning srea by the oreek obhubs, it ie necessary to instell
splash boards (lower pert of Figure 2) creating pools of slowly moving
water between the riffled ereas. The height of the splash boards can
be sltered, thus allowing & control of the velooity and depth of
water for any one sections It is desirable to have the stream bed
covered with gravel to s depth of 6 inches as studies heve shown that
‘6gg deposition semetimes ococurs nearly te thaet depth, To allow a
good eireulstion of water through the substratum the gravel should be
of onee~fourth to three«fourtheineh size, and be fres from sand or
other fine meterials. To proteot the breeding fish from predacious
birds, the entire raceway should be covered with some type of netting,
or vlee some gort of § eontrol over these predators should be exer-
eiseds In these studies, fish netting supported by stakes (Figure 1}

wos used and proved to be satisfactory.

Séléctien of brood stock
In the selection of & brood steck of greek chubs suitebls for
use in an artifisial spawning racewny it is desirable to securs &
gtock of fish In which all famaleé mature at nearly the same time,
thus restricting the spawning season tb the shortest peried possible.
The disadventages arising from an extended season (more than 20 deys)

are many. The eggs deposited at the onset of the semason will have
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undergone complete incubation and meny of the emerging fry will be
ssten by the parent fish or will be lost by injury or escaps during

the operations incident to removing the adults, Furthermore, finiahgd
redds, ungusrded, are often reworked by later mpﬁmer‘s, thus des'éraying
eggs and developing fry. A prineiple difficulty encountered in the
seleetion of & brood stock which will meet the abovs regquirements

arise from the feot that there is a sex difference in both rate of
gwﬁ'bh é.nd age of maturity, and also from the faot that age of maturity
is dependent to some extent on rate of growth., Greeley (1930) found
that the males grow faster and mature at a 1§ter age than i‘mlea.

This and the grester size of msture males has been observed by the
writer, This esex difference in size at maburity nakes it difficult to
~ selsct a brood stook except immediately preseding the spawning season
when maturing males can be aeiwte& by the presgence of nuptial tubercles
and femmales on the basis of size end extendod abdomen. Age alene is
not a depmdable?g;j i&gi,;}f;?@,fgr the selection of a brood steck, judging

fram the results i swe ies by Greeley (1930) and the results of pre-
- [ KD {

sent studies on paRd-saReN ;";%khuba. Greeley found that chubs in
' : f."”'*é'
mature in their fourth and fifth summers.

natural waters norﬁliy
Presumably the fish studied by Greeley had slow growth, One stock
of chubs used in the present experimént'ccmpfisad ponds-reared, fast.
growing fish among which some ix_;dividuals of both sexes were mature
in the spring of their second growing season, 25 percent of the males
and 50 percent of the femmles were mature smong fish in their third

season, and 75 percent of the males end 100 peroent of the femmles

were mature among fish in their fourth season. In another lot of
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120 pondwerenred chubs, averaging 5 inahés long at one year of age
{very fast growbh), 75 peroent of the individuals of each sex were
found o be mature by June 1 of their second seasou. It would appear
thet the attaimment of & certain mi#imnm size is a rore important
eriterion then age in the selection of mature fish, Selection of a
brood stock on the basis of a minimm size of about 5 to & inches

for femnles and 6 to 8 inches for males {or & to 7 inches for both
Boxes) among & population with a% lesst moderately fast growth would
insure mostly adalt fish, and would aid in the restriotion of ths
spawning season, Howsver, in a slowly growing populetion in which
the size at maturity might bs somewhat less then among repidly growing
fish, the minimum size limit for the gelesction of & brood stock would
of neceasity be smaller, or otherwise a preganderénns of males would
be chosen,

An example of the resulis from an unsslected brood stock may be
oited, At the Draytom Plains Hatehery in 1946, the pond was stocked
‘en April 22 with s mixed brood stock of 38l chubs from naturel waters
and 42 pondereared chubs. Those of wild stock (L « 9-1/2 inches)
were larger than the ponderesred Zeyear«clds (% « & inches), and
presumably were much older, In the spewning receway, ell of the
larger females (mostly wild stock) had spewned by Hay 2, while most
of the smaller females spawned during the period liay 2 to 16 and later,
The entire spawning season had extended over & period of 25 days, and
the earlier fry were leaving the redds before spawning was completed.
Also, there was considereble reworking of completed redds during

spawning in the latter part of the season.
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In order te utilize officiently the fme:lities of & spmwning
recewsy, & prescribed number of bresders per unit of ares is nesded.
Varying the rate of stocking over the Jeyear pericd and determina-
tione on the feeundity of femnles and on the concentraticn of eggs
in redde of known erea, have given some indicetion of the desired
nunber of breeders. On the average en indiviﬁual male ereek chub
requires an area one foot in width end several feet in length for
nesting space; upon completion the redd is about 8 inches wide and
2 to & fest lengiﬁ'&n average of severel counts on ‘the number of
eggs screened from completed redds save approximately 2,500 sggs per
running foot. Egg counts on female creek chubs aversged approximately
3,500 for females aversging 5 inches in length, and 5,000 for 6.inch
chubs. On the basis eof these findings, the pobtential egzg pre&netion
of the brood stocks used in 19l to 1GL6 is compared with the capacity
of the recewsy for the different seasons, in Table ls¢ It is shown
that theorstically the receway was overstocked in 19hLk and under-
stoeked in 1945 end 1946, Unfortunately the true capecity ef a races
wey camnot be determined en such simple grounds. Attention should be
esllad especielly to a éiffieuzfy thet is comaonly encountered and is
sccentuated by B protracted spawning semson, The chubs ¢o not dise
perse their redds efficiently over the erea availabie, but the late
spawners rework and destroy earlier redds. In 194, though the race-
way wae potentiaslly overstocked from the standpoint of egg capacity,
the brseders used only & portion of the availeble spawning erea. In
1945, enly sbout 35 percent of available ares was utilized, and & still

smaller percentage in 1946 (Table 3). In thet year through intensive
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observations it wes found that there wes a tendency for wmale chubs

40 conecentrate in certain zones of the spawning raceway and &s a
result many redds were reworked. Irom oulward appearance the physie
cal features of the entire receway were more or less identical and as
yet no apparent reason can be found to explain why this oeccurred,

It is apparent that there still remains the problem of determining
more exectly the spewning regquirements of the creek chub., Once this
has been aceonplished and & satisfactory raceway desigaed in whieh
the entire aveilable spawning area is uniformly utilized by the brood
stock it will then be posgsible to cmlculate on & theoretical bhasis
satisfactory stocking rates. Fsnding the results of more critical
studies, bthe stoecking rates used during the three years at the Drayton
Plains pond (Table 1) may be regerded as representing the minimum and
maximun of a suitable rate of sbocking for the size of raceway indi-
cated, The average size o’ the females should bs teken into considera=
tion because of the difference in feecundity, A ratio of about two
males to three females is recommended to minimize the conflict among

males on the spawning grounds.

Cbhservations on the spawning sctivity of creek chubs

In ¥ichiyan, the spewning season of the c¢resk chub commences about
mid-April in streams along the Hichigan-Chioc border and extends Lo
late June in waters of the Jpper Peninsuls., In & single locallby the
length of the season ig about 25 days. At reyton Pleins the brood
stock of chubs each year was introduced into the rsceway pond shortly
before the time of spawning in loeal streams. In Table 2 are the

spawning dates for the raceway fish, covzring a 3-year period, showing
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Table l,«<8tocking rate of adult creek chubs for & 3-year period including estimated footage

of spawning raceway needed in comparison with thet awvailable.

Raeewag dimensions

Year | Stosking rate| Average feoundity| Estimated totel | Square feet needed for | Square fee
—.  liales Females of females egg production | egg depositione available
94 | 83 101 5,000 505,000 202 123
65| 60 90 55000 450,000 180 506
19h6 262 3,500 917,000 367 968

6L

1 7he average fscundity for femsles (16 ovary ccunts) ranging between 3 snd 7 inches was

2,500 and for L= to 8eineh fish (12 ovary counts) 5,000.

2 faloulated on a besis of an average of 2,500 eggs deposited per rumning foot.

3 Pools, refuge sonss, and sirsamebank margins have been deducted from total ares.
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Teble 2.--Extent of spawning season of ecreek ochubs in & prepared raceway and prévailing water

temperatures (°F.), for a J.year period.

g Tirgt spawning 80tivity Date of
Stoeking Water Water Termination of Total length
date tamgeraturaﬁ Date __tenperaturd spswning } of season
April 2k, 19hk Lo April 29, ighh 55 day 19, 19hh 25
April 13, 1945 61 April 16, 1945 61 lay 27, 1945 I
April 17, 1946 50 April 22, 15k6 56 - May 21, 1946 29

1 The date recorded is approximate (accurate within 2 days).
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the extent of the semson and the prevailing water temperature at the
onset of reproductive sctivity, The extended season in 1945, 12 days
longer than either of the other two years, canbe explained in part
by the presence of sbnormal weather. Unseasonably high vater tempera-
tures in early April ceaused a flurry of activity which soon subsided
with lowering temperatures, and as & result & Z.week inactive peried
was encountered,

In the receway, spawning activity wae mors concentrated in the
lower soetions during the flrst few days, and the activity>was
gradually extended upsiream as the season progressed. Data on the
distribution of redds in the receway throughout bhe season are prew
sented in Teble 3., On the first cobservation date, Lpril 22, 19i6,
about 63 percent of the redds wers found in the lower oneethird of
the receway, whereas by April 25 this figure was reduced to L percent,
indicating that relatively nore males were esteblishing redds in
upper sections. By the end of the season L of the 13 sections (L, 7,
g and 11), comprising about cnethird of the total eres, contained
56 redds or 60 percent of the total,

Both sexss took part in the first upstream movement of the breedars
from the pond; the meles were exiremely active on the riffle zones and
the females darted about in secluded areas, During the initial phase
it was noted that spawning soetivity started about midemorning and
torminated en hour or so before dusk., At the height of the season,
however, the fish were engeged in nesting operations day end night,
stopping only when water temperatures fall below 51° ¥, The lowers

of the water temperature not only curtailed reproductive activity, but
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Table Ze.e=idditlion of the new oreskechub redds in racowny seciions over a lUeday period.

{The secticns are numbersd consesutively with Ho. 1 &% the upstresm end.)

Sumber of new redds 1n raceway sections [Total name

Date of Y | ’ ‘é‘l. ber redds
ocbgervation il 13 G4 15 & {7 [ 8 g 0 13 iz % ito date
April 22, 19Ld 110 11 i3 10 (2 {1 o ik 2 17 1 0 22
April 23, 19L6 031 0 i1 ;0 111 1 1 1 1 0 1 31
April 25, 1946 olz 131311 Jole {2 {3 Jo je |o |1 53
¥ay L, 1oié o (o j2 o j2 ik o |5 2 je 0 0 71
Yay 10, 19k 00 |1 5 {6 2 {2 g 1 0 e 3 0 93
Total number
of redds per _ )
seotion 1 5 5 F-Lt 7 ? lz‘ia 3 Ly § 1}4 Li 2 [T

\? Inlet section, about oneehalf lengbh of others.

¥ Partisl ssction below mumber 12, Jjunetion of strewa and pond.
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also brought about & downstream movement of the brood stock to the
pool below, Periodic observations of the adulis ever the entire
spswning season revealed that some fish were present in the pool at
@ll times. The preseonce of many spent fermles in the pool indicates
that soms, if not a&ll, of them leave the race after spawning.

Fithin & few deys after the snd of each spawning season, anll
surviving adults wers recovered from the pond and raceway., In esch
year there was a large loss of both sexes. In 1GLi, out of 184 fish
introduced, only 65 survivede16 meles end 4J femsles. The mortality
rates woere of 80 and 50 percent resgpectivsly. During the 19L5 season
the combined mortality was somewhat higher«=78 percent of the uales
and 52 percent of the females. In 1946, the mortaliity was mueh lighter
than for either of the two former years, amounting to 4O percent of
the males and 15 percent of the fsm&lés. It is believed that the
exceptionally high mortality recorded for 1945 was in part dus to the
prodations of the great blue heron, since the racewsy was not sereened
that year and herons were common. However, for 1944 and 1946 it is
definitely known that praedacious birds were not a contributing factor
because tiie racewsys wers woll screened, The difference between the
mortalities of 1G4 end 19/ might have been dus to the difference in
growth history: « the 19y breeders were large, fastegrowing, ponde
reared chubs, and the 19li6 fish wore smaller, presumebly more slowly

growing, wild chubss It has besn noted by numerous investigators that

festagrowing fish tend %o have e shorter 1ife span.
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Gollecting of eggs and incubatlen period

During 10L4 and 1945 studies of the mortality end incubation of
chub eggs were limited to the examination of severel redds. By
sereening the eggs from portions of redds, it was found that a higher
mortality ocourrsd in nests located in the quieter waters., BSince it
wae observed that sediment had accumnlated more over the nests in
guieter water, it is possible that the mortality was dus to suffocaw
tion, During the senson of 19L5 & protraeted incubstion peried, duse
to low average wabter temperatures, a considersble deposit of silt
agounulated over all the redds, even those in fast water, There was
an exeescive mortality among the newly hatehed fry in all redds, again
presumsbly as the result of suffocation,

In view of the observed loss of egys in redds during 15k, and
1945, 2 varistion in the procedure was instituted in 1SiH., Cerbein
redds were opensd, the egge removed, taken to & fish hatchery, and
incubated, The purpose was twofold: firel, to seek a means of
greater production of fry by the progressive remowval of e portion of
the egps from overeerowded nesting aress (Table 3); end second, to
gecure pertinent deta on the incubation peried, As & means of col-
lesting eges o t&ree-aided? 12-inch-square, screen box, was placed
imnediately below & nest. By sifting the gravel throuzh the hands, the
epgs wore washed free and collected in the trap below, It required
several successive washings to insure that all of the eggs were removed
from & perticular redds The loss of eggs (by erushing or failure to
be trapped) during removal in this manner wes sstimeted et not more than

25 percent.
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A totel of 98 fluid ounces of egys {115,000 to 130,000 per
quart; wes removed from redds in the above msnnerie<3l cunces on
April 23, 35 omnces on the 25th, and %2 ounces on the 29th, These
oggs were plzced in hatchery jars on emeh ocecasion, and the incubs«
tion period studied. It was found that creek chub eggs could be
inevbated to the eyed staged in hatechery jars, but could not be
hatohed succdssfully because the heavy fry would not escape with the
running water. if left in the jars the fry had a tendency to setils
and acocumulate near the bottom and die as & result of mechanical
injury. At the eyed stage the epgs were iransferred to screened trays
in standard hatchery troughs for the remalnder of their development.
This jar-tray method proved te be successful (Table L). The use of
traye alone for the emtire incubalbion was atitempted but was found to
be less satvisfectory than employing jere for eariy developmsnt, because
of the difficulty of picking dead eggs from irays. The greatest egg
mortality wes encountered within the first & days of development. In
the jar method the desd egzs were found to accumulate at the surface
of the egg wass and could be siphoned off, From the original 98
ouncee of eggs (3,750 per ounce) approximately L6 ounces of fry
{5,400 per ounce) were produced, representing & hatch of about 67
percents The average incubation period at = mean temperature of 55°F.
was 10 days, 6-1/2 hours.

The sec fry upon hatching pass through the ll. by lS-mesh sereen
to the bottom of the trough and undergo further dewvelopment there for
& peried of 12 to 16 days. At hatching the fry are goldecolored and

the eyes are withoubt any marked pigmentation, ¥Within 2 to 3 days, the



fable L.e-Percentage of hateh of creek chub egge collected from nests

and inouleted in the hatehery..

Egg eolloction Water Tnoubation pericd Gunces? | Peroente .
~ ' ' temperature (hours) of fry age of
Date uncas (*7,} Jar jiray Total produced | hateh
April 23, 1946 31 55 7 | oL 2l 1.5 67
April 25, 1946 35 Sy 178 | 81 259 174 71
April 29, 196 32 56 154 |} 86 2ho 140 63

i The average number of eoggs per fluid ounce was 3,750;

The averagse number of fry per fluid ounce was 5,100..
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fry tako on a darker orenge, and the eyes become very conspicuous.
%Within another 3 deys, dark leteral bands of melanophores appear on
the sides of the body. Within 12 days after hatching ths fry are

eble to maintain a normel position, can swim feebly, and support theme
selves in & weak current., By 16 days the yolk sac is absorbed and the
fry are ready to take food. It was noted during these studies that the
fry had & tendency to concentrate in shaded areas or about any dark
object placed in the trough (negatively phobtotrophic), It was dise
covered further that they react positively to a current (positively
rheotrophie) and will collect in large masses, One such large concen-
tration of fry was followed by an sbnormal mortality. Thereafter,
excessive concentrations were dispersed by feathering, or prevented by
cantrol of water currents and reduction in the number of fry in the
troughs,

For a comparison with incubation period of creek chub ezgs by the
Jar-tray method, observetions were mede on eggs in the raceway redds.
Cortain redds were examined periocdiecally throughout the spewning season,
The water temperature in the spawning raceway everaged sbout 1 to 2
degrees righer than thet in the jar, end the range of wveriation wes
found to be greater., In the hatchery, the lowemt temperature recorded
was 50° end the highest 59°, while in the stream the lowest was L9°
and the highest 6L, The rate of development of the eggs up to hatching
was about the same in redds and jars. However, development of fry
must have been somewhat faster in the redds, for free<sgwimming fry
were observed in the raceway within 20 days after the first spawning,
whereas it recuired from 22 to 26 days to reach a comparable stage in

jaretray development,



In some redds dark pigmented fry were found still inmbedded in
the gravel at depths up to % inches. Upon liberation, bhese fry
quickly swam awey in a normal menner. Apparently the fry remsin in
the beds until they are well developeds

For e comparative study of the wisbility of nasturally and arti-
fieially spswned eggs, L7 ounces of creek chub eggs were obtained from
1, redds in Paint Creek, Oakland County, Hichigen on April 26, 1946, and
taken Yo the hatchery for ineubmtion. At the time of collection, same
of these eggs showed no signs of development and others had progressed
to the eyed stage. ilany of the eggs were hatching 2 days later, while
others required 6 to B days. From the L;7 ounces of eggs only 13.8
ounces of fry were produced, representing a hatch of about L2 percent.
The low rate of hatching of the Paint Creek eggs, as compared %o the
67 percent hateh of eggs from raceway redds, can be attributed
partly to the spread in time of hatching (discussed below), The spread
in time of hatching among individual lots of eggs was found to be an
objectionable feeture in the jaretray wethod, because of the need for
trensfering egzgs to trays at the eyed stage. lleany fry not removed
are destroyed by mechanical sction in the jars (se¢e abovs). It is
desirable therefore to have individual lots of eggs of uniform age.
The experience with the eggs from Paint Creek iadiceated vhat it normally
would be more difficult to obbtain egps of uniform age from wild streams
where the history of individusl redds is not observed. UCther contribut-
ing factors might have been the sensitivity of the eggs at some specifie
stage in development to changes in weter temperature, to handling or
te jerring in transit. It is a well«known fact that eggs of salmonids
can be handled safely either when "green" or at the eyed stage, but
that there is a long intervening period when the eggs are highly sensi-

tive to jarring. It is probably safe to asswme that the same is true
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of oreek chub eggs, although it hes not been demonstrated. It would
therefore seem desirable to collect the eggs from nests shortly after
depesition. In the present studies at the Drayton Flains raceway the

eggs were removed within 2l hours, which proved to be satisfectory,

Transfer of fry

During the 1946 studies it was found that L. to 8-day-old sac
fry could be handled safely and transported for long distances. On
¥ay 7, 1946, 95,000 sse fry (volumetric memsurement, 180 fry per
cubic centimeter) were carried in a light truck in l0-gallon fish
cans at the rate of 12,000 per ecan for a distance of 110 milses without
significant loss. This successful operation was repeated again on
Hay 13, at whieh time 115,000 fry were moved the same distance. FEach
of these trips required about 3-1/2 hours to complete, and the water
wae not changed enrcute. The sac fry, not advanced enough for free
swimming, settled to the bottom when placed in the can, and remained
in that position during transit.

Some transfers of advanced fry (free-swimming for 8 to 12 days)
were made from the racewey pond to other ponds et the Drayton Plains
Hatoherye These fry were collected by bobbinet seine and transported
in peils end fish cans. A total of 33,000 of thess fry was handled
without appreciable loss. In another transfer, 20,000 fry of this
age were transported by truck in l0-gallon cans for a distance of 60
miles without signifieant loss, It is concluded from these results
that advanced fry can survive handling and transportation over long
distances,

Stocking of fry
Some informetion wes obtained by studies during 1945 on ths

relationship between rate of stocking, uge of stosked fry, rate of



survivel and rats of growth (Table 5): Eight ponds at the Hastings
State Fish dgtohery and two ponds at the Drayton Plains State Fish
Hatehery were stocked with B-day-old and 20-desy-old creek chub fry,
respectively. The é—day-cld fry (not free swimming) were placed on
screen trays located in one foot of water, The 20-dey-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 obtainsd from representative seamples.

The ponds stocked with 20-dayeold fry gave much higher rates of
survival (51 and 73 percent)than those stocked with B-day-old fry
{17 percent and less). In the series of experiments at Hastings where
rates of stocking were varied from 10,000 to Li1,000 per acre, the pere
centage rate of survival tended to be higher in those ponds stocked =t
the higher retes. This result is contrary to that ordinarily obtained
from fry planting. The great wvariation emong the three ponds which
were stocked at 25,000 per sere indicates, howsver, thet rate of
survival was determined mostly by factors other than rate of stoeking.
Repid growth was strikingly related to low concentrations of chubs i
this series of experiments. In Ponds 5, 12, 7, and 11 where production
was extromely low, the fish in a 1%5.day growing season attained an
average length of more than l; inches; in Ponds 2, 8, 10 and 6, where
production wes moderate, the fish in 128 days attained average lengths
between 3 end li inches; while in Ponds 3% and L where relstive high
production occurred, the fish in a 1ll5-day zeason grew to sn aversge
length of 2.1/2 inches, It is balieved that the differences in growth

among the three groups of fish can be attributed to the amount of food
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Table Se.-~Resulte from stocking ponds with creek chub fry at different ages and rates.

(Ponds 3% and I} were st the Drayton Plains Hatchery; the remsining ponds were

-8t the Hastings Hatehery).

'&azimuﬁ
gze of | Date of inw Yotal Averags
Pond | Area Stocking rate | fry troduction | Date of numher | length Percenteage
No. |(acres)|Per acre Per pond| (days) removel removed | (inches) | survival
5 2.11 10,000 21,100 8 Yay 7, 10L6 | Sept 15, 1944 L21 L. 82 2.0
12 | 1.50 [10,000 15,000 | 8 do. do. 219 | L.26 1.5
3 0.6 |38,700 17,800 20 Jun 3, 1946 | Sept 26, 1946 ] 9,158 2.5% 5l.L
L 0.48 |32,000 15,0400 | 20 do. do. 11,220 2.47 72,9
1.11 [25,000 27,750 8 dey 7, 1546 | sept. 19, 1oL6| 32 437 1.2
11 1.25 |[25,000 31,250 8 do. doa 8l heig 0.3
2 1,02 |25,000 25,500 8 |May 1, 1946 dos L, 500 B.10 17.6
8 0,98 | 35,000 34,300 8 do. do. 1,312 3,70 3.8
10 1.0 35,000 35,000 8 do. Sept 20, 1946 | 2,880 3472 8.2
é 0.56 | L},000 2k, 640 8 ‘ao. doe 3,850 3,52 15.6
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available per individuel. Since the fish in all of the ponds had to
rely upon food from naturel sources it is assumed that the fisgh in
those ponds sxperiensing & light survival and a rapid growth had an
abundant supply of food. If the assumption is corrsct that food is a
major limiting factor in growth of pond-roared chubs, then srtificiasl
feeding with the correcet diet night be sxpected 4o give a greater
production of lerger fish. In & ssparate expeoriment at Drayton rlains,
there wes & marked indication of increased production by artificial
feeding, A 1l.8-scre pond produced 53,000 chubs of 2-3/L inches average
length in & 115-day growing season; 000 pounds of food was used and the
58,000 chubs, when recovered, weighed 328 pounds. The rate of feeding
was relatively low as compared to that employed by Clark (194%) in the
propagation of creek chubs. In a 1941 experiment a total of 9H2

pounds of food was used to produce 11,000 chubs weighing 137 pounds
in a 1/12~acre pond, and in 1942, 776 pounds of food was used Gto pro-

duce 9,000 chubs in & 1/7«sere pond.
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