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SOME RESULTS OF FORAGE FISH INVESTIGATIONS IN 
MICHIGAN 

GERALD P. COOPER 

Institute for Fisheries Research, Michigan Department of Conservation, 
and University of Michigan 

Some of the results of the forage fish investigations, conducted by 
the writer during the past two years for the Institute for Fisheries Re
search of the Michigan Department of Conservation, constitute the 
subject matter of this paper. The investigations have included: ( 1) 
the experimental propagation of certain forage species in ponds, (2) 
observations on the life histories of certain species in natural waters 
and in hatchery and other rearing ponds, and ( 3) experiments at the 
Institute Laboratory in the Museum of Zoology of the University of 
Michigan. 

PROPAGATION EXPERIMENTS 

During 1934 the writer cooperated with the late Henry A. Schuil in 
conducting certain propagation experiments on six species of forage 
fishes at "Schuil Acres," an experimental rearing station which he 
had constructed at Grand Rapids, and which at this time was operated 
under the Department of Conservation. During 1935 the following 
experiments were conducted: the propagation of the western golden 
shiner ( N otemigonus crysoleucas auratus) and the chub sucker ( Eri
myzon sucetta kennerlii) in two trout-rearing ponds, owned by U. Sid
ney Beach, at Highland, Oakland County, Michigan; propagation of 
the northern red-bellied dace ( Chrosoinus eos) in a single pond at 
the Drayton Plains state fish hatchery; and propagation of the blunt
nosed-minnow (Hyborhynchus notatus) and the northern fat-head 
minnow (Pimephales promelas promelas) in a single pond at Utica, 
Macomb County, Michigan. Although complete results are not yet 
available on all of the 1935 experiments, sufficient information has 
been obtained to justify mentioning these experiments. 

"ScHUIL AcREs," 1934 

The Schuil station consisted of a series of 5 artificial ponds, situated 
along the banks of a small stream. During the early spring the empty 
pond basins were fertilized, with a total of 7,200 pounds of cow ma
nure and 300 pounds of sheep manure ( total cost, $26.70). The water 
supply for the ponds consisted of seepage from the adjacent stream 
and from underground springs. The different amount of spring seep
age into the ponds was reflected in the wide difference in water tem
peratures of the ponds during the summer (Table 1). 

Various physical data on the ponds, taken during the course of the 
experiments, are summarized in Table 1 and Figure 1. All ponds 
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Fig. 1-Graphs showing average water temperatures in ponds at "Schuit Acres" 
during 1934. Each temperature plotted above is an average of 4 consecutive 

readings taken daily at 2 P.M. Detailed data not given in this paper. 

maintained an abundant growth of Chara, and ponds 5, 6 and 7 also 
supported a considerable growth of filamentous algae. 

Six species were used for the propagation experiments in the five 
ponds, namely: the blunt-nosed minnow ( H yborhynchus notatus) in 
pond 6, the Menona killifish ( Fundulus diaphanus menona) in pond 5, 
the northern red-bellied dace (Chrosomus eos) in pond 7, the western 
golden shiner ( N otemigonus crysoleucas auratus) in pond 3, and both 
the common shiner (Notropis cornutus chrysocephalus) and the horny
headed chub ( N ocomis biguttatus) in pond 4. The common shiner 
and the horny-headed chub were used together in the one pond as an 
attempt to take advantage of the symbiotic spawning relationship which 
occurs naturally, in some localities, between these two species (Han
kinson, 1932). Various spawning devices were installed in the pond 
used for the blunt-nosed minnows. The number and size range of 
the breeders put in each pond during the spring are indicated in 
Table 1. 

Throughout the summer the fish population of each pond was fed 
daily, using cooked cornmeal and oatmeal (275 pounds) mixed with 
bone meal (200 pounds) and clam meal (400 pounds). The 875 
pounds of feed used during the entire summer represented a cost of 
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TABLE 2. SIZE FREQUENCIES OF YOUNG "MINNOWS" IN THE RANDOM 
SAMPLES OBTAINED FROM THE "SCHUIL ACRE" EXPERIMENTS 

Standard 
length, 

mm. 
Hyborhynchu, -Fundu/us

Males Females Males Females 
-Chrosomus1-

Both Males Females 
sexes 

--Notemigonus'
Both Males Females 
sexes 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 2 5 
22 6 12 
23 16 14 
24 22 24 
25 30 37 
26 39 42 
27 43 41 
28 41 38 
29 35 51 
30 35 46 
31 36 45 
32 35 35 
33 31 34 
34 26 48 
35 28 56 
36 27 52 
37 26 66 
38 23 60 
39 20 53 
40 19 40 
41 17 26 
42 13 20 
43 14 12 
44 12 3 
45 8 2 
46 10 
47 9 
48 11 
49 10 
50 10 
51 13 
52 14 
53 13 
54 16 
55 21 
56 26 
57 22 
58 13 
59 14 
60 15 
61 7 
62 5 
63 4 
64 1 

Total 838 862 
M'n length 38.4 33.0 

1 
1 
3 

1 5 
3 

2 12 
2 3 10 
3 3 11 
4 4 14 
8 8 18 
9 9 6 
9 16 12 

19 17 5 
22 26 10 
25 24 7 
20 20 9 
23 15 8 
22 13 1 
15 18 1 
18 23 5 
21 20 10 
22 18 11 
20 12 13 
13 13 11 

9 14 9 
9 13 19 
6 8 23 
5 6 16 
3 5 30 
4 2 29 

1 34 
2 33 
1 20 

1 23 
1 18 

17 
14 

5 
4 
4 

316 314 485 
27.3 27.5 33.5 

1 
1 
1 
2 
3 
2 

1 
1 
1 
1 

7 12 3 
7 16 4 
6 10 5 

18 12 4 
l'J 10 7 
16 18 10 
10 23 9 

6 14 8 
14 9 5 
11 7 7 
12 5 5 

8 6 8 
3 2 14 

4 11 
4 9 

9 
7 
8 
7 
8 

10 
9 
5 
3 
4 
3 
1 
1 

137 152 198 
40.7 40.4 46.4 

5 
3 
1 
2 
4 
8 
6 
4 
5 
4 
4 
2 
3 
5 
4 
3 
2 
3 
2 

1 

71 
50.6 

3 
2 
6 
3 
4 
6 
5 
5 
4 
3 
4 
5 
5 
5 
5 
2 
1 
1 
1 
1 

71 
50.2 

1 The data for the two sexes are combined in the graph, since accurate sex determina
tions were impossible on the smaller specimens, and since there is no sex: difference in 
length in the larger specimens. 

$34.75. The cost of fertilizer and feed for the entire experiment was 
approximately $12.00 per pond. 

The common shiners and the horny-headed chubs m pond 4 pro
duced no young; throughout the entire summer there were no indi
cations of attempted spawning. But since the water in pond 4 was 
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Fig. 2-Productions per acre of forage fishes, obtained at "Schuil Acres" during 
1934, given in numbers (solid rectangles) and weight (open rectangles). The 
species involved are: the western golden shiner in pond 3, the Menona killifish 
in pond 5, the blunt-nosed minnow in pond 6, and the northern red-bellied dace 

in pond 7. Data from Table l. 
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probably too cold ( attaining a maximum of slightly over 60 degrees F. 
for only a few days during the entire summer) to permit spawning by 
these two species, this evidence is not sufficient to prove that these 
naturally stream-spawning species will not reproduce in ponds. The 
other 4 species were successfully propagated ( data given in Table 1 
and Figure 2). The ponds were drained late in the fall and a random 
sample from the total population of each pond was preserved for study. 

The length-frequency distributions of the young minnows in these 
random samples are given in Table 2 and Figures 3, 4, 5 and 6. The 
bimodality of the length-frequency curves of the young Hyborhynchus 
(Fig. 3), Fundulus (Fig. 4), and Chrosonius (Fig. 5) produced in 
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STANDARD LENGTH IN MILLIMETERS 

Fig. 3-Showing that the more rapid rate of growth of the males of the blunt
nosed minnow is first definitely manifest at a standard length of 30 to 35 mm. 
From data given in Table 2 on the length frequencies of each sex of young in 
the random samples taken from the Schuil Pond. These curves were con
structed by plotting the per ceut of the total sample of each sex which was 
smaller than, and included by, each millimeter of standard length. The assump
tion is made that the sex ratio among the young produced at various time, 

during the season was constant. 
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ponds 6, 5, and 7, respectively, presumably resulted from a common 
cause. The most obvious explanation for this apparently abnormal 
bimodal size distribution is that the main spawning season of these 
three species, known to have occurred from the middle of June through 
July, was retarded considerably during the second week of July by 
low water temperatures (Figure 1). This bimodality is so marked in 
Figures 3 and 5 as to erroneously suggest two-year classes. 

The wide differences in production (both in numbers and in weight) 
obtained with these 4 species in the 4 ponds was certainly due more to 
dissimilar environmental conditions in the ponds than to inherent dif
ferences in the potential productivity of the species used. The golden 
shiner, propagated in the coldest of the 4 ponds, gave the poorest pro
duction of the 4 species, yet in 1933 this species was propagated in a 
presumably warmer pond at the Schuil station at the rate of 235,000 
per acre, and at a comparable rate in the warmer ponds of the U. S. 
Bureau of Fisheries station at Fairport, Iowa (Wiebe, 1935). The 
production per acre for the 4 ponds was closely correfated with the 
average water temperature for the season (Fig. 2), and with the rela
tive abundance of aquatic invertebrates ( shrimp, may-fly nymphs, 
chironomids, gastropods, etc.). The productions obtained with the 
red-bellied dace and the Menona killifish indicate that these species 
might well be added to the list of forage fishes suitable for pond propa
gation. It is believed that even better productions, than indicated 
here, can be obtained with these two species. 

OTHER PROPAGATION EXPERIMENTS 

The two spring-fed ponds ( 3 and 5 acres) at Highland are operated 
by Mr. Beach for rearing trout and propagating bait minnows. A con
siderable extent of warm-water shallows with abundant aquatic vege
tation (Potoniogeton, Chara, algae, etc.) in each pond provides suit
able habitat for the minnows. In addition to the game fish, each pond 
received brood stocks of golden shiners and chub suckers (Erimyzon 
sucetta kcnnerlii) during the spring of 1935. Although data on the 
actual production of shiners and suckers in the two ponds are not yet 
available, it can be stated that both ponds will yield large productions 
of golden shiners, but relatively very poor productions of chub suckers 
in spite of an abundant reproduction. Mr. Schuil has had a similar 
experience in propagating this sucker in one of the ponds at "Schuil 
Acres," obtaining relatively few fish, which attained a large size during 
the first year. 

During 1935, propagation of the northern red-bellied dace ( Chroso
mus cos) was attempted in a 0.2 acre pond at the Drayton Plains 
hatchery. The lack of a water supply for the pond, and the abundance 
of aquatic plants ( Chara, Potomogeton, and filamentous and colonial 
gelatinous algae) resulted in virtual stagnation of the pond water, which 
maintained a slightly milky appearance throughout the summer. Spawn-



Cooper-Forage Fish in Michigan 139 

ing of the dace was observed, and eggs were found, only in a very 
limited part of the pond where a slight seepage of fresh water entered 
the pond. Water temperatures ranging from 79 degrees to 91 degrees 
F. were recorded during the summer. The production from this ex
periment was negligible. Comparing this experiment with the success
ful propagation of the dace in the Schuil pond, the writer is certain that 
the failure of the dace to reproduce in the Drayton Plains pond was 
due to water stagnation, and that either relatively cool or running water 
is necessary for the propagation of this northern, cold-water species. 

A quite barren pond with an area of 0.25 acre, located in an aban
doned gravel pit at Utica, was stocked with both blunt-nosed and fat
headed minnows during June, 1935. The experiment is of interest in 
that it demonstrates what production can be expected in a pond of 
very low fertility. During the season the pond produced, per acre, an 
estimate of approximately 100,000 very small fish weighing less than 
SO pounds ( a fairly good production in numbers but a poor produc
tion in weight). By August 25, only a few of the young of each 
species had attained a total length of 1.5 inches. At the prevailing 
rate of growth, few specimens would have reached maturity before 
their third summer of life. 

LIFE HISTORY OBSERVATION BEARING ON THE CULTURE OF CERTAIN 

FORAGE FISHES 

The following life history observations are mentioned because of 
their bearing on the culture of certain forage fishes. Since these ob
servations have been made entirely on fish in Michigan waters, chiefly 
in the southern part of the Lower Peninsula, they may not apply in all 
respects, such as rate of growth, age of reaching maturity, and length 
of spawning season, to areas with different climatic conditions. 

Blunt-nosed minnow-The habit of the blunt-nosed minnow of plac
ing its eggs on the underside of submerged objects is well known to 
most fish culturists. It has been pointed out by Hankinson ( 1919), 
Hubbs (1934), and others, that objects of very diverse character are 
utilized. The objects, observed by the writer to contain blunt-nosed 
minnow nests, include boards, logs, railroad ties, rocks, boulders, bricks, 
pieces of crock and tile, tin cans, pieces of sheet metal such as auto
mobile paneling, strips of bark, tree limbs and pieces of tar paper. 

The blunt-nosed minnow prefers, for its nest, a flat object lying 
directly upon the bottom, under which the male excavates a cavity. 
The mud-bottomed shoals are entirely avoided by the spawning fish; 
the sand-bottomed shoals are definitely preferred. Nests have also been 
found on marl-bottomed lake shoals. Water depths of less than three 
feet are preferred, but the species will spawn in water as deep as eight 
feet if spawning facilities in shallow water are inadequate. 

A single female lays from 200 to 500 eggs at one time and probably 
spawns 2 or more times during a single season. Actual counts have in-
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dicated that the male guards nests which contain, on the average, ap
proximately 2,400 eggs, contributed by several females. New eggs are 
continually added to a nest as the advanced eggs hatch. How long one 
of the polygamous males maintains a nest has not been determined. 
The spawning season extends from the latter part of May through 
August. The incubation period was noted as 8 to 9 days at an average 
water temperature of 82 degrees F. and 13 to 15 days at an average 
water temperature of 75 degrees F. Most attempts to hatch the eggs 
in aerated jars and aquaria have thus far been unsuccessful. 

Among blunt-nosed minnow populations, there is a wide variation in 
size of fishes at the end of the first summer of life, due chiefly to the 
very long spawning season. Among the young reared at "Schuil 
Acres" during 1934 (Table 2), the greater rate of growth of the males 
over the females (a phenomenon first recorded by Van Cleave and 
Markus, 1929) was first manifest at a standard length of 30 to 35 
millimeters ( Figure 3). 

The larger young of both sexes spawn early in their second summer 
of life; many of the smaller young spawn late in their second year, but 
it is doubtful if some of the males and females reach maturity before 
their third summer. The range in standard length of females with ripe 
eggs was found to be 40 to 65 mm. and that of breeding males was 
found to be 56 to 84 mm. Some fish of each sex live through four 
summers. These determinations, which will be treated at greater 
length in a later paper, do not agree well with those of Van Cleave 
and Markus. 

Golden shiner-The spawning season of this species extends through 
June, July and the first part of August. The first spawning noted at 
the Schuil pond in 1934 was on June 6 at a water temperature of 69 
degrees F. In the Beach ponds, the eggs ( 1 mm. in diameter) were 
found to be abundant in masses of filamentous algae, while none were 
found on the various types of coarser vegetation ( similar observations 
are recorded by Wiebe, 1935). 

Growth rate studies on 1,058 shiners from 20 Michigan localities 
( natural waters) show that, on the average, this species reaches a total 
length of approximately 3 inches during its second summer, 4 inches 
during its third summer, 4.5 inches during its fourth, and 5.5 inches 
during its sixth. In the section of the Huron River below Ann Arbor, 
enriched by considerable city sewage, the shiner reaches an average 
length of 3 inches at the end of the first summer of life. Females grow 
faster, attain a larger size, and live longer than males. A maximum 
age of eight summers and a maximum total length of approximately 
ten inches was noted for the species. Maturity is usually reached at a 
total length of about 2.5 to 3.5 inches; in localities of rapid growth, 
most fish mature in their second summer, while in localities of slow 
growth, maturity is usually delayed until the third summer. These 
data on the growth rate of golden shiners are given more fully in an 
article to appear in the papers of the Michigan Academy of Sciences. 
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Chub sucker-In the Beach ponds this species displayed considerable 
versatility in the selection of places for egg deposition. The non-ad
hesive eggs (2 mm. in diameter) were found scattered abundantly 
over large and small beds of aquatic moss (Amblystegium riparium), 
among masses of filamentous algae, and among dead grass stubble on 
submerged pieces of sod. The spawning season at the Beach ponds, 
somewhat modified by the method of handling the breeders, lasted for 
about 2 weeks in each pond: the first part of June in one pond, and 
the latter part of June and the first part of July in the other. 

Newly-laid eggs were placed in aerated jars and the 5 to 6 mm. fry 
hatched in 6 to 7 days under water temperatures ranging from 22.5 
degrees to 29.5 degrees C. 

The number of eggs deposited by one female varies approximately 
from 3,000 to 20,000, depending upon the size of the female. Both 
sexes reach maturity in their third summer of life. The chub sucker 
is a rapidly-growing forage fish, attaining a total length of approxi
mately 3 inches in 1 year, 5 inches in 2 years, 6 inches in 3 years, and 
8 inches in 5 years. 

Red-bellied dace-This small minnow, occurring in southern Michi
gan in the extreme southern part of its natural range, is well suited to 
propagation in cool-water ponds. The eggs are normally, and so far 
as observed, deposited entirely in masses of filamentous algae. Several 
times the writer observed a spawning pair or group ( one female and 
several males) dart from one mass of algae to another, performing a 
short spawning embrace, of 2 to 4 seconds duration, in each mass. 
Subsequent examination of each algal mass revealed a few ( 5 to 30) 
non-adhesive eggs scattered through and entangled among the algal 
filaments. The incubation period was noted as 8 to 10 days. Dissec
tion of females has revealed a simultaneous maturity of several hundred 
eggs, and the presence of at least two definite size groups of maturing 
eggs, suggesting that one female spawns at least twice during one sea
son. The spawning season extends from the latter part of May into 
August. Maturity is reached by many individuals in the second sum
mer of life, and some specimens live at least 3 years. 

M enona killifislz-In a small pond at the Lydell Hatchery, the eggs 
of this species were found only in masses of filamentous algae. From 
eggs (2 mm. in diameter) placed in aerated jars, the 6 to 7 mm. fry 
hatched in 11 to 12 days at water temperatures ranging from 72 de
grees F. to 80 degrees F. 

In some localities, both sexes mature first in their third summer of 
life. The females reach a larger size than the males by the third sum
mer, but there is no sex difference in size at the end of the first sum
mer (Table 3). 

OBSERVATIONS ON FORAGE FISHES EATING BASS FRY IN AQUARIA 

At the suggestion of Dr. Carl L. Hubbs, the writer has conducted 
several aquarium experiments on the predation by certain species or 
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forage fishes on smallmouth bass fry. Some of the following observa
tions confirm previous reports to this society; others are new. 

Under experimental aquarium conditions, adult golden shiners read
ily ate bass fry 9, 10.5, and 13 to 17 millimeters in length, while fry 
more than 17 mm. (0.75 inch) long were either too elusive to be 
caught or too large to be eaten by the golden shiners. Blunt-nosed 
minnows readily devoured fry 8 and 10.5 mm. in length, and were 
able to catch and eat fry up to 15 mm. in length. Red-bellied dace 
( Chrosomus eos), 2 to 2.5 inches long, ate bass fry 8 to 9 mm. in 
length. Four to six-inch goldfish readily devoured bass fry 0.5 to 0.75 
inch in length. The addition of the blunt-nosed minnow and the red
bellied dace ( two species with very small mouths) to the list of forage 
fishes which can eat bass fry suggests that almost all minnows are able 
to include newly-hatched_ bass fry in their diet. What the various 
forage species do eat in natural waters and in hatchery ponds, and 
not what they are able to catch and devour under experimental aquar
ium conditions, is, of course, the important issue. Observations at the 
Northville Hatchery of the U. S. Bureau of Fisheries, where blunt
nosed minnows are used in bass-rearing ponds, have failed to indicate 
that this species consumes bass fry under hatchery pond conditions. 
Fifteen two- to three-inch minows seined on May 30, 1934, from pond 
A in which there were many fry as small as 12 mm. in length, and 
36 two- to three-inch minnows seined on June 1, 1935, from pond R 
containing fry 9 to 12 mm. in length, contained no bass fry remains in 
their stomachs. 
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Some of the resulta of the fora5e fish 1nwatigat1ona. oonduoted. by the writer dUJ"ing 

the past two yeara for the Inatitute tor 1-ishariea .Hoaenrch ot the Miohi~an Depa.rtraent ot 

Conservation, constitute the subject atter of this psper. The 1zweatige.tions have incl,1dech 

(1) the expar1i:sental propagation or. certaiu !'orage epeeha in pond•• (2) obaonationa on 

the life histories of certain 1peoie■ in natUl"al ntera ud 1n tataht>ry and other rearing 

ponds, and. (3) -.r experiments at the Instit11te. Laboratory 1n the !JuHWJl of Zoology or the 

University of M'.1ohigtm. 

Propagation experblenta 

Durln,; 1934 the writer cooperated w1 th the late IIenry A. SohuU in oonduot~ certain 

propagation experiments on ab specie■ of i'orage fisho at "Sohuil Acre•"• an experimental 

J"flf:)ring atat1ou which he had conetruote4 at t,rand Hap1da, and which at this time was 

operated under the Department of (,onaervat1on. Durill{'; 1935 the following exparimente were 

oonduct•ch the ::)rope.ge.tion of the natern golden shiner (Jiotemigonua o_ryaoleucaa auratue) 

and the chub suelcer {~iDgrzon sucetta lcennerl1i) in twt, trout-rearing pond•• owned by u. 

Sidney ll•oh. at H1ghlan4. Oakland. County, Mieh13ana propagation ot the northern red-bellied 

dace (Chroaoai•~) in a single pond at the Drayton Plaine ete.te f'iah hatchery, and pro• 

pag;ation of' the bluntno-4 minnow {!:Yb9!:hznohu~ notatu1) and the northern h.theaded minnow 

(£,iM,P~.l!,! eromelu £~1!',s) in a ain;;le pond at Utice• Macomb County. Michigu. Although 

oomplete reaulta are not yet anilable on all of the 1936 6xper1118Uta. sufricient inforr•tion 

baa been obtained to justify mentioning theae o.xperimenta. 

•schuil Acre•"• 195,! 

lhe Schuil 11tation conaiated of a soriea or 5 artifi.cial ponds• situated &long the 

banks of o. small stream. Durin.~ the early apr-ini th+mpty pond baeina were fertilbed, with 
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a total ot 'I .200 powida or oow anv• and zoo pounda ot aheep manure ( total oan. $26.'10). 

The water aupply ror t.he ponda oone18te4 ot '"pa.;e trom th• adjaoent at.ream and from. under

ground spring•• The ditf'erent awnmt of SPl"Ul/6 aeepage into the ponde •• re:f'leeted 1n the 

wide difference in wate .. t.lpill"Gturoa of the pow.ta during the lt\lllllll9r (Table 1). 

Varioua phyaioal data on the pond•• take. during tho courH or the oxperi•nt•• aro 

nmar11ed 1D Table 1 and FL,;ure 1. All ponda •intainecl an &bundaat growth ot Chara, 

and pOllda 6, 6 and 7 alao auppol'te4 • oousideftblo growth of tilaaeatou algae. 

Sis apeeiea were ueed tor the propagation. a:pei"i.aenta in the tiff pouda. naal7t the 

blunt-noNCl minnow (Dybor!!l'!!hwl notatua) in pond a. the Yenona killitilh (Fundulua 

!!,•eht.nus Mncma) in pond 51 the northern red•b9ll1ed dace (ChroHIIWI •oa) in pond 7• the 

weetern ~olden shiner (lfoteaigtnwa orzaoleuoaa auratu•) 1n ponds. and both the common 

shiner (Motropie oOl"Dutua e!!!7!ooephllU;1) e.nd the horny-headed chub (NONll1a b~tua} 

in pond 4e The ooamou shine!" and. tM h~ded chub wre u.aed tecether 111 the one pon4 

as an attempt to take e.dftntage ot the aymbiot1o spawnini relationm1p which oooura naturally. 

in sou loealitiH• between theae two apectea (Renldnaon, 1912). Varioua spawning 4ffioee 

were inatalled 111 th• pond uaetl tor th• blmn-aoaed mimwn. The maber a.nd ab• nm1.;• 

ot th• breeder■ pqt 111 each pend dm'iag th• eprbJg are indioatecl in Table 1. 
ed 

'.1.'hrt>ughou.\ the sumer the na poplll.ation ot ea.oh pOll4 •• red daily using oooktag 

cofflmftl and oatmeal (216 pcunda) llixed with bone meal (800 pounda) and clam me&l (400 

pounds). 'rh.3 816 pot.and.a ot t"4 used dunng the en.tire 8l.llllll9.P repreaented a ooat of $3'.75. 

Tho coat of tert111zer and teed tor the @ntire expert.Mat fts approxbately t12.oo per pond. 

Tho coanon ■h1nora and th<t honq-head.ecl ehuba in pond , prod\lOed no youni;J th!"oughOll'b 

the ettt:iN aua:i.er ·there wre ao 1ad1oat1ou ot attempted spawning. But sine• the water 

in pond 4 •• probably too cold (att&Wng a mast.mum of slightly OYer 60°F. tor only a few 

day■ during the entire awmaH•) to pendt spa.wniag by theae t'ft apeet.•• thb evidence 1a 

not su.ffio ient to prcrve that theao naturally ltreat•apa:m:d0t; apeoiee will not reproduce in 

ponds. 'I'h.e other 4 specie• weN uueoeashlly propagated (data k;iftn in Table 1 and Pigure 

2). 'l'he ponda utre drained late in the .fall and • random eampl8 from taut total population 

of' ea.eh pond 111&a preaen'Od for s tuq. 



Table 1. Data on the minnow propagation expe,·iments at 11 Sehuil Acrea• dilrlng 1934. 

Brood 'stook Young produced Data OB fODO - '. •-------
Species 'l'otal 2•r aore Av•• dally (2 P .. ~.) water 

N\lr.lber length• Number We19ht. Pond Ar•• ~• in de,rcea F. 
iuchea lb•• No. acre• Ma:, June uly .Aug. Sept, May is to 

(23• (1- Sept. 28 

Uporfu#~ti.• 
31) • _ ~3) . , .. 

uotatua 760 2 to S.S 104,800 250 8 .19 '12 18 19 'IS 61 1, 
Fundulua 
d.1a2baaua 

3461 !llfton& 2 to 8 79,900 78 6 .1a 10 '14 11 71 6'1 71 

Chroa01DU8 
•01 2,700 1.3 to 1.2 12s.ooo MO '1 el6 73 18 79 75 69 76 -

Mot!!!Jsouua 
~r.zso,le\le&a 
auratua 84 4.5 to 7 42,900 60 .15 61 67 68 61 62 

!!,tropia 
COl"D.UtWI 

~§•oo!£halua 145 a.s to? •••• • ••• 

Nooomia 4 .16 58 59 59 59 56 58 
bi5uttntua es 4 to 7 •••• •••• 

l 71% feme.l••• 



Table I. Size rrequenoiee of ycrunz; "minnows" in 1;he random samples obtained f'rc,:·n t,he 
"Sohuil Acre~ experiments 

standard7rb~ohue- . ·--~f~\lndiiiu·i ' 
len;.;th• Foraa lea :Maiei r~et:iaieii 

Notemf~onusl:-----
, • 1 --~-

Both Jdas Vemalo:s 
• ..... 'chro'aomua t ' 

ilath MaleeFet-11-in_l_o_a 
80%88 SE!IX9S 

lo 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
2$ 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
M 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
IO 
51 
52 
53 
54 
55 
56 
57 
513 
59 
60 
61 
62 
63 
64 

•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• ..... 

•... ----.-. ;;-~-:: .---~-~r-·-· ·-·-· .-· --.-;-:----~---;;~-;----.-.-.. -.. ~-::::--::.~ .-.--

Total 
Moan leu.:;th 

•••• 
•••• 
2 
a 

16 
22 
so 
39 
43 
41 
36 
35 
36 
SB 
31 
26 
28 
27 
26 
28 
20 
19 
11 
13 
14 
12 

8 
10 

9 
11 
10 
10 
13 
14 
13 
16 
21 
26 
22 
13 
14 
15 

7 
5 
4 
l 

838 
aa.4 

• ••• 
•••• 
• ••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
• ••• 
5 

12 
14 
24 
37 
42 
41 
18 
51 
46 
45 
35 
34 
40 
56 
52 
66 
00 
53 
40 
26 
20 
12 

3 
2 

•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•• • • 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
862 
33.0 

•••• 
•••• 
l 

• ••• 
2 
a 
s 
4 
a 
9 
9 

19 
22 
25 
20 
23 
22 
15 
18 
21 
22 
20 
15 

9 
9 
6 
6 
3 
4 

•••• 
•••• 
•••• 
1 
1 

•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 

••• • 
•••• 
•••• 
•••• 
•••• ..... 
•••• 
316 
27.3 

•••• 
•••• 
•••• 
•••• 
•••• s 
3 
4 
8 
9 

16 
17 
26 
24 
20 
16 
11 
18 
23 
20 
18 
12 
13 
14 
13 

8 
6 
6 
2 
1 
a 
l 

•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 

• ♦ •• 

•••• 
•••• 

•• • • 
•••• 
•••• 
•••• 
314 
27.5 

1 
3 
5 
3 

12 
10 
11 
14 
18 

6 
12 
5 

10 
1 
9 
8 
1 
l 
5 

10 
11 
13 

11 
9 

19 
2S 
16 
30 
29 
M 
33 
20 
23 
18 
17 
14 

5 
4 
4 

•••• 
•••• 
•••• 
•••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
• ••• 
•••• 
• ••• 

• ••• 
•••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•·• .. 
•••• 
•••• 
•••• 
•••• 
1 ., 
6 

18 
19 
16 
10 
e 

14 
11 
12 
8 
a 

•••• 
•••• 
•••• 
•••• 
• ••• 
• ••• 
• ••• 
•••• 
•••• 
• ••• 
• ••• 
•••• 
•••• 
• ••• .. ... 
•••• 
• ••• 
111 
40.1 

• ••• 
•••• 
• ••• 
•••• 
•••• 
•·• .. 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
12 
16 
10 
12 

uo 
18 
2S 
14 

9 
7 
5 
e 

2 
4 
4 

• ••• 
• ••• 
•••• 
• ••• 
• ••• 
• ••• 
• ••• 
• ••• 
• •••• 
•••• 
• ••• 
• ••• 
•••• 
•••• 
•••• 
152 
40.4 

• ••• 
•••• 
•••• 
• ••• 
•••• . •·•. 
• ••• 
• ••• 
•••• 
• ••• 
•••• 
• ••• 
•••• 
l 
1 
1 
2 
3 
2 

•••• 
1 
l 
1 
1 
3 
4 
5 
4 
1 

10 
9 
a 
6 
7 
5 
i 

14 
11 

9 
9 
7 
8 
7 
8 

10 
9 
5 
3 
4 
3 
l 
1 

• ••• 
• ••• 
198 
46.4 

•••• 
• ••• 
• ••• 
•••• 
• ••• 
• ••• 
• ••• 
• ••• 
• ••• 
•••• 
• ••• 
•••• 
• ••• 
• ••• 
• ••• 
•••• 
• ••• 
• ••• 
• ••• 
•••• 
•••• 
• ••• 
• ••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
•••• 
6 
3 
l 
2 
4 
a 
6 
4 
5 
4 
4 
2 
3 
5 
4 
s 
2 
s 
2 

• ••• 
l 

•••• 
• ••• 
71 
so.e 

• ~I •• 

•o•• 
•o•• ..... 
•o•• 
• 0- •• 

• •••• . ·~ .. . , ... 
. ., .. 
.,, .. . , ... 
• If •• . , ... 
• ••• .I ..• . , ... 
• ••• 
• ••• 
• ••• 
•••• 
• ••• 
• ••• 
• ••• 
• ••• 
•••• 
• ••• 
• ••• 
•••• 
• ••• 

5 
:2 
s 
s 

' G 
5 
5 

' 5 
4 
6 
5 
5 
5 
2 
1 
l 
l 
l 

• ••• 
• ••• 
• ••• 
71 
so.a r ---·- . -- .. ·-·· •-·--, ... , ... __ .. _______ ___ 

The dfiltl\ for_, the two" sexes are combined in tl1~ graph, duo~ aoourat.o eex determiM tions 
were im:posdole on t11.e smller spoci.l!llilns,. and ainoe there 1s no sex dif'f,·lrance in let ~th 
in the lare;l!»l" epecS.:mens • 1+., 
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The le-ngth•tNqUftey diatributiou ot the young minnow• in these random aampln are 

given 1n Table 2 and Ftgurea 3, 4, 5 end e. The bimodality or the leagth•trequenoy OUl"Vel 

of the yO\l'Dg !l'!!!rhY!;!h'LU! (Fig. 3), 1'\mdulua (F~. 4), and Ch.roeo1111& (Fig. 5) produced in 

pond.a s. 5, and 7, respectively, pre&Um'Ably l"i!lteulted hem a coanon ca.use. 'i'he moet obTioua 

upla.nation for this apparently abnormal bilaodal aize distribution ia that the •in spawning 

•••on of these thrM ep,ci••• !mown to have oocurred from the middle of Jae through July• 

wae retarded considerably during the NOond week of July by low water temperatures (Fit;Ur• l). 

Thie bhtodaU. ty is 10 marked in Pigur•• $ and 5 ae to oJTOneou aly 11uggeat two-year classes. 

'!'he wide d1f'teJ"enOea in production (both ln numhera and in weight) obta1ne4 with th••• 

4 speciee in the 4 pond.a •• certainly due more to diaaillilar enrironmental oonditiou in 

the ponda than to inherent difhrenna in tho potential prod:i.>.ctivity ot the specie1 used.. 

The golden ahiner, propa~t•d in the coldest ot the 4 pond•• gave the poorest produetie 

ot the 4 spoei••• yet 1n 19:SS this species wa..e prope.g:at.4 4n a preaumbl7 -.rmer pond 

at the Sehutl station at tlw rate of' 236,.000 per a.ore, and a.t a comparable rate in the 

we.rmer ponda or the u. s. aurea.u. ot I11ahcriee station at f'ail"port, tows (Wiebo. 1935). The 

production per acre tor the 4 panda •• closely correlate4 with the anrage water tamp•ra

tl.U'e tor the aoaa('ll ( Fig. 2), and with tho Nlative a.l:nmdtuJ.ee of aquatic inv-ortebratee 

(shrimp, may-fly ~hf', chironomide, ga,1tropcdo, etc.). The protluot1oru, obtained with the 

Nd•belU.e4 dace e.nd the Merl.OD k1111:t1ah indicate that these apeoiea might well be addn 

to the list or fol"S.;;;e .fishes suitable for pond propa.g.'.,tion. It is believed ths.t even better 

productions, than indicated lwr•, can be obtained w1 th these two speol• • 

~th.er proe!iia tlen !5:Wi~J.!-

The two spring-tad pouda (3 and 5 acres) at Highlarul are operated by Mr. Beach tor 

rearin,; tl"Otlt and pro~at1ni;; bait mimiow•• A CotlSiderable exwnt of wam....,ter ahallowa 

with Etbundant aquatic vegetllltion (Potomo_z;eto~• Chara• al~•• etc.) in each pond prOTidea 

suitable habitat for the minnows. In addition to the game fish, each pond received brood 

stocks ot ~olden shiners and chub sookora {!J'!:&!on sucetta kemierlU) durin; the spring ot 

1935. Although data on the actual produetion oi' shiners and suekera in the two ponds b 

not yet available, it can be stated that both ponds will yield large productions of' ~olden 
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ehinera, but relatiNly very poor production• or chub sucker• in spite of an abundant 

reproduction. llr. Sohuil baa bad a similar experienee in propagating thi• sucker in om 
which ~)'Jained d large- size, 

of the pond.a at "Sehuil Acres"• obtaining relntinly fn !'islJJduriiij; the f'irst year. 

DuriDti; 1935, propagation ot the northern red•bellied da~ (Chroaoaua eoa) na attempted -----
1n a o.a acre pond at the Drayton Pl.aim hatchery. The la.ck of' a water supply tor the 

pond, and the abundance ot aquatic planta ( Chara, Potomo4etoa, and ruamentoua and oolnial 

J•latinoua •lts••) reaulted in Yirtual etagu.tion of the pond Wlltor, which min.ta1ne4 a 
ot 

■lightly ntilq appearanoe throughout the SWIID9r. Spawning tbe dao• •• obaened, and egg1 

wen tound, only in a very 11ml wd paJ"t of' the pond where a llii;;ht aeepa,1• of fresh •tel" 

entered the pond. ,'la.pr tempontn.trea rang1~ trom 79• to 91 • , • were recorded dUJ"i~ the 

■UBDer. The productiou from thia experiment waa negligible. Corapari~ this experiment 

with the aucoeaatul propaptton of the daee 1n the Sohuil pond• th.& writor 11 certain that 

the failure of the daoe to nprod.uee in the Drayton Plaim pond na due to -.ter &taii;lllltioa, 

and that either relatively cool or ru.nning ater 18 neoeaary tor the prope.6at1on of this 

A 0.25 acre. qldto barre pond looat.d in an abandoned ;;ra,rel pit at Utica •• stocnd 

with both blunt-ncae4 and "''at-headN. miimon during June. 1935. 1'he ezporimnt 1• or 

interest in that it demoaatratea what production can be expeowd 1n a pond of very low 

fertility. Durin,g the see.eon the pond produoed• per a.ore. an sstiate of' approximately 

100.000 Tery small .flab weighing leaa than 50 pounda (a fairly good production in nuabera 

but a poor produotion in weight). By A~uat 26• only a ffl'fl ot the y0t1ng or. each speoiea 

had attained a total l•n&th ot 1..6 inches. At the pren.iling rat. of growth, fn epeeimene 

would have reached maturity before their third BU2111\er of Ure. 

Lite History obaer'f'fltiona beari~~ on the culture ot 
· certain forage fiahea 

The following life history obeervation1 are mentioned because or their bearing on the 

cultW"Ct of o•rtain rorag• f.ism,a. Since thue observations have buea. ma.de enti"lY on fiah 

1n JH.chlgan waters. chiefly ln the 1outhom pa.rt cf the Lower Peain.aula• they l'B4\Y not apply 



-1-

area.a with different olimatic cODditiona. 

The he.bit of the blw.rt-rio"d. minnow of' placing 1ta egge on t..he under•itt. ot aubmerged 

objeot1 ie well known to moat r ish oulturista. It has bun point.4 out by Hanld.uon { 1919) • 

llubba (1934),. and other•• that object• of' Wide ran_;o in character are utilised.. The objeota, 

observed by the writer to contain blunt-aoa•d minnow Mat•• 1nolude boards, lo6a, railroad 

t1ea, rook•• bouldera, brioa, piece, ot crook and tile., tin oana, pieoee of sheet metal 

aueh aa automobile paneling., ■tripe or bark• tree limba and pieoes of tar paper. 

'l'he blu.nt-noaecl minnow pret•r•• tor ita neat, a flat object lying directly upon the 

bott-., under which the male exoantea a cavity. 'fhe mwl•bottomed shoal.a are entirely 

a.voided by tho ■pawning fiahJ the ,and-bottomed shoe.la are defta1toly preterred. Nesta han 

e.lao been f'o'lm4 OB marl•bottome4 lake ahoala. Water depth.I ot leas than three f'eet are 

preferred., but the speciea will spawa in water as deep ae eight teet if apawni~~ f'acUit1•• 

in eballn watw are inadquate. 

A sin,;le female lay• from 200 to 500 eggs at one tlm and probably apaaa 2 or more 

time■ during a single ■eaacm. Actual 00W1ta have indicated that the male guard.a nesta 

which contain, on the avere.1::;e, approximately 2400 egga, ooatrib\lte4 by several r.._l••• 

New eg.,;a are continually added to a neat tUJ the e.dt'anoed egg• hateh. Bow long one or the 

polygamous malea maintain.a a noat haa not been dotemined. The spawning season exwnd.1 

tr-om the latter part of May thro~h A~;uet. 'l'he incubation pffiod. was noted •• 8 to 9 

days at o.n averat,o water tapen.ture ot 82°F. e.ncl 11 to 15 daya at an avenge •ter 

temperature of 75°Fe Moat attempt& to hatch the •~• in a•rated jars and aquaria have thua 

Amontl blunt-noeed minnow population.a, theN ia a wide variation in abe of fbhea at 

the end of the tiret IWllmW or lif•• due chietly to the ver,1 long spuming a-.ao11. Among 

the young reared at Schuil Aorea dvin~ 1934 (Table 2),the greater rate or growth ot the 

ma.lee over the tN1&l&e {a phanOllltnon tirn J"eoorded) by Van Clea'ft and H&rkue, 1~?29) wae 
\ 1 

t"iret aniteat at a standard length ot 30 to 85 milUmetera (Figure I). 
/\ 

The larger young of both aexee epe.wn early in their aeoond awaer or Ure: many of the 
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smaller ., youiag ■pawn late ln t;heir second yM.r• hut it 1a doubtt'tll u• all or the males 

and temalee Ne.Ch •tlU"ity bof'or• their third ellJIDtQ" • The range in etandar4 length of 

teal•• with ripe eggs waa found to be 40 6a 66 tnf the range in dse or breeding ma.lei 

'ft.a found to ma 56 to M ma. in standarcl length. Sma fish of ea.oh •• li.,.. through tour 

smiaor,. 'I'heae determiilationa. which will be treated at fr.:1"$$tel" leng1.h ln a later paper, 

d.o not agree wll with thoa• ot Van Clean and V&rkwt. 

Golua ahineF 

the apaaing MAaon of th1e specie■ •sten4\• th.l-01.tgh Jun•• July- and the tir•t part ot 

August;. The tirat •pawn.lng noted. at tho Soh\111 pond 1n 1934 •• oa J.,.. 6 at a •wr 

temp en.tun ot et•r. Ia ti. leHh pond•• the egga (1 ma 1n dia:aeter) wre .fouad abundantly 

in maaaea of tilameutoue a1'a•• none cm the ftr1oua types of ooax•aw- Tegetation (abl1lar 

obsenations a~ recorded by wte'N, 1915}. 

Gnm1:lh rate stud.le• on 1068 ahinel"I t!'U11 20 W.cb1$u. loo»U:tlea (natural water1) ahow 

tM.t• on the aTerae;•• th11 apeo1•• r••h•• a total 1~ of approxi•tely 8 inct.1 durin& 

i'ta ffOOnd &U1m1Der, 4 1ncbea dttrbag 1ta third ... .,.. ,.a 1:n.chea during lte fourth• and 

s.e luohff du.riag its sixth• Ia the eeetioa ot the Bvcm. Riv•r bel• Au. Arbor• enrtohH 

'b:t oonaiderablo city anage, the ahu•r rn.ohee an avenge longth ot I inch•• at th.fl nd ot 

the tirat a1.1111m1tr- of Ut•• F-.1•• grow taater. grow to a larger she, a.nd live longer 

than •l••• A -.:d.111& a.i;e ot e~ht atmll\lMll"a and a maxtmr&m total length ot approximately 

ten iuclwa •• notff. tor tho 1peoie1. llaturity ia uaually reaohed a-t a total length or 
about 2.S to 1.5 tncheaJ in looalitiq of rapid growth, aost tilh •tun in their aeooncl 

aWllllf»"• llh11• in loc&litiu or slow growth, maturity i• ueually d•lared until tho ~ird 

SUD'!lfll"• The .. da.ta on the grc:,rih nte of 5olden ah1nere are g1~:en more tl.1117 in a paper 

bein& bsued by the Michigan Academy ot Seleaoa•• 

Chub aueker 

In the Beach pcmda thia apMiea diaple.yed. oonaiderable verNtility 1n the eeleetion 

of places ror egg dapoeltlon. 'th• non..,.dheaiN agge (2 1IIID• 1A diameter, were found scattered 

abundantly over lat'~ and aall be4a ot aquatio mos• (.Amblntegbn i:1,PIU1;um), among ••ee• 
of :f'i lamentoua alga•• and UODg dead graaa atubbie on eubaerged pieoea of sod. The apall'A1Dg 
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aeaaon at the Beach pond.a, aomewha t aoditied. by the athod ot handling the breeder,, lasted 

tor about 2 weeb 1n eaoh pond• the firet part or Juae in one pond, and the latte!" pa.rt of 

June and the N.r at pert or July ln t; he othM'. 

Newly-laid egga Wt!)r• plaeed in aeeated jara and the 5 to 6 mm triJ batched in 6 to 7 

days Wider a;er temperetur•• nnging hos 22.s 0 to 29.s• . 

'l'be maber ot egga depoaited. by one t.-.le n.ri .. app :nately trom 1,000 to 20,000, 

depending upon the sl1e of the tema.le., Both suoa nach m. urity in their third auan.er ot 
grOJJlng 

life. The ohtib eueker ie a rapidly'\ forage ts.ab.. attaining a total lfH1e.,...-th ot e.ppro:dmately 

8 inches in 1 JeVe 5 inohee in 2 years, G inches bl 3 years, and. 8 inch•• 1n 6 years. 

This elmlll minnow, occurring in 80\:lthern Hich1saa in the extreme aouthern part of' 1te 

na'bW"8.l re.a,~•• 1a well suited to propagation S.n oool•water pends. Trut ogga are normally 
~»b"re.)r , 

and so far •• obHl'ftd depositHd.n m.aaee or t1lam:ontoua algae. Strferal thle• the writer 

obaened a spawning pair or group (one r...1e and aenn.l malq) dart tram one ••a ot 

algae to another, perfondng a .rt ap&ffltln,.; embNM, or 2 to 4 aeoonde lltmltion, in ea.oh 

•••• Subaequent nalli:natlon ot ea.eh al~ ••• revea.lect a tn (6 to 30) non-adhealft egg1 

aeatteHcl through and entangled among the a.l~•l .tilalMUta. The inouJMtloa period•• notecl 

aa 8 to 10 de.ya. D1aaect1on ot temaloa baa mu.led a aimultauoua maturity cf several 

htll3d.l-ed egge, and the preaenoe of at lee.st two definite silo gl'Oupa or me.turiJJe egga, sug• 

gestiog th&, one temale a,pci-. at lea.at twioe during one aeaaon. 'I'he spa:wnins a•eon ex• 

hnona Jdllit'iah 

In a aall pond at the tydell Hatohery, the egc;a ot thia speciea were f'ound. only in 

ma1aea or tilamentoua al,;••• From 8&&& (2 mJ1J 1n di..,tel') plaM4 in urated. jue, the 6 

to '1 ma. try hatdhed 1a 11 to 12 deya at water temperatul'es ranging from 12•1. to 80°F. 

In at lea.at •- looalitie•• .- both aexea mature first in their third sum:aer ot life,. 

The f'emalea N&Ch a larger aise than the malea by the third summer, but there ii no an 

ditfennce in 111• at the end or the tirat ltlmmer (Tabl• a}. 
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Obaal"fttione on fora&• fishes satin; bass try in 

a.quarto. 

experimnta Ml ·the predation by carte.in a:peciee of tora,;e fielwa on small.mouth baH try. 

some of the tollowin;:;; oburvations confirm previoua report.a to this eocd.etyJ others e.re 

Under u-~rtmental aquarium conditiona, uult 5oldon 1hin$r1 wa4ily ate baas try 

s. 10.1., and. 13 to lf millimtera 1n leng'bh• while try more than 11 ma. (0.76 inch) long 

-Bluntnosed milm.owa Nadily devmtl"-4 r-r:, a ud 10.5 •• in len.,~th• and were able to oatell and 

eat rr., up to 15 -.. iu l@gth., 2 to 2,5 inch lo~ red-bltllie~oe (Chf'osomw1 •u>s), ate baa& 
' -

try- 8 to 9 mm, in length, Fot.tJ' w ab: inch ~oldfiah readily d.evo1.lf'ed baas try 0.5 to o.n; 

1.noh ta length. The addition Qf the bluat-z,.oee4 ainnow and th• red-bellied dao.e (two 

apeoiq with v.ey small moutb.1) ta the list of to.rats• :N.shes which can eat be.aaf'r;y aiaggests 

that alwoat all 111:anan a.~ able to inolu4- runrl.7-hatohed baas try in tho1r diet. What 

wheNt bl\U'lt,...n,csed m.irm-tffl's t.re used in bass-~rin; ponds• havo failed to indioato that 
s 

thia 11peoies eenaea be.as rr:, under hatchery pond conditions. ri.fteen two- to threo-inchef 
~ I 

minnowe seined. on Ha.y 30, 1934• from pcmd A in which there wore many try as small as 12 •• 

in le~th., fmd 16 two- to three-in4h adm:iows eein<td on Juu 1. 19&> troa pond 11 containing 

1919 :tiotea on the I,ife•historiee o.f Illinois fl.ah. Trans. Ill. State A.cad. of 
Sol., Vol. 12, PP• 132•1$0• 

1932 Obaez'Vftt ions on the Broeding vehav1or end Habitats of Fishoa in South~rn Y.ichi~e.:i. 
Pap. Mich. Acad. sc1 •• Ju-ts, and 1.et;ters. vol. 15, 19511 PP• 411-426. 

Hubba, Carl Le 
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U}29. £.t~dioa on the Li.f'e History of t:·u, !3lunt-wsed Minnow. .,\!Aericnn Naturaliat, 
Tol. ss. PP• Sso-539. 

1936. The Pond Culture or Ble.ck aaaa. Bull. ffo. a, Diviaion or r.duoation and 
R•!loearoh, Jam9, Y.hh and Oyater coima., .Auat1n, •r•••• 
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