SOME RESULTS OF FORAGE FISH INVESTIGATIONS IN
MICHIGAN

GeraLp P. CooprEr

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.

ProraGATION 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 (Notemigonus 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 (Chrosomus 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 “Schuil 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 (Hyborhynchus 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 (Notemigonus crysolencas auratus) in pond 3, and both
the common shiner (Notropis cornutus chrysocephalus) and the horny-
headed chub (Nocomis 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, Hyborhynchus —Fundulus— ——Chr 1 =——Notemi 1
mm. Males Females Males Females Both  Males Females Both  Males Females
sexes sexes
10 — — J— — 1 —_— — — J— —
11 J— o — j— 1 — —_— — i _
12 I — — - 3 —_— — — —_ —_—
13 — — 1 —- 5 — — — — -—
14 o — . — 3 . — _ —_ —_
15 — —_— 2 —- 12 — —- — p— J—
16 —_ — 2 3 10 —— — — — —
17 . — 3 3 11 — J— — — —
18 — S 4 4 14 — . i —_— —_—
19 — —_— 8 8 18 . —_ — —_ —_—
20 — — 9 9 6 — —— —_ —_ —_—
21 2 5 9 16 12 J— — o — —_—
22 6 12 19 17 5 ——— _ . —_ —
23 16 14 22 26 10 — — - — —
24 22 24 25 24 7 — _— 1 — —_
25 30 37 20 20 9 — — 1 — _
26 39 42 23 15 8 [ — 1 — —
27 43 41 22 13 1 a . 2 — —_
28 41 38 15 18 1 — e 3 —_ -
29 35 51 18 23 5 — — 2 — —
30 35 46 21 20 10 — - e —_— J—
31 36 45 22 18 11 — — 1 — .
32 35 35 20 12 13 —_ — 1 — —
33 31 34 13 13 11 — — 1 — —_
34 26 48 9 14 9 — — 1 — —
35 28 56 9 13 19 7 12 3 — —
36 27 52 6 8 23 7 16 4 — —
37 26 66 5 6 16 6 10 5 — —_
38 23 60 3 5 30 18 12 4 — —
39 20 53 4 2 29 19 10 7 — J—
40 19 40 o 1 34 16 18 10 — J—
41 17 26 . 2 33 10 23 9 — —
42 13 20 ——- 1 20 6 14 8 5 3
43 14 12 1 — 23 14 9 5 3 2
44 12 3 1 I 18 11 7 7 1 6
45 8 2 — o 17 12 5 5 2 3
46 10 - — — 14 8 6 8 4 4
47 9 . — — 5 3 2 14 8 6
48 11 —- — — 4 o 4 11 6 5
49 10 — — —_ 4 — 4 9 4 5
50 10 J— _— — — — — 9 5 4
51 13 — — — — — - 7 4 3
52 14 . _— — — — . 8 4 4
53 13 — — — — — — 7 2 5
54 16 — — — J— — — 8 3 5
55 21 — - . — — — 10 5 5
56 26 — — — — — - 9 4 5
57 22 —_— —_ —_— —- — — 5 3 2
58 13 — J— . — — — 3 2 1
59 14 J— — — —_— _ —— 4 3 1
60 15 — ——m —_ — — —nam 3 2 1
61 7 _ —— — — — 1 — 1
62 5 — —_ —_— — —_ 1 1 —
63 4 — — — —_ — — — —
64 1 —— . — — — — J— J— [
Total 838 862 316 314 485 137 152 198 71 71

M’n length 38.4 33.0 27.3 27.5 33.5 40.7 40.4 46.4 50.6 50.2

1The 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 in 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 1.
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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 Chrosomus (Fig. 5) produced in
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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 cent 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 times
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, Jowa (Wiebe, 1935). The
production per acre for the 4 ponds was closely correlated 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-
stderable extent of warm-water shallows with abundant aquatic vege-
tation (Potomogeton, 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 kemnerlir) 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 eos) 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-
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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
50 pounds (a fairly good production m 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.

Lire History OBSERVATION BEARING ON THE CULTURE oF CERTAIN
Forace F1sHES

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 fromm 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.

Menona kilifish—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 FisuEs EaTing Bass FrRy 1IN AQUARIA

At the suggestion of Dr. Carl L. Hubbs, the writer has conducted
several aquarium experiments on the predation by certain species of
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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. Qbservations 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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B0Wk RESULIS OF Tnk FOLAGE 7180 INVEITIGATIONS IN MICHTWAR

Gerald P, Cooper
Institute for i'isheries iesearch, Xichi.sn Jepartment
of Conservation, and University of Hichizan

Some of the reaults of the foraze fish investigstions, comducted by the writer during
the past two years for the Institute for iisherles Hesearch of the iichijzan iepartment of
Couservation, conetitute the subject matter of this paper. The investizetione have inecluded:
(1) the exparimental propagation of certain forage species in ponds, (2) cbaervatiocus on
the life histories of certain gpecies in natural waters and in mtshory end other rearing
ponds, and (3) &lew experiments at the Institute lLaborstory in the Yuseum of Zoology of the
University of Michigan,

Propazation experiments

During 1934 the writer cosperated with the late Henry A. Schull in oconducting osrtain
propagation experimsnts on six species of foraze fishes at "Schuil Acres®, sn exporimental
renrinz staticn which he had constructed st irand sapids, snd which at this time was
operated under the Department of Lonservation, During 1935 the following expsriments were

conducted:s the yrepagetion of the western zoldem shiner (Rutmiionuu erysoleucas auratus)

and the chub sueker (krimyzon sucetts kemnerlii) in two trouterearing ponds, cwned by U,

Sidney Beach, at Hizhland, Oskland County, Hichi;enj propagation of the northern red-bellied

dace (Chrosomms eos) in a sinzle pond at the Drayton Plains state figsh hatcherys and proe

pazation of the bluntnosed minnow (Hyborhynohus notatus) and the northern fatheaded ninnow

(Pimephales promelas promelas) in o sinzle pond at Utica, Macomb County, Michizam. Although

complete results are not yet aveilatle on all of the 1935 éxperiments, sufficiemt informetion
has besn obtained to Justify mentioning these expsrinents.

"Schuil Aeres", 1934

The fchull station consiated of & series of 5 artifteisl ponda, situated elonz the

banks of a small stream. CDurin; the early spring th*mpty pond basins wore fertilized, with
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a total of 7,200 pounds of oow manure and 300 pounds of sheep menure (total cest, $26,70).
The water supply for the ponds sonsisted of geepaze from the adjucent stroam and from undere
ground springse. Ths different amount of spring ssepage into the ponds was reflected in the
wide difference in wate  temperotures of the pouds during the summer (Teble 1),

Various physical data on the ponds, teken durling the course of the experimsnts, are
swmariged in Table 1 and Figure le. All ponds maintained en sbundant zrowth of Charas,
and ponds 5, 6 and 7 also supported a considerable gruwth of filamentous alzee.

Six speeies were used for the propagetion experiments in the five ponds, namelys the

blunte=nosed minnow (liyborhynehus notatus) in pond 8, the Memons killifish (Fundulus

diaphanus menona) in pond 6§, the northern red-bsllied dmee (Chrosomus eos) in pond 7, the

western golden shiner (lotemigonus oryscleuces muratus) in pond 3, end both the common

shiner (Notropis eornutus chrysooephalus) end the hormy-headed chub (Noeemis biguttatus)

in pend 4 The common shloer and the horny=headed chub were used tégether in the one pond

as an ettenpt to take edvantage of the symblotle spawning relsationship which oceurs naturally,
in seme loecalities, between these two species (Hankinson, 1982)., Various spawning devices
wore installed in the pond used for the blunte-nosed minnows. 7The number and size range

of the breeders put in eech pond during the spring are indicated in Teble 1,

Throughout the sumuner the fish population of each pond was fed deily using eookglg
cornmsal and oatmeal (275 pounds) mixed with bome meal (200 pounds) and clam meal (400
pounds)s The 376 pounds of feed used during the ontire mummer represented & cost of £34.75.
The cost of fertiliser snd feed for the entire experiment wes spproximately $12,00 per pond,

The common shinors and tho horay-heanded chubs in pond 4 produced no youngp throughout
the euntire sum:er theore were no indisations of attempted spawning. DBut since the water
in pond 4 was probably too cold (attaining e maximum of slightly over 60°F. for only a few
days during the entire summer) to permit spewning by these two species, this evidence is
not sufficient to prove that these naturally stresmegpewning spsoies will not reproduce ia
pondss The other 4 specles were sucoessfully propazated (date ;iven in Tedble 1 and Figure
2)s The ponds were drained late im the fall and e random samzple from the total population

of each pond was preserved for s tudy.



Table 1. Data on the minnow propagation expe: inents et "Sehuil Acres™ during 1934,
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Ave, dally (2 P.d,) water

Area, temp. in degzroes F, -

acros May June July Auge Sept., May 23 to
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88 4.5 to 7

145 345 t0 7

86 4 to 7

1le3 to 8.2 128,000

104,800 250

79,800 78

240

42,900 60

LI AR J LA R X ]

19 72 78 T8 T3 67 74

18 7O 74 78 71 67 n

ol 78 78 79 76 69 75

o5 683 87 68 67 62 66
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Table 2. Sige frequencies of youny "minnows” in the random semples cbtained fron the
"sSechuil Acre®™ expsriments
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14 seose [ X XX ] [ X N N ] [ XXX ] 3 (X XN ] ov e e [ X N X ] soRe ovee
15 aevse e *2 08 z L X R X ] 12 seoe evee [ XN X J [ X N N J L NN ]
16 480 L NN N ] 8 3 10 erde oNee [ 2 X3 *oBO® onee
17 0o "eooo 3 3 11 i RN ] sowne LR X N ] [ X N ! L RN N )
18 [ X N2 ] [ E X X ] 4 4 14 L X X N ] eveoe0 "ove s000 eee
19 [ XA X ] [ X XX ] 8 B 18 o000 [ X X X J dowa [N N X ] L XU 4
20 000 [ X N X ] 8 9 6 [ X N N J (A X X J [N X N ] o0 e (R X X ]
21 2 5 9 16 lz o0 [X XN} sSons [ X B N1 LN N ]
22 e 12 19 17 5 [ XXX ] [ AR X} LA XN ] [ N N N J *oree
23 16 14 22 28 10 L X R 3 LA X XN ] [ X XX ] [ X2 K ) P00
24 28 24 25 24 7 sese esree 1 esee  enee
25 30 37 20 20 9 oNen [ X R ¥ ] 1 (XN B ] *HDe®
26 39 &2 23 15 B [ X X X J (X XN ] 1 (XX X J [N X ]
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34 36 48 9 14‘ 9 o000 Yeoeoeo 1 [ X NN 3 [ X XN ]
35 28 $6 9 13 19 7 12 3 svee  ewsy
36 27 52 8 8 23 7 16 4 sees  esee
3? 26 66 5 6 16 6 10 5 (X R X ] [ X XN ]
38 23 80 3 b 30 18 12 4 Bese ceen
33 20 53 4 2 29 19 £10 7 eses  seen
40 19 40 eses 1 34 18 18 10 seee  emee
41 17 26 [ X X X J 2 33 10 25 9 LR BN ] [ X KN 3
42 13 20 veue 1 20 6 14 8 5 3
43 14 12 1 enee a3 14 9 ) 3 2
44 12 3 1 esve 18 11 7 7 1 ]
45 8 2 toes  sues 17 12 L] 6 2 5
46 10 (X X X ] [ X B N ] o000 14 8 6 8 4 &
47 g L X BN J [ AR X 2 [ X N N J B 3 2 14 8 6
éa 11 [ X XX} 2900 [ K XX ] 4 fooo 4 11 6 5
49 10 L XX R 1 dooo [ X XN ] 4 [ X XX ] 4 9 4 5
‘O 10 o008 [ X X N J (X X X ] sene .00 aeose 9 5 4
51 13 L XX X ] [ X & N ] [ X R R ] *000 (A KK ] [ XN B ] 7 4 3
52 14 00 L XX N J [ X RN J [E N X ] " 00 [ A KN ] 8 4 4
53 18 oNes LA N ] [ AN X ] anes [ X X X ] [ A X N ] 7 2 5
54 lﬁ [ X XN ] o000 LA N N J [ NN J yeood [ XX ] 8 5 5
55 21 oo e oace yeoes e sSore (X NN ] [ R X ¥ 3 10 5 5
56 26 *aoce [ NN X [ N NN [ X XN ] oeoné L N N7 g 4 5
57 22 800 [ X XK | [ R X ] »a9W L N N J o8 e 5 8 2
58 13 [ X NN ] ‘o0 " eoae oewe LN N ] [ X 2 I Y 3 3 1
59 14 [ X X N ] o0 ®e [ X N N ] [ X N X ] ons e [ XN X 4 8 1
60 15 [ X X X ] [ LR & J o0 [ X N X ] L NN} o0 N0 3 2 1
61 7 [N BN 4000 LA N N ‘hon aesee [N NN 1 aeae 1
62 5 oene oee s 2000 s000 o o0 o000 1 1 LR N N 3
63 4 [ E N N ] vyooeo v o0 [N N J o [ X N R ] [ R X 2 ) [ AKX X} oNON
64 1 [ X N X ] [N XN ) LR NN ] oo oy LN N ] oreh a0 s e See> [ X N N ]
Total 8385 862 316 314 488 137 152 168 71 72
lean longth 364 3340 2743 2746 3345 40,7 40,4 46.4 5046 5042

1 e dete for the two sexee are combined in the graph, since acourate gex deteruins tions

were lmpossible on the smaller specimens, and since there is no sex diffzronce in lenrth
in the largor specimons. ~
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The length~frequency distributions of the younz minnows in these randem samples are
ziven in Teble 2 and Figuree 3, 4, 5 end 6, The bimodality of the lenzthefrequensy curves
of the young Hyborhynehus (Figs 3), Fundulus (Fiz. 4), and Chrosomus (Pize 5) produced in
ponds 5, 5, and 7, respectively, preswsadbly resulted from & common cause. The most obvious
explanation for this apparently ebnormal bimodal size distribution is that the =min spewning
seagson of these thres species, knowm %o have ceccurred from the middle of Jume through July,
wes retarded considerably during the second week of July by low water temperatures (Figure l).
This bimodality is so marked in Fisures 3 and § es to eorronecusly suzsest twoeyear classes.

The wide differences in production (both in rambers end in weight) obtained with these
4 species in the 4 ponds wns certainly dus more to dlssimilar environmental oconditions in
the ponds than to inhsrent differences in the potential productivity of the species used.
The golden shiner, propagated in the coldest of the 4 ponds, geve the poorest production
of the 4 apecies, yot in 1833 thie speciles was propazated 4n a presumsbly warmer pond
at tho Schukl station et the rate of 235,000 per acre, and at a compurable rate in the
wermer pomds of the Us &, Bureau of Fishories station at Fairport, Iowa (Wiobo, 1338). The
production per eere for the 4 ponds was clozoly correlated with the everage water temporse
ture feor the sesmson (Fig; 2), and with the relative sbundenee of aquatic imvortebrates
(sirimp, may~fly nymphg, chironomids, gestropeds, ©%Gs)e 7The productions obtalned with the
red-bellied deoe and the Memonm killifieh indicate that these speocies might well be added
to the list of foraje fishes suiteble for pond propag:tion. It is believed that even better
productions, than indicated here, san be obtained with these two speoiss.

Other propezation experiments

The two spring-fed ponds (3 end 5 acres) st Mighland ere opersted by ¥r, Bemech for
rearin: trout end propagetin; bait minnows. A considerabls extent of warmewater shallows

with sbundent eguatic vegeistion (Potemoreton, Chara, al:zase, ete.) in each pond provides

sultable habitat for the mimnows, In addition to the zame fieh, eaeh pond received broed

stocks of jolden shiners and chub suckers (Erimyzon sucetta kemnerlii) durin: the sprinz of

1935. Although data on the mctual productien of shiners and suckers in the two ponds is

not yet aveilable, it csn be stated that both ponds will yleld large produstions of solden
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ghiners, but relativoly very poor preductions of chub suckers in spite of an sbundant
reproductione Mr, Somil has had a similar experience in propazatin: this sucker in one
whreh aYiarnes a large S/1ze

of the ponds at "Schuil Acres™, obtaining relntively fow fish during the first year,

Iuring 1935, propezation of the northorn redebesllied dace (Chrosomus eo0s) was attempted

in a 0.2 acre pond at the Dreyton Plains hatchery. 7The lack of a watsr supply for the

pond, and the abundance of equatiec plents (Chara, Potomc;etom, and filamentous and colenial

geletinous alzme) resulted in virtusl stagmetion of the pond water, which meintained a
8lizhtly milky appearence throughout the summer, Spamin;rtm dace was obgerved, snd eggs
were found, only in s vory limited part of the pond where s alisht seepaze of fresh water
entorsd the pond. afer temperatures renging from 79° to 91° F, were recorded during the
sumner, The produstion from this experiment wes negligible, Comparing thie experiment
with the sucoesaful propagation of the dece in the Jchuil pond, the writer is certain that
the falilure of the duce to reproduce in the Drayton Plains pond was dus to water staznation,
end that either relatively coel or running water is necessary for the propagation of this
northern, ocoldwwatsr species,

A 0425 acre, quite barren pond located in an abandoned zravel pit at Utlies was stooked
with both bluntencsed and ‘at-headed minnows during June, 1935. The exporiment is of
interest in that it demonatrotes what production can be expeocted in a pond of very low
fertility., During the season the pond produced, per acre, en sstimante of approxizately
100,000 very samll fish weighing less than 50 pounds (& fairly goed production in numbers
but & poor production in weight). By August 2§, only & few of the young of sach species
had attained & total length of 1.6 inches, At the prevailing rete of growth, few specimens

would have resched maturity before their third summer of life.

Life History observetions bearin; on the oculture of
cortain forage fishes

The followins 1life history observations are mentioned beceause of their bearing eon the
culture of certain forage fishes. Since these cbgservetions have been made entirely on fish
in Michizan waters, chiefly in the southorn part of the Lower Peninsula, they mey not apply

in all respects, such ag rate cf growth, aze of maturity) and length of apswning season, to
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areas with different olimatie conditions,

Bluntenoaed minnow

The hebit of the blunt=-nosed minnow of placing 1ts egzs on the underside of submerzed
objects is well known to most fish oulburists. It hes been pointed out by Hankinsen (1919),
Hubbs (1934}, and othors, thet objects of wide ranje in character are utilized. 7The objects,
obegerved by the writer to contein blunt-nosed minnow nests, inolude boards, logs, railroad .
ties, rooks, boulders, bricks, pieces of crook end tile, tin cans, pileces of gheet metal
sueh as autemoblle paneling, strips of berk, tree limbs and pleces of tar paper,

The bluntenosed minnow prefers, for its nsst, a flat objeet lying directly upon the
bottom, under which the male excavates a cevity. The mudebottomed shoals mre entirely
avoided by the spawning fishj the esnd-bottomed shoals are definitely preferred. Nesta heve
glgo been found on marl-bottomed leke shoala, iater depths of less than three feot are
preferred, but the speciss will spawn in water as deep as 8ight feet if spawnin; fucilities
in shallow water are inadguate,

A sin:le female lays from 200 to 500 egzs at on® time and probebly spemms 2 or more
tines during 8 single secgon. Actual oounts have indicated that the male zuaerds nests
which contain, on the svera:e, epproximately 2400 ez:s, contributed by several females.

Hew egzs are continually added to & nest as the advenced ezys hatehe How long one of the
polygemous males meintaing & nest has not heen determined. The spawning season extenda
from the letter part of May through Au:ust., The incudation period was noted as 8 to 9

days at an averaze water tempsrature of 82°F, and 13 to 15 days at sn aversie water
tempsrature of 76°F, Most attempts to hatoh the ez:s in aerated jars and equaris have thus
far been unguccaeesful,

Amen} blunte-nosed minnow populations, there ig & wide verlation in size of fishes at
the end of the first summer of life, dus chiefly to the very long spawninz sesson. Among
the young reared at Schuil Acres during 1954 (Table 2), the grester rate of zrowth of the
males over the females (a phencmenon first recorded\)\ by Van Cleave end Markus, 1729) was
first manifest at e standard length of 30 to 35 mlll‘imtera (Fig};ure;).

The larger youns of both sexss spewn early in thsir seoond summer of life, many of the
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smaller ep younz spawn late in their second year, but it is doubtful if all of the =males
snd females resch maturity before their third summer., 7The range in standard lemzth of
femnles with ripe og:s was found to be 40 6o 66 mmp the renge in size of breeding males
was found te be 58 to 84 mm. in stendard lenzth. Some fish of each eex live through four
summerg. These determinations, which will be treated at grester length in & later paper,
do not sgree well with those of Van Cleave and Markus,

Gelden shiner

The spawning season of this spociss sxtends through Jume, July and the first part of
August. The first spewning noted at the Schull pond in 1934 wes on June & &t & water
temperature of 69°F. Iz the Besch ponds, the egzs (1 mm in dismeter) were found abundantly
in masses of filamsntous alzae, nons on the varicus types of coarser vegzetation (similar
observations are recorded by viebe, 1935).

Growth rate studies on 1058 shiners from 20 Michizen looslities (natural waters) show
that, on the averaze, this species reaches & total lenzth of approximately 3 inchee during
its second swmsr, 4 inches during its third summer, 4.8 inches during its fourth, and
648 inches during its sixthe In the seotion of the Hurem River below Ann Arbor, enriched
by considerable city sewage, the shiner reaches en aversze length of 3 inches at the emd of
the firet summer of life. Femmles zrow fuster, srow to a larger size, and live longer
than maless 4 maximn 8ze of eizht summers and a naximum totel length of approxinmately
ten inohes was noted for the specles. Maturity is usually resched at a total length of
about 245 to 3.5 inchssp In looalities of repid growth, most fish mature in their second
sumger, while in localities of slow growth, maturity is usually delayed until the third
sumzer, These data on the growth rate of zolden shiners are zi-en more fully in e paper
beins issued by the Hichizen Academy of Scisnces,

Chub auocker

In the Heach ponds this species digpleyed considarable versatility in the selection

of places for ezz dsposition. The non-adhesive ezcs (2 mm. in diameter were found scattered

sbundantly over large snd small beds of aquatie moes (Amblystegium riparium), among messes

of filamentous algae, and emong dead zrass stubdble on submerged pleces of sods The spawning
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seeson &t the Beach ponds, somewhat modified by the method of handlinz the breeders, lasted
for about 2 weeks in each pond: the first part cf Jume in ons pond, and the latter part of
June and the first part of July in ths other,.

Hewlyelaid ezss wore placed in sesated jars and thse 6 to 6 mm fry hatoched in 6 to 7
deys under wayer temperatures renging from 22,6° to 29.,6°0.

The number of ezza deposited by one femmle varies approximately from 3,000 to 20,000,
depending upon the sige of the femmle, Both sexes reach me urity in their third summer of
life, Tho ohud sucker is a npid%;:;::ﬁgo fish, atminlng;‘n total length of approximately
3 inches in I year, 5 inches in 2 yoare, 6 inohes in 3 years, and 8 inches in 5 years,

Red~=hellied dsce

This smell minnow, occurring in southern iiichiian in the extreme southern part of its
naturel renze, is woll sulted to propagation in coole-water pendse The oggs are normally
and so far as observed depoeitoazri.;sﬂuruna of nilamtoua algas, Seferal times the writer
obaerved a spewning pair or group (one femsle and seversl males) dart from ons mass of
elzas to another, performing a dort gpawnin; embrace, of 2 to 4 seoonds duretion, in each
mass. Subsequent examination of each alzal mess reveeled a few (5 to 30) noneadhesive egzs
scattered through and entangzled among the algel filements, The incubmtion period was noted
as 8 to 10 days. Dissection of fomules bns revealed e sirmultansous maturity of several
hundred egzs, nud the presence of at least twe definite sire groups of maturing egzs, guge
zesting that one female spamns st least twiee during one seasone %The spawning semson exe
tends from the Jatter part of May into Aujuste HMaturity is reached by meny indi¢idunls in
the second summer of 1life, and somo spescimoms live at leagt 3 yeara.

Monona killifish

In a smell pond st the Lydell Hatshery, the egzs of this species were found omly inm
magsos of filamentous alzee. From ez (2 mmein diemeter) placed in eerated jars, the 6

to 7 mm. fry hatéhed in 11 to 12 deys at water temperaetures ranging from 72°F, to 80°F,
in 8t least som® locelities, veb both sexes mature firat in their third summer of life,

The femmles reash & larger size than the males by the third summer, but there is no sex

difference in gize at the end of the first summer (Tavle 3).

#y
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Observatione on forage fishes eating bass fry in
aquaris

At the sug:ogtion of Ir. Carl L, Hubks, the writer has counducted several aquarium
experiments on the predetion by certain species of forsze fishes on smallmouth bess {ry.
Some of the followln; obsarvrtions confirm previcus reperts to this societys othsrs ere
néws

Under experimental aquarium conditions, adult goldern shiners weadily ate bess fry
9, 10.5, and 13 to 17 millimeters in length, while fry more than 17 wmm. (075 ineh) long
were either too elusive te be ocmught or too large to be eabton by the zolden shinerse
Blunt;wsad nminnows readily devoured fry 8 and 10,8 mm. in lenzth, and were able to cateh and
eat fry up to 15 zm. 4n lemgth, 2 to 2.5 inch long red‘-bslued@we (Chrosomus eos), ate baes

fry 8 to 9 mm, in lengthe Four $o six inch zoldfish readily devoured baes fry (.0 to 0,76
inch in length., The addition of the bdlumt~noged mimnow snd the redebellied dace (twe
spooies with very small mouths) to the liet of forage fishes which ean eat bassfry sugzests
thet almoat &l) minanows are able to include nowly-hatchsd baas fry in their diet. UVhat

the varlous forage spscies do eat in natural wmters and in hatehery pondas, and not what they
are ablo te onteh and devour wnder oxperimental squariusm sonditlons, is, of course, the
important issue, Observetions at the Horthville imtchery of the U, S. Dureau of "isheries,
where blunt-ncsed minnows are uged in bassersaring ponde, have failed to indiocate that

this species aanime bess fry under hatohory pend conditions. Tiftoen twoe to throe-inahg
minnows seined on HMay 30, 1534, from pond A in which there were nsuy fry os suall as 12 fm.
in length, and 36 twoe teo thres-ineh minnows ssined om June 1, 1330 from pond R containing

fry 9 to 12 mm. in length, containsd no bass fry remeing in their astomscha,
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