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REStJLTS OBTAil-f.r~D FROM THE IHNNO\f\f PROPAGATION EXPEl1BIENTS AT SCHTJIL ACRES 

DURING THE SUMMER OF 1934, SUPPLEMENT!W BY OBSERVATIONS MADE AT 

OTHER LOCALITIES 

For the past several years, experimental rearing of forage fishes was the 

chief interest of the late Henry A. Schuil of the State Department of Conservation, 

and a resident of Grand Rapids. The station, Schuil Acres, at which he conducted 

many enlightening and valuable minnow propagation experiments, lies on the east edge 

of the city of Grand Rapids. Mr. Schuil corresponded at length with several of the 
1:c 

leading fish culturists of the country, obtaining advice from them and relating,4..them 

his experiences in fish culture. Consequently the methods which he used were in step 

with the current fish-cultural practices and much of his work was of a pioneer nature. 

His very successful propagation of the Golden Shiner and other forage minnows hs:s 

attracted the attention of conservation leaders for several years. 

The Institute for Fisheries Research has followed Mr. Schutl's experiments with 

keen interest and has cooperated in obtaining breeding stocks for the experiments and 

in offering suggestions. Considerable aid was obtained from Ur. Claude Lydell and 

his men at the State Hatchery, Coro.stock Park. In the fall of 1933, Dr. Hubbs and the 

·writer were present with Mr. Schuil to observe the draining of one of the ponds which 

gave a phenomenal production of Golden Shiners. At this time Mr. Schuil suggested that 

during the summer of 1934, the Institute work in closer cooperation with him. His 

suggestion was heartily received. Due to present pressing needs for information on 

our various forage fishes, it ·was decided that several promising species should be 

used instead of concentrating our efforts on one or two species. Seven of our common 

Michigan minnows seemed to offer the best possibilities under the then existing cir-
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oumstances. During Mr. Schuil ts stay in Florida the following winter., the station was 

under the care of Mr. Fred Kunnen., engaged permanently as an assistant on the grounds. 

Much repair and preparatory work was done by Mr. Lydell during the winter. Ponds 5., 

6., and 7 were left dry during most of the winter in order to freeze out the abundant 

plant and animal life. Ponds 3 and 4 were drained in the early spring and all of the 

ponds were then fertilized with cow manure before they were allowed to fill with water. 

The breeding stocks of minnows were introduced into the ponds in the spring. Ponds 

3., 5, 6 and 7, being most suitable for minnow propagation., were used for the most 

promising species. Observations were made by the writer during the early part of the 

summer., after which he was engaged by the New York Conservation Department., being 

financially unable to remain on the grounds during the summer. Mr. Schuil made con­

tinuous observations on the experiments during the early part of the summer, but was 

hindered considerably by prolonged illness. His observations have been presented to 

the Department in his brief resume. and will be referred to later in this report. Due 

) to his illness and unfortunate death, much information which we expected to havev.ns 

not obtained. 

Daily air and water temperatures were obtained during the period from May 23 to 

October 13. These data, somewhat condensed, are presented in Table I and Fig. 1. 

There is a distinct correlation between the temperatures of air and pond. waters. The 

significance of the modes in these temperature curves will be mentioned later. 

Data on the amounts and costs of fertilizer and feed used for all ·\;he ponds at 

Schuil Acres during the summer was furnished by Mr. Lydell as follows: 

Fertilizer: .Amount used Cost 

Cow manure 

Sheep manure 

Feeds: 

Bone meal 

Clam meal 

Oatmeal and cornmeal 

Total 

7200 lbs. 

300 lbs. 

200 lbs. 

400 lbs. 

276 lbs. 

$21.00 

5.70 

4.00 

24.00 

6.75 

$61.45 
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Table I. Summer temperatures taken at Schuil Acres in 1934. Each 

entry is a 4-day average, figured to the nearest degree. All 

water temperatures were taken at 2 P.M. 

Air temperat~es Water temneratures ----
7 A.M. 12 6 PoM., Pond Pond Pond Pond Pond 

Date: noon 3 4 5 6 7 
--·--·--

23-26 52 62 63 64 58 67 68 70 
May 27Q30 68 77 79 64 58 71 74 75 

;31.3 75 87 93 64 59 77 81 81 
4-7 66 79 77 68 59 76 79 80 
8-11 65 76 78 67 60 73 77 78 

12-15 60 75 73 67 59 69 74 75 
June 16-19 65 76 79 65 58 72 77 76 

20-23 62 75 78 66 58 71 74 74 
24-27 67 80 81 68 59 76 80 79 
28-1 76 86 84 69 60 79 84 85 
2-5 71 80 82 64 58 74 79 78 
6-9 66 76 76 67 59 76 80 89 

10-13 68 78 82 64 57 70 72 72 
14-17 65 81 81 67 60 71 75 77 
18-21 75 88 87 72 62 79 84 83 
22-25 78 92 95 75 63 83 88 86 
26-29 70 75 75 69 59 74 76 77 
30-2 62 76 73 69 59 73 76 75 
3-6 63 72 75 71 60 74 79 79 
7-10 73 85 84 70 60 76 77 79 

11-14 63 78 77 68 60 74 75 79 
Aug. 15-18 65 79 79 66 59 72 73 75 

19-22 61 72 · 73 67 59 71 72 72 
23-26 54 71 70 66 61 68 70 72 
27-30 55 66 65 64 58 65 66 69 
31-3 66 72 74 63 56 67 69 69 
4-7 58 65 67 62 57 65 65 67 
8-11 59 70 66 64 58 69 69 71 

Sept.12-15 66 75 71 64 57 70 71 73 
16-19 50 68 59 60 55 64 64 67 
20-23 57 64 65 62 55 65 66 67 
24-27 60 69 67 66 56 69 69 72 
28-1 48 58 61 59 57 61 62 63 

2-5 47 67 62 63 65 66 65 66 
6-9 41 65 62 64 . 64 66 64 64 

Oct. 10-13 39 62 62 65 64 . 66 64 64 
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In area, ponds 3 to 7 are about equal and the combined area of ponds land 2 is 

much less than that of each of the other ponds. Thus the cost of fertilizer and 

feed was about $10.00 per pond. Ea.oh pond was fed daily throughout the sunnner. During 

the month of June, 5 1/2 lbs. of Daphnia were placed in pond 7 and 2 1/2 lbs• in pond 

6. 

Ponds 3 and 4 were not allowed to dry and freeze during the winter, thus the 

Chara growth in these two ponds was very heavy throughout the summer. Ponds 5, 6 and 

7, having been drained and allowed to freeze during the winter, were slow in obtaining 

the plant growth; however, the growth was dense by the middle of swnm.er. Estimates 

on the abundance of food organisms in ponds 5, 6 and 7 were obtained by: (1) taking 

bottom samples of a t~ical area after the pond was drained, and (2) estimating the 

abundance of the types of organisms which flowed frcm the pond during draining. 

The results of these food counts and estimates are given later. 

Mr. Lydell and the 'ii.Titer drained ponds 5 and 7 on October 19, pond 6 on October 

20, and ponds 3 and 4 on November 5. An effort was made to obtain, as completely as 

possible, the entire fish population of .each pond. Random samples of the fish popula­

tions were preserved for further study. The remaining fish were taken to the Comstock 

Park hatchery where weights and counts were made. 

Great Lakes Shiner - Notropis atherinoides 

A stock of adult minnmvs of this species was placed in pond l early in June and 

held there during mosb of the summer, with no signs of reproduction. i'ailure of this 

fish to reproduce in hatchery ponds has been noticed at the Lydell Hatchery for 

several years and there is redent evidence that this species will not reproduce in our 

inland lakes. The failure of this species to reproduce in waters of limited area may 

be due to the nature of its spawning. Professor T. L. Hankinson of the Michigan State 

Normal College has offered the following information on the life history of this species. 

In the summer of 1930 he found ripe females, with eggs running, several miles from 

shor~ in eastern Lake Erie, and observed activities which_ he believes could only be 

interpreted as spawning. In the same locality he found eggs, probably of this minnow, 
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at various depths drnvn to the bottom, a depth of 30 feet. Spavm.ing occurred in the 

later part of June, and young (1 11 to 3tt long) were found in this general region, several 

miles from shore, from the water surface to a depth of 12 feet. Ripe adults ,vere found 

-<" 
from May to August, the bulk of the spawning however oocuring during June and July and 

/'-

always far out in the lake. 

At present this species is not considered suitable for pond propagation. 

Common shiner (~pis cornutus chrysocephal us) and Hornyhead ~ (Hocornis 

biguttatus). 

These two species, typically are strea.m-spawners. The Hornyhead Chub is a nest 

builder, constructing a pile of cleaned gravel. The Common Shiner does not build its 

own nest, but either deposits it's eggs on current-washed gravel or, perhaps normally, 

uses the nests of other species (Hankinson, 1932). These two species were used together 

to take advantage of this natural, symbiotic, spawning relationship. On May 5, 85 

specimens of the Chub (4 to 7 inches in length) and 145 Comr:ion Shiners (3 1/2 to 7 inches 

in length) were placed in pond 4. Examination of females of both species indicated that 

they had not spawned prior to this introduction. A large percent of each species were 

adults. Throughout the su:runer they were watched closely by Mr. Schuil vrho states in 

his report that there were no signs of spawning or of young in this pond throughout the 

sumi1:er. lifo young were found Vi/hen the pond was drained on Novembe'b 5. The Common Shiner 

spawns in streams duri!l[; May and early Jm1e at water temperatures near 20°C. (68°F.) 

(Hankinson, 1932). Pond 4was spring fed and its water temperature seldom went above 

60°F. during the season. Temperature may have been the factor inhibiting reproduction. 

However it appears probable that this species will not reproduce in small ponds• The 

general evidence is that the species, probably on account of its spawning habits, does 

not reproduce in ponds. 

On May 111 250 common shiners and a few chubs were put in pond 2. This pond 1N9.S 

long and narrow, ha.d a good supply of running T:ater and somewhat approximated stream 

conditions. Mr. Schuil records observing apparent spavming on June 4 and appearance of 



young; on July 2. However, since his identifica.ti ons were made on the fish in thc:i pond, he 

may have mistaken the young of another species for the shiners. No young shiners were 

found in this pond when examined in October. 

As,f:ar as the writer could detennil1e, there 1"/as no successful production of: either 

the Hornyhead Chub or the Common Shiner in either of the two ponds. 

Western Golden Shiner (Notemigonus c\rysoleuca.s aura~) 

A breedins stock of 84 specimens, 4 1/2 to 7 inches long, were obtained from 

the Lydell Hatchery and put in pond 3 on May 5. Due to the continuous seepage of a large 

amount of sprill{; water into this pond, the water temperature was low throughout the 

summer (see Table I and Figure l). Although Chara flourished, the invertebrate fauna. 

wns not abundant: the pond vms distinctly less productive than ponds 5, 6 and 7. Mr. 

Schuil first noted spa:wning activities on June 6, when the water temperature was 69°F. 

The first progeny were noted on June 16, 19 and 21, indicating an incubation period of 

about ten days. 

The pond produced 6500 shiners weighing 9.2 pounds. They attained an average size 

of 46.4 millimeters in standard length (range 24 to 62 mm.) or 2 3/8 inches total length. 

Size frequencies of: the young are indicated by the random sample represented by Table 

II and fi.gure 2. Both sexes grew at the same rate. The young apparently did not spawn 

during their first summer. H0vvever the larger fish, at least half of the total number, 

would have spawned in their second summer. In the light of growth rate studies made 

by the writer on the Golden Shiner in natural waters in Michigan, the growth attained 

in pond 3 was poor, and, as mentioned later, the production was also poor. Both of these 

conditions are attributable to the low water temperature. Several of the Hornyhead 

Chubs, used in pond 4, found their way into pond 3. ~\That affect the possibly carnivorous 

nabits of these chubs had upon the production of shiners is not known. 

:Menona Killifish (Fundulus diaphanus menona) 

The breeding stock of this species vms obtained from Crooked Lake, 4 miles 

north of Grand Rapids. Of the 346 specimens liberated in pond 5 on June 11, 29% were 
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Table II. Size frequency distribution of young Golden Shiners 

Produced in pond 31 Schuil Acres, during 1934. 

Standard Sex not Males J,'emales All young 
length in determined 

mm. 

24 1 ••• • •• 1 
25 1 ••• . .. 1 
26 l ••• • •• 1 
27 2 ••• . .. 2 
28 3 ... . .. 3 
29 2 ... . .. 2 
30 . . . ••• . . . • •• 
31 1 ... . .. 1 
32 1 ••• • •• l 
33 1 • • • ••• 1 
34 1 ••• . .. 1 
35 3 ••• . .. 3 
36 4 ••• • •• 4 
37 5 ••• . .. 5 
38 4 ••• • •• 4 
39 7 ••• • •• 7 
40 10 ... • •• 10 
41 9 ••• • •• 9 
42 ••• 5 3 8 
43 " .. 3 2 5 
44 ••• 1 6 7 
45 o•• 2 3 5 
46 ••• 4 4 8 

47 ••o 8 6 14 
48 ••• 6 5 11 
49 ••• 4 5 9 
50 ••• 5 4 9 
51 ••• 4 3 7 
52 ••• 4 4 8 
53 ••• 2 5 7 
54 ••• 3 5 8 
55 ••• 5 5 10 
56 ••• 4 5 9 

57 ••• 3 2 5 
58 ••• 2 1 i3 
59 ••• 3 1 4 
60 ••• 2 1 3 
61 ••• o••• 1 1 
62 ••• 1 • •• 1 

No. specimens 56 71 71 198 

Av. size (mm.) .... so.a 50.2 46.4 
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~~ 
/\and 71% were females. This aberrant sex ratio amon6 these breeders., obtained from 

Crooked Lake., was probably due to an inshore schooling of the females at the time 

they were collected. The young reared in pond 5 duri:ng the summer revealed an equal 

proportion of the sexes• On June 11., pond 5 possessed a luxuriant Cha.re. g;rowth over the 

entire bottom., and about 1/20 of the surface area of the pond was covered by floating 

filamentous algae. Tadpoles were very abundant. 

"ifuen drained in October., the pond yielded the following: 

Fundulus breeders: 196 specimens (wt. 2 lbso 1 oz.) 

tt young: 13.,348 11 (wt. 13 lbs. 1 oz.) 

Estimated loss of young 
in ,draining pond: 1.,000 It (wt. est. 1 lb.) 

Total production of young: 14.,348 It (wt. 14 lbs. 1 oz•) 

630 sticklebacks were recovered when the pond was drained., and it was esti1m.ted., a.f'ter 

an examination of the pond, that several thousand had been left stranded. About half 

(318) of the crayfish., which were drained from the pond., weighed 6 lbs. and 15 ozs. 

The total population of crayfish (Camb8rus immunis and..£!_ virilis) in-the pond was es-

timated at 2500+ or about; 50 lbs. 

Observations by Mr. Schuil on the appearance of young indicate a spawning season 

from the middle of June to the middle of July. Growth rates of the young and breeders 

e.re indicated in Table IIIand Figure 3. The sexual dimorphism in growth rate (greater 

in the females) is not manifest in the first year of life; whether or not it appears 

in ·the second year cannot be determined from these data. The increased growth rate of 

the females is pronounced by the end of the third suriuner of life. During the seining; 

of the breeders from Crooked Lake on June 11, no small killifish were obtained., although 

several hundred yards of the shallows were seined. Since all the specimens taken were 

adult fish, and all the females were gravid with large eggs, the shoals were apparently 

being occupied only by the spawning fish. That all of the breeders were two-year old 

fish (beginning their third summer of life), was determined by scale examinations. 

Further, the :scales indicated that these breeders had made no growth in the summer of 1934 

up to June 11; therefore the size frequencies of the breeders, when put in pond 5, 
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Table III. Data on the size and gro,"fth of the Menona Killifish (Fundulus 

diapha.nus mengna) in pond 5, Schuil Acres, during the summer of 1934. 

Standard 
length 
in nnn. 

13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
55 
36 
37 
38 
39 
40 
41 
42 
43 
44 

Total 

Young of yee.r1 
Fish produced in pond 

( One summers grov,rth) 

Males 

1 
••• 
2 
2 
3 
4 
8 
9 
9 

19 
22 
25 
20 
23 
22 
15 
18 
21 
22 
20 
13 

9 
9 
6 
5 
3 
4 

••• 
• • • 
••• 
1 
l 

316 

Females 

••• 

••• 
3 
3 

4 
8 
9 

16 
17 
26 
24 
20 
15 
13 
18 
23 
20 
18 
12 
13 
14 
13 

8 
6 
5 
2 
1 
2 
l 

••• 
• • • 

314 

Average 27.3 27.5 

Standard 
length in 

mm. 

41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 
56 
57 
58 
59 
60 
61 
62 
63 
64 
65 
66 
67 
68 
69 
70 
71 

•• 

II-year 
Breeders when put 

in nond. 
(Two ~ummers growth) 
Males Females 

•••• . .. 
••• 
••• 
••• 
••• 
• • • 
••• 
••• 
2 
l 

••• 
1 

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

4 

51.0 

l 
• •• 
l,. 
1 
1 
1 

••• 
1 

• •• 
1 
1 
2 
1 

• • • 
5 

• •• 
2 

••• 
• •• 
• •• ... 
• •• 
1 

• •• 

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

19 

51.4 

old fish 
Breeders when taken 

from pond.2 
(Three summers growth) 
Males Females 

o•• . .. 
• •• 
• •• 
• •• . . . 
• • • 
••• 
• •• 
• • • 
••• 
••• 
• • • 

l 
• •• 
3 
6 
4 
3 
5 
3 
2 
1 
2 

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

30 

59.0 

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

l . .. 
• •• 

1 
1 
3 
6 
4 
7 

12 
13 

9 
5 
3 
2 
1 

• •• 

68 

65.l 

1 The 316 males weighed 131 grams, the 314 females 135 grams. Weights were taken 2 
months after preservation. the specimens having been in alcohol. 

2 The sex ratio of this sample is not typical of the breeders reclaimed from the pond; 
the size range, however. is typical. 
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represent the size attained at the end of the second summer of life. From data thus 

far obtained, there are indications of several possibilities, relative to the life­

history of this sp0cies. They require further verification but are nevertheless given 

here, as suggestions: 

l. The fact that no one-year-old mature fish were taken at Crooked Lake suggests 

that the fish first matures in its third surn:rnar of life. This hypo·t;hesis, although 

strongly questioned by the writer, is strengthened by an examination of the young 

produced in pond 5 • Among these fish ~ was no indication of egg development in 

preparation for spavming in their second surmner. 
l Lv' e 

2. As Table III indicates., few if any fish;onger than three s1.m1rrers, and the 

mortality does not necessarily come immediately after spavming. 

3. In Fundulus as well as in Chrosomus and Hyborhynchus, there is a rather definite 

and uniform maximum size, attained within a comparatively short ti.-rne (quite in con­

trast with the growth rate of most game species). Due to a long spawning season the 

size range of the young is great, but this size range decreases in subsequent year 

groups. See.le examinations indicate a growth compensation, that is, those fish having 

a small g~h the first summer usually grow more in the second summer than do those 

fish whose first year's srowth is large. The factor limiting grovrth seems to be the 

onset of :maturity. 

Bluntnosed li'Iinnow (Hyborhynchus notatus) 

A stock of 750 breeders was obtained from the Lydell Hatchery and put in pond 

6 on :May 5. Approximately 20;1c of this stock were 2 to 2 1/2 inches in total length and 

80.;l'~ were 2 1/2 to 3 1/2 inches in total length. The production obtained in this 

experiment is given in Tables IV and V. 
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Table IV. Total fish population taken 

from pond 6 on October 200 

Specimens taken in draining - Specimens lost -in--;-Total pond 

--·----~·-~- _£~nd~------------draininuesti:rnate) _ production 
:Number Weight Weight by Nu.'llber Vfeight Number ·weight 

__-eercent 
2 lbs" - - -Blu.ntnose 

Minnow 19,494 49 lbs. 14 oz. 87.4 1000 9 OZo 20,494 52 lbs. 7 oz. 

Brook 
Stickleback 3,420 3 " 

3 It 

9 

9 

tt 3000 
3 lbs. 

2 oz. 6,420 

? 

6 lbso 11 oz, 

Other fishl ? It ? ? 3 lbs. 9 OZo 

=====::::::::::-.:=:::;;::::::== ---------- ~--- - ·-·----··· -·-----s-nss. 
Total 22,914 57 lbs. 4000 11 oz. 26,914 62 lbs. 11 oz, 

- ----·--------·~-----------·-- ----·---·-----------··-·----·-"----------- -- - -- ---

Table V • Analysis of the Bluntnosed Min__rim<r population 

taken fro1n pond 6. 

Total pond population, including estimated 
loss 

Specimens . takeu·­
from pond 

Number Weight - Numl)ITT' N"~um___,b,--er-b==---y ----·vreight---V[eight by-

;,;;::===:-,::::===========---============p=e=r=c=e=n=t==== __ p~~:en_~. 
Young females 9,747 15 .1 lbso 10,247 50 .. 0 15.9 lbs. 30.3 

Tl males 9,475 30.8 II 9,960 48 06 32.4 It 61.8 

Adult females 114 .75 11 121 06 .8 II 1.5 

II males 158 3o2 \t 166 08 3.3 It 6.4 
¥----- -·-----•·-·--------•-•' "--·--·-·-----·--·--"-'--·-"--

19,222 45.9 11 20,207 9806 48.3 tt 92.1 All young 

11 breeders 272 3.95 It 287 1.4 4.1 It 7.9 - --·--·--
Total 19,494 49 .85 tt 20,494 100.0 52.4 ti 100.0 ------

1 nother fishtt include a few each of Mud Minnows, Golden Shiners, Killifish, a.nd the 
Hornyhead Chub• 

2 

-

The entire lot of specimens was weighed; the number of specimens was calculated from 
a.n actual count of a 2 lb. random sample. 

3 'I'he pond was poorly constructed for complete draining, hence seining was finally 
resorted to in obtaining these fish which did not drain from the pond. Sticklebacks 
were found to be very retreating- inna.bit, burrowing into the bottom vegetation a.s 
the pond was drained. 
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The data obtained on growth rate are summarized on Table VI and Figures 4 and 5. 

'l'he growth rate curve of each sex is distinctly bimodal, a condition which 1.vill be 

discussed later. A distinct sexual dimorphism in growth rate is manifest in the first 

year of life. Figure 5 is a graphical representation of accumulative percentages 

showing, in each sex, the percent of the total population that lies below (less in 

length) each size frequency and including that size frequency to which it corresponds. 

The amount of sexual dimorphism in growth rate is represented by the degree of divergence 

of the curves; the size at which the dimorphism becomes prominent is from 30 to 40 

millimeters. This increased growth rate was so pronounced that all of the young above 

45 millimeters (about2 inches) were males. Among the total pond population of Bluntnose 

there were produced, in the one summer, over 5000 males 2 inches or more in length. 

The difference in grovrth rate of the sexes increases greatly with life. My interpre­

tation of the scales indicates that some specimens of e aoh. sex live through four sum­

mers of life, despite the claim by Van Cleave and Markus ( 1!129) that the maximum age 

is three summers of life for the females and four for the males. The maximum size of 

T/.9 nnn. given for this species by Van Cleave and Markus is exceeded by the size of 

some specimens from pond 6, which were 80 to 84 nnn. in standard length or 3 1/2 to 4 

inches in total length. There are no specimens in the \arie.collections of this species 

in Museum of Zoology, University of Michig;an, larg'3r than those obtained in pond 6. 

The IllllX:imum sizes of 79 to 84 mm. refer to males entirely. The largest fenV3.le indi­

cated in Table VI represents a.bout the maximum size (60-65 mm.) for that sex. 

The spawning season extends throughout most of the summer. Mr. Schuil observed 

that spa.,rn.ing occurred during the latter part of May and extended to the middle of 

August. Young, 10 to 13 mm. long, were ta.ken from pond 6 on June 10. In 1934 the 

earliest date of appearance of Bluntnosed Minnovr eg6s at the Northville Hatchery was 
~ 

May 17. Carmen, in 1932, ~ the Northville Hatchery found the spawning period to 

extend from the end of :May into August. Hankinson (1920) gives May 1 to !P.u6ust 26 as 

the period during which he found eggs of this species in Illinois. 

Due to the protracted spawning sea.son there is a wide dispersion in size of the 

young at the end of the first growing season. Fry 13 millimeters, and young males 64 
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Table VI. Data on size and growth of I3luntnosed Minnows (Hyborhynchus nota.tus) 

in pond 6, Schuil Acres, during the summer of 1934. A random sample of the 

young and breeders taken from the pond on October 20. 

Standard Yo~nt?.. Standard Breeders 
length in Males Fem.e.los L-•-•---• - length Males Females 

mm. in 1mn■ Summers of life Sunnners of life 
2nd -3rd 4th 2nd 3rd 4th 

21 2 5 52 • • • • •• ••• 1 • •• • •• 
22 6 12 53 • • • . . . ••• 1 1 . .. 
23 16 14 54 ••• • • • ••• l . .. • •• 
24 22 24 55 ••• • •• ••• l • •• • •• 
25 30 37 56 • • • . . . ... 1 1 • •• 
26 39 42 57 • • • • •• ••• ••• • •• • •• 
27 43 41 58 • • • . .. ••• • •• • •• • •• 
28 41 38 59 • • • • •• ••• • •• 1 • •• 
29 35 51 60 ••• ••• • • • • •• 1 • •• 
30 35 46 61 •••• • •• . . . . • •• • • • • •• 
31 36 45 62 ••• • •• . . . . .. . .. l 
32 35 3,5 63 • • • • • • ••• . .. • •• • •• 
33 31 34 64 ••• • • • . . . • •• • •• • •• 
34 26 48 65 • • • . . . . . . ... . .. . .. 
35 28 56 66 ••• . .. . . . . .. . .. . .. 
36 27 52 67 ••• • • • • •• • •• . . . • •• 
37 26 66 68 • • • • •• ••• . .. . .. . .. 
38 23 60 69 • • • ; .. ••• • •• . .. • •• 
39 20 53 70 ••• • •• • •• ••• . .. • •• 
40 19 40 71 ••• • • • . .. . .. . .. . .. 
41 17 26 72 • • • 1 ••• • •• • •• • •• 
42 13 20 73 ••• ••• . .. • •• . .. • •• 
43 14 12 74 ••• l • • • • •• . .. . .. 
44 12 3 75 ••• • •• . .. . .. . .. . .. 
45 8 2 76 2 o•• l ••• • •• • •• 
46 10 G • • 77 ••• • 1. . . . • •• ... . .. 
47 9 ••• 78 l 9•• ••• • • • . .. • •• 
48 11 ••• 79 1 1 ••• ... . .. • •• 
49 10 • • • 80 • • • • • • ••• • •• • •• . .. 
50 10 • • • 81 3 2 ••• .. .. . .. • •• 
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 ••• 

No. of 
specimens 838 862 7 6 1 5 4 1 

JVIea.n 
length 38.4 33.0 78e9 77.3 76.0 54.0 57.0 62.0 
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millimeters in standard length were taken from the pond on October 20. The larger 

e~ee young of both sexes showed a sexual develop:roont:; sufficient to indicate that they 

would spa-wn early in their second summer ( the females contained large eggs, and the 

nuptial tubercles of the males were developing). It is doubtful if the smaller young 

of either :s.ex would have attained sufficient growth to reach maturity in the:i:r second 
0.. 

surrnner. Growth is slow among the spawning fish as indicated by a narrow spaf.i.ng of the 

circuli on the scale. On this basis it appears that some of each sex of the breeders 

did not spawn until their third sununer, as their scales indicated two yea.rs of ra2id 

growth, the first being smal 1, and some had spavmed in their second and third summers. 

Size, rather than age, appears to be the factor determining maturity (in total length, 

approximately 2 to 2 1/2 inches for females and 3 to 3 1/2 inches for males). 

The number of eggs in one nest and guarded by one male varies considerably. 

Hubbs (1933) records a nest of approximately 20,000 eggs at the Northv.i.lle ponds. The 

writer has actual coun·ts on nests containing as few as 1375 eggs., these eggs being 

in two or more distinct stages of development indicating that the number of eggs laid 

at one time may be considerably less than 1000. Nests having 201 000 eggs are unusual. 

Counts were made of the eggs in nests at the Northville ponds dur in:~ the summer of 1934. 

Eggs deposited on a smooth surface could be removed, with practically no loss, with 

a dull-bladed scalpel. Only the adva...YJ.ced eyed eggs were readily broken b;{ the instru­

ment., a...YJ.d the fry could be obtained easily. Results of these counts are given in Table 

VII. The relative crowding of the eggs in the first three nests listedVfl.s due to 

the small amount of available space, as compared with the other five nests. The first 

three nes'l:;s were located in hollow tile bricks., each with an available spawning surface 

of 3 3/4 x 5 inches., while the remaining nests ware on pieces of sewer crock with an 

excess spavming area. In all of these nests the eggs were sufficiently compact to in­

dicate that few, if any, of the original eggs had hatched or been removed. On the 

basis of 164 eggs to the square inch, calculations were made on the number of eggs in 

nests for which dimensions of the eg1:; cluster ware taken., see Table VIII. Some of these 

nests contained only a few scattored eyed eggs ( in the process of hatching) but the 
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outline of all the egg clusters could be determined, and the calculated number of 

eggs for these nests represents the number which the cluster contained before hatch­

ing. Newly laid eggs have always been found in a compact la.yer. The calculated number 

of eggs per nest is somewhat greater than indicated by actual counts, because somewhat 

smaller nests were chosen for counts. The average nest contains 3 to 4 thousand eggs, 

and represents contributions of at least t"lfro, and probably more, females. 
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Table VII. Counts of eggs in nests of the Bluntnosed Minnow at the 

Northville Hatchery during the surnrne r of 1934. 

Pond Date Dimensions Number Number of Number of Eggs per 
of egg mass of developmen- sq. in. in sq. inch 

eti~S tal sta~es nest 

A 6/7 3 1/211 X 4 1/211 4079 At least 2 15.75 259 

A It 3 3/4" X 5tt 4330 1t It 3 18.75 231 

A It 2 It X 3 1/21• 2028 It It 2 7.0 290 

N 6/8 5tt X 7tt 4818 It ·· II 2 35.0 138 

N II 3" X 3 1/211 1408 It It 2 10.5 134 

N n 6'' X 7tl 3326 " " 3 42.0 79 

K tt 3 1/2n X 41t 1375 It 1t 2 14.0 98 

K u 5 11 X 9 1/2tt 3789 n tt 3 47 .5 80 

Average . . . . . . . 3144 .... 23.8 164 

Table VIII. Number of eggs in Bluntnosed Minnow nests, calculated 

from known nest dimensions, on the basis of 164 eggs per 

square inch 

Date, No. Area of e~ clusters, sq. in. No. 
Locality 1934 nests J>Iin. D:ax. Av. Min. 
Northville Hatchery 

Pond Al June 7 11 6 22.s 12 .6 984 

Northville I-Iatchery 
Pond N June 8 l .... . . . 63.0 ... 

Schuil Acres 
Pond 6 June 10 14 6 70 35o0 984 

All localities 26 6 70 26.0 984 

--

of e~12s ;eer nest 
Max. Av. 

3690 2066 

. .. 10,332 

11,480 5,740 

11,480 4,362 

-

1 Most of the nests in pond A at Northville were on builders tile having a. very limited 
area foregg deposition, while all of the nests a.t Sclmil J,cres were on boards with an 
excess spawning space. 'l'hus the calculations on number of eggs at the first loca.li ty 
are probaoly too lOVv·, while those for the latter locality are too high. However the 
calculations for a.11 localities a.re considered typical. 
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Counts of large eggs in two females, 55 and 57 mm. in standard lensth, obtained 

from the lforthville ponds on May 30., gave the number of such eg ,s., apparently ready 

to be spavmed, as 439 and 324. These counts, al though decidedly insufficient for con­

cl us ions., indicate that probably several females contributed to each nest tabulated 

above. The great variation in size of the eggs in the ovary· further suggests that one 

female spawns more tban once during a. surrnner. 

During the examination of several hundred nests, the writer observed only one in­

stance of egg predators. In this instance a large snail (Lymnaea) had appa.trently des­

troyed a few eggs although the male fish was guarding the nest. Mr. Carmen reported 

that, ·when nests were transported to a new pond without the 6uarding males., the eggs 

were apparently eaten by snails. An observation made by the writer at Cusic Lake, Macomb 

County., on June 3, 1934., makes the crayfish a suspected predator. A Bluntnosed Minnow 

nest was moved about 3 feet from its original position and w-as not taken up again by 

the guarding male. Four hours later a crayfish had moved in, directly under the nest., 

and most of tl1e eggs ·were gone. Ho other predator was present., and the early-eyed eg6s 

had not hatched. 

The first eggs deposited on any area., lio in a compact., usually single, layer. 

::C,ggs added to the nest are deposited about the . periphery of this original layer. As 

the eggs hatch the original compact group becomes more and more scattered. Occasionally 

new eggs are laid within this group of hatching eggs., usually when there is a limited 

space for er~:~ deposit ion. Observations on several hundred nests indicated that one 

male guarded each e 66 cluster., regardless of the number of' eggs present or their 

stage of development. The r.J.ales are so intent in guarding their nest that they often 

maintain their position under the eg,;s and stripkeviciously at a hand inserted within 

a few inches of the nest. Observations ma.de at the Northville Hatchery in 1934 indi-

cate that, at a water temperature of 75°F., the incubation period is about 13 to 15 days., the 

eggs reaching an early-eyed stage in e.bout 7 days• 

15 days incubation period. 

Mr. Carmen at Northville found a 

A variety of spa:wnini; devices was used at the Schuil and Northville ponds., including 
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several types of builders blocks, square builders tile, pieces of sewer crock, flat boarsfil.s 

of various dimensions, el,2vated boards, large flat stones, and specially constructed 11 apa:rt­

ment houses". Each a:partment house was rm.de with four 9"X 111 X 31 boards, nailed together 

in tiers a.bout 3• apart. Boards nailed upon the bottom o-f the structure sup-ported it 311 

above the bottom, and stones were used to weigh it down. The builders tile had from two 

to five available compartments for spa1•rning. All the devices W8re installed in 511 to 1811 

of water (average about 1211 ) and 2 1 to i:::,, from shore. The 73 devices usr·1d i:h pond 6 

included: 10 pieces of s,::-wer crock, 28 builders tile, 20 fb.t boards lying on the bottom, 

12 a1Jartment houses, 2 flat stones, 1 drain tile. An examination on J,me 10 of these 73 

d.evices revealed a very oecided preference for f12.t objects lying on the bottom of the 

pond. Five of the 20 boards had been used for 12 nests; each flat stone cont ined a 

nest and 1 of the pieces of sewer crock had a nest. None of the 11 apartment houses11 or 

builders tile were used. All of the devices used lay flat on the bnttom nnd o, cavity hac1 

been hollowed out in the mud below the slab for each nest. The only availa1·1le spawning 

space on the many builders ti le and 11 apartment houses 11 was several inches above therot­

tom. This difference in ele,,ation ap-oears to be the fac~or account21)le for the seledtion. 

No discrimination was made on the basis of water de·oth. Examinations made by Mr. Schuil 

on July 7 & 14 also revealed a very decided preference for the boarC: s and stones lying 

on the bottom. In contrast to the ConC:i it ion at Schuil Acr""s, all the nests at the North­

ville nond were on builder's tile, the nests being several inches above the bottom, but 

this was the. onJy type of spHwnin?: device installed.. No d9ta are av,<>.ilable as to which 

type of snP.vming device would f':i ve the best reproduction. However, it can be sb:1ted 

that the fish prefer objects lyc.ng very near to, or flat on, the bottom, but wi 11 use 

surfaces severel inches above the bottom i:f these only are avail:=ibls. Males gt:1.arding 

nests live peacefu"ly in close 1Jroximity to each other. The bui.lder 1 s tile, used as 

a snawni.n,r, devices, contained frnm 3-5 conmartments open on tvro sides and separated 

only by a one-inch partition. Connnonly one tile contained three nests, each with a 

gn.a.rding male, an6 one five-compa.rt·ment tile contained four such nests. Instances were 

observed of two nests, less than one foot c1,~,art on the under side of a board, where the 

two cavities below the nests were continuous. 
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Northern Red-bellied Daoe (Chrosomus ~) 

The breeders for this experiment., 1500 specimens collected on April 13 and 

1200 specimens on May 4, were from Messmore's gravel-pit ponds at Utica, Macomb County., 

Michi[;an, and were put in pond 7 on the dates collected. These Utica ponds, on which 

the writer has made observations for the past eight years, are the result of' a natural 

flooding of a gravel-pit -vmich he.s been abandoned for many years, and they are made up 

of two series of shallow depressions which are broadly connected and which ha,tenumerous 

small marginal bays. The total ponded area is about 2 acres, the average depth 1 to 

2 feet and the maximum depth 3 feet. Chara, the dominant aquatic plant., covers about 

3-/4 of the pond bottom. The ponds have a. bottom deposit composed mostly of marl, and 

they are not rich in aquatic life. During the writer's observations 011 the Utica ponds., 
. 

the Northern Red-bellied Dace has maintained a large population in competetion with 

the Pumpkinseedx and l~rge numbers of several other minnows (Hyborhynchus, Pimepha.les., 

Notropis cornutus, etc.). 

The scarcity of food and over-crowding induced a slov,r growth rate among all the 

fish in these ponds. The breedin:; stock of Chrosomus, obtained from these ponds., was 

notably stunted, and represented two year-classes ( determined by e:xruninations of scales 

of breeders ta.ken from pond 7 on June 10 and October 19; see Tab:le IX). Since originally 

in obtaining these breeders the larger specimens were selected, the numerical ratio be­

;tween the two year-groups of' breeders is not typical of the natural population. 

On May 4 the Chara growth in pond 7 was slight but by June 10 there was a general 

growth of small plants throughout the pond. During the entire summer there ,vas an abun­

dant ·growth of filamentous algae, and frog tadpoles and a.quatio invertebrates were 

abundant. 

The production obtained from this pond is given in Table x. 
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1 The reproductive organs of the larger young 
development or approaching maturity. 

(22-30 mm.) of this 6roup showed no signs of 

2 • Sex determinations were made only on the young above 34 millimeters in length. 

3 Two age groups, here iTicluded., a.re not distil'..guished. 
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Table X. Production of Northern Red-bellierl Dace obtained from pond 7, Schuil 
Acres, durin;; the [,ummer of 19341. 

Dace (drained from pond) 

Bluntnosed Minnows 

Dace (estimated loss) 

Dace (total pond population) 

Dace (breeders) 

No. of 
specimens 

19,850 

320 

2000 

21,850 

750 

Weight 

42 lbs. 

11 oz. 

2 lbs. 

44 lbs. 

6 1bbs. 

---------~· ... --- -··---•·-·---··--·- --·-•-·.-..-·-·- ... -------·-· ~---_, _____ ·-~ 
Dace (total production of young) 20,100 38 lbs. 

-------------··-·---------·-·--··--•-·-----·--·-- -·----- -~---·-·- -· -

The spawning sea.son of the Red-bellied Dace extended throughout most of the 

summer. The first young; were seen on May 24, and young taken on October 19 were only 

9 millimeters in standard length. The spa:wnin,6 season thus extended q:,proximately 

from the middle of May to the middle of September. A sarnp:Je of the breeders, taken 

from the pond on June 10, indicated: that about 85% of the males ,.rrere in brilliant 

breeding colors; that 70% of the females were greatly distended with large eggs about 

ready to be spawned; that about 10% o.f the females ( the largest) had already spawned; 

and thqt about 20)-~ of the females were maturing and would not have spawned for a con­

siderable le.ngth of time. During the summer there were two definite spawning peaks, 

as indicated by the size frequency distribution of the young ( see Table IX and Figure 

6). This bimodal distribution was not due to a sexual dimorphism in the grm,vth rate 

of the young. Sex determination, made on all of the young above 34 millimeters in 

length, covered nearly all of the specimens in the second peak of the frequency 

distribution. This peak, including 64% of all the young,, contained a slight pre­

ponderance of .females, but the mean length of the two sexes within the peak was alrnost 

identical ( sea Ta.bro) IX). There are several possible explanations for these tvro 

-------~--•-·--··---~-------1 
Estimates of the total population were based on an actual count of a 2-pound 
random sample. 
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spawning pea.ks: (1) the entire breedin,,; population may have spawned ·bvlice during 

the summer; (2) the early hatched young n~y have reached maturity and spai.med during 

their first summer; or (3) the breeders may have become divided into an early and late 

spawning group, on account of somo ecological factor. None of the breeders were 

examined during the period from June 10 to October 19. '.rhus the first possibility will 

be dismissed until further information is obtained. Young of the first spawning peak ·were, 

·when taken from the pond on October 19, of practically the same size range as were the 

breeders on June 10, when they were reaching maturity. Considering size alone,_ it appears 

improbable that this group could have reached maturity by the time the second spawn-

ing peak appeared. As further ne~ative evidence against the possibility of these young 

spawning in their first summer, examination of the reproductive organs of the females 

of this firs-t:; spawning peak, ta.ken from the pond on October 19, revealed that the ovaries 

were well developed and the eggs were about half the spawning size, but, more sisnificrurb 

in this respect, the entire group was markedly uniform in the stage of maturity and in the 

condition of the sex organs, indicating a similar developmental history for the group 

as a. whole. Had the second spawnint;; peak been produced by this group of larger young, 

which numbered well over 10,000 individuals, this peak would have been far greater than 

the first. The main body of evidence indicates a relation between this bimodal fre• 

quency of the you."lg and the summer water temperatures, as will be discussed more fully 

later. 

On June 11, the 1wi ter observed wha. t may have been the spawning activities of the 

adults. Clusters of 4 to 10 fish were 11milling 11 in and over masses of filamentous algae 

near the bottom. A rew fish eg::;s were found entangled but not adhering to several such 

algae masses. Mr. Schuil' s report describes similar 1tmilling 11 activities, which he al so 

interpreted as spavming. Each spawning activity that he mentioned was associated with 

masses of algae or with shore-line vegetation. This data. on spavvning activities 

will at least give a lead for further observation. 

Although the samples of the young obtained during the early pa.rt of the summer 

were not large, it is believed that they wore representative ar the size range of the 
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young in the pond at that time. The grovrth rates of the young and the breeders used 

in the experiment a.re indicated in Table IX and figure 6. 'l'he growth rate of this 

species varies considerably in different ponds. It was much greater in the rich pond 

at Schuil Acres than in the more barren Utica ponds. The avera~e size attained by the 

young in pond 7 was 33.5 millimeters, approximately the same size as were the breeders 

at the time tr.ey v;ere put into the pond. At this time the breeders averaged only 33.4 

mm. • ., despite the fact that the larger s9ecimens were selected. These breeders represen­

ted., in approxima. tely equal numbers t11ro year classes ( one and two year-old fish). The 

g:oowth of the breeders before spawning was much more rapid in pond 7 than had been their 

growth in the Utica ponds 7 ( indicated by their rapid increase in size in pond 7 during 

early sprin.1,_:;, and by the much greater distance betvreen the circuli on scale areas 

representing growth in pond 7 than between circuli on scale areas representing growth 

in the Utica ponds). Since the average temperatures in the two ponds in question were 

apppoximately the same, the better growth in the Schuil pond may be attributed to fertili­

zer and feed.f There is a sexual dimorphism in grmvth rate: the females grow somewhat 

faster than the males, after the first year of life. 

The complete data fails to confirm the possibility., expressed in the preliminary 

report (No. 257) of October 1, that this species spawns during its first sumrrer of life. 

A large majority of this species spawns in its second summer, and some also spawn in 

their third summer. Few, if any, live longer than three years. The size at maturity 

is approximately 40 mm. 

The maximum size of this species in the collection of the Museum of Zoology, 

University of Michigan., is 62 mm. or 2 1/2 inches. It is improbable that this species 

can ever be raised to a satisfactory pike-bait size. It is, however, large enough 

to warrant its consideration as bait for Perch, erappie, Rock Bass, and other small 

game fish. The species is perhaps of greater promise as a forage fish bo be reared in 

or for trout ponds. 

The :Northern Red-bellied Dace is one of the common 1CJinnow species in the waters 

of the northern part of Michigan. It especially prefers ponds and streams of the bog 

type, and is to be found commonly in beaver dams. It is a sufficiently important member 
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of our fish fauna to be worthy of further study., and it may prove to be a 6 ood species 

for introduction in certain new bodies of water. A portion of the stock taken from 

pond 7, was introduced into one of t..~e ponds on John Ball Park, Grand Rapids., in an 

attempt to establish a supply for experimental plantin;s. 

General 

The productions obtained with the four species which were successfully propagated 

are summarized in Table XI. For the comparison of these productions, various ecologi­

cal data have been tabulated in Tables I and' XII and Figure 1. The abundance of food 

organisms, predators, etc., at the time the ponds were drained, is given in Table XIII. 

The entire bottom of pond 7 was covered by a layer of black organic material., des­

ignated in Table XII as mud. This type of bottan was far more productive in inverte­

brate life than were the bottom types of the other ponds, in which a layer of marl, 

about 1 to 2 inches thick., lay over the black materi~l. Although bottom samples, taken in 

October do not necessarily show the picture for tl:.e entire surmner, the assumption 

is here made that such samples are of some value as indices of pona. fertility. The 

difference in production among the four species was apparently due more to differences 

in ecological conditions than to differences in potentialities of the various species. 

The production 9er acre, both in number of individuals and in weight, is distinctly 

correlated with the 1mter temperatures and with the pond fertility, indicated by the 

food counts (Figure 7). The production of 42,904 qolden Shiners per acre, in 1934 in 

the cold., rather barren pond 3., was poor compared to that of 42,252 Golden Shiners 

(235.,000 per acre) produced by Mr. Schuil in pond 5 in 1933. The 1Nriter has no ecologi­

cal data available on pond 5 for 19331 "'-owever., the pond Yms constructed and operated 

essentially the same in 1933 and 1934 and undoubtedly had somewhat similar conditions. 

The poor 1934 production of the Golden Shiner, essentially a warm water fish, was ap­

parently due to the water temperature which would even be considered.low for pro-

ductive trout water. The phenomenal production of Golden Shiners by :Mr. Schuil in 

pond 5 in 1933 wa.s due., in a large part, to the fact that this pond was warm and fertile. 

Crow·ding oi' the fish in these ponds, probably because it vras accompanisd by 
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Table XI o The production obtained with the four species successfully 

propagated at Schuil Acres., summer of 193 4. 

Area: in percent Actual production Calculated uroduction-ner 
of -- ~ -an acre Number Pounds Number Pounds 

5.17 ••• o•• ••• • •• 

lo24 ••• • •• • •• . .. 
15.15 6,500 9o2 42,904 60.8 

15 .15 ••• • •• • •• • •• 

17.96 14,348 14.1 79,888 78.3 

19.28 20 .,207 48.3 104,808 250.5 

15.70 20,100 38.0 128,025 242.0 

-----·--·--------•---~---~ -·--·-·---·-.. ---

Table ~UI. Physical data on the Schuil ponds., for ·bhe summer of 19311. 

acre 

Estimated Surface Dimensions Vfater Av. daily (2 P.M.) water tem:,. in de1a,rees Fo 
vohune May June July Aug. Sept. May 23-average 

depth 
ft. 

bottom 
composi­
tion 

in ( 23-31) ( 1-23) Sept. 23 
cu. ft. ---- ·-----·--•-···-·-·•··-·•··-•-··---- ·-----······•--·--

1 

2 

3 

4 

5 

6 

7 

2 

2 

4 

4 

3 

2 

3 

marl 

mud 

marl 

marl 

marl 

30 t X 75 t 45 00 

gt X 60' 1080 

60 1 X 110 1 26400 

60' X 110 1 26400 

52' X 150 1 23400 

marl and mud 60 1 x 140' 16800 

64 

67 

63 

58 

70 

72 

69 

72 

67 

59 

74 

78 

78 mud 57' X 120 1 20520 73 

·----•--·-------·-·--·· 

70 

74 

68 

59 

75 

79 

79 

68 

72 

67 

59 

71 

73 

75 

64 

65 

62 

56 

67 

67 

69 

67 

70 

65 

58 

71 

74 

75 

fertilizinc;; and feeding did not greatly effect their growth rate. Notably the Northern 

Red-bellied Dace and Bluntnosed Minnows grew very rapidly. Several of the breeders of the. 

l3lunt;nosed 1'/Iinnows attained a size greater than any specimens recorded by Van Cleave 

and Markus for Illinois I and are equalled by only one specimen in the extensive collection 

of this species in the Museum of Zoology, University of Michigan. The growl:;h of the 
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or Lhe Golden Shiners was slow due to the low water temperature, not to overcrowding. 

No comparative data are availnble on growth or production of the iJienona Killifish. 

Table XII!.Food orc;anisms, predators, and fish species other than the one 
intended to be propagated, found in the Schuil ponds when drained. 

Number per square foot 
by bottom sampies 
Pond 5 Pond 6 Pond 7 

Aquatic annelids 

Mollusca.: 
Helisoma antrosurn 
Helisoma trivolvis 
·valve.ta trica.rinata 
Gyraulus oarvus 
Physa. sp. 

Arthropoda.: 

• • 0 

• • • 
• • • 

6 
22 
29 

Shrimp (H. lmickerbockerii) ••• 
Crayfish "l"c. i:rnmunis) · 1 

" ( C. virilis ) ••• 

Insects: 
Dragon fly nymphs 
Damse 1 fly '' 
May fly 1' 

Water-boa. tmen 
Back-swimmers 
Belostorna ti dae 
lifaucorida.e 
Chironomidae 
Miscellaneous fly larvae 
Haliplidae 
Dytiscidae 
Hydrophil:idae 
Dyrinida.e 

Amphibia.: 
Rana clamitans (tadpoles) 
;;ana pipiens (adult) 

l~eptiles: 
Painted turtles 

Foreign fish species: 
Golden Shiner 
Bluntnosed Minnow 
Hornyhea.d Chub 
Goldfish 
Killifish 
Pumpkinseed 
7!a.l leye Pike 
Stickleback 
Mud Minnow 

8 
3 

242 
• • • 
• • • ... 
• • • 
19 

• • • 
0 •• . . . 

2 

• • • 

. . . . . . 

••• 

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

36 

4 . . . 
• • • 
128 

16 

• • • 
• • • . . . 

4 
0 •• 

32 
• • • . . . 
• • • 
• • • 
112 

• • • . . . 
4 

••• ... 

. .. 

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

48 

24 
• •• 
48 

560 
480 

2064 
• •• 
• •• 

• • • 
8 

120 . .. . .. 
• • • 
• • • 

2912 
32 . . . 

• • • 
• • • 

• •• . .. 
. .. 

• •• 
• •• . .. . .. 
• •• . .. . .. 

• •• 

Estimate of abundance or number ob­
tained, snecimens drained from pondl 
Pond 3 P;nd 5 Pond 6 Pond~--

• • • 

... 
••• 
••• 
••• 
••• 

• • • 

••• 

• • • 
r, 

• • • 
c • 
r • 

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

. .. 

••• 
Few . .. . .. 
• •• . .. 
••• . .. 

. . . 

. .. . .. 
• •• . .. 
Co 

. . . 
1600 

700 

c • 
21 

• •• 
ab. 
ab. 

4 
1 . .. 

• •• 

3 

• •• . .. 
ab. . .. 
. .. 
4 . . . 

• •• 
3 

• •• . .. 
1 

2630 

• •• 

... 

. .. 
• •• . .. 
c • 

. .. 
c • 

• •• 

ab. 
c. . .. 

ab. 
ab. 

c • . .. . . . 
. .. 
c. . .. . .. 

ab. 
• •• 

1 

Few . .. 
Few 
0 •• 

Fev, . .. 
• •• 

6420 
Few 

••• 

.12 
3 

10 
10 

v. ab., 72 

v. ab • 
c. 

• •• 

v. ab. 
ab. 
r • 

ab• 
ab. 

• •• 
• •• . .. . .. 
ab • 
c • 
Co 

c. 

c • 
1 

. .. 

. .. 
320 
• •• 
• •• 
• •• 

l 
• •• 
• •• 
• •• 

l For the estimates of abundance of specimens which drained from the ponds, r. 
cormnon, ab. = abundant, and v.ab. = very abundant. 

rare, c. 
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Several references have previously been rrmde to the peculiar bimodal nature 

of the frequency distribution curves for the young of the preceeding; species. The 

data available indicate., almost beyond a doubt., that these bimodal a.urves were the 

result of two spawning peaks during June and July. Figure 1 shows two peaks in the 

temperature curves for these two months for the four ponds under consideration, es­

pecially so for ponds 5., 6, and 7. ·while some spawning of Bluntnosed Minnmllfs and 

Red-bellied Dace did occur lfturing the temperature peak in May, the bulk of the spa·wn­

ing; of these two minnows, and the entire spawning of Killifish and Golden Shiners 

occurred from about the middle of June through Julyo Since a.bout 70o/"o of the Red-bellied 

Dace were nearly ripe on June 10, most of the individuals of this species presumably 

spawned during the first temperature peak. This accounts for the unbalruwed curve for 

the Chrosomus young (Figure 6). The extension of the spawning season of the Bluntnosed 

Minnows from about the first of June to the middle of August indicates that most of the 

spawning occurred during and after the second temperature peak ( in late July). The 

differently unbalanced curve for the Hyborhynchus young (Figure 4) is thus explained. 

The spawning of the Killifish, from the middle of June through July, was about equally 

divided between the tvto temperature peaks (Figure 3); in agree:rrt3nt 1,vi th this, the number 

of specimens in the two peaks in size distribution 1.ms about the same. The poorly 

defined temperature peaks for pond 3 l)robably explains why the yo~ Golden Shiners reared 

in this pond do not clearly show a bimodal size distribution. 

The close coincidence of the knmm. spawning periods of the first three soocies 

mentioned with the two sunrnl3r temperature peaks leaves little doubt as to the val idi "b.,r 

of the explanation for the bimodal size distribution of the yoi.m.g here presented. 

Several facts which have coma to the writer's attention illustrate the possibilities 

of minnow forage for game fish. Occasionally a game fish was found in the Schuil minnow­

rearing ponds vhen they were drained in the fall. In 1933 a Walleyed Pike was taken from 

the Golden Shiner pond (No. 5). In 1934, a Pumpkinseed was taken from the Chrosomus pond 

(No. 7) and 3 Goldfisha.nd one 'dalleyed Pike were ta.ken from the Fundulus pond (No. 5). 

How these fish gained entrance to these ponds is a mystery. The two Walleyed Pike (each 
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exactly 10 inches in total length-much larger than any young obtained by H.J. Deason 

of the U. S. Bureau of Fisheries, from Lake Erie) were youn<-6 of the year. They no doubt 

had entered the pond at a small size and.., due to the excellent forage., had grown very 

rapidly and to a very large size in their first summer. The Pu..mpkinseed spent its first 

year of life in the quite barren gravel pit ponds at Utica during which aocordling to 

scale studies., it attained a size of only l 1/8 inches 6 but during its second summer 

( in pond 7) grew to a size of 4 1/2 inches (a remarkabl,.. greater growth). One of the 3 

Goldfish obtained from pond 5 according to the scale examinations made on this one 

specimens was also a young-of-the-year, 7 1/8 inches long. There can be little doubt that 

wonders could be accomplished in fish propagation, if an unlimited supply of natural 

forage were available. 

\ Summary ,/ 
1. The Institute for Fisheries Research cooperated vrith the late Henry .A. Schuil 

in conducting experiments in minnow propagation at Schuil Acres during the summer of 

1934. These experiments were inaugurated during the spring and early sunnner, and were 

observed closely by Mr. Schuil during the early part of the sUI1ID1er. In October and 

November Ilr. Claude Lydell and the writer drained the ponds and removed the i'ish, which 

were taken to the Lydell Hatchery where weights and counts were made. Random samples 

were preserved for laboratory study. 

2 • Seven species of our common Michigan minnows were used in these experiments, 

namely: 

(l) Great Lake Shiner (Notropis atherinoides) 

(2) Common Shiner (Notropis cornutus ~socephalus) 

( 3) Hornyhead Chub (Nocomis biguttatus) 

( 4) Golden Shiner (Notemigonus chrysoleuoa.s auratus) 

(5) Menona Killifish (Fundulus diauhanus menona) 

(6) Bltmtnosed Minnow (Hyborhynchus notatus) 

(7) Northern Red-bellied Dace (Chrosomus ~) 

3. The first three species listed above gave no prodm tion. They are therefore 
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proba.bly unsuited to pond propagation. The last four species gave the following pro­

duction per acre: 

Golden Shiner •••••···••·····42,904 fish~ weight 60.8 lbs. 

Menona. Killifish ••••••••··••79,888 

Bluntnosed Minnow •••••••··•104,808 

Northam Red-bellied Dace ••• 128,025 

It 

ti 

It 

ti 

tt 

78.3 

250.5 

242.0 

It 

II 

ll 

4. The cost of fertilizer and feed was approximately $10 per pond. 

5. The results obtained indicate that production is related to water temperatures, 

either directly or through pond fertility, and with bottom composition. 

s·. The approximate average and maximum total lengths in inches attained by these 

four species in their first sumraer of life are as follov1s: 

Average :tfJ.aximum 

Golden Shiner 2 3/8 3 

Killifish 1 1/2 2 

Bluntnosed Minnow 1 3/4 3 

Red-bellied Dace 1 3/4 2 3/8 

The growth and production of Golden Shiners can be increased considerably abo~the 1934 

growth and production obtained in pond 3 by rearing in more suitable ponds. While all 

four species would ma.ke good live ba.i t for the smaller ~a.me fish., the Golden Shiner and 

Bluntnosed Minnow· are the only two, of' these four species., which can be exoected to 

reach a size suitable for bass and pike bait., and relatively fevv attain that size in 

their first year. 

7. The protracted spawning season of ea.ch of the four species ~roduces a wide 

range in the size of the young of the year. Red-bellied Dace, Menona Killidtish and 

Bluntnosed JKinnows reach a rather definite mB.ximum size in relativel,y few years. These 

three species show a growth compensation vvhich causes the adults of either sex to be rather 

uniform in size• 

8. A sexual dimorphism in grovrth rate manifests itself during the first year of life 

in the Bluntnosed Minnow., the males of which grow faster the.n tho feJ!Ulllles. In the two 
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species of which the females grow fast0r than the nw.les., namely the Red-bellied Dace 

and the lVienona Killifish the difference in the growth rate of the sexes does not appear 

until after the first year of life. 

9. Two mid-summer peaks in water tem~eratu.res resulted in two spawning peaks 

for Chrosomus., Fundulus., and Hyborhynohus. This fact illustrates that, in some instances., 

size frequency distributions cannot reliably be used as the sole method of age determination. 

10. Crowding to the extent of 100,000 to 125,000 fish per acre did not inhibit the 

grov.rth rate of the two species Hyborhynchus notatus and Chrosomus eos. 

ll. Phenomenal grmvths were attained by 2 '.'valleyed Pike, l Goldfish, and 1 Pumpkin­

seed. These fish had gained entrance into minnow ponds and had obtained ideal minnow 

forage. They are mentioned in this report as illustrating the possibiltties in the use 

of forage fishes. 

INSTITUTE FOR FISI-Il-;RIES &ESE.AR CH 

~f-~ 
Gerald?. Cooper 
In Char Ge Forage Fish Investigations 
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