Y
N
=y
¥ 4

orT
N IN
TILIZEE

AL
-
=

g L

. |

- s -
g

S d

UN

: o . S -
| 1.9 %q.u a.rw..
O = B Lo

; & - R
w7y A it »,.\.. o

LY
7.
T
455

+

-~
o

a8

;“
L

¥
&

1
N
i" 4
BERTI!

)
-




THESIS

This is to certify that the

thesis entitled
An Anaslysis Of The Bottom Fauna Production In

Fertilized An Unfertilized Ponds And It's
Utiligation By Young-of-the-Year Fish,
presented by

Mercer H, Patriarche

has been accepted towards fulfillment
of the requirements for

_H._ﬂ._-__degree ile_Ong__

MR N

Major professor

Date._April 1k, 19Lg

M-795






AN ANALYSIS OF THE BOTTOM FAUNA
PRODUCTION IN FERTILIZED AND UNFERTILIZED
PONDS AND ITS UTILIZATION BY YOUNG-OF-THE-YFAR-FISH

By
Mercer Harding Patriarche

A THESIS
Submitted to the School of Graduate Studies of Michigan
State College of Agriculture and Applied Science
in partial fulfillment of the reguirements
for the degree of

MASTER OF SCIENCE

Department of Zoology

1948



-~

B\

‘ / g

ACKNOWLEDGMENT

I would like to express my appreciation to
Dr. Robert C. Ball of Michigan State College to
whom I am especially indebted for his valuable
advice, close supervision and helpful criticism
throughout this investigation., I would also
like to extend thanks to the Institute for Fish-
eries Research and its Director, Dr. Albert S.
Hazzard, for making this work poséible. Grati-
tude is due to Mr. Ralph Marks, Regional Fish-
eries Supervisor; Mr. Henry Hatt, District Fish-
eries Supervisor; and the personnel at the Wolf
Lake State Fish Hatchery for their aid and as-
sistance in ocarrying out the field work of this

problem,

203304 .



THESIS



TABLE COF CONTENTS

INTRODUCTION e eeossococcocsccccscsnccsnscscssscnse
DESCRIPTION OF TEE PONDSecccccccccccccsccccsccce
METHODS AND EQUIPMENT ‘
St00KINGeeeeseaceccassssaccsssascsscssssssee
Fertilizationecececccccccecccccsccccccsccncsce
Bottom Samplingecccccccccecessessesccscssces
Fish CollectioNeccecccoccecssccscccsccaccccscs
Laboratory Prooedur@ccccccceccecccccsscsccccce
BOTTOM FAUNA e« eeoooccscocscsccccscscncascsscnss
STATISTICAL ANALYSISceesecccccossoccccscscccccs
STOMACH ANALYSISeecoceecsccccccccssccascasacsce
DISCUSSIONecesccosceccecscacascccsccscascssscasne

SMRY;............Q.....................O....

LITmTURE CITED‘C.....Q..............O...Qll..

PAGE
1

10
10

16
18
21
&5
27



.

® 8 00 ¢ 00 200 b9 e 9S00

.

-




INTRODUCTICN

The Michigan Department of Conservation, in coopera-
tion with Michigan State College, made possible a series
of experiments to determine the probable effects of fere
tilizer as applied to Michigan ponds and lakes, formulate
management policies for ponds, and obtain figures on cost
of application of the fertilizer. The experiment with
which this report is concerned was a measure of the effeot
of fertilization on the fish-food organisms in pond waters
and a eonsideration of the utilization of these organisms
by the young-of-the-year fish.

Dredge sampling of bottom-dwelling fish-food organ-
isms was carried out on four experimental ponds at the
woif Lake State Fish Hatchery as a means of determining
and comparing the productivity in terms of benthic fauna
in fertilized and unfertilized ponds. Physiocal, chemiocal,
and blological data ‘"as collected on the ponds, two of
which were fertilized and two left unfertilized. Stomach
analyses were made of young-of-the-year bluegills to de-
termine gqualitatively and quantitatively how the available
food in the ponds was being utilized by the fish,

The construction end management of farm fish ponds to
conserve water resources and provide recreation has come
manded the attention of workers in other states for sever-
al years. Missouri and Texas have developed an extensive

farm pond program. Alabama, Louisiana, North Dakota,



Oklahoma, and many other states have been active in similar
projects, Michigan, with some 11,000 lakes within the
state, has not had as great water conservation problems nor
the need of establishing fishing waters as have some other
states. In recent years popular interest in farm fish ponds
as a means of better utilizing unproductive land as well as
providing recreation for the owner has developed.

The practice of applying fertilizer to fish ponds to
attain a greater production of fish has been tried and used
successfully in India, China, Japan, and several European
countries where pond fish culture has been carried on for
centuries. Since 1930 several investigators in America
have.oarried out work on fertilization and pond management
with varying degrees of success (Davis and Wiebe, 1930;
Hogan, 1933; Meehean, 1933; M. W, Smith, 1934; Swingle and
Smith, 1939, 1941, 1942; Tack and Morofsky, 1946; Swingle,
1947).

‘The role that fertilizer plays in the production of
fish 18 an indirect one in that it supplies the nutrients
for the growth of phytoplankton, the primary food material
upon which all fish are directly or indirectly dependent,
Golden shiners, gizzard shad, and goldfish use phyto-
plankton directly in addition to other foods. Bluegills,
small crappies, and young bass depend on the phytoplankton
indirectly in that they feed on zooplankters and on insects
which, in turn, rely on the phytoplankton, the bacteria
that decompose it, and their own kind for food. Inasmuch



as the larger carnivores prey on small fish they, too, are
indirectly dependent on this fundamental phytoplankton,

In order to measure the productivity of a body of
water, several workers lmve attempted to determine the re-
lationship of average weight of bottom organisms per square
foot and pounds of fish per mile of stream or acre of water
(Richardson, 19213 Surber, 1937; Davis, 1938; Tarzwell,
1938; Howell, 1941; and Ball, 1948).

However no single index of productivity has been adopted
for, as Welch (1935) pointed out, two considerations are in-
volved in devising a single index of general biological
productivity (1) the inherent capacity of a lake to support
life (biotiec botential) and (2) the actual productivity at
a given time, Several indices ineluding bottom fauna have
been proposed but all havé weaknesses., When a rich benthie
fauna is present high productivity is common but not neces=
sarily insured. It is believed, however, that the standing
orop of bottom organisms will give a comperable measure of
the productivity ofponds such as were under consideration

in this investigation of pond fertilization,
DESCRIPTION OF THE PONDS

The field work was carried out during the summer of 1947
at the Wolf Lake State Fish Hatchery, the largest hatchery in
the state, located ten miles west of Kalamazoo in Van Buren
county, Michigan, Two pairs of ponds, selected on the
basis of similarity'in size, bottom type, and source of
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water supply, were assigned to this problem. These were
Ponds 7, 12, 20 and 21 and their location is shown on a map
of the hatechery (Chart I),

Ponds 20 and 21 were paired, Pond 20 receiving the
fertilizer treatments and Pond 21 being untreated. In like
mannexr Ponds 7 and 12 were paired, Pond 12 being fertilized.

Pond 20 has a surface area of 2.3 acres, Pond 21 an
area of 2.2 acres, and both ponds have a maximum depth of
about 6.5 feet., Their bottom soil types are similar, vary-
ing from a2 mixture of sand and marl in the shallow areas te
a black muck in the deepest part of the ponds. Water is
supplied directly to Pond 20 from the Number 3 spring, one
of three springs which, in additiom to water pumped from
Wolf Lake, supply the hatchery. Pond 21 is filled from the
overflow of Pond 20.

Monthly chemical analyses of the water d4id not indi-
cate any great difference between ponds in the total hard-
ness of the water, the average for Pond 20 being 114 p.p.m.
while that of Pond 21 was 95 p.p.m.. No free earbon diox~-
ide was indieated for either pond.

There was an abundant growth of submerged higher
aquatic plants but only four gemera were represented in the
flora. The dominant plant in Pond 20 was the water weed
Anacharis sp. which flourished throughout the pond. Chara
sp. was second in abundance but was confined to the shallow

water, Two species of Potamogeton were also present - E.

erispus and P, Hillii., Mats of filamentous algae covered
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approximately one-fourth of the surface area of the fertil-
ized pond throughout most of the summer, especially above
the thick submerged weed bed in the shallow end of the pond.
Pond 21 also had a profuse growth of Chara sp. but the domi-
nant plant in the pond was Najas sp. together with a scat-
tering of Anacharis sp. and Potamogeton Hillii,

Ponds 7 and 12 are almost an acre smaller than the
aforementioned ponds, having 1.5 and 1.6 acres respectively
and a maximum depth of about seven feet., The bottom type of
both ponds is a black organic muck, Pond 12 having, in addi-
tion, considerable organic detritus. The water supply for
Pond 12 comes from the adjacent Pond 6 which receives water
from both Wolf Lake and the Number 1 spring. Pond 7 is
supplied 1nd1re6tly from the same spring via the overflows
of Ponds 4 and 5.

Chemical analyses of the water indicated an average
total hardness of 117 p.p.m. for Pond 12 and 137 p.p.m, for
Pond 7, no indiocation of free carbon dioxide for Pond 7 but
one test at the end of August in Pond 12 showed 8 p.p.m., of
Iree carbon dioxide in the water, presumably due to the de-
cay of the filamentous algae,

These experimental ponds likewise supported luxuriant
plant growths. The dominant plant in Pond 12 was Najas sp.
with Chara sp. in the shoal areas together with Potamogeton

Hillii, After fertilization was started an abundant growth
of filamentous algae appeared in this pond and remained un-
til the end of August. Pond T supported a floral popula-
tion whioch inoluded Ceratophyllum demersum, Anacharis sp.,




Potamogeton Hillii, and an excessive growth of Najas and

Chara,

The presence of higher aguatic plants in any large
quantity in small ponds is undesirable for several reasons,
In the first place they may seriously deplete the dissolved
oxygen content ot the pond water at night or over a period
of several cloudy days thereby causing suffocation of the
" fish. This is especially true in fertilized ponds where a
phytoplankton bloom may have developed which will further
tax the oxygen supply. Secondly, a2 luxuriant growth will
provide too many places for the young fish to hide thereby
reducing the chances of the bass, or any other predator, of
controlling their execess numbers. Consequently the pond be-
comes overcrowded and stunting results. And, finally, the
plants have a nuisance value in that they interfere with
harvesting of the fish.

Swingle and Smith (1941, 1942) have employed fertilizer
successfully vo control submerged aguatic plants. The fer-
$i1lizer induces a plankton bloom which shades the plants
thus reducing their photosynthetic activity and as a result
the plants die. Observations on the fertilized Pond 12 at
Wolf Iake showed that at the end of the summer the submerged
plants had almost completely disappeared and in Pond 20
there was little evidence of the pond weeds (Potamogeton)

but Anacharis seemed unaffected., There was no apparent ree
duction in the higher aguatic flora in the unfertiliged
ponds nor “was there any extensive filamentous algal mats in

these ponds. Apparently the mmts of filamentous algae im



the fertilized ponds were instrumental in eliminating the
pond weeds with the exception of the Anacharis and Chara,

A Secchi disk was used to measure the turbidity of the
pond waters every week but the water remained clear until
the last week in August when readings of 58 inches were ob-
tained in the fertilized Pond 20 and 50 inches in Pond 18,
the other fertilized pond. These plankton blooms were obe-
served after the filamentous algae disappeared. Slight
blooms were recorded in all ponds for July 7 and August 12
but they were not heavy enough for a turbidity reading.

It is more desirable to develop a heavy plankton bloom
than filamentous algae since excessive growths of zgiétlat-
ter formsof algae are generally considered obnoxious inas=-
much as it interferes with fishing and other harvesting op-
erations. Swingle (1947) concluded that filamentous algae
could be prevented by applying inorganic fertilizer only
after the water has warmed up in the spring. At this time
the plant nutrients are dispersed throughout the pond from
top to bottom rather than settling immediately and are
available to the plankton algae instead of the filamentous
forms,

METHODS AND EQUIPMZENT
Stocking

The pondes were stocked with a combination of adult

bluegills (Lepomis macrochirus) and yearling largemouth

bass (Micropterus salmoides) at the rate of 12 bluegills







and 150 bass per acre for Ponds 20 and 21, and 40 bluegills
to 150 bass per acre in Ponds 7 and 12. The bluegills that
were used in stocking the ponds were in poor condition. To
offset an anticipated mortality extra bluegills were put in
the ponds, the inorease being in proportion to the stocking
rate just described,

The following table (Table 1) shows the numbers and

planting dates for the four ponds:

Table 1

POND SPECIES NUMBER PLANTING DATE
7 Bluegill 76 5/20/47
Largemouth bass 240 4/15/417
12 Bluegill 86 5/20 /47
Largemouth bass 240 4/15/47
20  Bluegill 41 5/20/47
Largemouth bass 345 4/15/47
21 Bluegill 39 5/20 /47
Largemouth bass 330 5/1 /47

Fertiliszation

A 10-6~4 commercial inorganic fertilizer containing 10
per cent Nitrogen, 6 per ocent available Phosphoric Acid, and
4 per ocent Potash was applied to Ponds 12 and 20 at the rate
of 100 pounds to the acre every three weeks between April 2
and August 6,

At the outget two methods of fertilization were tried.



One method was to broadcast it from along the shore and the
other was to spread the fertilizer over the pond surface
from the back of a boat as it was rowed around the pond. The
latter method proved to be the most effective and was used
throughout this work.

Bottom Sampling

A total of 255 bottom samples were collected by random
sampling from the four ponds between the last week in June
and the middle of September. Seven samples were collected
eadh week in Ponds 20 and 21 and 6 per week in Ponds 7 and
12, As time did not permit adequate sampling of the entire
pond a section Jjudged typieal of the pond was selected and
the dredge samples were collected in this area, every effort
being made to insure randemness in the sampling.

A Peterson dredge, which covers an area of .826 square
feet, was used for the sampling. After a bottom sample was
obtained, the dredged material was put into a tudb and any
plant material brought up was removed, washed in a 30-mesh
sleve, and placed in a quart Jjar containing a little water,
The remaining ma terial was thoroughly stirred in water in
the tub and poured through the sieve. The organisms and res-
idue remaining were washed several times, put in another
quart Jar, and all samples taken to the laboratory. If they
could not be piocked over within a short time the samples
were kept in a refrigerator until such time that they eould

be sorted out and preserved in 80 per cent alcohol.
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Fish Collections

Bluegill fry were first observed in the ponds on July 8.
Beginhing the first week in August, at least 25 were collect-
ed weekly from each pond by seining and taken to the labora-
tory where they were measured and the stomachs removed and
preserved in 10 per cent formalin for future analysis. A
total of 503 fish were collected and their stomachs preserved.

Seining was done from a boat., One end of a fifty-foot,
fine-mesh seine was weighted and, after selecting an area
over a weed bed, the weighted brail was tossed into the water
from the rear end of the boat and the net passed into the
water while an assistant j‘escribed a small circle with the
boat and returned to the starting point. The seine was then
hauled into the boat and 25 or 30 fingerlings were trans-
ferred to a pail and taken to the laboratory. In the fertil-
ized ponds, one cast was all that was required to collect the
desired number of fish whereas in the control ponds often

several tries were needed.

Laboratory Procedure

Bottom samples - The method employed in separating the

organisms from the bottom sample debris was to place a por-
tion of the sample in a white pan, add a little water, and
remove them as they were detected moving around. However,
the plant samples required a different technique. A "salt-

ing out" process was used to facilitate separating the
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clinging organisms from the plants and, by doing this, great-
er agsurance was felt that all of the minute invertebrates
(as well as the larger ones) were obtained,

This method cénsisted of preparing a saturated salt solu-
tion in a pan, immersing & few of the plants, and stirring
them around in the solution, After letting it stand a few
minutes, the organisms were removed as they floated on the
surface and preserved in 80 per cent alcohol with the others.

The quantitative analysis can be made by either comparing
the dry weights or the volumes of the organisms with numeri-
cal counts., Because many invertebrate organisms in bodies of
water differ considerably in size, it has been found desir-
able by many investigators of bottom fauna production to con-
sider their data both volumetrically and numerically (Tester,
1932; Lyman, 1942; Ball, 1948). Unless both methods of eval-
uation are considered, a false concept of the invertebrate
population may be obtained., As, for example, in the samples
from Pond 12 it was found that leeches made up only 3 per
oent of the bottom fauna population numerically but more than
58 per eent volumetrically.

The volumeiric method was employed,along with numerical
counts, in this analysis because it is relatively faster
than the dry weight method, requires simple equipment, and is
sufficiently accurate for this work, Ae determined by Ball
(1948), the conversion factor for changing the preserved
iolume of organisms in cubie centimeters to an equivalent

live weight in grams is 0.98. For purpose of this problem
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one cubic centimeter of preserved volume is considered as
one gram live weight.

In making volumetric determinations, the organisms
were first placed in a graduated centrifuge tube and the
alcohol allowed to drain off the sample by putting the tube
in a rack which was inclined at about a 45 degree angle,

To measure the volume of the invertebrates more alcohol was
then added to the tube from a burette until the entire sam-
ple was displaced in the liquide By using a burette which
had been calibrated with the centrifuge tube, the differ-
ence in readings between the two scales was noted and re-
corded as the total volume of the sample., The inverte-~
brates were then sorted into taxonomiec groups, counted, and
their group volumes measured.

Food analysis - The stomach amalyses were made under a

binocular microscope. Numerical tabula tions were made of
the contents and the food organisms identified. 'Obserm-
tions were recorded on the presence of any other material
in the stomachs., Volumetric determinations were not made
because the limitations of the equipment would not permit
an accurate measurement of the minute organisms. This
omisgion is not considered serious because, in a food study
of fish of this size (1.3-2.6 inches), numerical data will
provide a significant index to the food habits of the small
fish,
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BOTTOM FAURA

Charts II, III, IV, and V show the composition of the
. bottom fauna populations of the dredge samples taken from
the four ponds, both numerically and volumetrically. From
these it can be seen that the midges were, numerically,
the dominant organism in three of the four ponds. The
Chironomidae were the most abundant, followed by the
Ceratopogonidae and the Chaoborinae. The latter appeared
in the bottom samples from Ponds 12 and 21 about the mid-
dle of August and became abundant in Pond 21 in September
but none were taken from the fertilized Pond 20 and only
one from Pond 7.

In addition to the midge population there were other
organisms whose distribution and numbers varied consider-
ably among the ponds. O0ligochaetes were numerous in Ponds
20 and 21, represented in Pond 7, but were quantitatively
not significant in Pond 12. The scud, Hyalella knicker-

bockerii, was fairly abundant in Ponds 20 and 7 and pres-
ent in Ponds 21 and 12 whereas the small mayfly, Caenis
8p., was found in larger numbers in Ponds 21 and 12 than
in Ponds 20 and 7. Leeches (Hirudinea) constituted a low
percentage numerically in all of the bottom samples but
ewelled the volumetric percentages considerasbly in the
samples from Ponds 7, 12, and 21.

Very few dragonflies (Anisoptera) were taken in the
samples but they represented from two to five per ocent of
the total sample volume of each pond. The large burrow-

ing mayfly, Hexagenia sp., was numerous in the bottom
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fauna of Pond 21 and present in Pond 7 but none were found
in Pond 12 and only two individuals were taken from Pond Z20.

Other organisms represented in the bottom samples in
small numbers were damselfly nymphs (Zygopters), Coleoptera
larvae, immature forms of the mayfly, Baetis sp., caddisfly
larvae (Trichoptera), a few small molluscs (Gastropoda and
Pelecypoda) and the water mite (Hydracarina), Two or three
Lepidopteré larvae and several Diptera larvae, other than
midges, were also taken,

While crayfish and tadpoles were present in all of the
ponds, and a few were brought up in the samples, they have
been excluded from consideration because it was felt that
the method of sampling used would not adequately sample
their numbers. The comparatively large volume of those few
taken would unduly influence the total volume of the fish
food organisms thereby producing a volumetric total not
truly indiecative of the pond population.

From the bottom sampling it appears as though each
pond had a bottom fauna composition more or less peculiar
to itselr, thereby emphasizing the fact that no two bodies
of water are exactly alike. Swingle (1947) reported a
similar variation in the production of plankton algae in 27
small ponds at the Alabama Experiment Station. ZEven though
the ponds had a common water supply and were, morphologic-
ally, almost alike the composition of the phytoplankton
varied from pond to pond.

Tables 2, 3, 4, and 5 have been prepared summarizing



Table 2. - A summary of the dredgs-sample data of the unfertilized

Pond 7 and a tabulation of the bottom fauna in the samples,

Collection Date July August September Totz2ls
lioe 0of Samples 30 18 (<) 54
Total Sample ;irea 24,78 14.87 4,906 44,60
(sge It.)
Total iio. Crganisms 15135 6ll 84 <210
lNo. Crganisma/sq.ft. ol.1l4 41,09 16495 49,46
Total V?l. ?rganisms 15.4 S50 l.0 22,0
COC.
Vol. Crganisms/sc.ft. .62 0t .26 .49
| - — —

Chironomidae A 773 651.02] 248 40.57 48 57.14 48,02
B 2.9 17.68] 1.1 1lo.4 ol 7.69 16.80

Ceratopogonidae A 30 1.98 10 l.04 1l 1.19 1.85
B === trace] --- irace -=-- jrace trace

Chaoborinae A cee eccco] cece ccce- 1 1.19 «0d
B e ecca- cce eeca- --- trece trace

Caenis A 245 1lo.17 52 8451 ——e  eee-a 15.42
B l.l 0071 .3 40‘8 hadadad badadad 5074

Baetis A ) WG| === eeca- cee  mccaa 23
B === trage| === cecce- e cece- wrace

Hexagenia A o «40 11 1.80 oo ecce- 77
B 08 4.88 1‘0 140 X b el 70!58

Anisopiera A 5 030 === ecmec | cee cee-- o 23
3 o8 4,68 =~~~ e-ea- oo aceee S.28

Lygoptera A 1 «80 21 V.44 ~ee cce-- 1.54
B 02 1022 ol 1049 bt hadadhdidnd 1023

Trichoptera A 3 «20 9 1.47 3 3457 .08
B === trace ol 1.49 --=- trace 41

Coleoptera A 41 2.71 10 l.64 © 7.14 2,58
B S 1.83] === trace --= trace 1.20

Lepidoptera A cee cccca] eac ccaa- cce coe-- c————-
B coe  wecce]| cce cccea cee eceee cace=

Cther DIiptera A 4 20 5 «82 cee ece=- 41
B == trace| --- .race c——e  —eeaa trace

hyalella A 261 17.23| 182 29,76 7 8.33 204,04
B 1.4 .04} 1.0 14. -== trace 9.84

Hirudinea A 22 1.45 6 «9€ 3 5457 1.40
B 4.9 =59.88 2 2,99 l.2 92.8 25.82

Kydracarina Al === cmcoe] =ce cce-- 4 4,17 .18
3 cee cocee] ece ecce-- -=-= trac trace

Cligochaeta A ¥ 2,11 S 003 2 ge0 1.72
B o7 4,27 Y] 4.48 === trac 4,10

Gastropoda A 25 1.65] 25 4.09 3 o.b 2.40
X B 05 0.05 07 10045 hadeadad trac 4.92

3 1.8 10,97 «d 7.40 cee trac 9,43

A = Number of organisms and

per cent of all orcanisms by number.

B - Volume of orzanisms in cubic centimeters and per cent of all
orsanisms by volume, '’




Table 3. - 4 sumary of the dredges-sample data of the fertilized

Pond 12 and & tabulation of the bottom fauna in the samples,

Collection Lute culy .U usT Zepteuier Totals
0. 0L Sumples <t 18 o o4
Total sauple ..rea 24,78 16.E7 4,96 44, C
(Sce Lt
Total Zo. Cr_aaisams 512 900 170 vuad
1.os Cr.anisws/sce 1u.] 1CLl.87 4.9 5.4 €1.70
total Vol. (rcanisms clel 19.9 l.9o Sce0
(GCQ )
Vol. (rganisas/sc.ite 1,20 l.o4 il 1..0
Cnironomidue A 5200 87.08 791 82.74 117  oo0.47 cde4
B 11led w3e2o Dev ZZo64 o7 4doelT0 29.41
Ceratorogonidze a 4 olC 10 1.15 ce=  —ee-e- b
B ] -~-- +t1ace === Lr8CE€ ce- eme-- VI C€
Chuovorinae a | =meee cecec ]l ece cece- 14 7eSC ol
5] mem mmeea ——- cmca- -== Lrace t.aece
Caenis A 110 4,3C 4C 4,1¢€ = emea- 4419¢
3 [Re 1070 Py QBU _——- eeccecs l.vU
Baetis A i BB === e--e- e co-e- 19
. B === 3i1rz2ce] === ==e== cee cace- ir.ce
Lexi -enia a ] em=m cmeen] e e e ecccee] eeee-
Bl coce caccc] cce macaa ece emccea]  ee-a-
Anisoptera A 13 32 < ezl 1C SeGE 43
B 1.4 4.12 - tl‘ace 02 12.00 ~.L’C
Z&‘doptﬁra a 18 ¢72 [ o\‘)l 7 veYO 077
' 3 ) " oE8 -=-= {race == L1'2CE eul
Irichopiera A 2 «U8 7 ) 1l 37 ST
Bl ---- <trace ol e4d --- trece 17
Coleoptera A 22 .88 10 1.09 2 1.14 by
B [ '88 -=-= {racce - - wliCL -\.)1
Lepivoptera A 1 (4] =ve —cu-- e eme-- eLu
B ===- <siracef] e-- «ccec-- I vrsce
C‘Oher .,ip‘ucx'& A 2 008 8 .84 —-ee eooee .17
B ---=- trace ol ) e cec-a- «17
Hyzlella A 47 1.87 2 2.02 1 007 ZeCC
B ol o9 ol 049 - vlace 04
dirudinea A 56 2420 co O.77 e emee- Lo
B 17.4 51.18 15.8 59.48 —m— @ eoee- L}Oobzl
i.ydracarina A ] «04 4 el 1 « 57 ol4
Bl ~==-=- trace] ---- tiace cee ecce- trace
Olizochaeta A 7 .28 1 0] == eeee- o2l
B] -=-- trace -== truace cee ecme- truce
Gastronoda A 2 .08 11 1l.15 12 c.82 LY
3 ol o29 == LIace .1 O.Eé ov4
I‘eleoypoda A 11 044 8 084 11 0.25 ol 2
3 .6 1'70 05 1029 O 07.30 5.55

A = Number of orgunisms and per cent of all organisms by number,

B - Volume of orsanisms in cubic centimeters und per cent of all
organisms by volume,




Table 4. - A sumary of the dredge-sample data of the fertilized
Pond 20 and a tabulation of the bottom fauna in the samples,

Collection Date an. July Aurust | Septerter | Totels
No. of Samples y %5 2¢ .7 Th
Sqe ft.) .
Total No, Organisms 232 351 1845 %2 5420
No. Orgenisms /sq. ft. 70.3 119.37 .| 79.17 60.90 96.20
Total(VOli Organi sms 3ed }6.5 18.8 h.} 62.7
(.1 1Y . ’
Vol. orgﬂn18M/‘Q0 fto 09"‘ 1.26 81 &1 1,03
Chironomicae A ;
R £ >x.4119.1 51.19] 6.6 30.27| 1.6 20.00] "0.01
Ceratonogonidre A 3 1.,30] U5 1.30]139 7.52] N3 1.2 391
B | tre+ tr.] a 271 At 1.93] 1 1.5 o5
cha°b°nn“ ‘ - - oo - Lol ol g -ee oeoves -ee ooeee ceoeee®
B feece cocce] cae i aiaaa cee  cocee cce sccce] cecce=
Caenis A 5 2.16].162 u4.68] 59 3.20 2 514 3.88
B tr. tr.] . 7 1.8¢ 2 92] tr. tr. 1.2¢
Ba.ti. A - -ew ooeoee 17 0"‘9 . } .16 1 .% .}6
B ooee oeoeces .} .80 r. tr. tl‘. t!‘. .71
Hexagenia A 1 M3 1 03] cee aeeee cee  ceeee .03
B Jd 323 .3 0| coe  comce] coe ace-e K14
Zygoptere A feeee ol 10 .29 42 2.28] 27 7t.67] 1.
‘ B jecee ccecee tr. tr. o2 92 ol 1.25 i3
Anisopters A 1300 17 M9l 1 05 £ 2. 27 19
’ B 1.0 ’-‘5.16 1.8 4421 ¢tr, tr. 3 3075 h.98
Trichoptera . I ! 03] 13 TJOfeane coaen o2U
B feee <oe-e] tr. tr.| ol Mblocen coeee BL
col.optﬂm A 9 3 .88 hh 1.27 36 1 095 } 545 1.56
B o} 9.68 o7 1cgd 2 092 tr. tr. 1057
Corixidae A pece ca-aa c—e  cccee cee ecocee cce occce] ccce- -
B voce oemeee -—me -ome e ooe oecoecos oo occoe oecoos
Lepidoptera A beer ceeee ece ccece| coc meeee] 2 14 07
B peee cccec] e cccea] coa cceee] 1 1,28 Al
Other Diptera I e I 20| 10 A9l 5 1.h2 26
. B pece eweea] ,20 1,07 | tr. tr. % 3075 1,00
B 2 65135 9.38]1.9 &.72] Q1 1.5 g.12
Firudinea A | eee cceea] 23 H6| 3t 1.8 11 312 1.1
B |eee cceec] 1.6 2,23]1a 5.08] S5 6.25] U456
Hydnc!r’.nﬁ A mee occces 9 : .w 20 093 L .85 0’11
. B | cee ecmee==] tr, tr.] tr. tr.] tr. tr. tr.
Oligochaeta Al 56 2u.alt] h6g 13.55] 5" 29.5"] 97 27.55( 19.24
B ') 9.“ 6.0 16,08 607 30.73 o8 10.00H 19.65
Yematoda A eee cecee 12] cee . cccce] cee caeee 07
B |ece eccaa] 1 27| === ecccee| cee  ccaao KL
Castronoda A ]ece ccaea 73 2.1] 66 358 1& 5,11 2,67
B |eee e-==-] 1.7 L5618 6M2] 2 5.00] 4,9¢
Pelecypoda A | ece cccca] cce cccce] coe ccca- cce cecen] eccccee
B |eee eccec] cca  ccca- e eccce] cee cececo] e-cee- )
A - Kumber of organisms and per cent of all orgarisms LY number,
B « Volume of organisms in cubic centimeters and per cent of all
organisms by volume.
* - _trage




Table 5. « & sumary of the dredge-sample data of the unfertilized

Pond 21 and a tabulation of the bottom fauna in the semples,

Collection Date June July Auust September | Totals
No. of Samples ) ., b 7 T
m-% Slmplo)Ana 3.30 28.91 23.13 5.78 61.12
8q. ft.
Totel No. Organisms 105 1033 924 29¢ 2365
No. m‘mm/.q.ﬁ. 31.82 ”o?} ”C” 51.55 yow
-nocu(vn). Organi sns 3.1 %0.2 15.7 1.7 60.6
(1. 1Y
Vol. Orglnim/lq.ﬂ. 09"' 1.” «68 29 99
B |- trace | .2 A9 M4 198 A W76 1.06
Ceratopogonidae A 1 95 bo 387 W4 M6 4 1B 3.76
B | === trece | === trece|e-= traoce | --= trece 15
Chaoborinae A coe ccccn | coc aeea-| 83 898 [230 TT.17 13.21
B L g ooade haatad haaaanandad 02 .” 06 28057 1021
Caenis A 3 2.86 293 28.,9:]159 17.20| 1 o 19.50
B == trace 1. 3.”1 3 2."‘8 ee= trace 2.87
Baetis A | eee cceee 5 JA8] 2 022 | eee  eoee- 30
B | ece cccce | cce traco|ece {1008 | coe ccce- trece
Hexagenia A] 20 19.05 122 191 3 3.6¢ 1 o3 7.5
B |11 B.hg | 9.8 22.93|%.1 20,30 | ee= trace | 22.02
Anisoptera A 1 95 7 €8 2 «22 5 1.6¢ 72
B | === trace | 2.2 5.35] 3 19| .2 952 5.07
Zygoptera A ose occe= 8 J7 &7 2.92 3 1.01 1.60
B | cee occee | cee tracs| .l 50 | e== trece 15
Trichoptere A 2 190 10 O7] 14 151 | cee  wcee- 1.10
B ol 3 ° 23 03 07 || 01 o,o oeos ooces 075
Coleoptera A| ece eccaea 19 1.4 5 o coce  omeee 1.01
B oee ocoes 03 073 eece treade | cer ccce- oh,
Corixideae A cece oones 3 029 2o eccee | cce  ccce- 013
) : B I — 3 I3 eee cccen | cee  ece-- trace
Lepidoptera A | =ce ece-- 1 0l0] eoe eccec | cce  ecaa- trace
B | cce eccec | cca trage]ce= cccen | cce acce- Ol
"Other Diptere A coe coee- | Lo 3,29 5 S| cee ccee- 1.90
B oo oo 1.2 209 b tme batd eoccss 1081
Hyelelle A 1 95| 72 6.97] 22 2.3 | cee  cceee 8,00
B| == trace | .2 . )9|eee trece | eee ooca- o5
i rudinea A| con emeea | M 2, i 15,1] 4 1.3 1.7
B | e eeee- [13.7 3312043 22.29| == trece| 27.1%
Hydracarina A | =ee ocee- ] o 17 1.83| 5 1.64 1.27
B | ece occaa eee trace| ==« trace | ===~ {rece trece
mimhaﬁt‘ A 0“ 6009’5 276 26.7 m 2‘0& [} 2.68 8.62
B | 1.8 54,06 10,5 25.51ju.8 23.76] .6 28.57 26.69
Nenatoda A| ==- - ooe oeces | cce
B -“ L 0 L T J ->eew - o o -ee oeees -ee ooeee -aeoeee
Gastronods Al 10 9,52 W w7azm 14.a7| 16 6.0t &.78
B Jd 3,23 S 1.2 9 BME] 2 952 2,56
Pelecypoda A ==e oeea- 1 A0 1 1] cee  caea- .08
B| ece cece- == trece] === tpage| === ==--- trece

A = Mumber of orgarisms
P = Volume of organisas
organisms dby volume.

end ver ¢2nt of all organisms by number,
in cudic oentimeters and per cent of all




15

the sampling data by months for each pond. A monthly summary
of the bottom fauna taken in the samples is included showing
the numbers, per cent of all organisms by number, volume, and
per cent of all organisms by volume.

The total bottom fauna production for each pond, as cal=-
culated from the dredge sampling of the standing erop of or-
ganisms, is presented in Table 6. The computations show that
the fertilized Pond 20 produced 16 per cent more invertebrate
organisms than did the unfertilized Pond 21 and the fertil-
igsed Pond 12 produced 136 per cent more invertebrates than
the unfertilized Pond 7.

However, in order to present a more accurate picture of
the potential fish food production of these ponds, the fig-
ures were revised, omitting the leeches and oligochaetes as
they were seldom taken as food. This is believed justified
not only from the results of the stomach analyses presented
here but also from results reported in the literature (Ben-
nett, Thompson, and Parr, 1940; Leonard, 1940; Howell, 1941;
Ball, 1948). This revision, shown in the second column of
Table 6 shows that the fertilized Pond 20 produced 91 per
ocent more food organisms of a size used by small fish than
did Pond 21, and Pond 12, also fertilized, produced 50 per
cent more food organisms found in the diet of smmll blue-
€ills than 41id Pond 7. In each instance the ponds that were
treated with fertilizer had a greater standing orop of
benthic organisms than did the untreated ponds.



Table 6.~ Comparison in pounds per acre of total bottom
fauna with the production of organisms found in the diet

of bluegills in fertilized and unfertilized ponds.

Pounds per acre

Pond Total bottom fauna Food organismsg*¥*
Pond 20* 92 71
Pond 21 79 37
Pond 12%* 92 48
Pond 7 39 32

* PFertilized pond.
*¥ 0ligochaetes and leeches omitted.
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STATISTICAL ANALYSIS

In a quantitative analysis of this sort a statistiecal
approach is highly desirable although not always essential.
As Lyman (1943) pointed out "Biological research from the
quantitative angle does not in all situations lend itself
to statistical analysis.... Indications and trends are
often as useful as absolute values."™ However, an attempt
was made to offer mathematical suppbrt of the results ob-
tained in this experiment by analyzing the wvariance of the
data,

Leeches and oligochaetes were omitted from the data
in order that the tests could be mde on the population of
the organisms generally found in the diet of the bluegill.
The null hypothesis to be tested was that the data from
each pair of experimental ponds are random samples from a
common population. If the test is significant the vari-
ance in the data is not due to the sampling but rather
that the populations in the fertilized and unfertilized
ponds are different.

Fisher's 'F' test of significance (Snedecor, 1947)
was appliedAto'the weekly sample data of Ponds 20 and 21,
The 'F' ratio of the volumetric data ws 5.52 with 1 and
20 dégfees of freedom which is significant at the 5§ per
oent level, The test of the numerical data showed a
ratio of 11.55 with 1 and 20 degrees of freedom which is
highly significant at the 1 per cent level. The first
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test indicated that there was less than one chance in 20
that thé samples were drawn from the distribution specified
in the hypothesis while the results of the second test
showed that there was less than one chance in 100 that the
samples were drawn from the distribution stated in the hypo-
thesis., Evidently the population of organisms in the fer-
$1l1ized and unfertilized ponds was different. Since fertil-
ization was the factor tested in these experiments, the sig-
nificantly greater invertebrate population of the fertilized
Pond 20 over that of the unfertilized Pond 21 can be attrid-
uted to the application of fertilizer.

The 'F' ratios obtained from testing the data of Ponds
7 and 12 were 1.38 for the volumetric data and 2.99 for the
numerical data, both with 1 and 16 degrees of freedom,
Neither tests were significant so that the null hypothesis
was not disproved. The individual variations among the
data within each pond were too great for the small number
of samples taken. More samples would be required for a
statistically positive test,

Although the results were not mathematically support-
ed, indications of a greater production of bottom fauna in
the fertilized Pond 12 than in the unfertilized Pond 7 can
be demonstrated. In addition to the computations already
presented in Table 6, Charts VI, VII, VIII, and IX have
been prepared to show the results and fluctuations in the
weekly bottom sample data., Charts VIII and IX show a con-

siderable difference in the production of food organisms in
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the fertilized Pond 12 over that of the unfertilized Pond 7.
Ball (1948) has shown from his work on Third Sister
Lake, Michigan, over a three-year period that there is an
annual cycle in the bottom fauna production. The organisms
reach a peak in abundance in January after which their num-
bers decline until a low point is reached somewhere around
the end of June or the first week in July. At this time
the population again starts to rise toward the winter pesak.
From the charts it appears as though there was an interrup-
tion in the normal upswing of production in the experiment-
al ponds at Wolf Lake, This can be accounted for by at
least two factors. One was the effects of predation by the
young bluegills which had reached an active foraging size
at this time. The other was an emergence of the numerical-
ly dominant midges. The predatory activities of the fish
presumably kept the bottom fauna population in check the

rest of the summer,
STOMACH ANALYSIS

The measurements of the bluegills taken for this food
study ranged between 1.3 and 2.6 inches (total length).
Most of the stomachs contained at least some undigested or
partially digested material, there being only 19 of the 503
examined that were empty. Chart X presents the principal
organisms taken as food by the young-of-the-year bluegills,
showing each organism as the per cent of the total number

of organisms taken and the percentage of stomachs containe
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ing the organism,

Midge larvae and pupae wére found to be the principal
item in the omnivorous diet of these fish., Chironomidae
and Ceratopogonidae constituted 48 per cent of the total
number of organisms, the former occuring in 73 per cent of
all stomachs containing food. Midges are apparently one
of the staple items of food for these young fish. This is
further borne out by the fact that at the time of capture
85 per cent of the bluegills were feeding on these insects
in the fertilized ponds while about 60 per cent of the
fish in the unfertilized ponds were feeding on them,

Next, in numerical importance, were the Ostracoda
which made up 25 per cent of the total number and were
taken by 47 per cent of the fish. The scud, Hyalella
knickerbockeri, and mayfly, Caenis sp., were each taken by

29 per cent of the bluegills, both forming roughly 5 per
cent of the total number of organisms. Water fleas
(Cladocera) comprised 6 per cent of the total number but
were taken by only 18 per cent of the fish, Twenty per
cent of the stomachs contained caddisfly larvae (Tri-
choptera), Other invertebrates found in the stomachs
were copepods, damselfly nymphs (Zygoptera), snails, may-
fly nymphs of the genus Baetis, water mites (Hydracarina),
beetle larvae (Coleoptera), water boatmen (Corixidae), and
one leech,

Tables 7 and 8 are summaries of all the material taken
by the 503 bluegills examined, each organism being tabulat-
ed as per cent of the total number of organisms along with



hble 7.-The food of 230 young-of-the-~year bluegills which
were taken from Pond 7 and Pond 12, Average total
length-1.86" (Range 1.3-2.53 inches).

POND 12 POND 7
(Lertilized) (anfertilized)
Per cent Per cent
Per cent of Per cent ot
of all stomachs of all stomachs
organisms |containing||organisms |containing
organisms organisms
MOLLUSCA
Snails 1.71 15.13 l.44 9.00
MALACOSTRACA
Hyalella 2.35 26,05 7.38 30,63
ERTOMOSTRACA
Cladocera 8.46 30.25 8.26 27 .93
Ostracoda 36.28 58.82 9.54 29.73
copepodl 4.02 29 .41 1.52 9.91
AQUATIC INSECTS
Midges:
Chironomidae 35.61 84 .87 51.24 62.16
cemtoposm‘d‘. 4,35 33 .62 2.24 14 .41
Ephemerida:
Caenis 1.79 26,05 8.82 40,54
Baetis 19 2.52 24 2,70
Odonatag
Anisoptera o11 2.52 16 1.80
2ygoptera 2.98 15.97 1.68 14.41
Trichoptera «82 13 .44 5.05 25.23
Coleoptera 34 4.20 24 1.80
H‘mipten 4,02 29 .41 «88 4.50
Other Diptera o1l 252 || we=m-- e
TERRESTRIAL INSECTS .04 .84 .08 90
ARACHNIDA .11 1.68 .16 1.80
H!DRLCARIIA 78 11.76 «48 4,50
LEXCH —emee —neee .08 .90
OLIGOCHAEIA <04 .84 —ecee canae
NEMATODE .07 1.68 .16 1.80
ORGANIC DEBRIS S, 3.26  emma- 6.31
INORGANIC DEBRIS ——— 21.00 e=e== | 15.32
VEGETATION @ | =e=-- 1.68 ———— 8.11
ALGAE ———— CTE-Y S | [— 3.60




Table 8.-The food of 273 young-of-the-year bluegills which

were taken from Pond 20 and Pond 21.

length-1.91" (Range 1.3-2.6 inches).

Average total

POND 20 POND 21 |
(tertilizead) (unfertilized)
' Per cent Per cent
Per cent of Per cent of
of all stomachs of all stomachs
organisms| containing|| organisms|containing
organisms organisms
MOLLUSCA
Snails +18 2.21 l.16 5.84
Clams o12 1.47 «06 73
MATLACOSTRACA
Hyalella 9.89 46,32 1,90 13.87
ENTOMOSTRACA
Ostracoda 26430 48,52 15.01 49,63
Cladocera 78 5.15 4,72 13.14
COPQPOda 1.69 5.88 025 2019
AQUATIC INSECTS
Midges:
Chironomidae 48.13 86,02 52,20 59.85
Ceratopogonidae 4.71 25.00 «98 9.49
Ephemeridac
Caenis 1.33 9,56 12,81 42,33
Baetis « 60 5.15 1.23 7.30
Hemgenia +06 74 «12 1.46
Odonata
Anisoptera .18 2.21 «06 73
Zygoptera «54 5.88 2,39 13.14
Trichoptera 2.29 19,85 4,84 20 .44
Coleoptera 30 3.68 «31 3465
Hemiptera 36 J.68 12 1.46
Other Diptera «84 9,56 43 2692
ARACHNIDA .18 2.21 .98 8,03
HYDRACARINA 1.51 11.03 .43 4.38
ORGANIC DEBRIS conee 24,26 ——— 9.49
INORGANIC DEBRIS cmmae 2.94 e 730
VEGETATION c———— 12,50 om——— |13.14
ALGAE ame== |  6.62 == | 229
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the per cent of stomachs containing the item. The heading
fVegetation™ refers to the leaf and floral parts of higher
agunatioc plants presumably taken in along with some organ-
ism as they were always a minor item in the 46 stomachs in
which they were found. This seams to be also true for the
fragmenis of filamentous algae and Chara sp. which were
found in 27 stomachs. Animal matter which was unidentified
has been classed as organic debris. ILeonard (1940) pointed
out that the proportion of various organisms represented in
the debris is about in direct ratio to their abundance among
recognizable organisms and need not be considered in calcu~
lating the percentage composition of the stomach contents,

The percentage of occurence of the organisms in the
stomachs of the bluegills may be interpreted as the percent-
age of fish feeding on the organism at the time of capture.
Twenty per cent or more of the fish were taking individuals
from at least one of the followin§ groups: Entomostraca,
scuds, midges, mayflies, and caddisflies. Therefore it is
important to note that these organisms thrive and multiply
rapidly in fertilized ponds to a greater extent than in un-
fertilized ponds.

One criterion of measurement in fish food studies is the
'*forage ratio' suggested by Hess and Swartgz (1940). This
factor is a ratio of the percentage of occurence of an org-
anism in the population te its percentage of occurence in the
stomach of the fish, If the ratio of a group of organisms
varies significantly from one, it should be due to either a

difference in availability or a difference in preference.
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Allen (1942), offering the term 'availability factor!
for the forage rﬁtio, states that in order to obtain a true
estimate of the actual quantity of fish food any fauna rep-
resents, one must consider differences in availability to
the fish. Therefore the forage ratios have been computed
for four principal organisms that were found both in the
bottom samples and in the stomachs and are presented in
Table 9. These ratios would seem to indicate that the or-
ganisms were available to the fish but that only in Pond 21
was any preferense indicated and that was for the midges.
Leonard (1941) suggested that the forage ratio be used as a
measure of availability only. In view of this oriticiam,
the midge ratio for the unfertilized Pond 21 would indicate
ingtead that they were not readily available to the fish.

DISCUSSION

Comeiderable work has been done in measuring the
standing erop of bottom fauna of streams and lakes (Adam-
stone and Harkness, 1923; Surber, 1930; Pate, 1931; Need-
ham,'1934; Tarzwell, 1938; Cooper, 1941; and Ball, 1948)
but very little hag been done on ponds. Meehean (1936), re-
porting on bass production in ILouisiana ponds, stated that
with the application of fertilizer the bottom fauna in the
ponds reached a production of 105 pounds per acre. H. H.
Howell (1942) demonstrated in Alabama ponds that the addi-
tion_of:tertilizer more than trebled the average dry weight
of the bottom organisms. Ball (1948) converted Howell's
resulis to a pounds per acre basis to show that the fertil-



Table 9.-Forage ratios of four organisms found in the diet
of bluegills and the per cent composition by num-
ber of the organisms in the bottom samples and
bluegill stomachs,.

Midges | Mayflies | Scuds |Damselflies

POND 20

Per cent in samples 54 4 14 1
Per ocent in stomachs 48 2 10 5
Forage ratio «9 D o7 .
POND 21

Per cent in samples | 11 28 4 2

Per cent in stomachs 52 14 2 2
Forage ratio 4.7 b 105 1
POND 12

Per oent in samples | 85 4 2 1
Per ocent in stomachs 39 2 2 3
Forage ratio 0.45 b 1l 3
POND 7

Per cent in samples | 50 13 20 2

Per cent in stomachs 53 9 7 2
Forage ratio l.1 7 38 1
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ized ponds produced approximately an average standing in-
vertebrate crop of 98 pounds per acre and 28.8 pounds per
acre in the unfertilized ponds.

Howell's results compare favorably with those obtaine
ed in this experiment in which it was also shown that the
bottom fauna production of the fertilized ponds was greate
er than that of the unfertilized ponds., Table 6 showed
that both the fertilized Pond 20 and Pond 12 had a stand-
ing orop of bottom fauna of 92 pounds per acre whereas the
unfertilized Ponds 21 and 7 had respectively 29 and 39
pounds per acre of benthic¢ organisms,

The results of these investigations indicate that the
application of fertilizer im proper amounts will increase
the standing crop of bottom organisms. Other evidence
presented in this paper showed that fertilization had lit-
tle effect on the total hardness of the pond waters nor
was it possible to produce a plankton bloom until late in
the summer in ponds with submerged beds of higher aguatie
plants. Instead of a plankton bloom a heavy growth of
filamentous algae was produced which resulted in eliminating
most of the submerged higher aquatic plants although it had
little effect on Anacharis sp.

It was also demonstrated that fertilization favors
the production of organisms used as food by young-of-the-
year bluegills. Fisher's 'F' test of analysis of Yarianoce
was applied to the sampie data of the standing corop of

these fish-food organisms to show that the variance in the
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data was not a sampling variation but rather one of popula-
tion differences between the fertilized and unfertilized
ponds. Both significant and highly significant results
were obtained on the data from Ponds 20 and Z21.

The results of the food analysis of the young-of-the-
year bluegills compare favorably with previous studies.
Pearse (1918), Leonard (1939), Bennett, Thompson and Parr
(1940), and Howell (1941) all agree that entomostracans
and midges form the chief articles of diet of the young
bluegill. Chironomids, Ostracoda, and small mayfly nymphs
were the principal items in the diet of the small blue-
f111s in these experimental ponds. Leonard sums up the
food of all sizes of bluegills from his wo:k on Ford Lake,
Michigan in this manner: "Members of the group of smallest
£ish (15-26 mm.) fed almost exclusively on plankton, small
nayfly nymphs, and chironomids. Plankton, Chironomids, and
aphids bulked about the same in the group of middle-sized
fish (33-50mm.) but the Odonata were almost as abundant.

The lérgest specimens (105-130 mm.) fed on anisoptera drag-
onfly nymphs almost to the exclusion of other groups.”

Howell (1941) and Ball (1948) observed that the phantom
midge Chaoborus was not taken by the bluegill and this was
true in Pond 21 where these midges were Eeeoming increasing-
ly abundant at the end of the summer but were not found in a
single stomach,

Howell, Swingle, and Smith (1941) reached the conclu~-
sion that bluegills resorted to plant foods only when the
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supply of invertebrates was reduced, apparently preferring
the animal food. This was corroborated by the work of Ball
(1948). The young bluegills in these experimental ponds at
Wolf lake fed almost exclusively on animal foods, vegeta-
tion being only inoidental items of food in a few stomachs.
Evidently in all of the ponds the young bluegills had an
abundance of invertebrate food organisms upon which to feed.

The weekly data on the stomach contents revealed a
definite change in the diet of these young fish about the
time they had reached a length of almost two inches., At
that time their principal food changed rather markedly from
entomostracans, scuds and small mayfly nymphs to a diet in
which midges were most important.

The application of fertilizer to small Michigan ponds
is desirable in that it will indirectly inocrease the food
supply of the fish. Inasmuch as it is generally accepted
that food is a limiting factor in fish production, this in-
ocrease o0f bottom fauna by fertilization and its utilization
by the fish should result in an inereased production of
fish,

Swingle and Smith (1939) demonstreted, from their work
in Alabama, that by applying inorganic fertilizer in proper
amounts to a pond they could inocrease the production of

bluegill bream (Lepomis macrochirus) from 130 pounds per

acre to between 300 and 500 pounds per acre. That these
results can be equalled in Michigan has not been demonstrat-

ed. Loocal conditioms such as fertility of the soil, length
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of the growing season, and characteristics peculiar to the
individual pond have to be taken into consideration.

In Illinois, Bennett (1946) reported that from a sur-
vey of 22 small, unfertilized bodies of water it was found
that they supported fish populations varying trom 71 pounds
per acre in a new pond on a sterile site to 1145 pounds per
aore in an o0ld oxbow lake.

It was shown in this investigation that the ponds used
for this experiment, although physically quite similar,
proved to be biologically quite different as shown by the

composition of the flora and bottom fauna.

SUMMARY

1. The standing crop of bottom fauna of two fertil-
ized and two unfertilized ponds was measured and com-
pared. The two fertilized ponds showed 16 and 136
per cent greater production of organisms respectively
than the corresponding unfertilized ponds.

2 A similar comparison between the two pairs of
ponds showed that the fertilized ponds produced, re-
spectively, 91 and 50 per cent more of those food
organisms important in the diet of the bluegill than
aia th; unfertilized ponds.

e Fisher's "F" test of analysis of variance, ap-
plied to the data, demonstrated a significant differ-
enoceé in the production of bottom fauna of one of the
Tertilized ponds over the production of its untreated

control pond.
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The application of fertilizer produced a heavy
growth of filamentous algae throughout most of the
summer, This resulted in eliminating most of the
submerged higher aquatiec plents in Pond 12 and Potamoe
geton orispus in Pond 20 but d4id not seem to affect

Anacharis sp.

Stomach analyses were made on 503 young-of-thee
year bluegills, There was a marked change in their
diet from entomostracans to midges when they reached
a length of about two inches, There was no evidence
that the fish were eating vegetation indicating that
a sufficient animal food supply was available in all
of the ponds.

The application of fertilizer to smll ponds in
Michigan is desirable in that it will indirectly in-
crease the food supply of the fish, which is one of
the 1limiting factors in fish production.

The evidence presented from this investigation
shows'that fersllization favors the production of
organisms used as food by young-of-the-year bluegills,

Although physically quite similar the ponds
proved to be biologically quite different as shown by
the composition of the flora and bottom fauna.

In ponds with submerged beds of higher aquatic
planté it was impossible to obtain a plankton bloom
until late in the summer even though the amount of
fertilization was varied considerably.

Fertilization had little effect on the total

hardness of the pond waders.
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