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Aostract

Inorganic fertilizer was applied to two state owned lakes in
northern Michizan, one a h.3 acre trout lake and the other a 27.5
sere wars-water lske, Two nearby, simiiar lekes were kept under
obzervation as controle.

Fertilizer brought éhaut a plankbon alzae bloom the first
summer in the wormewater lake and producsd a very heavy growth of
filamenteous alzae the second sumer, The trout lake responded much
less to the added nubrients and the reading of Secchi's disk wes at
no btime less than 8.2 feet.

No agprecisble oxygen depletion occurred the winter following

she first season of fertilizaticn, Chemical analysis in Pebruary
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of the seeond winier showed severs oxyzen depletion, with oxygen
levels at less than 1 p.p.m. at all depths, and an almost complete
winterkill eccurred in both fertilized lakes, Ho winterkill sceurred

in the two lekes serving as conbrols,

Introduction

%ith organie and inorzanie fertilizers of proven value sas
tools of fisheries manazement for faym ponds, it has bsen Telt that
an ectension of their use to inelude certain of our natural waters
shonld be made to deternine whebther an increase in the zrowth of
fish would result from the added nutrients, and if such an increase
did occur whether or not the sypenditure of time and meberials ree
guired to produce it conld be justified,

¥ith approximately 11,000 lakes in ifichigan (Brown, 19h3) it
does not seem that fertilization of meny of them, especially the
warmewater lakes, could be justified under present conditions where
the adecuate harvesting and balancing of the fish crop are perhaps
pore prassing cuestions of manarement than is an increase of the
gtanding erop of fish,

It wse the opinion of Dr, #. 5, Hezpard, Director of the Institute
for Fisheries Ressarch of iichigan, that the most likely fisld for
lake fertilizabtion in Michizan was in the relatively small trout
maters of the state which are egsentially of low productivity. These
lakes, because they do susport trout, have grester value to the angler

than lskes of similar size that support wormewater spseies of fish,
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Lekes of the northern portion of the lower peninsula of Michipan,
where goll conditions permit only meager farming, are generally low
in preductivity of fish as compared with lakes of southern Miehigan,
It wag believed thal these lakes, having the zreatest need fer ore
tifieial enrichment, offered the best opportunity to adequately
gvaluate the effecig of fertilizer on namrél lzkes,

Two pairs of lskes in the northorn section of the lower peninsula
of ¥ichigen wers selected for the fertilization experiment. One pair,
Horth and South Twin lzkes in Cheboygzan County, were chosen as ree
proceatatives of relatively unproductive warmewsber lzkes in an avea
where the most important industyy is the resort and tourist trade,

In 2 seetion having many good trout stresms these lakes offer aboub
the only pan fish waters of the immediate area and as such are of
strategie inportance locally. The other two lukes selected are trout
waters, located about 20 miles south of the warmewster lakes in the
state-ommned Pigeon Hiver Forest areca. These }.akéﬁ were 8lso desimnated
ag Horth Twin and South Twin and had been included in an experimentsl
managemeont prosran (fiseizﬁéyer, 1237 ) several years pz'i#r te the start
of this project,.

Description of the YWarpmewsier Lalkes

Horth Twin lLake (Cheboysan County)e-~This lake is located in

the jack pine plains of the Little Jturgeon River dreinsge arsa, has
a purface area of 27,5 acres, a maximm depth of 15 feet, with the
clear-water zone seldom extending helow a depth of 12 feet., The

lzke has no inlet or ocutlet., the bottom is pulpy peat except on the



dewept shosl sone adjoining the narrow sand beach, The surrounding
land is covered with sscond orowbh pine and aspzen and has no agriecultural
value, The lske does nobt stratify, having & complebe circulation throushe
out tha sumrer,

The fiszh present were bluezills {leuomis machrochirus), suafish

(Lepomis ziobosus), bullheads {&meivrus melas), yellow pereh (Porca

flavescans), winiows, very Tew smallmouth bass {Micropterus dolowieul,

and many hybrids betwoen the bluegill and sunfish. The centrarchids
were roported s srowing at a normal rete Por the state of ¥ichizan

Orews, 1947), hut they avpearsd thin snd Pew lorgze onss were present

%

in the lake, The perch showed definmite simme of atantine aud the
lake had the reputablion of a wery poor fishing lake,

The sguatic plont beds wers oulis sparse in the lske and consished

shiefly of two species of pondweed, Potsposeton smplifolivg end F.

naztanes, snd the vhite w*ter 1ily, #yrphees odorata.

South Twin Laks (Chshoyesn County).--This lake, which is situated

ahout w¢ﬁ“aaﬁ south of Jerth Twin Lake, is soparated from il by a
low ridze. Althoudh a larger lake (Sh acres), it has a maxizam depth
of only 4 fest. The fish populetion included largemouth bass (Miem pe

terus salmoides), pike (Usox lucius), and bsluegills (Lepomis mschro-

ghirug), The fish of bthe lake were not sbtunted and the fishing of the
lske was roporbed as "fairY at the time the fertilization of North

Twin was undsprizken,
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dJudging from the aze of some of the game fish From the lokes
and reporte of sportemen of the area, it was evident thet there had
baen no winterkill in these lzkes for at least 10 years,

Description of Trout lakes

South Twin end North Twin lsakes in Otsesp County are snall
solubion lskes. @zay are very similar in basin size and shape, and
in the chemical constitution of their waters, The scuth lake has
a surface aroa of 4.3 acres and & mexisum depth of 39 fest. These
la2kes have s firm sand botitom on the stesp bazin slope to a depth
of 15 feet and below this depth a thin covering of orgenie muck,
Sparse stands of both broadeleafed and narrowe~lsafed potamosetons
are scattered around the rims of these lakes and extend to a mawimum
depth of 20 faet,

Toe lzskes have no inlet or outlet, their levels depending upén
the ground weter lmel since there is virtually no surface drainage
into the lzkes, These lakes are L‘xzpai-tant beeause they are trout
waters and also are a scenic attraction due to the umusual beanty
of thelr exiremely clear blue waters conirssting with the green of
the surrounding large pines,

At the beginning of the experiment the lakes had fish populations
which ineluded many small porch, ninnows, a few larze rainbow and
brown trout, and brook trout. The minnows and perch presupsbly were
brought in by fishermen, either intentionally or ag bait) the browm

and painbow trout were remmants of plentings made before the wolicy



of plenting only brook trout in lakes wes established. Ti:a lzkes
are stocked each fall with fimgerliag brook trout, fTrout fishing
has not been good in the lakes for some time dus to the competition

and predatisn of the perch.

Anslysis, Concentration, and Distribution of Fertilizer

Pertilization was started in June, 1246 and continued until
Septexber of that summer. Fertllization was resumed in Hay of 1947
and continued throughout the sumer, the lost applieatién being om
Sugust 20, U7, |

On the basis of soil samples analyzed at Miehigan State College
it was recommended that & high nitrogen, Wigh phmaphom@? fertilizer
be applied and a 10«6l comsercial fertiliser was recomwended, A
tentative fertilization sehedule was established gt three week ine
tervals and later proved ¢uite sabisfactory. The fertilizer was
spread on the larger lake, (Hﬁﬁh Twin, Cheboyzan County) by pourdng
fyom & moving boat, and on the smaller lake, (South Twin, Otsege
County) by sesttering from shore.

The volume of fertiliszer to be gpplied was established at 2
PePoite per week. This was & total of 2,800 pounds for gach threew
week application on the warmewater lake and OO pounds for the small
trout lake. This amount was applied during the swumer of 1946 and
proved to be satisfactory in the shallow Horth Twin Lake but not

adecuate to brinz about a plankton dlcom in the colder, deseper waters



of South Twin Lake, The amount of fertilizer was increased t0 3 g,
per weck for the trout lake in 1947 which resulted in an ingrease in

the ampunt of partieulate organie metiter but did nob produce 2 bloom,

Cherdenrl Znalyses of the Lakes

Chemical analyses of the two trout lakes, made in June, 1946,
Just prior to the first application of fertilizer, showed them to be
very similar in all respects. The total alkalinity was L8 p.p.m, in
the south lake and b2 p.p.m. in the north lske. Mo further analyses
were made until late Octeber of the same year at which time both
lakes were in the late stages of the fall overbturn period and con-
ditions were uniform from top to bottom. The only chanze noted was
in the hisher total alkalinity (58 p.pum.) in the fartilized lake
while the unfertilized lake wap Ll p.p.i.

Four series of chemieal analyses were mode during the summer of
1947, These showed changing conditions that veached a peak iz:‘ August,
the period of the sm:r considered to be the most critical }fvsr trout
lakes in Hichizan. %he physieal and chermiesl conditions recorded
for the lakes in August, 1947 are shown in Taple 1.

?mm: the data in Teble 1 can be seen & tendency tméarci azxﬁmf
phication in South Twin, the fertilized lake. The thermocline was
higher in this lake with an accompanying oxyren deplebion in the
hypolimnicon. The upper level of the thermocline was about § feeb
below the surface of the lake and extended to aporoximetsly 20 feet
in the fertilized lakﬁ,l while in the north lske (unfertilized) it was
of the same thickness but the upper limit was 13 feet below the sur-

face and the lower limit at 30 feet.
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In the fertilized lake the oxygzen wes depleted near the lower
level of the thermocline, thus limiting the fish of the lake to the
stratum sbove a devth of 20 foet, while in the untreated lake there
was suiliclent oxyzen %o sucport fish life in the upper 30 feet, Howe
ever, the strata considered as trout waber were of almost identieal
size in the two lakes, the difference %ﬁi&g the depth at which they
occurred. The oxywen distribution in the two lakes is shown graphie
cally in Pizure 1.

The te@p@raﬁﬁrﬁ of the upper 15 feei of webter in Soubh Twin
(fertilized) was lower than in Horth Twin at the time of the Augast
chemical esnalysis, This lower teupersture uay be attributed to the
plankion orzanisms, resulting from fertilization, preventing the
penetration of heat rays into the water, &A%t the bime the temperature
series was taken the Secchi disk reading was 8.2 feet in the fertilised
lake and 22,1 feet in the unfertilived lake,.

A lowering of the water temperature was noted by Sicher (1947)
following an application of HMigrosine in an experiment on aguatic
wead control, He atiributed the lower temperature to the dyve pro-
veating the infra red rays from penebrating far below the surfoce.
This maintenance of a temperature closer to that of agooepted troud
water is desirable, but troul were cbsarved rising on the surface of
the wntreated lake in which the upper 20 fesbt were at s tenperature
above 66° F., thus indicating that the warmer waters did riot serve ag
a complete barvier to trout,

The differences in temperature gredisnis of the two lakes arve

ghown in Fizure 2,
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Fig, 1, Difference in oxygen concentration in a fertilized and an unfertilized lake 3

Aagust, 1947.
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Fig. 2, Temperature gradients in a fertilized and unfertilized lake, August, 1947,



12w

Biological iffects of Feprbtilization

Horth Twia lLoke (Cheboyran Counby).—Chemical analyses were made

al regular intervals during the sumser o 1216, and at wéekéy intervals
during the summer of 1747 on the warn-wster fertilized lake (dorth Twin,
Cheboyzan (ounty), The resulte of these analyses will be inecluded in
a later repert {Ball and Tanmer, HS) bub it is sufficient to note that
there was ‘r;;e;ygea from top to hottom of the ake during the entire open
water season and the water of the lake was moderately hard (50 p.pem. ).
This shallow, warmewater lake responded to the additisn of fertilizer
very s}zértly after the lirst application and mainbained a heavy bloom
- of plankton algae thyoughout the summer., The Secchi disk reading ranged
between a depth of 10 and 36 inches throughout the summer, The sparse
beds of higher acuatic plants became covered with a coating of slzae,
tumed brown and died, |

The pulpy peat bobtom usterial, which eame within a foot of the
surfaca eb the shallow end of ithe lake, appeared to liguefy as the
first sumeer of fertilization prosressed. MNo qualitative measure of
this vas made but geaneral observati-ns indicated a definite change in
its eolor and physical nature believed to be associzted with active
decomposition, presumably brought ebout by the addition of nitrozen
and phosphorous,

The resnlis ohserved the socond swwer wsre quite different in
many respacts. Until midsumwer very litile plankbon alzae was present
in the lake, but great msts of filewentous algae covered the shallow

areas, This zrowth died dewn shout widsummer and for a period of
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approximately 10 days the dead and desaying mat of plsnt materisl
drifted aboct the lake ercating an unsizhitly and malodorous condition,
Following the éiﬁiﬁtéﬁtﬁ@iﬁﬁ ol the filamenbtons alzae the lake hecane
elondy with slankten algse and this conditicn existed for the remainder

of the suwwmer,

South Twin Ieke (Otsego Dounty)e~The ef sctis of the fertilizer

on this small troub lake were cuite differentAth&n those chesrved on
the warm-wober lake, 4% no time in the twe summers wos the Beecchi
disk reading less than 8 fegt, There wis a definite incresse in suSe
pended organic meiter in this lake as showm by gomperison with its
eonbrol vfi‘ic;r‘%,h Twin, Oiseso S&&nﬁy) in which the Secchi dizk was vis-
ible st 20 Peet or more durding the sntire summer.

In the fertilized lake the logs, stones, snd higher aguatic vege-
tation were heavily coated with filawentous algee, the higher aeuatic
pPlants being covered to such a&n extent that growbh wes limited and many
dieds. Thiz pland covering of the logs, ete., created an unsightly
eondition when it loosened and floated to the surface during the latter
part of the sumner,

#inter Conditions, 1947

A eheck on the warmewaber lakes was made in Janusry, 1947, at
which time the cherdcal analyses showed no severe depletisn of oxysen
in either lszke ond carbon dioxide levels were not high. %The oxygen
level in the Horth (fertiliéed) lake was somewhat hizher than in the
Scuth lake, a condition due probably te tho partial removal of the snow

cover by wind action. Oresnvank (1945) Zound that ice, even though
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cloudy, permits the penetrstisn of a considershle assund of light,
wirlle even g few inches of snow on the ice reduces the avount of lisht
regching the lake to a point where ng phobtosynbiesis securs.

Ko cheek on the trout lokes was made at this time az they were
inaccessible due to deep snow. ALl lakes wers visited whon the ice

tover wes brackine up and no sioms of dead Tish were ssen,

Winter Conditions, 1948
A greck of all four lukes was nade during the last week of February,
1748, This perisd of the winter is believed to be the most critiecal
ong Por the lakes as the snow and ice cover has bheen on almost ide marimum
lengyth of time and winber stagnation conditi-ns are at the mexiwm,

Farmewater laokese--At the time of the winter check these lakes were

covered with a 7 inch cover of clear ice on top of which g%s about B
inchos of cnow ica,

in esnalysis of the water of the North lake showed the oxycen level
to be very low, 0.7 p.p.me ab a2 depth of 2 fect and 0.2 pep.ne at 10
fects, The carbon dicxide lavel was high, LO p.p.n. at the 10 foob level,
Upon broeking through the ice cover the ndor of decay wes very strong
and many desd phanton nidse larvae (Chaoborus) flosted into the hole,
Degper sanples inficated the presence of a ¢onsiderable amount of hydroren
sulfide,

Botbom sanples baven by neans of & drodge ab several locaiions on
the lake revealed that many species of inveriebrates, including ascuds,
domselilies, drazonflies, caddisflies, znd adult bestles were dead. The

large widge larvae, Chironomue plumosis, were alive but cuite inactive.
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Ho dead figh wore found at t is bime, but larce murbers were found
at a later visit just priosr to the brsak up of the ice. 4 check during
the followiny spring and suwwmey revesled that a snall muber of perch

had survived the unfaverable conditions, while most fish had died,

1,

i leke revealed conditions thatb

A chenieal analysis of the S0y
were sivilar in many weyse. The oxygen level had besn reduced to 0.3
DaPelis &% soveral loealions in the lake. The oxyren analyses were all
ran in Jdupliczte snd seralad aamalcs run as checls, On thisg lake the
carben dirxide concentrations were low (8 p.p.m.) and no odor of decay
or hydrozen gnlfide wes noted, Ho dead insects were found and 2 cheek
at the time of the ice cover brecking up revealed no dead figh., It
is difficult to believe that oxyzen congentralions as low as these
would not caaae the death of fish, but cheels on many lskes by Jcoper
and ¥aghburn (1948, in press) have indicabed thet fish can tolerate
lower oxygen concanbrations than zonerslly regevded s lathal,

32233 1nm@$,«~Thﬂ szall trout lakes were checked during the some
pericd sl ¢n..lesl analyses run on both lakes, On these lakes the
undasirable effscts of farﬁilizati@n were very much in evidence, Both
lakes had a clear iee cover ol zbout 10 inches and snow sover of about
8 inches,

ﬁaﬂditians on the unfertilized lake, North Twin, were cuite sabis~
factory for the survival of fish, There was ample ocxysen for acuatic

life to a depth of 21 feet or more and the carbon dioxide concentrations

wre lovw,
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fonditicns were very different in the fertilized lake, South Twins,
where the oxygen amémtmtian did not exceed 0.6 p.p.me at any depth and
wus less than 0.2 p.p.s. 2t a depth of 3 feet, The carbon dioxide level
was 18 p.pen. at 3 feet. Here, too, the odor of decay was strony and
dead Chaohorus floated into the hole in the ice cover. The oxygen cone
centrations in the two lskes at the coritical staze are shown graphically

in Fizare 3.

Growth of Fish in PFertilized lakes

The winterkill terminated the study of the effecte of fertilization
on increased zrowth of fish in these lakes hefore enoush evidence had
heen collected 'ba enable ug to evaluate aﬁa@u»awly the severasl factors
to be eonsidered in such 2 study. However, from a study of the secales
collected durdng the bwo years of the experimenxt, and after the wintere
kill, it is quile evident that the growth rate of the fish had inecreased
considerably,

There is the possibility that the ferbilisabtir-n had an adverse
effect on the reproductinsn of ths fish in the lake., Durins the 1947
gpawning season of the centrarchids the entire shoal area of Horth Twin
Lake (Cheboyszan County) that was suitable for spawning was covered with
a dense mat of filamentous alzae that appeared to interfere with the
bullding of nests by the fish, The nesits observed were relatively small
openings cleared in the algae and it wes observed that many apparently
active nests were abandoned because of envelopnent by the slgpeses There
was some spawning activity after the filamentous algae was gone bt
extensive seining late in the season collected very few young of the

gasson fish,
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Fig. 3. Oxyzen concentrations in a fertiiized and unfertilized lake at critical pericd

Of’ yea-r, 19&80
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Sperimental nse of fertilizer as applied to & trout lake in New
Brunswick (Smith, 1948) appeared to have no ill effects during the
winter following the first ye:r's aprlication. It was presumed in the
report on tiis lake that the volume of invertebrates in the bottom fauna
had been inereased by the feriilizer since the averaze volume of feod
in trout stomachs taken from the lake was four and a helf times the
average found for the same period of the'grecaéing year. That fertiliser
will increase considerebly the invertsbrate fish food organisms has

been shown (Ball, in press) by recent work on small ponds in Michigan.

Summary

The fertilization of two unproductive norbhern Eichizen lokes
resulied in a severe winbterkill in both lakes daring the winter follow~
ing the second summer of fertili=ation. That this kill was due to
the effects of the fertllizer seoms certain since no such kill occurrved
in the two lakes gerving as controlg. The cuestion as to whether a
lesser amount of fertilizer would have produced sn increase in the
growth rate of the fish withoul sebting up conditions that lead to
winber oxyzen depletion is not knaﬁn,‘bnt is under considsration at
the present time,

A% no time did the plankion bloom in Horth Twin Iake (warm-wsbter
lake) reach the concenbtratiocn that has been recormended as the level
to be maintained in southera ponds (Swinzle and Smith, 1942) and the
bloom atiained was always on the wane before the end of the three week

fertilization period.



Ho bloom wee present in South Twin (trout lake) ab any time during
the two sumvers,

I+ has been stated {(Deevey and Bishep, 19h41) that low productivity

is one of the npotential characteristics of most trout lakes, and from
these experiments it appears that by artificial enrichment of a ifrout
lake it iz possible to so alter its characteristics that il will be
modified in the direckion of an subrophic, or warmewater fish lake.
The changes notes in this trout lake may be oniy transitory, but until
ore evidence ac to their duration and importance is obtained it seems
that fertilization of lakes in the latitude of lchigen should be con-
fined to experimental worke

In considering the fertilizatirn of a lake the nuissnce fscter
of & hizh production of filamentous algae should not be overiookede. 1%
iz extremely chjecti-nsble to {ishermen, swinwvers, boat operators, and
owmers of lske shove progerty.

On the basis of these experinments it is evident that fertilization
of natural lakes can have unlavorable as well aw favorable resulis, and
until such 2 time zs we can more accurabtely predict the amounts of fere
tilizer adeguate to increase the productivity of a lake without the
accompanying depletion of axygen’during'the periods of ice cover, and
ean predict or control the type of algae that will bs produced, it does
not appear wise to sanction or encouraze the indiscriminate fertilization

of oupr lakes,.
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