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The purpose of this paper i= to make 2 limnological com-
parison of two of the freshwater eysteme found on the property
of the University of Notre Lame's Environmental Resmearch Center
(UNDERC), fThe cempesrison will include the topography of each
lake, oxygen and temperature profile=s, chemical analyeis of
water samples, and plankion anslyees=,

The first system bears the name Morris Leke, and ite US
Land Survey location is given by Ni Sec35 T45N'R42W (Gogebic County,
Michigan), Morris Lake i=s a #hallow lake with a large littoral
zone around much of its perimeter, The single exception to
this is a large hill &t the sgutheastern end of the lske which
causer & steep benk and a2 comparatively e#mall littoral zone on
that shore. The lake ies surrounded by a large number of speckled

alder (Alnus rugosa), some black spruce (Picea mariana), and =2

few tamarack (Larix laracina)., The hill and the tree cover offer

some protection from the wind, but the lake is open and shallow
enough te undergo a significant amount of mixing., Water drains
from the mouth inte Merris from Werd Lake, and then drains out
of Norris northward inte Tenderfoot Creek. Morris Lake al=o
supperts a large population of stunted Northern Pike (@ggg

lucius) snd a few Yellow Parch (Perca flavescens).

The second syastem is known as Forest Service Bog and its
location i= given by the US Land Survey as NE Sec16 T43N RBE
(Vilsa County, Wisconmin). TForest Service is an acid beg which.,
i# surrounded by a large, gquaking Sphagnum mat, The bog is
approximately four Meters in depth, the last 1-1% Meters of

which i® 2 fslme bottom of =ilt, The mat and its perimeter



suppert a large number of black spruce and tamatack trees, and

also Pink Lady Slippers (Cypripadium acuale), Sundew (Drosera

rotundifolia), and Pitcher Plents (Sarracenia purpures). The

bog is surrounded on 21l sides by steep hills which afford a
great deal of protectien frem the wind, and the bog, therafore,
recieves very little mixing. Forest Service Bog does net recieve
drainage from any other bedy of water, and it doe= not drain into
any other bedy of water, The bog supperts no fish with the
possible exception of the Central Mudminnew (Umbra limi).ﬂio

The following data was gathered a2t Morris Lake on June 2,
1981, at Forest Service Bog en June 4, 1981,

The Oxygen and Temperature prefiles which are given in
Table 1 wers done with a YSI meter and probe: and they are

illustrsted in Graphs 1-3,

TABRLE 1:

Morris Lake (6/02/81) Site 1 - the despest part of the lake
DEPTH *EEE QQ **E:E
air 9.2 20
surface 9.8 17
LM g.8 17
™ 9.6 17
1M 9.6 16,5
om 11,2 14
231 3.0 11.5
- 1.2 8.5
3%M .6 T.5
4_M 4 7
43M .4 £.5

*PPN 02 reprezents parte per millien exygen in the sample /depth

**7°C represents the temperature in degrees Centigrade



TARLE 1 (cont.)

Merris Lake (6/02/81) Site 2 - Fifteen feet from shore

DEPTH PPM
sir 9.2
surface 9.0
A1 9.3
1M g.0
15M 9.0
2 10,2
2EM 5.5
3M 0.6

Forest Service Beg (6/04/81)
DEPTH
air
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The dats given in Table ? is the result of tests done with

@ Hot Kit, including spectrophetometer, on water samples taken

in Kemmexer bottles at the indicated depths.

Table 2: Water Chemistry Data
Morris Lake 1M
Test Type
Alkalinity 50mg/1
Acidity (Phenolphthalein) 60mg/l
pH' 5.8
Hardness (Ca) 38mg/1
(Mg) 10mg/1
(total) 48mg/1
Phosphates 0.2mg/1
Nitrates .Tmg /1
Sulfates 1mg/1
Specific Cenductance 42umhos
Color (Apparent) 80 unitse
(True) 80uunits
Secchi Disk 1.7 M
HQS None
Forest Service Bog
Test Type
Alkalinity
jesasty (il ormge)
pH
Hardness (Ca)
(Mg)
(tetal)
Nitrates
Sulfates

Specific Conductance
Color (Apparent)

( True)
Secchi Disk

H2$

M

45mg/1
4Tmg/1
5.8

35mg /1
10mg/1
45mg/1
0.1mg/1
.5mg/1
.5mg/1
41umhoe
80.%units
80 units

None

1M

Zmg/1

5.5mg/1
130mg/1
4.8

0.6mg/1
Smg/1
Smg/1
LAmg/1
2mg/1
11.2umhos
40 units
A0units=
3M

None

M

40me/1
50mg/1
5.8
38mg /1
12mg/1
50mg /1
0.1mg/1
L6mg/1
omg/ 1
42umho s
90unite
Q0units

None

&M

3mg/1

5.5mg/1
125mg/1
4.8

0.0mg/1
Smg/1
Smg/1
.5mg/1
2mg/1
15.6umhos=
45units
30unite=

None



Table 3 gives the Phyteplsnkton snd Zeooplankton found
in esch of the two systems=. The plankton wa=m collected u=ing
2 standard plankten net which was tewed by a rowbeat for =a

period of feur minutes,

TABLE 3:
Morris Lake Plankton (6/02781) .
Liv-—
Phyteplankton Number in 1 liter sample
Auterionslla 2300
Ceratium hirundella 1125
Desmide 15
Dinebryen bavaricunm 850
Praggllaria 75
Qscillatoria 75
Synedra 5
Ta%aIIaria =D, & 2225
sp. O ;5
sp. ¢ 0
a4, * 125
Zooplankten
Asplanchne 150
Bosmina coregoni 125
Cyclops bicuspidatus 25
Keratells cochlearis 8925
Kellicottia longi=pina 125
Nauplius larvas 975
Sinantherinsa 775
Trichocercsa 75
Forest Service Beg Plankten (6/04/81)
Phytoplsnkton
Desmidium 10
Dinobryen 20
O=cillatoria 10
VolvoXx 13
Zooplankten
Daphnia 26
Epichura locustris 36
Afiepettun gibberan %
Werstella cochlearis 2%5
Nasuplius larvae 61

Sinentherina 186




From the data presented, it is ebvious that the twe systeme
vary greatly. What de the variatiens mean? By loeking at
differences individually, then collectively, the preductivity
and possible succesmsion pattern of each system will be seen.
The water chemistry, exygen, and plsnkten all shew great
differences and all sre very interrelated.

In the water chemistry section, the alkalinity measurement
refoers te the guentity and kinds of compounds pres=ent in the
water which cellectively =shift the pH toward the 2lkaline s=ide.
The property of alkalinity ie ususlly imparted by bicar-
bonates (HCOS-), carbonates (0035), and hydrexides (OH:).1
The follewing eguilibrium system is the mazjor buffering aystenm
in fresh waters,

CCy + Hy0 = H,y005 = Bt 4+ HCO.,” = 9" + C0.=

2 3 3

The alkalinity measurement therefore, teats the buffering

capacity ef the system. Morris Lake shows an alkalinity of

45mg/1 which is fifteen times that of Forest Service Bog. This

means that Morris can more effectively buffer acida such as

thome received in acid rsinfall snd the lake can therefere

atabilize ita pH and centinue te suppert many pH "change intolerant"

forms of life., TForeest Service Bog, hewever, is unable to

effectively buffar acids snd things such 2s acid rsin may lower

the bog's pH and have pessibly hsrmful effects upen the beg life,
The acidity messurement in fresh water systems is caused

by uncembined 002, organic acids such as tannic, humic, and

urenic acide, mineral acids, and salts of streng scids and -

weak bases.2 The acidity it=elf is a meamsure of the amount of

H' iems able to be donated in a sample; The acidity levals



found in Merris prebably result from a little 002, some humic
pcid, mineral acids, and some acid rainfasll, The same spurces
which contribute acidity te Merris alse centribute te the
acidity ef Forest Service Bog. Ferest Service, however,

has 8 much higher acidity level, True, the grester number

of cenifers which surreund Forest Service comtribute more
humic scid thsn the few that surround Merris Leke, but Morris
probably recieves more mineral scide by the drainage of ground-
water, whereas Forest Service receives only surface runeff,
The higher acidity levels in the beg result slightly frem

the organic acids which live Sphagnum secretes but mest of the
E' iem concentratien results frem the sctive cation exchange
in the walls of Sphagnum, during which HY is ruleased.3

{SPHAGNUM —COoOH = €00~ + H' = coo~cat* + B

pH is & messure which is determined by the concentrstions
of the acidity and slkalinity casusing compounds present and
the raties of sne te another, The pH ef natursl waters i=
governed te a large extent by the intersctien of Bt iens= from
the disseciatiocn eof H2003 and from OB~ iens remulting from the
hydrolysis of bicarbenate.4 Morri= Lake contains mest all ef
its slkalinity as bicarbenste and carbonate and uses them te
buffer acids in therfellowing way. When carbenate is present,
adding H' iend neutralizes hydrexyl ions fermed by the dis-

sociation of HCOg and 003:, but mere are formed immediately
by reaction ef the carbonate with water ase long s= the reser-
voir of carbonate ion is present, The pH remains essentislly

the same until the supply ef carbomate and/ercbicsrbenate is

axhausted.B Merris maintains its pH at 5.8. Forest Service



Beg has little buffer and with its greater acidity has » pH
of 4.8, which is ten times mere acidic than %that of Morris,

The term water herdness has oftem been used a8 an sssess-
ment of the quality of the water supplies, A wat&r'ﬁ herdnass
is determined by the content of calcium snd magnesium =alts.
The hardness i= centributed te by the rock runeff of the
drainsge basin, atmospheric precipitation, and the balances
botween evaporation snd precipitation., Seepsge systems like
Forest Service Bog are gemerally lewer in hardness as com-
pared to drainage systems like Merrim Lake because the salinity
(Ca and Mg malts)cef greundwater is generally much higher than
that of surface runeff}é Als#to, the Sphagnum mat of the bog
syetem removes Ca'' and Mg++ iens from the water in its
cotion exchange precess which was mentiened earlier,

The Specific Cenductance of the sample refers to the
gample's ability te cenduct awi electriczl current., This
measure, therefore, determines the concentration ef inerganic
ion=s in the msmple, It may sl=o be relazted te alkalinity and
hardness, Inergasnic iens Oﬁ-, 003:, H003: and Ca*t and g™t
would cause the conductivity, Therefore high hardness snd high
alkalinity values would lead one to expect high comnductivity
readings. Merris Lake which has much higher alkalinity and
hardness® readings than Fereat Service Beg sl=e ham a much
greater specific conductance and besrs out the hypethesis,

The coler reading i= given fer both san apparent.celer
snd a true celor. The true coler is the color reading after the

sample has bean centrifuged fer ten teo fifteen minutex to remove

suspended varticles., The coler remaining is functienally the

A



result of light scattered upward from the lake after it has
passed throeugh the water to varieus depths and undergone
selective absorptien enroute. Ma=t of the celer of lake waters
results from disselved organic matter and its rspid melective
absorptien of the sherter wavelengths of the visible spectrum,.
The result i®s 2 dominsnce of emitted scattered light in the
green portien of the mpectrum and, with increasing concentrationsa
of erganic matter, especially humic cempeunds, am-increase in
yellews anrd reds.7 The celer of Farezt Service Beg i= probably
due to humic cempeunds, The h;gher celer resding in Moerrie
Lake must be gue t¢ mstter picked up s= water drains inte the
lske because Morris deoes net recieve esven an equivalent amount
of humic materisl frem its surreundings as Eempared to Ferest
Service,

The Secchi disk reading is sn appreximate evaluatien of
the transpsrency of water te light., The depth at which it is
poamible to see the disk csnm be linked with the amount of
disselved  exgahic matter and, therefore, the water celer,
Forest Service Beg which has a celer % that ef Merris Lake
has a Secchi disk reading mere than twice ss grest. This
reading is net always a goed, accurate measure due te irregulsr
sunlight, shadews, and the individusl taking the reading.

The H S reading was taken merely by smelling the sample,

2
H,8 sheuld have been found inm beth the deep water samples
where ne oxygen was feund. In aress where oxygen is present
the hydrogen sulfide is exidized te sulfate, Nene wam found
in the samples= taken, but this data sheuld be reagarded with

auspicien.
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Anglysis of the.oxygen and temperature profiles of Morrie
Leke revesls that the lake shows hoth oxygen and tempersture
stratificatien, The lske shews an epilimmien ( an upper
stratum of mere er less unifermly warm, circulating, and
fairly turbulent water), a metalimnien er thermecline, and a
hypelimnien (a deep, celd, and relatively undisturbed regien).
The readings takern mnear shere im Merris feund exyzen plentiful
{9.0ppm) dewn te 2imeters, but feund none at 3 meters (a YSI
reading of .6 im mere likely due teo HQS interferance thantte
oxygen). The cenclusion reached heras i= that the 3 meter
reading was taken in the muck of the battem and %hat there is
exygen distributed threugheut the water celumm ipn the shsllew
zreas. The tempsrature at this site ranged frem 17°C at the
surface te 10.5°C at the bettem in the hypelimmien, The die-
tributien ef exygen and the cemparatively warm water a2t the
bettem lead*te the cenclusiem that the lake underwent spring
turnover amd is new restratifying. This weuld hsve eccurred
sfter the ice-melt when meet of the water celumn had warmed te
sppreximately 4°C, Whem all the water was at the maximum
density (4°9C), there was relstively little thermsl resistance
te mixing and enly 'small ameunts of wind emergy woud hgve bhaen
required te mix the water column.8 A= spring has pregre=ased,
the surface westers have heated mere rapidly than the dis-
tributien of heat has been breught about by miximg and
atratificatien has begum te eccur.(a few warm, calm days
prebably accemplished this). Omce the 5urface waters heated
and became less dense, thermal resistance te mixing wae Iin-

creased greatly and the lake begam te achieve stability.
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At the sther testing site in Merris ILake (the deepest part
of the lake) a large number of differences are feund. Belew
a depth ef 3 meters, there is ne exygen at 211, There is zl=mo
@ much greater temperature differencs between the epilimnienic
and hypelimnienic weters (17°C at the surface, 6.5%°C at 4%11\5)’:5 "
This infermatien is somewhat contradictery with the infermatien-
from the shallew site im that the cenclusiem resched here is that
the lake did not underge =pring turnmever., The complets.lack eof
oxygen in the hypelimmien verifies thims, Had the lake turned
ever, there would =till have been a significant smeunt eof oxygen
in the hypelimnien at the time =ampling wa= deme, It is probable,
then, that the lzke received sufficient wind and hest to mix it
to a depth of abeut 3 meters, This degres of mixing weuld have been
gufficient te completely turn ever the shallew aress which
cemprise most of the lake, but weuld have heen imsufficient te
oeffect a turnever of the deeper areas,

In Ferest Service Bog, snalyszis alse reveals thet strati-
fication is pre=ment., The dsta frem the msampling aite revepls
thst there is little exygen belew 3 meter and a half and rene
below 2 meters, Altheugh the tempersture st the bettem is
fairly high, it is msafe te amsume that the beg has net undergone
apring turnever, The beg is se well pretected that it dees net
receive sufficient wind actien te:rever mix much helew a sinmgle
meter., The fairly high tempsrature can be acceunted fer because
sunlight penetrates all the way dewn te the =ilt (Secchi seen
to bettem) me that the entire wster celumn ?Eﬁiiiﬁg_aﬁat'(

What dees it mean when a lake does er does net turm over?

The turning sver ef a lake remixes the nutrients (gulfates,
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phosphates, nitratea) which have settled ts the battem. Mixing
alase gets oxygen down te the lewer levels of the lake, most
impertantly te the sediment-water interfazce where bacterisl
decompesitien is the greatest. This is impertant bécause
bacterial decempesitien ie sccemplished much mere effectively
when dere under aerebic rather thar amaerebic cenditi@na.q This
sllows the lake to replemnish mutrients which etherwise would
heve accumulgted as dead erganic matter em the bettem. In a
beg envirermeat like Forest Service, ne sxygen ever reaches the
sodiment-water interface and bacterial decempesition im greatly
hindered amd must always be accemplished amaerebically. This
is the reason there is such a large accumulatien ef dead ergaenic
metter in a beg system, In lake= that de turmn ever, even if
enly te a degrese, mest ef the sxygzem which is censumed is cen-
sumed by bacterizl decompasition!o Plsnt and animal respiratioen
censume much less, Thig is the reamem that as the seasen pro-
gresssa, the exygen cemcentrsztien becemes greatly reduced in the
hypolimnien where bacterial exidstiom ef erganic matter eccurs.
The mare preductive the lake (msre ergsnic matter reaching the
hypelimnien), the mere quickly exygen will be used in the
hypelimnien,

The next peint te . netice im the profile ef Merris Lake is
a distinct exygen bulge at a depth eflgé te 3 meters, This
cen be acceunted fer in twe majer ways. The selubility ef the
oxygen im the epilimmien dacreases with the increasing tem-
perature as summer arrives. Alse, the exygen censumptien in the
hypelimnien results in a reductiem ¢f exyger with depth. The

result is sn abselute maximum in the metalimmiew which may
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or may net be at or abeve saturatien.11

The =seceond pessidbility
and the mere prebable snm=wer i=s that the eoxygen maxima is the
result of exygen preduced by algal populatien that develep

more rapidly than they are lest frem the zene of ircreamed
density by sinking. The 5lgee are usually well adspted te
growing well at lew temperatures amd light intensities and often

they have access te mutriemt cemcentrastiens that are higher in

the lewer metalimmien., Blue-green algae, espacially OGscillateris

which is found im Merris, are maljer centributers to this phmn@m@non.12
A third and miner pessibility fer the exygen bulge is that water
in Morris's large litterasl zone, emriched with exygen, dis-
sipates inte the metalimmien layer ef equal density and con-
trivutes te the exygen peak.
The plsnkton samples which were taken from each system
also shew a great deal of difference, The different en-
virosments the lakes present undeubtedly cause this, The
most striking fact is that there are much grester wumbers of

plankton foumd im Merris Lake, Keratella cochlearis, a retifer,

is the mest abundant species in beth systems, but is 37 times
more plemtiful im Merris than im Forest Service Beg. The much
greater abundance &s due te parameters which have already been
discussed. Morris has a higher exygen tevel, it turns over to
some degree, it has a large littoral zone, 2 mere neutral DH,
a drsinage seurce, and a grester number ef circulating nutrients.
In addition te the numbers present, the types ef plankton
present alse differ, H#a exsmple ef this is the twe differing

types of Dinsbryen féund. Dinebryen bavaricum is eftam found

in hard er memi-hard waters13 snd is premsent in the harder -
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watered Morris aystem and not in Ferest Service Bes, Dinebryen

cylindricum is mest likely the species fourd in Forest

Service and it ims more adapted to softer waters and is the
species mere sfter found in beg waters. Desmidium favers a
beg enviremmemt and lew calcium waters amnd is feund in the 3

e e, T U
T

low calcium Ferest Service Beg. (/Contrastlngly thre» majer
N-"""—.

genera of diatema are cemmen te waters with hlgh calcium content —

14

Fragilaria, Aaterienella, and Tghellaria; these genera are

feund in the higher calcium waters:-ef Merris and Xet.in Ferest

Service., Velvex glebater is feund in Ferest Service Beg and

is knewn te be feurd in the shallew water ef beg=, pends, and

ditches, especially where nritregen centent is high.15
The zooplankten is deminated by thres majjer greups in

freshwater systeme=, and these three demimated this study. Fhe
two subclasses of Crustaces and especially the retifers deminated
the gamples, Since the repreductien rate of retifers is stremgly
related te quality amd abumdance eof faedfbit is 85 expected that
they are im much greater numbers in Merris Lake., Several

peirte can alse be made sbeut the cladecergn distributien,

Hd{opedium, fer example, is feund in beg systems and is present

in the Ferest Service sample, Besmina i®s a much smaller cladeceram

thamn Daphmia, and altheugh beth weuld be adapted te Merris Lake's +

chemistry, the larger Dsphnia fall prey te the Nerthern Pikeéf‘wmb‘hﬁ'

pepulatien im Merris as theme zgeplamkters migrate up and dewn

the water celumm each day. In sreas where fish limit the

zeeplankton, 1t i=s commen te fimd small cladecerans like Bosmina

and alse large numbers of retifers.17
It haz besr shewn that the twe freshwater systems at

UNDERC which were studied are very different in many ways, Merris
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Lake is a much mere eutrephic system than Feorest Service Beg.

It supperts a much larger planktem pepulatiom, many meore aquatic
macrephytes, and a fish pepulatien. TFerezat Service Beg is a
seepage system; it is cut off frem ether meources of water and
must rely en itself awmd its immediate emviremment fer nutrients.
Merris, hewever, is a drainage system and has a censtant supply
ef fresh nutrieénts ceming imn, Alse, Merris Lake is able te
underge some degree of tuwrever, whereas Ferest Service Beg is
ret and Merris is therefeore a2ble te decompese more effectively
and keep its nutrients circulating. Due teo its imability te
decempoese and the large amsunts of sedimenting erganic matter
feund in Feress Service Beg, it is likely that the beg will
eventually fill up and the wet hsbitat will suppert, at least
fer a time, a black spruce ferest. Merris Lake, shows a very
different type eof successien, The shallew lake with its large
litteral zene and semewhat mere eutrephic mature (Merris is
more preductive than Ferest Service Beg, but is net preductive
enough te be comsidered a eutrephic lake) will meet likely

succeed te a-marsh amd then te a beech-maple ferest,
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