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Introduetion

Deep in the North Woods of Michigan and Wisconsin, in & region
carved out by glaciers some 12,000 years ago, lies the University

of Notre Dame Envirommental Research Center (UNDERC). The ares

e .

- ‘\¥
Pine, Swamp Conifer, and Red Meple (last heavy logging opéur between
S e R

1900 and 1902)., A 'grest variety of ,wildlife thrives within this forest,
™

including  bears, deer, coyotes, wuskrats, mosquitoes, porcupines,

beavers, snakes, frogs, eagles, loons, wood ducks, priests, professers,

students, a few dusty vans, and an occsmsional timber wolf. The

center of UNDERC lies at 48713 North by 89°32" Bast, with an altitude

ranging between 536 and 506 m, and an area of about 2833 ha. Twenty-

seven lakes on the property account for 150 ha of surface area, with

an additional 303ha in the form of three lskes which border the

property. Two streams, a few small pogs,,and many vernal ponds

ere also located throughout the area., Following is a general description,

data report(physical/chemical/planicton), and discussion of the limnology,

of two of these bodies of waters: Tenderfoot lake, a large lake bordering

UNDERC3 and a neighboring kettle lake known as Tender Bog,



11, Tenderfoot Llake

A, General Description

Tendsrfoot lake is the largest lake on the UNDERC property (surfamce
srea; 182 ha). It is a drainage lake with five small bays, two
islands, an ostablished inflow (Palmer Lake vie the Onééé:zTRiver),
and an ostablished outflow in the form of Tenderfoot Creek{a wide and
fairly sluggish stream, much protected by surrounding trees, it
supports e large quantity of agquatiec macrophytes ). large weed beds
occur throughout the lake, including: water milfoil, waterweed, cattail,
duckweed end fragrent waterlily. The surface of the lake generally
has 8 slight chop.except ip the early morning and at.dusk (at which
times the water is smooth). Roeks coveréd with a fine brownish silt

are. vigible on the lake bottom near shore,Tenderfoot lLeke is surrounded

by & mixture of conifers and hardwoods which grow right to the weter's

edges The leke supports & number of fish, including muskellunge,
northern pike, walleye, yellow perch, creppie, sunfish, rock bass,
large- and smallmouth bass. The depth of the lake exceeds 8 meters
in some places, and has a gradual thermocline ranging between 4,5

and 7 meters below the surface. Oxygen drops off sharply below 4,5

meters, and HoS is absent.



I1, Tonderfoot Iake

B, Chemical Data

Acidity:
Methyl Orenge (mg/1)

Phenoipgﬂalein(mg/ﬁ) A
L 3

Alkalinity (mg/1)z A
B

Hardness:
Calcium (mg/ﬁ): A
B

Magnesium (mg/1): A

Total (mg/1): A

Nitrates (mg/1):

Total Phosphates (mg/1): A

pHs
Secchi Disc.(matera):
Specific ggnductance . (umhos)s

Sulfate (mg/1):
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IT., Tenderfoot lake

Cs Plankton Data

Sedgewick-Rafter Cell conteins lml water sample. 8,5 fields =the width

of the cell. 0.5 of one longitudinal sweep was counted,

's counted
Ceratium hirundinelle 187
Volvox (colonies of) 126
Desmidium 108
Dinobryon sertularie

(colonies of) 26
Asterionella (colonies of) 67
Fregilaria (colonies of) 43
Keratella cochlearis 43
Anabaena (colonies of) 35
Aphanizomenon (colonies of) 11
Chryeopéfiigwf“ ) P 8
Daphnin cubia 7
Asplancmnapgé 7 1
Asplanchna 3
Polyarthra 3
Vorticella {colonies of} 3
Cyclops 3
Diaptomous 2
.Neuplius 2
Bosmina longirostris 2
Pediastrum duplex 2
Kellicotig longispina 1

Chaetonotus 5P 1



irz. Tender Bog

A, General Description

Tender Bog is & small kettle bog -in the midst of a thick coniferous
forest. An extensive Sphagnum met’ surrounde an open water surface
aree of sbout ,96ha. The mat supports a variety of plemts, ineluding
Indisn Pipes, pitcher plants, and dénse ¢lubbérg.of bushes (blueberry?).
The surfece of the water is smooth et all times,and appears black, Tender
Bog is between 12 and l5meters deep, and is drni;éz by a narrow rivulet
through the southwest corner of the mat. The thermocline is between
1 and 2 meters below the surface, and there is little oxygen below

+6 meters. Ho§ is present in the hypolimnion, There. is.no -evidence’

of & fish populetion in Tender DBoge



II1. Tender Bog

Be Chemical Dats

EPILIMNION HYPOLIMNION
Acidity:
Methyl Orange(mg/1): A 40 30
B 40 50
Phenoiifgalein(mg/ﬁ)aa 30 50
i B 30 50
Alkalinity(mg/1)s 0 0
Herdness:
Caleium(mg/1): 6.5 65
Magnesium(mg /1)1 6.0 205
Total(mg/1) s 12.5 9
Nitrates(mg/1)2 +006 »0058
pH: 4.0 4.3
Secchi Disc{meters): 1,1
Specific Conductance{umhos): 25 27
Sulfate(mg/1): 1.5 1
Total Phosphates(mg/1): .02 W01
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I1I. Tender Fog

C. Flankton Datsa

Sedgewick-Rafter cell contains 1 ml water sample. 8,5 fields. the width

of one cell, 3 longitudinal sweeps were counted,

ﬁ‘s counted

Keratella cochlearis 533
Desmidium 122
Bosmina longirostris 48
Peridinium tabulatum 39
Cyclops 8
Staurastrum 4
Pinpularie 2
Aphanizomenon (colonies of ) 2

Fragilaria (colonies of) 1



IV, Discussion
4. Chemistry
The seasonal changes in a lake (or lack there of ), govern to-a
large degrée the water chemistny of that lake, Temperature stratification,
once established, can involve a very abrupt thermocline. The thermocline

: ili i 5 ( ot -“--"w\nta“{')
forme the interfece between epilimnion (higher tempersture, lower

X
density) and hypolimnion {lower temperature, higher density). Maximum
water density ocours at 4 degrees celcius, This stratificetion effectivly
prevents the mixture of upper and lower layers of water, and thus the

iy LEM JIEare
upper layer (with producing phytoplankton) is cut off from recycled

! PO L TAATCY )
nutrients f£rém the lake bottom, while the lower layer'(with consuming
and decomposing organisms)} is cut off from a ready oxygen supply.
"Pull circulation occurq@nly at or near the tempersture of meximum
density, and this occurs only twice a yeer. (Spring and late Fall)™
(Russell-Hunter, 1970, p.128). Seasonel overturn does not occur in

bogs, oreating a permanantly enoxic hypolimmion and unproductive

epilimnion, Formation of HpS in the waters of the hypolimnion is



& positive indication of extremly low oxygen content. HES 1s strongly

evident in the hypolimnion of fender Bog. "In larger lakes which

are relatively shallow, or which have their underwater contours

interrupted by many islands or submerged banks, temperature stratification
Becauwse o '{’ ‘\'L\’\_S

is liable to be more transitory." (Russellfﬂunter 1970, p.131) ATenderfoot

leke lacks Hp3, end has a much less sbrupt oxygen curve than Tender Bog.

High levels of ecidity are characteristic of bogs, due to Uronic
: xne

acid produced byaSphagnum mat, and humic acids produced by conifers,

".+¢'humic acid'. The important biological effect of this chemical

condition is to reduce the rate of, or even prevent entirely, the

process of bacterial breskdown which, in other lakes, result in the

return of plant nutrients to the water from dead organic meteriels
]_ ‘J é!fh":. )5
on the bottom." (Russell-Bunter 1970) Thus it appears thet even if

Tender Bog were to turn over, productivity would not be enhanced
| -
much due to the highly acidic conditions, /3 4

AIkalinit&@r Buffer capacity of a lake is due to decomposition

producing excess caleium. This calcium complexes with COs (excess 002



due to low light and therefore low photosynthesis) to produce CaCo,.
(Russell-Hunter 1970) Decomposition is slmost non-existent in Tender Bog
due to the constant thermocline, low oxygen, highly acidie conditions of
the water, and is therefore elsc low in €CaC0z. The lack of CaC03 in any

quentities in Tender Bog can also be attributed to ibn-exchange system

of Sphegnum moss (uptake of available Calcium ions in exchange for H*ions).
A,
e

NS
e

In Tenderfoot Lake, caleium ¥ decomposition to be recycled during
Spring end Fall turnovers. .fCalcium is a limiting factor for bacterial
decomposition, thus reducing nutrient turnover, Becsuse Sphe gnum
ties up evailable CdH; decomposing bacteria cannot survive, and

e
orgenic material piles up on the bog bottom? (Russell<BHunfer 1970)i. . -

The total pardness of Tender Bog is substentially lower than

that of Tenderfoot leke. This is typiecal, " PGetierally speaking, extremely
humic and most extremely oligatrophiec lakes are poor in celcium salts,
while many -- though certainly not all -- eutrophic lekes have hard
water."(Russell-Hunter 1970) Judging by the much: greater total

herdness of Lyy witer'of!Tesiderfoot, as compered to that of Tender Bog,

Tenderfoot could be classifiedigomewhere between Oligatrophy and Eutrophy.



Legluof magnesium could also be o limiting fector in the productivity

of ‘ender Bog, "Magnesium is required universally by chlorophyllous
plants as the magnesium porphyrin camponent of the chlorophyll molecules,
end as & micromtrient in enzymetiec transformetions of organisms,
especially in transphosphorylationg of elgae, fungi, and bacteris."
(Wetzel 1975, p,157)

Nitrogen levels are low in Tender Bog as compared to Tenderfoot
lake. This is probably due to: "Losses of nitrogen occur(ing) by..,
permanent loss of inorganic and organic nitrogen-containing compounds
to the sediments."(Wetzel 1975, p.187)

The relatively lower mmounts of phosphates in Tender Bog as
compared to Tenderfoot lake is probably also due to the lack of
decomposition and turnover in Tender Bogs Colloids of ferric iron
may also contribute to a further reduction of mutrients by "Locking-
up" Bhosphates at the bottom of this dystrophic leke.(Russell-Humter 1970)
The small smounts of phosphorus in comperison to ovther nutrients in
Tenderfoot lake is compénsated for by rapid recycling of this key
mitrient, "..,phosphorus is least sbundent(in comparison to other

majo#ﬁutritional components of biota), and yet most commonly limits



biologicenl productivity. ... phosphorus, most of which is within
the particulate phase of living biote, primarily algee, ...Losses
of colloidal and particulete phosphorus fractions are replaced by
regeneration of solubilized phosphorus fractions from decomposition

at depth, by release of phosphorus from sediments."(Wetzel 1975) .

o P o
e
A

The Secchi Disc readings for both lakes ¢ rather low. The

derkness of the water in Tender Bog is most likely due to tall trees

cutting down aveilable sunlight, the overcast sky on the day the

“

#

reading was tsken, and the staeining effect of humic socid. Tenderfoot
leke hes & thriving and lerge population of phytoplankton, this
population effectively cobscurs the water, causing low secchi readings.

The color of Tenderfoot lake is due, once agein, to the seasonal
turnov;;; and low acidity that favors decomposing, calcium circulatipg

s ]

bacteria, ffi}ﬁoidal CaCO3 (common to very hardwater lakes), scatters
light in the greens and blues and gives these waters a very characteristic
color appearance."(wetzel 1975, p.Sl) The dark, tea-colored water

of Tender Bog , with a greeter apparent color at depth owes its

hues to the characteristicslly high scid, undisturbed stretification

econditions typical of bogs. "With increesing concentretions of organiec



matter, especially humic compounds, an increase (of emitted scattered
light )in yellows and reds. It is not infrequent for color to rise with
depth in strongly stratified lakes due to dissolved organic and ferrie

compounds near the sediments."(Wetzel 1975, p,61)



iV, Disguszion
B. Biology
The number of species, end total biomess of eamch species of
living organism> found within a given leke is dependent on, and reflects,
the chemistry of that lake. FPhotosynthetic (producing) orgenisms
are dependent on light, therefore the transparanjg; of water dictates
the maximum depth st which photosyntheiic orgenisms cen descend and
§311l produce. "Seechi disk transparency is essentially a funection
of the reflection of light from its surface, and is therefore influenced
by both the absorption characteristics of the wmter and of its dissolved
particulate matter, ,..(in a) very generalized way (the Secchi) has
been uged to estimate the approximaée density of phytoplankton populations.,"
(Wetzel 1975, p.63) A 1% incident light allows for photosynthesis.
Secchi reading X 2 is the depth of 1% incidenmt light. Therefore, in
Tender Bog (Secchi 1.1 meters), photosynthetic orgenisms cennot
produce below the depth of 2.2meters, wheridfs in Tenderfoot leke,
photosynthesis can occur as deep a3 4 meters below the surfeace.
hGCGb'*SH ¢ wmew—- ? CgHya0g *602'*e“
chlorophyll

Low productivity leaves oxygen present on the bottom(Wetzel 1975},



however, Tender Bog is firmly stratified, thus sealing off oxygen to
the hypolimnion. Under these conditions, any productivity at all will
eventually lead to anoxic '+ conditions in the bottom of the bog.
The highly acidic condition of bog water also plays its part in
reducing productivityy éither directly, or through resulting leck
lack of nutrients(due to ebsence of decomposing bacteria). ™..,humiec
acid waters are essentinlly infertile, and the faunal productivity
of dystrophic lakes is very low."(Russell-Hunter 1970, p. 123)
Temperature stratification, disrupted by seasonal overturn of
nutrients is vital to the gontinuing productivity of = leke, "While
the thermocline persists, inorganic nutrients liberated by bacterial
action in the bottom waters of the laske cannot become aveilable to
the green plants of the...upper layers of the epilimnion., Only the
Spring and Autumnal overturns can recirculate nutrients et or near the
lake bottom into the water bathing the living primary producers,”
(Russell-Hunter 1970)
Diatoms are the primary producers in meny lekes, Silica is a

limiting factor, as is light and nutrient availability. Tenderfoot



supports & great variety and abundance of distoms. The number of diatom
Species, and particularly the number (biomess) of diatoms, is markedly

low in Tender Bog. K'photosynthetic organism, Ceratium hirundinells is

the most ebundant organism in Tenderfoot lake. In Tender Bog, on the
other hand, the most atbundant species of plankton is ‘ie consumer

keratellu cochlesris. The success of Ceratium » 2long with the high

nunbers of other producers such as; Volvox,Desmidium, Dfnouryor, s

Asterionglla in Tenderfoot leke is directly due to the availability

of sunlight and nutrients for photosynthetic production. These:

L

producers, in turn support a host of primary consumers in more limited

quantities( ie - Daphnia dubias, Polyarthra, Diaptomé&s, Bosmine longiros-
é,r

tris, ete.) Tender Bog, with its dark weters, overhanging trees, high
acidity, and lack of seasonel overturn, supports & more limited variety
and tctal mass of photosynthetic organisms., The largest producing
group, Desmidium, is fer out-numbered by the consuming rotifer Keratella
m Tewrcler S0g o
cochlearis? The amount of Desmidium in Tenderfoot Lake is eproximatly

six times greater than the amount found in Tender Bog. The fact that

Tender Bog supports over twice the number of Keratelle cochlearis than

does Tenderfoot lske, is possibly due to & high acid tolersnce level



Luilt i e plysiology of the rotifer (reducing competition from
other specics), Logether with & ready food supply in the form of

e : . : § e T
insect larvae, ga& 2w T LY .

Fish sre preclude. .rom the scidic water of Tender Bog, with the
possible exception of the mud minnow-(ﬂg@zglgigi) which will venture
down to anserobic areas for short periods of time. Tenderfoot lake
in contrast, supports e diverse population of fish including, muskellunge,
northern pike, walleye, yellow perch, creppie, sunfish,rock bass, and
large- and smallmouth bass. This sbundance, and most particularly
the wide diversity of species of organisms found in Tenderfoot

Rl

Leke is characteristic of a trophic level somewhere between OligaﬁrOPhy
avd Eutrophy. "...late meta, early eutrophic lakes have the greatest
diversity of orgenisms, whereas extremely eutrophic lakes have a
reduction in diversity, although the numbers ere still great,.."
(Hq}fnthali lecture, UNDERC 1982) In contrest, Tender Bog, with its
i
acid water, low productivity, and ?phﬁgngm mat, is & typical dystrophic

leke on its way to becoming part of the forest f1loor...

«+o00ep In the North Woods of Michigan!}!
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