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Long-term ecological research (LTER) on north temperate lakes of
the United States
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Our paper briefly describes the establishment in 1980 of a long-term ecological research
program on a suite of lakes in the Northern Highlands Lake District of Wisconsin, U. S. A. The
site, operated by the Center for Limnology (University of Wisconsin - Madison) is one of eleven
Long-Term Ecological Research projects supported by the U. S. National Science Foundation to
stimulate long-term ecological research on major ecosystems of the United States. While most of
the sites emphasize terrestrial ecology, each includes aquatic systems. These range from a salt
marsh at North Inlet in South Carolina, to freshwater swamps at Okefenokee National Wildlife
Refuge in Georgia, to the illinois and Mississippi Rivers in lllinois, to alpine lakes at Niwot Ridge
in Colorado, to forested and prairie streams across the country, and to playa lakes in deserts of
New Mexico and in short grass steppe of Colorado, and to north temperate lakes of Wisconsin.

The Long-Term Ecological Research Sites were founded on the tenants (HALFPENNY 1983):
"1) That there are ecological phenomena that occur on time scales of decades or centuries; periods

of time not normally investigated with research support from NSF;
2) that many ecological experiments are performed without sufficient knowledge of the year-to

year variability in the system. Interpretation is, therefore, difficult. This is especially true
when the system in which the experiment is performed is not at equilibrium;

3) that long-term trends in natural ecosystems were not being systematically monitored. Uni
directional changes that were observed could not be distinguished from cyclic changes on
long time scales;

4) that a coordinated network of sites was not available to facilitate comparative experiments.
Furthermore, data management was not being coordinated between research sites. Therefore,
comparative analyses could not be performed and theoretical constructs could not be conve
niently tested;

5) that examples of natural ecosystems were being converted to uses incompatible with ecol
ogical research;

6) that advances in ecological research have often treated phenomena at higher or lower levels of
organization as insignificant or constant or by oversimplification~hisproblem can bealle
viated by performing intensive investigations at single sites, leadin~to an accumulation of
overlapping information. Through time, site specific research will'generate increasingly
valuable data sets, revealing pattern and control at several levels of ecosyst~~organization."

Our research on north temperate lakes considers three interrelated aspects of'l,ong-term pro-
cesses in lacustrine systems: •
1) The perception and description of long-term trends in physical, chemical, and biological

properties of lake ecosystems.
2) Detection of linkages or interrelationships among the physical, chemical, and biological

properties of lakes and their relationships to the climatic and hydrologic environment.
3) Determination of lake features which influence long-term ecosystem stability and resiliency in

face of natural and anthropogenic disturbances.
To obtain these general objectives we have established a balanced program of hydrologic,

chemical, physical, and biological measurements along with a data management system for stor
ing, accessing and manipulating the data. To ensure consistent measurements of high quality, the
program specifies the frequency, location, and methodology for each parameter of interest. Al
though the program is fixed for a given season, it is flexible on a longer time scale as more data be
come available. Phyto- and zooplankton as well as routine chemistry are sampled every two to
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Table 1. Characteristics of the primary lakes of the northern lake LTER site in the Northern
Highlands in 1981 and 1982.

Lake Trophic
status

Maximum
depth
(m)

SECCHI

depth
(m)

pH Alkalinit1,
(JLeq'I-)

Fish
species
(number)

Trout
Allequash
Sparkling
Crystal
Big Muskellunge
27-2
12-15

Mesotrophic
Mesotrophic
Mesotrophic
Oligotrophic
Oligotrophic
Dystrophic
Dystrophic

34
8

20
20
20

3
8

5
3
6
9
5
1.5
1.5

8.3
7.9
7.9
6.0
8.0
5.2
4.6

820
798
580

5
394

11
o

30
24
12
6

20
1
3

three weeks during the ice-free period and three times under ice cover. Complete ion analyses are
made quarterly. Groundwater levels are measured monthly and chemistry quarterly. Littoral and
pelagic fishes are sampled each August as are benthos including crayfish, Mysis, and Chaoborus.
Macrophytes are measured in August in several lakes.

Second, we conduct and encourage others to conduct process-oriented studies to address speci
fic questions and hypotheses about the structure and function of lake ecosystems. Individual inves
tigators and graduate student researchers take advantage of the program to meet their own re
search needs. Present studies include the generation and testing of a mechanistic model to predict
the vertical distribution of fish in the lakes, the chemical interactions between groundwater and
glacial till, and the carbon physiology of macrophytes in soft waters.

We have also identified a series of principal questions and hypotheses and selected the study
lakes. The seven primary lakes (Table 1) are contained within a circle with a 5.3 km radius, are be
tween 492 and 502 m elevation, and are exposed to almost identical weather and climate. They are
within 6 km of a National Atmospheric Deposition Station. All are in the same groundwater and
surface drainage system and are linked by hydrologic and geochemical processes. Crystal Lake is a
groundwater recharge lake; Sparkling, Trout and Allequash Lakes are groundwater flow through
lakes. While the lakes have many common taxa, they differ greatly in morphometry and in chem
ical, physical, and biological characteristics. Dominant fishes are the central mudminnow (Umbra
lim!) in the two dystrophic lakes and yellow perch (Percaflavescens), cisco (Coregonus artedi!) and
various centrarchid and cyprinids in the other five lakes. In the mesotrophic and oligotrophic
lakes abundant zooplankters include the rotifers Kellicottia longispina, Keratella eachlearis, and Ke
ratella crassus; the cladocerans Bosmina longirostris, Chydorus spp., Daphnia galeata mendotae, and
Diaphanosoma brachyurum; and the copepods Cyclops spp. and Diaptomus spp. All lakes have
Chaoborus and Trout Lake contains an abundant population of Mysis relicta. Sphagnum mats sur
round the two dystrophic lakes and the bottom of Crystal Lake is covered by the mosses Drepa
nocladus, Fontinalis and Plagiochila. Macrophytes of the littoral zone of the other lakes are typical
of the mesotrophic lakes.

Secondary lakes include Nebish, Pallette, Mystery, Firefly, and Little Rock Lakes which are in
the same hydrologic system as our primary lakes, but also meromictic Mary Lake and, in South
ern Wisconsin, hypereutrophic Lake Mendota. Secondary lakes are not sampled routinely but are
used by investigators for specific purposes or comparisons with the primary lakes.

The Northern HigWands Lake District includes all of Vilas and parts of Iron, Price, and On
eida Counties in Wisconsin, and Gogebic County, Michigan. This area encompasses 10,000 km2

and contains thousands of kettle lakes. Within a 10-km radius of our biological station on Trout
Lake, there are 68 named lakes, 28 unnamed lakes, and 60 km of stream length. Vilas County has
17% of its area covered by open water and another 21 % covered by marshes or muskeg. This area
is one of the most concentrated areas of lakes in the world.

The Northern Highlands Lake District is the source of major river systems flowing north into
Lake Superior, east into Lake Michigan, and south and southwest into the Mississippi River.
Much of the area is glacial pitted outwash, a region of low relief. The soil is sandy and thin. The
area was logged and burnt over in the late 1800's and early 1900's. The Lake District is covered
now by a developing conifer hardwood forest with small sections of pine savannah and boreal forest.



J. J. Magnuson et al., Long-term ecological research 535

The most complete early data were collected by the BIRGE and JUDAY group from 1924 through
1942. These data cover over 500 lakes. Five of the LTER lakes were sampled frequently during this
period. Most data were collected during summer and stored in the University of Wisconsin
Archives. Early data include temperature, pH, SECCHI disc, conductivity, color, free and fixed CO2,

dissolved oxygen, nitrogen (NH3-N, organic, nitrate, nitrite and total), phosphorus (soluble,
organic and total), silica, calcium, magnesium, total iron, manganese, carbon, C: N ratio, chloride,
chlorophyll, plankton (net loss on ignition), Eh, bottom mud chemical analysis and groundwater
residues and per cent carbon, phytoplankton and zooplankton count by genus (collected as early as
1900) and a little data on fish. From 1960-1962 the Wisconsin Department of Natural Resources
surveyed the surface waters in this region (BLACK et al. 1963). Topographic maps, aerial photo
graphs, and a complete bibliography are also available as are species lists, geologic maps, and soil
maps for specific sites where individual investigators carried on intensive research. Climatological
data are available from at least five stations within 45 km of the biological station on Trout Lake.

Among the questions being addressed are:
A. What are the relations between climate and physical limnology of lakes? Are lakes effective

climate indicators?
B. How do year-to-year variations in precipitation affect the chemistry of ground and surface wa

ters, and how do these in turn affect phytoplankton? Is groundwater a major factor in lake
chemistry? Do year-to-year variations in precipitation influence phytoplankton via ground
water chemical input to forested lakes?

C. How do year-to-year variations in wind, water budgets and heat budgets influence stability of
the community structure of lakes through altered recruitment of consumer populations such
as yellow perch and cisco? Do year-to-year variations in climate determine recruitment of
planktivorous fishes? Do morphometric properties (volume and fetch) dampen climatic in
duced variation in the biotic structure of lakes ecosystems?

D. What is the role of organic matter accumulation in controlling nutrient immobilization in
lake sediments?

E. What are the factors controlling the stability of lake ecosystems against changes induced by at
mospheric deposition, especially acid precipitation? Is groundwater flow a major factor in the
buffering capacity of the lakes?

F. How does the species composition and trophic structure of lakes change following the in
troduction of an exotic crayfish (Orconectes rusticus) and/or an exotic smelt (Osmerus mordax)?
Will both invaders dramatically alter the structure of plant and animal communities in the
lakes? How will these changes in structure alter the pathways of carbon flow and biogeochem
ical cycling?
Other questions are continually emerging from the investigators at the site as the project de

velops. Present investigators include: MICHAEL S. ADAMS (aquatic botany), MARy P. ANDERSON
(hydrogeology), DAVID E. ARMSTRONG (water chemistry), CARLJ. BOWSER (geochemistry), THOMAS
D. BROCK (microbiology), THOMAS M. FROST (suspension feeders), JOHN J. MAGNUSON (consumer
ecology), ROBERT A. RAGOTZKIE (physical limnology), ALBERT SWAIN (paleolimnology), TIMOTHY K.
KRATZ (wetland ecology), and MALCOLM BUTLER (benthic insect ecology).

Other investigators are invited to use the site and its data resources (MAGNUSON & FROST 1982).
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