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Abstract 

One way of assessing the potential influence of climate change on lakes is to take 
advantage of the fact that neighbouring lakes are exposed to nearly identical climatic 
variations. Limnological features most directly influenced by climatic processes would 
be expected to vary synchronously across neighbouring lakes. By examining patterns 
of synchronous behaviour, i.e. temporal coherence, across lakes, we can identify the 
extent to which we would expect various features oflakes to shift regionally in response 
to climatic change. We assessed the degree to which 6llimnological parameters varied 
synchronously across eleven north temperate lakes, seven in northern Wisconsin USA 
and four in southern Wisconsin, over a 13-year period. Physical variables such as dates 
of ice-on and ice-off, water level, and water temperature, varied synchronously across 
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years. Chemical variables were in general less coherent than physical variables; 
however, selected chemical variables, such as major ions, were highly coherent. The 
coherence of major ion data is likely due to similar responses to a several-year drought 
that occurred midway through the period. Biological data exhibited little or no 
coherence. Lake pairs containing at least one dystrophic lake did not vary 
synchronously, whereas lake pairs containing two clearwater lakes showed moderate 
levels of coherence. Our results suggest that regional generalizations for effects of 
climate change on lakes should be possible for many physical and some chemical 
features of clearwater lakes, but regional generalizations for dystrophic lakes or 
biological features will be difficult. 

1. Introduction 

Some understanding of climate change effects on lakes can be derived from climate 
change's regional nature. Lake districts, i.e. relatively small geographic regions 
containing tens, hundreds or thousands of lakes, occur throughout the globe. Within 
some of these lake districts, especially those without a large elevational gradient, the 
lakes all experience nearly identical weather. The range of responses by adjacent lakes 
to similar variations in weather can define the nature of climatically induced shifts in 
lake conditions. 

We might expect all lakes in a district to respond similarly to climatic events such 
as a multi-year drought, a series of cool, wet years, or systematic year-to-year 
variations. We call a pattern of synchronous variation across lakes in a region, temporal 
coherence [1]. However, neighbouring lakes often differ in morphometry, hydrology, 
nutrient status, community composition, and other limnological characteristics, and these 
differences can cause lakes exposed to the same climatic signal to respond in different 
ways. For example, in seven northern Wisconsin USA lakes [1], temporal coherence 
decreased as the considered variables progressed from physical factors such as water 
level and water temperature, to chemical factors whose main source is atmospheric, to 
chemical features whose main source is the landscape, and then to biotic responses. The 
more removed a variable was from direct climatic influence, the less likely it would be 
coherent among neighbouring lakes. The more similar two lakes were in their ratio of 
surface area to mean depth, an index of a lake's exposure to the atmosphere, the more 
likely they were to respond similarly to each other [1]. 

Here we extend the analysis of Magnuson et al. [1] using more extensive data. The 
original analysis used data for 15 limnological variables measured in the lakes over 
eight years. Here we consider 61 variables measured in the same lakes over thirteen 
years. This 13-year span, from 1982 to 1994, included a 3-year drought (1988-1990) 
that was not covered by the earlier analysis. We also analyze a smaller dataset from 
four southern Wisconsin lakes for the same 1982-1994 period. We ask three basic 
questions. First, which variables are temporally coherent? Second, what attributes make 
lakes more or less likely to be coherent with their neighbours? Third, what effect does 
the inclusion of additional lakes, years and variables have on our perception of temporal 
coherence? 






























