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Latitudinal and longitudinal differences in thermal habitat for fishes 
influenced by climate warming: Expectations from simulations 

Ann S. McLain, John J. Magnuson and David K. Hill 

Introduction 

Lakes vary considerably from region to region in mor
phometry, chemistry, and origin (HuTCHINSON 1957). 
These obvious differences may disguise a regional pat
tern related to gradients of climatic factors. LEWIS (19g3) 
further developed the idea that lake dynamics, and thus 
mixis classification, could be predicted from lake size 
and latitude. Larger lakes are more exposed to wind than 
are smaller lakes, while latitude relates to the amount of 
heat available to the lake. Lakes tend to be cold mono
mictic at high latitudes and warm monomictic at low 
latitudes; in intermediate locations they are generally 
dimictic. 

Thermal properties of lakes are major determinants of 
the fish populations that can occupy them. Most aspects 
of fish fitness, but particularly growth, are strongly de-· 
pendent on temperature (FRY 1971, KITCHELL 19g3). Ear
lier 'analyses (MAGNUSON, MEISNER & HILL 1990, HILL & 
MAGNUSON 1990) have considered the responses of fish 
in the Laurentian Great Lakes to climate change simu
lated by general circulation models (GCM). 

Here we present the results of" moving" one standard 
lake in North America along both a north-south tran
sect (latitudinal change) and a west-east transect (altitu
dinal change), by simulating thermal structure of that 
lake with weather appropriate to locations along the 
transects. Our objectives were to: 1) determine whether 
the differences in air temperatures that result from simu
lated greenhouse warming is comparable with those 
that occur with changes in latitude and altitude; 2) com
pare the influence of simulated climate warming on air 
and water temperatures across latitudinal and altitudinal 
transects; and 3) evaluai:e the potential responses of fish 
to simulated climate warming along latitudinal and alti
tudinal transects. 

Methods 

We used Sparkling Lake in Vilas County, Wisconsin as 
our standard lake. Sparkling Lake is 20 meters deep with 
an area of 64 ha. It is one of the primary study lakes at 
the North Temperate Lakes Long Term Ecological Re
search site (see MAGNUSON & BowsER 1990). The lake 
was "moved" along spatial transects by using climate 

Table 1. Centers of grid cells, go latitude by 10° longi-
tude in size, selected from the GISS climate model grid 
to form two spatial transects, one latitudinal and one 
altitudinal. 

Transect Latitude Longitude Elevation Region 
(oN) (OW) (m) 

59 110 333 Saskatchewan 
Latitudinal 51 100 375 Manitoba 

43 90 200 Wisconsin 
35 80 140 North Carolina 

43 110 1680 Wyoming 
Altitudinal 43 100 860 South Dakota 

43 90 200 Wisconsin 

simulations to drive a model of lake thermal structure 
developed by lMBERGER & PATTERSON (19g1; DY
RESM). This model uses daily incident solar radiation, 
% sunshine, average air temperature, vapor pressure, 
wind speed, and daily rain as input parameters, and it 
generates lake thermal structure through the year. 

Six locations were chosen (Table 1), to form two tran
sects with one location in common. The latitudinal 
transect ran from 59° N 110° W to 35° N goo W, from 
northwestern Canada to southeastern USA. Elevations 
of these points were similar. An altitudinal transect ran 
from 16gQ mat 110° W along the 43° N parallel to 200m 
at 90° W, from Wyoming to Wisconsin. 

Simulated climates were generated from the GISS cli
mate model developed by Goddard Institute for Space 
Science (HANSEN et a!. 19gg). All the GCM's currently . 
in use are known to depart from reality in some degree; · 
this model was chosen because in earlier work (MAGNU-. , 
SON, MEISNER & HILL 1990, HILL & MAGNUSON 1990) it .· 
was found to be intermediate in its predictions of fish re
sponse, and because it has been used extensively 
others to estimate potential effects of climate warmi 
(SMITH & TIRPAK 19g9). Daily values were obtained 
interpolation from monthly means; this approach 
reasonable for most parameters. It produced 
stant precipitation, which is unrealistic but to 

DYRESM is relatively insensitive, and constant 
velocities, which may be more problematic. t'IN:au:"'·' 
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