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Diel vertical migration and global climate change: A dynamic 
modeling approach to zooplankton behavior 

Bart T. De Stasio jr., Nathan Nibbelink and Patti Olsen 

Introduction 
Die! vertical migration by zooplankton has been studied 
extensively and is clearly an important mechanism that 
increases fitness of individuals exposed to predation (ZA
RET & SUFFERN 1976, STICH & LAMPERT 1981, LAMPERT 
1989). Historically this adaptation has been difficult to 
model, in part, because of the multiple factors which 
presumably lead to this kind of behavior (McLAREN 
1963, ENRIGHT 1977, JoHNSEN & JAKOBSEN 1987, Gu
WICZ & PIJANOWSKA 1988). Recent developments in mod
eling optimal patch choice when food availability, meta
bolic costs and predation risk vary among habitats pro
vide a rather simple yet powerful tool for examining the 
behavior of animals (MANGEL & CLARK 1988, CLARK & 
LEVY 1988). Here we employ dynamic programming to 
examine the die! vertical migration behavior of zoo
plankton in lakes. We also demonstrate how such a 
model can be used to assess the potential responses of 
plankton to global climate change using a series of inter
active lake models driven by output from general circu
lation models. 

Dynamic programming model description 
The dynamic programming model tracks the fitness of 
individuals of various states (i.e. body weights) through
out a diellight cycle in a lake. In the model version pre
sented here, fitness is defined as the probability of sur
viving to a specified time T. Although not included 
here, reproductive considerations are easily incorpo
rated and will be included in later versions of the model. 

We have developed two models: one based on the gen
eral physiology and biology of Daphnia pulex and the 
other for Diaptomus oregonensis. We will restrict our 
analysis here to the daphnid model. A more detailed 
description of the models and results will be presented 
in DE STASIO et al. (in prep.). Parameter values were de
rived mainly from the literature, especially the work of 
RicHMAN (1958), GELLER (1975), and LYNCH eta!. (1986). 

For an individual of a given body weight, the expected 
fitness at any time prior to the final time of the analysis 
is determined as a function of predation risk, food assim
ilation, and metabolic demands at each depth of the 
lake. The dynamic programming equation of MANGEL 

& CLARK (1988) is used to determine the optimal depth 
through backward iteration. Predation risk at each 
depth is based on a planktivore visual field foraging rate 
model which incorporates prey size, water temperature 
and light intensity (CLARK & LEVY 1988). Ingestion rate 
is determined as a function of temperature, food concen
tration, and body size (GELLER 1975). Respiration rate is 
calculated according to temperature and body size (PE
TERS 1987). 

A 30 min time period was used for each iteration in 
this version of the model, with final time set at 6hr (12 
iterations). This allowed us to analyze optimal behav
iors when time is not a major factor (i.e. when the model 
has reached stationarity; MANGEL & CLARK 1988). The 
model was run for surface light conditions occurring at 
noon and midnight for the dates on which field samples 
were collected in August 1991. August 1991 field data on 
vertical profiles of temperature, food abundance (e.g. 
chlorophyll concentration), and relative fish distribu
tion in Sparkling Lake and Lake Mendota, located in 
northern and south central WI respectively, were used 
to set the various environmental parameters in the 
model. For verification of the model, zooplankton were 
sampled every two meters with a 301 Schindler-Patalas 
Trap at noon and midnight. Samples were immediately 
preserved in 4% buffered sucrose-Formalin, and later 
counted at 25 x on a Wild MSA stereoscope. 

Climate change model description 
As part of a larger project examining potential effects of 
global climate change on lakes, we have been developing 
and implementing a set of interactive models of the 
physics and biology of lakes. We examine the response 
of lake thermal structure to climatic factors using a 
physics-based model of lake thermal dynamics (DY
RESM; hmERGER & PATTERSON 1981). Meteorological 
data for a given lake are used as input for the model. DY
RESM then simulates the vertical distribution of water 
temperatures for each day of the ice-free season. 

Meteorological data for an altered climate following a 
doubling of atmospheric carbon dioxide (2XC02) is de
rived from the results of general circulation models 
(Goddard Institute for Space Studies; HANSEN et al. 
1988). The actual temporal variability for the lake simu-
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