AN CPTIMAL FORAGING MODEL FOR WILD HERRBIVORES

GARY E. BELOVSKY

Summar

An  aptimizetion model predicts the dietz of 15 vild mammalian herbzveores
at different seazong in their native nabitata, for 3£ case studies.

I. INTRODUCTION

What deterwines the choice g7 foer plants by herbivores has received much
study and debate (Belovaky 1278, 1984:). One approsch te this investisation
iz optimsl Zforaging theery (Stephens and Krebe 1935). Thiz aathemstical
theory 4s used to predict an animal’sg diet in different environmentisz. Dii-
Tferent herhivore optimal foraging models have been advancad and have been
compared using a comwon data set (Belovaky 1984a), One model mppears no=s
predictive, linear progranning; it defines an herbivore’s solution to its
feeding goal e.q., maximizing energy intake) within physiolcgical and behav-
ioral constraints (Belovsky 1584a), These findings for vild mammalisn herbj-
vores are gummarized here.

II. METHODS

The construction of = linear prograa foraging model for a wild herbivore
requires the meesurewent of a number of itz behavioral, physioclogical =nd
anatomical characteriasticag in sach habitat and +ime of the y=ear. The methods
for weasuring these parametzrs and the model’s construction have been dou-
cribed in detail elsevaere (Bzlovaky 1978, 1584a, b, ¢, 1588s; Belovagky znd
Slade 1986; Belovaky, submitted; Belovaky and Ritchie, subzittad). Studisg
conducted in tesperate and treopieal graasiands, temperate forest, and alpine
tundra ugsing 15 species of mammals provide 56 temta af the model.

Three herbivare foraging constraints are nypothesized as being important
in conatructing the model. The first is daily digestive capacity (g vet/day).
Digestive capacity is the amount of food that the organ{s) for plant dige=ztion
holds {e.q., rumen fcr ruminants, stomach and caecum for caecal digestors,
2tc.) times the rate cf fzod paassage. Organ fill depends on each foad’'s buik
(vat wt/dry wt),

The second constraint is dailly feeding time (min/day). Feeding times
vere found in these studies to be set by the herbivore’s thermal phyaiclogy
and the thermal environment =snd are utilized by ingesting focdz with differen:
cropping rates (min/g dry wt). Cropping rates depend on the abundance and
digtribution of plants in the habitat. In thege studies, the herbivores are
unable to search for different types of plants (e.q., grasses, forbs, shruhs;
at the agame time, because they are distributed in different places 1in the
habitat (i.e., non-simultanecus search).

The third type of constraints are nutriticnal {g.g., energy,, protein,
godium, etc.).- MNutritional constraints are average daily minimum requirements
for the forager (e.g., energy metabolisn/day) and are satisfied by ingesting
foods with different nutritional values {e.g., digestible energy).

Using the Simplex algorithm of linear programming (Strum 1970) and an
herbivore’s constraint equations, a diet that aptirmizes a faraging goal can be
predited. Tvo foraging goals may be important: nutrient maximization and
feeding time minimization (Stephens and Krebs 1986). Nutrient maximization is
the goal if survival and reproduction increase with nutrient intake; energy
may be the critical nutrient. Feeding time minimization is the goal if survi-
val and reproduction decrease with time spent foraging (e.q., increased time
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for mating, care of young, hiding from predaters, etc.) after minizum nutri-
tion is satiasfied. These predicted diets are compared with the observed diet,
meagured using microhimstological techniques for fscee or stomach contents.

(5]

IIT., RESULTS AKD DISCUSSION

A aimple (l.e., 2 food types) diet modsl from my S8 studies is prasented
in the figure. Thie example demonstrates how the foraging constraints isad to
diffarent diets for diiferent goala. The absgerved diet is not diffesr2nt Iron
the nutrient (energy’) meximized dist. Uzing %2 gecdnese of fit fests, it iz
diffzrent ZIrom the time-minimized diet and frowm 2 random diet composed oI
giantes in proportion to their relaiive abundances of plants in the habizat,

D

A graphical linear prograsming
model Zfor Odocgileus virginia-
nug 1in summer at the Gearge
Reserve, Hichigan (Bsliovsky,
gubmitted). The goal zciuticas
are noted for comparizon with
the ohserved diet ( @ ). The
ENERGY shaded region denotes feasihle
MAX. diets that satiafy the con-
gstrainta: digestive (D), time
(T} and energetic (El.
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In all 56 camses atudied, energy maximization predicta the oheerved diet
very vwell (r=@.96, p<@.091) compared wiih time minimization (r=@.02, #.5.).
Except in one case; the ocbserved diets are different from the relative abun-
dances of plantz in the habitat, a random diet. Therefore, this wide range of
¥ild herbivores appears ioc be highly selective foragers that maximize their
daily energy intake {body umass: Q0.935-636 kg; each species and number of
studiea: Hicrotus pennsylvanicug - 8, Spermephilus columbianus - 24, Sylvila-
gus nutalli - 2, Lepus americsnus - 2, HNarmots flaviventris -8, Castor cana-
dengis - 1, Antilocanrs americana - ), Odocoileus virginisnpus - 2, 0. hemionus
- 1, OQOvig canadensis - 1, Tragelaphus gtrepticeroz - 1, Cervus elaphus - 1,

leea alezs - 2, Bigon bison - 1, Eguus gaballuz - 11. These herbivares
gstudied in a diversity of habitais appear to be food limited because nutrient
maximization is the foraging goal vhen survival and reproduction are limited

by food intake. Therefore, the foraging model shove promise in explaining
agpects of diet choice by diverse herbivores in a wide range of habitats.
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