
Introduction to Ecological Modeling

Key concepts, purposes, and basic approaches

1. What Is Ecological Modeling?

Aspect Description

Definition
A quantitative or conceptual representation of ecological systems that helps us

understand, predict, and manage biological processes.

Goal
Simplify complex natural systems into manageable forms while retaining essential

dynamics.

Scale Can be temporal (days?to?centuries) and spatial (micro?habitats to continents).

Types
Deterministic vs. stochastic, static vs. dynamic, spatially explicit vs. non?spatial

, individual?based vs. population?level.

2. Why Use Models in Ecology?

1. Hypothesis testing – explore “what?if” scenarios without costly field experiments.

2. Prediction – forecast population trajectories, species distributions, or ecosystem responses

to change.

3. Management & policy – evaluate harvest limits, reserve designs, or climate?change

mitigation strategies.

4. Understanding mechanisms – isolate the influence of specific processes (e.g.,

competition, dispersal).

5. Synthesis of data – integrate observations from different sources into a coherent

framework.

3. Core Components of an Ecological Model

Component Typical Representation

State variables Population size, biomass, nutrient concentration, etc.

Introduction to Ecological Modeling



Component Typical Representation

Parameters
Growth rates, carrying capacity, mortality coefficients, dispersal

distances.

Processes Birth, death, immigration, emigration, predation, competition, disturbance.

Forcing functions Climate variables, resource pulses, human activities.

Initial conditions Starting values for all state variables.

Boundary

conditions
Limits on space, resources, or fluxes at the edges of the system.

4. Common Modeling Approaches

Approach Main Idea Typical Use

Linear regression / GLM

Relate response variables to

predictors with assumed linear (or

transformed) relationships.

Species?environment

relationships, abundance

estimation.

Matrix population

models (Leslie,

Lefkovitch)

Age? or stage?structured projection

matrices.

Forecasting population growth,

life?history analysis.

Differential equations

(ODE/PDE)

Continuous change described by

rate equations.

Predator?prey dynamics,

disease spread, nutrient

cycling.

Individual?Based

Models (IBMs)

Simulate behavior of discrete

individuals and their interactions.

Habitat selection, movement

ecology, emergent community

patterns.

Spatially explicit models

(cellular automata, GIS?

based)

Landscape divided into cells;

processes operate locally and can

spread.

Spread of invasive species, fire

dynamics, metapopulation

connectivity.

Stochastic models

Incorporate randomness (e.g., birth?

death processes, environmental

variability).

Small populations, extinction

risk assessment.
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Approach Main Idea Typical Use

Bayesian hierarchical

models

Combine data and prior knowledge;

handle multiple levels of variation.

Species distribution modeling,

meta?analysis of ecological

data.

Dynamic Energy Budget

(DEB) models

Track energy acquisition, allocation,

and use across life stages.

Bioenergetics, ecosystem

productivity.

5. Building a Simple Population Model – Step?by?Step

1. Define the question – e.g., “Will the rabbit population exceed 1,000 individuals in 10

years?”

2. Choose a framework – discrete
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