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Discrete Patch Models of Community 
Dynamics

Theory of gap phase dynamics in mesic forests

Logging 
gaps at 
Date 
Creek



Limitations of the Traditional Patch Dynamics 
Models

The models generally ignore
- Heterogeneity within patches
- Spatial interactions between patches
- Interactions between disturbed patches and the surrounding 

undisturbed matrix

More generally, discrete 
patches are the exception rather 

than the rule…



Arguments for a Spatially-Explicit, Neighborhood 
Theory of Forest Ecosystem Dynamics

Local neighborhoods (rather than an arbitrary 
plot size) as the fundamental units of forest 
ecosystems

strong vertical integration

relatively weak horizontal integration



“Neighborhood” Dynamics of Forest Ecosystems

Many crucial processes act at very local spatial scales:
- Spatial variation in understory light levels is determined by geometry of 

canopy trees within immediate neighborhood  (Canham et al. 1994,
2000) 

- Effective seed dispersal distances within closed forests are often very 
limited (< 30 m), producing very localized patterns of seedling 
establishment  (Ribbens et al. 1994, LePage et al. 2000)

- Patterns of browsing by white-tailed deer are influenced by effects of 
canopy tree species on soil nitrogen availability  (Tripler et al. 2003)

- Spatial variation in occurrence of small mammal seed and seedling 
predators is strongly influenced by the spatial distribution of large-
seeded tree species that represent important food resources (Schnurr 
et al. 2000,2004)

- Spatial variation in soil resource availability is similarly determined by 
composition and size of neighboring trees (Finzi et al. 1998a,b)



But how do you integrate all of this detail?...

SORTIE-ND:  a spatially-explicit model of forest 
dynamics...



SORTIE-ND
A Spatially-Explicit Model of Neighborhood Dynamics

The Neighborhood Model approach in SORTIE-ND
- Individual-tree based and spatially-explicit

- The spatial scale of the effective “neighborhood” varies 
for any given property or process, as needed

- Canopy gaps recognized as heterogeneous entities 
that emerge as a result of the process of tree mortality

- Canopy gaps “perceived” differently by different tree 
species because of differences in light requirements 
and shade tolerance



Phase 1 (1990 – 1996) Summary of Basic 
SORTIE Predictions

Tree population dynamics are:
- Non-equilibrial

- Highly dependent upon initial conditions

- Species distributions become increasingly patchy 
during succession, even in the absence of any 
underlying heterogeneity in the physical 
environment



Did we get it right 10 years ago?

Succession still appears to be largely driven by 
competition for light…

But, even very fine-scale variation in soil nutrient 
availability can dramatically alter competitive 
hierarchies (leading to different successional patterns 
and dominants)

Predictions of forest structure and biomass require 
explicit consideration of adult tree competition

Herbivores can change everything…



Phase 2 (1996 - ):  SORTIE-ND

Completely re-design the model with a more open 
architecture to provide a flexible modeling platform 
for neighborhood dynamics of forests:

http://www.sortie-nd.org

Programming: Lora Murphy 

(based on earlier work by Mike 
Papaik) 



Parameterization of SORTIE-ND

Biome Forest Type Field Sites # 
Species 

Focus

Temperate 
deciduous 
forest 

oak – northern 
hardwood forests 

Great Mountain 
Forest   
(Connecticut) 

9 plant-animal 
interactions; 
ecosystem processes; 
invasive species;  

Temperate 
coniferous 
forest 

interior cedar – 
hemlock forests 

Date Creek Exp. 
Forest   
(British Columbia) 

9 sustainable forestry 

Temperate 
evergreen 
rain forest 

mixed beech –
podocarp forests 

Waitutu Forest  
(New Zealand) 

12 effects of introduced 
herbivores 

Tropical 
evergreen 
rain forest 

Tabonuco forest Luquillo Forest 
(Puerto Rico) 

12 hurricane disturbance 

 
Parameterization also underway or recently completed in:
• sub-boreal spruce forests of British Columbia (K. D. Coates)
• boreal aspen spruce forests of Quebec (C. Messier and collaborators at UQAM).



A Likelihood Framework for Analysis of 
Neighborhood Phenomena in Forests

Specification of alternate models 
(as a form of hypothesis testing)

Parameter estimation 
(using ML methods)

Model comparison 
(using AIC)

Model evaluation 
(using a variety of metrics)

Effective 
neighborhood

“target” tree or 
sample location

Effective 
neighborhood

“target” tree or 
sample location
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Spatially-explicit, neighborhood analysis of tree 
growth

  Site) Size,n,Competitio Growth, Potential f(Maximum   Growth Actual =

where Competition, Size and Site are “Multipliers” (0-1) that 
reduce Maximum Potential Growth…
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Competitive “Effect”:
A Neighborhood Competition Index (NCI)
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For j = 1 to n individuals of i = 1 to s species 
within a fixed search radius allowed by the plot size

λ= species-specific competition coefficient  
(scaled to = 1 for the species with strongest competitive effect)

A simple size and distance dependent model:

NOTE:  NCI is scaled to = 1 for the most crowded neighborhood 
observed for a given target tree species
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Radial growth = Maximum growth * site effect * size effect * competition effect

The full model 
(for any given species)...



A sample of basic questions addressed 
by the analyses

Do different species of competitors have distinctly different 
effects? 

How do neighbor size and distance affect degree of crowding?

Are there thresholds in the effects of competition?

Does sensitivity to competition vary with target tree size?

How does potential growth vary along environmental gradients?
- Are species most abundant in the sites where they perform the best 

in the absence of competition?

What is the underlying relationship between potential growth 
and tree size (i.e. in the absence of competition)?



Parameter Estimation and Comparison of 
Alternate Models

Maximum likelihood parameters estimated using simulated 
annealing

Start with a “full” model, then successively simplify the model by 
dropping terms

Compare alternate models using Akaike’s Information Criterion, 
corrected for small sample size (AICcorr), and accept simpler 
models if they don’t produce a significant drop in information.
- i.e. do species differ in competitive effects?

» compare a model with separate λ coefficients with a simpler 
model in which all λ are fixed at a value of 1 



New Plot 1 – 24’ radius
(census all stems > 5”)

Old 1/5 or 1/6 acre plot
(49’ or 52.7’ radius)

neighborhood
search radius = 24’

An example:  Analysis of 1249 long-term forest 
monitoring plots in Vermont and New Hampshire

Selected only plots in “forest land” land-use classes

“Observations” = trees 
in new plot that were 
present in previous 

census



How does potential growth vary with target tree 
size (DBH)?
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Do target tree species differ in their 
response to competition?
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Are there thresholds in the effects of 
competition on growth?

Basically NO: Simple negative exponential model was the 
most parsimonious fit for all of the species except black 
birch (i.e. D parameter = 1)
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Do species grow best in the sites where 
they are most abundant?

Note: similar pattern for shade 
tolerant species along the moisture 

gradient (Axis 1)



Do species grow best in the sites where 
they are most abundant?

Quercus rubra
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Are different species of competitors equivalent 
in their effects on a given tree species?

Compare 4 alternate models:
- “Full” model:  separate competition coefficients (λ) for all common 

species of neighbors (grouping rare species into an “other” species 
category)

- “Mixed” model:  group interspecific competitors into weak, 
intermediate, and strong competitors, based on results of “full”
model

- “Intra- vs. Interspecific” model:  lump all interspecific competitors 
into 1 group, with a separate λ for intraspecific competitors

- “Equivalent” model:  set λ = 1 for all species of neighbors



Are all species of competitors equivalent?  

The best model (lowest AIC) is highlighted in green

* # of parameters for the best model

Species
Sample 

Size
# 

Parameters* Full Model Mixed Model
Intra vs. 

Interspecific
Equivalent 

Competitors
ABBA 547 13 2008.8 1991.8 2017.5 2012.8
ACRU 1316 15 4843.5 4822.4 4831.1 4843.8
ACSA 1132 14 4112.7 4083.4 4107.9 4124.4
BEAL 453 11 1564.8 1547.9 1555.7 1560.2
BELE 93 11 287.7 280.4 285.9 280.9
BEPA 605 10 1885.7 1861.3 1897.4 1907.3
FAGR 494 12 1729.0 1713.4 1717.9 1723.1
FRAM 206 11 782.8 761.2 761.5 777.7
PIRU 571 14 1775.3 1758.9 1767.3 1763.2
PIST 733 13 3330.4 3312.0 3335.9 3335.0
POTR 130 11 524.1 516.9 524.2 524.2
PRSE 76 6 329.6 323.6 321.7 317.9
QURU 352 15 1302.3 1290.6 1303.7 1313.1
TSCA 804 14 2935.4 2911.6 2942.1 2969.5

Mixed model : species with similar competition coefficients grouped into categories



The estimated matrix of competition 
coefficients

Effect of...

American 
beech

Balsam 
fir

Eastern 
hemlock

Eastern 
white 
pine

Northern 
red oak

Red 
maple

Red 
spruce

Sugar 
maple

White 
ash

Yellow 
birch

American beech 0.98 0.98 0.09 0.05 0.57 0.17 0.66
Balsam fir 0.37 0.55 0.00 0.31 0.50 0.93 0.49
Eastern hemlock 0.54 0.75 0.97 0.53 0.72 0.00 0.27 0.01 0.00
Eastern white pine 0.42 0.01 0.74 1.00 0.72 0.01 1.00 0.83

On...   Northern red oak 0.57 0.56 0.00 0.97 0.01 1.00 0.84
Red maple 0.62 0.98 0.01 0.06 0.90 0.97 1.00 0.00 0.84 0.18
Red spruce 0.41 0.49 0.38 0.82 0.68 1.00 0.74
Sugar maple 0.80 0.90 0.69 0.06 0.64 0.01 0.39 1.00 0.56 0.62
White ash 0.00 0.21 0.00 0.68 0.00 0.04 1.00 0.01
Yellow Birch 0.00 0.27 0.26 0.51 0.81 0.01 0.00 0.53

• Can these results be used to design management 
for patchiness in species distribution within stands 
to minimize the competitive effects of crowding and 
maximize yield?



Managing for complexity in BC forests 

Results from analyses of adult tree competition in BC interior 
cedar-hemlock and sub-boreal spruce forests show similar 
degrees of complexity in species interactions

Results suggest that managing for diverse mixtures of species 
within stands may give higher yields monocultures

The challenge is in finding robust and generalizable guidelines
that foresters can apply on the ground when marking cuts, given 
the almost infinite array of existing stand conditions



This I believe…(but can’t prove…) 

Developing those guidelines will take a great deal of
- empirical, on-the-ground experience and data, 
- and application of ecological theory and principles through models

The world is changing around us at a pace that makes long-term 
prediction a fleeting hope, but models at least give us a tool by 
which we can incorporate expected changes in the environment 
in our predictions

Long-term monitoring is critical…
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