
Methodology

Species Distribution mapping using FIA data:

Forest Fragmentation Mapping:

1. Morphological Spatial Pattern Analysis (MSPA):  MSPA is a method of image processing, 
based on the principles of mathematical morphology, which  is used to analyze shape and form.

2. MSPA fragmentation maps are aggregated to core forest, fragmented forest, and non-forest.

Species Specific Analysis:

Species presence/absence maps were compare to the 3 category fragmentation map from the years 1990 
and 2009 using cross tabulation.  

Reclass MSPA

MSPA Parameters:

• Edge width = 30 m

• Connectivity = 8 
directional

Explanatory Variables:

Slope                         DEM
Oct. Band 7              Sept. Band 7
Oct. NDVI                 Sept. NDVI
1999 Land –use 

Results

Statewide forest assessment:

Pitch Pine-
Proportions of presence data:

1990 PP Presence Proportion

Core Forest 411430 64.31%

Fragmented 86611 13.54%

Nonforest 141698 22.15%

Total 639739 100%

2009 PP presence Proportion

Core forest 342716 53.57%

Fragmented 112540 17.59%

nonforest 184483 28.84%

Total 639739 100%

Results, continued…

The relationship between predicted Pitch Pine 
distribution and fragmentation was analyzed for roughly 
a 20 year time period (1990 to 2009).   The results are 
expressed by the proportion of each fragmentation 
category (core forest, fragmented forest, and non-forest) 
that comprises the areas were Pitch Pine presence was 
predicted.  To provide context the total proportions of 
each fragmentation category were also shown statewide.  
The results show that there was an 11 percent decrease 
in core forest within the areas of predicted Pitch Pine 
presence, which is higher than the 8 percent decrease 
that was found throughout the entire state.  This could be 
evidence that Pitch Pine habitat was more affected by 
fragmentation over the 20 year study period and may be 
more vulnerable to future fragmentation.

Introduction:

Forest fragmentation is one of the greatest threats to 
biodiversity in New England and comprises the integrity 
of native forest ecosystems.   Previous studies have linked 
forest fragmentation to changes in microclimate, 
hydrology, species richness and distribution, species 
endangerment, and disruption of important ecosystem 
processes (Kupfer and Franklin 2009; Riemann et al. 
2002).  Different species and habitats are affected by 
fragmentation in different ways. Understanding the 
effects of fragmentation on specific species is important 
for guiding conservation and facilitating sustainable 
development.

Species level maps for the state of Massachusetts can be 
useful for identifying key habitats and guiding habitat 
protection, as many at-risk animal species have 
historically been linked to specific tree species or 
alliances. Pitch pine (Pinus rigida) provides critical habitat 
for many threatened and endangered moth and insect 
species.  The loss of optimal habitat may cause many 
species to become locally extinct.

Research Objectives:

The objectives of this research are to 1) explore the utility 
of multi-temporal fragmentation maps for monitoring 
purposes, and 2) assess the impact of fragmentation on 
Pitch Pine in Massachusetts.   
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Study Area 

The landscape of Massachusetts is heterogeneous, 
consisting of many different land-cover types and land 
uses.  Historic land-cover trends across the state have led 
to a unique and diverse landscape (McCauley 2009). 
Strong interactions between forested lands, 
development, and other human land-uses are present 
throughout the state.

Pitch Pine:

Pitch pine is found on acidic, well drained, nutrient poor 
sandy soils derived from glacial outwash. Pitch pine is a 
fire maintained and fire dependent species and pitch 
pine communities have adapted to occasional burns.  Fire 
is vital because it promotes seed germination, removes 
competitors, and increases nutrient availability. Pitch 
pine communities provide habitat that many at-risk moth 
and butterfly species depend on.  Currently Pitch pine 
communities are severely threatened by exclusion of fire 
and the habitat loss and fragmentation caused by human 
development. Fragmentation 
inhibits species ability to 
disperse and maintain a 
healthy genetic population. 
The fragmentation of Pitch 
pine has been implicated in 
the local extinction of the 
Karner Blue butterfly in MA. 

Combining FIA species data with fragmentation maps to
assess the effect of fragmentation on 

Pitch pine distribution in Massachusetts, USA

Significance:

This work shows the potential for combining 
independently classified species presence data, derived 
from the FIA database, with fragmentation maps created 
through MSPA.  The study is unique because it uses pixel 
level fragmentation maps to directly draw conclusion 
about the way that fragmentation is affecting the 
potential habitat for a particular tree species over time.  

The study is not without shortcomings: 1) the results 
highly dependent on the accuracy of the original land-
cover maps that are used to create the fragmentation 
maps and their comparability across time, 2) the 
fragmentation parameters are derived from the data (aka 
30 meter edge width) rather than from some empirically 
tested relationship between edge effects and the specific 
tree species.  

In spite of these limitations, the research explores a new 
way to look at fragmentation maps which may provide 
useful information on species vulnerability and relative 
change in forest structure within a particular species’ 
predicted habitat.   Future research in this area should 
focus on developing techniques for effective 
implementation and validation.
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