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Project Summary
Land ownership patterns are changing in the Northern Forest of New England, with many traditional forestlands 
being sold to investment organizations that have little interest in long-term forest management.  These changes 
increase the likelihood that forestlands will be subdivided and developed, especially in sensitive areas like 
lakeshore zones and mountain ridges.  With conservation funds limited, land-protection efforts in the Northern 
Forest must thus focus on the most important areas for maintaining biological diversity and landscape 
heterogeneity.  It is also necessary to safeguard the economic and cultural traditions of the region by keeping the 
most productive forestlands in active management.  The process of identifying key segments of the landscape 
for ultimate conservation is called ecological reserve design.

This project investigated reserve design in a 2.6-million region of the Northern Forest, covering parts of Vermont, 
New Hampshire, and Maine.  Its primary objectives were:  1) to compile a comprehensive land-ownership map 
for the study area; 2) to develop an initial ecological reserve design, based on bird habitat, in a portion of the 
study area encompassing the Lake Umbagog National Wildlife Refuge; 3) to derive an expanded reserve design, 
based simultaneously on bird habitat and physical landscape features, for the entire study area; and 4) to 
conduct a methodological study of the planning units used in reserve design and their effect on reserve 
connectivity.  All results supported the utility of reserve-design modeling, showing how key portions of the 
Northern Forest landscape can be selected for reserves while simultaneously maintaining actively-managed 
forestlands.  The results also showed that a reserve-design method that considers planning units (e.g., 
watersheds) of different sizes in a hierarchy from coarse to fine will provide the most efficient balance of 
ecological protection and reserve connectivity.

Reserve design is an important tool for land managers and conservation groups in the Northern Forest.  In an 
era of rapid and extensive change in the region, it shows how irreplaceable wildlife habitats and other landscape 
features can be prioritized for subsequent protection, permitting conservation organizations to focus limited time 
and money on the most important areas.  Results from reserve-design modeling are dependent on the features 
(e.g., bird habitat) used in individual analyses, and solutions will differ each time, but they nonetheless provide an 
efficient framework for evaluating conservation goals and balancing them with social and economic 
considerations.   Further reserve-design modeling is needed with additional biological criteria (e.g., mammal or 
amphibian habitat) and hierarchical planning units that maximize reserve connectivity.



Background and Justification
• Land ownership patterns changing rapidly in the Northern 

Forest
• Industrial timberland owners selling to Timberland 

Investment Management Organizations (TIMOs)
• TIMOs generally have short investment timeframes with 

little interest in long-term forest management
• From 1994-2004, >3 million acres in ME, NH, VT, and NY 

shifted from industrial owners to other ownership types 
(Kingsley et al. 2004)

• Of this total, ~2.9 million acres sold to TIMOs
• Example:  Hancock Timber Resources Group owned 0 

acres in 1988, acquired ~622,000 acres by 1999, but then 
sold two-thirds of these holdings by 2004 (Kingsley et al. 
2004).



Background and Justification
• TIMOs often willing to subdivide 

to maximize investment; some 
companies are also 
development firms

• Sensitive habitats like 
lakeshore zones and mountain 
ridges especially susceptible to 
residential development

• End result: Large sections of 
the Northern Forest now 
treated as short-term 
investments, increasing risk of 
development (Kingsley et al. 
2004)

• Traditional economic and 
ecological values at risk:  
forestlands, wildlife habitat, rare 
or unique landscapes

Example of lakeshore forest subdivided 
for second-home development



Background and Justification
• Land-ownership changes also 

present opportunities for 
conservation, including purchase 
of sensitive ecological zones and 
easements on timberlands that 
ensure long-term forest 
management

• With conservation money limited 
and time of the essence, realistic 
priorities must be established

• Ecological Reserve Design is a 
computer-based tool that can be 
used to identify areas essential to 
biological diversity and landscape 
heterogeneity (Margules and 
Nicholls 1998)

• Reserves may also be designed 
to exclude productive forestlands, 
helping to maintain traditional 
forest economy 

Conserved lands in a sub-section of the 
Northern Forest (Upper Androscoggin 
watershed)



Objectives
• Develop a comprehensive 

database of land ownership

• Conduct initial reserve design, 
using bird habitat as feature of 
interest, in the Upper 
Androscoggin watershed

• Expand reserve design, using 
both bird habitat and physical 
landscape features, for Upper 
Androscoggin and Upper 
Connecticut watersheds

• Refine reserve-design 
methods with models that vary 
size of planning units

2.6-million acre study area in the Northern 
Forest of Vermont, New Hampshire, and 
Maine



Database of Land Ownership:  Methods

• 120 towns occur wholely or 
partly in study area

• Obtained/developed parcel 
maps and ownership data 
for 95 towns

• Converted paper maps into 
digital form

• Processed digital parcel 
maps if available

• Coded ownerships 
according to probable 
forestry use

Example of a digitized town parcel map



Database of Land Ownership:  Results

• Conserved lands mapped for entire study area
• Full land ownership mapped for ~80% of study area
• Final land-ownership map focuses on Upper Androscoggin and 

Upper Connecticut watersheds (~1.7 million acres)

Land ownership 
coded according to 
probable forestry 
use, Upper 
Androscoggin and 
Upper Connecticut 
watersheds



Initial Reserve Design:  Methods
• Study area designed to encompass 

Lake Umbagog National Wildlife 
Refuge in Upper Androscoggin 
watershed

• Conducted bird surveys in 2002 
and 2003

• Developed predictive habitat 
models for 104 bird species

• Estimated forest productivity 
according to tree growth, road 
density, and forest cover

• Created a planning-unit map for 
reserve design based on sub-
watersheds

• Used program C-Plan (NPWS 
2001) to identify most important 
landscape areas according to bird 
habitat; also used forest 
productivity data to exclude sub-
watersheds vital to local timber 
economy

Location of Upper Androscoggin study area and 
Lake Umbagog National Wildlife Refuge



Initial Reserve Design:  Results
• 59 bird species modeled 

effectively with field data 
from 2002

• Remaining 45 species 
were observed too 
infrequently to produce 
field-based models; 
published models used 
for these species

• All models assessed for 
accuracy with field data 
from 2003

• Weights assigned to 
habitat predictions based 
on model accuracy

Predicted habitat for alder flycatcher 
(Empidonax alnorum) in Upper Androscoggin 
watershed



Initial Reserve Design:  Results
• Reserve design conducted 

with predicted habitat for 
104 species

• Existing conserved lands 
(wildlife refuge, etc.) 
considered to be initial 
reserves

• High value forestry units 
excluded from design

• Reserve targets based on 
conservation need of each 
species

• 15% of study area selected 
for new reserves

• Results demonstrated 
compatibility of reserve 
design and forest 
management

Results for reserve design in Upper 
Androscoggin watershed, excluding planning 
units with highest potential for forestry



Expanded Reserve Design:  Methods
• Study area included Upper 

Androscoggin and Upper Connecticut 
watersheds

• Conducted bird surveys in 2004 and 
2005

• Developed predictive habitat models 
for 72 bird species

• Mapped areas of high forest 
productivity

• Created planning units based on sub-
watersheds at two scales (fine and 
coarse)

• Developed map of landscape 
features (physiographic groups) 
based on topography, elevation, and 
geology

• Used C-Plan to model reserve 
scenarios based on bird habitat and 
landscape features; conducted 
separate analyses at fine and coarse 
scales, excluding high value 
forestlands

Location of Upper Androscoggin and Upper 
Connecticut watersheds



Expanded Reserve Design:  Results
• Developed predictive 

habitat maps for birds 
throughout entire 2.6-
million acre project 
area

• Maps validated with 
field surveys at 81 
sites located in 
conserved lands  

• Predicted habitat 
provides probability of 
occurrence from 0% 
(red) to 100% (blue)

• Probability maps more 
reliable than 
presence/absence 
maps

Predicted habitat for ovenbird (Seiurus aurocapillus) in 
western portion of study area



Expanded Reserve Design:  Results

Physiographic 
groups describing 
landscape 
features, Upper 
Androscoggin and 
Upper Connecticut 
watersheds

• 23 physiographic groups developed for landscape features in study 
area

• Groups indicate physical diversity in landscape
• Can be used as surrogates for comprehensive biological data



Expanded Reserve Design:  Results
• Reserve design conducted with 

both bird habitat and 
physiographic groups

• Existing conserved lands 
considered initial reserves; 
developed areas and high 
value forestlands excluded

• Reserve targets based on 
conservation need (birds) and 
relative proportion of study 
area (physiographic groups)

• Most efficient solution required 
18 additional sub-watersheds, 
or 12.7% of the available area 
(shown as green to red based 
on necessity for meeting 
targets)

• Results showed that 
combination of biological and 
physical targets improves 
reserve design

• Affirmed conclusion that new 
reserves can be established 
without withdrawing high value 
forestlands from active 
management

Results for reserve design in Upper Androscoggin and Upper 
Connecticut watersheds, based on both bird habitat and 
physiographic groups; planning units with highest potential for 
forestry excluded



Refinements in Reserve Design:  Methods
• Entire 2.6-million acre study area considered
• Reserve design based on physiographic groups and land-cover 

types
• Developed land-cover map from Landsat satellite image
• Reserve targets based on proportion of physiographic groups and 

land-cover types in study area, weighted in favor of rare or 
threatened features 

• Three planning-unit maps based on sub-watersheds at different 
scales (fine, mid, coarse) 

• Sub-watersheds with conserved lands required in reserve 
solutions; developed areas or agriculture excluded

• Used program MARXAN to model reserve design scenarios; each 
planning-unit scale evaluated individually and then as part of a 
hierarchical framework

• Assessed connectivity of reserve scenarios with configuration 
measurements (e.g., forest edge density and mean area of forest 
patches)

• Tested reserve-design utility by modeling distribution and viability of 
six hypothetical wildlife species representing a range of landscape 
requirements and life history parameters



Refinements in Reserve Design:  Results
• Fine-scale reserve design 

was more efficient than other 
single scales (i.e., reserve 
targets were met using the 
smallest amount of land), 
requiring 15% of the study 
area

• Coarse-scale design was 
least efficient (20% of study 
area); hierarchical design was 
moderately efficient (17% of 
study area)

• Hierarchical design produced 
most highly connected 
reserve network, with lowest 
forest-edge density and 
largest average patch size

• Results demonstrated that 
hierarchical design provides 
best balance of efficiency 
(i.e., less land) and reserve 
connectivity (i.e., largest 
contiguous blocks)

Optimal solution from hierarchical reserve design based 
on physiographic units and land-cover classes



Refinements in Reserve Design:  Results
• Evaluated suitability of 

reserve solutions for 
hypothetical species that 
need small territories (124 
acres) and large territories 
(618 acres)

• Each design scale (fine, mid, 
coarse) considered 
separately and hierarchically

• Hierarchical reserve solution 
produced highest average 
numbers of breeders after 
200 years regardless of life 
history parameters, dispersal 
ability, or territory sizes

• Hierarchical reserves 
provided larger suitable 
territories for habitat 
specialists and generalists

• Results indicated that 
hierarchical reserves 
facilitate species viability and 
persistence

Mean  # Breeders- 50ha Territories
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Implications and Applications
in the Northern Forest Region

• Additional ecological reserves can be established in the 
Northern Forest region without withdrawing high value 
forestlands from active management

• Reserve-design techniques can be effectively applied to 
both biological data and physical landscape features, and 
at different planning scales

• Refined design techniques, including hierarchical 
modeling, can improve reserve solutions by optimizing 
balance between land requirements and reserve 
connectivity

• Larger, highly connected reserves produced by 
hierarchical reserve design likely improve population 
viability for wildlife species

• Protection of biological diversity and maintenance of 
traditional local economies are not mutually exclusively 
goals and can be pursued simultaneously



Future Directions
• Expand mapping of land ownership and 

establish system for updates
• Improve criteria for defining lands most 

suited for forest management
• Continue refining methods for designing 

reserve networks
• Include more comprehensive biological 

data (e.g., mammals, amphibians) in 
reserve-design solutions

• Use reserve design to develop specific 
sets of conservation priorities that can 
inform land acquisition and other 
protection efforts



List of Products
• Graduate Theses:

Ellis, P.W.  2004.  Forest structure, forest composition, and avian 
habitat in Lake Umbagog National Wildlife Refuge and the Upper 
Androscoggin watershed.  M.S. Thesis, University of Vermont.  
Burlington, Vermont.

Johnson, M.L.  2004.  Incorporating predicted bird distributions and 
land-use constraints into a reserve design framework:  implications 
for habitat conservation in a northern New England watershed.  
M.S. Thesis, University of Vermont.  Burlington, Vermont.

Hey, M.J.  2006.  A spatially hierarchical approach to systematic 
reserve design in the Northern Forest of New England.  M.S. 
Thesis, University of Vermont.  Burlington, Vermont.

Clark, J.M.  2006.  Conservation reserve design using ecological land 
units and bird habitat in the Northern Forest.  M.S. Thesis, 
University of Vermont.  Burlington, Vermont.  (in preparation)

• Reports:

Capen, D.E., S.W. MacFaden, M.J. Hey, M.L. Johnson, and P.W. 
Ellis.  2004.  Spatial analyses in support of conservation planning in 
the Lake Umbagog region of New Hampshire and Maine.  A report 
submitted to the Lake Umbagog National Wildlife Refuge and The 
Trust for Public Land, University of Vermont.  Burlington, Vermont.



List of Products
• Presentations:

Capen, D.E., S.W. MacFaden, M.J. Hey, M.L. Johnson, and P.W. 
Ellis.  2004.  Spatial analyses in support of conservation planning in 
the Lake Umbagog region of New Hampshire and Maine.  
Presented to the Lake Umbagog National Wildlife Refuge, the U.S. 
Fish and Wildlife Service Regional Office, and The Trust for Public 
Land, April 12, 2004.  Wentworths Location, New Hampshire.

Capen, D.E., and S.W. MacFaden.  2004.  Overview of ownership 
patterns and their influence on lynx conservation in western Maine, 
New Hampshire, and Vermont.  Presented at conference:  A Land 
Based Conservation Strategy for Canada Lynx in the Region 
Surrounding the White Mountain National Forest, January 7, 2004.
North Conway, New Hampshire

• Abstracts:

Clark, J.M.  2006.  Conservation reserve design using ecological land 
units and bird habitat in the Northern Forest.  Submitted to The
Wildlife Society for its annual conference scheduled for September 
2006, Anchorage, Alaska.



List of Products
• Future Publications in Peer-reviewed Journals:

Johnson, M.L.  Incorporating predicted bird distributions and land-use 
constraints into a reserve design framework:  implications for 
habitat conservation in a northern New England watershed.

Hey, M.J.  A spatially hierarchical approach to systematic reserve 
design in the Northern Forest of New England.  To be submitted to 
Biological Conservation.

Clark, J.M.  Conservation reserve design using ecological land units 
and bird habitat in the Northern Forest.  To be submitted to 
Landscape Ecology.

• Geographic Datasets:

Land ownership in the Northern Forest of Vermont, New Hampshire,
and Maine, Upper Connecticut and Upper Androscoggin 
watersheds, May 2, 2005.  (Available on request; already 
distributed to the Lake Umbagog National Wildlife Refuge, the U.S. 
Fish and Wildlife Service Regional Office, The Trust for Public 
Land, the Society for the Protection of New Hampshire Forests, and 
interested graduate students)



List of Products
• Bird Datasets:

Bird data collected in Silvio O. Conte National Wildlife Refuge in 2004 
submitted to refuge staff.

• Leveraged Grants:

Comprehensive conservation planning for the Lake Umbagog National 
Wildlife Refuge.  The Trust for Public Land, 2002-2004; U.S. Fish 
and Wildlife Service, 2003.

Do conservation easements promote sustainable management of the 
Northern Forest?  North East State Foresters Association, 2003-
2004.

Watershed-based designs for forest conservation in an ecologically-
diverse region of northern New England.  McIntire-Stennis
Cooperative Forest Research Funds, 2002-2004.
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