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EXECUTIVE SUMMARY 

 
During the 2003-2004 fiscal year, the Town of Meredith commissioned a 
municipal natural resources inventory (NRI) to be completed by 
Ecosystem Management Consultants (EMC) of Sandwich, New 
Hampshire. The purpose of the NRI was to augment the recently published 
Community Plan, which had been adopted by the Meredith Planning 
Board on December 3, 2002 after considerable public participation and the 
assistance of the Lakes Region Planning Commission and several 
Community Plan subcommittees. Page 22 of the Community Plan cited the 
need for an open space plan that included 4 areas of emphasis: 1) resource 
inventory, 2) education and awareness, 3) permanent land protection, and 
4) land use regulation. 
 
With the assistance of the Natural Resources Subcommittee of the 
Meredith Conservation Commission, initial planning for the NRI got 
underway in February of 2003. Subsequently, a proposal to complete a 
comprehensive planning document was submitted by EMC in March of 
2003 and approved on April 1, 2003. The proposal included a two-phase 
work product: Phase I: the development of natural resources GIS1 maps of 
the Town of Meredith and the development of co-occurrence layers,2 and 
Phase II: the analysis of the co-occurrence layers on a parcel by parcel 
basis. The co-occurrence layers were derived from carefully selected 
natural resource features represented by the existing NH GRANIT GIS 
maps and other sources. These were compiled for the Town of Meredith 
and then sorted according to dominant conservation themes such as 
agriculture, wildlife, forests, and water resources. The analysis in Phase II 
included the careful selection of high value co-occurrence areas, and the 
development of an attribute assessment model that tested how each parcel 
within these areas compared to one another. 
 
The compilation of the Meredith GIS maps and the co-occurrence layers 
took most of 2003 to complete. This process was slowed down by the need 
to accurately identify wetland resources in the Town. Careful delineation 
of wetland boundaries took place through aerial photograph interpretation 
(API), which improved the accuracy and precision of wetland maps 
tremendously. Additional time was spent on the derivation of the NRI data 
for the Lake Waukewan watershed, as requested by the Town Planner. 
This data augmented a concurrent project undertaken by the Town of 
Meredith to inventory and assess the land uses and potential pollution 
sources that could impact the Town’s largest drinking water supply. A 
short report on this effort was presented at the “watershed round-up” 
meeting on April 7, 2004. 

                                                 
1  GIS = Geographic Information System, or computer-generated maps 
2  Co-occurrence refers to those areas where valuable natural resources overlap. 
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Phase II of the NRI took most of the spring of 2004 to develop and test. 
This process included the adaptation of an attribute assessment model that 
EMC had written for another municipality, which was seeking 
conservation funds through the Land and Community Heritage and 
Investment Program (LCHIP). Revisions to the model developed for the 
Town of Meredith included the recognition of specific natural resource 
data as derived from Phase I above, and the addition of greater specificity 
within each of the following 15 attribute areas: 
 

ATTRIBUTE 1 - SIZE 
ATTRIBUTE 2 - STATUS / PROXIMITY TO CONSERVATION LAND 
ATTRIBUTE 3 - CULTURAL RESOURCES 
ATTRIBUTE 4 - AGRICULTURAL RESOURCES 
ATTRIBUTE 5 - SCENIC VALUE 
ATTRIBUTE 6 - WATER QUALITY 
ATTRIBUTE 7 - WETLANDS 
ATTRIBUTE 8 - SURFACE WATER RESOURCES  
ATTRIBUTE 9 - FOREST COVER 
ATTRIBUTE 10A - WILDLIFE – Open Uplands 
ATTRIBUTE 10B - WILDLIFE –Forested Uplands 
ATTRIBUTE 10C - WILDLIFE –Wetlands & Water Bodies 
ATTRIBUTE 11 - RARE & ENDANGERED SPECIES, EXEMPLARY NATURAL 

COMMUNITIES 
ATTRIBUTE 12 - SPECIAL NATURAL RESOURCE FEATURES 
ATTRIBUTE 13 - RECREATIONAL USE 
ATTRIBUTE 14 - ACCESS & FRAGMENTATION 
ATTRIBUTE 15 - LEVEL OF HUMAN ACTIVITY 

 
After discussion and review by the Town Planner and NRI Subcommittee, 
the more “social value laden” attributes such as historic sites and trail 
systems, were tabled for use in the future, i.e. as town-wide coverages 
become available. This was done in order to maintain an emphasis on 
natural resources and provide a science-based rationale for balancing 
conservation with “smart growth.” 
 
Model development received a secondary review after several test parcels 
were analyzed. Owing to time limitations, tertiary review and 
implementation of the attribute assessment model for all parcels within the 
high-value co-occurrence areas was not completed as a part of this project. 
This step is scheduled for completion in the near future. 
 

Findings 
 

Results of the Co-occurrence Analysis included the identification of 10 
areas of Town with high conservation value according to selected NRI 
parameters: 
 

1) Hawkins Brook to Meredith Bay 
2) Bartlett Brook 
3) Page Pond and Page Brook 
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4) Hatch Brook 
5) Forest Pond and Dolloff Brook 
6) Blake Brook to Lake Wicwas 
7) Meredith Center to Chemung 
8) Spectacle Pond 
9) Leavitt Mountain 
10) Pemigewasset Lake 

 
The above list does not include general high-value areas such as 
lakeshores, or noteworthy sites that may have a single unusual or rare 
natural resource attributes such as state-listed endangered plants or old 
growth forests. However, on the basis co-occurrence, this list of 10 areas 
in Meredith does highlight the locales where conservation initiatives 
would be best served on a municipal basis. 
 
Further analyses of the data provided in this report indicate that more 
fieldwork is needed prior to implementing selected conservation measures 
as outlined in the last section. This is true for assessing wildlife habitat 
quality, freshwater ecosystem health, forest condition, and the extent of 
prime wetlands. Wildlife corridor assessments are best completed on the 
ground, as are estimates of freshwater fish, macro-invertebrate diversity 
and forest tree species and health. The latter can be completed after initial 
parcel attribute assessments yield findings about where conservation 
measures are warranted on an apriori basis. 
 
Conservation measures that might help protect the natural resources of the 
high value co-occurrence areas include: 
 

Zoning Ordinance Amendments 
Conservation Overlay Districts 
Volunteer Neighborhood Agreements 
Conservation Easements 
Conservation Land Purchases 
Volunteer Monitoring and Stewardship 

 
The author would like to thank John C. Edgar for the essential and pivotal 
role he played in crafting the design of this project, Jacquie Colburn of the 
Meredith Conservation Commission for her valuable and timely feedback, 
and Robin McCann, Meredith IT/GIS Coordinator, for her patient and 
careful proofing and assistance in producing the GIS maps and tables. 
Additional thanks are due to the Town of Meredith Conservation 
Commission members for their general support and interest in the project, 
and the staff at the Meredith Town Planning Office for fielding so many of 
my phone calls and questions. 
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How to Use This Document 
 
This report is meant to be read by Meredith residents, Town officials, and 
laypersons interested in the natural resources of Meredith. It provides a set 
of maps that identify where the significant natural resources are Meredith 
are, as well as description of each resource in the following order: 
 
  Agricultural Resources 
  Forest Resources 
  Visual Resources 
  Water Resources 
 Wildlife Resources 
 
Agricultural resources include active farmland, good growing soils,3 as 
well as where these two resources intersect. Forest resources include all 
forestland as well as where long-term forest resources exist in areas away 
from roadways and development. Visual resources relies on a report by 
Tom Kokx in 2000 that summarized the high quality scenic value areas of 
Meredith as well as the views of surrounding towns. Water resources are 
broken into two areas: open water (lakes, ponds, rivers and streams) and 
wetlands. Both of the latter are combined in the wetland wildlife resource 
discussion, which is separated from the upland wildlife discussion. 
 
The first part of this report gives some background on the NRI project in 
general. It provides the context for the initiation of the work, as well as a 
summary of what work has been completed on natural resource 
inventories prior to the project. It describes the “why” part of the report, as 
well as what benefits the Town residents might enjoy by focusing on 
natural resource protection. It also gives the context for the larger Planning 
Department effort in crafting a follow-up Open Space Plan to the 2002 
Community Plan. 
 
The second part of this report describes the methods involved in deriving 
the natural resource overlays and maps. It discusses the accuracy of each 
existing data layer, the process used in deriving the created data layers, 
and the interpretation of the data in preparing the co-occurrence maps, that 
is, those maps that illustrate where multiple natural resources overlap.  
 
The latter form the bulk of the Findings section of this report. Each 
contributing natural resource is discussed in the order given above, 
complete with maps and statistics about each resource. The rationale is 
also given for using certain components of each resource area in preparing 
the co-occurrence maps. The last sub-section talks about the co-occurrence 
maps themselves, and provides a synopsis of the final overlay map.  

                                                 
3  Soil information was provided initially by an unvalidated NRCS soils map in 2003, which in July 2005, 
was validated and made publicly available. Soils information relative to the agricultural and forest 
resources in Meredith were unaffected by this change. 
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A subsequent Findings section talks exclusively about the Lake 
Waukewan watershed. A study was completed of this 8265-acre area 
within the towns of Meredith, Center Harbor, New Hampton, Ashland, 
and Holderness in order to assist the Town in their planning efforts to 
protect the Lake Waukewan drinking water supply. This section is 
succinct, and contains a written summary of all natural resource attributes 
of the watershed. 
 
The last Findings section discusses the Attribute Assessment model that 
was created to evaluate each parcel within the high value co-occurrence 
areas. This model was adapted from work completed by the author in 
another town in New Hampshire. It is based on the statewide land 
conservation criteria produced by the Land and Community Heritage 
Investment Program, and provides a follow-up procedure to prioritize land 
conservation in Meredith. The Meredith Conservation Commission, the 
Town Planning Department or a subcommittee of volunteers can use this 
procedure to begin protecting high value natural resource areas in 
Meredith. 
 
The Conclusions and Recommendations section summarizes the natural 
resource inventory and provides several “next steps,” including 
recommended actions that the Town could take to achieve greater 
protection of their natural resources. This section offers an in-depth review 
of protection strategies, as well as a discussion of the implementation of 
the attribute assessment model. 
 
The Appendix lists the GIS data layers that were created or modified for 
the NRI, and gives their file type, overlay reference, and written 
description. The Appendix also contains the latest version of the Attribute 
Assessment model, which can be applied to parcels contained within each 
co-occurrence area as described above. 
 
The report can be leafed through to review an individual natural resource 
area, or it can be digested as a whole to better understand how each co-
occurrence area was derived. The maps provide a readily accessible 
reference to the location and distribution of each natural resource, and the 
attribute assessment model provide a user-friendly way for readers to 
understand how each parcel can be evaluated for its natural resource value. 
 
Table 1 on pages 8 and 9 list the remote data for the project as well as the 
modifications that were made to them during the data analysis phase. 
Table 1 also indicates the approximate precision level of each natural 
resource as mapped. An additional description of map accuracy is 
provided in the methods section of the report. 
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INTRODUCTION 
 

Our natural resources are more than breathtaking; they are fundamental 
to our long term health and prosperity. The richness and diversity of our 
natural resources define our landscape character and compel us to live, 
work, recreate, and invest here. With these resources comes individual 
and collective responsibility to act as prudent stewards.” 

 
 Town of Meredith Community Plan 2002, p. 21. 
 
The chapter on Natural Resource Conservation in the Town of Meredith Community 
Plan of 2002 begins with the above vision statement, discusses the existing conditions 
and issues facing the Town, and then goes on to describe the general natural resources 
conservation goal: 
 
“Conserve our natural resources through balanced, thoughtful, and respectful 
consideration without stifling human betterment.” 
 
 Town of Meredith Community Plan 2002, p. 30. 
 
With the assistance of the subcommittee on Conservation and Community Recreation, 
Meredith Town Planner John Edgar addressed this goal by implementing several of the 
recommendations that arose from the plan. The first four activities that Mr. Edgar 
implemented are listed under Objective B of the Plan, “Develop and implement a 
comprehensive open space strategy”: 
 

1) Support the Conservation Commission’s efforts to develop a Natural Resources 
Inventory (NRI). Adopt the NRI as a future supplement to the Community Plan to 
help further guide and refine local decision-making. 

2) Develop useful inventory information in the areas of wildlife and forest resources as 
a component of the NRI. 

3) Reinforce the multiple benefits associated with open space generally, and the specific 
benefits associated with a particular donation or acquisition. Assign higher 
conservation priority to acquisitions that will result in multiple community benefits. 

4) Integrate the NRI with the current efforts to improve mapping capabilities. 
 

On February 25, 2003, a meeting was held at the 
Meredith Town Offices to discuss ways of 
implementing these 4 specific 
recommendations. John Edgar laid out the 
required tasks reflected in the Community Plan 
and described the context of undertaking an NRI 
in cooperation with the Meredith Conservation 
Commission, the Town of Meredith Planning 
Office, and local citizens. Conservation 
Commission member Jacquie Colburn reviewed 
the following goals and scope of the proposed 
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NRI based on work completed to date by the Meredith Conservation Commission (MCC) 
and Americorps volunteers: 
 
1) Evaluate significant wildlife habitat and corridors 
2) Evaluate water resources 
3) Evaluate forest resources (cover types, stand age, species composition, unique forests, 

tree farms, etc.) 
4) Identify exemplary resource features 

a) Inventory and evaluate recreational resources (including land and water trails) 
b) Inventory and evaluate historical and archaeological resources 

5) Increase public education of Meredith's NRI (including education in schools)  
6) Create an NRI which is easily updateable, informative, and understandable 
7) Design an NRI in such a way that over time it may evolve into a fine-tuned natural 

resource database 
 
As of February 2003, the Town of Meredith had already compiled a great deal of NRI 
information. A "Status of NRI Maps/Reports" document dated November 2002 indicated 
that the following map resource layers were available: 

 
Resource Layer Format, Author / Comments  
 
aerial photos paper (1988), digital DOQ's NHDOT/GRANIT 
bird sightings paper, NH Audubon (1986 - present) 
conservation land digital, SPNHF (1998) 
current use paper (Assessor's Office) 
deer yards paper (NH Fish & Game, 1998) 
drinking water, wellhead areas digital, NHDES (1999) 
farmland inventory maps paper, (LCIP, 1988) 
fisheries paper (NH Fish & Game) 
flood hazard areas paper (FEMA, 1998) 
groundwater paper, digital, NHDES (1997) 
groundwater threats digital, NHDES (1999, non-point, point) 
important farmland soils paper, (SCS, 1978) 
land cover (Lansat TM, 23 types) digital, GRANIT (1998) 
parcels mylar & paper, digital (note: under revision) 
recreational resources digital, NHOSP/LRPC 
roads paper, mylar, digital, NH DOT/GRANIT 
soils mylar, paper, digital, NHDES/NRCS (unvalidated) 
topography paper, 1975, 1987 digital, USGS (DRG & TVC) 
unfragmented lands digital, LRPC (2002) 
viewsheds digital, Tom Kokx (2001, point, polygon) 
wetlands mylar (prime), digital lansat TM, NWI, USGS 
zoning mylar, digital, LRPC 

 
What was lacking from this compilation of maps and data was an over-arching evaluation 
of natural resources that could be translated into a list of conservation priorities for the 
Town. The evaluation and assessment phase had not been implemented beyond a few 
local or property-specific surveys that fueled targeted land protection initiatives. What 
was needed was updated mapping, an assessment of critical natural resources, and a 
strategic plan for conserving high value property. 
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Figure 1. Meredith News article in March of 2001 

 
What is a Natural Resource Inventory (NRI)? 

 
In general terms, a natural resources inventory is an accounting of all elements of the 
natural landscape within a defined region, watershed, town, or locale. It maps, lists and 
describes all aspects of the land, including forests, wildlife, water bodies, wetlands, 
bedrock, soils, as well as unique features such as rare and endangered species and 
exemplary natural communities.1 Since the term resources implies that these natural 
elements have value for society, an NRI also typically includes elements of the landscape 
that rely on these natural resources, such as agricultural fields, managed forests, wellhead 
protection areas, impounded waterways, and scenic vistas. In order to protect the integrity 
of these natural resources, an inventory of “artifacts” of the built landscape – e.g. political 
boundaries, roads, railways, trails, buildings, utility rights-of-way, hazardous waste sites, 
and flood control and water supply structures, may also be included. 
 
According to Natural Resources Inventories, A Guide for New Hampshire Communities 
and Conservation Groups (2001) published by UNH Cooperative Extension, a 
comprehensive NRI should be organized to contain the following elements: 
 

1) Maps – showing in various scales the location and extent of the natural resources in a 
given region, watershed, town, or locale 

 
2) Associated Data and Information Sources – tabular and graphical depictions of the 

natural resources contained within the maps 
 

3) Descriptive Report – a written document that contains the NRI project’s goals and 
objectives, the methods used in deriving and analyzing the data, and the textual 
narrative that defines the natural resources being studied 

 

                                                 
1  A natural community is defined as “recurring assemblages of plants and animals found in a particular 
physical environment” (Sperduto 2000). 
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This NRI contains all three of these components, as well as a detailed analysis of those areas 
within the town where multiple natural resources co-occur and where conservation measures may 
be more important. 
 

How will this NRI benefit the Town of Meredith? 
 
This project has already yielded several benefits for the Town of Meredith: 
 

A) The latest, up-to-date natural resource map data have been procured, compiled 
and archived 

 
B) Wetlands have been remapped using aerial photograph interpretation (API) of 

1998 digital orthophotoquads and knowledge of existing drainage patterns 
 

C) Prime wetlands have been redefined as a result of the revised wetlands 
mapping and a more accurate depiction of their extent and location has been 
completed 

 
D) Shorelines have been corrected according to 1998 digital orthophotographs 

 
E) Town designated streams have been realigned according to 1998 digital 

orthophotograph imagery and ground control points 
 

F) Active agricultural areas have been identified and mapped from 1998 digital 
orthophotograph imagery and windshield surveys 

 
G) The 2003-2005 conservation lands data have been updated and mapped using 

current town tax records 
 

H) Some watershed and sub-watershed boundary lines have been revised and 
updated according to contour maps, digital orthophotograph imagery, and 
roadside observations of drainage patterns 

 
I) Shallow water wetlands associated with lakes and ponds have been identified 

from NH DES Water Resources data, digitized and added as a separate 
bathymetry map layer2 

 
J) Unfragmented land buffers have been revised according to updated roadway 

alignments (1998 digital orthophotograph imagery) to provide more accurate 
estimates of the extent of wildlife habitat away from roads  

 
K)  Additional NRI data from the half-mile buffer zone around Meredith has been 

compiled as separate and integrative map units 
 

                                                 
2  Note that Lake Winnipesaukee lacks bathymetry data and a 50-foot horizontal distance was used. 



Meredith NRI Project 

 
Van de Poll / EMC Page 5 August 2005  

L) A separate NRI of the Lake Waukewan watershed has provided important 
natural resource information about the area above the Town’s largest water 
supply 

 

 
Figure 2. Digital orthophotograph showing wetlands mapping near downtown Meredith 

 
Besides this report, what else can the Town get from the NRI? 

 
This NRI fulfills the recommendations of the Community Plan described above, 
specifically, to act as a supplement to the Community Plan of 2002, to provide in-depth 
information on the forest and wildlife resources of the Town, to improve current mapping 
capabilities, and to provide an analysis of high-value conservation areas in Meredith. As 
stated above, it has also provided information regarding the natural resources within a 
half-mile of the Town boundary and the entire Lake Waukewan watershed. 

 
This is not all that this NRI can and will provide. The following 
benefits are also possible: 
 

∗ Knowledge of where multiple natural resources co-occur 
∗ Improved planning capability around prime wetlands  
∗ More accurate maps with which to protect water resources 
∗ Up-to-date knowledge of where the most productive forests lie 
∗ A single GIS layer of active agricultural lands 
∗ Strategic planning tool for land conservation in Meredith 

 
Finally, the NRI provides a set of 
maps, tables, and descriptions with 
which it can educate and inform the 
general public about those attributes 
that make Meredith special and 
unique in the Lakes Region. 
 

 
Figure 3. Base Map of Meredith as 
enlarged from map of state of New 
Hampshire 

Portion of aerial 
photograph 
showing 
corrections. New 
wetland boundaries 
are in yellow, and 
hydric soils are in 
pink. Green-shaded
areas are from 
1983 wetlands map, 
and blue areas are 
from the NWI map.
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Disclaimer 

 
During the development of the natural resource maps and overlays, a number of “remote” 
data sources were used. Remote data sources include map, tabular and text data that were 
created with the help of an airplane or satellite and produced outside of Meredith and 
typically, outside of the state of New Hampshire. An example is the United States 
Geological Survey’s topographic quadrangle or contour map. The primary source for the 
digital version of these remotely derived maps and data was Complex Systems Research 
Center at the University of New Hampshire in Durham.3 Both the original maps and the 
digitized map products contain a certain degree of error. Innate mapping errors can be 
between 2 and 25%, depending on the accuracy of the equipment used and the skills of 
the author or interpreter. As with any map created and produced by federal or state 
agencies, the degree of error is compounded when it is subsequently digitized by UNH 
Complex Systems. Many of these errors were assumed during the map interpretation 
phase of this project, although every effort was made to minimize additional errors from 
manipulating this data. The soils map, for example, was created from an unvalidated 
map4 product of the Natural Resource Conservation Service, and contains a maximum 
precision level of between 2 and 5 acres per soil map unit, or roughly an error of about 4 
– 9% overall. The attached soils maps reflect this level of precision, and therefore no 
claims can be made about the verity of the soil map unit boundaries beyond the stated 
level of error. Similarly, the lansat TM 23 (i.e. a satellite-based thematic mapper image 
showing 23 cover types) contained minimum precision levels of .25 to 1.0 acres, yet even 
at sizes larger than this cover type were often misidentified. As a result, these and several 
other coverages had to be derived by interpretation. Many of the derived maps were 
based on the 1998 digital orthophotographs of the region, which were produced for the 
New Hampshire Department of Transportation (NHDOT) by Complex Systems. Since 
many changes have occurred since that time, certain wetlands areas, shorelines, or stream 
courses may not be fully up-to-date. The principal purpose of compiling these maps was 
to provide a usable tool for planning purposes. The maps and data contained in this report 
do not represent, nor should they be used to represent any legal claim to a resource 
depicted in paper or digital form. 
 
[For a more in-depth listing of the approximate level of error associated with each map 
layer, please see Table 1 on pages 8 and 9.] 
 
 

                                                 
3  Complex Systems Research Center (CSRC) maintains and manages the stateside GIS map system known 
as NH GRANIT. GIS coverages for all regions and towns are available through their web site at 
http://www.granit.sr.unh.edu/. 
4  This unvalidated version of the Belknap County Soils Survey was cross-checked with a July 2005 
validated version and no significant changes were noted in the validated version. 
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METHODS 
 

A) Development of the NRI Data Layers 
 
The following pages list the geographic information system (GIS) data files that were 
obtained or created from various sources during the course of the project. The GRANIT 
GIS system, as maintained by the Complex Systems Research Center (CSRC) at the 
University of New Hampshire (UNH) in Durham, was the original source for many of the 
computer-based map files and the tabular data associated with them. Compact disc (CD) 
copies of these files were obtained prior to the onset of the study, and permission was 
obtained for reproducing this data in the form of maps and tables for the Town of 
Meredith. An example of a typical GIS data map for Meredith is shown below. 
 

 
Figure 4. Bedrock Geology map of the Town of Meredith (plus ½ mile extended study area). The map 
shows just four types of bedrock, yet each contributes a slightly different quality of soil, water-borne 
nutrients, and landform type to the region. Bedrock types, along with four other baseline NRI 
themes, namely soils, open water resources, wetlands, and land cover, formed the basic set of natural 
resources that were reviewed prior to the derivation of more specific natural resource overlays. 
 
Since one of the goals was to improve the spatial accuracy of Meredith’s natural 
resources, a considerable effort was expended in updating various GIS data layers using 
ArcView 3.2a software and Auto Cad Map. Table 1 on pages 8 and 9 identify the 50 data 
layers that were obtained and/or modified from various sources, and gives the sources 
and levels of precision before and after modification, and the modifier, the date of 
modification and the approximate linear or spatial precision of each GIS layer. 
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Each of the revised GIS data layers above required a similar method of modification or 
creation. Remote data was clipped to fit three areas of study: 1) the Town of Meredith, 2) 
the area within a half-mile extended study area of the town, and 3) the upper part of the 
Lake Waukewan watershed that lay outside the half-mile zone. Town boundaries were 
initially defined by USGS and digitized by GRANIT, but were then modified by the 
Meredith IT/GIS Office to reflect historic boundary changes that were not recognized by 
the latest GRANIT topographic maps. The half-mile extended study area was established 
using ArcView 3.2a theme buffering techniques. The entire Lake Waukewan watershed 
was modified from the existing NH DES watershed data by studying the 1998 digital 
orthophotographs and the 20-foot contour interval from the Tagged Vector Contour (tvc) 
map.5 Some watershed revisions were also made by ground truthing, since tree cover and 
roadway ditches masked the actual watershed divide in certain places. 
 
 Map data for areas outside of these three study sites were often “watermarked” and kept 
as a background reference. This was particularly helpful when deriving accurate road and 
stream alignments, shorelines, and wetlands. “Watermarked” data included NHDOT and 
private roads, 20-foot contours, surface water, and soils. Keeping this data in each map 
view allowed for the accurate identification of all wetlands that flowed into the three 
study areas but which fell outside of the study area boundaries. 
 
Once the initial GIS data layers were uploaded and clipped, NRI map derivations took 
place. The list of Town benefits on page 4 and 5 summarizes some of these. Wetland map 
were the most time-consuming among the NRI layers that were modified. The USGS, 
National Wetlands Inventory (NWI) and hydric soil maps were compared against the 
1998 digital orthophotographs (DOQ).6 Existing wetlands that were visible on the 1998 
DOQ were either modified or created using a 1:3,000 scale view and hand-held mouse as 
a digitizing tool. Wetland classes were assigned according to the 1979 Cowardin et al. 
publication of the US Fish and Wildlife Service.7  A limited field review took place in 
April of 2004 to verify the boundaries of palustrine, forested swamps in selected roadside 
locations throughout the town. Limited field checks of wetland classes were also made, 
and this helped reduce aerial photograph interpretation (API) errors.  
 
In 2004, the Meredith IT/GIS Office digitized prime wetlands from mylar maps produced 
by Barry Keith in 1983 for the Town of Meredith Prime Wetlands Study. This digital 
version of the 1983 maps was used as a reference for selecting the wetland units that were 
identified during in the aerial photograph interpretation (API) process. All contiguous 

                                                 
5  TVC’s are also supplied by the NH GRANIT system and are simply a linear (vector) representation of 
the USGS topographic contour lines. Although not entirely accurate, in combination with the digital aerial 
photographs, they provide a readily accessible way of checking watershed boundaries. It should be noted 
that the boundaries used in this project have been verified by NHDES or the USGS and should be 
considered official. 
6  DOQ’s are high altitude aerial photographs that have been “geo-referenced” to the New Hampshire State 
Plane Coordinate System, and reflect in reduced size the actual distance on the ground. Very good to 
excellent detail can be seen in these photographs, including buildings, cars on the highway, and boats on 
the lake.  
7  Cowardin, L.M., V. Carter, F.C. Golet, and E.T. LaRoe. 1979. Classification of Wetlands and Deepwater 
Habitats of the United States. Biological Services Program. FWS/OBS-79/31. 
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(hydrologically connected) wetlands were included in each prime wetland area even if a 
paved road crossed them. Beyond this, guidance followed the general boundaries of the 
original report to the greatest extent possible. In no case were isolated or hydrologically 
unconnected wetlands lumped in with prime wetlands areas. 
 
Shoreline configurations were updated by using the 1998 DOQ’s as well. New shoreline 
alignments were digitized using a scale of 1:3,000 or 1:5,000. Visual estimation of the 
mean high water (MHW) mark was used as the reference line. No docks or bridges were 
circumscribed, except those that appeared to be made of fill materials. All islands and 
rock reefs > .01 acres were deducted from the open water area. Estimates of MHW in 
areas of tree shade were made by using the base of the shadow line. Shallow coves and 
embayments of less than .01 acres in size were not included.  
 

 
Figure 5. Sample aerial photograph from upper Winona Lake 
showing where USGS stream and shoreline alignments (in blue) 
needed changing. Yellow lines indicate wetland and open water 
boundaries created for this project. Actual stream course appears 
on the photograph as a dark, sinuous line. Notice how different it is 
from the blue line. 

 
In a similar fashion, streams were identified and realigned. The Town Planning Office 
provided an initial list of designated streams in Meredith, and two additional streams 
were added after reviewing the USGS topographic maps. Each stream alignment was 
checked against the 1998 DOQ and then field-verified at selected road crossings. Mid and 
lower perennial stream drainages were fairly easy to discern through API, although their 
upper headwater channels were sometimes obscured by tree cover. Approximations of 
their alignments were made in these instances by referencing the angle points of contour 
lines. The same procedure was followed for the other two study areas, although these 
stream alignments were not subject to field or windshield review. 
 
 
Agricultural areas were identified from town reports, current use designations, and the 
1998 lansat imagery from UNH Complex Systems Research Center. The latter provided 
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23 satellite-based cover types in raster format, one of which, layer 21, provided estimates 
of cropland and pasture. Final rectification of agricultural land boundaries was made by 
using the 1998 DOQ, as well as a windshield survey conducted by the Town Planning 
Office. Active agricultural lands were defined by the absence of natural woody 
vegetation and the presence of low herbaceous cover. These generally included areas of 
row crops, cover crops, hay fields, pasture, Christmas tree plantations, berry farms, and 
other commercial or non-commercial open upland areas. Exceptions to this were lawns 
and gardens near houses, and unmanaged wet meadows. Some map errors can be 
expected in areas that were clearcut just before the 1998 DOQ’s were taken, especially if 
they were adjacent to existing hay or crop fields. Similar errors may have also occurred in 
prior converted cropland that is now reverting back to natural wetland (i.e. emergent 
marsh). 
 

    
 
The latest (2004) conservation land layer, as supplied by the Town of Meredith IT/GIS 
Office, was not changed except to add the recently acquired Longridge Farm property 
and Eames property. The Meredith IT/GIS Coordinator updated these data on the Town’s 
geo-referenced parcel map and they were provided in the fall of 2004.8 
 
As described above, NRI data for the Lake Waukewan watershed was updated by using 
the 1998 DOQ and the existing NH DES watershed data layer as supplied by GRANIT. 
The Meredith Community Plan depicted sub-watersheds boundaries within the Town of 
Meredith, and these were not modified except for the area within the Lake Waukewan 
watershed. Sub-watersheds above Lake Waukewan were modified according to the 1998 
DOQ imagery and the 20-foot contour overlay. A reasonable approximation of sub-

                                                 
8  It should be noted that the 2004 Meredith land conservation layer will align differently than the 2003 
conservation data layer as created by SPNHF owing to parcel realignments by the Meredith IT/GIS 
Coordinator. 

Figure 6. Active agricultural land, as depicted 
below and as seen in the 1998 aerial photograph 
at right  (area bounded by green lines). Arrow 
indicates direction of view. Yellow lines on map 
indicate wetlands, tan lines are 20-foot contours.



Meredith NRI Project 

 
Van de Poll / EMC Page 13 August 2005  

watersheds above the Lake Waukewan lakeshore was made on the basis of lake 
bathymetry as well as well-defined drainage divides that contained streams that entered 
the lake. Units with large, hydrologically connected wetland systems were also lumped 
into sub-watersheds even if they spanned more than one lakeshore cove. 
 
The bathymetry of each open water body in Meredith was derived from NHDES paper 
and digital data on selected ponds in and around Meredith. Paper maps were scanned and 
geo-referenced into ArcView 3.2a using Image Analysis and pertinent bathymetry lines 
were hand-digitized. A depth of 15 feet was defined as the area where predominant 
littoral zone vegetation occurs.9 This very productive wetland and deepwater edge can be 
quite sensitive to pollution. It also defines the most productive aquatic wildlife area in a 
given lacustrine or palustrine system. The pondshore and lakeshore buffer zone was 
added as a critical NRI element in the Wildlife – Wetlands overlay. 
 
The determination of good forest land was made by combining four different remote data 
sources: the 1998 lansat 23 land cover data (from GRANIT), the updated (2004) road 
alignment layer (from Meredith IT/GIS Office), the 2003 soils data from unvalidated 
NRCS field sheets, and the 1998 digital orthophotographs. No attempt was made to 
search current use or intent-to-cut records to determine the quality of the existing forest 
stands. This step, while a worthwhile one, remains as a recommended follow-up step that 
could be undertaken by the Town. An agreed upon setback of 100-feet from a paved road 
and a minimum forest block size of 50 acres was used for determining areas where forest 
cover may indicate a potential for timber harvesting activity. 
 
Further manipulations of the existing remote data sources are described in the next 
section, which addresses the development and creation of 7 different co-occurrence 
layers, that is, areas where multiple natural resources overlap in meaningful and 
important ways. 
 

B) Development of the Co-Occurrence Layers 
 

 Layer    Principal Components10 
 

Agriculture  active agricultural land, prime agricultural soils, soils of local importance 
 
Shapefile Name: activeag-prime-importsoils.shp 
 
The purpose of this derivation was to demonstrate where good, active agricultural land exists in 
Meredith. “Good” was defined as areas where prime agricultural soils and soils of statewide and 
local importance are shown on the NRCS soils map of Meredith. These include soils in Land 
Capability Classes I, IIe and IIw,11 which comprise the prime agricultural soils, and Class III & 
IV, which comprise the soils of statewide and local importance, respectively. These areas 
(polygons) were intersected with the above-described areas of active agricultural land, and 

                                                 
9  An exception was made for Lake Winnipesaukee where bathymetry was not available. A shoreline buffer 
of 50 feet was used as the approximate average of a 15-foot depth. 
10  Not all shapefiles listed in Appendix A for each layer are shown on the maps or are listed here. 
11  See the attached shapefile list with notes for a description of IIe, and IIw. 
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presented as a shapefile called “activeag-prime-importsoils.” Although the soil polygons have 
possible errors of between 2 and 5 acres, no attempt was made to determine soil types in the field.  
 
 Layer    Principal Components 
 
Forest Resources unfragmented forest land, good forest land soils, current use parcels 
 
Shapefile Names: forland-unfrag100-forsoils.shp, parcels-goodforests-currentuse.shp 
 
Where do the best forests exist in Meredith for the purpose of timber production and/or wildlife 
habitat? Forested areas were first determined from the lansat 23 data layer as described above, 
and then checked against the 1998 aerial photographs (DOQ’s). A buffer of 100-feet was set 
against the corrected road alignments and clipped out of this area. A minimum fragment (forest 
block) size of 50 acres was selected based on the estimated minimum viable size for timber 
production. Finally, these areas were intersected with the prime, statewide, and local importance 
soils to yield a theme that reflects the best forest land in Town. As stated above, it was beyond the 
scope of this project to estimate the quality of the current forest stands within these areas. 
Roadside surveys, a review of intents-to-cut, and timber tax slips might aid in this next step. 
 

 
 

Figure 7. Significant view point in Meredith 
 

 Layer    Principal Components 
 
Visual Resources unfragmented lands (500-ft buffer), critical viewshed areas (cva) 
 
Shapefile Name : unfrag-cva.shp 
 
This layer was derived from the work of Tom Kokx,12 who completed a scenic inventory of 
Meredith in 2002. Based on standardized models, he provided a synopsis of the most valuable 
viewshed areas that were observable from roadside points in Meredith. These viewshed areas 
extended beyond the Town boundaries, however all significant and highly significant view points 
were identified from areas within the Town. The only map layer created from this data was the 

                                                 
12  See page 26 for more information. 
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intersection of unfragmented lands (with a 500-foot buffer from roadway centerlines) with the 
critical viewshed areas. 
 
 Layer    Principal Components 
 
Water Resources open water areas and their buffers, stratified drift aquifers 
 
Shapefile Names: aquifers-meredith.shp, aquifers-med.shp, sand&gravelterraces.shp 

openwater-meredith+2640.shp, openwater-meredithbuff250.shp 
designatedstreams.shp, nondesignatedstreams.shp 
streamsallbuff10mrg.shp, streamsallbuff200.shp 

 
The water supply layer contains NRI information about where water 
lies at or beneath the surface of Meredith. This layer emphasizes 
stratified drift (sand and gravel) aquifers as well as surface water 
bodies. Wetlands have been separated into a different view in order 
to simplify the layer. The water supply layer was derived from 
USGS (1997) data on aquifers, and GRANIT data on hydrography, 
which includes lakes and ponds, rivers and streams. As described 
above, the extent of these four open water types were modified on 
the basis of aerial photographs (1998 DOQ’s). These were then 
clipped to the Town boundaries and buffered by a specified number 
of feet using ArcView 3.2a software. Subwatershed lines were added 
to provide the Town of Meredith Planning Office with information 
regarding how these water resources vary within different drainages 
in Town. Subwatershed lines were also extended into the Lake 
Waukewan watershed area, as well as the half mile extended study 
area beyond Meredith’s boundary. 
 
 Layer    Principal Components 
 
Wetlands  prime wetlands, API-derived wetlands, open water areas 
 
Shapefile Names: apiprimes.shp, apiwetldsall.shp, openwater-all.shp 
 
Wetland derivations took place according to the methods described above. Each wetland 
unit was identified according to the Cowardin et al. (1979) system of wetland 
classification.13 Wetlands were then separated into several different groups, according to 
location, size and the inclusion of open water areas. Location groups were based on the 
three study areas, Meredith, Meredith plus a half-mile extended study area, and the Lake 
Waukewan watershed. Size classes were ≥ 1 acre, < 1acre, and < 3,000 square feet. 
Shapefiles were also created for wetland groups with and without open water in all thee 
study areas. The presence of water was determined on the basis of inundation at the time 
of the 1998 aerial photographs. Buffers of 100 feet and 200 feet were created for all 
wetlands areas. These were created both for water resource protection purposes and for 
identifying wetland wildlife habitat areas. 
                                                 
13  See footnote 7 above or http://wetlands.fws.gov/mapcodes.htm. 
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 Layer    Principal Components 
 
Wildlife – Upland Unfragmented lands above 1,200 feet with > 25% slopes, softwood 

stands, deer wintering areas, agricultural land ecotones (75 feet) 
 
Shapefile Names: unfrag-steep-1200+.shp, soft-deer-unfrag.shp, ag-openbuff75-

unfrag-int.shp 
 
Upland wildlife habitat was identified on the basis of Identifying and Protecting New 
Hampshire’s Significant Wildlife Habitat by Kanter, Suomala, and Snyder (2001), as well 
as the author’s knowledge of critical habitat components on the landscape. The shapefile 
for lands unfragmented by roads (500-foot buffer) was intersected with the shapefile of 
softwood cover as determined by Lansat and aerial photograph imagery. This intersection 
was then combined with an overlay of the N.H. Fish and Game Department’s deer yard 
maps, which were digitized by the Meredith IT/GIS Office. The latter were not field-
checked and a significant amount of error may be present in their depiction. A second 
intersection combined the unfragmented lands theme with steep slopes (NRCS 2003, ≥ 
25% slopes) and lands above 1200 feet in elevation in order to identify upland wildlife 
feedings areas. Twelve hundred feet was selected as the average lowest elevation of 
boreal northern hardwood forests n Meredith. A third contributing overlay was created by 
buffering all active agricultural land by 75 feet, or, the approximate width of the forest 
edge ecotone. This was clipped to the unfragmented lands theme and added to the upland 
wildlife habitat layer.  
 

  
 
Figure 8.  Upland wildlife habitat on Leavitt Mtn.  Wetland wildlife habitat in Chemung 
 
 Layer    Principal Components 
 
Wildlife – Wetland  Open water and wetland buffer areas 
 
Shapefile Names  wetlandwildlifehab.shp 
 
Wetland wildlife habitat was mapped on the basis of existing open water and wetland 
areas. Open water areas were assumed to have excellent habitat for aquatic wildlife along 
their shorelines. Wetland areas were assumed to have high quality habitat for wetland-

Photo by Peter Miller 
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dependent wildlife within a certain distance from their edge (Kanter et al. 2001). Upland 
buffers of 200 feet to all perennial streams and all non-open water wetlands > 1 acre in 
size were included, as well as a 250-foot buffer from all lakes and ponds. Buffer areas 
were merged together based on the maximum extent of the buffer in each locale. For 
example, if a 250-foot buffer to a pond extended beyond the 200-foot buffer to the 
pondshore wetland, then the maximum buffer was used to create the wetland wildlife 
map overlay. The merged buffer habitat was then clipped according to the unfragmented 
lands area (500-foot buffer) and compiled as a single theme for wetlands wildlife.  
 
 

C) Development of Improved Digital Tax Maps 
 
Critical to the interpretation of the NRI data that has been the accurate depiction of town-
wide tax parcels. Mylars maps that were previously scanned, digitized and compiled by 
John E. O’Donnell and Associates were then edited, geo-referenced and updated by the 
Town of Meredith IT/GIS Office using Auto Cad Map. The Meredith IT/GIS Coordinator 
performed this task, which required the realignment of almost all tax parcel boundaries 
according to new data on roads, shorelines, and rights-of-way. The new data included 
alignments that were based on global positioning system (GPS) satellites, as well as 
digital aerial photography. The second phase of this project, the assessment of parcels 
based on their natural resource and conservation attributes, rests on the ability to 
accurately locate each parcel on the new maps. Now that this is complete, this attribute 
assessment process can proceed uninterrupted. 
 
 

D) Development of Co-Occurrence Areas Map 
 
The above seven co-occurrence layers in Section B were compiled according to a 
particular natural resource such as wildlife or forests. The principal goal of the co-
occurrence exercise, however, was to look at areas that hold multiple natural resource 
values, and to combine them into discrete polygons. A GIS view called “Intersections – 
All” was created in order to portray multiple natural resources in a single view. Each 
contributing resource theme was given a unique red-shaded color symbol, which was 
overlain by successive natural resource themes until certain areas became quite dark. 
Layering in the 19 intersection themes created a very visible shade pattern. This was then 
used to draw an approximate line around all areas that clearly had multiple natural 
resources displayed. Edges were rounded to conform to contour lines and exclude 
developed areas wherever possible. This step was completed by examining the deeply 
shaded areas on a copy of the 1998 digital aerial photograph. A total of ten darkly shaded 
areas were defined in this way. 
 
Each of the ten co-occurrence areas contained a minimum of 2 and as many as 11 natural 
resource themes that intersected. Since a preponderance of the intersection themes (11 
out of 19) related to water resources, almost all of the areas with heavy shading involved 
open water bodies or large wetland areas. Current use parcels and conservation parcels in 
Meredith were also compared to the 10 co-occurrence areas to determine land use 
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patterns and opportunities for protection. A more detailed analysis of each of the ten co-
occurrence areas is provided in the following section. 
 

 
Figure 9. Sunset on Lake Waukewan. 

 
E) Lake Waukewan Watershed 

 
In February of 2004, a preliminary GIS analysis of the 8275-acre Waukewan watershed 
was completed. The purpose of this ancillary study was to compile selected natural 
resource attributes of the watershed in order to assist in the development of the 2005 
Waukewan Watershed Management Plan. This process was spearheaded by the (then) 
Northeast Rural Watershed Association or NERWA, who provided technical assistance 
to the Town of Meredith in an effort to protect their largest drinking water supply. The 
preparation of natural resource data for the 5,546-acre portion of the watershed that lay 
outside of Meredith involved many of the same procedures as described above for the 
portion within Meredith. The first step, redefining the Waukewan watershed boundary, 
was completed as described above through the careful examination of contour lines and 
aerial photograph features. The same process was used to determine the sub-watershed 
boundaries, although some “lumping” of near-shore areas that lacked any significant 
drainage divides was required. Since the effort of defining sub-watersheds was also for 
the purpose of identifying potential contaminant risks to the lake’s water quality, the 
areas closest to the lake were also divided according to shoreline features such as coves 
and shallow water embayments.  
 
Analyses were completed of selected natural resource attributes of the Lake Waukewan 
watershed that were not completed for the Town of Meredith as a whole. For example, a 
visual estimation of the most developed areas within the watershed was performed in 
order to aid in the designation of sub-watershed areas that may face higher risk of water 
pollution. Steep slopes, or those soil map areas with slopes in excess of 25%, were also 
identified and provided as an overlay to the GIS map of the watershed.14 Wetlands were 
identified through the API process described under the Methods Section, and aquifers 
were added as additional important water resource areas. The composite map for the 
Waukewan watershed considered the above seven attributes as well as specific open 
water and wetland buffers as areas where future development could be restricted. 

                                                 
14  Soil polygons for the Waukewan watershed were also provided by NRCS as an unvalidated data set. 
Since this entailed the aggregation of soil map units from two separate counties, some adjustments were 
required for areas that were added by the revision of watershed boundary lines. 
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F) Development of the Attribute Assessment Model 

 
Phase II of the study involved the assessment of the co-occurrence overlays and 
development of an attribute assessment model for the purpose of evaluating individual 
parcels within each co-occurrence area. This model was derived from one drafted in 2001 
by the author for another municipality in New Hampshire. It relied on the evaluation 
criteria published by the state of New Hampshire’s Land Conservation Investment 
Program (LCIP) of the late 1980’s and the Land and Community Heritage Investment 
Program (LCHIP) that began in the late 1990’s. The model also reflected the important 
natural resource values held by the Town of Meredith as expressed in the 2002 
Community Plan. The model assigns a series of point values, based on questions about 
each parcel. In theory, those parcels that receive the highest cumulative number of points 
are the most suitable for, or in critical need of conservation. 
 
The model was composed of 15 attributes initially, although two, cultural resources and 
recreational use were deleted after discussions with the NRI Planning Team. Each 
approved attribute was set up to include a stated basis for inclusion, a rationale for the 
assignment of point values for each area of concern, and a series of attribute values 
statements with 1 – 5 points assigned for each statement. In cases where “0” points made 
sense because of the absence of an attribute, a “0” value was included in the list of 
statements. In one instance, potential contaminant threat (5C), negative values were also 
assigned for parcels with known contaminant threats. An example of the values 
statements is included below, and the full text of the attribute assessment model can be 
found in Appendix B. 
 

Table 2. Attribute Assessment Model Example – Water Quality 
 
 
 
  
 
 
 
 
 
 
 
 
 
 
 
 
 

5A Stratified Drift Aquifers – present or absent, low or medium 
transmissivity; based on NHDES aquifer map information 

 
Point rank: Value Range 0 – 5 
 
(0) No stratified drift aquifer present beneath the parcel  
(1) Stratified drift aquifer present, with undeterminable yield  
(2) Stratified drift aquifer present, of low yield and with fine-grained 

materials present 
(3) Stratified drift aquifer present, of low yield and with fine-grained 

over coarse-grained materials present 
(4) Stratified drift aquifer present, of low yield and with coarse-

grained materials present 
(5) Stratified drift aquifer present, of medium yield and with coarse-

grained materials present 



Meredith NRI Project 

 
Van de Poll / EMC Page 20 August 2005  

FINDINGS 
 

A) General Natural Resource Attributes of the Greater Meredith Area15 
 
The Town of Meredith comprises about 35,026 acres,16 9290 acres of which (or 26.5%) is 
open water. There are 7 lakes in Meredith, all of which have been impounded to a limited 
degree. Only one, Lake Wicwas, is wholly contained within the Town boundaries. The 
14,511-acre half-mile buffer area to Meredith also contains a lot of open water coverage, 
or about 39%. Most of the open water in this area is from two lakes, Lake Winnipesaukee 
and Lake Winnisquam. The 5546-acre upper Waukewan watershed outside of the Town 
of Meredith contains just over 5% open water, which reflects the upper watershed nature 
of this largely terrestrial land area. Lake Waukewan, Winona Lake, Hawkins Pond, and 
Bear and Otter Ponds are the principal open water areas of the upper Waukewan 
watershed. 
 
Besides the lakes and ponds of the greater Meredith study area, over 3,675 acres of 
wetlands (6.7% of the study area) were found to be present. Calculated without the 
acreage of lakes and ponds, this figure increases to 9.2% of the terrestrial landscape. If 
open water areas are added to wetland areas, the entire amount of water resources in the 
greater Meredith study area comprises 18,764 acres, or about 34.1% of the landscape. 
This is an impressive amount of surface water resources for a single area, and it is clearly 
a defining element of the character and uniqueness of the Lakes Region as a whole. 
 
Of the 23,491 acres (67.1%) in Meredith that is not open water or wetlands, 
approximately 87% (20,437 ac.) is forested with a mix of hardwoods and softwoods.17 
The hemlock-beech-oak-pine forest is the most common cover type, and occupies the 
lower to mid slopes of hills and valleys between an elevation of 482 feet (the lowest 
elevation in Meredith at Lake Winnisquam), and about 1200 feet in elevation on Leavitt 
and Ladd Mountains. Above this, the northern hardwood forest predominates, with a 
mixture of maple, beech and birch, and an occasional spruce or balsam fir. The higher 
slopes of Leavitt Mountain, which is the highest point in Meredith at an elevation of 1414 
feet, contain mixtures of spruce, hemlock, and northern hardwoods. These forest types 
are more common in the White Mountains and northern New Hampshire. On some of the 
sunnier, south-facing slopes of low hills and valleys, red and white oak are common. 
These tree species are common in forests with southern affinities, where well-drained 
soils and strong solar radiation favor drought-tolerant plants. 
 
Most of the forest types in Meredith are successional in nature. They represent second 
and third growth forests that have sprung up from former pasture, during a time when 
agricultural activities in the region were on the wane. The Erie Canal, the railroads, and 

                                                 
15  These findings reflect NRI information on all three study areas, namely, the Town of Meredith proper, 
the half-mile extended study area surrounding Meredith, and the upper Lake Waukewan watershed, which 
lies in 4 other towns to the north – Center Harbor, Holderness, Ashland and New Hampton. 
16  The actual acreage of Meredith is derived from the revised town boundary as digitally supplied by the 
Meredith IT/GIS office in 2003. Note that this differs substantially from other town documents. 
17  The amount of forest land was derived from 2003 lansat GIS data. 
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the Civil War brought about the demise of upland hill farming in central New England 
(Wessels 1997). Whereas much of Meredith was occupied by pasture and cropland in the 
mid-1800’s, by the turn of the 19th century the reverse was true. White pine and red oak 
forests were increasingly common and were the dominant woodland type that loggers 
began to harvest in the 1930’s and 1940’s. As a result of the hurricane of 1938 and the 
timber demand during World War II, most of the post-pasture forests were cut over at 
least once. Very few pockets of uncut timber remain in Meredith, although pockets of old 
growth hemlock and black gum can be found, such as at the Hamlin Recreation Area. 
 

     
 
Since most of the upland portion of Meredith is forested, it follows that most of the 
wildlife resources in the Town prefer forested habitats. Deer, moose, bear, bobcat and 
coyote are among the largest of the mammals present in the region, and several large 
tracts of unbroken forest land remain as viable habitat for these species. Because of the 
numerous wetlands and large open water bodies, riparian and aquatic wildlife species are 
also quite common. Otter, mink, raccoon, red-spotted newt, spotted salamander, wood 
frog, northern water snake, and numerous fish species make their home in the freshwater 
systems of the area. Several great blue heron rookeries can be found near these systems, 
nesting loons are a feature in a few of the protected coves of Lake Winnipesaukee, and 
nesting ospreys have been recorded nearby. Waterfowl and other water-dependent bird 
species are abundant, especially in migration, and these groups of birds take advantage of 
the large open water areas that provide excellent feeding and stop-over opportunities. 
 
Since most of Meredith is comprised of a rural, post-agricultural landscape, the long-term 
effects of human habitation are widespread and common. Nearly all of the forests in 
Town contain evidence of former pasturage or cultivation, and the forest and wildlife 
species that have arisen all reflect adaptation to centuries of human disturbance. Whereas 
most of this has been fairly benign, an increasing amount of concern has been expressed 
about the fragmentation of open space and the loss of biodiversity. The following section 
provides a more detailed analysis of the quantity and quality of the natural resources in 
Meredith, and highlights where multiple natural resources of concern can be found. 
 
 

Figure 10. Old 
growth hemlock 
(L) and black gum 
(R) in the Hamlin 
Town Forest. 
Meredith 
Conservation 
Commissioner and 
current Selectman, 
Peter Miller (R), 
was instrumental in
helping protect this 
exemplary stand of 
old trees for the 
Town.
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B) Co-Occurrence Layers 

 
The following section reviews the five primary natural resource areas that were studied as 
a part of this project: agricultural resources, forest resources, visual resources, water 
resources, and wildlife habitat. Each section begins with a map of the resource, and 
discusses the statistical data that were derived from the GIS map analysis. A general 
statement is made about the quality and threats to each resource area, although no 
specifics are given about particular locales. Most resource areas contain a single map and 
discussion, although water resources are broken into two maps, one that treats open water 
bodies and groundwater resources and another that treats wetlands. Wildlife habitat is 
also separated into two areas, upland wildlife and wetland wildlife habitat. A final co-
occurrence areas map highlights the location of all of all pertinent natural resources that 
make up the seven natural resource overlay maps. 
 

1) Agriculture 
 
A total of 608 acres of prime farmland soil is estimated for the Town of 
Meredith. These soils are deep, fairly stone free, and have loamy textures that 
make them perfect for growing crops. This resource is scattered across 23 
units that range in size from 4.2 acres to 156 acres. These include soil series 
such as Becket, Marlow, Monadnock, Peru, and Skerry. An additional 7557 
acres (21.5%) of Meredith are made up of soils of statewide or local 
importance. These include the above five soil series plus Adams series soils. 
Slight restrictions such as a hardpan layer, slope, or stoniness make these soils 
somewhat less productive for agriculture. According to the NRCS, they are 
still quite desirable for farming or forestry (USDA 1968). 
 
Intersecting these prime, statewide, and locally important farmland soils with 
areas where active agriculture is being practiced provides a sense of where the 
most valuable agricultural sites are in Meredith. At present, roughly 820 acres 
of land in Town (2.3%) are being actively managed for agricultural products. 
This includes hay fields, pasture land, row crops, Christmas tree plantations, 
and cover crops. This does not include sugar bushes or other forest-based 
production areas. Of this area, 538 acres (66% or 1.5% of Meredith) are 
located on prime, statewide or locally important soils. An approximate total of 
337 tax parcels contain this acreage. 
 
The Town of Meredith has demonstrated its commitment to maintaining the 
long tradition of local agriculture by helping protect Moulton and Longridge 
Farms. Both of these areas contain prime farmland soils as well as soils of 
statewide and local importance. Whereas they represent less than one-third of 
the active agriculture on these soils types in Meredith, it would benefit the 
Town to identify other areas where such valuable resource could be protected 
in perpetuity through the purchase of development rights or other conservation 
tools. 
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2) Forest Resources 
 
Eighty-seven percent of the terrestrial landscape of Meredith is forested 
(20,437 ac.). This amount is roughly the same as the current statewide 
average, and reflects the preponderance of our climate and topography for 
growing trees. Approximately 20% of Town contains forests on good growing 
soils. These include areas of prime farmland soils and soils of statewide and 
local importance that are not being used for active agriculture. When a 
roadway buffer of 100 feet from the centerline of all public and private roads 
was put in place using the GIS mapping analysis program, the resultant 
acreage of good forest land was 4868 acres, or roughly 14% of Meredith. 
Approximately 640 parcels contained this good forest land area, or an average 
of 7 acres per parcel. In 2004, current use designated parcels included 58% of 
this good forest land area. 
 
The abundant forest resources in Meredith supplies local fuelwood and lumber 
needs, and provides excellent habitat for wildlife. New Hampshire was 
historically a timber-based economy, and although this has shifted due to an 
expansion of global markets and increased trade with Central and South 
America, the importance of the timber industry is quite evident when one 
considers the amount of building and development that is currently taking 
place in the region. Conserving good forest land requires knowing both the 
types of forests in Meredith as well as their condition. 
 
Satellite imagery taken in 1998 shows a predominantly mixed forest landscape 
in Meredith. Hemlock, pine, oak, and beech are common components of the 
lowland forest, especially in the low hills and valleys that surround the three 
largest lakes. Northern hardwoods of sugar maple, beech, and yellow birch are 
more common in the higher elevations, particularly on the upper slopes of 
Leavitt and Ladd Mountains in the western part of Town. Mixed oak forests 
are prevalent on sandy soils and south-facing slopes, although successive 
periods of timber harvesting have expanded the presence of oak in other forest 
types as well. 
 

 

Figure 11. Low quality, 
young trees with little 
diversity is often the 
result of continuous 
high-grading over time. 
This forest will require 
another 50-60 years 
before it recovers 
enough to provide 
merchantable timber 
products. 
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Since the 1938 hurricane, the most significant non-development disturbance to 
Meredith’s forests has been timber management. Beginning in the 1940’s 
when demand for local wood products was very high, most of Meredith’s 
forest lands have undergone successive timber harvests by local or regional 
timber companies. The practice of “high-grading,” or taking out the best and 
leaving the rest, has been the most common form of harvesting. As a result, 
many of the wood lots in Town are of poor quality or contain trees that are too 
young to be of value as saw-log timber. Since the mid-1980’s, however, there 
has been an increasing amount of care taken in the selective removal of lower 
quality trees and the fostering of young vigorous stems. White pine forests 
that regenerated from the 1938 hurricane are becoming mature and are being 
thinned and conditioned for future saw-log potential. Red oak, one of the most 
valuable timber species in the Northeast, has been increasing in the understory 
partly as a result of active timber management. While the future of Meredith 
forests largely depends on the condition of global economies and the health of 
global ecosystems, it appears that in the immediate future there are ample 
timber supplies of low to medium-grade wood products. Meredith would do 
well, however, to consider the creation of forest reserves or forest land zones 
where long-term, conscientious stewardship of forest resources are 
emphasized. 
 
3) Visual Resources 

 
In 1999, Tom Kokx of Thomas Kokx Associates in Gilford was hired by the 
Meredith Planning Office to produce a summary report on the scenic quality 
of Meredith. This report was revised in 2000 to include a set of additional 
scenic view points that were considered “highly significant.” Whereas many 
of these view points were along roadsides that have been subsequently 
developed, the designation of a “critical viewshed area” (CVA) first 
introduced the idea of preserving areas of the Town where aesthetic features 
were dramatic. This NRI project, while it did not improve upon the scenic 
area study, utilized the results of the critical viewshed analysis in designating 
co-occurrence areas. 
 
The total area of the CVA in Meredith is 11,392 acres, or roughly 32% of 
Town. Six areas comprise the CVA, the largest of which is the Lake 
Waukewan – Meredith Bay region. Since one of the goals of this NRI was to 
evaluate areas where further landscape fragmentation could potentially alter 
the natural scenic quality of Meredith, a roadway buffer of 500 feet was 
applied to the CVA using GIS analysis tools. This resulted in a map showing 
42 separate critical viewshed areas that are at least 500 feet from the nearest 
road. The total size of these 42 blocks is 4782 acres, the largest of which lies 
atop Leavitt and Ladd Mountains, the two most prominently visible landmarks 
in Meredith. The next largest block lies along Page Brook on Meredith Neck, 
and the third largest lies between Route 104 and Route 3 surrounding the 
upper headwaters of Reservoir Brook. 
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4) Water Resources 
 

a) Groundwater Resources 
 

An initial map of the groundwater resources of Meredith was created by 
compiling the USGS (1997) aquifer data and the NRCS (2003) sand & gravel 
soil data for the Town of Meredith. A total of 1,670 acres (28 units) mapped 
as low or medium-yield stratified drift aquifer was identified from the USGS 
aquifer map. Stratified drift, or deep, layered beds of water-sorted sands and 
gravels, and occasionally clayey silts, has the highest potential for supplying 
drinking water to residents in Town. Other sand and gravel areas, as identified 
from the NRCS soil map, totaled 323 acres, 75 acres of which lie outside of 
the areas marked as aquifers by the USGS.  
 
The largest aquifer in Meredith is found along Hawkins Brook. It is comprised 
of a 126-acre medium-yield (1000 – 2000 acre-feet per day) aquifer 
surrounded by a 314-acre low-yield (0 – 1000 acre-feet per day) aquifer. The 
only other medium-yield aquifer is along Bartlett Brook next to Lake 
Winnipesaukee at the north edge of Town. This 33-acre aquifer is surrounded 
by a 38-acre low-yield aquifer upstream. Like the Hawkins Brook aquifer 
complex, this aquifer area is characterized by a fairly high density of 
residential homes. The Hawkins Brook aquifer, however, also holds several 
commercial developments including gas stations and garages, restaurants, and 
the Town transfer station.  
 
Most of the other stratified drift aquifers in Meredith are low-yield aquifers 
along drainageways and near lakes or ponds. Both a 250-foot buffer area to 
lakes and a 100-foot buffer area to ponds and wetlands capture greater than 
53% of the aquifer areas, yet only 63.4 acres (7%) of this area is on 
conservation land. The Town of Meredith is encouraged to more carefully 
review the current protection status of all aquifer areas, including significant 
bedrock aquifers, and promote sound conservation practices as well as 
designate potential drinking water protection areas.  
 

b) Open Water Resources 
 

Within the Town of Meredith, the total amount of open water in lakes and 
ponds is about 9290 acres. This includes twelve named water bodies, Lake 
Winnipesaukee (44,586 ac.), Lake Winnisquam (4264 ac.), Lake Waukewan 
(954 ac.), Lake Wicwas (334 ac.), Pemigewasset Lake (259 ac.), Pickerel 
Pond (80 ac.), Randlett Pond (32 ac.), Page Pond (30 ac.), Spectacle Pond (29 
ac.), Forest Pond (19 ac.), Swain’s Pond (4 ac.) and Mud Pond (3 ac.). With 
the exception of Lake Wicwas, each of these water bodies contains acreage 
outside of Meredith. The most notable are Lake Winnipesaukee, of which 
only 16% of its waters are within Meredith, and Lake Waukewan, of which 
about 70% is contained within Meredith. 
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Meredith also has a number of smaller open water bodies that can be 
considered wetland ponds or woodland pools. Most of the larger of these are 
impounded either by beaver or by humans or both. In the one-acre and larger 
size class, there are 50 wetland water bodies with open surface water during 
most of the year, or about 210 acres.18 Of these, about 39 (59 ac.) are deep 
enough to support warmwater fish. In the one-acre and smaller size class, 
there are at least 43 wetland water bodies (9.2 ac.) with open surface water. 
Over 90% of these are excavated farm ponds.  
 
In addition, there are a number of small vernal and seasonal pools that are 
ephemerally inundated during the winter and spring months. Vernal pools, by 
definition, contain open water for approximately 2 months or more during the 
growing season at a sufficient depth to support certain species of breeding 
amphibians and invertebrates.19 They do not generally contain fish, yet are an 
excellent intermediate habitat for small to medium-sized mammals, reptiles, 
and amphibians. Seasonal pools, by contrast, do not contain “obligate” species 
of breeding amphibians, but do typically contain a number of invertebrate 
species that support lower food chain wildlife. Only a few of these water 
bodies were discernible through aerial photo interpretation, and the remainder 
(possibly 1000 more) require fieldwork in order to be mapped. 
 
Surface waters in Meredith that flow through an identifiable channel or bank 
include 13 named streams that have been designated by the Town as special 
aquatic resources, and 7 other perennial stream segments that are unnamed but 
are visible on the USGS topographic map of the Town. The 13 designated 
streams have a combined total length of 27.27 miles, and are summarized in 
the following table: 
 
Table 3. Designated Streams in Meredith 
 
Name   Location  Length (ft.) Length (miles)   
Bartlett Brook E edge of Town 10,009 1.90 
Blake Brook W central 21,940 3.87 
Collins Brook S central 5415 1.03 
Dolloff Brook N central 14,108 2.67 
Hatch Brook W of Lk. Waukewan 13,355 2.53 
Hawkins Brook Along Rte 3 N 19,437 2.53 
Hermit Brook SW edge of Town 10,837 2.05 
Mead Brook Meredith Neck 4,640 .88 
Merrill Brook W of Pemi. Lake 6,549 1.24 

                                                 
18  This figure for open water wetlands is based on the aerial photo interpretation of Meredith’s wetlands as 
described under Methods part A. It does not include the 12 lakes and ponds named above, but does include 
aquatic bed and unconsolidated (mud) bottoms in waterways dammed by beavers or humans or both. 
19  Further information about vernal pools can be obtained by reading Identification and Documentation of 
Vernal Pools in New Hampshire edited by Anne Tappan and published by the N.H. Fish and Game 
Department (1997). 
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Mill Brook Meredith Center 6,675 1.26 
Page Brook Meredith Neck 17,454 3.31 
Reservoir Brook S of Lk. Waukewan 6,522 1.24 
Stoney Brook W of Lk. Winnisquam 14,578 2.76 
 
The approximate total length of the other 7 non-designated streams is 6.58 
miles. These are located along the edge of Meredith in the western part 
(feeding Pemigewasset Lake, Hermit Lake and Spectacle Pond), near the 
Laconia town line (feeding into Lake Winnipesaukee), and on Meredith Neck. 
Their additional combined lengths increase the total mileage of perennial 
streams in Meredith to 33.85 miles. 
 
Since Meredith is comprised of relatively low elevation, hilly topography, and 
numerous lakes, the drainages that flow into the large water bodies are fairly 
short. For this reason, nearly all of the perennial streams in Meredith are first 
or second order streams.20 The only third order stream is Mill Brook below 
Lake Wicwas. It was quite logical that the original center of town (Meredith 
Center) surrounded a mill that was built on the largest stream in the 
municipality. 
 
The quality of open water resources in Meredith is fairly high. Long-term 
environmental monitoring of the major lakes and ponds has shown a 
consistently high quality in spite of previous impacts from water and air borne 
pollution. Lake Winnipesaukee has the highest amount of development on its 
shoreline, as well as the highest amount of use by boats, anglers, and other 
recreationists. For this reason, some of the water quality of Lake 
Winnipesaukee has been compromised, particularly in heavily used coves. 
Parts of the lake are rated as oligotrophic, that is, having low mineral 
enrichment and low amounts of human-caused nutrients. However, other 
parts, including Meredith Bay, are mesotrophic, and contain sufficient 
amounts of nutrients, siltation and sediments to have low water visibility. 
 
The following Water Resources and Water Supply Map shows open water 
areas in light blue, designated streams in dark blue, non-designated streams in 
dark pink, and aquifers as blue cross-hatched areas. Buffer areas are also 
indicated as described in the map legend. The map also depicts the USGS-
derived wetlands (magenta lines), sand & gravel areas (red vertical bars), and 
sub-watershed boundaries (thin purple lines). Note that the latter extend 
beyond the greater Meredith study area.21 
 

                                                 
20  First order streams are headwater streams at the uppermost reaches of the watershed. When a first order 
stream joins another first order stream, it becomes a second order stream, and when two second order 
streams join together they become a third order stream, etc. 
21  Sub-watershed lines were created for the 2002 Meredith Community Plan and were not field or map-
checked by the author. 
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Since this study assessed water resources from a distance, an in-depth 
discussion of the various water quality parameters of the open water bodies in 
town is not warranted. However, some attention was paid to the Lake 
Waukewan watershed owing to its importance as a drinking water supply for 
the Town. The results of the assessment work on the natural resources of the 
Lake Waukewan watershed is discussed in section E of this report. 
 

c) Wetland Resources 
 
Wetlands were the most intensively studied of all natural resources in Town. 
Previous work by the Town of Meredith as well as by various state and federal 
agencies was found to be inaccurate. Most notably, the National Wetlands 
Inventory or NWI, the sole federal agency whose job it is to map and classify 
wetlands of the United States, was the source of maps that contained 
numerous discrepancies with the hydric soil maps provided by the (then) Soil 
Conservation Service or SCS. A review of the updated SCS (now Natural 
Resource Conservation Service or NRCS) soil maps of Meredith illustrates 
this discrepancy quite well. 
 

 
 

Figure 12. Aerial photo of lower Lake Waukewan area with hydric soils shown 
in pink, National Wetlands Inventory wetlands shown in green, and mapped 
prime wetlands (Keith 1983) shown in blue. Note the much greater  
extent of the hydric soil units. 

 
In general, hydric soil mapping shows a much larger area of wetland than any 
other data source, and NWI wetland maps show a much smaller area of 
wetlands (Van de Poll 1994). In studying the 1998 digital aerial photographs, 
it was evident that the actual wetland acreage fell somewhere in between. 
NRCS soil mapping showed a total of 2870 acres and NWI showed a total of 
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1383 acres of wetlands in Meredith, exclusive of the 12 open water lakes and 
ponds. After the aerial photo interpretation (API) was completed, a total of 
2089 acres was tallied for wetlands over 1 acre in size, and 156 acres was 
tallied for wetlands under 1 acre in size. This does not include about 10 
created ponds that were mapped and which totaled less than .5 acres overall. It 
should be noted that the total number of wetland units that were mapped 
through API  (1203) more than doubled the amount of wetland units that were 
mapped by NWI (474). Since each wetland map unit is equal to one wetland 
class and since many wetlands are made up of more than one wetland class, 
the number of wetland units does not accurately reflect the number of 
wetlands in Meredith.  
 

 
 

Figure 13. Aerial photo of lower Lake Waukewan area showing API-mapped 
wetlands according to their wetland class. Light green and blue-green areas are 
different types of forested wetlands, pink areas are scrub-shrub swamps,  
and yellow areas are emergent wetlands and blue areas are dammed ponds. 

 
The actual number of wetlands in Meredith is estimated at 845, with 
greater than 50% of these occurring as single unit wetlands, that is, 
comprised of a single wetland cover class. The wetland class system of the 
NWI was used in the mapping work, a copy of which is included in 
Appendix C. This system is based on five basic types or systems, three of 
which are present in Meredith: palustrine (non-tidal freshwater wetlands), 
riverine (wetlands associated with rivers and streams), and lacustrine 
(wetlands associated with lakes and ponds). The most common sub-types 
included the palustrine forested wetland class (PFO), the palustrine scrub-
shrub wetland class (PSS), and the palustrine emergent wetland class 
(PEM). Scattered, shallow open water bodies including named and 
unnamed ponds were also fairly frequent and were designated as 
palustrine unconsolidated bottom wetlands (PUB). 
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Seven areas of extensive wetland complexes in Meredith were previously 
identified as prime wetlands according to the definitional criteria of RSA 
482-A:15, which states, 
 
    482-A:15 Local Option; Prime Wetlands. –  
    I. Any municipality, by its conservation commission, or, in the absence of a 
conservation commission, the planning board, or, in the absence of a planning board, 
the local governing body, may undertake to designate, map and document prime 
wetlands lying within its boundaries, or if such areas lie only partly within its 
boundaries, then that portion lying within its boundaries. For the purposes of this 
chapter, "prime wetlands" shall mean any areas falling within the jurisdictional 
definitions of RSA 482-A:3 and RSA 482-A:4 that possess one or more of the values 
set forth in RSA 482-A:1 and that, because of their size, unspoiled character, fragile 
condition or other relevant factors, make them of substantial significance. Such maps 
or designations, or both, shall be in such form and to such scale, and shall be based 
upon such criteria, as are established by the commissioner through rules adopted 
pursuant to RSA 541-A.  
 [http://www.gencourt.state.nh.us/rsa/html/indexes/482-A.html] 
 
A critical review of the mylar-based prime wetlands map by Keith (1983) 
and the 2004 digital version of this (Town of Meredith 2004) resulted in 
the following identification of prime wetland areas: 
 

Table 4. Prime Wetlands of Meredith 
 

MEREDITH PRIME WETLANDS   
    

ID AREA (s.f.) PERIMETER (ft.) ACRES 
Hawkins Brook 5560119.2 40210.3 127.6
Dolloff Brook 7481118.0 38504.3 171.7
Blake Brook 7479514.6 92289.1 171.7
Mill Brook 5500933.6 47211.3 126.3
Stoney Brook 9464825.9 46424.7 217.3
Hatch Brook 8524290.4 46786.1 195.7
Page Brook 11565989.3 75027.6 265.5

 
Page Brook is the largest and most complex wetland area in Meredith.22 
Along with Dolloff Brook it has no road crossings and low residential 
development nearby. Like all six of the remaining prime wetland areas, 
Page Brook also has depressional areas (small ponds) that are periodically 
inundated by beavers. The largest of these is called Page Pond, which, at 
36 acres, might be considered a part of the open water system in Meredith; 
however, owing to its depth and fluctuating water levels is more akin to a 
shallow water, vegetated wetland. Virtually all of the Page Brook prime 

                                                 
22  A seemingly isolated portion of the Page Brook wetland located southwest of Page Pond is connected to 
the main channel of Page Brook by a semi-permanent stream. 
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wetland is valuable as wildlife habitat that in the absence of nearby 
development has very high value. 
 
Moving to the west, Hawkins Brook is the narrowest and most impacted 
prime wetland in Meredith. Its course roughly follows Route 3 north of its 
intersection with Route 25, and it includes the heavily developed areas 
surrounding downtown. Hawkins Brook has the highest number of road 
crossings and historic wetland fills, and would rank the lowest for wetland 
wildlife and ecological integrity if assessed for wetland function.23 It 
offers critical pollution abatement and sediment deposition functions, 
however, and provides an aesthetic backdrop to an otherwise highly 
developed commercial-industrial zone along Route 3. Coincidentally, it 
also overlies the largest and highest-yield aquifer in Meredith. 
 

 
 
Figure 14. Prime wetlands provide valuable and essential services to the 
community, such as clean drinking water, sediment and toxicant removal, 
floodwater storage, wildlife habitat, and visual & aesthetic resources. 
 
Hatch Brook lies between Winona Road and Hatch Corner Road and 
includes a historically dammed beaver flowage that drains southerly into 
Mill Brook on the south side of Route 104. It is the largest open wetland 
complex that is visible from Route 104 in Meredith, and was one of the 
first prime wetlands to be nominated owing to its superb wildlife habitat 
for migratory waterfowl. Since Route 104 crosses the southern ‘fingers’ of 
this wetland complex, there is some concern relative to salt and other 
road-related pollution. Most of the upper portion of this wetland is 
protected by a conservation easement. 
 

                                                 
23  Wetland wildlife and ecological integrity are two of the common functions associated with wetlands, 
and are described in Method for the Comparative Evaluation of Non-tidal Wetlands in New Hampshire 
(1991), a cooperative publication between the USDA, Audubon Society of New Hampshire and the NH 
Department of Environmental Services. 



Meredith NRI Project 

 
Van de Poll / EMC Page 32 August 2005  

Dolloff Brook includes a first order stream that descends from Dolloff Hill 
in New Hampton, is joined by an outflow stream from Forest Pond, and 
flows into Lake Wicwas as its largest tributary. It also contains open 
beaver meadows that are suitable for waterfowl nesting and stop-over 
habitat. No roads cross the prime wetlands area as designated, although 
two dirt roads intersect small adjacent wetlands on the north and west 
sides. Dolloff Brook itself passes under Route 104 before entering Lake 
Wicwas, and therefore carries some risk of transporting roadside 
pollutants into the lake.24 No portions of the Dolloff Brook prime wetland 
are currently under any conservation restriction. 
 
Blake Brook forms a highly irregular wetland complex west of Dolloff 
Brook on both sides of Route 104. It includes much of the watershed 
divide area between Lake Wicwas and Pemigewasset Lake. After Page 
Brook, this prime wetland contains the highest number of individual 
wetland units of any wetland complex in Meredith, most of which are 
forested wetlands with a softwood canopy. This wetland cover type 
provides excellent deer wintering habitat, and the portion of the prime 
wetland along the west shores of Lake Wicwas has the potential to contain 
the largest wintering deer yard in Meredith. Blake Brook has over 12 road 
crossings and is severely affected by road-related pollution associated with 
Route 104. The only protected area in this prime wetland area is a thin 
sliver of land within the Hamlin Recreation Area near the shores of Lake 
Wicwas. 
 
The Mill Brook prime wetlands complex includes three fairly large beaver 
meadows on either side of Mill Brook near Meredith Center. The Meredith 
Center Road is the only major roadway that crosses this wetland, yet 
several historic alterations to the wetland took place during the height of 
agricultural and silvicultural activity in Meredith Center in the early 19th 
century. Several old dams are still visible along the main course of Mill 
Brook, and some of the wetland areas were impounded as mill ponds for 
this purpose. Most of the forested wetland areas represent second and third 
growth timber, and certain areas were previously drained to convert the 
land to agriculture. A 25-acre portion of the largest of these forested 
wetlands is under a conservation restriction along Chemung Road. 
 
Stoney Brook is the second largest prime wetland in Meredith and is 
named for the stream that flows from Mud Pond (south of Lake Wicwas) 
to Lake Winnisquam through Chemung State Forest. It contains a very 
visible wetland resource that has become well known as the place to see 
great blue herons nesting. Most of the Stoney Brook wetland lies along the 
edge of Chemung Road, although Tucker Mountain Road and Weed Road 
cross portions of it as well. This wetland is also highly valued for wildlife 

                                                 
24  The sediment fan (delta) that exists where the brook discharges into the lake continues to expand. Every 
year the area of emergent vegetation associated with this sediment delta gets larger and larger. 
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as it includes the aforementioned heron rookery, a mix of coniferous and 
deciduous forests suitable for wintering deer, and excellent stream habitat 
for brook trout. Limited pollution concerns arise from adjacent roadways 
and residential development. Chemung State Forest protects nearly two-
thirds of this wetland area. 
 

 
 
Figure 15. Wetland map of the upper part of the Lake Waukewan watershed. Red 
lines are municipal boundaries. The pink line is the half-mile extended study area. 
 
A total of 191 wetland and deepwater units were identified and mapped in 
the upper watershed portion of the Lake Waukewan watershed.25 This 
included the 153-acre Winona Lake, the 85-acre Hawkins Pond, the 25-
acre Snake River flowage, the 15-acre Otter Pond, the 13-acre Bear Pond, 
and the 14 acres of Lake Waukewan within this study area. The non-open 
water portions of this wetland area equaled 378 acres (185), with a mean 
size of 2 acres. Over three-quarters of these wetlands drain into Winona 
Lake or the Snake River. Most are forested and several apparently isolated 
wetlands occur at upper elevations in the watershed. Roads cross these 
wetlands 25 times and present some concern for water pollution, although 
road use and other development-associated impacts are limited. On the 
whole, these wetlands offer critical water quality regulating functions to 
the drinking water supply of Lake Waukewan, as discussed more fully in 
section C below. 

                                                 
25  The upper Lake Waukewan watershed study area included everything outside of the half-mile extended 
study area of Meredith. The 191 wetland units made up roughly 110 individual wetlands. 
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Within the half-mile extended study area outside of Meredith proper, a 
total of 343 wetland and deepwater units were recognized and mapped 
with a total acreage of 6255.2 acres [See wetland resource map on page 
34]. Nine of these wetland units included lacustrine (lake) water bodies, 
which on their own comprised 5582 acres. The remaining palustrine 
wetlands (334) equaled 673.2 acres and averaged 2 acres in size. Many of 
these were connected to wetlands within Meredith proper, as well as to the 
wetlands in the upper section of the Lake Waukewan watershed as 
described above. An additional 56 acres of wetlands were mapped outside 
of this study area in cases where contiguous wetlands crossed the study 
area boundary. The most significant wetlands that were mapped as a part 
of this study area included the aforementioned lakes, the wetland units 
associated with Meredith prime wetland areas, and those wetlands upslope 
of Hermit Lake located in Sanbornton. A large number of wetlands units 
were also mapped in the Chemung area of Sanbornton and along Hawkins 
Brook in Center Harbor, although most of these were less than 5 acres in 
size. 
 

 
 
Figure 16. Hermit Lake, Sanbornton, showing API-mapped wetlands within half-
mile extended study area of Meredith. (Town line in red; half-mile extended study 
area in pink) Note Interstate 93 in southwest part of picture. 
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5) Wildlife Resources 
 

a) Upland Wildlife 
 
Three types of upland wildlife habitat were assessed within the Meredith study area: the 
75-foot ecotone26 between forest and field, steep slopes above 1200 feet in elevation, and 
potential deer wintering areas. These three types of upland wildlife habitat were selected 
because of the availability of GIS data that could portray where these habitats likely exist 
on the ground. A large number of other upland habitat types were considered, such as 
high-yield oak and beech mast (nut) areas, talus slopes, exposed ledges and low summits, 
and old growth forests, although none of these could be accurately portrayed on a map 
without doing extensive fieldwork. Selected upland wildlife habitat areas that have been 
subject to field review by the author, however, such as the Hamlin Recreation Area, the 
Eames property, Hatch Corners, and Moulton Farm, were considered in the overall 
review of upland wildlife habitat potential. 
 
The 75-foot buffer area around active agricultural areas was selected because of the 
known value to wildlife of this type of ecotone (Fuller & Mosher 1981; Harris 1984; 
DeGraaf et al. 1992; Kanter et al. 2001)27. Since active agricultural areas had been 
updated as a part of the overall update of GIS data, this assessment was easy to complete. 
The additional variable of a 500-foot setback from all Town roads was also included in 
order to estimate the location of the best habitat that was available for upland wildlife. 
The result of this intersection was the identification of 215.9 acres (54) of this type of 
habitat, or .62% of the Town. Sizes of these units varied from less than a quarter acre to 
over 9 acres in size. The latter was equivalent to roughly one half mile of field edge. 
 

 
 

Figure 17. Upland wildlife habitat in Meredith in an unfragmented landscape. 
 

                                                 
26  An ecotone is defined as the transitional area between two discrete ecological areas, such as the 
transition between upland and open water, between the open sea and dry land, and between a farm field and 
forest. The latter example was used in this study for the purposes of assessing upland wildlife habitat. 
27  A buffer zone of 75 feet was chosen as a standard owing to the high concentration of upland wildlife 
species that tend to occupy this area. 75 feet roughly approximates the length of a single tree at the forest’s 
edge and this 150-foot zone has been shown to be significant for (mostly) vertebrate wildlife. 



Meredith NRI Project 

 
Van de Poll / EMC Page 36 August 2005  

The second upland wildlife habitat type that was portrayed on the wildlife habitat maps 
was steep (i.e. > 25%) slopes above 1200 feet in elevation. This was selected due to the 
fact that certain species of vertebrate wildlife, notably mammals, prefer these sites for 
resting or feeding during different seasons. Bobcats, deer, and porcupines, for example, 
will optimize these areas during the winter months, both for solar gain and for feeding 
purposes. Steep slopes have a greater likelihood that talus boulders or ledges will be 
associated with them, and these types of habitats are perfect for den sites or resting areas. 
The same can be said for steep north-facing slopes during the summer months, where 
different types of browse are available for bears, snowshoe hare, and flying squirrels. At 
1200 feet in elevation in Meredith there is a fairly predictable shift from lower elevation 
hemlock-beech-oak-pine woods to mid and upper elevation northern hardwoods (i.e. 
beech-birch-maple) (Sperduto and Nichols 2004). This shift also represents an ecotone of 
sorts where vertebrate wildlife that prefer lower elevation woods overlap with those that 
prefer higher elevation woods. Since the highest elevation in Meredith is 1414 feet on 
Leavitt Mountain, there was no need to segregate elevation and steep slopes any further. 
 
An approximate total of 336 acres of Meredith lies above 1200 feet in elevation. Four 
hills or ridge tops comprise this total, with the largest area atop Leavitt Mountain (251 
acres). The unvalidated NRCS soils map indicate that 91 soil units exceed 25% slopes, 
with most of these in the Chemung district along the Ladd-Leavitt Mountain Ridge or 
along the high ground between Pemigewasset Lake and Lake Wicwas. The intersection 
of both variables resulted in six areas above 1200 feet in elevation with slopes > 25%, or 
134.8 acres. All but .4 acres are greater than 500 feet from Town roads, and therefore 
roughly .4% of the Town of Meredith is represented by this high quality upland wildlife 
habitat. 
 
The third upland wildlife habitat assessment looked at wintering deer habitat. “Deer 
yard” maps produced by the New Hampshire Fish & Game Department were intersected 
with lansat-based softwood cover in Meredith, and then intersected with lands outside of 
the 500-foot roadway buffer. As stated above, no attempt was made to correct or 
otherwise improve the NH Fish & Game maps, and so the resultant coverage reflects the 
errors associated with their mapping system. A similar degree of error was estimated for 
the satellite-based softwood cover map, and so the final deer wintering area map should 
be viewed with some caution. For example, the second largest deer wintering area was 
indicated for Bear Island in Lake Winnipesaukee. The utility of this area for wintering 
deer is largely dependent on winter ice and snow depth, and is it is suspected that it is not 
sufficient for wintering deer during most years. The largest area, as mentioned above, is 
just west of Lake Wicwas within the Hamlin Recreation Area. This site actually does 
contain excellent field evidence of wintering deer, as noted in a rapid ecological 
assessment completed by the author in September 2002. Overall, 940 acres of good deer 
wintering habitat exists in Meredith according to these data, or roughly 2.8% of the total 
Town area. This preliminary estimate of deer wintering habitat should be compared with 
wetland wildlife habitat area created during the wetland wildlife habitat assessment step 
described below. 
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b) Wetland Wildlife 
 
An improved and accurate estimation of wetland wildlife habitat was effected by 
delineating water bodies and wetlands through aerial photograph interpretation (API), 
especially in the areas that include a buffer to these water resources. The aquatic wildlife 
analysis step, which included an assessment of habitat for certain salamanders, frogs, 
toads, snakes, turtles, fish, birds, and mammals, was derived from the delineation of 
shorelines and an estimation of bathymetry as described on page 13. For the 6 lakes and 
ponds with bathymetry maps, the aquatic wildlife habitat portion was estimated as all 
open waters to a depth of 15 feet. For 5 other ponds with shallow water, the entire area of 
open water was deemed suitable for aquatic wildlife. For Lake Winnipesaukee, which has 
not been sounded or mapped for depth by the State, an estimation of a 50-foot width from 
the shoreline was used. These 12 aquatic wildlife habitat areas in Meredith was estimated 
to be 1237.8 acres in size, or 10.73% of the twelve lakes and ponds described on page 28. 
This does not include several shallow water wetlands in Meredith, which added another 
100.5 acres of aquatic wildlife habitat to the total area. 
 

 
Figure 18. Sample bathymetry base map used to estimate aquatic wildlife habitat 

 
For streams, wetland wildlife associated with riparian areas was calculated by 
establishing a 200-foot buffer from the centerline of all designated and non-designated 
streams in Meredith (17). The 200-foot buffer follows provisional guidance from a report 
to the Massachusetts Natural Heritage and Endangered Species Advisory Committee, 
which supports an enlarged buffer area to protect wetland wildlife (Boyd 2001). The total 
area of the 200-foot buffer zone of all perennial streams in Meredith equaled 1332.9 acres 
with an average of 78.4 acres per stream. This buffer zone was then added to the aquatic 
wildlife habitat area as a second contribution to the wetland wildlife habitat overlay. 
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On the upland side of shorelines a 250-foot buffer was mapped and analyzed in order to 
reflect the greater attraction of lakes and large ponds to wildlife species that depend upon 
them for part of their critical food, shelter and reproductive needs. This would include 
habitat for beaver, mink, otter, moose, deer, bear, raccoon, long-tailed weasel, bald eagle, 
osprey, great horned owl, northern water snakes, toads, frogs, clubtail dragonflies and a 
host of other vertebrates and invertebrates. The 250-foot distance also conforms to that 
area treated by the Comprehensive Shoreland Protection Act under the provisions of RSA 
483-B. The total area encompassed by the 250-foot setback to Meredith’s 12 lakes and 
ponds was 1872 acres among 70 separate units. Most of the latter included islands within 
the lakes and ponds that represent unique and exceptional habitat for wetland-dependent 
wildlife. This area was also added to the overall wetland wildlife habitat overlay, 
although many of these buffer areas overlapped with riparian buffers where streams 
entered or exited the lakes and ponds. 
 

         
 
The third and final contribution to the wetland wildlife habitat overlay was the 200-foot 
buffer to wetlands. This included a 200-foot zone to all palustrine wetlands, since both 
riverine and lacustrine wetlands were covered in the two previous buffer areas. This zone 
was drawn around all API-derived wetlands in Meredith, and resulted in a total buffer 
area of 4603 acres. When added to the area of the above three habitat types, the total 
wetland wildlife habitat acreage equaled 8143 acres. This includes roughly 902 acres 
where shoreline, stream and wetland setbacks overlapped. Total optimal wetland wildlife 
habitat in Meredith equals approximately 23% of the entire Town. 
 

Figure 19. Wetlands provide some of the 
richest habitat for wildlife in any given 
locale. Unusual wetland types like the 
old growth vernal pool below in the 
Hamlin Recreation Area, or the slow-
moving Snake River on the right provide
essential food, shelter, and reproduction 
needs for a wide variety of invertebrate 
and vertebrate animals.
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C) Improved Digital Tax Maps 
 
The Meredith IT/GIS Coordinator completed the editing and updating of all tax parcel 
information in Meredith. This was a monumental job that allowed for a smooth transition 
between mapping natural resource overlays and plotting them on a parcel map of Town. 
Over 5500 parcels with a mean size of roughly 6 acres were hand-digitized using Auto 
Cad Map software. The corrected parcel alignments used API and global positioning 
satellite (GPS) data in crafting a final GIS map. They also followed the shoreline map 
data completed for this NRI, and will be indispensable in working the Attribute 
Assessment Model described in Section F. At present, the digital tax map of Meredith is a 
seamless product, however the inaccuracies that was latent in the composite of the 
original tax maps should be kept in mind.28 Please refer to the Disclaimer on page 6.  
 

D) Co-Occurrence Area Map 
 
The map on the following page represents an aggregate of all of the salient natural 
resource attributes in Meredith as described in the seven co-occurrence layers above. In 
drafting a final co-occurrence map every contributing overlay was given equal weight, 
and therefore the NRI attribute representations in the map show equal gradients of color. 
This can easily be manipulated during future analyses when conservation planners wish 
to emphasize one set of attributes over another. Since one of the main objectives of this 
project was to discover where a large number of natural resource attributes overlap, each 
of the 19 overlays were assigned a single weight and included in the final map. The 
resulting depiction shows high concentrations of significant natural resources that are 
generally centered around the prime wetland areas in Town. An inclusive polygon line 
was drawn around each one in order to illustrate each zone more clearly. This resulted in 
the following list of high-value co-occurrence areas in Meredith: 
 

Table 5. High-Value Co-Occurrence Areas in Meredith 
 

ID NAME ACRES 
1 Hawkins Brook 554.2 
2 Bartlett Brook 95.8 
3 Page Brook / Page Pond 664.4 
4 Hatch Brook 457.8 
5 Forest Pd/Dolloff Brook 479.0 
6 Blake Brook/Wicwas 831.9 
7 Meredith Center / Chemung 1190.3 
8 Spectacle Pond 85.9 
9 Leavitt Mtn 380.4 
10 Pemigewasset Lake 447.3 

                                                 
28  It should be noted that very few of the tax map parcels were adapted from subdivision plats or from 
ground surveys, and therefore much of the same inaccuracies that were latent in the original mylars created 
by John E. O’Donnell and Associates were transferred to the new map. Whereas this has presented some 
limitations in the map analysis of parcels that contain certain NRI attributes, corrections to the digital 
version will be much easier to accomplish once proper parcel information is available. 
 



M
er

ed
ith

 N
R

I P
ro

je
ct

 

V
an

 d
e 

Po
ll 

/ E
M

C
 

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

   
   

 P
ag

e 
40

 
 

 
 

 
 

   
   

   
   

   
   

   
A

ug
us

t 2
00

5 

T
A

B
L

E
 6

. 
 

 
 

 
 

 
C

O
-O

C
C

U
R

R
E

N
C

E
 A

R
E

A
 A

T
T

R
IB

U
T

E
S 

IN
 M

E
R

E
D

IT
H

 
 

 
 

 
 

 
 

 
 

 
 

L
A

Y
E

R
 

L
A

Y
E

R
 

PT
 

T
O

T
A

L
 

PE
R

C
E

N
T

T
O

T
A

L
 

T
O

T
A

L
 #

 
M

IN
M

A
X

 
M

E
A

N
T

Y
PE

 
  

V
A

L
U

E
A

R
E

A
 (a

c)
 o

f T
O

W
N

# 
U

N
IT

S 
PA

R
C

E
L

S
SI

Z
E

SI
Z

E
 

SI
Z

E
 

A
G

 
Pr

im
e 

Fa
rm

la
nd

-S
oi

ls
 o

f L
oc

al
 Im

po
rta

nc
e-

 A
ct

iv
e 

O
pe

n 
A

gr
ic

. L
an

d
1 

53
7.

5 
1.

53
14

0 
33

7 
0.

00
27

.5
2

3.
84

FO
R

ES
T 

Ex
is

tin
g 

Fo
re

st
 L

an
d-

U
nf

ra
gm

en
te

d/
10

0-
fo

ot
-G

oo
d 

Fo
re

st
la

nd
 S

oi
ls

 
1 

48
68

.3
3 

13
.9

38
 

63
9 

0.
00

13
1.

34
7.

09
V

IS
U

A
L 

C
rit

ic
al

 V
ie

w
sh

ed
 A

re
as

-U
nf

ra
gm

en
te

d 
La

nd
s (

50
0-

ft 
bu

ff
er

) 
1 

48
35

.5
 

13
.8

1
32

 
47

2 
0.

00
15

5.
10

10
.0

5
W

A
TE

R
 

O
pe

n 
W

at
er

 A
re

as
 U

nd
er

 P
riv

at
e 

O
w

ne
rs

hi
p 

1 
66

.6
7 

0.
19

2 
10

 
0.

00
32

.1
6

6.
67

W
A

TE
R

 
25

0-
ft 

B
uf

fe
r o

f O
pe

n 
W

at
er

 A
re

as
 U

nd
er

 P
ub

lic
 O

w
ne

rs
hi

p.
 

1 
20

35
.7

5 
5.

81
10

 
21

94
 

0.
00

65
.3

8
0.

93
W

A
TE

R
 

A
ll 

Pe
re

nn
ia

l S
tre

am
 C

or
rid

or
s (

10
 fe

et
 fr

om
 c

en
te

rli
ne

) 
1 

66
.1

2 
0.

19
17

 
24

2 
0.

00
3.

29
0.

27
W

A
TE

R
 

A
ll 

Pe
re

nn
ia

l S
tre

am
 C

or
rid

or
s (

20
0 

fe
et

 fr
om

 c
en

te
rli

ne
) 

1 
13

43
.4

8 
3.

84
17

 
49

2 
0.

01
51

.5
1

2.
73

W
A

TE
R

 
A

qu
ife

rs
 - 

al
l 

1 
16

60
.8

2 
4.

74
19

 
11

20
 

0.
00

63
.5

7
1.

48
W

A
TE

R
 

A
qu

ife
rs

 - 
m

ed
iu

m
 y

ie
ld

 
1 

15
8.

57
 

0.
45

2 
22

7 
0.

00
11

.1
7

0.
70

W
ET

LA
N

D
S 

M
er

ed
ith

 A
PI

 w
et

la
nd

s 
1 

22
42

.7
3 

6.
4

86
0 

18
42

 
0.

05
12

2.
60

1.
24

W
ET

LA
N

D
S 

Pr
im

e 
W

et
la

nd
s 

1 
12

75
.9

 
3.

64
7 

94
9 

0.
00

21
7.

30
18

2.
30

W
ET

LA
N

D
S 

W
et

la
nd

 b
uf

fe
r z

on
e 

(1
00

 fe
et

) t
o 

al
l A

PI
 w

et
la

nd
s 

1 
37

85
.6

 
10

.8
1

32
0 

30
14

 
0.

00
10

1.
16

1.
25

W
IL

D
LI

FE
 U

pl
an

d 
W

ild
lif

e 
H

ab
ita

t: 
A

ct
iv

e 
A

g 
La

nd
 (7

5-
ft 

B
uf

fe
r)

 - 
U

nf
ra

g 
La

nd
1 

21
5.

9 
0.

62
54

 
14

4 
0.

00
9.

04
1.

50
W

IL
D

LI
FE

 U
pl

an
d 

W
ild

lif
e 

H
ab

ita
t: 

St
ee

p 
sl

op
es

-u
nf

ra
gm

en
te

d 
la

nd
-1

20
0 

ft+
 

1 
12

3.
8 

0.
35

3 
12

 
0.

00
44

.9
0

10
.3

0
W

IL
D

LI
FE

 U
pl

an
d 

W
ild

lif
e 

H
ab

ita
t: 

So
ftw

oo
ds

, D
ee

r Y
ar

ds
, U

nf
ra

gm
en

te
d 

1 
10

06
.6

 
2.

87
35

 
22

2 
0.

00
49

.9
0

1.
25

W
IL

D
LI

FE
 W

et
la

nd
 W

ild
lif

e 
H

ab
ita

t: 
R

ip
ar

ia
n 

Zo
ne

 (2
00

-f
oo

t b
uf

fe
r)

 
1 

13
32

.9
 

3.
81

17
 

49
2 

22
.8

6
16

9.
90

78
.4

1
W

IL
D

LI
FE

 W
et

la
nd

 W
ild

lif
e 

H
ab

ita
t: 

W
et

la
nd

 B
uf

fe
rs

 (2
00

 fe
et

) 
1 

46
03

.1
 

13
.1

4
32

0 
16

74
 

2.
55

69
0.

26
7.

06
W

IL
D

LI
FE

 W
et

la
nd

 W
ild

lif
e 

H
ab

ita
t: 

La
ke

sh
or

e 
B

uf
fe

rs
 (2

50
 fe

et
) 

1 
18

72
.5

 
5.

35
95

 
21

57
 

0.
01

65
0.

57
26

.7
4

W
IL

D
LI

FE
 W

et
la

nd
 W

ild
lif

e 
H

ab
ita

t: 
A

qu
at

ic
 B

uf
fe

rs
 - 

15
-f

oo
t B

at
hy

m
et

ry
 

1 
12

37
.8

 
3.

53
12

 
90

5 
4.

50
37

5.
78

10
3.

15
 

 
 

 
 

 
A

LL
 

In
te

rs
ec

tio
n 

of
 a

ll 
C

o-
O

cc
ur

re
nc

e 
A

re
a 

Ty
pe

s 
 

48
36

.5
5 

13
.8

1
10

 
89

5 
85

.9
0

95
6.

50
48

3.
66

 



Meredith NRI Project 

 
Van de Poll / EMC Page 41 August 2005  

The previous page illustrates the 19 attribute layers that went into the final co-occurrence 
overlay. It lists the layer type: (AG) Agriculture; (FOREST) Forest Resources; 
(VISUAL) Visual  Resources; (WATER) Surface Water Resources; (WETLANDS) 
Wetland Resources; (WILDLIFE) Upland and Wetland Wildlife Habitat; and (ALL), 
which is a representation of all attributes as shown on the map on page 47. The layer is 
described in the “Layer” column, and each contributing overlay refers to the GIS 
shapefiles as listed in Appendix A. As described above, each of the contributing layers 
was assigned a point value of “1,” and therefore has equal weight in the map depicted on 
page 44. The total area in acres is listed next, which indicates the GIS-derived total size 
of the various land areas associated with each attribute. Since the final intersection map 
includes all 19 attributes, some of which overlap with several others, the total area of “ 
ALL” is considerably less than the sum of all 19 individual attributes. 
 
The column following the total area column gives the percentage of each attribute layer 
relative to the entire acreage in Meredith (35,026 acres). The following column gives the 
total number of units that comprise each attribute layer. The 2004 digital parcel map was 
used to derive the total number of parcels that contain all or part of each attribute, which 
in some cases (e.g. 250-foot buffer area to open water under public ownership) is quite 
large (2194). It should be noted that the number of parcels that were estimated to contain 
each attribute will vary when final parcel alignments take place using field-based 
surveys. The final three columns give the minimum, maximum, and mean size of the 
attribute units and not the min-max-mean sizes of the parcels that contain them. 
 
Whereas a detailed description of each of the10 final co-occurrence areas is beyond the 
scope of this work, a tabular summary is in order. The following table summarizes the 
salient attributes of each area and utilizes the order listed above in Table 5. 
 
Table 7. Attributes of 10 High-value Co-Occurrence Areas in Meredith 
 

Unit # Name Size (ac.) Salient Attributes 
    

1 Hawkins Brook 554.2 Medium yield aquifer; prime wetland; excellent water quality  
   mitigation potential; highly visible landscape 

2 Bartlett Brook 95.8 Low yield aquifer; wetland complex directly feeds 
    Lake Winnipesaukee; agric. nutrient attenuation 

3 Page Bk / Page Pond 664.4 Very high wildlife habitat value; prime wetland; most diverse  
   wetland complex; low population density 

4 Hatch Brook 457.8 Excellent wildlife habitat; prime wetlands; excellent deer  
   wintering potential; low density development 

5 Forest Pd/Dolloff Bk 479.0 Excellent waterfowl habitat; prime wetland; primary water  
   supply for Lake Wicwas 

6 Blake Brook/Wicwas 715.2 Best vernal pool habitat in Meredith; prime wetland; largest  
   deer wintering area; roadside pollution abatement 

7 Meredith Ctr/Chemung 956.5 Several unique wildlife features; 2 prime wetlands;  
   shoreline and aquifer areas; best recreation potential 

8 Spectacle Pond 85.9 Largest sand & gravel deposit & aquifer area; good wildlife  
   habitat corridor 
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9 Leavitt Mtn 380.4 Highest elevation in Meredith; unique forest types & wildlife  
   habitat; most visible landmark in Town 

10 Pemigewasset Lake 447.3 Excellent aquatic wildlife habitat; high recreational use area;  
   Drains into to Pemigewasset River 
 
 

E) Lake Waukewan Watershed 
 
The following section was originally written for the Lake Waukewan Watershed 
Advisory Committee as a part of their preparation for the watershed-wide management 
plan that was finished in 2005. It was requested that this section be included in this report 
since Lake Waukewan provides critical drinking water supplies to the Town of Meredith, 
and the natural resource attributes that lie upstream of the lake factor greatly into the 
quality and quantity of water that the lake is supplied with. This section was written in 
December 2004, and was reviewed by the Meredith Town Planning Office and members 
of the Waukewan Watershed Advisory Committee. 
 

I. Overview 
 
At 8275 acres, the Lake Waukewan watershed is a medium-sized drainage basin in the 
upper Winnipesaukee Hydrological Unit (HUC # 100107000201) in central New 
Hampshire. It includes parts of Meredith (2729.5 acres), Center Harbor (2370.2 acres), 
New Hampton, (1949.0 acres) Ashland (699.2 acres), and Holderness (527.3 acres). 
Elevations range between 1500 feet on Beech Hill near Sky Pond in New Hampton, to 
540 feet at the outflow point in Meredith. The watershed is mostly undeveloped and 
forested, although a number of residences are found along the shores of the 5 lakes and 
ponds that are within the watershed. Lake Waukewan, the most prominent open water 
body, is approximately 953 acres in size. It lies at the bottom of the watershed and 
supplies Meredith with roughly 40% of its public drinking water supply.  
 

II. Principal Natural Resource Features 
 
Lake Waukewan is the largest and most significant natural resource feature of the 
watershed. With roughly 11 miles of shoreline, it supports between 150 and 200 
residences and camps. Water-skiing, boating, fishing, swimming, and other water-based 
recreational activities are prevalent year-round, and the heaviest use of the lake occurs 
during the summer months. The earliest camps were established in the mid-1700’s, and 
by the early 1800’s a dam was erected that regulated the level of the lake as well as the 
flow of water through several canals that powered mills in the present downtown area of 
Meredith. All five of the lakes and ponds in the watershed have dam control structures at 
their outlets, and all were likely used at various times for storing logs for timber 
production or storing water for downstream mills. With the exception of Otter Pond, the 
other four water bodies represent a chain of lakes and ponds along the main watercourse 
above Lake Waukewan. 
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Nine well-formed stream channels totaling 8.2 miles in length can be found within the 
watershed.29 Two of these are second order perennial streams and the remainder are first 
order streams that vary in type from mostly perennial to mostly intermittent.  The largest 
stream is known as the Snake River, which runs from Winona Lake to Lake Waukewan. 
It has considerable width and several well-developed, beaver-mediated wetlands along it. 
Three other brooks are found above Winona Lake, the smallest arising to the southwest 
of the lake, one arising to the northwest, and the third passing through Bear and Hawkins 
Ponds to the northeast of the lake. The remaining 5 streams all feed directly into Lake 
Waukewan, including the longest, Reservoir Brook in Meredith, and Saywood Brook in 
New Hampton. The other three unnamed streams are mostly intermittent and contribute 
very little to the lake in terms of year-round flow. One flows out of Otter Pond to the 
north of the lake, another flows out of several small ponds near the Waukewan Golf 
Course, and the third flows into the southwest part of the lake. Other intermittent stream 
and stormwater drainages that lead into the lake have yet to be identified. 
 
Because of the small amount of perennial stream discharges into Lake Waukewan, the 
turn-over (“flushing”) rate of water in the lake itself is fairly low, and is estimated  at .6 
times per year (NHDES 2002). In other words, it takes about 20 months for the water in 
the lake to be replaced. The flushing rate would be considerably slower if the lake was 
not relatively shallow. The average depth of Lake Waukewan is less than 25 feet, 
although two fairly deep holes, one in the north central part and one in the south central 
part, exceed 65 feet in depth. The slow flushing rate places a particularly important 
emphasis on the lakeshore wetlands in mitigating pollution discharges into or above the 
lake. Aquatic bed wetlands less than 15 feet deep exist in over 38% of the lake, especially 
in the northwestern part, around Chapman Island, and in Perkins Cove. The Snake River 
wetland complex also plays a critical role in attenuating nutrients, removing toxicants, 
and settling sediments that would otherwise flow directly into the lake. 
 

 
 

Figure 20. Lake Waukewan bathymetry map showing 15-foot depth zone in light blue 
 

                                                 
29  The total density of perennial streams in the watershed is .63 miles per square mile, which is quite low 
relative to average drainage densities in the state. While this is good in terms of minimizing pollution 
inputs to Lake Waukewan, it also places a higher need for regulation and the control of development. 
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Wetlands above Lake Waukewan are few in number. Excluding the lakes and ponds, only 
5.9% of the watershed is comprised of palustrine (freshwater) wetlands, and most of 
these are forested swamps that either fall along the watershed boundary in undeveloped 
regions of the watershed, or lie along the stream drainageways. A total of 249 wetland 
units were identified in the watershed using digital 1998 aerial photographs. Some of 
these were confirmed during the windshield survey of roads and agricultural land, and 
many others were confirmed by fieldwork. Many of these wetland units are contiguous, 
and if lumped according to discrete wetland complexes, an approximate total of 110 
wetland areas are recognized. 
 
A look at the unverified soils map for the watershed yields additional concerns about the 
capacity of the landscape to handle water pollution discharges.30 Three types of soils that 
are rated as “severe” in terms of environmental sensitivity can be found.31 The first type, 
hydric soils, was already mentioned under the discussion of wetlands above. These soils 
have high water tables during the growing season, and periodically saturate or flood at or 
above the surface. Whereas the unvalidated soils map showed a total of 539 acres of 
hydric soils, the above-described aerial photograph interpretation yielded a slightly lower 
amount (497 acres). The second type of severe soils, those that are shallow to bedrock, 
are much more prevalent. A total of 2618 acres of soils that are less than 40 inches deep 
were identified from the soils map. Shallow soils are more sensitive to water-borne 
pollution because of the speed with which pollutants can enter groundwater and bedrock 
aquifers. The 2618-acre figure only includes shallow soils on slopes between 8 and 25%. 
Those soils that are on steeper slopes (i.e. ≥ 25%) were calculated under the steep (“E”) 
slope category. A total of 680.9 acres of steep (“E”) slope soils were found in the 
watershed. All totaled, environmentally sensitive soils that are rated severe for housing, 
roads, and septic systems equaled 3795.6 acres, or 52% of the land area. All of these soil 
types have the capacity for transmitting water-borne pollutants more quickly to streams, 
lakes and ponds upstream of Lake Waukewan. When combined with the amount of open 
water (lakes and ponds only), the total area of soils with high environmental sensitivity 
equals 61% of the watershed. When ecologically significant stream, lake, pond, and 
wetland buffers are added (100 feet), this figure increases to 73.6%. 
 
Conservation land in the Waukewan watershed varies by town. Overall, a total of 919.3 
acres (10 parcels) or 11.1% of the land area is protected either publicly or privately. 
Protection class also varies, since some parcels could be partially developed, whereas 
others have permanent development restrictions on them. Approximately 80% of the 
conservation land exists in areas where severe development restrictions are present. Less 
than 1% of all lakeshores and pondshores are protected, whereas 85% of them are 
developed. 
 

                                                 
30  The 2003 soils map for the Waukewan Watershed was compiled by NHDES and the NRCS for both 
Belknap and Grafton Counties. The Belknap portion is an unvalidated draft that employs new soil 
taxonomy and field characteristics for soil complexes. It should be referred to as a guide only. 
31  Environmental sensitivity can be roughly correlated with the suitability of a soil for development – i.e. 
the capability of a soil to receive roads, buildings, and septic systems. Soil suitability is typically rated as 
slight, moderate or severe. 
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In looking at the subwatershed basins surrounding Lake Waukewan and within the 
Waukewan watershed, some distinct patterns of natural resource attributes emerge in 
contrast to existing development patterns. Based on primary drainageways and natural 
topography, there are approximately 18 subwatersheds that have been identified. Ten of 
these contain defined stream channels that are recognizable as perennial at their point of 
inflow into a lake, pond or other stream. They range in size from 26.7 acres (Chapman 
Island) to 1402 acres (Hawkins and Bear Ponds), with a mean of 385.3 acres. Those 
subwatersheds with the most environmentally sensitive soils (e.g. subwatersheds I and J) 
have the least amount of development. Those subwatersheds with the best soils (e.g. 
subwatersheds B and C) have the most amount of development. Although the soils of 
these highly developed subwatersheds are less environmentally sensitive, their capability 
of minimizing water pollution contributions to Lake Waukewan could be compromised 
during periods of excessive flooding and stormwater run-off. 
 

III. Summary 
 
A quick synopsis of the above results in the following summary: 
 

 The Lake Waukewan watershed is a minimally disturbed watershed with 
generally good water quality  

 
 The fact that there are few streams in the watershed places an emphasis on the 

role of wetlands in mitigating the effects of water-borne pollution 
 

 Lakeshore wetlands play an important role in helping control the largest sources 
of point and non-point pollution that is associated with seasonal and permanent 
lakeshore residences 

 
 The amount of protected land in four of the five towns in the watershed is below 

the 2004 statewide average of 14.7%, and very little of this protected land 
includes the shorelines of lakes and ponds 

 
 A relatively high percentage of land with development limitations exist in the 

watershed, and this has the potential to cause a number of natural resource versus 
development conflicts in the near future 
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F) Attribute Assessment Model 
 
The Attribute Assessment Model consists of a set of criteria that were used to evaluate 
the value of individual parcels in Meredith relative to their conservation of natural 
resources. As described on page 19, this model was developed from a similar effort 
completed by the author in another New Hampshire community. Both the Land 
Conservation Investment Program (LCIP) and the Land and Community Heritage 
Conservation Program or LCHIP evaluation criteria were adopted for this model. Input 
from the 2002 Meredith Community Plan was also critical to the revision of this model, 
as was input from the NRI sub-committee of the Meredith Conservation Community. 
 
Owing to time constraints, only a few tests of this model were possible under the current 
scope of work completed under this NRI. Five parcels were assessed using this model, 
including one that has already been purchased for conservation, the Hamlin Recreation 
Area. The results of the five sample assessments yield a point value that ranged between 
34 and 71 out of a possible 100 points, with the highest belonging to the Hamlin 
Recreation Area. While it was intended to use this model to run assessments on 100 
parcels, the effort involved in deriving the NRI base line data did not allow this to occur. 
With a few additional pieces of critical information, such as the status of each 
conservation parcel in Meredith, the age and quality of timber management lands that 
have been harvested over the last 50 years, and a windshield survey of access and relative 
use of each parcel, this model can proceed as planned. It is anticipated that the Meredith 
Conservation Commission will sponsor a student intern or other capable volunteer to use 
this model in deriving a list of conservation priorities in Meredith. If properly applied, 
this model can provide the basis for a strategic Open Space Plan, as well as parcel-based 
confirmation of the natural resource assessments completed as a part of this NRI. 
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CONCLUSIONS  
 
The Town of Meredith has committed itself to the sound conservation of natural 
resources within its borders. It has also demonstrated a conscientious dedication to the 
protection of natural resources in adjacent municipalities, particularly in the Lake 
Waukewan watershed. This study has achieved the Town’s objective of documenting in 
map, table and text format a baseline assessment of natural resources. Updated soils, 
water resources, wetlands, agricultural areas, and wildlife habitat maps have been created 
and analyzed. Selected natural resource attributes that contribute to the well being of 
Meredith’s citizen have been identified, highlighted, and treated as critical ingredients of 
the quality of life that this region offers. The resulting overlays of natural resources and 
their attributes have provided a fundamental picture of a Town with a highly developed 
and integrated sense of land and water conservation. 
 
With one of the highest percentages of its total area in lakes, ponds, and wetlands in the 
state of New Hampshire, Meredith continues to value its water resources above all else. 
The foresight that created the protection of highly valued water resources – prime 
wetlands – has provided the means to establish high priorities for their protection and 
wise use. The value and weight that Meredith places on water-based recreation, its 
commitment to water quality protection, and its designation of critical stream resources 
underscores the evolution of a Town that began along its largest source of water power, 
Mill Brook, and ended up along its largest source of water transportation, recreation, and 
enjoyment, Lake Winnipesaukee. 
 
Given that Meredith is a rapidly growing community in the Lakes Region, the maps that 
were created in establishing baseline conditions of the natural resources in Town are 
meant to be regularly updated and improved. The tabular and graphical data that 
illustrates the findings of this work are meant to be refined and re-analyzed. With the 
completion of the digital parcel map and the supporting natural resource attribute 
overlays, the attribute assessment is ready to be implemented. It is the intention of the 
Meredith Planning Department to highlight the findings of this work in several public 
information sessions as well as on the Town’s web site. New data and further map 
refinements are also intended to be provided for public use and review. Completing the 
recommended action steps in the final section of this report will aid in updating the 
existing maps and providing the Town with even better, more accurate base line data 
from which to make conscientious, conservation-minded decisions. 
 
An initial draft of these recommended action steps was first published as a part of the 
original scope of services for the Meredith NRI Project. It should be noted that 
recommendation C) Watershed Analysis for Water Quality is currently underway under 
the auspices of the Town of Meredith Planning Department, Plymouth State University, 
and the NH Department of Environmental Services (NHDES). The Waukewan 
Watershed Project was approved for funding by NHDES in December of 2004 and has 
already begun to implement the strategies of the Waukewan Watershed Advisory 
Committee, which has recently finalized a watershed-wide plan to help protect the 
primary drinking water supply in Meredith. 
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RECOMMENDATIONS & NEXT STEPS 
 
“The long standing environmental preservation and conservation ethic within the community will 
progress to an unparalleled level. Critical natural resources such as significant wetlands, 
undeveloped shoreline areas, scenic vistas, wildlife corridors, groundwater supplies, large 
forested areas, and agricultural soils will be conserved …” (Meredith Community Plan p.10) 
 
The following list of six suggested next-steps are derived directly from this NRI Project. 
The case for emphasizing these achievable actions steps was built upon a careful review 
of Meredith’s natural resources, as well as the existing land use patterns that affect them. 
Whereas there are perhaps a dozen more actions that could be taken to improve the 
quality of life and conservation of natural resources in Town, these six represent the most 
logical follow-up to the present state of natural resource knowledge as well as the desire 
of the citizens of Meredith to conserve valuable natural resources as noted in the above 
2002 Community Plan statement. 

 
A) Complete the Attribute Assessment Model and Develop a Strategic 

Conservation Plan 
 
The completion of NRI includes the preparation of a design model for identifying 
significant parcels of strategic conservation importance. The Attribute Assessment Model 
that was created for this purpose lays out a clear and repeatable series of steps for 
assessing the conservation value of a given tract of land. This model should be 
implemented for all parcels that fall within the 10 high-value co-occurrence areas 
identified in this report. The 400+ parcels, if analyzed in this way, could initiate a 
conservation priority plan for the Town, and end up with greater protection for those 
areas where multiple natural resources overlap. The completion of a strategic 
conservation plan would also include the identification and assessment of areas outside of 
the 10 high-value co-occurrence areas that are worthy of inclusion as conservation 
priorities. In general, this should include an assessment of forest land in current use, and 
the possible consideration of a high-value, forest land zone in Town. On a more specific 
basis, it might look at unique forest habitats such as the talus slope area west of Lake 
Winnisquam or the ledges above Spectacle Pond. Several other habitats, notably ones that 
have rare and endangered elements in them – e.g. loon nesting areas on Lake 
Winnipesaukee, should also receive such a review. The ultimate plan should provide the 
Meredith Planning Department and the Meredith Conservation Commission with a 
priority list for conserving particular areas of Town that have been highly ranked by the 
Attribute Assessment process. 

 
B) Field-based survey of high-value co-occurrence areas 
 
Forest condition, wildlife habitat value and ecological uniqueness cannot always 

be ascertained from remote data sources. Even in areas with known past land uses (and 
abuses), the integrity of the ecological landscape requires on-site surveys in order to 
adequately determine representativeness or exemplariness among biodiversity elements. 
This process can be initially done with the help of town volunteers who are capable of 
surveying basic characteristics. However, in order to place each parcel or land area in the 
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proper perspective of having regional or statewide significance, the experienced eye of a 
trained ecologist is required. The author has performed such rapid ecological assessments 
for over 20 years, and has completed bio-inventory evaluations on over 150,000 acres in 
New England. Since the initial identification of high-value co-occurrence areas has now 
been completed, it is suggested that a more in-depth windshield survey and field review 
be initiated in order to optimize the detection of important field attributes such as wildlife 
corridors, short-migratory vertebrate areas (i.e. routes to and from vernal pools), 
important bird areas, exemplary natural communities, and critical wildlife habitat areas. 
All critical habitats and species should be mapped on overlays of the original high-value 
co-occurrence areas map. Conservation management guidelines should be developed for 
each area that is identified and documented. 

 
C) Watershed Analysis for Water Quality 
 
Lake Waukewan currently serves as the primary drinking water supply for 

roughly 40% of the Town of Meredith (Community Plan, 2002). Its watershed includes 
lands beyond Meredith's borders, most of which lies on private property. Whereas good 
water quality data has been derived for Meredith Bay through the Volunteer Lakes 
Assessment Program at NHDES (VLAP), no data is currently collected at many of the 
tributary source sites for such an important drinking water supply. This field-based 
survey would include the establishment of regular water quality monitoring stations at 5 
additional sites in the Lake Waukewan watershed, and would include base line testing of 
temperature, pH, dissolved oxygen, conductivity, total dissolved solids, alkalinity, and 
total phosphorus. Five of the existing VLAP sites would also receive biological 
monitoring efforts in the form of aquatic macro-invertebrate assays. Coordination with 
VLAP under the auspices of NHDES would ensure the inclusion of these sites in their 
regular volunteer monitoring program. The bio-monitoring effort should model statewide 
bio-monitoring protocols and include the calculation of a Hilsenhoff Biotic Integrity 
Index (HBI) on the assemblage of organisms found. This option would require a 
minimum of 12 days of summer field sampling time and at least 12 days of lab time. PSU 
students and the new laboratory operated by PSU’s Center for the Environment can 
provide ample staff and equipment resource support for this essential project. Biological 
confirmation of water quality in selected tributaries of the Waukewan watershed will 
cross-check existing water quality data and will provide the basis for more informed and 
targeted drinking water protection initiatives. 

 
[Ed. Note: a modified plan to preserve the water quality of the Lake Waukewan watershed has 

begun under a grant provide by the New Hampshire Department of Environmental Services. This project is 
also funded by the Town of Meredith and Plymouth State University, and follows guidance (in part) 
provided by the Lake Waukewan Watershed Advisory Committee, as published in their June 2005 
document, Management Plan for the Waukewan Watershed.] 

 
D) Wildlife Habitat Analysis 
 
Significant wildlife habitat is not always included in the mapping of riparian 

areas, deer yards, heron rookeries, and wetlands. Although potential use by specific 
species can be implied from habitat analysis, actual use may not so easily discerned. This 
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recommended follow-up step to the natural resource inventory should rely on Fish & 
Game information, (e.g. hunting and trapping records), anecdotal reports, and targeted 
field assessments of wildlife habitat and corridor use. The primary goal is to identify 
areas where species that are rare and/or sensitive to human intrusion exist in viable 
population levels. This type of survey compliments remote data information provided by 
the GIS-map based NRI, and offers the opportunity for ground-truthing several of the 
wildlife attribute assessments for both upland and wetland wildlife. Upland wildlife 
habitat areas may include ridgeline corridors for large game species, and wetland wildlife 
habitat areas may include the mapping of vernal pools that harbor obligate breeding 
amphibians. Once identified, significant habitat areas can then be more accurately 
mapped and steps taken to protect these critical sites. Point and polygon mapping should 
compliment existing data overlays. 

 
E) Prime Wetlands Delineation & Mapping 
 
The 1983 prime wetlands study by Barry Keith provided a necessary first step in 

identifying "unique and fragile" wetland areas that were worthy of special protection 
from development. However, accurate on-the-ground delineation and assessment work 
was not completed at the time. The accompanying NRI report discussed the limitations in 
the interpretation of aerial photographs as well as the limitation of arbitrarily selecting 
mapped wetlands as a part of a prime wetland complex. Several questions arise: Are all 
seven of the prime wetlands equally sensitive to human disturbance? Does surrounding 
land use especially imperil any of the wetland functions? Are there activities that may 
safely occur within the 100-foot buffer that the Meredith Conservation Commission can 
support at a public hearing? These and other field-based questions would be answered by 
a recommended prime wetlands survey and assessment, which should include an Army 
Corps of Engineers (1987 manual) delineation that gives the Planning Board, the 
Conservation Commission, and the State of New Hampshire more accurate location 
information about each wetland area, as well as greater justification in placing these 
wetlands under high levels of scrutiny when faced with adjacent development. 

 
F) Rare & Endangered Species, Exemplary Natural Communities Survey 
 
Initial rare and endangered species information has been researched through the 

NH Natural Heritage Bureau (NHB), although many of the records in the NHB database 
are out-of-date or in serious need of updating. Of the 10 elements of occurrence recorded 
for the Town, 4 are historic (i.e. > 25 years old). Of particular importance are the aquatic 
plants that are more sensitive to water quality degradation and can be eliminated in a 
single year's time. All known occurrences of rare species and/or habitats should be 
surveyed in the field and the Element Occurrence Records (EOR's) updated on 
standardized data sheets. Locale-specific maps should be created that highlight 
recommended buffer areas, and a database created that outlines recommended 
management activities for each site.  
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Attribute Assessment Model 
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TOWN OF MEREDITH –ATTRIBUTE ASSESSMENT 
MODEL 

 
For Use in the NRI Parcel Assessment of Highly-Valued Co-Occurrence Areas 

 
 
ATTRIBUTE 1 – SIZE 

Value range: 1 – 5 
 

Based on:   mean, min/max parcel sizes in the Town of Meredith 
 
Rationale:  larger parcels provide greater potential for protection of 

natural resource attributes 
Point ranks: 
 
(1) 0-2 ac. (2) 2-10 ac. (3) 10-50 ac. (4) 50-150 ac. (5) >150 ac  
 
 

ATTRIBUTE 2 – STATUS / PROXIMITY TO CONSERVATION LAND 
 
Based on: A) current status as conservation land; and 
 B) proximity to conservation land 
  
Rationale:   Conservation land contains greater long-term potential for 

protection of natural resources 
 Conservation status is not equal, that is, some lands contain 

more stringent restrictions against development 
 Existing conservation status may not be sufficient for long-

term protection of a particular natural resource 
  
  Close proximity to conservation land allows the parcel to 

act as a buffer to the protected area 
 Distance intervals are based on 2003 conservation data 

layer from Town of Meredith, and spatial analysis of 
conservation property distribution in Meredith area 

 
 Point ranks:  Value range: 1 – 5 

 
 
(A) Current Status of Parcel 

 
(1) Unprotected – parcel not under any conservation protection 
(2) Somewhat Protected – parcel under public or private open space 

restriction (e.g. current use), but could convert to development in the 
future 
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(3) Moderately Protected – parcel in public or private trust (e.g. Town 
Forest or private common land), but does not have permanent 
development restriction attached to deed 

(4) Highly Protected – parcel under some form of restrictive covenant, but 
can be developed for public or private use (e.g. recreational trails, 
timber harvest) 

(5) Forever Wild – parcel under public or private permanent restriction 
that prevents purposeful alteration of any natural resources 

 
(B) Proximity of Parcel to Conservation Land 
 

 Point ranks:  Value range: 1 – 5 
 
 (1) > 2 mi.  (2) 1.5 – 2 mi.   (3) .75 – 1.5 mi.   (4) .25 - .75 mi.   (5) < .25 mi. 
 
 

ATTRIBUTE 3 – AGRICULTURAL RESOURCES 
 
Based on: prior or existing cropland, pasture land, mowing field, 

orchard, or other actively managed agricultural activity in 
whole or in part on the parcel 

 
Rationale:  Agricultural land represents one of the most cherished and 

disappearing land uses in Town 
 Agricultural land offers valuable diversity in commercial 

enterprises in Town 
 Agricultural land provides a scenic backdrop to a 

predominantly wooded landscape 
 Land previously used for farming and cleared of stones has 

higher soil potential for future use as agricultural land 
 

 Point ranks:  Value range: 0 – 5 
 
(0) No known agricultural site present on parcel 
(1) Agricultural site <25% of the entire parcel, and activity restricted to non-

commercial mowing 
(2) Agricultural site < 25% of the entire parcel, but activity involves actively 

used fields for hay, crops, orchards, or other commercial 
agricultural activity 

(3) Agricultural site >25% of the entire parcel and activity restricted to non-
commercial mowing 

(4) Agricultural site >25% of the entire parcel and activity involves actively 
used fields for hay, crops, orchards, or other commercial 
agricultural activity 

(5) Commercial agriculture the predominant land use (i.e. > 50%) of the 
parcel 
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ATTRIBUTE 4 – SCENIC VALUE 
 

Based on: aesthetic attributes of parcel 
 
Rationale: Scenic resources are highly valued in Town 
 Higher value exists on parcels with a diversity of landscape 

structure, as well as visual wholeness or integrity 
 Scenic resource assessments have yielded valuable 

information about especially scenic areas of Town 
 

 Point ranks:  Value range: 1 – 5 
 
1) Parcel not easily visible from trail, road, or residence, and not located within 

the critical viewshed area 
2) Parcel somewhat visible from trail, road, or residence but of ordinary quality, 

and without any features that demonstrate variety or integrity (wholeness); or 
parcel not easily visible from trail, road, or residence and located within the 
critical viewshed area 

3) Parcel easily visible from trail, road, or residence and containing aesthetically 
pleasing attributes such as brilliant fall foliage, open wetlands, perennial 
stream or river, dramatic landscapes, remnant historical features, etc.; parcel 
outside of critical viewshed area 

4) Parcel easily visible from trail, road, or residence and containing aesthetically 
pleasing attributes, and within critical viewshed area (Kokx 2000) 

5) Parcel containing or adjacent to highly significant viewpoint (Kokx 2000)  
 
 
ATTRIBUTE 5 – WATER QUALITY 
 

Based on: Presence/absence stratified drift aquifers underneath parcel 
 Presence/absence drinking water supplies 
 Presence/absence known or potential contaminant threats 
 
Rationale: Water quality is of paramount importance to the residents 

of the Town 
 Parcels that overlie stratified drift aquifers have higher 

value as recharge sites for future drinking water supplies 
 Parcels that have current drinking water supplies have 

higher natural resource value, with greater value placed on 
larger yield, public systems 

 Parcels that have known or potential contaminant threats 
have less value than those that do not 

 
5A Stratified Drift Aquifers – present or absent, low or medium transmissivity; 

based on NHDES aquifer map information 
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Point rank:  Value Range 0 – 5 
 
(0) No stratified drift aquifer present beneath the parcel  
(1) Stratified drift aquifer present, with undeterminable yield  
(2) Stratified drift aquifer present, of low yield and with fine-grained materials 

present 
(3) Stratified drift aquifer present, of low yield and with fine-grained over coarse-

grained materials present 
(4) Stratified drift aquifer present, of low yield and with coarse-grained materials 

present 
(5) Stratified drift aquifer present, of medium yield and with coarse-grained 

materials present 
 
5B Drinking Water Supply - based on the presence/absence of private or public 

wells on the parcel and/or the proximity of the parcel to such well 
 
Point rank:  Value Range 1 – 5 

 
(1) Parcel without current drinking water supply well and/or > ½ mile from public 

drinking water supply well 
(2) Parcel with private drinking water supply well and > ½ mile from public 

drinking water supply well 
(3) Parcel with private drinking water supply well and < ½ mile from public 

drinking water supply well 
(4) Parcel with or without private well, but within wellhead protection zone (1/4 

mile) of public drinking water supply well 
(5) Parcel contains active, public drinking water supply well  
 
5C Potential Contaminant Threat – present or absent on parcel 

 
Point rank:  Value Range –5 - 0 
 
(-5) Parcel with known contaminant threat 
(-3) Parcel within potential contaminant threat area but without known 
contaminant threat 
(0) Parcel without known or potential contaminant threat 
 
5D Lake Waukewan watershed –parcel inside or outside of watershed 

 
Point rank:  Value Range 0, 5 
 
(0) parcel not wholly within watershed  (5) parcel wholly within watershed 
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ATTRIBUTE 6 – WETLANDS 
 

Based on: Presence/absence wetlands on parcel and total wetland 
percent of parcel 

 Number of wetland classes present on parcel 
 Level of protection – i.e. prime wetland, designated, or 

undesignated 
 
Rationale: Wetlands are of tremendous value in terms of providing 

natural resources that are beneficial to humans 
 Wetlands provide value for  
  recharge sites for future drinking water supplies 
  flood storage 
  wildlife habitat 
  educational and scenic resources 
  nutrient and sediment attenuation  
  hunting & fishing  
  water-based recreation 
  shoreline anchoring  
  rare & endangered species  
 Parcels that contain wetlands have higher natural resource 

value, with greater value placed on larger, more diverse 
classes or cover types 

 Parcels that have protected wetlands have higher value than 
those without such protection 

 Parcels that contain upland habitat in the 200-foot buffer 
zone of wetlands have higher value than those outside of 
the 200-foot buffer zone (see narrative text) 

  
[Note: wetland values directly associated with wildlife – i.e. wetland buffer zones, are 

addressed under wetland wildlife below] 
 
6A Wetland Presence or Absence – present or absent, percent of total parcel that 

is in wetland 
 
Point rank:  Value Range 1 – 5 
 
(1) Parcel does not contain any wetlands 
(2) Parcel is comprised of less than 25% wetland 
(3) Parcel is comprised of 25-50% wetland 
(4) Parcel is comprised of 50-75% wetland 
(5) Parcel is comprised of >75% wetland 
 
6B Number of Wetland Classes – based on the Cowardin et al. (1979) system of 

wetland classification used in the National Wetlands Inventory (NWI); 
parcel assessment based on revised NWI map from 1998 digital aerial 
photography (NH GRANIT), soils, and USGS hydrography 



Meredith NRI Project APPENDIX B – Attribute Assessment Model 

Van de Poll / EMC   August 2005 Page B - 6

 
Point rank:  Value Range 0 – 5 
 
(0) Parcel does not contain any wetlands 
(1) Parcel is comprised of one wetland class 
(2) Parcel is comprised of 2-3 wetland classes that are not interspersed 
(3) Parcel is comprised of 2-3 wetland classes that are highly interspersed 
(4) Parcel is comprised of >3 wetland classes that are not interspersed 
(5) Parcel is comprised of >3 wetland classes that are highly interspersed 
 
6C Proximity to Wetland Buffer – based on level of regulatory protection on a 

municipal level and uniform ecological buffer 
 
Point rank:  Value Range 0 – 5 
 
(0) Parcel does not contain any wetlands, or is within the 200-foot buffer zone of 
any wetland 
(1) Parcel contains one or more undesignated wetlands, or is within the 200-foot 

buffer zone of any wetland 
(2) Parcel contains one or more undesignated wetlands, and is within the 200-foot 

buffer zone of a designated wetland 
(3) Parcel contains one or more designated wetlands, or is within the 200-foot 

buffer zone of a prime wetland 
(4) Parcel contains one or more designated wetlands, and is within the 200-foot 

buffer zone of a prime wetland 
(5) Parcel contains one or more prime wetlands 
 

 
ATTRIBUTE 7 – SURFACE WATER RESOURCES  
 

Based on: Presence/absence of surface water resources on or adjacent 
to parcel 

 Size and position of surface water resources on parcel 
 Level of protection of surface water resources on parcel 
 
Rationale: Surface waters are of paramount importance to the 

residents of the Town 
 Parcels that contain surface water resources have more 

value than those without 
 Parcels that contain larger and/or designated or otherwise 

protected surface water resources have more value than 
smaller surface water resources or those without such 
protection 

  
7A Surface Water Resources - Streams – based on presence/absence of streams 

on parcel, as well as type of stream 
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Point rank:  Value Range 0 – 5 
 
(0) No stream or river within or bordering the parcel 
(1) Parcel only containing intermittent stream or portion of 200-foot buffer area 

of any perennial stream 
(2) Parcel containing undesignated Order 1 stream and all or part of its 200-foot 

buffer area 
(3) Parcel containing Order 2 or 3 stream, or designated Order 1 stream 
(4) Parcel containing designated Order 2 or 3 stream and <10% (measured 

lineally) of its complete 200-foot buffer 
(5) Parcel containing designated Order 2 or 3 stream and >10% (measured 

lineally) of its complete 200-foot buffer 
 
[Note: surface water values directly associated with wildlife – i.e. riparian buffer zones, 

are addressed under wetland wildlife below] 
 

 
7B Surface Water Resources – Lakes & Ponds – based on presence/absence of 

lake or pond on or adjacent to parcel, as well as size of lake or pond and 
amount of shorefront in parcel 

 
Point rank:  Value Range 0 – 5 
 
(0) No lake or pond within or bordering the parcel 
(1) Parcel within 100 feet of a pond < 10 acres in size but not bordering such a 

pond 
(2) Parcel within 250 feet of a lake or pond > 10 acres in size but not bordering 

such a pond 
(3) Parcel bordering a pond < 10 acres in size 
(4) Parcel bordering a lake or pond > 10 acres in size 
(5) Parcel containing all or most of the shoreline of a small (< 10 acres) pond, or 

having shoreline of > 1000 feet on a lake or pond > 10 acres in size 
 
[Note: surface water values directly associated with wildlife – i.e. aquatic and shoreline 

buffer zones, are addressed under wetland wildlife below] 
 
 
ATTRIBUTE 8 – FOREST COVER 
 

Based on: Presence/absence of forests on the parcel 
 Forest cover type(s) on the parcel (mostly from lansat 

imagery, with additional data from aerial photographs) 
 Quality of forest cover on the parcel and ability to produce 

timber resources 
 
Rationale: Forests are an invaluable resource for long-term 

environmental, cultural and socio-economic stability 
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 Parcels with a predominance of forest cover have a greater 
opportunity to contribute to such long-term value 

 Parcels containing a higher number of forest cover types 
are more valuable than those with a single forest cover type 

 Parcels with mature, uncut timber offer a higher value than 
those that have been cut within the last 25 years. 

 
 

8A Forest Cover Type Diversity – based on discernible cover type diversity 
from lansat and aerial photograph data 

 
Point rank:  Value Range 0 – 5 
 
(0) No mapped or observable forest present on parcel 
(1) Parcel with a single forest type 
(3) Parcel with two forest types 
(5) Parcel with three or more forest types 

 
 

8B Forest Cover: Management Status - based on current use status, and level of 
timber harvest activity as noted in intent-to-cut files, aerial photograph 
interpretation, or direct knowledge of forest history on property 

 
Point rank:  Value Range 0 – 5 
 
(0) No mapped or observable forest present on parcel 
(1) Parcel not in current use and < 10 acres in size, or has < 10 acres of forest 
(2) Parcel not in current use, but has > 10 acres of forest that has not been cut in 

the last ten years 
(3) Parcel in current use, but without stewardship plan or active management 
(4) Parcel in current use, with active stewardship plan, and forest has been 

harvested in last 10 years 
(5) Parcel in current use, with active stewardship plan, and forest has not been 

harvested in last 10 years 
 

[Note: forest cover values directly associated with wildlife are addressed under wildlife 
below] 

 
 
ATTRIBUTE 9A – WILDLIFE – Open Uplands 
 

Based on: Presence of open land and forested buffers on the parcel 
 Size of open area on or adjacent to the parcel 
 Level of habitat fragmentation on or adjacent to the parcel 
 
Rationale: Open land, including agricultural land, old fields, 

“gentlemen farms,” abandoned gravel pits, parks & 



Meredith NRI Project APPENDIX B – Attribute Assessment Model 

Van de Poll / EMC   August 2005 Page B - 9

gardens, golf courses, airports, powerlines, and utility 
rights-of-way, offer unique habitat opportunities for a 
variety of vertebrate and invertebrate wildlife 

 Parcels containing undisturbed, forested buffer zones 
adjacent to open land have higher value than those without 
such buffers 

 Active agricultural land with suitable forested buffers has 
higher value than most other types of open land habitat 

 Old fields with suitable forested buffers has higher value 
than active agricultural land 

 
Point rank:  Value Range 0 – 5 
 
(0) Parcel contains no open upland habitat 
(1) Parcel contains < 1 acre of open upland habitat with > 40% forested buffer of 

150 feet, or parcel contains > 1 acre of open upland habitat with a forested 
buffer of < 150 feet along >40% of its edge 

(2) Parcel contains < 1 acre of active agricultural land with > 40% forested buffer 
of 150 feet, or parcel contains > 1 acre of active agricultural land with a 
forested buffer of < 150 feet along >40% of its edge 

(3) Parcel contains > 1 acre of active agricultural land with > 40% of its edge with 
a buffer of forested land at least 150 feet in width 

(4) Parcel contains > 1 acre of old field habitat with > 40% of its edge with a 
buffer of forested land at least 150 feet in width 

(5) Parcel contains 2 or more open upland habitats of > 1 acre each that are well 
interspersed with forested areas >150 feet wide  

 
 
ATTRIBUTE 9B – WILDLIFE –Forested Uplands 
 

Based on: Presence/absence of upland forest habitat 
 Diversity of upland forest cover types 
 Presence of mast-producing trees (i.e. oak and beech) 
 Level of forest fragmentation 
 
Rationale: Presence of unfragmented, forested uplands provide 

essential habitat for a wide variety of wildlife species 
 A higher diversity of upland forest cover types has higher 

value than areas with low upland forest cover diversity 
 Forest cover types that have trees that produce hard mast, 

such as beechnuts and acorns, have more wildlife value 
than those without such trees 

 
Point rank:  Value Range 0 – 5 

 
(0) Parcel contains < 2.5 acres of upland forest habitat of any type, and is directly 

connected to unfragmented forested tracts of < 2.5 acres 
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(1) Parcel contains < 2.5 acres of upland forest habitat of any type, but is directly 
connected to unfragmented forested tracts of > 2.5 acres 

(2) Parcel contains < 2.5 acres of upland forest habitat of beech-oak, and is 
directly connected to unfragmented forested tracts of > 2.5 acres 

(3) Parcel contains > 2.5 acres of upland forest habitat of non-beech-oak forest, 
and is directly connected to > 2.5 acres of unfragmented, non-beech-oak forest 

(4) Parcel has > 2.5 acres of upland forest cover of beech-oak, and is connected to 
> 2.5 acres of unfragmented, non-beech-oak forest 

(5) Parcel has > 2.5 acres of upland forest cover of beech-oak, and is connected to 
> 2.5 acres of unfragmented, beech-oak forest 

 
 
ATTRIBUTE 9C – WILDLIFE –Wetlands & Water Bodies 
 

Based on: Presence/absence of wetland & water body habitat 
 Size of wetland or water body habitat 
 Unfragmented upland habitat adjacent to wetland habitat 
 
Rationale: Wetlands and water bodies provide a tremendous benefit to 

a high diversity of wildlife species in New England 
 Larger wetlands, riparian areas, or shorelines have higher 

value than smaller areas of a similar nature 
 Wetlands with unfragmented upland buffers have more 

value than wetlands that are surrounded by roads, houses, 
or other types of development 

 
Point rank:  Value Range 0 – 5 

 
(0) Parcel contains no wetland habitat, and lies outside the 200 foot buffer zone of 

wetlands or streams, or 250-foot buffer zone of lakes & ponds 
(1) Parcel contains no wetland habitat, but lies inside the 200 foot buffer zone of 

wetlands or streams, or 250-foot buffer zone of lakes & ponds 
(2) Parcel has < 1 acre of wetland habitat, < 100 lineal feet of perennial stream, or 

< 100 feet of pond or lake shoreline 
(3) Parcel has 1-2 acres of wetland habitat, or 100-500 lineal feet of stream, or 

100-500 feet of shoreline on a lake or pond, but is within an area where 
adjacent upland forests or open lands are fragmented into blocks of < 2.5 acres 

(4) Parcel has 1-2 acres of wetland habitat, or 100-500 lineal feet of stream, or 
100-500 feet of shoreline on a lake or pond, and contains areas where adjacent 
upland forests or open lands are > 2.5 acres in size 

(5) Parcel has > 2 acres of wetland habitat, or > 500 lineal feet of stream, or  > 
500 feet of shoreline on a lake or pond, and contains areas where adjacent 
upland forests or open lands are > 2.5 acres in size 
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ATTRIBUTE 10 – RARE & ENDANGERED SPECIES, EXEMPLARY NATURAL 
COMMUNITIES 

 
Based on: Presence/absence of rare or endangered species as 

determined from NH Natural Heritage Bureau data 
 Presence/absence of exemplary natural communities 
 Level of threat or endangerment 
 
Rationale: Rare and endangered species represent the most critically 

imperiled types of biodiversity 
 High biodiversity implies greater stability in almost all 

ecosystem types, and often reflects an absence of human 
disturbance over time 

 Exemplary natural communities with high quality examples 
of plants, animals and their natural habitats are more 
valuable than low quality or significantly disturbed natural 
habitats 

 Long-term survival of the human species is predicated on 
functional ecosystems  

 
Point rank:  Value Range 0 – 5 

 
(0) No known or documented rare and endangered species or exemplary natural 

community is present on the parcel 
(1) No documented rare or endangered species or exemplary natural community 

is recorded, but habitat and/or anecdotal evidence suggests one or more is 
present on the parcel 

(2) Documented state-listed special concern species or natural community is 
present on the parcel 

(3) Documented state-listed threatened species or natural community is present on 
the parcel 

(4) Documented state-listed endangered species or natural community is present 
on the parcel 

(5) Documented federally-listed threatened or endangered species is present on 
the parcel 

 
[Note: Due to the sensitivity of rare & endangered species, no maps have or will 

be provided to the general public of this resource] 
 

ATTRIBUTE 11 – SPECIAL NATURAL RESOURCE FEATURES 
 

Based on: Presence/absence of special natural resource features with 
significant conservation value, such as: 
 open cliffs 
 talus slopes 
 steep south-facing slopes 
 dense softwood stands 
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 caves 
 quarries & mines 
 special geomorphological features 

 The number and quality of such features 
  
Rationale: Special natural resource features enrich the ecological 

and/or cultural fabric of a Town 
 Historical, educational, and/or scenic value are often 

attributed to these features 
 

Point rank:  Value Range 0 – 5 
 
(0) No known special features present on parcel 
(1) 1 special natural resource feature present 
(3) 2 or more special natural resource features present 
(5) 2 or more special natural resource features, and at least one of especial public 

value 
 
 
ATTRIBUTE 12 – ACCESS & FRAGMENTATION 

 
Based on: Current or potential accessibility by pedestrian and/or 

motorized traffic 
 Level of parcel fragmentation by roads or development 
 
Rationale: Parcels accessible by trails or byways have greater potential 

for use by the general public than parcels that are land-
locked  
Parcels fragmented by Class I, II, III or IV roads have less 
value than those not so fragmented 

 Parcels that are farther from residential development have 
higher value for wildlife than those that occur within such 
development  

 Parcels that are farther from residential development have 
higher value for wildlife than those that occur within such 
development 

 
12A Access – based on accessibility of parcel to the public 
 
Point rank:  Value Range 1 – 5 
 
(1) Parcel landlocked and inaccessible by public 
(2) Parcel occurs along a roadside but is posted or otherwise inaccessible by the 

public 
(3) Parcel has roadside access, is not posted, but is owned privately 
(4) Parcel has roadside access, is not posted, is owned publicly, but does not have 

defined trails for the purpose of public recreation 
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(5) Parcel has roadside access, is owned publicly, and has defined trails for the 
purpose of public recreation 

 
12B Fragmentation – based on fragmentation of parcel by roads 
 
Point rank:  Value Range 1 – 5 
 
(1) Parcel < 2.5 acres and fragmented (including bordered) by Class II or III road  
(2) Parcel > 2.5 acres but fragmented (including bordered) by Class II or III road 
(3) Parcel < 2.5 acres and fragmented (including bordered) by Class IV or V road 
(4) Parcel > 2.5 acres and fragmented (including bordered) by Class IV or V road 
(5) Parcel > 2.5 acres, but landlocked and unfragmented 
 

 
ATTRIBUTE 13 - LEVEL OF HUMAN ACTIVITY 

 
Based on: Current condition relative to natural community structure 

Presence/absence of trash, garbage, or other visual human-
caused detractors 

 
Rationale: Parcels with greater amounts of visible human activity are 

less valuable than those with little to no visible human 
activity 

 Ecological processes that provide long-term ecosystem 
stability have greater functionality in undisturbed versus 
disturbed habitats 

 
Point rank:  Value Range 1 – 5 
 
1) High level of human activity visible – many trails, roads, trash, OR < 20% of 

the parcel bordered by undisturbed upland and/or wetland habitat 
2) Moderate level of human activity visible – some trails, roads, trash, OR 20 - 

80% of the parcel bordered by undisturbed upland and/or wetland habitat 
3) Low level of human activity visible – few trails, roads, trash, OR > 80% of the 

parcel bordered by undisturbed upland and/or wetland habitat 
4) Minimal level of human activity visible – few if any trails, roads, trash visible, 

AND > 80% of the parcel bordered by undisturbed upland and/or wetland 
habitat 

5) Parcel unfragmented and lacking any sign of human activity 
 



  

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Appendix C 
 

National Wetlands Inventory (NWI) 
Wetland Classes List 

(including water regime & special modifiers) 
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WETLANDS AND DEEPWATER HABITATS CLASSIFICATION 
(from Cowardin et al. 1979) 

 
SYSTEM              SUBSYSTEM        CLASS                     SUBCLASS 
 
                                  |- RB=Rock Bottom            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  | 
                |-- 1=SUBTIDAL----|- AB=Aquatic Bed            1=Algal 
                |                 |                            3=Rooted Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |                 | 
                |                 |- RF=Reef                   1=Coral 
                |                 |                            3=Worm 
                |                 | 
                |                 |- OW=Open Water/Unknown Bottom (used on older 
                |                                                  maps) 
M=MARINE--------| 
                | 
                |                 |- AB=Aquatic Bed            1=Algal 
                |                 |                            3=Rooted Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |                 | 
                |                 |- RF=Reef                   1=Coral 
                |-- 2=INTERTIDAL--|                            3=Worm 
                                  | 
                                  |- RS=Rocky Shore            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- US=Unconsolidated Shore   1=Cobble-Gravel 
                                                               2=Sand 
                                                               3=Mud 
                                                               4=Organic 
 
                                  |- RB=Rock Bottom            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
E=ESTUARINE-----|    | 
                |-- 1=SUBTIDAL----|- AB=Aquatic Bed            1=Algal 
                |                 |                            3=Rooted Vascular 
                |                 |                            4=Floating  
                |                 |                              Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |                 |                            6=Unknown Surface 
                |                 |- RF=Reef                   2=Mollusc 
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                |                 |                            3=Worm 
                |                 |- OW=Open Water/Unknown Bottom (used on older 
E=ESTUARINE-----| 
                |                 |- AB=Aquatic Bed            1=Algal 
                |                 |                            3=Rooted Vascular 
                |                 |                            4=Floating  
                |                 |                              Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |                 |                            6=Unknown Surface 
                |                 | 
                |                 |- RF=Reef                   2=Mollusc 
                |                 |                            3=Worm 
                |                 | 
                |                 |- SB=Streambed              3=Cobble-Gravel 
                |                 |                            4=Sand 
                |                 |                            5=Mud 
                |                 |                            6=Organic 
                |                 | 
                |                 |- RS=Rocky Shore            1=Bedrock 
                |                 |                            2=Rubble 
                |                 | 
                |-- 2=INTERTIDAL--|- US=Unconsolidated Shore   1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  | 
                                  |- EM=Emergent               1=Persistent 
                                  |                            2=Nonpersistent 
                                  | 
                                  |- SS=Scrub-Shrub            1=Broad-Leaved 
                                  |                              Deciduous 
                                  |                            2=Needle-Leaved 
                                  |                              Deciduous 
                                  |                            3=Broad-Leaved  
                                  |                              Evergreen 
                                  |                            4=Needle-Leaved 
                                  |                              Evergreen 
                                  |                            5=Dead 
                                  |                            6=Indeterminate 
                                  |                              Deciduous 
                                  |                            7=Indeterminate 
                                  |                              Evergreen 
                                  | 
                                  |- FO=Forested               1=Broad-Leaved 
                                                                 Deciduous 
                                                               2=Needle-Leaved 
                                                                 Deciduous 
                                                               3=Broad-Leaved 
                                                                 Evergreen 
                                                               4=Needle-Leaved 
                                                                 Evergreen 
                                                               5=Dead 
                                                               6=Indeterminate 
                                                                 Deciduous 
                                                               7=Indeterminate 
                                                                 Evergreen 
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SYSTEM              SUBSYSTEM        CLASS                     SUBCLASS 
 
                                  |- RB=Rock Bottom            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                                  |                            2=Sand 
                |--1=TIDAL--------|                            3=Mud 
                |                 |                            4=Organic 
                |                 | 
                |                 |-*SB=Streambed              1=Bedrock 
                |                 |                            2=Rubble 
                |                 |                            3=Cobble-Gravel 
                |--2=LOWER        |                            4=Sand 
                |    PERENNIAL----|                            5=Mud 
                |                 |                            6=Organic 
                |                 |                            7=Vegetated 
                |                 | 
                |                 |- AB=Aquatic Bed            1=Algal 
R=RIVERINE------|--3=UPPER        |                            2=Aquatic Moss 
                |    PERENNIAL----|                            3=Rooted Vascular 
                |                 |                            4=Floating  
                |                 |                              Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |--4=INTERMITTENT-|                            6=Unknown Surface 
                |                 | 
                |                 |- RS=Rocky Shore            1=Bedrock 
                |                 |                            2=Rubble 
                |                 | 
                |                 |- US=Unconsolidated Shore   1=Cobble-Gravel 
                |--5=UNKNOWN      |                            2=Sand 
                |    PERENNIAL----|                            3=Mud 
                   (used on older |                            4=Organic 
                    maps)         |                            5=Vegetated 
                                  | 
                                  |-**EM=Emergent              2=Nonpersistent 
                                  | 
                                  |- OW=Open Water/Unknown Bottom (used on older 
                                  |                                maps) 
                                  |-*STREAMBED is limited to TIDAL and 
                                  | INTERMITTENT SUBSYSTEMS, and comprises  
                                  | the only CLASS in the INTERMITTENT SUBSYSTEM. 
                                  | 
                                  |-**EMERGENT is limited to TIDAL and LOWER 
                                  | PERENNIAL SUBSYSTEMS. 
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SYSTEM              SUBSYSTEM        CLASS                     SUBCLASS 
 
                                  |- RB=Rock Bottom            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  | 
                |-- 1=LIMNETIC----|- AB=Aquatic Bed            1=Algal 
                |                 |                            2=Aquatic Moss 
                |                 |                            3=Rooted Vascular 
                |                 |                            4=Floating  
                |                 |                              Vascular 
                |                 |                            5=Unknown  
                |                 |                              Submergent 
                |                 |                            6=Unknown Surface 
                |                 | 
                |                 |- OW=Open Water/Unknown Bottom (used on older 
                |                                                  maps) 
L=LACUSTRINE----| 
                | 
                | 
                |                 |- RB=Rock Bottom            1=Bedrock 
                |                 |                            2=Rubble 
                |                 | 
                |                 |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                |                 |                            2=Sand 
                |                 |                            3=Mud 
                |                 |                            4=Organic 
                |                 | 
                |                 |- AB=Aquatic Bed            1=Algal 
                |                 |                            2=Aquatic Moss 
                |                 |                            3=Rooted Vascular 
                |                 |                            4=Floating 
                |-- 2=LITTORAL----|                              Vascular 
                                  |                            5=Unknown 
                                  |                              Submergent 
                                  |                            6=Unknown Surface 
                                  | 
                                  |- RS=Rocky Shore            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- US=Unconsolidated Shore   1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  |                            5=Vegetated 
                                  | 
                                  |- EM=Emergent               2=Nonpersistent 
                                  | 
                                  |- OW=Open Water/Unknown Bottom (used on older 
                                                                   maps) 
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SYSTEM              SUBSYSTEM        CLASS                     SUBCLASS 
 
                                  |- RB=Rock Bottom            1=Bedrock 
                                  |                            2=Rubble 
                                  | 
                                  |- UB=Unconsolidated Bottom  1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  | 
                                  |- AB=Aquatic Bed            1=Algal 
                                  |                            2=Aquatic Moss  
                                  |                            3=Rooted Vascular 
                                  |                            4=Floating 
                                  |                              Vascular 
                                  |                            5=Unknown  
                                  |                              Submergent 
                                  |                            6=Unknown Surface 
                                  | 
                                  |- US=Unconsolidated Shore   1=Cobble-Gravel 
                                  |                            2=Sand 
                                  |                            3=Mud 
                                  |                            4=Organic 
                                  |                            5=Vegetated 
                                  | 
                                  |- ML=Moss-Lichen            1=Moss 
                                  |                            2=Lichen 
                                  | 
P=PALUSTRINE----------------------|- EM=Emergent               1=Persistent 
                                  |                            2=Nonpersistent 
                                  | 
                                  |- SS=Scrub-Shrub            1=Broad-Leaved 
                                  |                              Deciduous 
                                  |                            2=Needle-Leaved 
                                  |                              Deciduous 
                                  |                            3=Broad-Leaved  
                                  |                              Evergreen 
                                  |                            4=Needle-Leaved 
                                  |                              Evergreen 
                                  |                            5=Dead 
                                  |                            6=Indeterminate 
                                  |                              Deciduous 
                                  |                            7=Indeterminate 
                                  |                              Evergreen 
                                  | 
                                  |- FO=Forested               1=Broad-Leaved 
                                  |                              Deciduous 
                                  |                            2=Needle-Leaved 
                                  |                              Deciduous 
                                  |                            3=Broad-Leaved 
                                  |                              Evergreen 
                                  |                            4=Needle-Leaved 
                                  |                              Evergreen 
                                  |                            5=Dead 
                                  |                            6=Indeterminate 
                                  |                              Deciduous 
                                  |                            7=Indeterminate 
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                                  |                              Evergreen 
                                  | 
                                  |- OW=Open Water/Unknown Bottom (used on older 
                                                                   maps) 
 
 
 
                                   MODIFIERS 
 
                                  |- A=Temporarily Flooded 
                                  |- B=Saturated                       
                                  |- C=Seasonally Flooded 
                                  |- D=Seasonally Flooded/Well Drained 
                                  |- E=Seasonally Flooded/Saturated  
                                  |- F=Semipermanently Flooded 
                |--Non-Tidal------|- G=Intermittently Exposed 
                |                 |- H=Permanently Flooded 
                |                 |- J=Intermittently Flooded 
                |                 |- K=Artificially Flooded  
                |                 |- W=Intermittently Flooded/Temporary (used on 
                |                 |                                    older maps)  
                |                 |- Y=Saturated/Semipermanent/Seasonal (used on 
                |                 |                                    older maps) 
                |                 |- Z=Intermittently Exposed/Permanent (used on 
                |                 |                                    older maps) 
WATER REGIME----|                 |- U=Unknown 
                |                  
                |                   
                |                     
                |                  
                |                 |- K=Artificially Flooded 
                |                 |- L=Subtidal    
                |                 |- M=Irregularly Exposed   
                |                 |- N=Regularly Flooded  
                |--Tidal----------|- P=Irregularly Flooded 
                                  |-*S=Temporary-Tidal    
                                  |-*R=Seasonal-Tidal 
                                  |-*T=Semipermanent-Tidal 
                                  |-*V=Permanent-Tidal 
                                  |- U=Unknown 
                                  |  
                                  |-*These water regimes are only used in  
                                  |  tidally influenced, freshwater systems. 
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                                  |- 1=Hyperhaline 
                                  |- 2=Euhaline 
                |--Coastal        |- 3=Mixohaline (Brackish) 
                |  Halinity-------|- 4-Polyhaline 
                |                 |- 5=Mesohaline 
                |                 |- 6=Oligohaline 
                |                 |- 0=Fresh 
                | 
                | 
                | 
WATER CHEMISTRY-| 
                |                 |- 7=Hypersaline 
                |--Inland         |- 8=Eusaline 
                |  Salinity-------|- 9=Mixosaline 
                |                 |- 0=Fresh 
                | 
                |  
                | 
                | 
                |--pH Modifiers   |- a=Acid 
                   for all        |- t=Circumneutral 
                   Fresh Water----|- i=Alkaline 
 
 
 
 
SOIL------------------------------|- g=Organic 
                                  |- n=Mineral 
 
 
 
 
                                  |- b=Beaver 
                                  |- d=Partially Drained/Ditched 
SPECIAL MODIFIERS-----------------|- f=Farmed 
                                  |- h=Diked/Impounded 
                                  |- r=Artificial Substrate 
                                  |- s=Spoil 
                                  |- x=Excavated 
 
U = Uplands 
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