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 ASSESSMENT OF THE NATIONAL WETLANDS INVENTORY: 
IMPLICATIONS FOR WETLAND PROTECTION 


 
 


Leslie A. Morrissey and William R. Sweeney* 
 
 
ABSTRACT: Historically, wetland loss and disturbance across the United States have been largely associated with 
agricultural land use practices. Recent trends in urban development within and around wetlands in response to growing 
populations, however, have attracted attention and concern. The increasing trend in wetland losses and knowledge of the 
functional values wetlands provide communities have led state and local governments to strengthen wetland regulations. 
Many local and state governments, however, lacking the resources to generate up-to-date and detailed wetland maps have 
mandated their wetland regulations be implemented based on the National Wetlands Inventory (NWI). Vermont, for example, 
enacted such legislation in 1990. Because NWI maps were not intended for regulatory purposes, however, their use has 
important implications for wetland protection across the U.S. 


To address this issue, this study (1) compared the accuracy of NWI maps to updated wetland databases over a 50,000 
acre area encompassing two townships in central Vermont, and (2) evaluated development histories within these townships 
over nearly a decade. Updated wetland databases were derived from 1:40,000 scale CIR photography and incorporated within 
a GIS framework for subsequent analyses. Not surprisingly, the NWI underestimated the areal extent of wetlands over the 
study area by 39%. In addition, analysis of building permits confirmed that development of parcels containing wetlands rose 
from 23% to 100% over the study period. In summary, this study confirms that relying solely on the NWI may fail to protect 
a significant fraction of wetland resources in Vermont and the U.S.  
KEY WORDS: wetlands; development; mapping; map accuracy; National Wetlands Inventory 
 
 


INTRODUCTION 
 


Prior to the mid-1950s, as much as 87% of all wetland losses in the United States were attributed to agricultural 
practices, particularly the conversion of fertile wetland soils to cropland. By the mid-1980s, in contrast, agriculture accounted 
for only 20% of all wetland loss nationally (NRCS, 1992). Although this shift is due in part to the decline in agricultural land 
use across the country since 1950, wetland losses today are largely the consequence of urban development activities. 
Residential, commercial, and industrial development alone are estimated to be responsible for 48-57% of all wetland loss or 
impairment in the U.S. today and over 90% of all recent losses within New England (NRCS 1992, Brady and Flather 1994). 
Within Vermont, wetland losses in Chittenden County, the most rapidly developing county in the state, are twice that of any 
other county in the state (Vermont Agency of Natural Resources, 1996).  


To protect the state’s remaining wetlands from the increasing threat of development, the Vermont Wetland Rules (VWR) 
were enacted in 1990 which defined guidelines for the identification, protection, and regulation of significant wetlands. 
Under the VWR, state regulatory wetlands are defined as those identified on National Wetlands Inventory (NWI) maps 
(Vermont Water Resources Board, 1990). All such wetlands are subject to state regulation, as is any development that has the 
potential to compromise the ecological integrity or cultural values within a designated buffer zone extending from the 
wetland perimeter. Administration of the VWR lies with local municipalities, including requiring developers to seek state 
permits if their proposed activities fall within an identified wetland or its buffer zone.  


Although National Wetlands Inventory (NWI) maps are the legal basis for the regulation of development near wetlands 
in Vermont, as well as many communities across the U.S., their limitations for local regulatory purposes are well recognized 
(Tiner, 1987; Dudley, 1997). When resources allow, local governments have led efforts to create wetland maps at scales and 
accuracies more appropriate to their needs. Unfortunately, these efforts are largely uncoordinated and, because of variable 
wetland definitions between political administrations, resultant maps are often non-standardized and thus difficult to share 
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(Springston, 1993). For the many U.S. communities lacking the resources to independently map their wetlands, the NWI 
compiled largely from 1:80,000 scale aerial photography from the 1980’s remain their primary source of wetland boundary 
information.  


In recognition of these issues and the potential implications for wetland protection, this study assessed the accuracy of 
NWI wetland maps and analyzed development trends on lands adjacent to wetlands over an eight-year period (1990-1998) for 
two rural townships in Chittenden County, Vermont. The size, areal extent, number, and type of NWI wetlands were 
examined in relation to recently updated wetland maps commissioned by the townships and linked with building permit data 
within a Geographic Information System (GIS).  
 
 


METHODOLOGY 
 


GIS Database Development 
 


This study was conducted for the adjacent townships of Charlotte and Hinesburg, Vermont within the Lake Champlain 
watershed. The townships are nearly equal in area and represented by a patchwork of agricultural and forested lands. 
Although striving to preserve their historic rural character, both towns are facing increasing development pressures from 
Burlington, the nearby urban center which is the largest and fastest growing in the state.  


 
Wetland Mapping 
 


Digital maps of each township’s existing wetlands were derived from both the NWI and photo-interpreted 1:40,000 scale 
color-infrared (CIR) aerial photography acquired through the U.S. National High Altitude Photography (NHAP) program. 
The process used to create the updated wetlands maps was consistent in design between the two townships. In addition, all 
photo-interpretation and wetland delineations were performed by a single individual. The aerial photography was acquired 
during the spring of 1992-94 during leaf-off conditions to allow for canopy penetration and the identification of high water 
levels. Wetland boundaries were traced onto acetate overlays. The minimum mapping unit was approximately 1 acre. 
Identified wetlands were classified using the U.S. Fish and Wildlife Service Wetland Classification System (Cowardin et al., 
1979) aided by site visits. Wetlands within the study area were thus classified into four functional groups: emergent, forested, 
scrub-shrub, and unconsolidated bottom.  


Following photointerpretation, the CIR transparencies and acetate overlays were scanned, rectified to a map base, and 
the wetland boundaries screen digitized to create a vector wetland data layer. The resultant ground (pixel) resolution of the 
imagery was approximately 3 meters, twice that of the source photography from which the NWI maps were derived. The 
images were then ortho-rectified to remove inherent distortions and registered to a common map base using ground control 
points (GCP), the state’s E911 road data layer (1:5,000 scale), and 1:5,000 digital elevation model (DEM) data provided by 
the Vermont Mapping Program. At least 25 GCPs were selected and distributed throughout each image. Using the 
delineations that were embedded in the rectified images, a wetland data layer was created by digitizing wetland boundaries on 
screen and adding attribute information. All image processing was completed using ERDAS Imagine and the OrthoMax 
module (ERDAS, 1997). Resultant wetland maps were saved as coverages within ESRI’s ArcInfo (ESRI, 1997).  


Subsequent spatial analyses examined the differences between the NWI wetland maps and the updated wetland maps for 
each township. The analysis examined the areal extent, type, number, and size of wetlands for each set of maps.  
 
Development Permits 
 


All local building and state wetland permits issued within the towns of Charlotte and Hinesburg between the years 1990 
and 1998 were examined and tabulated as attribute data within the tax parcels data layer for each town. Detailed local 
building permits were reviewed at each Town Hall and used as an indicator of development activity. Permits issued by the 
VT Department of Environmental Conservation, in turn, identified parcels containing wetlands for which development was 
proposed, while the State’s Wetlands Office provided detailed wetland descriptions for each permit administered.  
 
 


RESULTS 
 


Not surprisingly, the NWI dramatically underestimated both the number and areal extent of wetlands within the 
Charlotte and Hinesburg townships (Figure 1). Compared to the updated wetland maps derived from the NHAP imagery, the 
NWI underestimated the areal extent of wetlands over the ~50,000 acre study area by 39%. Whereas the NWI identified 383 
palustrine wetlands encompassing 2425 acres or approximately 4.7%of the study area, the updated wetland maps identified 
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1791 wetlands encompassing 3980 acres representing 7.7% of the study area. Figures 2 and 3 illustrate that wetlands less 
than or equal to the three-acre nominal minimum mapping resolution of the NWI were most often omitted. In fact, 82% of 
wetlands ≤ 3 acres both in number and areal extent were omitted from the NWI maps. More surprisingly, 68% by number and 
64% of the areal extent of wetlands ranging in size from 3 to over 20 acres were also omitted (Figure 2) from the NWI maps. 
The error in the overall NWI wetland inventory due to omission of both the smaller and moderate-sized wetlands was largely 
offset, however, by NWI’s gross overestimation (83%) of the areal extent of wetlands greater than 20 acres in size (Figure 3). 
As the results indicate, the 1:80,000 scale of the NWI source photography is simply inappropriate to capture the numerous 
small wetlands or accurately delineate the complex boundaries that are common in heterogeneous landscapes characteristic of 
many rural areas, such as in Vermont.  
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Figure 1. Wetland inventories by number and areal extent for the NWI and updated wetland maps for the townships of 
Charlotte and Hinesburg, VT. The updated wetland maps identified 4.5 fold more wetlands and 39% more wetland area.  
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Figure 2. Frequency distribution by wetland size class for the NWI and updated wetland maps for the towns of Charlotte and 
Hinesburg, VT. Although the majority of the wetlands omitted (1210) from the NWI maps were smaller than the NWI’s 
minimum mapping unit of 3 acres, over 200 wetlands ranging in size from 3 to over 20 acres were also omitted.  
 
 


Overall, NWI classification accuracy was also clearly related to wetland type (Figure 4). In particular, the NWI omitted 
79% of the emergent wetland area and 64% of the forested wetlands and their associated complexes. Only a small fraction of 
the total wetland area within the townships was represented by the scrub-shrub and unconsolidated bottom wetlands. 
Historically, forested wetlands were considered the most difficult to photo-interpret and thus regarded as the most likely to be 
omitted from maps derived from aerial photography (Kudray and Gale, 2000). As demonstrated here, however, the detection 
of emergent wetlands may also prove difficult, particularly when located in or adjacent to agricultural fields appearing similar 
in tone and texture. Importantly, it is often these marginal agricultural lands that are increasingly sought for development 
throughout the region. These emergent wetlands, therefore, could be readily overlooked when faced with the pressures of 
development if not accurately mapped.  
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Figure 3. Wetland area by wetland size class for the NWI and updated wetland maps for the towns of Charlotte and 
Hinesburg, VT. Nearly 82% of the areal extent of wetlands ≤ 3 acres and 64% of wetlands in the 3-20 acre size class were 
omitted from the NWI maps. In contrast, the NWI overestimated the areal extent of wetlands over 20 acres in size by 83%.  
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Figure 4. Wetland area omitted by the NWI by wetland class for the towns of Charlotte and Hinesburg, VT.   


Emergent wetlands were the most commonly omitted (79% by area), followed by forested wetlands (64% by area). 
 
 


 
Using the NWI and updated wetland data layers, we identified parcels that both included wetlands and that were 


developed during the period of this study. Although the presence of a wetland on a developed property does not necessarily 
mean that construction took place within the wetland or its associated buffer zone, it does provide insight into the proximity 
of new development to wetland resources. Despite some variability over time in the number of building permits for new 
development, the fraction of parcels developed that included wetlands rose from 23% in 1992 to 100% in 1998 (Figure 5). 
These results suggest that although the trend of urban growth began in the 1980s, it is only in the last decade that the use of 
marginal land, including parcels on which wetlands are located, has become commonplace.  
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Figure 5. Distribution over time in the number of building permits and percentage of developed parcels containing wetlands 
for the towns of Charlotte and Hinesburg, VT. In the last decade the use of marginal land, including parcels on which 
wetlands are located, has become commonplace.  


 
 


CONCLUSIONS 
 
Although changes in wetland boundaries over the approximately 15 year intervening period between when the NWI and 


updated maps were produced cannot be ruled out as contributing to the observed differences between these data, the results 
summarized here clearly indicate that the relatively poor spatial resolution, generalized delineation of wetland boundaries, 
and poor classification accuracy of the NWI severely compromises its value to aid management of wetland resources in 
spatially-complex landscapes such as in Vermont. Although this is not a new realization for the many communities charged 
with administering their state wetland regulatory programs, the reality is that many municipal planning departments across 
the country do not have the resources or trained staff to generate more accurate and detailed wetland maps. As a 
consequence, the effectiveness of many wetland protection programs may be limited in part by the accuracy of the NWI and, 
therefore, may fail to effectively protect many wetlands despite the intent of regulatory legislation. Investment in higher 
spatial resolution and updated wetland maps, in contrast, offers the potential to strengthen wetland protection, particularly in 
the face of increasing development pressures, and improve management of development in and near wetlands in rural areas 
throughout the U.S.  
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Recommendation 


Wetlands Committee Recommendation                      Page 1 of 1                                       9/21/2012 


Issue:  Minor Updates  
 
Overview:  The Wetlands Committee has reviewed Article IV. Conservation Overlay 
District and Article XIII. Definitions many times and has noted several minor changes 
that would: 
 Strengthen the language regarding intent 
 Update the language to reflect current thinking  
 Remove unneeded text  
 Move text to more appropriate locations 
 Add some Permitted Uses by Special Exception 
 Add some Prohibited Uses 
 Add definitions 


Recommendation:  Approve the multiple minor changes made in Articles IV and 
XIII. 


Reasoning: 
 


• It has been some time since the entire ordinance has been reviewed with the 
goal to be an easier to read, easier to understand document. The Committee 
has had the luxury of reviewing Article IV in depth and developing 
recommendations. 


Specification:  Amend Article IV. Conservation Overlay District and Article XIII. 
Definitions - see Draft Ordinance with Changes 
 





		Issue:  Minor Updates

		Recommendation:  Approve the multiple minor changes made in Articles IV and XIII.

		Reasoning:

		Specification:  Amend Article IV. Conservation Overlay District and Article XIII. Definitions - see Draft Ordinance with Changes
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ARTICLE IV. CONSERVATION OVERLAY DISTRICTS 
 
These special regulations of overlay districts are in addition to the regulations of the underlying zoning 
district. 
 
In all cases where the Wetlands Conservation Overlay District is superimposed over another zoning 
district in the Town of Springfield, that district whose regulations are more restrictive shall apply.  
Furthermore, where any provision of this district differs from those of other ordinances or regulations of 
the Town or State, then that provision or ruling which imposes the greater restriction or higher standard 
shall govern. 


4.10 WETLANDS CONSERVATION OVERLAY DISTRICT 
 
Wetlands are extremely important to the Town as they provide area for floodwater storage, wildlife 
habitat and groundwater recharge.  It is intended that this Overlay District shall:    
Wetlands are extremely important to the Town as they provide for the protection of water quality, for 
floodwater storage, for wildlife habitat and for groundwater recharge. It is intended that this Overlay 
District shall: 
 


1. Prevent the development of structures and land uses on naturally occurring wetlands which will 
cause or contribute  to pollution of surface and or groundwater by sewage or toxic substances on 
naturally occurring wetlands; 


 
2. Prevent destruction of or significant changes or degradations to natural wetlands which provide 


flood protection; 
 
3. Protect unique, rare and valuable natural areas; 
 
4. Protect wildlife habitat and maintain ecological balance; 
 
5. Protect the water quality of potential water supplies and existing aquifers (water bearing stratum) 


and aquifer recharge areas; 
 
6. Encourage those low intensity uses that can be harmoniously, appropriately and safely located in 


wetlands. 


 
4.11 Wetlands Conservation Overlay District Boundaries 


The Wetlands Conservation Overlay District is an overlay district which places additional land use 
controls on existing underlying zoning districts. The boundaries of the Wetlands Conservation Overlay 
District include all wetlands greater than 10,000 7,000 square feet in size and wetland buffer areas 
described as follows: 
 


1. Wetlands, as defined herein, greater than 10,000 7,000 square feet in size which include, but are 
not limited to, swamps, marshes and bogs. 


2.   Naturally occurring vernal pools. 
 
23. The wetland buffers as specified below in Section 4.12 – Wetland Buffers. 
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The boundary of a wetland on a specific site must be delineated by a certified wetlands scientist.  The 
wetlands to be protected by this Ordinance are delineated on the Springfield Wetlands Protection Map 
dated August 2005.  This map is available for viewing in the Office of the Board of Selectmen.  The 
wetlands delineated on the Springfield Wetlands Protection Map are based on the National Wetlands 
Inventory Maps of Wetlands.  This map shows the general location of wetlands as defined by this 
Ordinance except if the wetland is 10,000 square feet or less. 
 
 All applications for a land use change (building permit, subdivision, site plan, etc) will be 
reviewed by a representative of the Board of Selectmen or Planning Board, as appropriate, and a 
representative of the Conservation Commission, who will visually inspect the area in question 
and report to the applicable Board as to the presence or absence of wetlands and wetlands buffers 
in the area to be impacted by the proposed land use change.    


If the Applicant is dissatisfied with the report rendered by the Board representative and the 
Conservation Commission, the Applicant may retain an independent Certified Wetlands 
Scientist, at the Applicant’s expense, who will visually inspect the area in question and present a 
written report to the applicable Board as to the presence or absence of wetlands and wetlands 
buffers in the area to be impacted by the proposed land use change. 


 In the event that the report concludes that wetlands are likely present and the Applicant wishes 
to continue the application process, the Applicant may retain an independent Certified Wetlands 
Scientist to map the area in question at the Applicant’s expense. The delineation shall be 
consistent with DES Wetlands Bureau Rules, as amended. The completion of a New England 
District Wetland Delineation Datasheet (US Army Corps of Engineers, latest version) by the 
Certified Wetland Scientist can provide the appropriate level of documentation to address 
questions about the delineation. A report of the Scientist’s findings shall be submitted to the  
Town Board applied to, and shall include, if warranted, a wetland map of the area in question, 
along with a written report of the results of the investigation, together with data forms 
completed.  
The Town Board applied to shall make the final determination of the wetlands limit based on the evidence 
presented and may require review of the documentation, at the Applicant’s expense, by an independent 
Certified Wetlands Scientist.  


 
  


 
4.12 Wetland Buffers 


Wetland buffers are areas that are designed to remain vegetated in an undisturbed and natural condition to 
provide and protect habitat and travel corridors for wildlife and to protect adjacent wetland functions and 
values from upland impacts to water quality.  Unless otherwise specified in Section 4.14, wetland buffers 
shall be retained in their natural condition.  Where wetland buffer disturbance has occurred during 
construction, restoration is required. All wetland buffers are measured from the wetland boundary. 


Wetland buffers are areas that are designed to remain vegetated and in an undisturbed and natural 
condition that will: 


1. provide and protect habitat and travel corridors for wildlife;  
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2. prevent adverse impact to adjacent wetlands;  


3. protect the water quality to adjacent wetlands. 


Unless otherwise specified in Section 4.14, wetland buffers shall be retained in their natural 
condition. Where wetland buffer disturbance has occurred during construction, restoration is required. All 
wetland buffers are measured from the wetland boundary. 


The minimum width of the wetland buffers shall be: 
 


1. 660 feet from the wetland boundary of McDaniel’s Marsh; and 
 
2. 100 feet from the wetland boundary of all other wetlands greater than 10,000 square feet in size. 


The minimum width of the wetland buffers shall be: 


1. Buffers 100 feet wide around wetlands and marshes greater than 7,000 square feet, and 
wetlands and marshes of any size adjacent to open water. The buffer is reduced to 50 feet in 
width in areas where a wetland transitions to a forested wetland that is in excess of 100 feet in 
width, measured from the high water mark of the wetland.  


2. Buffer 50 feet wide around naturally occurring vernal pools. This buffer is a “no disturbance” 
buffer, and not subject to Section 4.14 Uses Permitted By Special Exception    


3. Buffer 660 feet wide around  McDaniel’s Marsh 


4. Buffer  150 feet wide  around Special Wetlands 


 
The boundary of the Wetlands Conservation Overlay District and entire length of the upland limit of the 
wetland buffer as delineated by a certified Wetlands Scientist shall be marked with highly visible 
construction tape prior to, and maintained for the full duration of, any construction-related activities.  
 


 
4.13 Permitted Uses 


Development is not permitted in the Wetlands Conservation Overlay District including the wetland 
buffers specified above.  Permitted uses are those which will not require the erection or construction of 
any structures or buildings; will not alter the natural surface configuration by addition of fill or by 
dredging; and uses that are otherwise permitted by the Zoning Ordinance.  The following uses are 
permitted provided a use is not prohibited or restricted by Section 4.15 Prohibited Uses or otherwise 
prohibited by the Zoning Ordinance. Such uses include the following: 
 
A. Forestry and tree farming using best management practices in order to protect wetlands from damage 


and prevent sedimentation. 


B. Cultivation and harvesting of crops according to recognized soil conservation practices including the 
protection of the wetlands from pollution caused by fertilizers, pesticides and herbicides used in such 
cultivation. 


C. Wildlife refuges. 


D. Parks and outdoor recreation uses consistent with the purpose and intent of this Ordinance; 


E. Conservation areas and nature trails. 
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F. Open Spaces as permitted or required by the Subdivision Regulations or the Zoning Ordinance. 


G. Dry hydrants or fire ponds which are constructed to permit unobstructed flow of water.   


H. Docks, breakwaters, moorings, beach maintenance and wells as permitted by the Wetlands Bureau of 
the NH Department of Environmental Services. 


 
4.14 Uses Permitted by Special Exceptions 


All activities in the Wetland Conservation Overlay District not listed in 4.13 Permitted Uses are presumed 
to impair the wetland functions and values unless proven otherwise by the Applicant as provided in this 
Ordinance. 
 
The following uses may be permitted by the Zoning Board of Adjustment provided an application 
complies with all of the provisions outlined in Section 3.12 – Uses Permitted by Special Exceptions and 
Section 11.42 – Special Exceptions: 
 
A. Water impoundments which do not substantially alter non-stream wetlands and subject to approval of 


wetland permits by the Wetlands Bureau of the New Hampshire Department of Environmental 
Services, if required; and  


B. Road, driveway and utility right of way or easement crossings only if there is no feasible alternative 
location and subject to approval of wetland permits by the Wetlands Bureau of the New Hampshire 
Department of Environmental Services, if required. 


B. Replacement of septic tanks and leach fields where evidence is submitted that no viable alternative 
exists elsewhere on the lot. 


C. The construction, repair, or maintenance of streets, roads, and other access ways, including 
driveways, footpaths, bridges, and utility right of way easements including power lines and pipe lines, 
if essential to the productive use of land adjacent to the Wetlands Conservation Overlay District. 
These uses shall be located and constructed in such a way as to minimize any detrimental impact 
upon the wetlands and consistent with state recommended design standards (see Fish and Game 
Department 2008, or as amended and subject to approval of the DES Wetlands Bureau, if required), 
and only if no viable alternative is available.  


B.D. Other uses that the Applicant proves will not interfere with the wetlands functions and values, 
water quality or value as wildlife habitat, pursuant to Section 4.10 


E. As provided in Article VIII. 


 
4.15 Prohibited Uses 


Uses prohibited within the Wetlands Conservation Overlay District include, but are not limited to, the 
following: 
 


A. The establishment or expansion of salt storage sheds, automobile junk yards, solid waste facilities 
or hazardous waste facilities. 


B. The bulk storage of chemicals, petroleum products, toxic or hazardous materials.  


C. The dumping or disposal of snow or ice collected from roadways and parking areas located 
outside the Overlay District. 


D. Filling, dredging, or draining of the wetland. 
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E. Changing the flow of water. 


F. Pollution of the wetlands, surface water, or groundwater. 


G. Substantial clearing of vegetation, except for the purposes of agriculture or forest management in 
accord with current best management practices. 


H. Use of fertilizer on lawns, except lime or wood ash. 
I. Sand and gravel excavations. 


J. Mineral extraction. 


K. Processing of excavated materials. 


L. Impervious surfaces, unless associated with a use approved as a Special Exception. 


M. Activities which result in soil compaction such as parking vehicles or heavy equipment, unless 
associated with a use approved as a Special Exception. 


N. Underground tanks. 


O. Storage of petroleum products, hazardous chemicals or materials, chemical fertilizers, pesticides, 
insecticides or herbicides. 


 


 
4.16 Restoration 


Any Wetland or wetland buffer altered in violation of this Ordinance shall be restored at the expense of 
the offender and to the satisfaction of the Town. 
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4.20 SHORELAND CONSERVATION OVERLAY DISTRICT 
 
Shoreland is extremely important to the Town as it provides protection of water bodies which provide 
significant scenic, recreational, and wildlife values with the potential for public water supplies.  It is 
intended that this Overlay District shall:    
 
A. Protect natural areas by preventing the development of structures and land uses within 100 feet of a 


water body which will potentially contribute to pollution of surface and groundwater by sewage or 
toxic substances; 


B. Protect surface waters from sedimentation, turbidity, runoff of storm water, and effluent from sewage 
disposal systems; 


C. Preserve tree cover and other vegetative cover; 


D. Protect wildlife habitat and maintain ecological balance; 


E. Preserve scenic views; 


F. Encourage those low intensity uses that can be harmoniously, appropriately and safely located with 
the shoreland. 


 
4.21 Shoreland Conservation Overlay District Boundaries 


The Shoreland Conservation Overlay District is an overlay district which places additional land use 
controls on existing underlying zoning districts. The boundaries of the Shoreland Conservation Overlay 
District include areas within 100 feet of any water body as defined in this ordinance.  The boundary shall 
be measured horizontally from the top of the bank of any water body. 
 
The Shoreland Conservation Overlay District shall be considered to have been established in March 2006 
for the purposes of this ordinance due to the adoption of similar restrictions at that time in an earlier 
ordinance. 
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4.22 Permitted Uses 


Permitted uses in the Shoreland Conservation Overlay District are those which meet the requirements of 
the NH Shoreland Water Quality Protection Act and will not require the erection or construction of any 
structures or buildings; will not alter the natural surface configuration by addition of fill or by dredging; 
and uses that are otherwise permitted by the Zoning Ordinance as follows: 
 
A. Forestry and tree farming using best management practices in order to protect water bodies from 


damage and prevent sedimentation. 


B. Cultivation and harvesting of crops according to recognized soil conservation practices including 
the protection of the water bodies from pollution caused by fertilizers, pesticides and herbicides 
used in such cultivation. 


C. Wildlife refuges. 


D. Parks and outdoor recreation uses consistent with the purpose and intent of the District; 


E. Conservation areas and nature trails. 


F. Wells, waterlines, and septic systems. 


F. Open Spaces as permitted or required by the Springfield Regulations or the Zoning Ordinance. 


G. Dry hydrants or fire ponds which are constructed to permit unobstructed flow of water.   


H. Docks, breakwaters, moorings, beach maintenance and wells as permitted by the Wetlands Bureau 
of the NH Department of Environmental Services.   


 


 
4.23 Uses Permitted by Special Exceptions 


All activities in the Shoreland Conservation Overlay District not listed in 4.22 Permitted Uses are 
presumed to impair the shoreland functions and values unless proven otherwise by the Applicant as 
provided in this Ordinance. 
 
The following uses may be permitted by the Zoning Board of Adjustment provided an application 
complies with all of the provisions outlined in Section 3.12 – Uses Permitted by Special Exceptions  and 
Section 11.42 Special Exceptions and is permitted by the New Hampshire Department of Environmental 
Services, if required: 
 


A. Water impoundments which do not unreasonably interfere with the functioning of natural systems 
or that the environmental benefits of the impoundment outweigh the adverse impacts;  


B. Boathouses 
C. Road, driveway and utility right of way or easement crossings only if there is no feasible alternative 


location. 
D.C. As provided in Article VIII. 


D. Replacement of septic tanks and leach fields where evidence is submitted that no viable 
alternative exists elsewhere on the lot. 


E. The construction, repair, or maintenance of streets, roads, and other access ways, including 
driveways, footpaths, bridges, and utility right of way easements including power lines and pipe 
lines, if essential to the productive use of land adjacent to the Wetlands Conservation Overlay 
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District. These uses shall be located and constructed in such a way as to minimize any detrimental 
impact upon the wetlands and consistent with state recommended design standards (see Fish and 
Game Department 2008, or as amended and subject to approval of the DES Wetlands Bureau, if 
required), and only if no viable alternative is available.  


F. Other uses that the Applicant proves will not interfere with the wetlands functions and values, 
water quality or value as wildlife habitat, pursuant to Section 4.10 


 


 


 
4.24 Prohibited Uses 


Uses prohibited within the Shoreland Conservation Overlay District include, but are not limited to, the 
following: 
 


A. The establishment or expansion of salt storage sheds, automobile junk yards, underground storage 
tanks, solid waste facilities or hazardous waste facilities. 


B. The bulk storage of chemicals, petroleum products, toxic or hazardous materials.  


C. The dumping or disposal of snow or ice collected from roadways and parking areas located 
outside the Overlay District. 


D. Filling, dredging, or draining. 


E. Changing the flow of water. 


F. Pollution of the wetlands, surface water, or groundwater. 


G. Substantial clearing of vegetation, except for the purposes of agriculture or forest management in 
accord with current best management practices. 


H. Use of fertilizer on lawns, except lime or wood ash. 


I. Sand and gravel excavations. 


J. Mineral extraction. 


K. Processing of excavated materials. 


L. Impervious surfaces, unless associated with a use approved as a Special Exception. 


M. Activities which result in soil compaction such as parking vehicles or heavy equipment, unless 
associated with a use approved as a Special Exception. 


N. Underground tanks. 


O. Storage of petroleum products, hazardous chemicals or materials, chemical fertilizers, pesticides, 
insecticides or herbicides. 
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4.25 Additional Restrictions 


A. Water Frontage – Any new lots on a pond, lake or other impoundment shall have not fewer than 
200 linear feet of shore frontage, with an additional 8 linear feet of shore frontage for each 
additional dwelling unit over 12 units; or for a group development, the provision of two 
additional linear feet per person for whom the facility is proposed. 


B. Commercial, Multi-Unit Buildings, or Clusters of Buildings – The minimum setback from the top 
of the bank of the water body shall be 150’. 


C. Parking – An area of 400 square feet for parking shall be reserved for each dwelling unit; or for 
each four persons in the case of a group development or beach use that is planned.  For other 
uses, the provisions of Section 6.20—Off-Road Loading and Parking shall apply.  Paved parking 
areas larger than 400 square feet shall be located at least 500 feet from the top of the bank. 


 
 


 
4.26 Restoration 


Any Shoreland or Shoreland buffer altered in violation of this Ordinance shall be restored at the expense 
of the offender and to the satisfaction of the Town. 


 
 
 
 


4.30 FLOODPLAIN CONSERVATION OVERLAY DISTRICT 
 
Areas determined to be within a 100 year flood area by the Federal Emergency Management Agency 
(FEMA) are subject to the Floodplain Management Ordinance.  This ordinance is considered part of this 
zoning ordinance though it is represented as a separate document available through the Town Offices.  
Maps of the 100 year flood areas are provided in the Town Offices.  There shall be no new development 
within the designated floodplain. 
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ARTICLE XIII.  DEFINITIONS 
 
For the purpose of this Ordinance, the following terms have the following meanings: 


 


The discontinued use of a structure or use for a continuous period of at least one year which occurs 
when the owner (a) intends to abandon or relinquish the use, and (b) takes some overt act, or fails to 
act, in some way that implies that the owner neither claims nor retains any interest in that use. 


Abandoned 


 


Any person whose property adjoins or is directly across the road or stream from the land under 
consideration.  For purposes of receiving testimony only, and not for purposes of notification, the 
term abutter shall include any person who is able to demonstrate that his land will be directly affected 
by the proposal under consideration. For the purpose of receipt of notification in the case of an 
abutting property being under a condominium or other collective form of ownership, the term abutter 
means those officers of the collective or association as defined in RSA 356 –B:3)XXIII. For purposes 
of receipt of notification by a municipality of a local land use board hearing, in the case of an abutting 
property being under a manufactured housing park form of ownership as defined in RSA 205-A: 1:II, 
then term “abutter” includes the manufactured housing park owner and the tenants who own 
manufactured housing which adjoins or is directly across the road or stream from the land under 
consideration by the local land use board. (RSA 672:3) 


Abutter 


 


A subordinate building incidental to and on the same lot occupied by the main building or use.  The 
term “accessory building”, when used in connection with a farm, shall include all buildings 
customarily used for farm  purposes. 


Accessory Building 


 


A use incidental to, and on the same lot as, a principal use.  For clarification, in residential districts, 
private recreational facilities, such as a tennis court or swimming pool, are accessory uses. 


Accessory Use 


 


A use of structure on the same lot with, and of a nature customarily incidental and subordinate to, the 
principal use or structure.  


Accessory Use of Structure 


 


Bordering, contiguous, or neighboring. The term includes wetlands that directly connect to other 
waters, or that are in reasonable proximity to these waters, but physically separated from them by 
man-made dikes, culverts or barriers, natural river berms, and similar obstructions. 


Adjacent 


 


Bog means a wetland distinguished by stunted evergreen trees and shrubs, peat deposits, poor 
drainage, and/or highly acidic soil and/or water conditions.  


Bog 


 


A brook or stream is a scoured natural or artificial channel indicating periods of concentrated water 
flow. 


Brook or Stream 


 
Building 
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Any structure whether portable, movable or fixed, built to form a shelter for persons, animals or 
property of any kind. 
 


The protected areas adjacent to wetlands and surface waters in the Wetlands Conservation Overlay 
District designed to remain vegetated in an undisturbed and natural condition to protect adjacent 
Wetland functions and values from upland impacts and provide habitat for wildlife. All wetland 
buffers are measured from the wetland boundary. 


Buffer 


 


Certified wetland scientist means a person who, by reason of his or her special knowledge of hydric 
soils, hydrophytic vegetation, and wetland hydrology acquired by course work and experience as 
specified by RSA 310-A:84,II-a and II-b, is qualified to delineate wetland boundaries and prepare 
wetland maps in accordance with standards for identification of wetlands adopted by the New 
Hampshire Department of Environmental Services or the United States Army Corps of Engineers or 
its successor, and who has been duly certified by the New Hampshire Board of Certification for 
Natural Scientists. 


Certified Wetland Scientist 


 


A form of residential subdivision that permits building units to be grouped on lots with reduced 
dimensions and frontages provided that the density of the original lot as a whole shall not be greater 
than the density allowed under existing regulation and that remaining land area is devoted too 
privately or commonly owned or dedicated open space. 


Cluster Development 


 


Any motor vehicle used primarily for business purposes, except any heavy vehicle or equipment as 
defined herein. 


Company Vehicle 


 


Any human-made change to improved or unimproved real estate, including but not limited to, 
buildings or other structures, mining, dredging, filling, grading, paving, excavation, or drilling 
operation. 


Development 


 


An area built for access to a garage or off-road parking space, serving not more than two lots.  The 
driveway entrance is that area running from the property line abutting the road to a distance of 25’ 
into the property and the width of the driveway. 


Driveway 


 


A detached residential building designed for and occupied by one household only. 
Dwelling, Single-Unit 


 


A residential building designed for or occupied by two households living independently of each other 
in individual dwelling units. 


Dwelling, Two-Unit 


 


A residential building designed for or occupied by three or more households, with the number of 
households in residence not exceeding the number of dwelling units provided or permitted. 


Dwelling, Multi Unit 


 
Dwelling Unit 
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One room, or rooms connected together, constituting a separate independent housekeeping 
establishment for owner occupancy, rental or lease, and physically separated from any other rooms or 
dwelling units which may be in the same structure.  For the purpose of this definition, an independent 
housekeeping establishment includes the following minimum attributes: space devoted to kitchen 
facilities for the storage, preparation and consumption of food (including counters, cabinets, 
appliances, and a sink for washing dishes), space for one or more bedrooms for sleeping, and a 
bathroom with a tub and/or shower.  (A bar equipped with a bar-sink and an under-the-counter 
refrigerator shall not constitute kitchen facilities.) 
 


The erection, construction, alteration or maintenance by public utilities or municipal or governmental 
agencies of underground or overhead gas, electrical, steam or water transmission, or distribution 
systems, including poles, wires, mains, drains, sewers, pipes conduit, cables, fire alarm  boxes, police 
call boxes, traffic signals, hydrants, road signs, and similar equipment and accessories in connection 
there-with, but not including buildings, reasonably necessary for the furnishing of adequate service by 
such public utilities or municipal or other governmental agencies or for the public health or safety or 
general welfare. 


Essential Services 


 


Includes backhoes, bucket loaders, excavators, skid-steers, bulldozers, graders, self-propelled 
compaction devices, cranes, booms, scrapers and pans used in site preparation and road construction, 
as well as skidders, shears, whole-Tree chippers, firewood processors and portable sawmills used in 
logging operations.  Farm or agricultural implements are excluded from this definition.  


Equipment, Heavy 


 


The width of a lot measured along its common boundary with the road line. Lots will be provided 
access from a common boundary with the road line where this common boundary meets the minimum 
length required by the Zoning Ordinance.  Lots fronting more than one road shall count only the 
length of the road where the lot access is located as their frontage.  


Frontage, Road 


 


Intense and blinding light causing visual discomfort or disability. 
Glare 


 


The residence of a group of six or more persons, not related by blood, marriage, adoption, or 
guardianship and living together as a single unit. 


Group Development 


 


Bed and Breakfasts, inns, campgrounds, boarding houses, and camps. 
Guest Facilities 


 


Any vehicle having more than two axles. 
Heavy Vehicle 


 


Soils that are saturated, flooded or ponded long enough during a sufficient portion of the growing 
season to develop anaerobic (oxygen lacking) conditions in the upper soil layers. Hydric soils are 
generally poorly drained or very poorly drained. 


Hydric Soils 


 


Shall mean the applicant; abutters of any portion of the subject property; and holders of conservation, 
preservation, or agricultural restrictions on the subject property(ies). 


Interest Holder 
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Any business or any place of storage or deposit, whether in connection with another business or not, 
which has stored or deposited two or more unregistered motor vehicles which are no longer intended 
or in condition for legal use on the public highways, or used parts or motor vehicle or old iron, metal, 
glass, paper, cordage, or other waste or discarded or secondhand material which has been a part, or 
intended to be a part, of any motor vehicle, the sum of which parts or material shall be equal in bulk 
to two or more motor vehicles.  Junk yard shall also include any place of business or storage or 
deposit of motor vehicles purchased for the purpose of dismantling the vehicles for parts or for use of 
the metal for scrap and where it is intended to burn material which are parts of a motor vehicle or cut 
up the parts thereof (RSA 236:112). 


Junk Yard 


 
 
A parcel of land occupied or to be occupied by only one principle building and the accessory 
buildings or uses customarily incidental to it.  A lot shall be of sufficient size to meet minimum 
zoning requirements for use, coverage and area, and to provide such yards and other open spaces as 
are herein required. 


Lot 
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A method of subdivision allowed in the Forest Conservation District to allow a greater density of 
development while increasing preserved open space and providing greater flexibility to land owners. 


 Lot Size Averaging 


 


A stormwater management approach focusing on controlling stormwater by using small, 
decentralized methods to treat stormwater close to the source.  The primary goals of LID are 
accomplished through LID site planning and LID treatment practices including 1.) lessening 
the impact of development, and impact of stormwater resulting from that development on the 
natural environment; 2.) using the land more efficiently; and 3.) lowereing capital and 
operating costs associated with development.  This is unlike conventional stormwater 
management which focuses on piping stormwater away from a site to large centralized 
stormwater treatment areas. 


Low Impact Development 


 


A complete lighting unit consisting of one or more electric lamps, the lamp holder, any reflector or 
lens, ballast (if any), and any other components or accessories. 


Luminaire (light fixture) 


 


Any structure, transportable in one or more sections, which, in the traveling mode, is eight body feet 
or more in width and 40 body feet or more in length, or when erected on site, is 320 square feet or 
more, and which is built on a permanent chassis and is designed to be used as a dwelling with or 
without a permanent foundation when connected to required utilities, which include plumbing, 
heating and electrical heating systems contained therein (RSA 674:31).   A manufactured home as 
defined in this section shall not include pre-site housing or recreational vehicles 


Manufactured Home 


 


Any lot land on which two or more manufactured houses are parked and occupied for living purposes.  
A manufactured house occupied as the principal residence of the land owner shall not be counted in 
this definition as long as density requirements are met. 


Manufactured Housing Park 


  


Marsh means a wetland that is distinguished by the absence of trees and shrubs;  is dominated by soft-
stemmed herbaceous plants such as grasses, reeds, and sedges; and where the water table is at or 
above the surface throughout the year, but can fluctuate seasonally. 


Marsh 


 


A structure, use, or lot that existed legally prior to the adoption of the provision in the zoning 
ordinance which now prohibits or restricts it. 


Non-conforming Structure, Use, or Lot 


 


Leisure-time activities, usually of a formal nature and often performed with others, requiring 
equipment and taking place at prescribed outdoor places, sites, or fields.  Outdoor, Active Recreation 
Uses include, by way of example, baseball, softball, soccer and other field sports; outdoor track; 
tennis and other outdoor court games; golf; outdoor basketball courts; trails for hiking, biking, cross-
country skiing and equestrian uses; and outdoor equestrian facilities. 


Outdoor, Active Recreation Uses 


 


Outdoor activities that involve relatively inactive or less energetic activities, such as walking, bird 
watching and picnicking.  


Outdoor, Passive Recreation Uses 
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An area which is subject to special, additional regulations to protect a natural resource.  An Overlay 
District is superimposed over the underlying use district(s.)  The special regulations of an Overlay 
District are in addition to the regulations of the underlying zoning district(s.)  Uses permitted in the 
underlying use district may be prohibited or require a Special Exception subject to conditions of the 
Overlay District.  In case of conflict between the Overlay District and the underlying use district, the 
more restrictive shall apply.  


Overlay District 


 


An off road space available and sufficient for parking of one motor vehicle. 
Parking Space 


 


Any year round standing body of water 
Pond 


Any structure designed primarily for residential occupancy which is wholly or in substantial part 
made, fabricated, formed, or assembled in off-site manufacturing facilities in conformance with the 
United States Department of Housing and Urban Development minimum property standards and local 
building codes, for installation, or assembly and installation, on the building site.  Pre-site built 
housing shall not include manufactured housing as defined in RSA 674:31.  


Pre-site Built Housing 


 


An area and appurtenances designed for the purpose of leisure time activities such as: 
Recreation Facilities 


a. Publicly-owned recreational facilities: town, county or state areas; ponds and lakes; also forest 
areas where timber is privately owned, but which are open to the public through permanent 
easement. 


b. Privately-owned tax exempt recreational facilities that are available to the public; example: 
civic organizations that have a tax exempt status. Privately-owned, noncommercial recreation 
facilities that are not generally available to the public (example: veterans’ organizations). 


 


A vehicle which is 
Recreational Vehicle 


a. built on a single chassis;  
b. 400 square feet or less when measured at the largest horizontal projection;  
c. designed to be self propelled or permanently towable by a light duty truck; and  
d. designed primarily not for use as a permanent dwelling but as temporary living quarters for 


recreational, camping, travel or seasonal use. 
 


Includes all town, state and federal highways, and the land on either side of same, as covered by the 
Statutes, to determine the widths of the right-of-way.  It shall also include any private access 
documented by deed or approved plan. 


Right-of-way 


 


The public rights-of-way which the Town or State has the duty to maintain regularly or a right-of-way 
shown on a subdivision plat which provides the principal means of access to abutting property 
approved by the Planning Board and recorded with the County Register of Deeds. The word road 
shall include the entire right-of-way.  A discontinued road shall not constitute an existing approved 
road for the measurement of frontage along the road lot line. 


Road or Public Way 
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Revised Statutes Annotated, State of New Hampshire. 
RSA 


 


This means septage as defined by RSA 485-A:2, IX-a, namely” material removed from septic tanks, 
cesspools, holding tanks or other sewage treatment storage units, excluding sewage sludge from 
public treatment works and industrial waste”.  Septage includes domestic septage as well as septage 
from industrial and commercial sources. 


Septage 


 


An underground system used for the decomposition of domestic wastes including a septic tank, 
connection lines, a distribution box, distribution lines and a disposal or leach field.  


Septic System 


 
 


Any combination of letters, numerals, lines, symbols, shapes or designs, in any medium, on any 
surface, intended to convey the identity of, or information about, any person, place, thing, product, or 
service. 


Sign 


 


This means sludge as defined by RSA 485-A:2,XI-a, namely “the solid or semisolid material 
produced by water and wastewater treatment processes”. 


Sludge 


 


A use of a building or lot which may be permitted under this Ordinance only upon application to the 
Zoning Board of Adjustment and subject to the approval of the Board when such use would be in 
harmony with the Town Plan and would not be detrimental to the public health, safety, order, 
comfort, convenience, appearance, prosperity or general welfare and only in cases where the words 
“Special Exception” in this Ordinance pertain. 


Special Exception 


 


Wetlands designated as such by the Planning Board upon recommendation of the Conservation 
Commission. 


Special Wetlands 


 


A stream that flows year-round because its bed lies below the water table, or because more water is 
supplied from upstream than can infiltrate the ground. 


Stream, Permanent 


 


Anything constructed, placed, or erected on the ground, or attached to something already existing on 
the ground, with or without durable foundation, whether temporary or permanent.  Among other 
things, structures including buildings, manufactured homes, pre-site built housing, walls, decks or 
platforms, temporary carports and storage structures, sheds, greenhouses and other accessory 
structures (including Dish Antennas or satellite earth stations that are over 3 feet in diameter).  The 
following are excluded from the definition of “structure:” fences, stone walls, animal shelters under 
15 square feet, children’s swing sets, dumpsters, flagpoles, sand boxes, playhouses and other 
playground equipment, signs and sign installation devices, tents for camping and temporary tent 
structures used for functions and gatherings. 


Structure 


 


Surface waters to include lakes, ponds, permanent streams, wetlands, and vernal pools. 
Surface Waters 
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Swamp means a wetland that is dominated by trees and shrubs.   
Swamp 


 


The entire Town of Springfield extending to the boundaries with the surrounding towns. 
Town 


 


The Master Plan as defined in RSA 674:2-4, to be implemented by the appropriate administration of 
the Springfield Subdivision Regulations and Zoning Ordinance. 


Town Plan 


 


A relatively large land area to which density standards can be applied in considering potential 
subdivision into lots or possible use for multiple building units without subdivision. 


Tract 


 


A relaxation of the terms of this Ordinance, where such relaxation will not be contrary to the public 
interest and where, owing to conditions peculiar to the property, a literal enforcement of this 
Ordinance would result in unnecessary and undue hardship.  Variances can only be granted by the 
Zoning Board of Adjustment. 


Variance 


 


A body of water, typically seasonal, that provides essential breeding habitat for certain amphibians 
and invertebrates, does not support viable fish population, and meets the criteria established by the 
New Hampshire Fish and Game Department, Nongame and Endangered Wildlife Program, 
Identification and Documentation of Vernal Pools in New Hampshire, rev 2004. 


Vernal Pool 


 
Water Body
Any pond or lake of one acre or more and any permanent stream.  (See also “Permanent Stream.”) 


  


 


Wetland means “wetlands”, as defined by RSA 482-A:2,X, namely “an area that is inundated or 
saturated by surface or ground water at a frequency and duration sufficient to support, and that under 
normal conditions does support, a prevalence of vegetation typically adapted for life in saturated soil 
conditions”.  Wetlands include swamps, marshes, bogs and similar areas.   See the specific definitions 
for bog, marsh and swamp  


Wetland 


 
Wetlands Boundary 
The line of transition between wetlands and uplands as delineated in the field using the U.S. Army 
Corps of Engineers Wetlands Delineation Manual, 1987 or later edition. 
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Can Forests Prevent or Mitigate Floods? 
by Michael Snyder | June 19th 2012 | Northern Woodlands 


Healthy forests play an absolutely vital role in 
moderating water movement over our 
landscape. Although forests cannot prevent 
large floods outright, they certainly do minimize 
the frequency, intensity, and extent of all 
flooding events, which in turn significantly 
reduces the damage to life and property that 
serious flooding causes. It’s yet another way in 
which forests work for us. 


Water first enters our landscape in the form of 
rain, snow, sleet, fog, or hail. Forests may 
influence the occurrence and distribution of 
local precipitation, but their most significant 
contribution is in how forested watersheds 
receive and deal with all the water that falls on 
them. Forests absorb and reroute water – 
thereby diffusing its potentially damaging 
energy – before slowly releasing the water into 
seeps, ponds, lakes, rills, brooks, streams, and 
rivers. The net hydrologic effect of the forest is 
to delay and reduce the size of the flood peak. 


Forested watersheds have complex canopies 
with varied densities of tree stems and 
branches, additional layers of non-tree 
vegetation, extensive root systems, deep, 
loose soils, and fluffy leaf litter. All of these 
features allow a large amount of water to 
infiltrate the soil and be absorbed – like a 
super-capacity sponge. A rainstorm can drop 
millions of tons of water on the land. When 
forest vegetation is present, leaves, stems, and 
downed woody debris intercept, absorb, and 
reduce the impact of both falling and running 
water. This allows the water to evaporate from 
plant surfaces, soak into the soil and its many 
pore spaces (animal burrows, decayed-root  


 


 


tunnels, or soil voids), or run off in a gradual 
manner. Soils in healthy forests are particularly 
porous  and absorbent and can hold staggering 
volumes of water. 


Much of the water absorbed by forest soils is 
drawn up by plant roots and transpired, moving 
back to the atmosphere as water vapor. During 
the growing season this “evapotranspiration” 
reduces the amount of water in the soil; in 
some forests it removes as much as 70 
percent of the incoming precipitation. This, in 
turn, renews the soil’s ability to absorb even 
more water.   


Consequently – and luckily for us – streamflow 
responses in forested watersheds tend to be 
slow and small, and they occur predominantly 
via subsurface runoff. Indeed, forested 
watersheds yield lower peak flows and smaller 
volumes of runoff over a longer time than do 


Photo by Zack Clothier 



http://northernwoodlands.org/images/articles/Summer_12woodwise_trim.jpg�
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nonforested land covers. Accordingly, flood 
damage in forested areas – and in areas 
downstream of them – is the smallest among 
all surface conditions. Forests also minimize 
soil erosion and landslides, and improve 
stream channel stability and water quality. 


There are limits to the flood-mitigating effects 
of forests. When soils are fully saturated, any 
additional rainfall will run off the land, whether 
it is forested or not. Thus, forests can reduce 
peak flows from storms of short duration and 
lower intensity. They can downright prevent 
flooding that would otherwise occur in lesser 
storms and smaller watersheds particularly 
sensitive to rain events. They can minimize the 
damage from large storms. But they cannot 


prevent the major floods produced by storms of 
high intensity and long duration. 


Clearly, our needs for abundant clean water 
and healthy forests are important issues for the 
21st century, not only because forests provide 
critical raw materials for people and industries, 
but also because they are key factors in the 
normal functioning of the environment. Water 
and forests are two of the most profound 
natural forces on the planet, and they are 
closely linked. Without water, there are no 
forests. And without forests we are much more 
vulnerable to erosion and flooding. 


Michael Snyder, a forester, is 
Commissioner of the Vermont Department 
of Forests, Parks and Recreation. 
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While the regulatory landscape values larger wetlands over smaller ones, the ecological landscape
presents a different view. Research in Carolina bays shows that small isolated wetlands play a
crucial role in the biodiversity of wetland-dependent species, especially for amphibians.


by Raymond D. Semlitsch


Size Does Matter: The Value of Small
Isolated Wetlands


F


Editor’s note
This is the second of a three-part series on small isolated
wetlands. The first article appeared in the November-
December 1999 issue.


Raymond D. Semlitsch is a professor of ecology with the University of
Missouri in Columbia. His research focuses on amphibian conservation
and community dynamics in wetlands.


■


Small isolated wetlands like this cypress swamp in the Atlantic Coastal
Plain of South Carolina are habitat for myriad wetland-dependent
amphibians. Photo by R.D. Semlitsch.
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ederal wetland protection and regulation are
biased against small isolated wetlands. Why does
this bias exist? Too often, decisionmakers assume
that a small wetland is unimportant or less
valuable than a larger wetland, because they


assume that “larger” means “better.” Small wetlands, however, are
extremely valuable for maintaining the biodiversity of a number of
plant and animal species. Furthermore, healthy populations of
many species depend on not just a single wetland but a landscape
densely covered by a variety of wetlands.


Ecologists describe the value of small isolated wetlands by
their aggregate role in protecting wetland-dependent species
through “source-sink dynamics.” More variable than larger
wetlands, each small wetland in an area may fluctuate in the
number of individuals of a species it contains; at times a wetland
may act as a “sink” when the population of a species dies out
locally from that wetland, or it may be a “source” that produces
surplus individuals, which can colonize a nearby sink wetland.
Populations of a species that are spread over a number of
locations are referred to as “metapopulations,” and this source-
sink dynamic is crucial to the regional survival of species. A
metapopulation of a wetland-dependent species depends on the
abundance and proximity of wetlands, rather than a critical size
threshold. The disappearance of small wetlands from an area that
relies on source-sink dynamics could result in the loss of ecologi-
cal connectedness and potentially collapse the metapopulations
of wetland-dependent species, causing many local extinctions.
This is particularly detrimental to wetland-dependent amphib-
ians, which are suffering global population declines.1


The Carolina Bays
The density and size distribution of wetlands are the two attributes
that together describe the prevalence of wetlands in the landscape,
and therefore how frequently they might be encountered and
subsequently colonized by plants and animals. We analyzed the
abundance of 371 isolated depression wetlands known as Carolina
bays that are distributed on the southeastern Atlantic Coastal Plain
of South Carolina. In the apparently undisturbed Carolina bay
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continued on page 13


Isolated depression wetlands known as Carolina bays in South Carolina
tend to be small and numerous, with most smaller than 4 hectares.
Reprinted by permission of Blackwell Science, Inc.
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landscape, wetlands are close together and generally small. They are
distributed at a density of 0.476/km2 and range in size from 0.2 to
78.2 hectares, with many more small bays than large ones.2 In fact,
46.4 percent of all Carolina bays are 1.2 hectares or smaller, and
87.3 percent are 4.0 hectares or smaller.


These small wetlands are crucial for maintaining the regional
biodiversity of the Carolina bays. For example, during a 16-year
monitoring study of a half-hectare area called Rainbow Bay, my
colleagues and I documented 27 species of frogs, toads, and
salamanders—one of the highest species diversities known for
amphibians in this region.3 In addition, we also recorded the
breeding activity of 41,776 females and the production of 216,251
metamorphosing juveniles during the same period. Other small
wetlands in the same area contained similar numbers of amphibian
species. The numbers suggest that the levels of species richness
found at Rainbow Bay are not uncommon for the area, and when
combined with other studies from the southeastern United States,
they indicate that small wetlands in this area contain high levels of
diversity. This is comparable or possibly higher than estimates for
wetlands an order of magnitude larger in size.


In an area like Rainbow Bay, the loss or alteration of any
wetland, large or small, would reduce the total number of sites at
which wetland-breeding amphibians could reproduce and success-
fully recruit juveniles into the breeding population. The loss of small
wetlands, however are most keenly felt. The juvenile amphibians
serve as source populations for other wetlands, and juvenile
recruitment is higher in wetlands that seasonally dry out (generally
the smaller ones) than in permanent wetlands (generally the larger
ones).4 Therefore, in the event of natural causes leading to local


extinctions in a pond, the loss of surrounding small wetlands could
suppress recolonization by dispersing juveniles from other locations.


Our study of Carolina bays illustrates the ecological damage to an
area when the density of small wetlands is reduced. We suggest that as
the distance between wetlands increases, the potential for migration and
recolonization by amphibians decreases, and consequently, the chance of
recolonization by source populations from nearby wetlands also
decreases.5 Furthermore, many pond-breeding salamanders, and
possibly many frogs and toads, are faithful to the ponds from which
they hatched and do not emigrate long distances.6 For example, the
maximum dispersal distance for wood frogs, measured by gene flow over
multiple generations, is only about 1,126 meters;7 because of the limited
dispersal ability of these animals, any increase in distances between
wetlands through wetland destruction impedes their recolonization. In
Carolina bays, we found that if all wetlands smaller than 1.2 hectares
(the U.S. Army Corps of Engineers’ proposed new protection threshold)
were removed, their loss would dramatically increase the nearest-wetland
distance from 471 meters to 666 meters. Loss of all wetlands smaller
than current Corps protection thresholds (4.0 hectares) translates to an
increase in the distance to 1,633 meters—beyond, for example, the
maximum dispersal distance of wood frogs. Thus, along with the direct
loss of wetlands as breeding habitat, regional fauna also likely would
suffer indirectly because of reduced recolonization following local
population extinctions. Some examples of such effects may already be
surfacing in the western United States.8


The biodiversity value of a wetland is, therefore, intimately tied
to its position on the landscape with respect to other wetlands.  For


In a simulation, Carolina bays were removed sequentially by size, and the
average nearest-neighbor distance between bays was recalculated after each
size class removal. The average distance between wetlands increases as
wetlands are removed. Dashed lines indicate current and proposed
regulatory size thresholds. Adapted from Semlitsch and Bodie 1998, fig. 2.
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SIZE DOES MATTER, continued from page 6
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example, a 1.0-hectare wetland isolated by 500–1,000 meters may
have more biological value than a 1.0-hectare wetland with
neighboring wetlands just 50–100 meters away. Its location,
regardless of its size, becomes the most important attribute—the


more isolated wetland has greater potential to act as a stepping-stone
to connect other more distance wetlands.


Ecologically Sensitive Regulation Is Needed
A regulatory bias that allows small isolated wetlands to be removed
from the landscape potentially changes the metapopulation dynamics
of the species in remaining larger wetlands. Loss of these wetlands can
reduce the number or density of individual animals dispersing, and it
can increase the dispersal distances among wetlands.


Small isolated wetlands are not expendable if the goal is to
maintain present levels of biodiversity. Although recently proposed
changes to the Corps’ nationwide permit program would reduce the
threshold size for permitting wetland conversions from 4.0 to 1.2
hectares, both the current and proposed regulations still inad-
equately maintain the biodiversity of wetland flora and fauna, and
would be especially detrimental to wetland-dependent amphibians.
This is especially disheartening in light of the many reports of
declining amphibian populations worldwide, and in particular,
because of rapid habitat loss across the United States.9


To protect ecological connectedness and source-sink dynamics
of species populations, wetland regulations should focus not just
on size but also on local and regional wetland distribution. At the
very least, wetland regulations should protect wetlands as small as
0.2 hectares—the lower limit of detection by most remote
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Pitcher plants (Sarracenia spp.) are among the many species that
depend on small isolated wetlands in some natural landscapes like this
one in North Carolina. Photo by R.D. Semlitsch.
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sensing—until additional data are available to directly compare
diversity across a range of wetland sizes.


Equally important, regulatory agencies should scrutinize
proposals for the potential value of the site before issuing permits
that result in their loss. Evaluation of species richness of sensitive
groups such as amphibians as well as nearest wetland distances
would greatly help in this decision.


Finally, mitigation practices also should take source-sink
processes into account when permitted to offset wetland losses. For
example, loss of many small wetlands should not be replaced with
one large wetland, based on cumulative size—20 1-hectare wetlands
do not equal one 20-hectare wetland. New research should analyze
the relationship of biodiversity to wetland size, spatial distribution,
and connectedness, and how the loss of wetlands at a regional level
affects metapopulation processes.  ■
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INTRODUCTION 
 


 
The U.S. Fish and Wildlife Service (FWS) has been conducting a nationwide survey of 
wetlands and deepwater habitats since the mid-1970s through its National Wetlands 
Inventory Program (NWI).  This survey is accomplished using traditional 
photointerpretation techniques to produces map and digital geospatial data on the status 
of wetlands.  The U.S. Geological Survey topographic maps serve as the base data upon 
which boundaries of wetlands and deepwater habitats are delineated.  Wetlands are 
classified according to the FWS’s official wetland classification system (Cowardin et al. 
1979) which has been adopted as the national standard for reporting on the status and 
trends of U.S. wetlands by the Federal Geographic Data Committee 
(http://www.fws.gov/stand/standards/wetlands.txt).   
 
Wetland mapping has been completed for over 90% of the coterminous U.S., all of 
Hawaii, and 35% of Alaska.  For the Northeast, wetland mapping has been completed for 
12 of the 13 states in the region; all but New York have been completely mapped.  As 
time permits, the FWS summarizes the results of its NWI for geographic areas.  Detailed 
state reports have been prepared for several states (Connecticut, Delaware, Maryland, and 
New Jersey), while data summary reports have been prepared for several other states in 
the northeastern United States: Massachusetts, Vermont, Pennsylvania, and West 
Virginia. 
 
Wetland mapping for New Hampshire was completed in the 1990s and the data have 
been available online for several years.  The data have not been summarized; this report 
provides a summary of the findings of the inventory.  
 
Study Area 
 
The state of New Hampshire encompasses 9,350 square miles in the northeastern United 
States.  It ranks 46th among states in size and 41th in population as of 2005.  The state 
contains 8,969 square miles of land and 382 square miles of water 
(http://infoplease.com).   
 
From a natural landscape standpoint, the state falls within two of Bailey’s ecoregions: 
Adirondack-New England Mixed Forest-Coniferous Forest-Alpine Meadow Province and 
Eastern Broadleaf Forest (Oceanic) Province (Bailey 1995).  Due to its glacial history, 
the state contains numerous lakes and ponds with Lake Winnipesaukee being the largest 
(44,586 acres) and the most well-known.  It is nearly seven times bigger than New 
Hampshire’s next largest lake – Umbagog Lake (7,539 acres).  Among the more 
prominent rivers are the Merrimack, Connecticut (forming nearly all of the state’s 
western border with Vermont), Piscataqua (separating the southeastern part of the state 
from Maine), Saco, Androscoggin, and Ossipee.  Politically, the state is divided into 10 
counties (Figure 1, Table 1).   
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Figure 1.  New Hampshire counties. 
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Table 1.  New Hampshire counties and their land area in square miles. 
(http://en.wikipedia.org) 
 
   Land Area Percent of  
County  (sq. miles) State  Rank 
 
Belknap  401  4.5  9 
Carroll   934  10.4  4* 
Cheshire  708  7.9  6 
Coos   1801  20.1  1 
Grafton  1714  19.1  2 
Hillsborough  876  9.8  5 
Merrimack  934  10.4  3* 
Rockingham  695  7.7  7 
Strafford  369  4.1  10 
Sullivan  537  6.0  8 
  
Total   8,969    
 
*According to the World Almanac and Book of Facts 1992, Merrimack County is slightly 
larger than Carroll County (936 sq. miles vs. 933 sq. miles), so the former is ranked 
number 3 in area. 
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METHODS 
 


 
The NWI relies on photointerpretation of aerial photographs to locate and map wetlands 
and deepwater habitats.  For New Hampshire, most of the aerial photography used was 
1:58,000 color infrared captured from the spring of 1985 to the spring of 1987; a few 
state border quads have been updated with more recent imagery.  With this imagery, the 
target mapping unit for wetlands ranges between 1-3 acres.  This means that most 
wetlands larger than three acres should be mapped and that all wetlands are not mapped.  
Even with this target mapping unit established, it must be recognized that aerial 
photointerpretation has limitations in terms of the types of wetlands that can be readily 
identified (Tiner 1990, 1999) and that larger wetlands of certain types will escape 
detection and be missing from the maps.  These limitations are generally outlined in 
Tables 1 and 2.  The effective date of this inventory should be considered the mid-1980s. 
 
Wetlands were classified according to the FWS’s official wetland classification system 
(Cowardin et al. 1979).  The following categories were identified for wetlands and 
deepwater habitats: system, subsystem, class, subclass, water regime, and a few special 
modifiers (e.g., partly drained, dike/impounded, excavated, and farmed).  The organic 
soil modifier “g” was applied to Atlantic white cedar swamps (e.g., PFO4Bg) to highlight 
them; the acid modifier “a” was applied to bogs (e.g., PSS3Ba).   
 
Wetland maps were prepared following standard NWI mapping conventions (U.S. Fish 
and Wildlife Service 1994, 1995).  Data were digitized to create a geospatial database.  
NWI data are posted on the web at NWI home page: http://www.fws.gov/nwi/.  Data 
were summarized by the NWI Mapping Support Center at Madison, Wisconsin.  The 
following conventions were employed: 
 


1. State and county boundaries were determined using the Geographic Data 
Technology’s 1:100K states and counties layers.  These were used due to the lack 
of a consistent nationwide layer of boundaries at the 1:24,000 scale. 


 
2. All marine deepwater habitats (M1___) were removed from the analysis.  The 
decision to remove them from the analysis was made due to the lack of validity of 
this acreage value.  The marine system extends far beyond the mapped area and is 
ended at 1:250K quad boundaries rendering the acreage meaningless.  


 
3. Areas where county or state boundaries consisted of two-line waterbodies, (i.e. 
rivers, streams) the boundary was identified and digitized directly from a USGS 
1:24,000 DRG. 


 
The data was summarized by county and aggregated by state in two categories: 1) 
system, subsystem, class, and subclass and 2) system and water regime.  Any differences 
in state and county totals are due to round-off procedures. 
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Table 1.  Major NWI map limitations. (Adapted from Tiner 1999.) 
 
1. Target mapping unit – minimum size wetland that NWI is attempting to map which is 
generally related to the scale of the imagery: 1-3 acres for 1:58,000 photography. 
 
2.  Spring photography – aquatic beds and nonpersistent emergent wetlands may be 
undermapped since these types are usually obscured by high water.  In some cases, 
flooded emergents may be misclassified as scrub-shrub wetlands. 
 
3.  Forested wetlands – forested wetlands on glacial till are difficult to photointerpret as 
are temporarily flooded or seasonally saturated types, especially on the coastal plain and 
on glaciolacustrine plains; they may be under-represented by the existing NWI mapping.  
Such areas may be identified by examining U.S. Department of Agriculture soil survey 
maps for hydric soil map units that are undeveloped (i.e., areas of undeveloped hydric 
soil map units that were not mapped by NWI represent areas that may contain wetlands). 
 
4.  Estuarine and tidal waters – delineation of the break between estuarine and riverine 
(tidal) systems should be considered approximate. 
 
5. Tidal flats – since imagery was not tide synchronized, tidal flat boundaries were based 
on aerial photointerpretation in consultation with collateral data such as U.S. Geological 
Survey topographic maps. 
 
6.  Coastal wetlands – identification of high marsh (irregularly flooded) vs. low marsh 
(regularly flooded) in tidal marshes is conservative; photo-signatures are not distinctive 
in many instances. 
 
7.  Water regimes – water regime classification is based on photo-signatures coupled with 
limited field verification; they should be considered approximate.   
 
8.  Linear wetlands (long, narrow) – they follow drainageways and stream corridors and 
may or may not be mapped depending on project objectives.  Most NWI maps identify at 
least some of these features, but no attempt was made to map all of them. 
 
9.  Partly drained wetlands – they are conservatively mapped; many are not shown on 
NWI maps. 
 
10.  Aerial photography – imagery reflects wetness during the specific year and season it 
was acquired.   
 
11.  Drier-end wetlands (temporarily flooded and seasonally saturated types) – they are 
difficult to photointerpret; many have been mapped by consulting hydric soil data from 
the U.S.D.A. Natural Resources Conservation Service. 
 
12.  Mapped boundaries – they may be somewhat different than if based on detailed field 
observations, especially in areas with subtle changes in topography. 
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Table 2.  Specific problems noted during photointerpretation of New Hampshire 
wetlands. 
 
1. High tide and ice-scouring obscured low marsh (E2EM1N) areas along the Merrimack 
River.  The “Soil Survey of New Hampshire Tidal Marshes” (USDA Soil Conservation 
Service 1974) was used to help identify lower limits of salt marshes.  This survey plus 
field checking were used to help make salt-fresh (Estuarine-Riverine tidal) breaks. 
 
2.  Forested wetlands were difficult to identify on some images due to indistinct 
signatures or to leaf-out (e.g., May 1986 photos were particularly problematic also for 
separating evergreen from deciduous forested wetlands).  Soil survey information and 
USGS swamp symbols and contours were used to help separate the wet forests from the 
upland forests. Mapping of forested wetlands is conservative. 
 
3. E1UB4L was used to classify salt marsh pannes greater than 3 acres in size. 
 
4.  Mixed palustrine emergent and scrub-shrub wetlands may underestimate the amount 
of shrubby vegetation due to photo-signature. 
 
5. 1986 photos showed a lot more water than appeared on the USGS topographic map 
and seemed to have higher water levels than the 1985 photos for neighboring areas. 
 
6. March 1985 photos had some ice on ponds and lakes making classification difficult; 
snow on land areas presented similar classification problems.  Additional field work in 
subject areas was performed to resolve these issues as much as time/budget would permit. 
 
7.  Presence of dams on the Connecticut River caused river to be classified as L1UBHh 
far upstream due to impoundment effect.  Intermittently flooded channels associated with 
dams along the Connecticut River were classified as R4 (Riverine Intermittent) habitat. 
 
8. Sewage treatment ponds were classified with “K” (artificial) water regime. 
 
9. Timber harvest (including slash piles) created dark signatures resembling wetland 
signature; limited delineations to low areas (depressions). 
 
10.  One photo has significant cloud cover requiring interpreters to consult adjacent 
photos (overlapping images) to identify wetlands. 
 
11.  There may be significant seepage wetlands in mountainous areas as interpreters 
noted swamp symbols on USGS topographic maps extending upslope 4-8 contours.  
Photointerpreters relied on photo-signatures and soil surveys for inaccessible sites to aid 
in mapping which probably led to conservative mapping of these wetland types.  USGS 
15-minute topographic maps tended to have extensive wetlands via symbology, but 
interpreters relied more on photo-signatures as they felt that much of those areas looked 
like dry forests at least from a signature standpoint. 
 


APPENDIX J


Wetlands Committee 09/23/2012







 7


12.  Interpretation of wetlands along the Merrimack River were difficult due to imagery; 
USDA soil survey was used to help identify wetlands and classify their water regime. 
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RESULTS 
 
 
Wetland Maps 
 
NWI maps for New Hampshire were prepared in the 1990s, except for some state border 
quads that were done as parts of NWI work in adjacent states.  These maps were 
produced at a scale of 1:24,000 using the U.S. Geological Survey topographic maps as 
base maps.  Hardcopy maps are available for purchase through the Office of State 
Planning, State of New Hampshire, 2 ½ Beacon Street, Concord, NH 03301 (Attn: Bea 
Jillette; 603-271-2155).   
 
After publication of the hardcopy maps, the NWI maps were converted to digital form for 
computer access and geographic information system (GIS) applications.  Since the 1990s, 
the NWI Program has stopped production of hardcopy maps, replacing them with digital 
wetland geospatial data.  All NWI data are now available online at the NWI website: 
http://www.fws.gov/nwi/.   Some maps along state lines may have been updated since the 
original maps were produced and are available only online.  To access NWI data, visit the 
NWI website, click on the “Wetlands Mapper”, then click on the map of the lower 48 
states, and finally zoom into the location of interest to see the wetland data for a specific 
area.  Digital NWI data can also be downloaded for GIS use at this website.  Digital NWI 
data are also available through the state GIS website: http://www.granit.sr.unh.edu/ but 
check to make sure that the latest data are posted at this site. 
 
A map showing the distribution of New Hampshire’s wetlands and waters is provided as 
Figure 2.  This is a reduction of the original map which was produced at a scale of 
1:275,000. 
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Figure 2.  Map showing the distribution of wetlands and waters of New Hampshire 
excluding marine offshore waters. (Note: This is a reduced version of original figure.) 
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State Totals  
 
Wetlands.  The NWI identified nearly 290,000 acres of wetlands, covering 5% of the 
state’s land area (Table 3).  Palustrine wetlands are the main type, totaling about 278,000 
acres and representing 96% of the state’s wetland area.  Fifty  percent of the palustrine 
wetlands (or 48% of all wetlands) were forested types, with scrub-shrub wetlands making 
up slightly more than one-quarter (26%) of the freshwater wetlands, emergent wetlands 
representing 14% of these wetlands, and ponds (unconsolidated bottom and shores) 
account for nearly 9%.   
 
Only 8,029 acres of estuarine wetlands occur, occupying nearly 3% of the wetland area.  
Emergent wetlands (salt and brackish marshes) were the most common estuarine 
wetlands, accounting for 70% of the estuarine wetlands.  Unconsolidated shores (tidal 
flats) made up 29% of the estuarine wetlands.   
 
Riverine, lacustrine, and marine wetlands when combined account for 2,792 acres which 
is roughly 1% of the state’s wetlands.  Riverine unconsolidated shores represented most 
of this acreage (1,447 acres). 
 
Deepwater Habitats.  Approximately 204,000 acres of deepwater habitats were 
inventoried, excluding marine waters and waters of linear streams.  Lacustrine waters 
accounted for 82% of the state’s water area (166,777 acres). Riverine waters were next in 
area with 20,260 acres mapped (15 tidal acres, 18,440 lower perennial acres, 1,803 acres 
upper perennial acres, and 15 acres of undetermined perennial), followed by 17,087 acres 
of estuarine waters.  
 
County Totals 
 
Wetlands. The acreage of wetlands by type is given for each county in Table 4.  
Rockingham County had the most wetland acreage with about 61,000 acres inventoried.  
Four other counties had over 30,000 acres:  Coos, Hillsborough, and Merrimack.  The 
wetlands in these counties accounted for almost 60% of the state wetlands.   The highest 
density of wetlands was found in Rockingham County with nearly 14% of its land area 
occupied by wetlands (Table 5).  Strafford County was next ranked in wetland density 
with slightly more than 8% of its land area represented by wetland. 
 
Deepwater Habitats.  Belknap County had the highest acreage of deepwater habitat, 
followed closely by Carroll County (Table 6).  Lake Winnipesaukee, New Hampshire’s 
largest lake, was responsible for the predominance of deepwater habitat in these counties.  
Belknap County had, by far, the highest proportion of its area occupied by deepwater 
habitat – nearly 17%.  Strafford and Carroll Counties each had about 6% of their area 
covered by deep water.  Estuarine waters were nearly equally abundant in Rockingham 
and Strafford Counties where they represented a half or more of the deepwater habitats.
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Table 3.  Wetland acreage summaries for the state of New Hampshire.  State totals differ 
from sum of county totals due to round-off procedures.  
 
Ecological System Wetland Class  Acreage 
 
Marine   Aquatic Bed   254 
   ------------------------------ ------ 
   Subtotal Vegetated  254 
 
   Rocky Shore   18 
   Unconsolidated Shore  363 
   ------------------------------ ------ 
   Subtotal Nonvegetated 381 
 
   Total Marine   635 
 
Estuarine  Aquatic Bed   137    
   Emergent   5,584 
   ------------------------------ ---------- 
   Subtotal Vegetated  5,721 
 
   Unconsolidated Shore  2,308 
   ------------------------------ -------- 
   Subtotal Nonvegetated 2,308 
    
   Total Estuarine  8,029 
 
Palustrine  Aquatic Bed   199 


Emergent   38,719 
   Forested   139,401 
   Scrub-Shrub   73,506 
   ----------------------------- ------------- 
   Subtotal Vegetated  251,825 
 
   Unconsolidated Bottom 26,059 
   Unconsolidated Shore  55 
   ------------------------------ ------------- 
   Subtotal Nonvegetated 26,114 
 
   Total Palustrine  277,939 
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Table 3.  Continued 
 
Lacustrine   Aquatic Bed   85 
   Emergent (nonpersistent) 111 
   -------------------------------- ------------- 
   Subtotal Vegetated  196 
 
   Unconsolidated Bottom 170 
   Unconsolidated Shore  302 
   --------------------------------- ------------- 
   Subtotal Nonvegetated 472 
 
   Total Lacustrine  668 
 
Riverine  Unconsolidated Shore  1,447 
   Rocky Shore   6 
   Streambed   36 
   --------------------------------- ----------- 
   Subtotal Nonvegetated 1,489 
 
   Total Riverine   1,489 
 
ALL WETLANDS     288,760 
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Table 4.  NWI findings for each county.  Numbers represent acres of wetlands. 
 
       County 
 
NWI Type           Belknap Carroll Cheshire Coos  Grafton Hillsborough  
 
Palustrine Wetlands 
 Aquatic Bed   5  11  --  51  36  28 
 Emergent   2,319  2,971  3,651  3,275  3,115  7,125 
 Forested   5,154  16,842  10,610  20,068  8,744  15,864 
 Scrub-Shrub   3,043  6,369  7,124  14,358  6,225  8,999 
 Unconsol. Bottom  1,505  1,800  2,564  1,879  2,664  4,598 
Lacustrine Wetlands   
 Aquatic Bed   --  --  --  --  --  42 
 Emergent   --  --  25  24  29  -- 
 Unconsolidated. Shore 2  --  5  251  14  13 
 Unconsolidated Bottom --  --  --  --  1  86 
Riverine Wetlands 
 Unconsol. Shore  2  350  37  220  681  34 
 Rocky Shore   2  --  --  --  1  -- 
 Streambed   --  --  20  3  10  -- 
 
Total    12,032  28,343  24,036  40,129  21,520  36,789 
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Table 4 (continued).         County 
 
NWI Type         Merrimack  Rockingham  Strafford  Sullivan   
 
Palustrine Wetlands 
 Aquatic Bed   1   30   --   38 
 Emergent   5,359   6,677   2,402   1,826 
 Forested   14,222   32,531   11,040   4,326 
 Scrub-Shrub   9,706   10,038   4,031   3,615 
 Unconsol. Bottom  4,267   3,816   1,613   1,407 
Lacustrine Wetlands   
 Aquatic Bed   --   43   --   -- 
 Emergent   --   --   33   -- 
 Unconsolidated. Shore 2   1   --   15 
 Unconsolidated Bottom 40   25   --   18 
Riverine Wetlands 
 Unconsol. Shore  48   --   1   74 
 Rocky Shore   2   --   --   -- 
 Streambed   3   --   --   -- 
Estuarine Wetlands  
 Aquatic Bed   --   134   3   -- 
 Emergent   --   5,369   215   -- 
 Unconsol. Shore  --   1,864   444   -- 
Marine Wetlands 
 Aquatic Bed   --   254   --   -- 
 Unconsol. Shore  --   363   --   -- 
 Rocky Shore   --   18   --   -- 
 
Total    33,650   61,163   19,782   11,319 
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Table 5.  Ranking of counties by wetland area.  Percent of county comprised by wetlands 
is also given. 
     
    Wetland  Percent of County 
Rank  County  Acreage Land Area  
 
1 Rockingham  61,163  13.8 
2 Coos   40,129  3.5 
3 Hillsborough  36,789  6.6 
4 Merrimack  33,650  5.6 
5 Carroll   28,343  4.7 
6 Cheshire  24,036  5.3 
7 Grafton  21,520  2.0 
8 Strafford  19,782  8.4 
9 Belknap  12,032  4.7 
10 Sullivan  11,319  3.3 
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Table 6.  Acreage of deepwater habitats in New Hampshire counties.  Riverine waters are 
separated into lower perennial, upper perennial, and tidal types. Percent of county 
occupied by deepwater habitats (both excluding and including marine waters) is given 
and rank by acreage. 
 
  Lacustrine Riverine Waters Estuarine    Total       % of  
County Waters Lower  Upper Tidal Waters       Waters    of Co.  (Rank) 
 
 
Belknap 42,815  376 13 -- --        43,204 16.8 (1)  
Carroll  37,012  747 151 -- --        37,910 6.3 (2) 
Cheshire 10,290  2,364 125 -- --        12,779 2.8 (8) 
Coos  16,664  3,163 156 -- --        19,983 1.7 (4) 
Grafton 18,402  4,142 595 -- --        23,139 2.1 (3) 
Hillsborough 7,680  2,113 149 -- --        9,942 1.8 (9) 
Merrimack 11,200  2,902 349 -- --        14,451 2.4 (7) 
Rockingham 9,717  139 40 2 8,832        18,730 4.2 (5) 
Strafford 6,359  291 128 13 8,255        15,046 6.4 (6)  
Sullivan 6,639  2,202 99 -- --         8,940 2.6 (10) 
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DISCUSSION 
 


 
Comparison with Hydric Soil Acreage 
 
The U.S.D.A. National Resources Conservation Service has conducted soil surveys for 
New Hampshire during which soil scientists have identified wet soils that are now called 
“hydric soils.”  Over 50 soil series and land types representing potential wetlands have 
been mapped since the 1930s (Table 7).  While these areas are dominated by hydric soils 
(e.g., poorly drained and very poorly drained soils), even soil map units of better drained 
soils have some hydric soil as inclusions. 
 
According to the latest soil survey statistics, over 576,000 acres of hydric soils have been 
mapped in New Hampshire: 41,112 acres of hydric Entisols (e.g., floodplain soils), 
152,119 acres of Histosols (organic soils: peats and mucks), 43,767 acres of Spodosols 
(evergreen forest soils), and 339,388 acres of Inceptisols (other mostly forest soils) (Paul 
Finnell, USDA NRCS, National Soils Database Manager, pers. comm. 2007). When 
compared with the wetlands mapped by NWI, we find a considerable difference in the 
acreage in New Hampshire that may be covered by wetlands: 290,000 acres (NWI) vs. 
576,000 acres (soil surveys).  There are, however, several reasons for the differences 
including: 1) more generalized mapping of soils (e.g., larger map units) than the more 
detailed mapping of wetlands by NWI, 2) the different dates of the soil surveys vs. NWI 
(changes likely have taken place in the presence of wetlands since the original soil 
survey), and 3) difficulty in photointerpreting the drier-end wetlands, especially 
seasonally saturated forested wetlands (results in conservative mapping by NWI; such 
areas are likely shown as hydric soil mapping units on the soil surveys).  Overall, the 
NWI estimates are conservative due to the limitations in the ability to photointerpret 
wetlands (see discussion in Methods), while the soil survey numbers are probably liberal 
due to their age and mapping techniques (e.g., minimum mapping sizes and interpretation 
of large forest tracts).  The conclusion is that the actual extent of wetlands probably lies 
somewhere between the two numbers.  From the statewide perspective, then, the acreage 
of wetlands ranges between 290,000 acres (NWI) and 576,386 acres.  Consequently 
wetlands may occupy anywhere between 5-10 percent of the state. 
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Table 7.  List of hydric soil series and some land types associated with New Hampshire’s 
wetlands based on soil survey mapping since the 1930s.  (Note: List may not be 
complete.) 
 
Alluvial Land, Mixed, Wet  Alluvial Land, Wet 
Bemis     Biddeford 
Binghamville    Borohemists 
Bucksport    Burnham 
Cabot     Charles 
Chocorua    Cohas 
Endoaquents    Grange 
Greenwood    Fresh Water Marsh 
Ipswich    Kinsman 
Leicester (and variant)  Lim 
Limerick (and variant)  Lyme 
Maybid    Medomak 
Monarda    Moosilauke 
Muck and Peat   Naumburg 
Ossipee    Pawcatuck 
Peacham    Pemi 
Pillsbury    Pipestone 
Pondicherry    Raynham (and variant) 
Ridgebury    Rippowam 
Roundabout    Rumney 
Saco (and variant)   Saugatuck 
Scantic     Scarboro 
Scitico     Searsport 
Squamscott    Stissing 
Swanton    Tidal Marsh 
Vassalboro    Walpole 
Wareham    Westbrook 
Whitman    Wonsqueak 
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CONCLUSION 
 


 
The NWI Program mapped about 290,000 acres of wetlands and over 200,000 acres of 
deepwater habitats, excluding marine waters, for the state.  The wetland mapping is 
conservative due to limitations of the photointerpretation techniques employed.  
Considering NRCS hydric soil data, the actual extent of wetlands in New Hampshire is 
likely somewhere between 290,000 and 576,000 acres, representing 5-10% of the state’s 
land area.  
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Abstract


In the United States, the regulatory approach to wetland protection has a traditional focus on size as a
primary criterion, with large wetlands gaining significantly more protection. Small, isolated wetlands have
received less protection; however, these wetlands play a significant role in the maintenance of biodiversity of
many taxonomic groups, including amphibians. An important question for directing conservation and
management efforts for amphibians is whether size is a useful criterion for regulatory decisions. Because
hydroperiod has an important influence on amphibian composition in wetlands, I conducted a study to
examine the relative influence of wetland size and hydroperiod on amphibian occurrence. I sampled 103
wetlands in southern New Hampshire in 1998 and 1999 using dipnet sampling to document the presence of
larval amphibians. Wetlands were placed into one of three hydroperiod categories; short (<4 months),
intermediate (4–11 months), or long (permanent) based on field observations of drying pattern. Wetland
size was determined from digitized national wetland inventory (NWI) maps (most wetlands) or measured in
the field. I examined patterns of amphibian species richness and individual species occurrence using
generalized linear models. Wetland size ranged from 0.01 to 3.27 ha. Overall, species richness was signif-
icantly influenced by hydroperiod (v2 = 18.6, p <0.001), but not size (v2 = 1.4, p = 0.24). Examination
within hydroperiod categories revealed several significant relationships with wetland size. Species richness
was related to wetland size in wetlands with short and intermediate hydroperiods, but not wetlands with
long hydroperiods. Wetland size does not appear to be a useful sole criterion for determining wetland
functional value for amphibians; assessments of functions of seasonally inundated wetlands for amphibians
would benefit from examination of hydroperiod.


Introduction


Wetland size has been used as one of the primary
criteria for assigning protected status to wetlands
in the United States, with greater protection given
to larger wetlands. Increased understanding of the


function served by small wetlands (Moler and
Franz 1987; Semlitsch and Bodie 1998) has led to
concern that size may not be a suitable criterion
upon which to make regulatory decisions. For
certain species, small isolated wetlands are critical
habitats, and species strongly associated with these
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wetlands may not persist in landscapes in which
the loss of these wetlands is significant. Where
small wetlands are common in the landscape, loss
of wetlands below existing protection size classes
would result in increased distances between
wetlands, potentially disrupting dispersal and
consequent rescue necessary for functioning
metapopulations (Gibbs 1993, 2000; Semlitsch and
Bodie 1998).


A key process in small isolated wetlands is the
seasonal or semi-annual drying regimes that pre-
clude establishment of populations of predatory
fish. Many species of amphibians breed extensively
or exclusively in these small isolated wetlands, and
the larvae of these species cannot persist with fish
predators. The negative impacts of fish on these
species are so significant that the adults of many
amphibian species avoid breeding in water bodies
with predatory fish (Hopey and Petranka 1994;
Binckley and Resitarits 2003). To assess the eco-
logical function of both small and large wetlands,
it is necessary to determine how wetland size is
related to amphibian use.


Because wetland size could be a simple criterion
for wetland valuation, it is important to determine
if it is also a functionally useful criterion. If
amphibians distribute predictably along a gradient
of wetland size (e.g., higher species richness in
larger wetlands), this variable could be an efficient
metric for guiding wetland regulations. However,
if wetland size is a poor predictor of amphibian
species occurrence, then regulations based on size
will probably not provide adequate means for
protecting amphibian populations or for predict-
ing the true impacts of wetland loss. In conducting
this study, I considered several pertinent questions.
First, is there a consistent relationship between size
and hydrology (i.e., do larger wetlands have longer
hydroperiods)? Second, is amphibian species rich-
ness related more strongly to wetland size or to
hydroperiod? If the answer is hydroperiod, then
only a strong relationship between hydroperiod
and wetland size would allow size to be a useful
functional criterion for management of amphibian
populations. Third, are there potential differences
in the relationship between size, hydroperiod, and
species richness when comparing amphibian use
along the gradient from small to large wetlands?
For example, among wetlands with short hyd-
roperiods, do small or large wetlands have high
species richness?


Methods


Study area


Research was conducted across a 4800 km2 area of
southern and central New Hampshire. The study
area is predominantly forested (i.e., rural), with
scattered agriculture and urban/suburban devel-
opment. Forest cover type in the study area
is predominantly secondary growth (>50 years)
oak/pine forest. Dominant tree species included
white pine (Pinus strobes L.), red maple (Acer
rubrum L.), red oak (Quercus rubra L.), and
eastern hemlock (Tsuga canadensis L.). A majority
of wetland study sites (n = 61) were selected
randomly through a selection of ‘blocks’ created
from universal transverse mercator (UTM) grid
lines on US Geological Survey 7.5 min topo-
graphic map. Random pairs of coordinates were
chosen to determine which UTM blocks would be
used. I used national wetlands inventory (NWI)
maps and field surveys to locate study wetlands
and to verify wetland classification within each
UTM block. All wetlands considered suitable were
palustrine scrub–shrub, emergent, or forested, and
were chosen to represent the hydrological gradient
from very temporary to permanent. Over 150
wetlands were initially field checked. Many wet-
lands were located on private property; therefore,
wetlands on lands for which I could not obtain
permission were rejected from the study. In addi-
tion, I rejected farm ponds or other constructed
wetlands. Within each of 61 UTM blocks, the first
suitable wetland for which I could obtain land-
owner permission for sampling was selected. I also
sampled wetlands (n = 42) on a variety of public
lands. In this case I first located wetlands with long
hydroperiods that were accessible (i.e., within a
kilometer of a trail) using NWI maps, and then
selected additional sites for sampling that were
non-permanent.


I sampled each wetland twice annually between
May–September in 1998 and 1999. The first sam-
pling period was conducted during May and June,
and the second sample period was from July
through early September. The timing of sampling
allowed me to determine occurrence of early
(spring) and late (summer) breeding species.


Each wetland was divided into microhabitats
based on combinations of depth (greater or less
than 0.6 m deep) and the presence or absence of
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submersed and/or emergent vegetation. Sampling
effort was dispersed equally among the micro-
habitats present within each wetland using repli-
cate 1 m2 sweeps with a 30 · 45 cm dipnet. The
number of sweeps varied with wetland size and the
number of microhabitats present, and ranged from
five in very small wetlands with little microhabitat
variation to 60 sweeps in large wetlands. Using a
larger number of sweeps in larger wetlands en-
abled me to sample throughout a greater area of
the wetland, and thus reduce the risk of missing
species that may have been concentrated in one
area. In addition, sampling portions of all micro-
habitats ensured capture of any species that may
be associated with a specific microhabitat. The size
of many wetlands and the number of wetlands
sampled precluded efficient use of a grid system for
random sampling, so haphazard sampling was
used, in which sweeps were spread throughout the
microhabitats. Examination of sampling data
indicated that no new species were added at any
wetland during the second year of sampling, sug-
gesting that sampling efforts were sufficient at
capturing all species.


All amphibian larvae captured that could not be
accurately identified to species in the field were
preserved in 10% buffered formalin and identified
to species using standard keys (Orton 1939; Altig
1970; Travis 1981). Occurrence of each species
based on captures of larvae, as well as species
richness, was determined for each wetland.


Wetland area was computed using a Geographic
Information System (ArcInfo; ESRI 1999) with
the exception that small wetlands (n = 10) not
included on digitized NWI maps were measured in
the field with a meter tape in June 1998, which
corresponded to approximate high water level that
year. I placed wetlands in one of three hydroperiod
classes based on assessment at all wetlands during
sampling and monthly field visits in October and
November for a subset of wetlands (to differentiate
intermediate versus long hydroperiods). Wetlands
were classified as having short hydroperiods if they
were inundated for <4 months after ice out
(drying prior to July in both years). Wetlands were
characterized as having intermediate hydroperiods
if they dried after July 1 (>4 months, but
<12 months) or in a few cases if they dried in one
of the two years (i.e., semi-annual drying). Finally,
wetlands that never dried during the study were
classified as long.


Statistical analyses


I performed a Spearman’s rank correlation to
determine the extent to which hydroperiod and
wetland size were correlated. An ANOVA with
posthoc Tukey’s pairwise comparisons was used to
determine if wetland size or amphibian species
richness differed among the three hydroperiod
categories.


I used generalized linear models (McCullagh
and Nelder 1989) to determine the relative influ-
ence of wetland size and hydroperiod on amphib-
ian species richness and species occurrence. I
also examined the influence of wetland size on
amphibian species richness and species occurrence
with each hydroperiod category. Generalized lin-
ear models present a major advantage over clas-
sical multiple regression approaches in that they
integrate data from different statistical distribu-
tions with the appropriate modeling of statistical
error (e.g., normal as in multiple regression,
binomial for occurrence data, ordinal for classes of
abundance, Poisson or negative binomial for spe-
cies or individual counts). Amphibian species
richness was analyzed using a normal response
distribution with a canonical-link function, and
occurrence of each species was analyzed using a
binomial regression with a logit-link function
(McCullagh and Nelder 1989). I tested model
deviance (explained variance) using v2 tests
(McCullagh and Nelder 1989). Where necessary,
data were transformed to improve normality.
Statistical procedures were analyzed using SAS
(Version 8, 2001).


Results


Wetlands sampled ranged in size from 0.01 to
3.27 ha. Wetland size and hydroperiod were cor-
related (rs = 0.56). Wetland size differed signifi-
cantly among hydroperiod categories (F2, 100 =
13.417, p < 0.001; Figure 1); wetlands with short
hydroperiods were significantly smaller than wet-
lands with intermediate (p = 0.031) and long
(p < 0.001) hydroperiods, and wetlands with
intermediate hydroperiods were smaller than wet-
lands with long hydroperiods (p = 0.006).


I collected 19,702 individual larvae of 9 species
from 103 wetlands. Amphibian species richness
was influenced significantly by hydroperiod
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(F2,100 = 17.41, p < 0.001; Figure 2). Species
richness was higher in wetlands with intermediate
(p < 0.001) and long hydroperiods (p < 0.001)
compared to wetlands with short hydroperiods;
species richness in wetlands with intermediate
and long hydroperiods did not differ significantly
(p = 0.102).


General linear models indicted that, across the
entire data set of 103 wetlands, hydroperiod had a
significant effect on both species richness and


occurrence patterns of individual species, but
wetland size did not (Table 1). Green frog (Rana
clamitans Latreille) was the only species for which
wetland size had a significant influence on presence
(Table 1).


A more refined picture of the relationship
between wetland size and hydroperiod and the
influence of these factors on amphibian patterns of
occurrence was revealed by examining pat-
terns within each wetland hydroperiod category


Figure 2. Amphibian species richness in wetlands with short


(inundated <4 months), intermediate (inundated >4 months,


nonpermanent), and long (permanent) hydroperiods. Bars are


mean + 1 SE. Bars with different letter are statistically differ-


ent.


Table 1. The relationship between amphibian species richness and species occurrence and independent variables (wetland size and


hydroperiod) based on generalized linear models. Model deviance represents % variance in species richness explained by the model.


Dependent variable Independent variable Model deviance (%) v2 p


Species richness Hydroperiod 23.8 18.6 <0.001


Wetland size 1.4 0.240


Rana catesbeiana Hydroperiod 21.3 9.4 0.002


Wetland size 0.8 0.36


Rana clamitans Hydroperiod 45.1 18.2 <0.001


Wetland size 6.0 0.014


Rana sylvatica Hydroperiod 19.0 14.0 <0.001


Wetland size 1.0 0.313


Rana palustris Hydroperiod 26.8 17.6 <0.001


Bufo americanus Hydroperiod 8.7 3.2 0.075


Wetland size 0.1 0.734


Pseudacris crucifer Hydroperiod 7.1 4.1 0.043


Wetland size 1.2 0.277


Hyla versicolor Hydroperiod 7.0 5.6 0.018


Wetland size 0.2 0.618


Notophthalmus viridescens Hydroperiod 15.9 9.1 0.003


Wetland size 2.2 0.141


Ambystoma maculatum Hydroperiod 1.6 0.6 0.439


Wetland size 2.6 2.6 0.106


Figure 1. Comparison of wetland size for wetlands with short


(inundated <4 months), intermediate (inundated >4 months,


nonpermanent), and long (permanent) hydroperiods. Bars are


mean + 1 SE. Bars with different letter are statistically differ-


ent.
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(Figure 3). Wetland size had a significant effect,
and explained 32.2% of the variation in species
richness patterns in wetlands with short hydrope-
riods, and 19.3% in wetlands with intermediate
hydroperiods (Table 2). In contrast, wetland size
did not have a significant effect on species richness
in wetlands with long hydroperiods (Table 2).


Among species breeding in wetlands with short
hydroperiods, the wood frog (Rana sylvatica
LeConte) was significantly influenced by wetland
size and occurred most frequently in the smallest
wetland size class (<0.25 ha) (Figure 4). Among
wetlands with intermediate hydroperiods, wetland
size had the most significant effect on occurrence
patterns of R. clamitans, which was more likely to
be found in larger wetlands (Figure 4). The spring


peeper (Pseudacris crucifer Wied-Neuwied) also
was significantly influenced by wetland size, and
the gray treefrog (Hyla versicolor Cope) and the
red-spotted newt (Notophthalumus viridescens
Rafinesque) were marginally influenced by wetland
size. However, the patterns of occurrence among
these species do not show strong directionality
(i.e., tendency for use of smaller or larger wet-
lands), and generally explained less than 15% of
the variation in occurrence within intermediate
wetlands (Table 2, Figure 4). The American toad
(Bufo americanus Holbrook) occurred only in the
largest size class of wetlands with intermediate
hydroperiods (Figure 4). Only one species, the
spotted salamander (Ambystoma maculatum
Shaw), was significantly influenced by wetland size


Figure 3. Relationship between wetland size and amphibian species richness in (a) wetlands with short (inundated <4 months;


n = 14); (b) intermediate (inundated >4 months, nonpermanent; n = 39); and (c) long (permanent; n = 50) hydroperiods. Lines are


best fit; refer to Table 1 for statistical testing based on generalized linear models.
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among wetlands with long hydroperiods; A. mac-
ulatum was less likely to be found in the largest
wetlands (Table 2, Figure 4).


Discussion


Several researchers have recently called into ques-
tion the suitability of using wetland size as a cri-
terion for assessing wetland function (Semlitsch
and Bodie 1998; Snodgrass et al. 2000; Paton and
Crouch 2002; Babbitt et al. 2003). The results of
this study indicate that wetland hydroperiod has
a stronger influence than wetland size on both
amphibian species richness and the presence/ab-
sence of amphibian species. Of the nine amphibi-
ans species documented in the 103 wetlands in this
study, none was more strongly influenced by wet-
land size than hydroperiod.


The important influence that wetland hydrope-
riod has on habitat suitability for amphibians is


widely recognized (Wellborn et al. 1996; Semlitsch
2000). Differences in life history and behavioral
traits result in species-specific patterns of distri-
bution that are largely driven by the amount
of time a breeding site holds water and ability
to persist with predators, particularly fish
(Woodward 1983; Skelly 1996). Because predator
composition and abundance at a wetland site is
also influenced by hydroperiod, it is not surprising
that wetland hydroperiod should be such an
important factor influencing amphibian distribu-
tion patterns. Amphibian species are not distrib-
uted randomly relative to hydroperiod, but rather
show patterns of turnover across the hydrological
gradient (Snodgrass et al. 2000; Babbitt et al.
2003). Thus, only by maintaining wetlands with a
diversity of hydroperiods in a landscape can we
protect amphibian biodiversity (Semlitsch 2000).


Wetland hydroperiod and size were positively
correlated in this study; however, the relationship
between species richness and wetland size was


Table 2. The relationship between species richness and species occurrence with wetland size in short (<4 month hydroperiod),


intermediate (wetlands with hydroperiods >4 months or drying one of two years), and long (permanent) hydroperiod wetlands based


on generalized linear models. Model deviance represents % variance in species richness explained by the model.


Dependent variable Independent variable Model deviance (%) v2 p


Short hydroperiod wetlands


Species richness Wetland size 32.2 5.6 0.018


Rana sylvatica Wetland size 30.7 5.0 0.025


Pseudacris crucifer Wetland size 4.5 0.6 0.482


Ambystoma maculatum Wetland size 21.1 3.1 0.078


Intermediate hydroperiod wetlands


Species Richness Wetland size 19.3 9.5 0.002


Ambystoma maculatum Wetland size 0.5 0.2 0.618


Bufo americanus Wetland size 23.3 2.7 0.099


Hyla versicolor Wetland size 13.6 5.6 0.053


Notophthalmus viridescens Wetland size 8.3 3.7 0.053


Pseudacris crucifer Wetland size 10.3 4.1 0.042


Rana catesbeiana Wetland size 0 0.4 0.527


Rana clamitans Wetland size 30.5 8.5 0.004


Rana palustris Wetland size 0 0.1 0.837


Rana sylvatica Wetland size 6.4 2.3 0.120


Long hydroperiod wetlands


Species Richness Wetland size 0.6 0.3 0.581


Ambystoma maculatum Wetland size 9.0 4.2 0.041


Bufo americanus Wetland size 0 0 0.849


Hyla versicolor Wetland size 0.3 0.4 0.526


Notophthalmus viridescens Wetland size 0.5 0.3 0.611


Pseudacris crucifer Wetland size 0 0 0.954


Rana catesbeiana Wetland size 0.4 0.5 0.459


Rana clamitans Wetland size 0 0.2 0.696


iRana palustris Wetland size 4.0 2.1 0.147


Rana sylvatica Wetland size 1.8 0.4 0.358
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stronger in non-permanent wetlands. Because I
was not able to determine the hydroperiod of each
wetland on a frequent basis, I placed wetlands into
hydroperiod categories. Thus, relationships be-
tween wetland size and amphibians occurrence and
species richness within hydroperiod categories may
be due to the fact that larger wetlands within, for
example, the short hydroperiod category may have
had longer hydroperiods than the smaller wetlands
within that category (e.g., three months versus
four months). Thus, a more detailed examination
of hydroperiod/wetland size/species richness


patterns, particularly among seasonally inundated
wetlands, would be instructive.


Although only a few published studies have
examined the relationship between hydroperiod,
wetland size, and amphibian species richness, the
findings of these studies suggest strongly that hy-
droperiod is a more valuable criterion for assessing
wetland value for amphibians than wetland size.
Snodgrass et al. (2000) found that wetland size and
hydroperiod were positively but weakly (r2 =
0.05) related among 86 wetlands at the Savannah
River Site in South Carolina. They sampled a


Figure 4. Patterns of occupancy of amphibian species in wetlands based on wetland size and hydroperiod. Hydroperiod was classified


as: short (inundated <4 months), intermediate (inundated >4 months, nonpermanent), and long (permanent).
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subset of those wetlands for amphibians and found
that species richness was related to hydroperiod
but not wetland size. In southern Ontario, Can-
ada, Hecnar and M’Closkey (1996) found that
amphibian species richness and pond size was not
related in 97 ponds. Similarly, Richter and Azous
(1995) did not find a significant relationship be-
tween wetland size and amphibian species richness
among 19 wetlands in Washington State. Calhoun
et al. (2003) found that neither wetland size nor
depth was a reliable predictor of hydroperiod


among over 300 isolated wetlands in different
areas of Maine. As part of a test of a proposal for
placing significance values on wetlands based on
egg mass numbers for vernal-pool dependent
amphibians, Calhoun et al. (2003) concluded that
wetland size was a poor metric for assessing wet-
land value. Based on egg mass counts of R. sylv-
atica and A. maculatum at 124 ponds in Rhode
Island, Egan and Paton (2004) found that selection
of breeding sites was random relative to pond size;
mean egg mass counts for ponds <0.2 ha did not


Figure 4. Continued.
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differ from those for ponds >0.2 ha. Combined,
the results of these studies and the current study
strongly suggest that wetland size is a poor crite-
rion upon which to make decisions about wetland
protection for amphibians.


An additional concern about the use of size as a
basis for wetlands regulation is the fact that small,
isolated wetlands can be quite numerous in certain
areas of the United States (Tiner et al. 2002), and
the loss of these wetlands could result in disruption
of migration and gene flow among populations.


For example, Semlitsch and Bodie (1998) exam-
ined size distribution patterns of Carolina bays at
the Savannah River site in South Carolina and
found that almost 50% of wetlands were less than
1.2 ha in size. Their analyses demonstrated that
loss of wetlands below that size threshold would
result in nearest-wetland distances that are beyond
the dispersal limits of many amphibians. Similar
analyses conducted on wetlands in Maine (Gibbs
1993) and New York (Gibbs 2000) also suggest
that losses of small wetlands are likely to lead to


Figure 4. Continued.
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increased isolation of remaining wetlands, thereby
increasing extinction probabilities of remaining
amphibian populations.


In this study, four species were found in wetlands
below 0.25 ha, and all nine species encountered
used wetlands that were between 0.25 and 0.5 ha.
Wetlands below 0.5 ha are of particular impor-
tance to R. sylvatica and A. maculatum. These sizes
are smaller in area than is generally discussed at
the federal level for wetlands protection (Kaiser
1998). Further, the US Supreme Court ruling in
SWANCC (Solid Waste Agency of Northern Cook
County vs. US Army Corp of Engineers, 531 US
159; 2001) which defined isolated wetlands as non-
jurisdictional, and therefore not under federal
permit review unless they were connected to a US
navigable waterway, provides an additional chal-
lenge to protection of small, isolated wetlands.
Although this court case has prompted some states
to write new laws to regain legal authority to pro-
tect isolated wetlands, currently half the states in
the United States do not have programs that ad-
dress the reduction in federal jurisdiction (Christie
and Hausmann 2003). Should this ruling stand,
protection of ‘isolated’ wetlands will rest at the
state level. States should respond not only by
passing legislation to protect isolated wetlands, but
also by protecting small wetlands.


The success or validity of policies and regula-
tions centered around wetland size is dependent on
the degree to which hydroperiod and wetland size
are correlated, which is likely to vary among re-
gions (e.g., this study versus Snodgrass et al. 2000).
Because amphibian species composition changes
with wetland hydroperiod, a strong correlation
between hydroperiod and wetlands size argues for
protecting wetlands of varying sizes. Lack of cor-
relation between hydroperiod and wetland size
argues against using size as a criterion at all.
Overall, research to date suggests that wetland size
should not be used as the sole metric for wetland
protection, and further that small, isolated wet-
lands should be protected to ensure maintenance
of amphibian biodiversity.
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America’s local governments know their lands 
and are familiar with their critical role as the 
primary regulators of land use and develop-
ment activities. Many local governments 


also know their waters and wetlands, and most have 
authority to regulate land uses in order to conserve and 
protect these important community assets. While many 
publications assist local governing boards with land use 
planning and zoning, this publication compiles the sci-
entific literature on wetland buffers (the lands adjacent 
to wetland areas) and identifies the techniques used and 
legislative choices made by local governments across the 
United States to protect these lands. 


This guide for planners is based on detailed ex-
amination of approximately 50 enacted wetland buffer 
ordinances and nine model ordinances, and upon sev-
eral hundred scientific studies and analyses of buffer 
performance. This guide identifies both the state-of-
the-art and the range of current practice in the protec-
tion of wetland buffers by local governments. Local 
governments considering enacting or amending a wet-
land buffer ordinance will find here what they need to 
know to manage land use and development in these 
important areas.


Why Should Local Governments Adopt Wetland 
Buffer Controls?
The term “wetlands” encompasses a variety of land-
scape features that contain or convey water and sup-
port unique plants and wildlife. Wetlands often serve 
as a transitional zone between dry lands and areas 
dominated by water, including ponds and rivers, 
oceans and estuaries, and their floodplains and tribu-
taries. Federal regulations define wetlands as “areas that 
are inundated or saturated by surface or ground wa-
ter at a frequency and duration sufficient to support, 
and that under normal circumstances do support, a 
prevalence of vegetation typically adapted for life in 
saturated soil conditions. Wetlands generally include 
swamps, marshes, bogs and similar areas.” (40 C.F.R. 
§230.3(t)) An extensive body of scientific literature, 


classification systems (Cowardin et. al. 1979) and le-
gal opinions make important distinctions in wetland 
types and delineation methods. 


Wetlands form part of the natural system of land 
and water that helps to make human communities liv-
able. Many wetlands help control flooding and reduce 
damage from storm surges. They trap sediments and 
pollutants that otherwise might enter waterways. They 
help to recharge groundwater in some areas, and in 
tidal zones they provide nurseries for shellfish and fish. 
They also serve as habitat for birds, amphibians, and 
other wildlife and provide scarce natural areas in urban 
and suburban environments.


Attention to these functions is essential to gov-
ernance of the community’s land uses, public health, 
safety, and welfare. But these functions cannot be sus-
tained without care for the uplands adjacent to wet-
lands—wetland buffers. 


Well-designed buffers protect and maintain wet-
land functions by removing sediments and associated 
pollutants from surface water runoff, removing, de-
taining, or detoxifying nutrients and contaminants 
from upland sources, influencing the temperature and 
microclimate of a water body, and providing organic 
matter to the wetland. Buffers also maintain habitat for 
aquatic, semi-aquatic, and terrestrial wildlife, and can 
serve as corridors among local habitat patches, facili-
tating movement of wildlife through the landscape. 


Local government interests in wetland buf-
fer lands often include concern for management of 
stormwater, avoidance of hazards from flooding, pro-
tection of water supplies, and protection of property 
from future hazards that may be associated with global 
climate change. Protection of vegetated buffers may 
reduce the severity of water fluctuations and flooding 
due to storms (FIFMTF 1996) as buffers may increase 


Planner’s Guide to Wetland Buffers for 
Local Governments


Wetland buffers in urban areas are particularly important 
in helping to moderate the impacts of altered hydrologic 
regimes and flooding.


—City of Boulder, 2007
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2  Planner’s guide to Wetland Buffers For Local Governments


sures that deal only with the wetland is like trying to 
operate a municipal swimming pool without any at-
tention to the pipes, the deck, the lifeguard stations, 
and the condition of areas draining into the water. 
Such an approach is like operating a roadway with no 
shoulders, no sidewalks, no signals, no management 
of the right-of-way, and no provision for the water 
sheeting onto the road surface. 


The upland area surrounding the wetland is es-
sential to its survival and functionality. If a wetland 
area cannot absorb the stormwater it normally ab-
sorbs, the chances of flooding will increase further 
downstream; if the wetland cannot serve as home 
for wetland species and vegetation, community val-
ues and quality of life will be impaired. Local gov-
ernments that have wetlands within their boundar-
ies have the opportunity to conserve these resource 
lands and to control or compensate for activities and 
development that might impair their benefits to the 
community and the environment. 


Elements of Wetland Buffer Ordinances
Local governments should address the following 
elements when drafting a wetland buffer ordinance or 
bylaw:


 Purpose of the Ordinance
 Wetlands Covered
 Definition of Buffer
 Activities Prohibited/Permitted
 Procedures for Review


the flood storage capacity of wetlands by better at-
tenuating storm runoff before it reaches the wetland 
(Wenger 1999). 


As many as 5,000 local governments have taken 
some actions to protect at least some wetlands within 
their borders (Kusler 2003). Some local governments 
regulate activities in wetlands, and all local govern-
ments have clear jurisdiction over actions on the buf-
fer lands that surround wetlands. In many important 
ways, local governments are better situated than state 
and federal environmental authorities to control ac-
tivities on the lands that surround wetland resource ar-
eas, because they are not just concerned with wetland 
functions, but also with surrounding land uses and the 
benefits wetlands provide for their communities. 


Federal regulations require developers and oth-
ers to obtain permits from the U.S. Army Corps of 
Engineers to dredge or fill many wetlands. But many 
activities that affect small acreages, or that involve par-
ticular kinds of construction or development activities, 
are authorized under generic “general permits” or “na-
tionwide permits” with minimal scrutiny and standard 
conditions. Further, some wetlands that are isolated or 
that lack sufficient connection to navigable waters and 
tributaries may be totally unregulated federally under 
recent Supreme Court decisions (SWANCC v. U.S. 
Army Corps of Engineers (2001) and Rapanos v. United 
States (2006)). And while about a third of the states 
have regulatory programs affecting one or more types 
of wetland, coverage varies substantially by wetland 
type, acreage, activity, and potential impact. 


Where federal and state regulatory programs do 
not apply, local governments remain the sole source 
of protective authority. And even where federal or 
state programs provide for review and permitting of 
activities in wetlands, local governments still have an 
interest in ensuring the compatibility of the land use 
that occurs on and around these lands in order to 
maintain control of their patterns of development, 
community character, tax base, demand for services, 
and response to hazards (McElfish 2004). 


The functions and services that wetlands provide 
may diminish if wetlands are surrounded by park-
ing lots, buildings, and pollution-generating or other 
incompatible land uses that reduce their hydrologic 
functions, alter vegetation, and degrade habitat val-
ues. Relying on regulations and conservation mea-


Wetland Buffers and Climate Change
Wetland buffers will enable local communities to protect 
themselves from known hazards associated with global 
climate change. In some regions, climate change will pro-
duce more extreme storm events, increase the number and 
intensity of floods, and alter the infiltration and conveyance 
capacity of stormwater and natural wetland systems. Sea 
level rise will threaten coastal communities, which depend 
upon the storm-buffering effects of coastal wetlands. Cli-
mate change will also change the volume and timing of 
snowmelt, alter groundwater supplies, and produce drought 
effects, making healthy wetland function even more critical 
for water supply and watershed resilience. An ordinance 
that protects wetland buffers will moderate the effects of 
drought and protect private and public property.
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as in those states that authorize local governments to 
adopt wetland regulations or critical area protections; 
or it may draw on a broader array of public health, 
safety, and welfare justifications supported by the local 
government’s police power. The ordinance may aim at 
a specific subset of issues within the local government’s 
authority, such as prevention and control of flooding, 
prevention of water pollution, or protection of habitat, 
open space, recreation, and other issues. Where appli-
cable, the ordinance may draw on “home rule” author-
ity to supplement other legal authorizations.


Purposes for wetland buffer ordinances include 
natural resource protection, hazard avoidance, and pub-
lic health and safety, among others. Commerce City, 
Colorado, specifies that its ordinance, which covers a 
number of resource concerns, is designed “to protect 
significant natural, historical, and agricultural resource 
features on the development site.” (§21-43(b)(1)) Bay 
County, Florida’s, ordinance declares that “wetlands 
are a valuable natural resource worthy of protection,” 
and that its ordinance establishing a setback distance 
from wetlands is intended:


to provide a buffer between wetlands and de-
velopment, preserve water quality, limit sedi-
ment discharges, erosion, and uncontrolled 
stormwater discharges, and provide wildlife 
habitat. (§1909)


Some ordinances specify concern for mitigation 


 Affirmative Requirements
 Monitoring, Reporting, and Enforcement


Within each of these elements, local governments 
have used many approaches to achieve wetland buf-
fer protection. Alternative approaches allow govern-
ments to address particular environmental concerns, 
property development issues, differing land uses, and 
practical and political constraints. Each element is 
discussed below, together with examples from local 
governments that have employed the alternatives. (All 
citations are to the relevant section numbers of the lo-
cal ordinances referenced.)


 Purpose of the Ordinance
The ordinance should have an explicit statement of the 
purposes for which it is enacted. First, such a state-
ment makes the scope of the ordinance clear. It informs 
the elected decision maker’s choice about the type of 
regulatory approach that will accomplish the desired 
outcome, and it avoids both regulatory overreach and 
under reach (failure to include sufficient protection 
measures to achieve objectives). The purpose defini-
tion is particularly important in determining the size 
of a wetland buffer and defining the activities that will 
be prohibited, conditionally permitted, exempted, or 
authorized by right under the ordinance. It will de-
fine the extent to which the ordinance regulates the 
wetland area and the buffer, or whether it is primarily 
aimed at the buffer while leaving wetland regulation to 
federal or state oversight alone.


Second, the statement of purpose aids in the in-
terpretation of the ordinance by those charged with 
carrying it out, such as zoning administrators and per-
mitting authorities, inspectors, and code enforcement 
officers. It also assists landowners, developers, and citi-
zens in understanding the ordinance and in conform-
ing their proposals and activities to its provisions. This 
is particularly useful where the ordinance includes pro-
visions that require application of performance stan-
dards, mitigation of authorized impacts on the buffer, 
and use of alternative design solutions.


Third, the statement of purpose defines the legal 
authority upon which the ordinance rests and so helps 
courts and administrative bodies sustain both its le-
gality and its application to specific actions. The ordi-
nance may draw on explicit state authorizations, such 


Type of Ordinance
Defining the purpose of the ordinance will help the local 
government and its legal advisors determine the type of 
ordinance that will be most useful. Most local wetland buf-
fer ordinances are part of the zoning code or land de-
velopment regulations. In some cases they are contained 
in a separate natural resources code, or they implement 
state-enacted wetlands or critical areas laws. A few are 
included in subdivision regulations together with setback 
and dimension requirements.  Some wetland buffers are 
part of local erosion control or stormwater management 
regulations. The local government may include buffer pro-
tection as part of an ordinance that specifies protections 
for the wetland itself, or it may adopt an ordinance regulat-
ing the buffer area while relying on federal or state provi-
sions to address activities within the wetland.
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of hazards and protection of property. The purpose of 
Schaumburg, Illinois’ wetlands, streams, and aquatic 
resources protection ordinance: 


shall be to protect persons and property within 
and adjacent to wetlands from potentially haz-
ardous geological and hydrological conditions; 
prevent environmental degradation of the land 
and water; and ensure that development en-
hances rather than detracts from or ignores the 
natural topography, resources, amenities, and 
fragile environment of wetlands within the vil-
lage. (§154.196)


Belle Isle, Florida, finds that “the preservation 
and protection of property rights of the people of the 
city require that mechanisms be established which will 
provide for the orderly regulation and preservation of 
environmentally significant and productive wetlands.” 
(§48-62(a)(3))


Very comprehensive statements of purposes are 
found in the LaPorte, Indiana, ordinance, “to require 
planning to avoid or minimize damage to wetlands and 
lakes; to require that activities not dependent upon a 
wetland or shoreline be located at other sites;…to make 
certain that activities affecting wetlands and lakes must 
not threaten public safety or cause nuisances by: block-
ing flood flows, destroying flood storage areas, or de-
stroying storm barriers, thereby raising flood heights or 
velocities on other land and increasing flood damages; 
causing water pollution through any means [including 
application of pesticides, increasing erosion, or increas-
ing runoff of sediment and surface water]; and that 
activities in or affecting wetlands do not destroy natu-
ral wetland functions important to the general welfare 
[listing habitat, groundwater recharge, education and 
research, public rights in waters and recreation, and 
aesthetic and property values.]” (§82-563 to -565)


A model ordinance prepared by the Northeast 
Ohio Areawide Coordinating Agency provides a sig-
nificant list of purposes that can be used by local gov-
ernments considering their own ordinances: 


Establish consistent, technically feasible and 
operationally practical standards to achieve 
a level of storm water quantity and quality 
control that will minimize damage to public 


and private property and degradation of wa-
ter resources, and will promote and maintain 
the health, safety, and welfare of the residents 
of the Community. Preserve to the maximum 
extent practicable the natural drainage charac-
teristics of the community and building sites 
and minimize the need to construct, repair, 
and replace enclosed storm drain systems. 
Preserve to the maximum extent practicable 
natural infiltration and ground water recharge, 
and maintain subsurface flow that replenishes 
water resources, wetlands, and wells. Prevent 
unnecessary stripping of vegetation and loss of 
soil, especially adjacent to water resources and 
wetlands. Reduce the need for costly main-
tenance and repairs to roads, embankments, 
sewage systems, ditches, water resources, wet-
lands, and storm water management practices 
that are the result of inadequate storm water 
control due to the loss of riparian areas and 
wetlands. Reduce the long-term expense of 
remedial projects needed to address problems 
caused by inadequate storm water control.


The specific purpose and intent of this part of 
these regulations is to regulate uses and devel-
opments within wetland setbacks that would 
impair the ability of wetland areas to: Reduce 
flood impacts by absorbing peak flows, slow-
ing the velocity of floodwaters, and regulat-
ing base flow. Assist in stabilizing the banks of 
watercourses to reduce bank erosion and the 
downstream transport of sediments eroded 
from watercourse banks. Reduce pollutants in 
watercourses during periods of high flows by 
filtering, settling, and transforming pollutants 
already present in watercourses. Reduce pol-
lutants in watercourses by filtering, settling, 
transforming and absorbing pollutants in run-
off before they enter watercourses. Provide wa-
tercourse habitats with shade and food. Provide 
habitat to a wide array of aquatic organisms, 
wildlife, many of which are on Ohio’s Endan-
gered and/or Threatened Species listings, by 
maintaining diverse and connected riparian 
and wetland vegetation. Benefit the Commu-
nity economically by minimizing encroach-
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ment on wetlands and watercourse channels 
and the need for costly engineering solutions 
such as dams, retention basins, and rip rap to 
protect structures and reduce property damage 
and threats to the safety of residents; and by 
contributing to the scenic beauty and environ-
ment of the Community, and thereby preserv-
ing the character of the Community, the qual-
ity of life of the residents of the Community, 
and corresponding property values.


Nashua, New Hampshire’s, purpose statement is:


in the interest of public health, safety and gen-
eral welfare, to: Insure the protection of valu-
able wetland resources; prevent the harmful 
filling, draining, sedimentation, or alteration 
of wetlands; Prevent the destruction or signifi-
cant degradation of wetlands which provide 
flood and storm control by the hydrologic ab-
sorption and storage capacity of the wetland; 
Protect fish and wildlife habitats by providing 
breeding, nesting, and feeding grounds for 
many forms of plant and animal life including 
rare, threatened, or endangered species; Protect 
subsurface water resources and provide for the 
recharging of ground water supplies; Provide 
pollution treatment to maintain water qual-
ity; Prevent expenditures of municipal funds 
for the purpose of providing and/maintaining 
essential services and utilities which might be 
required as a result of misuse or abuse of wet-
lands; Provide for those compatible land uses 
in and adjacent to wetland or surface waters 
which serve to enhance, preserve, and protect 
wetland areas as natural resources. (§16-571)


 Wetlands Covered
Local governments must determine which wetlands 
and waters to include within their buffer ordinances. 
Ordinances tend to exhibit four approaches to defin-
ing the wetlands to which local buffer requirements 
will be applied:


(1) The ordinance may cover all wetlands and 
waters, as broadly defined in the ordinance, or it may 
reference the definitions of “waters of the state” or defi-


nitions of wetlands found in state laws or federal regu-
lations. For example, the buffer ordinance may specify 
“wetlands,” as in Chipley, Florida (§14.5-21), or “wet-
lands as defined by state law,” as in Woodbury, Min-
nesota (§27-1).


(2) The ordinance may define specific wetland 
types or classes of wetlands that are protected under 
the ordinance. This approach may provide certain pro-
tections for tidal wetlands and different protections 
for nontidal wetlands. It may provide for protection of 
wetlands over a particular size (such as wetlands over 
one-half acre in area, as in Charlotte County, Florida, 
or wetlands over one-quarter acre in area, as in Lake 
County, Illinois). The ordinance may determine that 
buffer protections should be afforded to all wetlands 
over which federal jurisdiction exists under the Clean 
Water Act or under state wetlands laws, or it may spe-
cifically extend coverage to wetlands that do not receive 
protection under state and federal regulations. For ex-
ample, Summit County, Colorado, protects wetlands 
as defined in the County ordinance, “notwithstanding 
any contrary determination by the U.S. Army Corps of 
Engineers.”(§7105.1(A)) Some towns in New York of-
fer protections for wetlands under 12.4 acres, the lower 
limit of the state’s wetland program jurisdiction. Some 
of the ordinances we reviewed (although less than a 
quarter) provide different buffer protections for differ-
ent classes of wetlands, using either state or local wetland 
quality or vulnerability ranking schemes. For example, 
Nashua, New Hampshire, prescribes a 75-foot nondis-
turbance buffer for “primary wetlands” as defined un-
der state law, 40 feet for “critical wetlands,” and 20 feet 
for other wetlands over one acre. (§16-575).


(3) The ordinance may be primarily aimed at the 
protection of stream and river corridors and flood-
ways (riparian corridors), but provide for the inclusion 
and protection of wetlands where they are found within 
or adjacent to these areas. Most such ordinances pro-
vide for the expansion of the riparian buffer distance 
to a greater extent than would be required were such 
wetlands not present. For example, Summit County, 
Ohio’s, riparian buffer ordinance provides that when-
ever wetlands protected under federal or state law are 
identified within the riparian setback (which is itself 
30-300 feet depending on the size of the drainage 
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area), “the riparian setback shall consist of the full ex-
tent of the wetlands plus the following additional set-
back widths” from the outer boundary of the wetland 
—50 feet, 30 feet, or zero additional feet, depending 
upon the type of wetland. (§937.05(e3))


(4) Some local government wetland ordinances 
protect specifically identified, mapped wetlands 
within the jurisdiction, rather than relying on defini-
tions. Schaumburg, Illinois’, wetlands, streams, and 
aquatic resources overlay district applies to areas des-
ignated on the town’s zoning map. (§154.196) Pick-
ens County, Georgia’s, ordinance applies to develop-
ments within 50 feet of a defined “wetlands protection 
district” boundary, as defined by the County’s Health 
Department. This district specifically includes all land 
mapped as wetlands by the federal government’s Na-
tional Wetlands Inventory Maps. (§§12-26-124, 12-
26-125) Oregon City, Oregon, applies wetland buffer 
protection to “Title 3 wetlands,” defined as those wet-
lands of metropolitan concern as shown on the water 
quality and flood management area map and other 
wetlands added to city or county-adopted water qual-
ity and flood management area maps. (§17.49.040) 
Lewiston, Maine, applies its 250-foot regulatory re-
view buffer (and 75 foot minimum setback) to “ten 


(10) acre or greater wetlands, located in the City of 
Lewiston, as shown” on a specifically-referenced set 
of Maine Department of Environmental Protection 
maps dated 1989, and identified by specific identifi-
cation numbers on those maps. (§34.2(B)(2)) Strom-
men et al. (2007) advise using an adopted local wet-
land map.


 Definition of Buffer
Local governments use numerous approaches when 
defining wetland buffers. Ordinances may define a 
regulated area where scrutiny will be exercised over 
activities near wetlands, or define a non-disturbance 
area where natural vegetation must be maintained. 
Sometimes these are the same—so that there will be 
no disturbance, with limited exceptions by permit, 
throughout the entire defined regulatory buffer. In 
other instances, the ordinance will define a larger area 
of regulatory scrutiny, with limited uses by permit, and 
then define a smaller non-disturbance area nearest the 
wetland margins. Some ordinances prescribe a non-dis-
turbance buffer area, but then establish an additional 
setback distance for buildings from the outer edge of 
the buffer. Because of these variations, simply com-
paring the number of feet prescribed in various buffer 
ordinances is not informative by itself. What matters 


Stream buffer expanded to 
include riparian wetland.


Overlapping buffers linking 
adjacent wetlands


After Cappiella et al. 2005
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is how the buffer ordinance defines what activities are 
allowed and not allowed in the defined areas.


The Science of Buffers for Wetlands
In adopting a buffer and defining its dimensions, the 
local government must rely on good science, both to 
achieve effective results and to meet any legal chal-
lenges. A large scientific literature examines effective 
buffer sizes for water quality and wildlife habitat. In 
general, wide and densely vegetated buffers are better 
than narrow and sparsely vegetated buffers. However, 
the buffer size necessary to provide a particular level 
of function depends on the functions of the wetland, 
the wetland’s relative sensitivity (as influenced by water 
retention time and other factors), the characteristics of 
the buffer, the intensity of adjacent land use, and wa-
tershed characteristics. A multi-function buffer should 
be sized to meet all of the functions identified as being 
locally important.


Water Quality & Buffers
Wetland buffers protect the water quality of wetlands 
by preventing the buffer area itself from serving as a 
source of pollution, as well as by processing pollutants 
that flow from upland areas. Water quality benefits 
vary not just with the size of the buffer, but also with 
the flow pattern, vegetation type, percent slope, soil 
type, surrounding land use, pollutant type and dose, 
and precipitation patterns (Adamus 2007, Wenger 
1999, Sheldon et al. 2005). Both the type and intensi-
ty of surrounding land uses are key factors determining 
the effectiveness of wetland buffers in protecting water 
quality. Variations in water quality have been corre-
lated over extended distances with quantity of intense 
urban land use in the contributing area, forest cover, 
and proximity of road crossings (Houlahan and Find-
lay 2004, Wilson and Dorcas 2003). Intense urbaniza-
tion, agriculture, and concentrated timber harvests can 
increase the amount of sediments and contaminants in 
surface runoff, cause changes in hydrology, and increase 
the severity of water fluctuations in a wetland during 
storm events. Vegetation and deep permeable soils in 
the buffer slow down surface flow, allow for infiltration 
before runoff reaches valuable wetlands, and inhibit 
the formation of channelized flow, improving removal 
of sediments and nutrients. Buffers that include both 
forested and grassy vegetation may be most effective at 


removing both sediments and nutrients, especially in 
agricultural areas. Buffer effectiveness, however, can be 
reduced over the long term by activities that destroy 
vegetation or compact or erode soils, causing rills and 
gullies. Effectiveness in the short term may diminish 
if sediment and nutrients are added too quickly or in 
chronically high concentrations. 


Depending on site conditions, much of the sedi-
ment and nutrient removal may occur within the first 
15-30 feet of the buffer, but buffers of 30-100 feet or 
more will remove pollutants more consistently. Buffer 
distances should be greater in areas of steep slope and 
high intensity land use. Larger buffers will be more ef-
fective over the long run because buffers can become 
saturated with sediments and nutrients, gradually 
reducing their effectiveness, and because it is much 
harder to maintain the long term integrity of small buf-
fers. In an assessment of 21 established buffers in two 
Washington counties, Cooke (1992) found that 76% 
of the buffers were negatively altered over time. Buf-
fers of less than 50 feet were more susceptible to deg-
radation by human disturbance. In fact, no buffers of 
25 feet or less were functioning to reduce disturbance 
to the adjacent wetland. The buffers greater than 50 
feet showed fewer signs of human disturbance. Cooke 
concluded that the effectiveness of buffers to protect 
adjacent wetlands is increased when fewer lots are pres-
ent, buffers are larger and vegetated, and buffers are 
owned by landowners who understand the purpose of 
the buffer. Tougher monitoring and enforcement of 
buffer requirements should also help.


Wildlife Habitat & Buffers
Wetland buffers maintain or serve directly as habitat 
for aquatic and wetland-dependent species that rely 
on complementary upland habitat for critical stages 
of their life-history (Chase et al. 1997). Buffers also 
screen adjacent human disturbance and serve as habi-
tat corridors through the landscape. The appropriate 
buffer size for habitat functions will depend on the 
resident species, the life-history characteristics of the 
species, the condition of the wetland and the wetland 
buffer, the intensity of the surrounding land use, and 
the function the buffer is to provide. Adamus (2007) 
suggests that the buffer size determination consider 


continued on page 10
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Science of Water Quality Buffers
 A considerable amount of research addresses the size of buffers needed to remove sediments, phosphorous, nitrogen, and other 
pollutants. 
	Sediments
 Buffers remove sediments and attached nutrients, toxics, and pesticides by reducing the velocity of surface flow, allowing the 
suspended solids to settle out on the surface and/or filter through the soil. A significant percent of the sediment in surface flows 
may be removed in a 15-30 foot buffer, but sediments may be more consistently removed by buffers of 30-100 feet (Dillaha et 
al. 1988, 1989, Magette et al. 1989, Schoonover et al. 2006). Progressively larger buffers may be required to filter out incre-
mentally greater amounts of sediments (Wong and McCuen 1982, as cited in Wenger 1999, EOR 2001). From their review 
of the literature, Sheldon et al. (2005) suggest that coarse sediments are likely removed efficiently in the first 16-66 feet of a 
buffer, and removal of finer particles may require buffers of at least 66 feet. Locations with high sediment loads and steep slope 
may also require wider buffers, as sediment removal efficiency decreases as slope increases (Wenger 1999, Sheldon et al. 
2005). Wider buffers also may be necessary to maintain sediment removal efficiencies over time as buffers become saturated 
with sediments (Wenger 1999). The ability of a buffer to remove sediment is highly dependent on sediment-laden water entering 
the buffer surface via sheet flow rather than via highly focused flows (Wigington et al. 2003, and references in Sheldon et al. 
2005). Water confined mainly in ditches, incised channels, subsurface pipes, and other types of highly focused flows does not 
allow much contact with buffer vegetation and often is not sufficiently slowed to allow sediment removal, reducing the pollution-
filtering capability of the buffer. Riparian vegetation, litter, and woody debris on the surface can reduce the velocity of surface 
flow, allowing more contact with vegetation and soils and inhibiting the formation of incised channels and gullies (Lowrance and 
Sheridan 2005, Sheldon et al. 2005). In addition, buffers with low gradient slope are more effective for the same reasons. The 
use of level spreaders, grass filter strips, or other structural techniques also can encourage sheet flow through buffers (Wenger 
1999).  If stormwater pipes cross a buffer entirely underground before emptying into a wetland, the runoff purification purpose 
of the buffer will obviously be defeated.
 Phosphorous 
 Much of the phosphorous entering a buffer is attached to sediments, which can be removed as suspended solids are filtered by 
the buffer (Wenger 1999). Much of the phosphorous may be removed within the first 15-30 feet of the buffer, but phosphorous 
may be more consistently removed by buffers of 30-100 feet (Dillaha et al. 1988, 1989, EOR 2001, Kuusemets and Mander 
1999, Lowrance and Sheridan 2005, Syverson 2005). Buffers can become saturated with phosphorous and generally cannot 
provide long term storage of phosphorous, but they can help to regulate the flow of phosphorous and prevent large pulses of the 
nutrient from reaching the wetland (Wenger 1999). Vegetation management (haying, grazing) may help to permanently remove 
some phosphorus from the system (Wenger 1999). 
 Nitrogen
 Subsurface flow is the dominant water flow route through many buffers and wetlands. Nitrogen is removed primarily through 
conversion of nitrate to nitrogen gas by denitrifying bacteria and by vegetative uptake.  This occurs primarily in the upper few 
feet of a buffer’s soil or a wetland’s sediment.  Removal efficiencies are generally high (see Table 1 in Mayer et al. 2005). 
However, nitrogen removed via vegetative uptake can be released back to the system as plants die and decompose. Nitrogen 
also enters a buffer as particulate nitrogen attached to sediments, which can be removed as suspended solids are filtered by the 
buffer. Mayer and colleagues (2005) recently completed a comprehensive review and synthesis of the literature pertaining to the 
nitrogen removal function of riparian buffers. From their interpretation of that literature, they suggested that narrow buffers, 3.3 
– 49.2 feet, can be effective at removing nitrogen, but wider buffers, >164 feet, more consistently remove significant amounts 
of nitrogen. They suggest 50%, 75%, and 90% nitrogen removal efficiencies (through both surface and subsurface flow) would 
occur in buffers of approximately 10 feet, 92 feet, and 367 feet wide, respectively, depending on buffer characteristics and 
nitrate loading rates. Based on a review of some of the same literature, Wenger (1999) suggested that a minimum of 50 feet is 
necessary for effective nitrogen removal, and depending on the soils (wet organic soils being the best), 100 feet or more would 
include more areas of denitrification activity and provide more nitrogen removal. Buffers of various vegetation types may be 
temporarily effective in retaining nitrogen being carried in the subsurface flow. High levels of organic carbon in the soil, satu-
rated soil, anoxic or low oxygen conditions, and extended contact of the groundwater with the root zone of riparian vegetation 
are necessary for effective microbial denitrification and plant uptake of nitrogen. Removal of subsurface nitrate is highest when 
these soil conditions are maintained (Correll 1997, Wenger 1999), and these criteria may be more important than width in 
determining the effectiveness of the buffer (Mayer et al. 2005). For example, Vidon and Hill (2004) found that a 50 foot buffer 
was effective at removing 90% of the nitrate at locations with loamy soils, but at locations with sand and cobble sediments (soils 
with less organic matter), the buffer width required for 90% nitrate removal ranged from 82 ft to 577 feet. In order to maintain 
the nitrogen removal effectiveness of buffers, soil compaction, gullying, increases in impervious surfaces in the buffer, and exces-
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sive removal of leaf litter or ground cover should be minimized (Mayer et al. 2005).
 Other Pollution
 A few studies have shed some light on effective buffer widths for removing fecal coliform and other pathogenic microorganisms. 
In one study, a 30 foot buffer that had been treated with poultry manure was able to remove 34-74 % of the fecal coliform. 
However, the resulting runoff still exceed the primary contact standard (Coyne et al. 1995). Toxics (pesticides and metals) may 
also be partially removed through filtration of sediments by the buffer (Sheldon et al. 2005), and temporarily, through vegetative 
uptake (Gallagher and Kibby 1980). Urban buffers are thought to be generally good at removing hydrocarbons and metals from 
surface runoff (Herson-Jones et al. 1995, as cited in Wenger 1999). 
 Limitations
 There are many limitations to the conclusions about buffer widths that can be drawn from the scientific literature on buffers. More 
studies focus on buffers to protect stream and river functions than on wetlands. Also, many buffer studies are not conducted year-
round, although water quality effects vary across seasons. Further, much of the science examining the effectiveness of buffers to 
remove pollutants describes the percentage of pollutant reduced by the buffer, but more rarely whether the buffer enabled the 
receiving water body to meet water quality standards. Finally, most studies tend to evaluate effects of specific buffer sizes rather 
than to derive buffer distances from conditions. Nevertheless, the scientific literature, if interpreted cautiously by experts in bio-
geochemistry and wildlife, can help municipalities determine the dimensions and characteristics of an effective wetland buffer 
(Sheldon et al. 2005).


Science of Wetland Habitat Buffers
 Many of the buffer studies in the scientific literature make conclusions on appropriate buffer sizes for wildlife habitat based on 
how far individuals range from the wetland or water body for breeding or other life-cycle needs. The Environmental Law Institute’s 
(2003) review of the science found that effective buffer sizes for wildlife protection may range from 33 to more than 5000 feet, 
depending on the species. Specific information on ranges for birds, mammals, reptiles, and amphibians has been developed:
 


Birds: from 49 to over 5000 feet (ELI 2003, Fischer 2000). 
Mammals: between 98 and 600 feet (ELI 2003). 
Reptiles & Amphibians: In a review of the literature, Semlitsch and Bodie (2003) found that core terrestrial habitat for 
reptiles associated with wetlands ranged between 417 and 948 feet, and for amphibians 521and 951 feet. They 
suggest preserving core habitat plus an additional 164 foot (50 meter) buffer to minimize edge effects. However, 
little guidance is given concerning what type and density of buffer vegetation is acceptable for protecting particular 
species.


The type and intensity of surrounding land uses will affect the wildlife habitat function of a buffer. For example, studies have 
shown that amphibian species richness declines with increasing urban land use and road density (Rubbo and Kiesecker 2005, 
Houlahan and Findlay 2003). Marsh bird community integrity has been shown to decline significantly when the amount of 
urban/suburban development within 500 m and 1000 m of the marsh exceeds 14% and 25%, respectively (DeLuca et al. 
2004). Well designed buffers must be employed in combination with comprehensive land use planning that maintains a land-
scape containing relatively large, intact habitat areas in order to further habitat conservation goals. 


Buffers can screen light, noise, domestic pets, and human presence from wetland wildlife (Castelle et al. 1992). The level of 
human disturbance in a buffer will likely depend on the intensity of adjacent land uses (Cooke 1992), thus buffer sizes should 
be increased with increasing intensity of land use. Buffers of at least 50 feet are likely necessary to maintain buffer effective-
ness over time (Cooke 1992). 


In general, forested buffers will be best around forested and scrub-shrub wetlands for forest species, but grassy and herba-
ceous vegetation may be most effective in other locations and for other species (Adamus 2007). Buffers with greater structural 
complexity will usually support more species (Shirley 2004), although buffers with less complexity can be more favorable 
to particular species that may be locally rare.  Native vegetation is more likely to be effective at conserving native wildlife 
(Wenger 1999). Parkyn et al. (2000, as cited in Parkyn 2004) suggest that a buffer of 33–66 feet is necessary for sustaining 
native vegetation in some wetlands. 
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distance for all wetlands subject to the ordinance (e.g., 
75 feet or 100 feet). Others vary the prescribed dis-
tance depending upon the type of wetland or the qual-
ity of wetland from which the buffer is extended (e.g., 
75 feet from least vulnerable wetland type; 100 feet 
from most vulnerable). Others further vary the buffer 
distance to account for slope toward the wetland—re-
quiring wider buffers where slopes are steeper because 
negative impacts from land-disturbing activities, in-
cluding concentrated water flows, are likely to increase 
with increasing slope. Some ordinances vary the buf-
fer distances based on the type or intensity of land 
use—requiring larger buffers for more intensive land 
uses potentially affecting the wetland area. In contrast, 
some ordinances require or allow the zoning admin-
istrator to establish or vary buffers on a case-by-case 
basis. These ordinances usually prescribe the factors 
that must be taken into account and the information 
to be supplied by an applicant, but then rely on per-
formance standards in the ordinance to drive the buf-
fer distance decision. In another approach, Strommen 
et al. (2007) suggest an ordinance that regulates the 
entire drainage area contributing surface or subsurface 


all of the buffer functions relevant to habitat includ-
ing removing pollutants, limiting disturbance by hu-
mans, limiting the spread of non-native species into 
wetlands, helping maintain microclimatic conditions, 
and providing habitat for native wetland-dependent 
species that require both wetland and upland habitats. 
The Environmental Law Institute’s (2003) review of 
the science found that effective buffer sizes for wild-
life protection may range from 33 to more than 5000 
feet, depending on the species. The State Wildlife Ac-
tion Plans (www.teaming.com), developed by fish and 
wildlife agencies in all fifty states, are good sources 
of relevant information on native species, species of 
conservation concern, and their habitat requirements. 
These data can be supplemented by consulting local 
biologists to tailor buffer sizes to specific habitat types, 
species, and landscapes. 


Approaches to Setting Buffer Distances
There are a number of alternative approaches to set-
ting the buffer distance—usually defined in feet mea-
sured horizontally from the edge of the defined wet-
land. Many ordinances simply prescribe a fixed buffer 


Effective buffer distance for water quality and wildlife protection functions. The thin arrow represents the range 
of potentially effective buffer distances for each function as suggested in the science literature. The thick bar 
represents the buffer distances that may most effectively accomplish each function (30 - > 100 feet for sediment 
and phosphorous removal; 100 - > 160 feet for nitrogen removal; and 100 - >300 feet for wildife protection. 
Depending on the species and the habitat characteristics, effective buffer distances for wildlife protection may 
be either small or large.
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flow to sensitive wetlands, with defined buffer protec-
tions within this area.


Enacted local government buffer ordinances show 
a wide range of wetland buffer dimensions. The lowest 
we found was 15 feet measured horizontally from the 
border of the wetland, with the highest approximately 
350 feet. Several ordinances set 500 feet as a distance 
for greater regulatory review of proposed activities, but 
do not require nondisturbance at this distance. Often 
the ordinances provide a range of protections, with 
nondisturbance requirements nearest the wetland and 
various prohibitions and limitations as the distance 
from the wetland increases. Among the ordinances we 
examined, the largest number of ordinances clustered 
around nondisturbance or minimal disturbance buffers 
of 50 feet or 100 feet, with variations (usually upward 
variations) beyond these based on particular wetland 
characteristics, species of concern, and to account for 
areas with steeper slopes. The largest ordinance-pre-
scribed buffer distances (350 feet or more) tended to 
be for tidal wetlands and vernal pool wetlands. 


Local governments, in general, use five approach-
es in defining buffer distances. 


(1) Fixed Nondisturbance Buffer. Some local 
ordinances provide for a fixed buffer distance with-
in which disturbance activities are prohibited (or 
strictly limited). For example, Casselberry, Florida, 
requires wetland buffers of 50 feet. (§3-11) Virginia 
cities and counties subject to the state’s Chesapeake 
Bay Preservation Act establish “resource protection 
areas” of a 100-foot vegetated buffer landward of 
tidal and certain nontidal wetlands, as in Petersburg, 
Virginia (§122-76) and Henrico County, Virginia 
(§24-106.3). Some local buffer ordinances are “set-
back” ordinances. For example, Bay County, Florida, 
prohibits construction of any building or structure 
within 30 feet of any wetland. (§1909) The North-
eastern Ohio Model Ordinance provides for a 120-
foot or 75-foot “setback” from Ohio EPA Category 
3 and 2 wetlands, respectively. Summit County, Col-
orado, and LaPorte, Indiana, each provide that soil 
disturbances and structures are prohibited within 25 
feet of a wetland. (§7105.1(A); §82-561)


 
(2) Nondisturbance Buffer plus Additional Set-


back. Some ordinances prescribe a fixed nondistur-


bance wetland buffer, and then prescribe an addi-
tional setback distance for structures from the edge 
of the wetland buffer. The idea is that the prescribed 
nondisturbance buffer protects the wetland, and that 
buildings should not be constructed on the buffer’s 
edge if a functional buffer is to be maintained. Bal-
timore County, Maryland, provides for a nondistur-
bance buffer of 25 feet from nontidal wetlands in 
accordance with the state nontidal wetlands law (75-
100 foot buffers apply if associated with a stream, 
and 100-300 feet if a tidal wetland), but then further 
provides that residential buildings must be set back 
an additional 35 feet and commercial buildings an 
additional 25 feet from the edge of the buffer. (§§33-2-
303, 33-2-401, 33-2-204(c), 33-3-111(d)) Charles-
ton, South Carolina, defines “critical line” wetland 
buffers of a minimum of 25 to 40 feet based on zon-
ing districts, but then further provides that all build-
ings must be set back a minimum of ten feet from the 
edge of the required buffer. (§54-347.1a3)


(3) Regulated Buffer Area with Minimum Non-
disturbance Area. Another approach defines the 
buffer in terms of the area within which regulatory 
scrutiny will be applied to limit uses by permit or 
other review. Monroe County, New York, regulates 
a 100-foot “adjacent area” to freshwater wetlands. 
(§377-1 et seq.) Permits are required for activities 
within this area. Many jurisdictions supplement this 
regulated area with a prescribed minimum nondis-
turbance zone immediately adjacent to the wetland. 
Polk County, Wisconsin, provides for regulation of 
shorelands within 1000 feet of the ordinary high wa-
ter mark of any navigable lake or pond or flowage, 
and within 300 feet of any navigable river or stream 
or floodplain including wetlands. It then provides 
within these fairly substantial regulated areas for a 
75-foot minimum setback with a 35-foot vegetated 
protective area immediately adjacent to the wetlands 
or waters. (Art.7, 11(C)) New Lenox, Illinois, pro-
vides for the regulation of all lots lying wholly or in 
part within 100 feet of the edge of a wetland, while 
requiring a minimum nondisturbance set-back of 
75 feet from the edge of the wetland (with only very 
minimal activities allowed by permit) and a minimum 
natural vegetation strip of 25 feet from the edge of 
the wetland. (§§38-131 to -133) Lewiston, Maine, 
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regulates all areas within 250 feet of the upland edge 
of all ten-acre or larger wetlands, and requires that 
all structures must be set back at least 75 feet from 
the wetland edge with no variances, and that a “natu-
ral vegetative state” must be maintained for the first 
50 feet. (§34.2) Croton-on-Hudson, New York, does 
this in reverse by first specifying a mandatory non-
disturbance area of 20 feet adjacent to the wetland, 
and then the regulatory “minimum activity setback” 
extending an additional 100 feet from the edge of the 
nondisturbance buffer. (§227-3).


Massachusetts’ state wetlands protection act, 
which is locally administered by municipal conserva-
tion commissions, provides for a 100-foot regulated 
buffer area, and a permit process that applies to both 
the buffer and the wetland. (110 Mass. Gen. L. 131 
§40) Many municipalities have adopted variations on 
this regulatory approach. Barnstable, Massachusetts, 
using home rule authority as well as the state wet-
lands law, has added a provision that requires an un-
disturbed area of 50 feet adjacent to the wetland, and 
further provides that any structures permitted within 
the 100 foot regulated buffer must be located within 
the 20 feet of the landward margin of the buffer (viz. 
80 feet from the wetland). (§704-1) Sturbridge, Mas-
sachusetts, specifies various regulatory buffer areas 
greater than the state-required 100 feet (e.g. 200 feet 
for freshwater wetlands), and prescribes minimum 


nondisturbance areas ranging from 25 feet to 200 feet, 
depending upon the wetland resource. (§1.4)


(4) Matrix Based on Listed Factors. Some or-
dinances include a matrix of wetland types, slopes, 
habitats, and land use intensities, which are then 
used to define the extent of the buffer. For example, 
Sammamish, Washington, prescribes a set of buffers 
based on four distinct categories of wetlands initially 
defined by their wetland functions, and further modi-
fied by the habitat scores for each of these wetlands 
(see Table below).


Under the ordinance, Sammamish’s development 
department may further increase the required buffer 
distance by the greater of 50 feet or a distance neces-
sary to protect the functions and values of the wetland 
as well as to provide connectivity whenever a Category 
I or II wetland with a habitat score of 20 or greater 
is located within 300 feet of another Category I or 
II wetland, a fish and wildlife conservation area, or a 
stream supporting anadromous fish. Required buffers 
may be reduced if the impacts are mitigated and re-
sult in equal or better protection of wetland functions. 
(§21A.50.290)


Since 1984, Island County, Washington, has had 
an ordinance that takes into account wetland type, wet-
land size, and land use zones. The County has recently 
revised the ordinance for new development proposals 


Wetland Category Standard Buffer 
Width (ft)


Category I: Natural Heritage or bog wetlands 215


Habitat score 29-36 200
Habitat score 20-28 150
Not meeting above criteria 125


Category II: Habitat score 29-36 150


Habitat score 20-28 100
Not meeting above criteria 75


Category III: Habitat score 20-28 75
Not meeting above criteria 50


Category IV: 50


Sammamish, Washington, ordinance: Wetlands rated according to the Washington State Wetland Rating System for 
Western Washington (Washington Department of Ecology, 2004, or as revised).
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to base buffer distance which can range from 15 to 
300 feet in width, primarily on intensity of surround-
ing land uses, habitat structure within and around a 
wetland (as scored with a simple checklist that land-
owners may use), and wetland sensitivity. The ordi-
nance considers depressional “isolated” wetlands that 
lack outlets to be more sensitive to degradation due to 
accumulating sediment and bioaccumulation of con-
taminants and requires these wetlands to have wider 
buffers. Some wetlands surrounded by steep slopes or 
highly erodible soils are also required to have wider 
buffers. Island County also requires wider buffers for 
several carefully-defined wetland types, due to their 
high ecological value or sensitivity: (A) bogs, coastal 
lagoon wetlands, delta estuary wetlands, mature forest-
ed wetlands, (B) large non-estuarine ponded wetlands, 
anadromous fish stream wetlands, wetlands associated 
with a bog, coastal lagoon or delta estuary, (C) other 
estuarine wetlands, resident salmonid stream wetlands, 
mosaic wetlands, and (D) native plant wetlands and 
small ponded wetlands. The County prepared a series 
of tables that show buffer widths required for various 
combinations of these factors (e.g., intensity of sur-
rounding land use, wetland structure, and slope). 
(§17.02B.090). See Appendix II.  


Another example is Bensalem, Pennsylvania, 
which prescribes varying wetland buffer distances 
within natural resource protection overlay districts 
based on the underlying land use zoning. The buffer 
distance ranges from 20 feet in agricultural zones, to 
100 feet in general industrial zones. (§ 232-57) The 
ordinance’s standards require the buffer to be main-
tained in 80 percent natural vegetative cover.


(5) Case by Case Buffer Determinations. A num-
ber of wetland buffer ordinances do not specify a nu-
merical distance, but require the applicant to submit 
information sufficient to allow the local government 
to specify the buffer distance based on performance 
standards. For example, Commerce City, Colorado, 
requires that the buffer must be sized to ensure that 
the natural area is “preserved” and expressly provides 
that the director of community development may in-
crease or decrease the buffer to meet the goals of the 
ordinance; however, it further provides that the buf-
fer for wetlands will in no case be less than 25 feet. 
Woodbury, Minnesota, provides for a minimum na-


tive vegetated buffer of 15 feet, but further provides 
that the city reserves the right to require up to a 75-
foot undisturbed buffer where “in the opinion of the 
city” the area contains “significant natural vegetation 
in good condition,” or up to a 25-foot buffer where 
“useful for water quality improvement, wildlife habi-
tat, a greenway connection, or any other wetland func-
tion or value.”(§27-4(b)) 


Alachua County, Florida, provides for a case-by-
case performance standard buffer, but also provides for 
a numerical default value when sufficient information 
is not available to support a case-by-case determina-
tion. The buffer: 


shall be determined on a case-by-case basis af-
ter site inspection by the county, depending 
upon what is demonstrated to be scientifically 
necessary to protect natural ecosystems from 
significant adverse impact. (§406.43)


The county requires the following factors to be 
considered in making the case-by-case determination: 
1) Type of activity and associated potential for adverse 
site-specific impacts; 2) Type of activity and associated 
potential for adverse offsite or downstream impacts; 3) 
Surface water or wetland type and associated hydrologi-
cal requirements; 4) Buffer area characteristics, such as 
vegetation, soils, and topography; 5) Required buffer 
area function (e.g., water quality protection, wildlife 
habitat requirements, flood control); 6) Presence or 
absence of listed species of plants and animals; and 7) 
Natural community type and associated management 
requirements of the buffer. (§406.43) Where sufficient 
scientific information is not available, the ordinance 
prescribes default values with an average buffer dis-
tance of 50 feet, and minimum of 35 feet for wetlands 
less than or equal to a half acre; 75/50 feet for wetlands 
greater than half acre; 150/75 feet where listed species 
are documented; and 150/100 feet where the wetland 
is an outstanding resource water. (§406.43(c))


Crestview, Florida’s, ordinance provides:


The size of the buffer shall be the minimum 
necessary to prevent significant adverse effects 
on the protected environmentally sensitive 
area. §102-202(e)(1).
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Fife, Washington’s, ordinance specifies buffer dis-
tances, but further provides that:


The community development director shall re-
quire increased standard buffer zone widths on 
a case by case basis when a larger buffer is nec-
essary to protect wetlands functions and values 
based on local conditions. This determination 
shall be supported by appropriate documen-
tation showing that it is reasonably related to 
protection of the functions and values of the 
regulated wetland. Such determination shall be 
attached as a permit condition and shall dem-
onstrate that: A. A larger buffer is necessary to 
maintain viable populations of existing species; 
or B. The wetland is used by species proposed 
or listed by the federal government or the state 
as endangered, threatened, rare, sensitive or 
monitor, critical or outstanding potential hab-
itat for those species or has unusual nesting or 
resting sites such as heron rookeries or raptor 
nesting trees; or C. The adjacent land is sus-
ceptible to severe erosion and erosion control 
measures will not effectively prevent adverse 
wetland impacts; or D. The adjacent land has 
minimal vegetative cover or slopes greater than 
15 percent. (§17.17.260)


This approach requires more information at the 
application stage and also requires the administrator 
to have sufficient technical capacity to make a legally 
sufficient and sustainable choice.


Transitional Provisions
Some buffer ordinances have imposed more stringent 
requirements on new development than on existing 
development or subdivisions previously recorded. This 
may, in some cases, recognize “vested rights” in devel-
opment conditions, but more often it represents a way 
of avoiding potential legal contests over the applicabil-
ity of newer environmental regulations while still as-
serting some controls over prior and pending develop-
ments. Casselberry, Florida, for example, requires a 50 
foot buffer; but provides that “buffers shall be 25 feet 
on lots less than five acres created prior to February 
17, 1992.”(§3-11.1(C)) Summit County, Colorado, 
exempts single family and duplex residential construc-


tion (but not other construction) on lots platted before 
the 1996 adoption of the county’s first wetland regula-
tions. (§7105.1(A))


 Activities Prohibited/Permitted
Many ordinances simply prohibit all disturbance, ex-
cavation, or building within the buffer, and then pro-
vide a separate list of activities that may be authorized 
by permit, or that are exempt from the ordinance. 
Massachusetts local ordinances typically provide that 
except as permitted by the local conservation commis-
sion or as provided in the local ordinance, “no person 
shall commence to remove, fill, dredge, build upon, 
degrade, discharge into, or otherwise alter” the pro-
tected wetland and buffer area. 


Many wetland buffer ordinances also include out-
right prohibitions of particular activities, such as solid 
waste facilities, dams, and septic systems. LaPorte, In-
diana, provides that “no building, structure, street, al-
ley, driveway, or parking area shall be placed within a 
wetland district;” and further prohibits placement of 
any development that will allow “surface water run-
off ” to be “directed or flow into a wetland district,” 
except by permit allowing such flow, and excepting 
a single-family dwelling that may result in such flow. 
(§82-606) 


Many ordinances prohibit the use of wetland buf-
fers for stormwater retention ponds, requiring that 


Buffer Averaging and Minimum Distances
Some buffer ordinances that set specific and minimum buf-
fer dimensions allow the local government to accept buffer 
averaging in order to accommodate variability in terrain or 
to accommodate development plans. For example, a wet-
land normally entitled by ordinance to a 75-foot minimum 
buffer may be able to tolerate a 50-foot buffer over part of 
its margin if a wider buffer is provided along another part. 
This may depend upon such issues as water flow, topogra-
phy, habitat and species needs, and other factors that can 
best be assessed on a case-by-case basis. Port Townsend, 
Washington allows buffer averaging if the applicant dem-
onstrates that the averaging will not adversely affect wet-
land functions and values, that the aggregate area within 
the buffer is not reduced, and that the buffer is not reduced 
in any location by more than 50 percent or to less than 25 
feet. Woodbury, Minnesota allows buffer averaging where 
averaging will provide additional protection to the wetland 
resource or to environmentally valuable adjacent uplands, 
provided that the total amount of buffer remains the same.
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such structures be located outside the buffer. Oregon 
City, Oregon, allows new stormwater quantity and 
quality control structures to encroach “a maximum 
of 25 feet” upon a required buffer, but requires the 
area of encroachment to be replaced by an equal area 
of buffer on the property, requires good water qual-
ity at the outfall, and requires a determination of no 
significant negative impact as a result of the changes. 
(§17.40.050(H)(6))


Some buffer ordinances do not list prohibited 
activities (or all prohibited activities), but state that 
buffer conditions must remain sufficient to protect 
the wetland or its functions. This requires the admin-
istrator of the ordinance to make findings support-
ed by information on the anticipated impacts. For 
example, the Cape Cod Commission’s Model Wet-
lands and Wildlife Bylaw provides that “No project 
shall be permitted which will have an adverse effect 
on a vernal pool or any naturally vegetated land area 
within 350 feet of a vernal pool by altering topog-
raphy, soil structure, plant community composition, 
hydrologic regime and/or water quality in such a way 
as will result in any short-term or long-term adverse 
effect upon the vernal pool. No diversion of any new 
stormwater runoff into the vernal pool shall be per-
mitted.” (§IB2)


New Lenox, Illinois, allows only the following 
activities, by permit, within the 75 foot buffer: 1) 
limited filling and excavating necessary for the devel-
opment of public boat launching ramps, swimming 
beaches, park shelters or similar structures, 2) land 
surface modification for the development of storm-
water drainage swales between the developed area of 
the site (including a stormwater detention facility on 
the site) and a stream, lake or pond, or wetland, 3) 
installing piers for the limited development of walk-
ways and observation decks, subject to mitigation by 
an equal area of wetland habitat improvement, and 
4) modification of degraded wetlands for purposes 
of stormwater management where the quality of the 
wetland is improved and total wetland acreage is pre-
served. The ordinance requires that where such modi-
fication is permitted, wetlands shall be protected from 
the effects of increased stormwater runoff by measures 
such as detention or sedimentation basins, vegetated 
swales and buffer strips, and sediment and erosion 
control measures on adjacent developments, and that 


the direct entry of storm sewers into wetlands shall be 
avoided. (§38-132) [See Appendix for full text.]


Many buffer ordinances identify a limited number 
of essential or water-dependent uses that are allowed 
as conditional uses by permit. For example, Charlotte 
County, Florida, provides that wetland buffers shall be 
maintained in a completely natural state except for the 
minimum disturbance necessary to provide: shoreline 
access to riparian property owners; the construction of 
utility crossings and shoreline stabilization structures 
permitted by federal and state regulatory agencies; the 
construction of bridges, drainage conveyances, and 
fences; and the removal of exotic vegetation. (§3-5-
348(b)) Polk County, Wisconsin, allows limited uses 
within the buffer by permit; these include roads essen-
tial for agriculture or silviculture where no alternative 
alignment is practicable, water dependent uses, recre-
ation, utility crossings, and aquatic uses compatible 
with wetland preservation. (Art.7(D)(4))


Many ordinances also identify a set of limited-
impact activities that are allowed within the buffer 
without review or permit. Pickens County, Georgia’s, 
ordinance exempts conservation activities, outdoor 
passive recreation, forestry or agriculture conducted 
under state-approved Best Management Practices, 
education, science research, and nature trails. (§26-
126) The Cape Cod Commission’s model ordinance 
authorizes planting of native vegetation and habitat 
management to enhance the wetland values, unpaved 
pedestrian access paths no wider than 4 feet, main-
tenance of existing utility crossings and stormwater 
structures, new utility lines where the proposed route 
has been determined to be the best environmental al-
ternative, and accessory structures for existing houses 
where there is no feasible alternative and placement is 
as far from the wetland as possible, subject to review 
and approval by the Commission. (§IIB2)


 Procedures for Review
A wetland buffer ordinance should not just define 
the buffer and prohibited and authorized activities, 
but should also provide for procedures that trigger 
the applicability of the ordinance and allow for nec-
essary determinations, specify standards for review, 
define mitigation of authorized impacts, and specify 
whether and under what circumstances variances can 
be granted. 
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Administration of Ordinance
Responsibility for applying the ordinance to landown-
ers and land development activities must be clearly as-
signed to a local government unit or body. If the ordi-
nance is part of the zoning code, this will ordinarily be 
the zoning administrator. Alternatively, responsibility 
may be assigned to a specialized board or commission, 
such as a wetland commission (as in Massachusetts). 
Baltimore County, Maryland, assigns these responsi-
bilities to its Department of Environmental Protec-
tion and Resource Management. If the ordinance is a 
wetland protection ordinance including regulation of 
activities in the wetland itself as well as in the buffer, 
it may be desirable to adopt a review process that is 
congruent with federal and state review procedures for 
wetlands. If the ordinance requires site-specific find-
ings, such as variable buffer distances based on listed 
factors, it is desirable to have a technically trained pro-
fessional staff or consultants available to the adminis-
trator charged with carrying out the ordinance.


Submittals
Nashua, New Hampshire, specifies what triggers re-
view under the ordinance: 


A review process and procedure for applicabil-
ity to this article shall be caused by the follow-
ing proposed land use applications or required 
approvals: Building permit applications; zon-
ing board of adjustment applications; planning 
board applications; board of health applica-
tion; any other land use requiring a permit or 


approval as required by and within the Nashua 
Revised Ordinances. The initial review of any 
of the above-mentioned items shall cause a 
determination as to whether the land area in 
which the proposed use or activity is or is not 
within or abutting a wetland. (§16-574(a))


Many ordinances that allow some regulated activ-
ities or conditional uses within the wetland buffer, or 
that authorize variable buffer distances based on site-
specific conditions and proposed land uses, provide 
that the applicant must submit detailed information 
concerning the site. Summit County, Colorado, re-
quires submission of a detailed “wetlands disturbance 
plan” including mitigation improvements, revegeta-
tion plan, grading and erosion control measures, “and 
a narrative explaining how a proposed activity in the 
wetland setback or a wetland area will meet the crite-
ria” set forth in the ordinance. (§7105.04) Schaum-
burg, Illinois, requires an applicant seeking to conduct 
an activity by special use permit within the 100-foot 
wetland buffer to supply a report of geological and soil 
characteristics, site grading and excavation plan, veg-
etation and revegetation description and plan, wetland 
delineation report, and stormwater management plan. 
(§154.196(d)) Many local jurisdictions in the State of 
Washington require applicants to submit a wetland’s 
function scores as estimated using the Department of 
Ecology’s Rating System or an acceptable alternative.


Casselberry, Florida, requires an applicant seek-
ing an alternative buffer methodology to submit in-
formation addressing: erodibility of soils upland of the 
wetland line; depth of the water table below the soil 
surface in the zone immediately upland of the wetland 
line; and habitat requirements of aquatic and wetland-
dependent wildlife based on habitat suitability, spatial 
requirements, access to upland habitat, and noise im-
pacts. (§3-11.1(C)(2)) 


Standards
Nashua, New Hampshire’s, ordinance provides that in 
addition to enforcing the use and activity prohibitions 
and limitations for which a permit is required: “Any 
use or activity proposed within one hundred (100) feet 
of a wetland shall be reviewed administratively by the 
zoning administrator for compliance with the follow-
ing performance standards:


Green Development Standards
In 2007, the U.S. Green Building Council finalized pilot 
rating standards for the new Leadership in Energy and En-
vironmental Design – Neighborhood Development (LEED – 
ND) certification program, which set standards for environ-
mentally superior development practices. Among the credits 
towards certification that may be earned for neighborhood 
location and design and green construction, developers 
can earn credit for preserving in perpetuity a buffer around 
all wetlands and water bodies located on site. Buffer dis-
tances, minimum of 100 feet, are to be calculated based 
on the functions provided by the wetland or water body, 
contiguous soils and slopes, and contiguous land uses. Lo-
cal governments that adopt buffer ordinances encourage 
LEED-ND developments.
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(1) That no significant impact on the aquatic 
habitat of rare or endangered species, as listed 
by the State of New Hampshire or the Federal 
government, will result.
(2) That the filtration of stormwater runoff is 
adequately provided for and controlled both 
during and after construction.
(3) That the topography and required regrad-
ing of the subject property accounts for and 
adequately reflects the proximity of a nearby 
wetland area.
(4) All landscaping requirements and mainte-
nance regiments for a project will ensure that 
fertilizer and chemical run-off shall not enter 
the wetland.
(5) Any wetland area utilized for water run-off 
shall demonstrate that excess flow on wetlands 
shall not cause excessive ponding and reten-
tion, thereby causing environmental damage 
to existing flora.
(6) Where land is proposed to be subdivided, 
the applicant shall demonstrate that there is 
adequate non-wetland area to contain all pro-
posed uses, structures, and utilities in accor-
dance with these regulations.
(7) No more than fifty (50) percent of the open 
space required by the underlying zone shall be 
classifiable as wetlands under the provisions of 
this article.
(8) No part of a wetland may be counted 
in minimum lot area requirements. (§16-
575(d)).


Mitigation
Virtually all buffer ordinances that provide for per-
mitted uses or conditional uses within the buffer also 
require compensatory mitigation to offset unavoid-
able impacts to the buffer area. Compensatory miti-
gation involves the replacement of wetland acreage 
and wetland functions through restoration, creation, 
enhancement, or (in some cases) preservation of 
other wetlands, onsite or offsite. Mitigation may be 
required both for the wetland itself and for impacts 
to wetland buffers protected by local ordinance. For 
example, the Port Townsend, Washington, critical ar-
eas ordinance requires compensatory mitigation for 
any development proposal within a critical area or 


required buffer, and specifies mitigation replacement 
ratios. (§19.05.110(F1-F9)) Oregon City, Oregon, 
requires a mitigation plan and feasibility assessment. 
(§17.49.050(G)) Kusler (2007) identifies factors that 
a local ordinance providing for compensatory mitiga-
tion should include.


Variances
Some wetland buffer ordinances include provisions 
for hardship variances, while others that are part of 
the zoning or land development codes rely on the 
jurisdiction’s normal variance standards and proce-
dures. Because of the health and safety aspects of wet-
lands buffer protections, variances are disfavored. Bay 
County, Florida, has a fairly typical provision, allowing 
a hardship variance in those situations where, “due to 
the size, shape, topography, location(s) of wetlands, or 
similar factors, application of the wetland buffer would 
preclude reasonable use of the property involved.” 
(§1909(3)(d),(e)) The ordinance, however, limits vari-
ances for “accessory uses” to no more than 20 percent 
of the buffer.


 Affirmative Requirements
Buffer ordinances are not limited to prohibiting dis-
turbances and encroachments. Many also set standards 
for the establishment and maintenance of buffer con-
ditions. Belleaire, Florida, provides that natural buffers 
must be retained or “if a natural buffer does not exist an 
equivalent buffer shall be created.” (§74-414(b)(3)(c)) 
Woodbury, Minnesota’s buffer ordinance provides:


Buffer areas must be established in appropriate 
vegetation such as native grasses, forbs, shrubs, 
and trees. The buffer area cannot consist pri-
marily of common or noxious weeds. After be-
coming established, the vegetation in wetland 
buffer areas must be left undisturbed…The 
requirement to leave the buffer area undis-
turbed does not prohibit the removal of dead, 
diseased, or dying vegetation, or the control of 
noxious or common weeds. (§27-4(b)(5),(6))


The Northeastern Ohio Model Ordinance pro-
hibits mowing, allows planting consistent with the 
buffer’s functions, but also limits landowner affirma-
tive obligations:
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There shall be no disturbance, including mow-
ing, of the natural vegetation, except for such 
conservation maintenance that the landowner 
deems necessary to control noxious weeds; 
for such plantings as are consistent with this 
regulation; for such disturbances as are ap-
proved under the “Uses Permitted…” section 
of these regulations; and for the passive enjoy-
ment, access, and maintenance of landscaping 
or lawns existing at the time of passage of this 
regulation. Nothing in this regulation shall be 
construed as requiring a landowner to plant or 
undertake any other activities in riparian and 
wetland setbacks.


The Commerce City, Colorado, ordinance in-
cludes performance standards relating to the buffer’s 
function on the landscape and its potential connection 
to other natural areas:


If the development site contains existing natu-
ral areas including floodplains that connect to 
other off-site natural areas with natural areas, 
to the maximum extent feasible the develop-
ment shall preserve the natural area connec-
tions. Such connections shall be designed and 
constructed to allow for the continuance of 
existing wildlife movement along the natural 
areas. (§ 21-43 (b)(3)(c))


 Monitoring, Reporting, and Enforcement
Even the most comprehensive and scientific ordinance 
will not protect community interests if it is not en-
forced. Enforcement requires information, so local ju-
risdictions that have adopted buffer ordinances must 
allocate sufficient personnel to monitor approved 
buffers to identify possible violations. Some types of 
violations not visible from roadsides can be identified 
during flyovers or from existing high-resolution aerial 
photographs from different points in time. To help 
maintain public support, the disposition of all inves-
tigated potential violations, as well as all approved or 
denied permits and variances, should be documented 
in a regularly updated database or report available to 
all citizens.


Many wetland buffer ordinances do not specify 
their own enforcement provisions because they are 


part of the zoning code or subdivision regulations and 
are enforced by the usual array of enforcement tools 
provided in those ordinances—including authority to 
enter, stop work orders, notices to correct, cease-and-
desist orders, injunctions, criminal prosecution, nui-
sance abatement, and penalties. It may be worthwhile 
to consider adding particular provisions for wetland 
buffer enforcement that address the vulnerabilities of 
these landscape features. For example, the ability of 
the local government to enter and monitor wetland 
and buffer condition, or to conduct restoration activi-
ties, may be important. This can prevent loss of the 
habitat and hydrological functions if a violator does 
not promptly take corrective action; similarly, provi-
sion for daily accrual of penalties may provide an im-
portant incentive to act promptly.


Another issue is how the ordinance deals with en-
croachments or degradation affecting the wetland buf-
fer that is not caused by the developer at the time of a 
permitting decision, but later. Ordinances that are ex-
pressed solely in terms of setbacks or land development 
permit reviews may not sufficiently address affirmative 
obligations to maintain the buffer in a functional con-
dition and prevent encroachments by homeowners or 
third parties.


Where establishment and maintenance of the buf-
fer requires affirmative action by a landowner or devel-
oper, the ordinance may require the posting of a per-
formance bond or similar financial guarantee. Summit 
County, Colorado, provides that a financial guarantee 
must be posted to ensure compliance with its wetlands 
regulations, and that the term of the guarantee must 
extend for at least three years in order to ensure the 
success of vegetation plantings. (§7105.06)


Sturbridge, Massachusetts, provides that the town 
may require recordation of a restrictive covenant to 
ensure that long term recognition and function of the 
buffer are protected. (§3.10) Similarly, the Northeast-
ern Ohio model ordinance provides: 


Upon completion of an approved property 
subdivision/property/parcel split, commercial 
development or other land development or 
improvement, riparian and wetland setbacks 
shall be permanently recorded on the plat re-
cords for the Community and shall be main-
tained as open space thereafter through a per-
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manent conservation easement. A third party, 
not the landowner or permittee or the Com-
munity, which is allowed by state law, shall be 
given the conservation easement. If no third 
party will accept the conservation easement, 
the Community shall accept it and protect it 
in perpetuity.


Whenever possible it is desirable to monitor not 
just compliance with buffer requirements, but also 
changes in the condition of the wetlands. A few lo-
cal governments, such as Island County, Washington, 
have enacted and funded a long term water monitor-
ing program that will help evaluate buffer performance 
and allow for adaptive management to address any wa-
ter quality issues related to buffer underperformance 
or other changes in the surrounding environment.


Conclusion: Adopt a Local Wetland Buffer Ordinance
Wetland buffers protect communities from foresee-
able hazards and enhance community values. As such, 
wetland buffers reinforce many of the Smart Growth 
Principles, including compact design, distinctive com-
munities with a strong sense of place, critical environ-
mental and natural areas, and predictability in devel-
opment decisions. 


A community considering a wetland buffer ordi-
nance should be clear about its objectives. Spending 
time on developing the purpose statement will help 
clarify what the ordinance is intended to do, and will 


guide the process of defining what wetlands are to be 
protected, the appropriate buffer dimensions, allowable 
activities, review procedures, affirmative obligations, 
and enforcement provisions.


Science should serve as the foundation for buffer 
protection. But this does not mean that communities 
need to commission an elaborate scientific study. A great 
deal of information is available from state environmen-
tal protection agencies, state natural heritage programs, 
and from other communities that have adopted wetland 
ordinances. The key lessons from wetland science are 
summarized in this publication and the sources cited in 
the References section. Two simple wetland buffer ordi-
nances adopted by local governments, and an example 
of a more detailed matrix approach to buffer size, are 
reproduced in the Appendix.


The steps for adopting a local wetland buffer pro-
tection ordinance are:


• data gathering, 
• planning to connect the wetland buffer pro-
tection to other community plans and goals, 
• drafting the regulation or ordinance, 
• notice of public hearings, 
• adoption of the regulation or ordinance, 
• provision for administration of the require-
ments, and 
• enforcement. (Kusler & Opheim 1996). 


Buffer ordinances may be simple or complex, but 
they serve a critical role in maintaining community 
quality of life, management of stormwater and flood-
ing, protection of water quality and quantity, habitat 
conservation, and resilience to the future effects of 
global climate change on local communities.


Smart Growth Principles
1. Mix land uses. 
2. Take advantage of compact building design.
3. Create a range of housing opportunities and choices. 
4. Create walkable neighborhoods. 
5. Foster distinctive, attractive communities with a strong 
sense of place.
6. Preserve open space, farmland, natural beauty and criti-
cal environmental areas.
7. Strengthen and direct development towards existing com-
munities.
8. Provide a variety of transportation choices.
9. Make development decisions predictable, fair and cost 
effective.
10. Encourage community and stakeholder collaboration in 
development decisions.
Smart Growth Network: www.smartgrowth.org
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Chipley, Florida: 
“§14.5-21. Buffer required. A thirty-foot buffer of native vegeta-
tion, subject to site plan approval, shall be required around and 
along all wetlands. Such buffer shall be measured from the [De-
partment of Environmental Resources] wetlands jurisdictional 
line. The property owner may create a pathway through the buffer 
for visual or authorized pedestrian access to the wetland provided 
that the pathway is limited to a five-foot wide swath.” 


Village of New Lenox, Illinois: 
“Sec. 38-131. Intent. This article applies to development in or 
near streams, lakes, ponds, and wetlands within the Village of New 
Lenox. Streams, lakes, and ponds (including intermittent streams) 
are those which are shown on the United States Department of the 
Interior Geological Survey (USGS) 7.5 minute quadrangle maps 
and those additional streams, delineated on the village’s compre-
hensive plan. Those maps are hereby made a part of this article, and 
two copies thereof shall remain on file in the office of the village 
administrator for public inspection. Within the jurisdiction of the 
Village of New Lenox, those waterbodies and watercourses that are 
named and are subject to the provisions of this article are Jackson 
Creek, Jackson Branch Creek, Sugar Run Creek, Hickory Creek, 
Marley Creek, and Spring Creek. Wetlands are those designated in 
the U.S Fish and Wildlife Service/Illinois Department of Conser-
vation wetland inventory.


The procedures, standards and requirements contained in 
this article shall apply to all lots within wetlands and streams, and 
all lots lying wholly or in part:


(1) Within the special flood hazard area (SFHA) designated by 
the federal emergency management agency (FEMA); (2)   Within 
100 feet of the ordinary high water mark (OHWM) of a perennial 
stream or intermittent stream, the ordinary high water mark of a 
lake or pond, or the edge of a wetland; or (3)   Within depressional 
areas serving as floodplain or stormwater storage areas.


Sec. 38-132. Minimum setback of development activity from 
streams, lakes, ponds, and wetlands. Absolutely no development 
activity (except as provided below) may occur within the minimum 
setback which is defined as 75 feet from the ordinary high water 
mark of streams, lakes, and ponds, or the edge of wetlands, or with-
in a designated depressional area. In no case shall the setback be less 
than the boundary of the 100-year floodway as defined by FEMA. 
These setback requirements do not apply to a stream in a culvert 
unless the stream is taken out of a culvert as part of development 
activity. If a culvert functions as a low-flow culvert, where water is 
intended to periodically flow over it, the setback requirements ap-
ply. Review waiver of this article for proposed development activity 
within the minimum setback area will consider the following: 


(1) Only limited filling and excavating necessary for the de-
velopment of public boat launching ramps, swimming beaches, or 


the development of park shelters or similar structures is allowed. 
The development and maintenance of roads, parking lots and other 
impervious surfaces necessary for permitted uses are allowed only 
on a very limited basis, and where no alternate location outside of 
the setback area is available.


(2) Land surface modification within the minimum setback 
shall be permitted for the development of stormwater drainage 
swales between the developed area of the site (including a storm-
water detention facility on the site) and a stream, lake or pond, or 
wetland. Detention basins within the setback are generally discour-
aged, unless it can be shown that resultant modifications will not 
impair water quality, habitat, or flood storage functions.


(3) No filling or excavating within wetlands is permitted ex-
cept to install piers for the limited development of walkways and 
observation decks. Walkways and observation decks should avoid 
high quality wetland areas, and should not adversely affect natural 
areas designated in the Illinois Natural Areas Inventory or the habi-
tat of rare or endangered species.


(4) Wetland area occupied by the development of decks and 
walkways must be mitigated by an equal area of wetland habitat 
improvement.


(5) Modification of degraded wetlands for purposes of storm-
water management is permitted where the quality of the wetland 
is improved and total wetland acreage is preserved. Where such 
modification is permitted, wetlands shall be protected from the ef-
fects of increased stormwater runoff by measures such as detention 
or sedimentation basins, vegetated swales and buffer strips, and 
sediment and erosion control measures on adjacent developments. 
The direct entry of storm sewers into wetlands shall be avoided.


The applicant shall present evidence, prepared by a qualified 
professional, that demonstrates that the proposed development ac-
tivity will not endanger health and safety, including danger from 
the obstruction or diversion of flood flow. The developer shall also 
show, by submitting appropriate calculations and resource invento-
ries, that the proposed development activity will not substantially 
reduce natural floodwater storage capacity, destroy valuable habitat 
for aquatic or other flora and fauna, adversely affect water quality 
or ground water resources, increase stormwater runoff velocity so 
that water levels on other lands are substantially raised or the dan-
ger from flooding increased, or adversely impact any other natural 
stream, floodplain, or wetland functions, and is otherwise consis-
tent with the intent of this article.


In addition to locating all site improvements on the subject 
property to minimize adverse impacts on the stream, lake, pond, 
or wetland, the applicant shall install a berm, curb or other physi-
cal barrier during construction, and following completion of the 
project, where necessary, to prevent direct runoff and erosion from 
any modified land surface into a stream, lake, pond, or wetland. 
All parking and vehicle circulation areas should be located as far as 
possible from a stream, lake, pond or wetland. The Village of New 
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Lenox may limit development activity in or near a stream, lake, 
pond, or wetland to specific months, and to a maximum number 
of continuous days or hours, in order to minimize adverse impacts. 
Also, the Village of New Lenox may require that equipment be 
operated from only one side of a stream, lake, or pond in order to 
minimize bank disruption. Other development techniques, condi-
tions, and restrictions may be required in order to minimize ad-
verse impacts on streams, lakes, ponds, or wetlands, and on any 
related areas not subject to development activity.
Sec. 38-133. Natural vegetation buffer strip required. To minimize 
erosion, stabilize the stream bank, protect water quality, maintain 
water temperature at natural levels, preserve fish and wildlife habi-
tat, to screen manmade structures, and also to preserve aesthetic 
values of the natural watercourse and wetland areas, a natural veg-
etation strip shall be maintained along the edge of the stream, lake, 
pond or wetland. The natural vegetation strip shall extend land-
ward a minimum of 25 feet from the ordinary high water mark of 
a perennial or intermittent stream, lake, or pond and the edge of a 
wetland. These guidelines are outlined in the publication “Native 
Plant Guide for Streams and Stormwater Facilities in Northeastern 
Illinois” jointly published by the Fish & Wildlife Service, NRCS, 
IEPA, and Army Corps of Engineers.


Within the natural vegetation strip, trees and shrubs may be 
selectively pruned or removed for harvest of merchantable timber, 
to achieve a filtered view of the waterbody from the principal struc-
ture, to control the spread of undesirable invasive species such as 
buckthrow or box elder, to restore a balanced community of native 
plant species, and for reasonable private access to the stream, lake, 
pond or wetland. Said pruning and removal activities shall ensure 
that a live root system stays intact to provide for stream bank sta-
bilization and erosion control. The vegetation must be planned in 
such a way that access for stream maintenance purposes shall not 
be prevented.”
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Habitat Buffers
Land use Intensity Habitat Functions Score


50 or higher 42-48 39-41 32-38 Less than 32
Low 150 ft 125 ft 100 ft 75 ft Use Water Quality 


& Slope TablesModerate 225 ft 175 ft 150 ft 110 ft


High 300 ft 200 ft 175 ft 150 ft


Water Quality Buffers
Land Use Intensity Wetland Category


Wetland Outlet A B C D E
Low Yes 40 ft 35 ft 30 ft 25 ft 20 ft


No 75 ft 50 ft 40 ft 35 ft 25 ft
Moderate Yes 90 ft 65 ft 55 ft 45 ft 30 ft


No 105 ft 90 ft 75 ft 60 ft 40 ft
High Yes 125 ft 110 ft 90 ft 65 ft 40 ft


No 175 ft 150 ft 125 ft 90 ft 50 ft


Slope Adjustment
Slope Gradient Additional Buffer Multiplier


5-14% 1.3
15-40% 1.4
>40% 1.5


Island County, Washington:
This excerpt is based on Island County’s draft ordinance from November 2007, which reflects a sophisticated use of the matrix ap-
proach to buffer distance. The ordinance first prescribes buffers for a few types of particularly sensitive wetlands (especially bogs, coastal 
lagoons and estuarine wetlands), with wider buffers for more intensive land uses.  Then it establishes matrices to calculate buffers for 
other wetlands based on land use intensity, habitat condition, and wetland sensitivity (as predicted by slope and presence or absence of a 
surface water outlet). Wetlands that lack outlets and are adjoined by steep slopes are presumed to be more sensitive to accumulation of 
sediment and contaminants, so receive larger buffers.  For most wetlands both habitat and water quality buffers are calculated separately 
and the larger buffer (usually habitat) is applied. (The numbers below should be taken as illustrative). The habitat calculation is:


Appendix II. Matrix Approach to 
Buffer Distance


The water quality value is then adjusted for slope:


The water quality calculation includes differing buffers based on wetland type (A-E) and whether there is a surface water outlet 
from the wetland. 


This matrix approach is more complex than a single number, 
but can better reflect scientific understanding, particularly with 
diverse wetland types and land use conditions in a locality. With 
appropriate public outreach and technical support, a matrix-driv-
en buffer can gain public support and achieve good results. 
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Ordinances: Boulder, CO, Commerce City, CO, Summit Coun-
ty, CO, New Castle County, DE, Alachua County Land Devel-
opment Regulations, FL, Bay County Development Code, FL, 
Bellaire Land Use Regulations, FL, Belle Isle Land Development 
Code, FL, Bunnell Land Development Code, FL, Casselberry Pres-
ervation of Wetlands Ordinance, FL, Charlotte County Surface 
water and wetland protection ordinance, FL, Chipley Wetlands 
Resource Protection Ordinance, FL, Crestview Environmentally 
Sensitive Lands Ordinance, FL, Forsyth County Soil Erosion and 
Sediment Control ordinance, GA, Lumpkin County Soil Erosion 
and Sediment Control ordinance, GA, Pickens County Wetlands 
Protection Ordinance, GA, Lake County Uniform Development 
Ordinance, IL, New Lenox Wetland Protection Ordinance, IL, 
Schaumburg Biodiversity Zoning Overlay, IL, LaPorte, Indiana, 
Lexington-Fayette Riparian Buffer Ordinance, KY, Biddeford 
Shoreline Zoning Ordinance, ME, Eliot Shoreline Zoning Ordi-
nance, ME, Lewiston Shoreline ordinance, ME, Baltimore County 
Environmental Protection and Resource Management Ordinance, 
MD, Barnstable Wetlands Protection Ordinance, MA, Holyoke 
Wetland Protection Code, MA, Sturbridge Wetland Bylaw, MA, 
Woodbury Preservation of Waterbodies and Wetlands Ordinance, 
MN, Nashua Wetlands Ordinance, NH, Croton-on-Hudson Wet-
lands and Watercourses Ordinance, NY, Monroe County Freshwa-
ter Wetlands Protection Law, NY, Summit County, OH, Oregon 
City Water Quality Resources Overlay District, OR, Bensalem 
Natural Resources Preservation Districts Overlay, PA, Charleston 
Zoning Ordinance, SC, Mount Pleasant Critical Line Buffer Ordi-
nance, SC, Henrico County Chesapeake Bay Preservation Overlay, 
VA, Petersburg Chesapeake Bay Overlay, VA, Fife Wetlands pro-
tection ordinance, WA, Island County Critical Areas Ordinance, 
WA, King County Shoreline Management ordinance, WA, Port 
Townsend Critical Areas Ordinance, WA, San Juan County Shore-
line Management Ordinance, WA, Polk County Shoreland Protec-
tion Zoning Ordinance, WI.


Model Ordinances: Association of State Wetlands Mangers Inc. 
Model Ordinances for Regulating Wetlands and Riparian/Stream 
Buffers (http://www.aswm.org/propub/jon_kusler/model_ordi-
nance_051407.pdf ), Cape Cod Commission Model Wetlands 
Bylaw (http://www.capecodcommission.org/bylaws/wetandwild.
html), Center for Watershed Protection : A Local Ordinance to 
Protect Wetland Functions (http://www.cwp.org/wetlands/ar-
ticles/WetlandsArticle4.pdf ), MACC Model Wetlands Protection 
Bylaw/Ordinance (http://www.maccweb.org/documents/MACC_
Model_Bylaw.doc), New Jersey Model Riparian Buffer Ordinance 
(http://www.state.nj.us/dep/watershedmgt/DOCS/pdfs/Stream-
BufferOrdinance.pdf ), Northeast Ohio Areawide Coordinating 
Agency Ordinance Controlling Riparian Setbacks and Wetland 
Setbacks (http://www.noaca.org/reglmodord.html), Stormwater 
Center Model Forest Buffer Ordinance (http://www.longisland-
soundstudy.net/riparian/Buffer_Model_Ordinance_Rhode_Is-
land.pdf ), U.S. Environmental Protection Agency Aquatic Buf-
fer Model Ordinance (http://www.epa.gov/nps/ordinance/mol1.
htm), Westchester County Model Wetland Protection Ordinance 
(http://www.longislandsoundstudy.net/riparian/Wetland_Ordi-
nance_Westchester.pdf ). 


Ordinances Chiefly Consulted
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In an age when man has forgotten his origins 
and is blind even to his most essential needs 
for survival, water along with other resources 
has become the victim of his indifference.  
~ Rachel Carson 
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REPORT TO THE PLANNING BOARD 


 
OCTOBER 2012 


 
The residents of the Town of Springfield have expressed support for the protection of their 
natural resources in the 2005 Town Plan (Master Plan) and the 2000 Community Attitude 
Survey.  In addition, changes recommended from time to time by the Planning Board have been 
usually approved at Town Meeting. The 2000 Community Attitude Survey included responses 
such as: 
 
Question 10 -  On lakes, ponds, wetlands, streams, and aquifers, please check those items you 
favor: 


• 68%  setback requirements 
 
Question 12 – How important is the preservation of the following natural resources in 
Springfield to you? Of those responding: 
 


 VERY MODERATE SLIGHT NOT 
Scenic natural resources 86% 11% 2% 1% 


Agricultural lands 64% 23% 11% 2% 
Natural areas 84% 13% 2% 1% 


Surface waters 82% 15% 2% 2% 
Ground waters 83% 12% 3% 2% 


Wetlands 68% 22% 7% 2% 
 
 
Given the overwhelming support for natural resources protection the Planning Board did propose 
wetlands and shorelands overlay districts and changes which attempt to address the concerns and 
interests of the large majority of residents. The proposals have met with consistent voter 
approval.  
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Over the past few years there have been several wetlands-related concerns expressed by the 
Planning Board. These include that:  
 


• Residents are being required to expend considerable time and money to comply with the 
Zoning Ordinance  


• The 100-foot (150 feet for commercial) setbacks have been viewed by some as too 
restrictive and the 10,000 square foot minimum for wetlands protection has been thought 
of by some as too arbitrary and burdensome.  


• It is difficult or impossible to construct accessory buildings in the buffer area when house 
lots predated zoning and/or the creation of the Wetlands Overlay District.  


• Too much of the land area in Town is included in the Conservation Overlay Districts.    
 
To quantify land area under discussion the Wetlands Committee obtained calculations from the 
Upper Valley Lake Sunapee Regional Planning Commission and GRANIT: 
 


Springfield Land Acreage Report Acres 
Total Acreage 28,478.80 


Acreage of Wetlands  Acres 
National Wetlands Inventory (only)                     1,606.50  
Very Poorly Drained Soils              847.67 
NWI and VPD Soils           1,875.71 


Acreage of Wetlands Overlay District Wetlands & Buffer 
Current (100 ft NWI + 660 ft around McDaniels Marsh)                     3,498.50  
Current (100 ft NWI + 660 ft around McDaniels Marsh) plus VPD soils 3,795.24 
 
 
In 2011 the Planning Board sought to address the process of identifying wetlands to be protected 
in Town by replacing the threshold of 10,000 square feet with the 1987 National Wetlands Map. 
This proposal was presented as a “step-back and evaluate” measure pending a report of 
recommendations by this Committee. Also proposed was construction of structures in the buffer 
areas by Special Exception. These proposals were approved at the 2012 Town Meeting. 
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In January 2012 this Committee was authorized by the Planning Board and a member, Mike 
Howard, was charged with a mission: 
 


• Provide an overview of existing wetlands protection 


• Make recommendations to the Planning Board 


 
The initial meeting of the Committee was held in February. Members and affiliation include: 
 


• Mike Howard – Planning Board 


• George McCusker – Planning Board 


• Gene Hayes – Zoning Board of Adjustment 


• Bryan O’Day – Zoning Board of Adjustment 


• Cynthia Bruss – Conservation Commission 


• Bruce Allen – Conservation Commission 


• John Trachy – Unaffiliated 
 
The goals for a better wetlands ordinance as outlined by the chair included: 
 


• Reasonable wetlands protection 


• Relatively easy for the Town to administer 


• Not be an unreasonable burden for landowners  
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Issue:  Should Springfield maintain current wetlands buffers? 
 
Overview:  Buffer areas, the upland areas adjacent to forested, riparian and aquatic 
wetlands, are essential to maintenance and protection of wetland functions and values. 
These buffer areas protect wetlands from degradation by:  
 


 Stabilizing soil and preventing erosion  
 Trapping and/or transforming pollutants such as sediments, nutrients, 


pathogens, and pesticides  
 Moderating impacts of stormwater runoff  
 Moderating system microclimate  
 Providing habitat and protecting wetland wildlife habitat from adverse impacts  
 Maintaining and enhancing habitat diversity and/or integrity  
 Supporting and protecting wetland plant and biotic communities  


Recommendation:  Maintain current 100-foot buffers around wetlands to ensure water 
quality; maintain 660-foot buffer around McDaniel’s Marsh to ensure water quality and 
wildlife habitat; add a 50-foot “no-disturb” buffer around naturally occurring vernal pools 
to ensure water quality; and provide for a reduction to a 50-foot buffer around forested 
wetlands where they exceed 100-feet in width, recognizing the total depth of the buffer.  


Reasoning: 
 


• Water and forests are two of the most profound natural forces on the planet, 
and they are closely linked. Without water, there are no forests. And without 
forests we are much more vulnerable to erosion and flooding.1


• The ability of vegetated wetland buffers to provide water quality protection 
increases with the size of the buffer. At 100 feet, most of the contaminants 
and nutrients have been removed (Chase et al, 1997). Protection of buffers 
will reduce wetland impacts by moderating the effects of stormwater runoff, 
including stabilizing soil to prevent erosion; filtering suspended solids, 
nutrients, and harmful or toxic substances; and moderating water level 
fluctuations.


 


2


  


  


                                                                 
1 Appendix H – Michael Snyder, Commissioner, VT Dep’t of Forests, Parks and Recreation. Can Forests Prevent of 
Mitigate Floods? 
2  Appendix A – Chase et al., 1997 
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• Riparian areas make up only 1% of the landscape but support 80% of all 
vertebrate wildlife and more bird species than any other habitat area.3


• Wetland buffers designed to support wildlife may need to be much larger. 
Buffers also provide essential habitat for wetland-associated species for use 
in feeding, roosting, breeding and rearing of young, and cover for safety, 
mobility, and thermal protection.


 


4


• There is not one optimal width for a wetland buffer. Instead, widths depend on 
the desired wetland functions and local conditions such as topography. A 
substantial body of research exists that correlates wetland buffer widths with 
function (NRCS, 2003; USACE, 2000; CWP &USEPA, 2005; USEPA, 2005b); 
there is a wide range of recommended widths for different functions as shown 
in the following table and graph. Regardless of the climate or contaminant, 
the pathway of sheet flow as opposed to channelized flow across a wetland 
buffer is the key variable influencing the effectiveness of capturing sediment 
and increasing infiltration.


 


5


• Our data clearly indicate that the 15-30 meters used to protect wetland 
species in many states, are inadequate for amphibian and reptiles. Further, 
we emphasize that our estimates are derived from the core terrestrial habitats 
used by amphibians and reptiles and therefore are not buffers per se but 
necessary habitat. 


  


6


• Without mature, densely vegetated buffers, common runoff pollutants such as 
pesticides and fertilizers easily find their way into and degrade receiving 
waters 


 


7


• The effectiveness of wetland buffers varies by function and depends on a 
number of factors including vegetation, width, length, and landscape setting, 
but generally speaking, the wider the buffer, the more effective it will be.5 


 


 


Specification:  Amend Section 4.12 Wetland Buffers – add vernal pool buffer and 
reduce buffer size in certain circumstances - see Draft Ordinance with Changes 


                                                                 
3 Natural Resources Conservation Service 
4  Appendix A – NH Office of Energy & Planning 
5  Appendix C – City of Boulder and Biohabitats, Inc. 
6 Appendix C - Semlitsch, R. D. and J. R. Bodie., 2003  
7 Appendix C - Miltner, et al., 2004 
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Wetlands Protection 


 
New Hampshire Office of Energy and Planning 


 
 
Historically, wetlands were viewed as wastelands, too wet to plant or build on. Many wetlands 
were either drained or used as dumping grounds. Now it is understood that wetlands provide 
important environmental benefits.  


Wetlands and adjacent uplands provide essential habitat for wildlife, including food, cover, and 
travel if connected to other habitat. Protection Functions are self sustaining properties of small 
wetlands and adjacent uplands is often important for achieving of a wetland ecosystem that exist 
in this connectivity. Wetlands support almost two-thirds of New Hampshire’s wildlife in greatest 
need of conservation (N.H. Fish and Game Department, 2005). Some small seasonal surface 
waters known as vernal pools – temporarily flooded depressions that lack breeding fish 
populations – are the breeding habitat for amphibian species that live in upland areas most of the 
year. Larger wildlife, such as moose, depend on wetlands for their food source as well. In New 
Hampshire, hunting generates $71 million in revenue and provides more than 1,400 jobs (N.H. 
Fish and Game, 2005).  
 
Wetlands protect water quality in our lakes and streams. They remove excess nitrogen and trap 
sediment and associated contaminants, such as metals and phosphorus. Wetlands located along 
waterways and shorelines buffer the natural wind and waves.  


Wetlands help to reduce floods by acting like a sponge, slowing runoff from upland areas and 
releasing water slowly, reducing peak flood flows downstream. Conversely, wetlands help keep 
streams flowing in dry periods, because groundwater is often discharged into wetlands, and they 
continue to release the water even without additional rain. This is important for adequate water 
supply and wildlife habitat.  


Estuarine areas and coastal marshes, where salt water and fresh water mix, are among the most 
ecologically productive areas in the world. Tidal wetlands are nurseries for finfish and shellfish. 
In tidal areas, retention of sediment is especially important to minimize the deposition of fine 
sand or silt in shellfish beds. Tidal wetlands serve as spawning and nursery areas for fish, 
including those that are commercially harvested.  
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Buffer areas, the upland areas adjacent to wetlands, are essential to maintenance and protection 
of wetland functions and values. These buffer areas protect wetlands from degradation by:  
 


• Stabilizing soil and preventing erosion.  


• Filtering suspended solids, nutrients, and harmful or toxic substances.  


• Moderating impacts of stormwater runoff.  


• Moderating system microclimate.  


• Providing habitat and protecting wetland wildlife habitat from adverse impacts.  


• Maintaining and enhancing habitat diversity and/or integrity.  


• Supporting and protecting wetland plant and animal species and biotic communities.  


• Reducing disturbances to wetland resources caused by intrusion of humans and 
domestic animals.  


 


The size of buffers needed varies by the function and the site-specific conditions.  


The ability of vegetated wetland buffers to provide water quality protection increases with the 
size of the buffer. At 100 feet, most of the contaminants and nutrients have been removed 
(Chase et al, 1997). Protection of buffers will reduce wetland impacts by moderating the effects 
of stormwater runoff, including stabilizing soil to prevent erosion; filtering suspended solids, 
nutrients, and harmful or toxic substances; and moderating water level fluctuations.  


However, wetland buffers to support wildlife may need to be much larger. Buffers also provide 
essential habitat for wetland-associated species for use in feeding, roosting, breeding and rearing 
of young, and cover for safety, mobility, and thermal protection.  


Finally, buffers reduce the adverse impacts of human disturbance on wetland habitats by 
blocking noise and glare; reducing sedimentation and nutrient input; reducing direct human 
disturbance from dumped debris, cut vegetation, and trampling; and providing visual 
separation.  


State jurisdiction of wetlands is found in RSA 482A and NH Department of Environmental 
Services administrative rules EnvWt 100800. Almost all activities that disturb the soils in a 
jurisdictional area, regardless of size or scale, in or on the banks of a surface water body or in a 
wetland require a permit from the state. Projects are classified according to their potential 
environmental impact – as minimum impact, minor impact, and major impact. There are a 
variety of ways by which projects are classified, including area of impact. Wetlands impacts less 
than 3,000 square feet may be minimum impact, from 3,000 to 20,000 square feet may be minor 
impact; and impacts greater than 20,000 square feet, any activity in or within 100 feet of prime 
wetlands, tidal wetlands, sand dunes, bogs, or natural exemplary communities, or disturbance of 
more than 200 feet of shoreline, are classified as major impacts. The classification of impact 
determines the amount of information and environmental analysis required and the 
commensurate review of an application.  
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Protection of wetlands and adjacent uplands on a local level can provide additional oversight for 
proposed activities in wetlands and establish buffers that maintain the functions and values of 
wetlands. Local regulation of wetlands can:  
 


• Review potential impacts to smaller wetlands more thoroughly.  


• Prevent the cumulative impacts associated with a collection of small projects.  


• Reflect the interests of the community, e.g. to prevent costly water supply impacts or 
increased flooding.  


• Protect the functions and values of the wetland ecosystem by protecting buffers around 
the wetlands.  


• Provide local inspection and enforcement.  


 
Wetlands occur in every community in New Hampshire. Communities that want more 
protection for wetlands than is provided through state and federal regulations, including   
protection of wetland buffers, need to incorporate local wetland protection requirements into 
the zoning ordinance. Protection of wetlands and adjacent uplands is best achieved with an 
overlay district so that the underlying zoning is still in effect and these resources have an 
additional layer of protection.  


Zoning ordinance provisions are just one piece of what is necessary to protect the functions and 
values associated with wetland ecosystems. Vegetated buffers may not remove all pollutants and 
can not address large volumes of stormwater runoff. In fact, large peak flows may result in 
sediments and other pollutants that were previously trapped in the vegetated buffer to be carried 
into the wetland. For the wetland ecosystem to truly be protected from pollutants and extreme 
fluctuations in water levels, communities also need to address the issue of stormwater 
management. Stormwater management and erosion and sedimentation control regulations ensure 
that stormwater runoff from roads and other developed areas is minimized and also receives 
some treatment before reaching areas such as wetlands 
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EXAMPLES AND OUTCOMES 
 
 
According to the 2007 survey by the NH Office of Energy and Planning (OEP) (OEP), 111 New 
Hampshire communities currently regulate development in wetlands. The survey information 
posted on the OEP website showed that at least 62 of these communities also regulate 
development adjacent to the wetlands. The approach to the buffer area varies a great deal among 
communities. Some communities have incorporated the 100-foot buffer recommended in Buffers 
for Wetlands and Surface Waters (Chase et al., 1997) as the effective distance for most water 
quality issues. Other communities regulate the activities in a buffer zone ranging from 25 feet to 
125 feet to ensure that the functions and values of the wetland are protected. However, many 
communities, while requiring that buildings be set back 50 to 100 feet from the wetland, allow 
unregulated removal of vegetation and other potentially harmful activities in the buffer zone.  
 
Lyme is an example of a community that has regulated activities adjacent to the wetland for 
many years. In a 100-foot buffer, only activities not involving structures or alteration of the land 
surface, such as forestry, agriculture, conservation and passive recreation, are permitted uses.  
 
Several communities, including Auburn, Bow, Rochester, Loudon and Windham, specifically 
address vernal pools in their zoning ordinances as well. 
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Issue:  Should Springfield broaden protection of its wetlands to include naturally 
occurring vernal pools? 
 
Overview:  Springfield is rich in natural resources and vernal pools are an integral part 
of the our ecosystem. We should protect them because: 
 
 Vernal pools provide habitat that is critical to the survival of certain wildlife 


species 
 Amphibians and reptiles such as frogs, toads, salamanders, and turtles use them 


for mating and breeding  
 The vernal pool is a unique microhabitat in which a number of wildlife species 


prosper. Some species are so well adapted to this environment that they are not 
able to successfully reproduce elsewhere 


 Vernal pools provide a breeding environment free of predatory fish 
 Vernal pools are used by nearly all amphibian species in Springfield 
 Our rarest amphibians, the Spotted and Jefferson’s salamanders, use only vernal 


pools for breeding 
 The loss of a single vernal pool can impact the amphibian population for up to a 


quarter mile in all directions 
 The small size and unimpressive appearance make vernal pools especially 


vulnerable to casual destruction during road building and construction 


Recommendation: Include protection for naturally occurring vernal pools, 
regardless of size, and provide for a 50-foot “no disturb” buffer 


Reasoning: 
 


• See Appendix D – NH Fish & Game Dep’t - Vernal Pool Protection 
 


• See Appendix B – Vernal Pools 
 


Specification:  Amend Section 4.11 Wetland Conservation Overlay District 
Boundaries to include Vernal pools - see Draft Ordinance with Changes 
 





		Issue:  Should Springfield broaden protection of its wetlands to include naturally occurring vernal pools?
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Issue:  Should Springfield provide greater protection for some wetlands? 
 
Overview:  One of the early questions to be resolved by the Wetlands Committee was 
the need to provide greater protection for some wetlands. McDaniel’s Marsh was always 
a part of this discussion and it is treated differently that all others with a 660-foot buffer. 
However, it was thought that there could be some wetlands in Town that deserve 
enhanced protection because of: 


 Richness of habitat 
 Diversity of species 
 Unique flora or fauna 
 Contribution to water quality 
 Enhanced recreational offerings 


 
The Wetlands Committee also discussed the use of the state Prime Wetlands 
designation to provide the greater protection that some wetlands may need. The 
difficulty of the state-dictated process caused this option to be discarded.  
To obtain the enhanced protection desired (without the Prime Wetlands problems) the 
Wetlands Committee borrowed a process from a sister community – the creation of a 
classification of wetlands known as “Special Wetlands”.   


Recommendation: Create a process for enhanced protection for “Special 
Wetlands”. 


Reasoning: 
 


• A wetlands inventory in our Town does not exist. This process is the 
responsibility of the Conservation Commission and its completion is 
constrained by the cost for professionals and available volunteer time 


• Maximum flexibility is afforded through the vetting process  


• Control is maintained at the Planning Board level   


• Provides a tool to address the need for enhanced protection 


Specification:  Amend Section 4.12 Wetlands Buffers to add buffer and Article 
XIII. Definitions to add “Special Wetlands” - see Draft Ordinance with Changes 
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VERNAL POOLS 
 


Overview of Vernal Pools in New Hampshire 
Our state is rich in natural resources and vernal pools are an integral part of the states ecosystem. 
Vernal pools provide habitat that is critical to the survival of certain wildlife species. 
Amphibians and reptiles such as frogs, toads, salamanders, and turtles use them for mating and 
breeding. 


Because vernal pools are small, isolated, as well as dry much of the year, they can be easily 
overlooked and inadvertently damaged or destroyed. Efforts to protect vernal pools will depend 
upon improving public awareness of these unique, fragile ecosystems. 


What are vernal pools? 
Vernal pools are small bodies of standing fresh water found in the spring of the year. Usually 
temporary, they derive their name from vernalis, the Latin word for spring because they result 
from various combinations of snowmelt, precipitation, and high water tables associated with the 
spring season. For a vernal pool to exist, there must be a source of water and an enclosed basin 
that traps the water for some period of time. The depressions may be natural or of human origin, 
and they dry out most years. Because of its periodic drying, vernal pools do not support breeding 
populations of fish. 


To meet the definition of a vernal pool, four criteria must be met: 


• It contains water for approximately two months during the growing season; 
• It occurs within a confined depression or basin that lacks a permanent outlet stream; 
• It lacks any fish population; 
• It dries out most years, usually by late summer. 


Where are vernal pools found? 
Vernal pools are found throughout New Hampshire’s landscape in a wide variety of vegetation 
types. Although generally isolated, they are sometimes connected to each other by small 
drainages known as "vernal swales." 


What makes vernal pools special? 
The vernal pool is a unique microhabitat in which a number of wildlife species prosper. Some 
species are so well adapted to this environment that they are not able to successfully reproduce 
elsewhere 
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What species are found in vernal pools? 


The short flooding duration of vernal pools favors species that can carry out their breeding cycle 
very quickly. In New Hampshire these species include spotted, Jefferson’s, and marbled 
salamanders, wood frogs, and fairy shrimp. 


Spotted and Jefferson’s Salamanders These salamanders breed in vernal pools and both arrive 
at pools around the same time as wood frogs, between mid-March and late April. These species 
are known as "mole" salamanders because of their subterranean lifestyles. Mole salamanders 
spend most of their lives in underground rodent burrows and tunnels and crevices under rocks 
and other debris. Adults emerge from their underground homes and migrate to vernal pools 
during the first warm, rainy evenings of spring. Although their breeding season may last a few 
weeks, males and females in any given pool complete courtship, mating, and egg-laying in just a 
few days. 
 
Marbled Salamanders The marbled salamander lives underground most of the year, but adults 
breed in the fall, selecting dry beds of autumnal pools to breed and lay eggs. Males leave the 
sites soon after breeding, while females stay behind to guard and incubate the eggs. When water 
fills the breeding pools, females leave. The eggs hatch into aquatic larvae, that will remain in the 
pool until they metamorphose in late fall or early spring. 


Wood Frogs Wood frogs are terrestrial except during the breeding season. They live in 
woodlands, where they forage for food among leaves and debris on the forest floor. In winter, 
they hibernate under rocks, moss, leaf litter, or in rotting logs and stumps. Wood frogs are often 
the first amphibians to emerge in spring, at which time large numbers of males and females 
migrate to breeding sites during the first warm rains (from late March to late April). 


Breeding is completed within a couple of weeks, after which adults return to the woods, leaving 
clear, jelly-like egg masses behind. Eggs will hatch into tiny tadpoles in about three weeks, 
depending on water temperature. Tiny wood frog tadpoles grow and eventually metamorphose 
into juveniles after an average of 67 days. The juveniles, which look like miniature adults, gather 
in large groups along the shore of the pool before dispersing into surrounding woodlands. 


Fairy Shrimp Many invertebrates also breed in vernal pools. Fairy Shrimp, which are small 
crustaceans, are the only species that are unique to these habitats in our area. As their name 
implies, these small creatures look like tiny shrimp. Measuring anywhere from ½ to 1 inch long, 
they are most easily seen as they swim along just below the water’s surface. They swim on their 
backs, with their legs pointed upwards. As the pools dry up, fairy shrimp lay their eggs in the soil 
and leaf litter on the bottom of the pool. Adult shrimp die off when the pools dry completely, and 
the eggs remain dormant until the pools fill again in the following spring. 
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Why should vernal pools be protected? 
Vernal pools should be protected for their habitat value for both obligate and facultative species. 
Obligate" vernal pool species are those who rely on vernal pools for all or portions of their 
lifecycle and are unable to successfully complete their lifecycle without vernal pools. In New 
England the easily recognizable obligate species are the fairy shrimp, the mole salamanders and 
the wood frog. 


"Facultative" species are those organisms that can use vernal pools for all or portions of their 
lifecycle, but are able to successfully complete their lifecycles in other water bodies. Examples 
of facultative species are spring peepers, American toads and bullfrogs. 


Vernal pools are small and often nondescript, and isolated from other wetlands. They are also 
more sensitive to disturbance than other types of wetlands. Breeding populations of some species 
may be severely impacted as a result of the destruction of just one pool. In addition, the 
destruction of a vernal pool can sever an important link in a larger wildlife migration corridor 
that can have negative consequences on many more animals. 


What are the threats to vernal pools? 
Land use adjacent to pools affects their value as productive amphibian breeding sites. The loss of 
surrounding trees results in decreased shading, rising water temperatures, decreased oxygen 
content, increased evaporation, and shorter flooding cycles. There may also be less debris to 
provide cover, nutrients, and attachment sites for egg masses. Many of the amphibians and 
reptiles that use vernal pools spend most of their year in the surrounding habitat, both uplands 
and wetlands. 


Changes to the forest surrounding a vernal pool, such as clearing trees, putting down sod, or 
building and paving, will have a detrimental impact on the species that use the nearby vernal 
pool. Roads provide a lethal barrier to many species that must cross it to reach a vernal pool. 
Heavy traffic on the rainy nights when salamanders and frogs migrate can cause high mortality 
and impact local populations. Road salt and other chemicals from the road may also have an 
effect on the water quality in nearby vernal pools. The upland area around the pool is just as 
important to survival of the species as the vernal pool itself. 
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What can people do to protect vernal pools? 


• Do not clean up in and around vernal pools. Leave trees, bushes, and understory 
vegetation, as well as brush, logs and dead trees alone. 


• Leave a buffer of natural vegetation around the pool for as great a distance as possible 
back from the edge of the pool’s high-water mark. A buffer of at least 100 feet will help 
maintain water quality, but will do little to protect amphibians living around the pool. 
Vernal pool breeders require large areas of natural habitat around their pools in order to 
survive. 


• Do not fill in the pool, even when it is dry, by dumping leaves or other debris in it. 
• Avoid activities that alter the movement of surface water of the upland area that drains 


into the pool. Digging ditches and similar activities can change runoff into the pool, 
thereby altering its flooding cycle. 


• Do not dig into the bottom of the pool, even when it is dry, as this will disturb the non-
permeable layer of soil that allows the pool to flood. 
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Issue:  Should Springfield discontinue use of the National Wetlands Inventory 
map to identify wetlands? 
 
Overview:  Since Town Meeting 2012 the Town has used the National Wetlands 
Inventory map as the exclusive identifier of jurisdictional wetlands. There are several 
problems associated with this map: 
 The map was not produced or intended for the identification of jurisdictional 


wetlands  
 The map misconstrues the size and location of wetlands that are to be protected, 


thus leading to unequal treatment of landowners 
 The map does not reflect hydric soils which are also wetlands 
 The map does not identify wetlands that should be protected as reflected by the 


2000 Community Attitude Survey (question 12) 


Recommendation:  Discontinue use of the map for identification of jurisdictional 
wetlands  


Reasoning: 
 


• Certain wetland habitats are excluded from the National mapping program 
because of the limitations of aerial imagery as the primary data source used to 
detect wetlands.1


• A margin of error is inherent in the use of imagery; thus, detailed on-the-ground 
inspection of any particular site may result in revision of the wetland boundaries 
or classification established through image analysis.


 


2


• A Vermont study confirms that relying solely on the NWI (National Wetlands 
Inventory map) fails to identify 82% of wetlands under 3 acres and 64% of 
wetlands between 3 and 20 acres


 


3


• A Maine study confirms that only 25% of wetlands under 1 acre were identified 
by the NWI map


 


4


Specification:  Amend Section 4.11 Wetland Conservation Overlay District 
Boundaries – delete paragraph - see Draft Ordinance with Changes 


 


 
                                                                 
1  Appendix E – U.S. Fish and Wildlife Service – National Wetlands Inventory 
2 Appendix E – U.S. Fish and Wildlife Service – National Wetlands Inventory 
3 Appendix F – Assessment of the National Wetlands Inventory – Morrissey & Sweeney 
4 Appendix G – Map Accuracy of National Wetlands Inventory Maps – US Dep’t of the Interior – Fish & Wildlife 
Service 
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The Science of Wetlands Buffers 
 
 
INTRODUCTION TO WETLAND BUFFERS 
 
Wetland protection depends not only on managing wetlands themselves, but on managing the 
surrounding water sources and landscape, above all in buffer areas. An abundance of scientific 
research published since the 1970s documents the value of establishing, maintaining, and 
enhancing vegetated buffers along wetlands. Wetland buffers provide important benefits 
including water quality improvement, streambank stabilization, flood control, wildlife habitat, 
and groundwater recharge (USDA, 2003; Castelle et al., 1992; EOR, 2001; Wenger, 2000; 
Correll, 1996). Wetland buffers also provide significant social and economic benefits by 
improving aesthetics and increasing property values (Lovell and Sullivan, 2005; Qui et al., 
2006). 
 
Wetland buffers are located along the edges of streams, and ponds, as well as on hill slopes and 
in depressions. Water bodies and adjacent lands are generally divided into three zones: 


• the aquatic zone includes the area below the high water mark  
• the riparian zone is between the high water mark and the upland area 
• the  upland areas are adjacent to the riparian zones with distinctly different vegetation and 


soils 
 Because they are not wetlands, buffers generally have unsaturated soils that did not develop 
under saturated conditions and vegetation communities with few if any plant species that require 
saturated soils. A wetland buffer is the vegetated transition zone between an upland area and the 
aquatic ecosystem, and depending on the definition, the buffer may include portions of both 
riparian and upland zones. This unique position in the landscape enables buffers to mitigate 
certain impacts of upland land use on adjacent wetlands. In the absence of wetland buffers, these 
impacts are typically magnified and become more damaging. 
 
Width, length, and vegetation composition of buffer areas are key features that enhance many 
functions essential to establishing and maintaining healthy wetlands. Wetland buffers vary in 
size based on factors such as adjacent land use, land ownership, topography, wetland area, and 
ecological functions. Generally speaking, buffers that are wider, longer, and more densely 
vegetated with herbaceous, shrub, and tree layers provide more benefits than buffers that are 
narrower, shorter, and sparsely vegetated with only herbaceous species. 
 
In riparian areas adjacent to active stream channels, buffers provide important hydrological and 
ecological “rights-of-way”. Stream buffers maintain lateral connectivity between the streams 
and adjacent floodplains and uplands, as well as longitudinal connectivity up and down stream. 
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FUNCTIONS AND BENEFITS OF BUFFERS 
 
This subsection summarizes major wetland buffer functions including water quality protection, 
streambank stabilization, floodflow alteration and storage, groundwater recharge, and habitat 
protection. Vegetated wetland buffers also provide an array of sociological and economic 
benefits to communities which are only briefly noted here. 
 
Water Quality Protection – Wetland buffers improve water quality by trapping and/or 
transforming pollutants such as sediments, nutrients, pathogens, and pesticides in surface water 
and groundwater (Pearsell and Mulamoottil, 1996; numerous articles cited in Correll, 1996 
including Mitsch et al., 1979; Peterjohn and Correll, 1984; Lowrance et al., 1988; Klarer and 
Millie, 1989; Chesair et al., 1991; Parsons et al., 1995). Surface runoff is slowed by buffer 
vegetation, causing larger sediment particles and pollutants adsorbed to sediment particles to 
settle out (Lee et al., 2003; Correll, 1996). This filtering function is greatly enhanced as the 
density of ground layer vegetation and the width of a buffer increase. Further removal and/or 
transformation of smaller sediments, nutrients, pathogens, and pesticides can occur through 
groundwater filtration, uptake by vegetation, biogeochemical processes, and microbial processes 
in the shallow soil profile (Lee et al., 2003; Correll, 1996; USEPA 2005b). For certain 
pollutants, such as bacterial pathogens, drier, unsaturated buffer soils will be more effective at 
reducing concentrations than saturated wetland soils (Pearsell and Mulamoottil et al., 1996). 
Elevated nitrate levels can be reduced where groundwater contacts roots of vegetation and 
denitrifying microbes in soils in buffer areas, thereby reducing growth of excess aquatic 
vegetation such as algae blooms (Lee et al., 2003). Heavy metals may be precipitated in the soil 
and removed from groundwater or may be transformed such that they become immobile or less 
toxic or otherwise less biologically active. 
 
Without mature, densely vegetated buffers, common runoff pollutants such as pesticides and 
fertilizers easily find their way into and degrade receiving waters (Miltner et al., 2004; CWP, 
1995; Meyer et al., 2005). It is important to note, however, that the filtering function that 
wetland buffers can provide depends largely on the proportion of surface runoff traversing the 
buffer via sheet flow. If runoff in an area is mostly channelized or routed into storm sewers, the 
filtering function would be greatly reduced. 
 
Streambank Stabilization – Vegetated riparian buffers stabilize streambanks and therefore 
help to protect infrastructure, improve safety, and reduce sediment loading. The strong, thick 
roots of trees and/or shrubs growing along the edge of a stream channel greatly increase the 
stability of the stream banks and can effectively dampen energy in stream water, slow water 
velocities, and promote infiltration. Plant roots increase the effective size and cohesiveness of 
soil particles, thereby protecting soil in stream banks from the erosive forces of water, reducing 
the amounts of streambank erosion. 
 
Channel and shoreline erosion occur as a result of fast-moving and turbulent flows contacting 
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unstable stream banks. Accelerated erosion is typically associated with increased and 
uncontrolled stormwater runoff (Dunne and Leopold, 1978; Wohl, 2001). Hardened and 
compacted land surfaces contribute to increased volumes and higher velocities of runoff by 
reducing the degree of stormwater infiltration and increasing the rate of runoff. Where 
streambank erosion occurs, landowners can lose property, infrastructure may become 
undermined, and wildlife habitat can be destroyed. Furthermore, as the energy of the water 
in a stream diminishes following a storm, eroded materials are deposited in the stream channel. 
These depositional areas can cause channel widening, reduce flood storage capacity, block fish 
movement, and smother aquatic habitats (Jacobson et al., 2001; also Waters, 1995 in Jacobson et 
al., 2001 and Burton and Pitt, 2002 in Sprague et al., 2006).  
 
Floodflow Alteration and Flood Storage – Wetland buffers provide space for flood water to 
spread laterally once it leaves a channel; thereby slowing flood water velocity and unsaturated 
soils help provide additional temporary storage for flood water. Flooding is a natural event that 
is essential to maintaining sediment transport and deposition, biodiversity (e.g., by seed dispersal 
and creation of spatially heterogeneous habitat), and contaminant removal (Naiman at al., 2005; 
Briggs, 1996). Wetland buffers that are undeveloped and vegetated with trees and shrubs in 
floodplains help to slow, store, and gradually release flood waters. Dense vegetation in a 
wetland buffer increases surface roughness of a floodplain and slows the velocity of overland 
flow while promoting shallow groundwater recharge, depressional surface storage, and 
subsequent uptake of water by vegetation. The reduced velocity and volume of flood water 
results in reduced flood peaks (Leopold, 1994) and improved base flows due to subsequent slow 
release of water stored in floodplain soils. Wetland buffers play a key role in reducing property 
damage associated with flooding while at the same time maintaining natural processes necessary 
for the health of stream and river systems. Limiting development in wetland buffers means that 
flooding does not threaten structures in the portion of the floodplain covered by the wetland 
buffer. 
Development activities associated with construction increase the proportion of impervious 
surfaces in a watershed and reduce infiltration of precipitation. Greater impervious surface 
increases the volume of surface runoff and the speed with which it reaches a stream (both via 
direct overland flows and indirect flows routed into storm sewers). This leads to an increase in 
the occurrence and severity of floods and increased property damage (Wohl, 2001; Briggs, 1996; 
Wenger and Fowler, 2000; Sprague et al., 2006 and numerous citations therein including 
McMahon et al. 2003, Poff et al. 1997, and USEPA 1997a). 
 
Groundwater Recharge – During long, dry periods, the water in streams and wetlands may 
come solely from groundwater which is recharged in upland buffers. Vegetated wetland buffer 
areas help to slow surface runoff and promote infiltration thereby helping to maintain 
groundwater levels. Elevated groundwater then discharges into streams to provide baseflow 
(EOR, 2001). Elevated soil moisture also provides a source of water for riparian vegetation 
(Naiman et al., 2005; Poff and Allan, 1997, Pearsell and Mulamoottil, 1996). In addition, water 
quality benefits arise from the interaction of surface water and groundwater. Groundwater 
discharge into streams also helps moderate temperature fluctuations (Sprague et al., 2006). 
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In the absence of wetland buffers, the groundwater table can decline because of the reduced 
infiltration of precipitation. Reduction in groundwater discharge to a stream and attendant 
reduction in baseflow can negatively impact aquatic life during low flow periods by reducing 
available habitat and causing stream temperatures to increase. Groundwater decline can also 
negatively impact riparian vegetation when the plant roots are unable to reach saturated soils 
(Briggs, 1996). If riparian trees and shrubs die as a result of water table decline, a stream 
channel can become unstable with an increase in streambank erosion and downcutting. Loss of 
riparian shrubs and trees could lead to reduced leaf fall into a stream. Leaves from riparian 
plants are a primary energy source for aquatic food chains (Naiman et al., 2005). 
 
Habitat Protection & Food Chain Support – Riparian areas make up only 1% of the 
landscape but support 80% of all vertebrate wildlife and more bird species than any other 
habitat area (NRCS, 1996; Miller et al. 1995). Buffers provide critical habitat for a wide range 
of aquatic and terrestrial species living in and around wetlands (Semlitsch and Bodie, 2003; 
Naiman et al., 2005). Wetland buffer vegetation provides three critical functions for 
aquatic systems: 
 


1. First, leaves and twigs from trees and shrubs, and to a lesser extent, herbaceous 
species, provide energy for aquatic food webs. Leaves in the stream are colonized by 
algae and microscopic invertebrates. The algae are eaten and the leaves are shredded by 
aquatic organisms (e.g., caddis fly larvae). These invertebrates are, in turn, eaten by fish. 
Studies have shown loss of riparian vegetation causes reduced growth of aquatic insects 
that rely on leaves from trees and shrubs for food (Johnson et al., 2003).  
 


2. Second, riparian trees and shrubs shade streams and help moderate water temperatures. 
This is especially important for cold-water (as opposed to warmwater) aquatic life such a 
trout. Streams and ponds with overhanging vegetation will have lower water temperatures 
than those that lack overhanging vegetation (Westchester County, 2007). Stream water 
temperatures are also influenced by direct surface runoff from nearby impervious 
surfaces. These thermal impacts can be mitigated by directing the surface runoff as sheet 
flow to vegetated buffers, allowing it to infiltrate and slowly return to the receiving water 
as shallow groundwater flows.  
 


3. Third, tree trunks and large limbs that fall across a stream channel create small dams that 
help prevent channel downcutting (Wohl, 2001; Naiman, et al., 2005). 
 


  
The location of wetland buffers makes them ideal links between aquatic and upland ecosystems. 
As a result of the presence of water, buffers provide habitat for a broad range of birds, small 
mammals, reptiles, insects, and amphibians that require both upland and wetland areas to 
complete their life cycles (numerous articles cited in Semlitsch and Bodie, 2003). Deciduous 
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shrublands and forests found in wetland buffers are vital for many bird species. For example, 
numerous migratory bird species use wetland buffers in the spring and fall as they travel through 
our area. 
 
Wetland buffers provide habitat corridors which facilitate wildlife movement between habitat 
patches (Hilty, 2006). In developing areas, these important corridors often become fragmented, 
significantly limiting the movement of key species and facilitating the colonization of 
opportunistic invasive and predator species (Schaefer, et al., 2006; Lineham et al., 2006). 
Establishing wetland buffers can reduce this fragmentation and help maintain important floral 
and faunal populations on a local scale (Lovell and Sullivan, 2006; Miltner et al., 2004; Johnson 
et al., 2003; Peak and Thompson, 2006). 
 
Other Benefits – Recreation, Aesthetic, Education, and Economic - Wetland buffers offer 
recreational, aesthetic, economic, and educational opportunities for neighborhoods and schools, 
promoting healthy lifestyles and enhanced community stewardship and relationships (Lovell and 
Sullivan, 2006).  
It should be noted, however, that recreation can also degrade wetlands if it occurs at high levels 
and in an unmanaged setting. In addition to the ecosystem services and benefits previously noted, 
communities and property owners that establish and implement wetland buffers typically benefit 
from increased property values due to the aesthetic appeal of open space. (Qiu et al., 2006). 
Development near streams, lakes, or wetlands is often able to sustain premium sale prices. 
Where aquatic resources lack buffers, communities and property owners often are faced with 
mitigation and repair costs to protect infrastructure and property being impacted by erosion, 
sediment deposition and floods.  
 
Wetland buffers can provide cost-effective and reliable human health and safety services such as 
flood control, erosion control, water quality protection and enhancement, and recreational  
opportunities that would otherwise cost our community significant amounts of money to provide 
through highly engineered structures and systems. 
 
 
FUNCTIONS OF WETLAND BUFFERS IN RELATION TO LOCATION, 
DIMENSIONS, AND VEGETATION 
 
The effectiveness of wetland buffers varies by function and depends on a number of factors 
including vegetation, width, length, and landscape setting, but generally speaking, the wider the 
buffer, the more effective it will be. Vegetation composition can have a significant effect on the 
health, function, maintenance and effectiveness of a buffer. Vegetation composition can vary 
widely across a wetland buffer Examples of buffer benefits provided by grasses, shrubs, and 
trees are provided in Table 1. Note that increased benefits are generally associated with 
deciduous trees and shrubs in a wetland buffer. 
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Table 1  Effectiveness of Different Vegetation Types for Specific Buffer Benefits 
 
 


 
 
Table 2  Benefit of Vegetation Types for Specific Buffer Benefits 
 
Benefit Grass Shrubs Trees 
Stabilize streambanks Low High High 
Filter sediment & the nutrients, pesticides & pathogens bound to it High Moderate High 
Filter nutrients, pesticides, & microbes from surface water Moderate Low Moderate 
Protect groundwater and drinking water supplies Low Moderate High 
Improve overall aquatic habitat Low Moderate High 
Improve wildlife habitat for field animals High Moderate Low 
Improve wildlife habitat for forest animals Low Moderate High 
Moderation of water temperatures Low Moderate High 
Provide visual interest Moderate Moderate High 
Protect Against Flooding Low Moderate High 
>>> Adapted from: New Hampshire River Joint Commissions, 2000 Riparian Buffers for the CT River Watershed 
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There is not one optimal width for a wetland buffer. Instead, widths depend on the desired 
wetland functions and local conditions such as topography. A substantial body 


of research exists that correlates wetland buffer widths with function (NRCS, 2003; USACE, 
2000; CWP &USEPA, 2005; USEPA, 2005b); there is a wide range of recommended widths for 
different functions as shown in the following table and graph. Regardless of the climate or 
contaminant, the pathway of sheet flow as opposed to channelized flow across a wetland buffer 
is the key variable influencing the effectiveness of capturing sediment and increasing infiltration.  
 
Table 3   Recommended Minimum Buffer Widths 
 
 


Function  Special Features  Recommended Minimum Width 
(feet)  


 Steep slopes (5-15%)   
 and/or functionally  100  


Sediment reduction  


valuable wetland   
Shallow slopes (<5%) or 
low quality wetland  50  


 Consider buffer width additions with  
 Slopes over 15%  each 1% increase of slope (e.g., 10 


feet  
  for each 1% of slope greater than 15%)  


Phosphorus reduction  Steep slope  100  
Shallow slope  50  


Nitrogen (nitrate) 
reduction  


Focus on shallow 
groundwater flow  100  


Biological contaminant 
and pesticide reduction  N/A  50  


Wildlife habitat and 
corridor protection  


Unthreatened species  100  
Rare, threatened, and 
endangered species  200-300  


Maintenance of species 
diversity  


50 in rural area 100 in urban area  


Flood control  N/A  Variable, depending on elevation of 
flood waters and potential damages  


Source: Center for Watershed Protection and United States Environmental Protection Agency.  
2005. Wetlands and Watersheds: Adapting Watershed Tools to Protect Wetlands.  
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Terrestrial habitat widths have an even wider range than aquatic habitat. One literature survey 
reported that most of the current municipal buffer programs are not wide enough to protect the 
life cycle activities of many reptile and amphibians (Semlitsch and Bodie, 2003). In their study, 
Semlitsch and Bodie (2003) summarized data on the use of terrestrial habitat by numerous 
amphibians and reptiles. They found for example, that certain species can migrate within a core 
habitat area of 200-600 meters, and the range of core habitats for amphibians was 159-290 
meters. While protection of buffer distances of this size is difficult to achieve, they highlight the 
need for large buffers where possible to protect wildlife habitat. 
 
 
 
 
 
 
 
 
 
Riparian buffer widths also have been found to be a factor influencing effectiveness of water 
quality improvements such as nitrogen removal. USEPA conducted an extensive review of the 
current science and regulations pertaining to buffer width, vegetation cover, and nitrogen 
removal (USEPA, 2005b). Buffer vegetative cover was not found to play a major role in nitrogen 
removal efficiencies. Although variations occur due to soil type, loading, and organic carbon, in 
general, the wider the buffer the more effective nitrogen removal. “Wider buffers (>50m) more 
consistently removed significant portions of nitrogen entering a riparian zone” (USEPA, 2005b). 
 
  


“Our data clearly indicate that the 15-30 meters used to protect wetland species in 
many states, are inadequate for amphibian and reptiles. Further, we emphasize that 
our estimates are derived from the core terrestrial habitats used by amphibians and 
reptiles and therefore are not buffers per se but necessary habitat.” (Semlitsch and 
Bodie, 2003) 
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CONCLUSIONS 
 
Scientific literature provides extensive evidence that buffers are an important tool for achieving 
wetland protection. Characteristics of a good buffer depend on the individual wetland and the 
function being evaluated. For flood control benefits, a buffer should try to maximize available 
space in the floodplain so as to increase short term water storage, and vegetated banks should be 
present to stabilize streambanks. For water quality benefits, buffers need vegetation to slow 
runoff and for groundwater to pass through and undergo pollutant removal. For terrestrial 
habitat, it is desirable to have buffers with native vegetation in a variety of strata, providing 
connectivity to other patches, and with minimal disturbances. For overall stream ecology 
purposes, buffers are most effective when they provide leaf litter to supply the food chain, 
canopy for shade, large woody debris for in-stream cover, and a place for groundwater recharge 
which in turn supports baseflow in the stream. 
 
There is not one optimal width for a wetland buffer. Instead, widths depend on the desired 
functions and local conditions such as topography. A substantial body of research exists that 
correlates wetland buffer widths with function; there is a wide range of recommended widths for 
different functions ranging from 50 feet to reduce sediment loading in streams to 300 feet for 
protection of certain types of wildlife habitat. 
 


--End-- 
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VERNAL POOL PROTECTION 
Published by 


New Hampshire Fish and Game Department 
Nongame and Endangered Wildlife Program 


 
 
REGULATORY STATUS 
There are no state or federal regulations which specifically name vernal pools. However, 
the New Hampshire Department of Environmental Services' Wetlands Bureau has 
jurisdiction within a delineated boundary of a wetland. If a vernal pool occurs in a wetland, 
then the Wetlands Bureau has regulatory authority over what may take place in that area. 
 
The purpose of the N.H. Wetlands Bureau rules is “...to afford the maximum degree of 
protection for the natural environment while allowing individual landowners the freedom 
to use and enjoy their land as is consistent with this public purpose.” (Wt 102.01, New 
Hampshire Code of Administrative Rules) 
 
The “Requirements for Application Evaluation” (Wt 302.04(a)) requires that for all major 
and minor impact projects the applicant consider the impact of the proposed project on 
wetlands. Among the 20 factors listed (Wt 302.04(a)1-20), the following possibly apply to 
vernal pools: 
 
Wt 302.04(a) 
(2) the alternative proposed by the applicant is the one with the least impact to wetlands or 
surface waters on site; 


(4) the relationship of the proposed wetlands to be impacted relative to nearby wetlands and 
surface waters; 


(5) the rarity of the wetland; 


(7) the impact on plants, fish and wildlife including: 


a. rare and special concern species 


b. state and federally listed threatened and endangered species 


c. species at the extremities of their ranges 


(17) the impact of the proposed project on the values and functions of the total wetland or 
wetland complex. 
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When an applicant proposes a minor or major impact project that may affect a vernal 
pool, consideration of these five factors may be required for complete review of the 
proposed project by the Wetlands Bureau. 
 
Vernal pools do not fit neatly into the definitions of a wetland. Hydrophytes (plants 
adapted for life in water or saturated soils) may occur in vernal pools; however, there are 
no plants or assemblage of plants particularly associated with vernal pools and some 
pools are totally lacking in vegetation. Though soils underlaying the middle of a vernal 
pool typically exhibit hydric characteristics, soils on the periphery may not exhibit the 
hydric morphology found in wetland soils. Some vernal pools may be overlooked because 
of their small size, isolated setting and ephemeral nature. 
 
 
MUNICIPAL INVOLVEMENT 
It appears at present that vernal pool protection will best be accomplished at the municipal 
level by combined efforts of the town conservation commission and planning board. 
Town conservation commissions have statutory responsibility to advise state and municipal 
officials on the protection of all natural resources. They provide a local source of 
information and assistance to the New Hampshire Wetlands Bureau and municipal 
officials. A pro-active approach by conservation commissions is recommended, including 
a systematic search for and mapping of vernal pools and involvement with the planning 
board in directing future land use. Possible methods of incorporating vernal pool protection into 
current municipal activities include the following: 
 
• A municipal Master Plan provides direction and guidance for the future growth and 
development of a town or city. Conservation commissions should be intimately 
involved in the development of the natural resource portions of the plan. Vernal pools 
should be identified as important wildlife habitat and wetlands of significance. Goals 
developed for future natural resources protection should include the documentation 
of important vernal pools and the protection of these natural resources to help 
ensure the biodiversity of the area 
 
• Conservation commissions are encouraged to work with the local planning board to 
develop mechanisms that will ensure the consideration of vernal pools and other 
significant wildlife habitats in projects such as site plan reviews and subdivision 
regulations. Many times small isolated wetlands are considered low value wetlands. 
The identification and mapping of vernal pools on site plans and subdivision plans 
will provide an opportunity to mitigate the impacts to these sensitive habitats. 
The Innovative Land Use Controls (RSA 674:21) law allows the development of 
standards which guide the planning board or its designate. This RSA empowers town 
planning boards to delegate responsibilities. Zoning ordinances, including Environmental 
Characteristics Zoning, can be adopted.   
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• Conservation commissions, working with other local officials responsible for the 
management of town lands, should map all vernal pools on town property and 
integrate the protection of these areas into management plans. 
 
• Conservation commissions are encouraged to work with landowners interested in 
managing their land for wildlife habitat to locate and document vernal pools and 
integrate protection of these areas into management plans. 
 
AWARENESS IS KEY 
Most importantly, vernal pools cannot be protected unless their location is documented. 
Once members of the community know where vernal pools are located, and their importance 
to wildlife, it will be a giant step forward in their protection. 
Incorporating this information into a central repository at the New Hampshire Fish and 
Game Department will provide broader access to the information for a wide range of 
planning purposes. 
 
This manual is intended to aid individuals in the documentation of vernal pools. It does 
not specifically address the conservation strategies needed to maintain these pools and 
the species that require them to live.  
 
It is important to remember that although vernal pools provide crucial breeding and foraging 
habitat for a variety of species, populations of these species will NOT be maintained without 
adequate protection of surrounding uplands.  
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Issue:  Should Springfield provide a “coarse filter” for wetlands determination? 
 
Overview:  There has been much discussion and disagreement concerning the most 
effective, most timely and least expensive way to determine the absence or presence of 
wetlands on an Applicant’s lot. The method currently utilized by the Board of Selectmen 
includes a site visit by the Code Enforcement Officer and a Selectman on those sites 
the Board of Selectmen deems are questionable. The Planning Board may rely on an 
Applicant’s report or conduct a site visit. Problems associated with these include: 
 Qualifications to determine wetlands – not wetlands scientists 
 Consistency – not all Applicants are treated equally 
 Cost and delay to Applicant to challenge determination 


Recommendation: Provide for a three step process incorporating a “coarse filter” 
for wetlands determination that is less expensive and more consistent 
 


1. All applications for a land use change (building permit, subdivision, site plan, etc) will 
be reviewed by a representative of the Board of Selectmen or Planning Board, as 
appropriate, and a representative of the Conservation Commission, who will visually 
inspect the area in question and report to the applicable Board as to the presence or 
absence of wetlands and wetlands buffers in the area to be impacted by the proposed 
land use change.    


2. If the Applicant is dissatisfied with the report rendered by the Board representative and 
the Conservation Commission, the Applicant may retain an independent Certified 
Wetlands Scientist, at the Applicant’s expense, who will visually inspect the area in 
question and present a written report to the applicable Board as to the presence or 
absence of wetlands and wetlands buffers in the area to be impacted by the proposed 
land use change. 


3. In the event that the report concludes that wetlands are likely present and the 
Applicant wishes to continue the application process, the Applicant may retain an 
independent Certified Wetlands Scientist to map the area in question at the Applicant’s 
expense. The delineation shall be consistent with DES Wetlands Bureau Rules, as 
amended. The completion of a New England District Wetland Delineation Datasheet 
(US Army Corps of Engineers, latest version) by the Certified Wetland Scientist can 
provide the appropriate level of documentation to address questions about the 
delineation. A report of the Scientist’s findings shall be submitted to the  Town Board 
applied to, and shall include, if warranted, a wetland map of the area in question, 
along with a written report of the results of the investigation, together with data forms 
completed.  


The Town Board applied to shall make the final determination of the wetlands limit based on the evidence 
presented and may require review of the documentation, at the Applicant’s expense, by an independent 
Certified Wetlands Scientist.  
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Reasoning: 
 


• Utilizing a “coarse filter” instead of the NWI map eliminates the built-in 
underreporting and errors inherent in this map 


• Applying the “coarse filter” consistently to all Applications for a land use permit 
will eliminate the argument that some Applicants are treated differently 


• Applying the “coarse filter” removes the need for an initial wetlands delineation 
with the associated costs and delays for the Applicant 


• Utilizing a representative of the Board and a representative of the Conservation 
Commission to view all sites will reduce, but not eliminate, the question of 
qualifications  


• Restricting the goal of the “coarse filter” to determining the presence or absence 
of wetlands and buffers will minimize the time, need and cost for continuing 
education 


• Adding an option for the Applicant to rebut an initial finding of the presence of 
wetlands by retaining a Wetlands Scientist for this purpose only will reduce the 
Applicant’s expense and delay, and reduce the need to increase application fees  


• Applicants retain the right to retain a Wetlands Scientist to delineate wetlands 
and buffers --- no change from present practice  


 
 
 
Specification:  Amend Section 4.11 Wetland Conservation Overlay District 
Boundaries – add “coarse filter” - see page 1 of this Recommendation and same 
text in Draft Ordinance with Changes 
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U.S. Fish & Wildlife Service 
National Wetlands Inventory 


 


Data Limitations, Exclusions and Precautions 


The Service's objective of mapping wetlands and deepwater habitats is to produce reconnaissance level 
information on the location, type and size of these resources. The maps are prepared from the analysis of high 
altitude imagery. Wetlands are identified based on vegetation, visible hydrology and geography. A margin of 
error is inherent in the use of imagery; thus, detailed on-the-ground inspection of any particular site may result 
in revision of the wetland boundaries or classification established through image analysis. 


The accuracy of image interpretation depends on the quality of the imagery, the experience of the image 
analysts, the amount and quality of the collateral data and the amount of ground truth verification work 
conducted. Metadata should be consulted to determine the date of the source imagery used and any mapping 
problems. 


Wetlands or other mapped features may have changed since the date of the imagery and/or field work. There 
may be occasional differences in polygon boundaries or classifications between the information depicted on the 
map and the actual conditions on site.  


Exclusions - Certain wetland habitats are excluded from the National mapping program because of the 
limitations of aerial imagery as the primary data source used to detect wetlands.  


By policy, the Service  excludes certain types of "farmed wetlands" as may be defined by the Food Security Act 
or that do not coincide with the Cowardin et al. definition. Contact the Service's Regional Wetland Coordinator 
for additional information on what types of farmed wetlands are included on wetland maps. 


Precautions - Federal, state, and local regulatory agencies with jurisdiction over wetlands may define and 
describe wetlands in a different manner than that used in this inventory. There is no attempt, in either the design 
or products of this inventory, to define the limits of proprietary jurisdiction of any Federal, state, or local 
government or to establish the geographical scope of the regulatory programs of government agencies. Persons 
intending to engage in activities involving modifications within or adjacent to wetland areas should seek the 
advice of appropriate federal, state, or local agencies concerning specified agency regulatory programs and 
proprietary jurisdictions that may affect such activities 
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Issue:  Should Springfield broaden protection of its wetlands --- from 10,000 
square feet to 7,000 square feet or even 3,000 square feet? 
 
Overview:  Over time our knowledge of the functions and values of wetlands has 
increased, raising our awareness of the importance of protection for smaller wetlands 
once considered useless. Adapting our ordinance as knowledge evolves is critical to 
preserving our flora, fauna and our community for future residents. Wetlands and their 
buffers provide important benefits such as: 
 Offering recreational opportunities such as kayaking and canoeing  
 Providing scenic enjoyment and wildlife viewing 
 Preserving the rural character of Springfield  
 Maintaining the quality of our drinking water by filtering suspended solids, 


nutrients and harmful or toxic substances  
 Protecting lakes, streams, ponds and aquifers by removing excess nitrogen, 


trapping sediments and other contaminants, stabilizing soil and reducing erosion 
 Reducing flooding – they act like a sponge, slowing runoff and slowly releasing it 
 Maintaining and enhancing habitat diversity and/or integrity 
 Providing essential habitat for wildlife, including food, cover and travel corridors 
 Supporting and protecting wetland plant and animal species and biotic 


communities 


Recommendation: Change the size of jurisdictional wetlands from 10,000 square 
feet to 7,000 square feet or less. 


Reasoning: 
• NH Department of Environmental Services permitting for jurisdictional wetlands applies to 


those greater than 3,000 square feet. 


• The Army Corps of Engineers Nationwide Permit Program for jurisdictional wetlands applies 
to those greater than 1/10 of an acre – 4,356 square feet. 


• Over 80 percent of wildlife are either directly dependent on wetland and riparian ecosystems, 
or use them more frequently than other habitats. Since wetland and riparian areas cover only 
4 percent of the region yet are critical for so many species, the loss of a small area can have 
a dramatic effect on local wildlife populations.1


• Wetland size has been used as one of the primary criteria for assigning protected status to 
wetlands in the United States, with greater protection given to larger wetlands. Increased 
understanding of the function served by small wetlands has led to concern that size may not 
be a suitable criterion upon which to make regulatory decisions. For certain species, small 


 


                                                                 
1 Gov’t of British Columbia. Habitat Atlas for Wildlife at Risk in Riparian and Wetlands Ecosystems  
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isolated wetlands are critical habitats, and species strongly associated with these wetlands 
may not persist in landscapes in which the loss of these wetlands is significant. Where small 
wetlands are common in the landscape, loss of wetlands below existing protection size 
classes would result in increased distances between wetlands, potentially disrupting dispersal 
and consequent rescue necessary for functioning metapopulations. Analyses conducted on 
wetlands in Maine and New York suggest that losses of small wetlands are likely to lead to 
increased isolation of remaining wetlands, thereby increasing extinction probabilities of 
remaining amphibian populations.2


• Isolated wetlands serve the same important functions as other wetlands and also a number of 
unique functions, most specifically related to their small size.  Their loss will significantly 
contribute to net loss of wetlands, will aggravate flooding, further impair water quality and 
result in reduced biodiversity.


 


3


• If conservation of wetland biodiversity is a goal of wetland protection programs, regulations 
used in nationwide wetlands permitting should be redesigned accordingly.


 


4


• Relative gains in wetland protection are not constant but rather increase markedly as 
protection thresholds include smaller size classes of wetlands. 


 


5


• Wetland size does not necessarily determine the value of a given wetland for wildlife and 
overall biodiversity.  e.g., wetland size and vegetation structure are poor indicators of 
amphibian richness. 
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• The importance of invertebrates in wetlands is sometimes overlooked.  Many insects are 
dependent on wetlands, and serve as a vital food source for other animals, both in their larval 
stages and as adults (e.g., caddis flies, mayflies and dragonflies spend their whole life cycles 
in and around wetlands.  Butterflies congregate around wet soil to drink and as part of their 
nuptial behavior. Pollinators such as bees require free water for drinking. Mosquitoes and 
midges provide a vital food source both in their larval and adult (flying) stages to a variety of 
birds and bats. 


 


7


• Wetlands protection and regulation are biased against small isolated wetlands. Why does this 
bias exist? Too often, decision makers assume that a small wetland is unimportant or less 
valuable than a larger wetland, because they assume that “larger” means “better”. Smaller 
wetlands, however, are extremely valuable for maintaining the biodiversity of a number of 
plant and animal species. Furthermore, healthy populations of many species depend on not 
just single wetland but a landscape densely covered by a variety of wetlands. Small isolated 
wetlands are not expendable if the goal is to maintain present levels of biodiversity.


 


8


Specification:  Amend Section 4.11 Wetland Conservation Overlay District 
Boundaries – amend size of jurisdictional wetlands - see Draft Ordinance with 
Changes 


  


 
                                                                 
2 Kimberly J. Babbitt, Dep’t of Natural Resources, UNH. The relative importance of wetland size and hydroperiod 
for amphibians in southern New Hampshire 
3 Allen E. Plocher, Ph. D.; Geoffrey A. Levin, Ph. D. Illinois Natural History Survey. Michael V. Miller, Ph. D. 
Illinois State Geological Survey. Champaign, Illinois. Importance of Small Isolated Wetlands 
4 James P. Gibbs. College of Environmental Science and Forestry, SUNY. Wetland Loss and Biodiversity 
Conservation 
5 Raymond D. Semlitsch and J. Russell Bodie. Division of Biological Sciences, University of Missouri. Are Small, 
Isolated Wetlands Expendable? 
6 Kyle Hawes, Natural Resources Biologist, Ecoscapes Consultants, Ltd. Does Size Matter? 
7 Kyle Hawes, Natural Resources Biologist, Ecoscapes Consultants, Ltd. Biodiversity. 
8 Raymond D. Semlitsch. Size Does Matter: The Value of Small Isolated Wetlands. Environmental Law Institute 
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