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ABSTRACT:  In North America, increasing transformation of rural land to residential subdivisions plays a major role in 
habitat destruction and fragmentation in landscapes used by wetland fauna.  Some developers integrate wildlife habitat into 
“conservation subdivisions” because clients prefer an environment rich in biodiversity.  In the state of Maine (USA), a new 
law to protect vernal pool wildlife encourages landowners and developers to design their projects to incorporate amphibian 
conservation.  Yet, the law does not fully protect vernal pool ecosystems at the greater landscape level and therefore 
may not protect critical amphibian upland habitats and migration corridors.  The involvement of neighboring landowners 
in incorporating these habitat protections into land use planning may prove vital to amphibian conservation.  This study 
documents the efforts of one developer to incorporate conservation of two vernal pools, wetland buffers, and migration 
connectivity into his site plan.  To estimate population sizes, breeding populations of amphibians were surveyed and major 
terrestrial and neighboring wetland habitats were characterized and mapped using field surveys and aerial photographs.  
Egg-mass counts for spotted salamanders (Ambystoma maculatum, Shaw) exceeded thresholds for biological significance 
under the law.  Interviews conducted with neighboring landowners revealed a willingness to extend these protections to 
larger scales.  An Interview with the developer revealed a profit motivation.  This project serves as both a case study and 
a model for how ecologists, developers, and/or landowners can jointly design conservation plans for amphibians based on 
local conditions.
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INTRODUCTION

Global amphibian declines (Pechman et al. 1991; Blaustein 
et al. 1994; Ross & Richards 1999) are likely the result 
of many interacting factors.  Of the potential causes, the 
most proximate contributors are physical habitat loss and 
degradation (Alford & Richards 1999; Semlitsch 2000; 
Collins & Storfer 2003).  The most pressing problems are 
wetland loss and degradation, combined with fragmentation 
of upland habitats critical for seasonal migration and gene 
flow (Gibbs 2000; Rittenhouse & Semlitsch 2007; Harper 
et al. 2008).  In the United States, the conversion of rural 
land to exurban uses (i.e. “sprawl”) has increased by 20% 
in recent decades (Brown et al. 2005).  Combined with 
a lack of regulation at the federal level for small isolated 
wetlands, sprawl poses a significant threat to pool-breeding 
amphibians dependent not only on wetlands for breeding 
habitat, but also on associated landscapes for migration, 
dispersal, foraging, and refuging (Semlitsch 2000; Zedler 
2003).  Given the preponderance of private land in the 
United States (about 80% of terrestrial surface), strategies 
to work closely with landowners and developers to ensure 
amphibian habitat and survival under development 
scenarios could be one of the mitigating factors in slowing 
amphibian declines (Oscarson & Calhoun 2007; Baldwin & 
deMaynadier 2009). 

Pool-breeding amphibian life cycles are particularly 
vulnerable to sprawl because they are linked to both aquatic 
and terrestrial habitats; for most pool-breeding amphibians 
the pool itself provides breeding and larval development 
habitat only (Semlitsch & Bodie 2003; Baldwin et al. 
2006b).  Upland areas important for foraging, migration, 
and hibernacula are especially susceptible to the effects 
of sprawl because existing wetland regulations, if they 
protect seasonal pools at all, in most cases only protect 
the wetland itself with minimal buffers (Semlitsch 2000; 
Gamble et al. 2006).  Currently, a variety of small, often 
isolated wetland types including permanent and ephemeral 
vernal pools are not provided federal protection under the 
Clean Water Act (Calhoun et al. 2003; Zedler 2003; Babbitt 
2005).  Two recent US Supreme Court decisions, SWANCC 
vs. USACOE (No. 99 U.S. 1178, 2001) and Rapanos vs. 
United States (Nos. 04 U.S. 1034, 1384, 2006), have called 
into question federal jurisdiction over vernal pools, prairie 
potholes, and other small, isolated wetlands (Gibbons 

2003).  Nonetheless, wetland ecologists are in agreement 
that the function of vernal pools, small wetlands, and their 
nearby uplands should be considered at the landscape 
and regional scales as opposed to a site-by-site basis.  For 
example, single pools may play significant “stepping stone” 
roles in maintaining connectivity among habitats and thus 
sustain gene-flow within metapopulations (Gibbs 1993; 
Marsh & Trenham 2001; Zedler 2003).  With increased 
isolation of small wetlands, immigration and colonization 
rates decline and fragmentation decreases the ability for 
dispersing individuals to rescue dwindling populations 
(Blaustein et al. 1994; Gibbs 2000).  Therefore, loss of 
pools and decreased connectivity can lead populations to 
genetic drift, inbreeding depression, and local extinction 
(Reh & Seitz 1990; Hitchings & Beebee 1998).  

In the absence of strong, overarching federal protection, 
states are left to determine whether and how to regulate 
small, isolated wetlands and neighboring terrestrial 
landscapes (Calhoun et al. 2003).  Several states have 
recently taken action toward these goals.  For example, 
New England states and local governments have become 
increasingly involved in implementing regulations for 
protection of certain amphibian communities (Preisser et 
al. 2000; Calhoun et al. 2003; Oscarson & Calhoun 2007).  
In the state of Maine, USA, vernal pools are considered 
significant habitats and are protected by law under 
the Natural Resources Protection Act if they contain a 
specified number of pool-breeding amphibian egg masses.  
Egg-mass count surveys are recommended to determine 
whether a vernal pool qualifies for lawful protection 
under the “Significant Wildlife Habitat” designation.  The 
significant habitat also includes a regulated minimum 
18136.6 m circular area surrounding the vernal pool.  
These standards, as indicated by the Maine Department 
of Environmental Protection (chap.335- #9, 2007), must be 
upheld by any land-use project.  

Recently, conservationists and private land developers 
have formed partnerships for land-use planning and 
preservation of biodiversity that range from regional to local 
scales (Theobald et al. 2000; Arendt 2004; Babbit 2005; 
Murphy & Noon 2007).  One type of collaboration gaining 
popularity is “conservation development,” which often 
occurs at the single subdivision scale as a result of design 
efforts by landscape architects collaborating with ecologists 
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(Arendt 2004; Milder 2007).  Conservation subdivisions 
entail developing residential homes while incorporating 
the conservation and linkage of landscapes containing 
ecological priority (Arendt 2004).  Generally, identifying 
priority ecological areas on the property is the first step 
in designing a conservation subdivision. Once the areas 
are identified, habitat management planning and land-
trusts or easements can be applied (Arendt 2004).  Vernal 
pools, often occurring and still viable in human dominated 
landscapes beneath given conversion thresholds, are an 
example of a wildlife habitat that can be conserved through 
collaboration between developers and ecologists (Homan 
et al. 2004; Porej et al. 2004; Calhoun et al. 2005; Oscarson 
& Calhoun 2007). 

Case studies of successful conservation-developer 
collaborations to protect vernal pools are important models 
for protection of small isolated wetlands and other local 
habitats.  In this study, we use qualitative and quantitative 
methods to describe the efforts of a single developer 
to develop valuable coastal property while protecting 
essential habitat for two vernal pools on that property, prior 
to implementation of the new Maine vernal pool protection 
law.  The specific objectives of this study were to (1) assess 
the abundance of pool-breeding amphibian populations on 
the property; (2) determine whether the vernal pools qualify 
as “significant habitat” as specified in the Maine law; (3) 
characterize the amphibian habitat of surrounding uplands, 
and; (4) describe the developer’s and abutters’ knowledge 
about and motivations for conservation of vernal pool 
breeding amphibians.  This study serves as a case study 
for future “conservation development” efforts for small, 
isolated wetlands and associated habitats.

METHODS

Study Site

The study site is located in the town of Sedgwick (Hancock 
County, Maine) situated in the gulf of Maine’s eastern 
lowlands and foothill bioregion (Davis et al. 2001).  This 
landscape contains depressions brought about by the most 
recent glacial period, some of which formed vernal pools 
used by amphibians (Colburn 2004).  The site is bordered 
by eight palustrine scrub-shrub and forested wetlands with 
sizes ranging from 0.08 ha - 1.9 ha (Cowardin et al. 1979).   
Historically used as farm-pasture land, the vernal pool 

study site, Figure 1, is a 4.9 ha parcel of land bordering 
the Bagaduce River and slated for development.  After 
purchasing the property and prior to developing homes, 
the developer recognized that the two vernal pools on the 
property most likely served as habitat for amphibians.  The 
developer was aware of the existence of the new state law 
that had not yet officially taken effect.  Rather than simply 
apply the prescriptions of the new law or avoid the law 
by implementing his development prior to the law taking 
effect, he sought professional advice from a locally-based 
vernal pool ecologist and decided to incorporate into his 
plan a 0.6 ha conservation easement containing the vernal 
pools, minimal legislated upland buffers (approximately 76 
m radius from the pool) and intervening habitat to help with 
connectivity.  Our study thus included a habitat assessment 
of the entire development plan (including 4 lots averaging 
1 ha each, and the easement) and portions of adjoining 
parcels (different landowners), because the movements of 
many pool breeding amphibians are known to exceed the 
boundaries of a 4.9 ha lot (Semlitsch & Bodie 2003).  The 
sizes of these neighboring parcels range from 0.8 ha to 14 
ha.

Egg-mass Sampling and Habitat Characterization

Egg-mass count survey techniques were used to sample 
the two vernal pools on the property for abundance 
of pool-breeding amphibian species (Crouch & Paton 
1993; Kenny & Burne 2001), in order to determine their 
“biological significance” under current Maine regulations.  
Both pools were sampled once a month in April, May, and 
June, 2007 (Baldwin et al. 2006a).  During each survey, 
each pool was searched exhaustively from the perimeter, 
and then by wading through the pool; special care was 
taken to identify submerged egg masses.  Egg masses 
were counted and identified to species, and maximum and 
average vernal pool depth were recorded.  To map the 
vernal pools and surrounding upland, a global positioning 
system (GPS-Garmin 76) was used to collect vernal pool 
location points by walking around the perimeter of each 
pool and recording points every few meters.  The points 
were downloaded, converted to polygon shapefiles, and 
projected over a 1:24000 scale, 1998 black and white 
orthophoto (MEGIS- http://megis.maine.gov/) in order to 
correct the boundaries due to GPS error.  To describe the 
approximate sizes of each vernal pool, surface areas were 
obtained using XTools-pro (Version 5.1).  A meter stick was 
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used to measure depth at the deepest part of each pool; 
depths were then averaged from the three measurements 
taken per pool over the course of the growing season.

To characterize the upland vegetation, vegetation sampling 
was conducted in July and August 2007.  Our purpose in 
collecting data on forest structure and composition was 
to characterize the forest and other vegetation types 
to compare with the amphibian literature to ensure that 
these areas were indeed suitable non-breeding habitat 
for these amphibians.  Random sample points (n=39) were 
generated within a 164 m radius of the pool (approximately 
84,500 m2) surrounding the vernal pools utilizing Hawth’s 
Analysis Tools extension (version 3.27); we chose 164 m 

radius because it falls within a suggested mean minimum 
and maximum amphibian core-protective habitat (Semlitsch 
1998; Semlitsch & Bodie 2003).  We ensured that at 
least three points fell within each landscape type (open, 
forested, human-use) as viewed from orthophotography 
in a geographical information system (GIS-ArcView® 9.1, 
Esri®, 2005).  A BAF10 (basal area factor of 0.92 m²) 
viewer was used to record the dominant tree species at 
each point sampled.  A meter stick was utilized to document 
each understory shrub and sapling species identified within 
a 12.6 m circular area per sample point.  Vegetative ground 
cover, defined as woody and non-woody plants under ~30 
cm in height, were sampled in a similar fashion within a 3.1 
m circular area per sample point.

	  

Figure 1.  Aerial photo (1998) of the study site in Sedgwick, Maine USA, to include the 
development and abutter property and two amphibian breeding pools. The 164 m radius 
boundary demarcates the upland/pool area surveyed for purposes of habitat 
characterization. The surrounding NWI (National Wetlands Inventory) wetlands are 
displayed to show their proximity to the breeding pools. 

Photo and wetlands shapefile courtesy of Maine GIS: http://megis.maine.gov/
Graphics created using ArcView 9.1® (Esri®) and PowerPoint®, Microsoft® Office 2003
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Developer and Adjacent Landowner Interviews

The developer and three local neighbors were interviewed 
in January, February, and June 2008, to obtain information 
regarding knowledge, attitudes, and behaviors of the 
adjacent landowners about vernal pool ecology and 
conservation.  The three adjacent landowners included: (1) 
a local landowner whose family had originally owned the 
land containing the vernal pools, (2) a newcomer, of roughly 
5 months, and (3) a woman who has lived in the area since 
her land and home were developed.  The developer moved 
to the Maine-Hancock county area in 1990 and purchased 
the land in 2006.  Each interview ranged in length from 
20 minutes to an hour, and consisted of a series of 14 
questions (Box 1).  Eight of the 14 interview questions 
required Yes/No answers; the remaining six questions 
were open-ended, and an additional question was directed 
only to the developer, as we sought information about his 
motivation and efforts surrounding amphibian/vernal pool 
conservation.  All interviews were recorded via digital voice 
recorder and transcribed later.

Data Analysis

Egg-mass counts were summarized to determine the 
amphibian population sizes breeding in the pools and to 
verify if the pools fell under the protections of the Maine 
law.   To determine if the surrounding non-breeding 
habitats were typical for these species and region, the 
dominant overstory, understory-shrub, and groundcover 
communities were established by summing the counts of 
the most abundant species at each point.  All interview 
responses were searched for information relevant to the 
respondents’ knowledge of vernal pool ecology, relevant 
Maine laws, and issues about Maine’s economy and 
development.  Details about the adjacent landowners’ 
willingness to work together toward pool-breeding 
amphibian conservation and land-use decisions were 
also extracted from the interviews.  Details regarding the 
developer’s motivations for placing the two vernal pools 
within an easement were obtained as well.

Box 1.  Questions presented to the developer and neighboring landowners.

• What is a vernal pool? 

• Do you think vernal pools are important habitats? Why?

• What types of animals are dependant on and use vernal pools as habitat?

• Where do these animals live?

• If you have received information on vernal pools, from what source(s)?

• Does there need to be more information available to the public that pertains to vernal pool ecology?

• How do you think this information would be best disseminated?

• Are you familiar with the Maine vernal pool laws?

• Do you think this law will impact Maine peoples’ economy?

• Do you perceive this law as a conflict with development?

• Do you support vernal pool conservation regardless of the impact it may have on economy, development, or anything 
else?   

• Do you think the laws are adequate for protection of vernal pool habitats?

• Would you be potentially interested in working with the local neighbors to ensure the best possible management and 
protection of the vernal pools on or near your property?  

• Do you care to comment on anything related to vernal pools, wetlands, wildlife, conservation, Maine laws, etc.?

Additional question for the developer:
“What was your interest in having a trained individual specialized in vernal pools come to your development site and collect 
data on the ecology of your vernal pools and land?”
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RESULTS

Egg-mass Counts and Habitat Characterization

Rana sylvatica (wood frog) and Ambystoma maculatum 
(spotted salamander) were found to be breeding in both 
vernal pools on the subdivision site, Table 1.  According to 
the Maine vernal pool law, the threshold population size for 
biological significance for A. maculatum is 20 egg masses/
pool; thus the A. maculatum egg-mass counts in both pools 
exceeded the thresholds for biological significance under 
the Maine “Significant Vernal Pool Habitat” law.  

The R. sylvatica egg-mass counts did not exceed the 
threshold (40 egg masses) for biological significance.  
Based on the A. maculatum counts alone, the two vernal 
pools would have been technically entitled to protections 
had the law already been in effect.  

The dominant forest overstory species were Quercus 
rubra, Pinus strobus, Picea rubens, and Acer rubrum; 
this composition closely represents a Laurentian-Acadian 
Northern Pine-(Oak) Forest (Comer et al 2003).  The 
most frequently occurring shrub and groundcover species 
were Vaccinium angustifolium, Osmonda cinnamomea, 
Apocynum androsaemifolium, Maianthemum canadense, 
Trientalis borealis, Q. Rubra and P. rubens seedlings, 
saplings, and grasses (Poaceae).  Identified wetland 
facultative vegetation within and surrounding the pools 
included Osmonda cinnamomea, Ilex verticillata, and 
Alnus incana rugosa (Reed 1988).  These types of forests 
are known to support large populations of the focal species 
(R. sylvatica and A. maculatum) throughout New England 
(deMaynadier & Hunter 1999).

Interviews

The interviews yielded important information about 
interviewees’ understanding of vernal pool ecology, 
Maine vernal pool laws and the effects of vernal pools on 
economics and development, and whether the respondents 
would contribute to habitat conservation efforts.  Regarding 
questions about vernal pool ecology, three out of the four 
respondents mentioned that they had received information 
about vernal pools from real-estate fliers and seminars, 
the internet, newspapers, hunting magazines, and the 
developer.  All respondents accurately defined vernal 
pools as small bodies of water or tiny wetlands that served 
as important habitats to a variety of wildlife, specifically 
amphibians.  Furthermore, they said that the wildlife using 
the vernal pools also used the forested uplands as habitat.  
The developer was the only respondent familiar with the 
specific content of the Maine vernal pool laws.  However, 
three out of the four respondents speculated how the laws 
would affect Maine.  Likewise, three out of four respondents 
believed the law would conflict with development practices 
and impact the state’s economy.  

Three out of four respondents stated that they would be 
willing to work with the developer and local neighbors to 
ensure the best possible management and protection of 
the vernal pools on and near their properties.  The first 
respondent said he wasn’t sure if he’d be willing to get 
involved with future conservation efforts because he didn’t 
“want to be told by anyone what he should do with his 
property.”  He also said that he was not aware of the actual 
vernal pool law, but that “any law that they would make 
would probably be overkill.”

Table 1.  Vernal pool sizes, depths, and pool breeding amphibian egg-mass counts for the two vernal pool 
sites in Sedgwick, ME, spring 2007.

Pools Approx. size 

(m2) 

Mean depth ± SE 

(cm) 

Max. depth 

(cm) 

Species Egg-mass Counts 

April   May   June 

1 406 35.3 ± 4.2 41 R. sylvatica 29        12        0 
    A. maculatum 10        69      54 

2 987 62.6 ± 14.5 81 R. sylvatica  3         14        0 
    A. maculatum  1       113      62 
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When asked if he cared to comment on anything related 
to vernal pools, wetlands, wildlife conservation, or the 
Maine laws, the second respondent claimed he had 
recently moved to Maine to experience “its environment 
and ecology.”  Pertaining to land use and conservation, he 
stated that as lay people it would be ideal to learn more 
about why vernal pools are significant and what can be 
done to conserve them; the third interviewee had a similar 
response.  Furthermore, he asserted that a great separation 
between humans and the environment has occurred, and 
he was relieved that younger generations were getting 
much more involved in environmental affairs.

When the developer was asked about his motivation for 
requesting an ecological and sociological study of his 
property, he stated that a friend/colleague mentioned the 
possibility of a conservation-based study of pool-breeding 
amphibians and vernal pools.  He gradually became more 
interested in the natural history surrounding the vernal 
pools on his land, saying: “I saw it as an opportunity to do 
something more than just my work and make money for a 
living, I saw it as educational.”  The developer also stated 
that if this work educates people about what they are doing, 
and if their decisions positively influence one or two vernal 
pools, then he would say “it was a good thing.”  

When asked about his perception of the economic effects 
of new vernal pool regulations, the developer stated that 
profitable development is achievable with the new laws.  
He thought that the new laws provide Maine with a great 
opportunity to retain its unique rural landscapes:  “I think 
the vernal pool law gives the state of Maine this advantage 
to other states because this rural area of Maine is not as 
ruined like other areas.  I think it can be a new trend in 
development in Maine; we still have plenty of land that can 
be looked at this way.”  He acknowledged that ecological 
subdivisions and ecological development will be profitable 
for developers because people want protected natural 
landscapes on their property.  His motive for incorporating 
amphibian habitats into his building plans was revealed in 
the following reply: “So, I think for me, yes it can be used, 
ecological subdivisions, ecological development, I think it’s 
a great opportunity for Maine, and I think it’s what I would 
like to do, develop and make it profitable.”   He believes 
most people buy Maine properties for the natural settings, 
and that a developer such as himself loses profit when 

those settings are altered: “With minimum cost, you can 
create, preserve, and sell it with good profit, to people who 
want to come here and live with nature.”

DISCUSSION

Collaborative Vernal Pool Conservation in Maine

In North America, increasing amounts of rural land are 
being converted to residential development and associated 
infrastructure (Theobald 2003; Brown et al. 2005; Stein et 
al. 2005; Calhoun & Windmiller 2007).  Often developers 
market “nature as amenity” and are willing to incorporate 
wildlife habitat (http://springislandtrust.org/about.html).  
Vernal pools and their fauna provide a means of assessing 
just how well these efforts may work.  While we do not 
provide a quantitative assessment of conservation efficacy, 
our case study of conservation development is the first 
we know of to describe vernal pool-based conservation 
development, and the motivations behind the landowner-
generated plan provide a means to evaluate and guide 
future planning and evaluation efforts. 

The U.S. state of Maine is approximately 85% in private 
hands, and has a long history of private landowner 
involvement in conservation (Maine Audubon Society 1997; 
Baldwin et al. 2007a; Baldwin et al. 2007b).  As the result of 
rural sprawl, development, and resource depletion, many 
Maine landowners were already implementing tactics to 
manage and preserve natural resources on their lands.  
However, many landowners lack the time, expertise, 
and/or motivation to conserve critical wildlife habitats.  
Various tools such as conservation easements and land 
trusts have allowed private landowners to initiate plans to 
protect habitats existing on or near their properties (Maine 
Audubon Society 1997; Clark & Howell 2007).

It is possible that the developer’s efforts in our case study 
provide a model not only for wildlife and land protection, 
but an approach for rural development in affluent areas of 
the northeastern United States.  The developer stated in 
his interview that most people who buy properties in rural-
country areas seek intact natural landscapes.  Furthermore, 
he stated that profit decreases when those settings are 
disrupted or changed.  His view was that it costs less to 
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preserve important natural landscapes, and in turn results 
in greater profits from development sales.

Conservation Efforts in Other Towns and States

We know of no other case studies to date that document 
a developer’s or private landowner’s development of a 
conservation subdivision that focuses on pool-breeding 
amphibian habitat.  Nonetheless, various towns in the 
northeastern United States have conducted studies and 
projects that place emphasis on vernal pool protection.  For 
instance, Oscarson & Calhoun (2007) conducted vernal 
pool inventories in Suffield, Simsbury, and Farmington, 
Connecticut, and in Falmouth, Maine with help from 
volunteer citizen scientists, town planners, conservation 
commission members, and vernal pool specialists.
Conservation Commissions in each town were provided 
with results from the inventories about the vernal pools in 
their towns, and follow-up meetings were held with decision 
makers and Commission members to discuss vernal pool 
habitat conservation plans (Oscarson & Calhoun 2007).  As 
a result of these collaborations all four towns have begun 
to develop and implement conservation plans to protect 
high priority vernal pools.  For instance, Farmington, 
Connecticut, assists landowners in building pre-application 
processes by establishing vernal pool protections in site 
planning.  Furthermore, Falmouth, Maine zoning and 
site plan review ordinances include new standards for 
subdivision development to preserve vernal pools and 
their associated terrestrial habitats (http://www.town.
falmouth.me.us/Pages/FalmouthME_Admin/Ordinances).  
This collaborative work serves as a model for other towns 
interested in local conservation of vernal pool habitats. 

Many rural town planners, landscape architects, zoning 
boards, non-profit organizations, and developers are 
incorporating an alternative approach to the traditional 
“cookie-cutter” developments, so that larger, contiguous, 
undeveloped landscapes may remain intact and homes are 
built using less land (Arendt 2004).  Landscape architect 
Randall Arendt (2004) outlined the process of creating 
greenway corridors that protect natural resources through 
conservation subdivisions.  Arendt’s manual pertaining 
to ‘linked landscapes’ designed for small towns in the 
Connecticut Valley Area was later refined and used for 
community-wide greenway planning through the Natural 
Lands Trust, in Media, Pennsylvania (www.natlands.

org) (Yaro et al. 1988; Arendt 2004).  In this case, Arendt 
created a workbook, titled ‘Growing Greener,’ which 
outlined guidelines for municipal conservation planning 
(Arendt 1997).  These guidelines were similar to those 
used by the small towns along the Connecticut River that 
merged landscape architecture with town planning (Yaro 
et al. 1988).  The workbook was written in a non-technical 
manner to be useful to a variety of participants interested in 
conservation subdivision and greenway corridor designs; 
thus a comprehensive community-wide approach for 
greenway planning was created (Arendt 1997). 

The Natural Land Trust is a non profit organization 
that acquires and manages land and aids towns and 
developers with management of land intended for open 
space; it has been operating for about 55 years and 
owns and preserves more than 25,000 acres of open-
space land.  Other organizations involved with protecting 
land and habitat at the landscape scale include Dodson 
Associates Ltd. (dodsonassociates.com), founded in 
1986 and based out of Ashfield, Massachusetts, and 
Land Choices (Landchoices.com), in Milford, Michigan, a 
non profit greenway/conservation advocacy organization 
that focuses on setting a nationwide trend for the use of 
conservation subdivisions.   Furthermore, several towns 
in Massachusetts and Rhode Island have various laws 
that supplement state laws surrounding wetlands and 
development; these laws are generally more stringent, 
enabling better protection for wildlife habitat than what the 
state would provide. 

The Future of Vernal Pool Collaborative Conservation  

The SWANCC vs. USACOE (No. 99 U.S. 1178, 2001) 
and Rapanos vs. the US (Nos. 04 U.S. 1034, 1384, 2006) 
decisions allow for land conversion of ‘non-jurisdictional’ 
isolated wetlands and their adjacent terrestrial habitats.  
These decisions do allow for many non-navigable wetlands 
to be jurisdictional from the state to private level.  There is 
a pressing need for states, towns, and private landowners 
to locate, assess, and manage critical amphibian habitats 
(Gibbons 2003).  The collaborative approach to landscape 
planning, whereby ecologists team up with landscape 
architects, developers, and landowners, will continue to be 
a useful tool for development.  Scientists can offer sound 
information and guidance for the management of amphibian 
species and their habitats (Theobald et al. 2000; Murphy & 
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Noon 2007).  However, the driving force that often leads 
to actions that benefit wildlife habitats is not the ecological 
data itself, but the goals and values of citizens themselves 
(Theobald et al. 2000).  

The Maine developer in our study clearly demonstrated a 
profit motive for placing vernal pool habitat on his deed. 
Nonetheless, his interview revealed an appreciation for 
the habitat as an important environmental feature as a 
result of being informed about the amphibian species 
and type(s) of habitat that exist on his land.  Ultimately, to 
support amphibian populations on the parcel in question, 
a habitat conservation plan would need to be developed 
and implemented that connects habitats on the developing 
and abutting properties.  Similar to what the developer did, 
it’s likely this would involve the willing adjacent landowners 
placing key habitat land on their own properties within 
easements.   Though these initiatives have yet to happen, 
the developer and three of the local adjacent landowners 
were open to future joint efforts as indicated in their 
interviews.  

Information about environmental policy, tax incentives, and 
land conservation options are often not readily available 
to private landowners and developers making land-use 
planning decisions.  Changes being made to landscapes 
often occur in the private sectors and accumulate, creating 
fragmentation and habitat destruction on a larger scale 
(Kahn 1966; Theobald et al. 2000).  Because movements 
of pool-breeding amphibians are localized in comparison to 
larger vertebrates, single subdivision projects may play an 
increasingly key role in creating a patchwork of conserved 
lands useful for more wide-ranging organisms, even in 
rapidly growing areas.  

The Maine significant vernal pool law is an essential tool 
for encouraging developers to design their projects around 
vernal pool conservation.  However, we argue that the 
law’s protective parameters do not adequately encourage 
a landscape view of vernal pool ecosystems, and thus are 
not always adequate to sustain pool-breeding amphibian 
migration corridors and upland habitat, especially when 
cooperation of the multiple landowners is needed.  For 
example, the 76 m buffer assigned to a significant vernal 
pool does not incorporate the suggested 159 - 290 m 
upland range for pool-breeding amphibians (Semlitsch 
1998; Semlitsch & Bodie 2003), nor does a typical 30 m 

wetland buffer protect habitat for marbled salamanders 
(Ambystoma opacum) (Gamble et al. 2006).  In human 
dominated landscapes where sprawl is a major land use 
problem, developers can take the lead by facilitating best 
development practices and other habitat conservation 
measures for amphibian habitats in conjunction with the 
laws (Calhoun et al. 2003; Colburn 2004).  

Policy initiatives, such as the Maine Department of 
Environmental Protection’s significant wildlife habitat law 
(chap. 335) for vernal pools, provide the starting point for 
conservation planning but often do not go far enough in 
specific situations because they are designed as general 
prescriptions, and are subject to many competing political 
agendas.  Providing the best available ecological information 
to developers who promote goals and values respecting 
wildlife conservation is a difficult ideal to achieve, and 
requires the active involvement of biologists in local scale 
planning (Theobald et al. 2000).  Nonetheless, in rapidly 
developing landscapes, “conservation development” 
should no longer be considered an oxymoron, but rather 
an integral part of protecting wildlife habitat and biodiversity 
(Milder 2007).

CONCLUSION

Our case study provides less of a prescription for how 
to design a conservation subdivision around vernal 
pools than a model for how ecologists can work with a 
developer and neighboring landowners to do so.  Having 
combined ecological research with a qualitative approach 
to assess motivations for conservation, we developed an 
understanding that both the developer and neighboring 
landowners might work together to achieve a landscape-
scale network of connected habitats that would support 
pool-breeding amphibians.  This case study provides an 
example for collaboration between a developer, biologists, 
and neighboring landowners that can help guide future 
land-use planning on private land with the purpose of 
conserving vernal pool wildlife.  Site features like vernal 
pools and upland habitats can be the central organizing 
principles around which new developments can be 
designed (Arendt 2004).  This approach to development is 
easy to administer, and is both cost-effective and politically 
popular for developers at the municipal level.  Furthermore, 
this sort of collaborative effort bridges a gap between 
traditional development procedures and progressive 
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movements toward fostering wildlife habitat conservation.  
In light of the global decline of amphibians, we believe such 
partnerships will prove to be essential to protecting critical 
habitat.

ACKOWLEDGEMENTS

We thank Sergei Breus, the adjacent landowners willing 
to participate in the interviews, the Antioch New England 
University Department of Environmental Studies for the 
use of equipment and herbarium, and Tom Wessels and Jeff 
Littleton for providing feedback on sampling procedures.

LITERATURE CITED

Alford, R.A., S.J. Richards 1999. Global Amphibian Declines: 
a problem in applied ecology. Annual Review of Ecology and 
Systematics  30, 133-165

Arendt, R. 1997. Growing greener: A conservation planning 
workbook for municipal officials in Pennsylvania. Pennsylvania 
Department of Natural Resources, Harriburg

Arendt, R. 2004. Linked landscapes creating greenway corridors 
through conservation subdivision design strategies in the 
northeastern and central United States. Landscape and Urban 
Planning 68, 241-269

Babbit, K.J. 2005. The relative importance of wetland size and 
hydroperiod for amphibians in southern New Hampshire, USA. 
Wetlands Ecology and Management 13, 269-279

Babbit, B. 2005. Cities in the Wilderness. Island Press. Washington 
D.C.

Baldwin, R.F., A.J.K. Calhoun, P.G. deMaynadier 2006a. The 
significance of hydroperiod and stand maturity for pool-breeding 
amphibians in forested landscapes. Canadian Journal of    Zoology 
84, 1604-1615

Baldwin, R.F., A.J.K. Calhoun, P.G. deMaynadier 2006b. 
Conservation planning for amphibian species with complex 
habitat requirements: a case study using movements and habitat 
selection of the wood frog (Rana sylvatica). Journal of Herpetology 
40, 442-453

Baldwin, R.F., P.G. deMaynadier 2009. Assessing threats to 
pool-breeding amphibians in urbanizing landscapes. Biological 

Conservation in press.

Baldwin, R.F., S.C. Trambulak, K. Beazley, C. Reining, G. 
Woolmer, J. Nardgren, M.G. Anderson 2007a. The importance 
of Maine for ecoregional conservation planning. Maine Policy 
Review 16: 66-77

Baldwin, E.O., L.S. Kenefic, W.F. Lapage 2007b. Alternative large-
scale conservation visions  for northern Maine: interviews with 
decision leaders in Maine. Maine Policy Review 16:78-91

Blaustein, A.R., D.B. Wake, W.P. Sousa 1994. Amphibian declines: 
Judging stability, persistence, and susceptibility of populations to 
local and global extinctions. Conservation Biology 8, 60-71

Brown, D.G., K.M. Johnson, T.R. Loveland, D.M. Theobald 2005. 
Rural land-use trends in the conterminous United States 1950-
2000. Ecological Applications 15: 1851-1863

Calhoun, A.J.K., T.E. Walls, S.S. Stockwell, M. McCollough 2003. 
Evaluating vernal pools as a basis for conservation strategies: a 
Maine case study. Wetlands 23, 70-81

Calhoun, A.J.K., N.A. Miller, M.W. Klemens 2005. Conserving 
pool-breeding amphibians in human-dominated landscapes 
through local implementation of best development practices. 
Wetlands Ecology and Management 13, 291-304

Clark, S.A., P. Howell 2007. From diamond international to plum 
creek: The era of large landscape conservation in the northern 
forest. Maine Policy Review 16: 56-65

Colburn, E.A. 2004. Vernal Pools: Natural History and 
Conservation. Woodward Publishing Company. Blacksburg, VA

Collins, J.P., A. Storfer 2003. Global amphibian declines: sorting 
the hypotheses. Diversity and Distributions 9, 89-98

Comer, P., D. Faber-Langendoen, R. Evans, S. Gawler, C. Josse, 
G. Kittel, S. Menard, M. Pyne, M. Reid, K. Schulz, K. Snow, J. 
Teague. 2003. Ecological systems of the United States: A working 
classification of U.S. terrestrial systems. NatureServe, Arlington, 
VA.

Cowardin, L. M., V. Carter, F. C. Golet, E. T. LaRoe. 1979. 
Classification of Wetlands and deepwater habitats of the United 
States. U. S. Department ofThe Interior, Fish and Wildlife Service, 
Washington, D.C. Jamestown, ND: Northern Prairie Wildlife 
Research Center Home Page. Available from: http://www.npwrc.
usgs.gov/resource/1998/classwet/classwet.htm Accessed March 
3, 2011



37

Colbert, Baldwin, Thiet / Journal of Conservation Planning Vol 7 (2011) 27 - 38

Crouch, W.B., W.C. Paton. 2000. Using egg-mass counts to 
monitor wood frog populations. Wildlife Society Bulletin 28, 895-
901

Davis et al. 2001. WWF full report: New England-Acadian 
Forests. Washington D.C. Available at: http://www.worldwildlife.
org/wildworld/profiles/terrestrial/na/na0410_full.html Accessed 
June 1, 2008

DeMaynadier, P.G., M.L. Hunter. 1999.  Forest canopy closure 
and juvenile emigration by pool-breeding amphibians in Maine. 
Journal of Wildlife Management 63, 441-450

Department of Environmental Protection-Bureau of Land and 
Water Quality. Significant vernal pools, 2007. Maine.Available 
at :http://www.maine.gov/dep/blwq/docstand/nrpa/vernalpools/
index.htm  Accessed March 3, 2011

Gamble, L. R., K. McGarigal, C. L. Jenkins, B.C. Timm 2006. 
Limitations of regulated “buffer zones” for the conservation of the 
marbled salamander. Wetlands 26, 298-306

Gibbons, J.W. 2003. Terrestrial Habitat: a vital component for 
herpefauna of isolated wetlands. Wetlands 23, 630-635

Gibbs, J.P. 1993. Importance of small wetlands for the persistence 
of local populations of wetland-associated animals. Wetlands 13, 
25-31

Gibbs, J. P. 2000. Wetland loss and biodiversity conservation. 
Conservation Biology 14, 314-317 

Harper, E. B., T. A. G. Rittenhouse, R. D. Semlitsch 2008. 
Demographic consequences of  terrestrial habitat loss 
for pool-breeding amphibians: predicting extinction risks  
associated with inadequate size of buffer zones. Conservation 
Biology 22, 5, 1205-1215

Hitchings, S.P., T.J.C. Beebee 1998. Loss of genetic diversity 
and fitness in common toad (Bufobufo) populations isolated by 
inimical habitat. Journal of Evolutionary Biology 11, 269-283

Kahn, A.E. 1966. The tyranny of small decisions: Market failures, 
imperfections, and the limit of economics. Kyklos 19, 23-45

Kenney, L.P. and M.R. Burne 2001. A Field Guide to the Animals of 
Vernal Pools.  Natural Heritage & Endangered Species Program. 
Westborough, MA

Marsh, D. M. and P. C. Trenham 2001. Metapopulation dynamics 

and amphibian conservation. Conservation Biology 15, 40-49

Milder, J.C. 2007. A framework for understanding conservation 
development and it’s ecological implications. Bioscience 57, 757-
768

Murphy, D. and B. Noon 2007. The role of scientists in conservation 
planning on privatelands. Conservation Biology 21, 25-28 

Oscarson, D.B., and A.J.K Calhoun. 2007. Developing vernal 
pool conservation plans at the local level using citizen-scientists. 
Wetlands 27, 80-95

Pechman, J.H.K., D.E. Scott, R.D. Semlitsch, J. P. Caldwell, L.J. 
Vitt, J.W. Gibbons 1991. Declining amphibian populations: the 
problem of separating human impacts from natural fluctuations. 
Science 253, 892-895

Porej, D., M. Micacchion, T.E. Hetherington 2004. Core terrestrial 
habitat for conservation of  local populations of salamanders and 
wood frogs in agricultural landscapes. Biological Conservation 
120, 399-409

Preisser, E.L., J.Y. Kefer, J.D. Lawrence, T.W. Clark 2000. 
Vernal pool conservation in Connecticut: an assessment and 
recommendation. Environmental Management 26, 503-513

Reed, P. 1988. National list of plant species that occur in 
Wetlands: 1988 National Summary. Fish & Wildlife Service, U.S. 
Corps of Engineers, US Environmental Protection Agency, U.S. 
Soil Conservation Service

Reh, W., A. Seitz 1990. The influence of land use on the genetic 
structure of populations of the common frog, Rana Temporaria. 
Biological Conservation 54, 239-249.

Rittenhouse, T.A.G., R.D. Semlitsch 2007. Postbreeding habitat 
use of wood frogs in a Missouri oak-hickory forest. Journal of 
Herpetology 41, 645-653

Ross, A.A. and S.J. Richards 1999. Global amphibian declines: 
a problem in applied ecology. Annual Review of Ecology and 
Systematics 30, 133-165

Semlitsch, R.D. 1998. Biological delineation for managing buffer 
zones for pond-breeding salamanders. Conservation Biology 12, 
1113-1119



38

Colbert, Baldwin, Thiet / Journal of Conservation Planning Vol 7 (2011) 27 - 38

Semlitsch, R. D. 2000. Principles for management of aquatic-
breeding amphibians. Journal of Wildlife Management 64, 615-
631 

Semlitsch, R. D. and R. J. Bodie 2003. Biological criteria for buffer 
zones around wetlands and riparian habitats for amphibians and 
reptiles. Conservation Biology 17, 1219-1228

Stein, S.M., R.E. McRoberts, R.G. Alig, M.D. Nelson, D.M. 
Theobald, M. Eley, M. Dechter, M. Carr 2005. Forests on the 
edge: Housing development on America’s private forests. U.S. 
Department of Agriculture, Forest Service, Pacific Northwest 
Research Station, Portland, OR

Theobald, D.M., N.T. Hobbs, T. Bearly, J.A. Zack, T. Shenk, W.E. 
Riebsame 2000. Incorporating biological information in local 
land-use decision making: designing a system for conservation 
planning. Landscape Ecology 15, 35-45

Theobald, D.M. 2003. Targeting conservation action through 
assessment of protection and exurban threats. Conservation 
Biology 17, 1624-1637

Windmiller, B.S., A.J.K. Calhoun 2007. Conserving vernal pool 
wildlife in urbanizing landscapes. Science and Conservation 
of Vernal Pools in Northeast North America. CRC Press, Boca 
Raton. Pp. 233-252 

Yaro, R., R. Arendt, R. Dodson H., Brabec E., 1988. Dealing 
with change in the Connecticut River Valley: A design manual for 
conservation and development, Lincoln institute of land policy, 
Cambridge

Zedler, P.H. 2003. Vernal pools and the concept of “isolated 
wetlands.” Wetlands 23, 597-607


