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Executive Summary  
 

Vernal pools are typically small, shallow wetlands characterized by alternating flooded and dry 

phases. Yet, despite their small size and ephemeral nature, they support a rich assemblage of 

invertebrates and breeding amphibians. Many of these species are considered High and Medium 

priority Species of Greatest Conservation Need (SGCN) in the Vermont Wildlife Action Plan, 

including Ambystomid salamanders, Odonates, Fairy Shrimp (Eubranchipus spp.), and 

freshwater snails. However, due to their small size and seasonal nature, most vernal pools do not 

appear on National Wetland Inventory maps and their location and distribution across Vermont 

was largely unknown. From 2009 thru 2012, we used color infrared (CIR) aerial photo 

interpretation to map the location of ñpotentialò vernal pools statewide, and trained volunteers to 

help field-verify a proportion of mapped pools. In addition, we incorporated information on 

vernal pool occurrence from other sources into the project database.  

 

A total of 4,016 ñpotentialò vernal pools were mapped in 235 (92%) of Vermontôs 255 towns 

using CIR aerial photo interpretation.  In addition, another 830 ñprobableò pools were imported 

into the database from other sources, bringing the total number of mapped ñpotentialò pools to 

4,846.  Of these, 636 (13%) were field-visited; 54% of which were confirmed to be vernal pools.  

In addition, 221 unmapped pools were confirmed during fieldwork.  Among potential sites that 

were not pools (n = 207), 71% were other types of wetlands (primarily seeps, but also beaver 

ponds, shrub swamps, etc.), while only 13% were artifacts of remote mapping, primarily 

shadows from conifers.  

 

During remote mapping, each potential pool was given a confidence rank (High, Med-high, 

Medium, Med-low, or Low) that the site was indeed a vernal pool.  Among 528 field-visited 

potential pools, Ó75% ranked as High or Medium-high were confirmed as vernal pools, while 

those ranked Medium or Medium-low were confirmed as vernal pools Ò53% of the time.  No 

sites ranked Low were confirmed to be vernal pools, although the sample size (n = 5) was small.  

This suggests that field verification would be most efficient by prioritizing field work on High 

and Medium-high confidence pools, and possibly eliminating Low-ranked pools from the 

mapping process. 

 

The distribution of mapped potential pools by biophysical region showed a distinct pattern, with 

the majority of mapped pools (55%) occurring in just three regions; the Northern Vermont 

Piedmont, Southern Vermont Piedmont, and Southern Green Mountains. Not surprisingly, just 

5% (n = 199) of mapped potential pools were located in the Northeast Highlands, underscoring 

the limitations of CIR aerial photo mapping in landscapes dominated by conifer cover.  

 

Among field-verified pools, the most commonly detected species were Wood Frog (Lithobates 

sylvatica) and Spotted Salamander (Ambystoma maculatum), which were found breeding in 78% 

and 73% of confirmed pools, respectively.  Jefferson Salamander (A. Jeffersonianum) was found 

in 10% of confirmed pools, Blue-spotted Salamander (A. Laterale) in 3% of pools, and Fairy 

Shrimp (Eubranchipus spp.) in 5% of pools. At least 115 volunteers participated in field-

verification of vernal pools, submitting data from 301 field visits. 
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INTRODUCTION 
 

Vernal pools are typically small, shallow wetlands characterized by alternating flooded and dry 

phases.  Many vernal pools are hydrologically isolated, filling primarily with precipitation and 

surface water runoff from the immediate surroundings (Brooks 2004), although inundation from 

local groundwater can also occur (Sobczak et al. 2003).  Yet, despite their small size and 

ephemeral nature, these seasonal pools support a rich assemblage of invertebrates (Colburn et al. 

2008) and breeding amphibians (Semlitsch and Skelly 2008), many of which are largely 

dependent upon vernal pools to complete their complex life cycles.  Many of these species are 

considered High and Medium priority Species of Greatest Conservation Need (SGCN) as 

outlined in the Vermont Wildlife Action Plan, including Jefferson (Ambystoma jeffersonianum), 

Blue-spotted (A. laterale), Spotted (A. maculatum), and Four-toed salamanders (Hemidactylium 

scutatum), and vernal pool-dependent invertebrates including Odonates, Fairy Shrimp 

(Eubranchipus spp.), and freshwater snails.  Additionally, vernal pools provide important 

foraging habitat for a variety of reptiles, birds and mammals (Mitchell et al. 2008), including 

SGCN such as Spotted Turtle (Clemmys guttata), Eastern Ribbonsnake (Thamnophis sauritus), 

Ruffed Grouse (Bonasa umbellus), Red-shouldered Hawk (Buteo lineatus), and both Masked 

(Sorex cinerus) and Smokey shrews (S. fumeus).  As a result, the Vermont Wildlife Action Plan 

identified the need to ñmap and inventory vernal pools statewideò as a critical step in developing 

conservation strategies that will ensure the persistence of SGCN and other wildlife dependent on 

ephemeral pools. 

 

Initiated in 2009, the overarching goals of the Vermont Vernal Pool Mapping Project (VPMP) 

were to advance vernal pool conservation planning at the state and local levels, and raise 

awareness about the value of vernal pools while developing momentum for statewide 

conservation.  The project had three primary objectives: 

 

1. To identify and map the location of potential vernal pools in Vermont using color-

infrared (CIR) aerial photo interpretation; 

2. Conduct a series of training workshops throughout the state to recruit a corps of skilled 

volunteers to field-verify the precise location and attributes of a sub-set of mapped 

potential vernal pools; 

3. Through volunteer efforts and outreach, increase the knowledge and awareness of these 

critical habitats in Vermontôs conservation community as well as the general public. 

 

This report summarizes the results of remote mapping efforts and field work conducted from 

2009 through 2012. 
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METHODS 
 

Vernal Pool Mapping Data Sources 

 

Several imagery sources were used to remotely map potential vernal pools.  We primarily used 

paired, color infrared aerial photographs to detect potential pools.  We then used digital 

orthophotos (both true color and black and white), along with digital topographic maps to help 

corroborate that the site detected was a vernal pool, and to accurately transfer the point location 

into a spatially-referenced GIS in ArcMap 10 (ESRI).  Details of each data source are below. 

Color Infrared Aerial Photographs (CIR) 

To locate the presence of potential vernal pools we used stereo-paired color infrared (CIR) aerial 

photographs flown in the spring (April and May) of 1992-1993 at a scale of 1:40,000.  CIR 

photos were available for the entire state of Vermont, with the exception of a few areas where 

individual photos were missing.  These ñfalse colorò photos combine infrared reflectance with 

the green and red visible bands.  In CIR photos, water presents a distinct, black photo-signature.  

Also, CIR photos were primarily taken prior to leaf-out during April and May, permitting a clear 

view of the forest floor in deciduous-dominated forests.  Our ability to effectively map potential 

pools in conifer-dominated forest stands was limited.   

 

Two types of CIR photos were available in the state; transparencies and traditional prints.  In 

general, transparencies have better resolution and are much easier to ñreadò than prints, but they 

were not available for the entire state.  Overall accuracy of pool detection and confidence 

determination was likely better in areas where transparencies were used.  Each potential pool 

was tagged with the photo I-D number identifying the CIR photo that was used, including a ñTò 

for transparency or a ñPò for traditional print.   

 

During remote mapping we were conscious of the fact that shadows (especially those from large 

conifers) can exhibit a dark photo-signature similar to water.  This can result in ñfalse positiveò 

errors (e.g. identifying a site as a potential vernal pool when it is in fact the shadow from a large 

tree).  This was a problem particularly where large white pines with spreading crowns created 

broad shadows, especially into canopy openings.  Likewise, any pools that were located on the 

edge of conifer stands could go undetected (false negatives) because they might have been 

obscured by tree shadows.   

Digital Black and White Orthophotographs 

Digital black and white orthophotography, based on 1:5,000 geo-rectified orthophotos, were 

primarily used to digitally map locations of vernal pools detected on CIR photos, thus allowing 

the location to be spatially explicit with geographic coordinates.  Available for the entire state, 

there are two sets of these photos, those taken in the 1990s and those taken in the early 2000s.  

These are spring ñleaf-offò photos that show the forest floor under a hardwood canopy.  Similar 

to water, conifers produce a dark photo-signature, preventing a view of the forest floor.  

Depending on site and resolution of the photos, potential pools were sometimes visible, thus 

leading to a high degree of location accuracy and confidence that the site was a vernal pool.  
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However, in many cases, the photo-signature of the potential pool was not visible, or could not 

be differentiated from shadows or conifers.  

National Aerial Imagery Program (NAIP) Color Orthophotos 

NAIP imagery are ñtrue colorò orthophotos taken during the summer season and are therefore 

considered ñleaf onò imagery.  Multiple sets of NAIP photos are available from different years 

including 2003, 2008 and 2011.  Because these are ñleaf onò images, views of the forest floor or 

vernal pools are very limited.  Only pools that were large enough to create a significant canopy 

opening or those that occurred within forest gaps were typically visible.  The primary value of 

these photos was to gain information about the hydroperiod of a wetland in question.  If open 

water was visible in the NAIP photos, it suggested that the site had either a semi-permanent or a 

permanent hydrology. 

1:24,000 USGS Topographic Maps 

Digitized USGS topographic maps were often used as an aid in locating pools on digital 

orthophotos.  Since pools were mapped using CIR photos viewed in stereo, topographic clues 

(which were not visible in digital orthophotos) were often helpful in determining a poolôs precise 

location when transferring the point to GIS.   

 

Aerial Photo Interpretation 

 

To locate potential vernal pools, stereo pairs of CIR photos were examined at 3X magnification 

under a stereoscope, which allowed the photos to be viewed in three dimensions, enabling the 

interpreter to see topography.   Observers examined paired CIR photos systematically for 

evidence of potential vernal pools.  When the dark photo-signature of water was detected, we 

looked for evidence to distinguish the site from other types of permanent wetlands (e.g. ponds, 

seeps, larger wetland complexes), including pool shape and landscape context, presence of inlet 

or outlet streams and topography.  The nuances of distinguishing vernal pools from other 

wetland types using CIR aerial photos are discussed in more detail below.   

 

Once a potential vernal pool was located on paired CIR photos, the point location was then 

transferred to GIS using digital orthophotos and USGS topographic maps to pinpoint its precise 

location as close as possible.  During this process a variety of data attributes were completed in 

the GIS database for each potential pool mapped (Table 1), including ranking each site for how 

accurately it was located in GIS and our confidence that the site was a vernal pool.   

 

Although four individuals participated in aerial photo interpretation, the vast majority (99%) of 

pools were mapped by Co-PIs, S. Faccio and M. Lew-Smith.  In a few cases, pools were also 

mapped by Jeff Parsons (JP) and Paul Wilson (PDW).  In order to ensure consistency, all pools 

mapped by JP and PDW were reviewed by M. Lew-Smith.  

 

Location Accuracy 

Transferring the location of potential vernal pools from the CIR photos to digitized orthophotos 

involved varying degrees of uncertainty.  Therefore, each mapped pool was given one of five 

ranks from Low to High, based on our confidence that the location was accurately transferred 
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from aerial photo to GIS (Table 1).  For example, in some cases a pool that was detected on the 

CIR photos was also detected on the corresponding digital orthophoto, resulting in a High 

location accuracy rank.  However, if a pool was not visible on digital imagery, other landscape 

features were used to map the location of the pool with varying degrees of accuracy. 

 

Pool Confidence 

When remotely mapping vernal pools, there were varying degrees of certainty that a site was 

actually a vernal pool and not something else (e.g. shadow, seep, etc.).  Therefore, based on 

professional judgment, each mapped pool was given one of five Confidence ranks from Low to 

High (Table 1).  For example, if there were scattered conifers visible in the CIR photo creating 

uncertainty about whether a potential site was a pool or a shadow, the site was assigned a lower 

confidence rank and notes were often made in the Comments field.  

 

Distinguishing Vernal Pools from Other Wetland Types 

 

Ponds 

In most cases, man-made ponds were obvious due to their shape and landscape context (located 

around homes with bordering mowed lawns).  When a site occurred within a forested matrix 

however, we first looked for the presence of inlet and/or outlet streams, which would indicate a 

permanent hydrology.  In addition, we often consulted digital NAIP true color orthophotos, 

which were taken during the summer.  If a site was visible on NAIP photos, this suggested that it 

was large enough to create a sufficient canopy gap to be viewed, and it may have a permanent or 

semi-permanent hydrology.  In most cases, these sites were not mapped as potential vernal pools.  

However, if there was some ambiguity, it was mapped with a lower confidence level and notes 

made in the Comments field. 

 

Seeps 

Groundwater seepage wetlands typically display a similar photo-signature to vernal pools.  Seeps 

are sources of groundwater discharge and typically contain open water in the spring.  They also 

typically occur in a forested context.  The main distinguishing feature of seeps (in contrast to 

vernal pools) is that seeps often form the headwaters of streams or are located along stream 

margins.  Therefore, if a distinct stream drainage was visible as an inlet or outlet to a site in 

question, the site was typically considered a seep wetland and not mapped as a vernal pool.  

Likewise, if a potential site was located along the margins of a stream, it was thought to be a 

seepage wetland and was typically not mapped as a vernal pool.  Seeps also occur on slopes, 

whereas vernal pools do not.  Therefore, if a site occurred on a slope lacking suitable topography 

it was not mapped as a potential vernal pool.   

 

Another distinguishing feature between vernal pools and seeps is the nature of the wetland 

border.  Many seeps have a fairly diffuse border, while vernal pools typically have a more 

distinct border or edge.  In some cases, this characteristic could be used to distinguish the two 

wetland types.  If  there was some ambiguity however, the site was mapped with a lower 

confidence level and notes were made in the Comments field. 
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Table 1.  Data attribute fields completed in GIS for each mapped potential pool. 

Field Name Comments Entry 

FID/OID Database level Feature ID.  Auto-entry by ArcGIS, not used. 

Shape Auto-entry by ArcGIS Auto-entry by ArcGIS 

Unique_ID Identification of pool by 
mapper.  Serves as a unique ID. 

Mapper initials followed by unique ID number (e.g. MLS3), 
serves as project-wide unique Pool identifier. 

Confidence Confidence that the site 
mapped is actually a vernal pool 
and not something else 
(shadow, seep etc.), based on 
professional judgment. 

L = Low confidence  

ML = Medium-low confidence 

M= Medium confidence 

MH = Medium-high confidence 

H = High confidence  

Loc_Accur Location Accuracy.  Confidence 
level that the pool location is 
accurately mapped. 

L = Low confidence.  Pool not seen on the digital orthophoto 
and actual ƭƻŎŀǘƛƻƴ ŎƻǳƭŘ ōŜ ҔнрлΩ ŦǊƻƳ ƳŀǇǇŜŘ ƭƻŎŀǘƛƻƴ 

ML = Medium-low confidence.  Pool not seen on the digital 
ƻǊǘƘƻǇƘƻǘƻ ŀƴŘ ŀŎǘǳŀƭ ƭƻŎŀǘƛƻƴ ŎƻǳƭŘ ōŜ мллΩ-нрлΩ ŦǊƻƳ 
mapped location. 

M = Medium confidence.  Pool not seen on the digital 
ƻǊǘƘƻǇƘƻǘƻ ŀƴŘ ŀŎǘǳŀƭ ƭƻŎŀǘƛƻƴ ŎƻǳƭŘ ōŜ рлΩ-мллΩ ŦǊƻƳ 
mapped location. 

MH = Medium high confidence.  Pool likely seen on 
ƻǊǘƘƻǇƘƻǘƻ hw ƴƻǘ ǎŜŜƴ ōǳǘ ŀŎǘǳŀƭ ƭƻŎŀǘƛƻƴ ǿƛǘƘƛƴ рлΩΦ 

H = High confidence.  Pool can be seen on orthophoto and 
location accurately mapped. 

Comments Comments on the ecology, 
topography or physical features 
of pool as seen during mapping 

General Text. 

Photo_Num CIR Aerial Photo Number.  Identification number of either of the paired CIR photo 
numbers on which the pool is found. άtέ ƛƴŘƛŎŀǘŜǎ ŀ tǊƛƴǘΦ  
ά¢έ ƛƴŘƛŎŀǘŜǎ ŀ ¢ǊŀƴǎǇŀǊŜƴŎȅ 

Source Data source used to locate 
potential pool 

ά/Lwέ ŦƻǊ ŀƭƭ pools found using color-infrared aerial photos 
during this project.  See Table 2 and Appendix 4 for source 
of other pools. 

Mapped_By Initials of person that mapped 
the pool 

MLS=Michael Lew-Smith; SDF=Steve Faccio; JP=Jeff Parsons; 
PDW=Paul Wilson 

DateMapped Date mapping was conducted Date 

 

Larger wetland complexes 

Although vernal pool habitat can be found embedded within larger wetland complexes, these 

sites, which can be difficult to identify remotely, were beyond the scope of this project, and thus 

were not mapped.  In addition, large wetland complexes have already been mapped by the 

Vermont Significant Wetlands Inventory (VSWI), and therefore already receive protection under 

the Vermont Wetland Rules and Vermontôs Land-use and Development Law (Act 250). We used 

the VSWI layer in GIS to determine if a potential site was a mapped wetland.  In a few cases, the 

VSWI maps included some larger vernal pools.  If it was determined that the VSWI map referred 

to the vernal pool only (and not a larger wetland), then the site was included as a potential vernal 

pool. 
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Training Workshops and Volunteer Recruitment 

 

A series of 13 training workshops were offered across the state during the first three years of the 

project (2009-2011), and were attended by more than 325 people.  In 2009, when mapping 

efforts focused on the northern third of Vermont, three workshops were held (one each in 

Enosburg Falls, Craftsbury, and East Charleston), and were attended by approximately 80 

individuals.  After mapping potential pools in central Vermont during 2010, six workshops were 

held (one each in Shelburne, Huntington, Woodstock, and Ripton, and two in Montpelier), and 

were attended by approximately 166 people.  In 2011, after mapping the southern third of 

Vermont, four training workshops were held (one each in Rutland, Grafton, Rupert, and 

Brattleboro), and were attended by approximately 88 individuals. 

 

The 2½- to 3-hour long workshops, which were held during April or early-May, consisted of 

both indoor and outdoor components, including a powerpoint presentation covering the physical 

characteristics and ecological importance of vernal pools, as well as natural history information 

about vernal pool indicator species.  In addition, detailed information was provided about the 

mapping project and how participants could get involved field-verifying potential pools.  Finally, 

groups were taken outdoors to visit a nearby vernal pool where they learned to identify 

amphibian egg masses and were ñwalked throughò how to complete a field-verification data 

sheet. 

 

All workshop participants were provided packets which included a Volunteer Training Manual, 

indicator species I-D sheet, field-verification data sheets (Appendix 1), instructions for 

completing field-verification data sheets (Appendix 2), map of potential vernal pools, and other 

appropriate documents, all of which were also available for download on the project website 

(http://www.vtecostudies.org/VPMP/). 

 

Field-verification 

 

During the field-verification process, staff and volunteers navigated to mapped potential pools 

using GPS (volunteers were encouraged to use their own equipment, but six Garmin GPSMap 76 

units were made available to volunteers to borrow for field-verification).  Once at a site, 

observers completed a VPMP data sheet (Appendix 1), which included information about the 

pool location (directions, town, coordinates, etc.), landowner information (if needed), physical 

characteristics of the pool and surrounding landscape (pool type, presence of inlet or outlet, pool 

depth, approximate width and length of pool, etc.), and presence of indicator species or their 

eggs.  All volunteers were provided detailed instructions for completing a field-verification data 

sheet (Appendix 2) and were encouraged to take photographs of field-verified pools and 

indicator species.  All photographs were uploaded and archived at 

http://www.flickr.com/photos/vpmp.  Uploaded photographs were named using the following 

protocol; Pool ID_Photographer Initials_Picture #, which allows each photograph to be linked to 

the appropriate field-verification data form. 

Definition of a Vernal Pool 

For the purposes of this project, a site was considered a vernal pool if it met the following four 

criteria; 1) occurred in a forested context, 2) had an ephemeral (seasonal) hydrology, 3) was 

http://www.vtecostudies.org/VPMP/
http://www.flickr.com/photos/vpmp
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hydrologically isolated from permanent water sources, and 4) had the presence of at least one of 

six indicator species (see below). 

 

With the exception of the presence of indicator species, each of these criteria could, with varying 

degrees of accuracy, be assessed when remotely mapping potential vernal pools.  During field-

verification these criteria were used to help volunteers assess whether a site was a vernal pool or 

another type of wetland (see Appendices 1 and 2). 

 

Forested context 

Most pools that were remotely mapped as part of this project occurred within a forested context.  

Sites that appeared to be vernal pools but occurred in large agricultural fields were not mapped 

as potential vernal pools, while sites that occurred on field edges, with at least one side bordered 

by forest, were included.  During field-verification, observers made a quick assessment of the 

forest type and condition within approximately 250 feet of the pool (Appendix 2). 

 

Ephemeral Hydrology 

An ephemeral hydrology is one of the most critical characteristics of a vernal pool.  The 

hydrology must be long enough to allow egg and larval development through metamorphosis, 

but pools must dry completely, at least in some years, in order to inhibit fish populations.  Since 

pools were not visited multiple times during field-verification, observers estimated the hydrology 

based on size, depth, and presence of wetland indicator plants. 

 

Hydrologically Isolated 

Most vernal pools are hydrologically isolated from other surface waters, although they often 

have ephemeral inlets or outlets which function only during high-water periods when pools are 

past capacity.  During field-verification observers noted presence of inlets or outlets and assessed 

whether they were ephemeral or permanent based on evidence of channelization. 

 

Indicator Species 

Along with physical characteristics mentioned above, the presence of at least one of six 

ñindicatorò species was used during field-verification to confirm a site as a vernal pool.  

Indicator species were Wood Frog (Lithobates sylvatica), Spotted Salamander, Jefferson 

Salamander, Blue-spotted Salamander, Fairy Shrimp, and several species of Fingernail Clams.  

The latter group was primarily included since they can be located in the leaf litter of dry or 

nearly dry pools when other indicator species are not present.  During field-verification, 

observers counted or estimated the number of egg masses present for any of the amphibian 

indicator species, and indicated if they observed amphibian larvae or adults, or either of the 

invertebrate species. 

 

Landowner Permission 

 

All field -verification for this project occurred either on public lands or on private lands for which 

landowner permission was obtained.  During the first field season (2009), the job of obtaining 

landowner permission to visit mapped potential pools was left to the volunteer participants.  

However, for subsequent field seasons we contracted with ecologists Matt Peters and Erin Haney 

to obtain landowner permission in advance of the spring field seasons.  Areas with both high 
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concentrations of potential vernal pools and interested volunteers willing to help conduct field-

verification, were targeted for landowner permission.  First, potential pool locations were merged 

with digital town parcel maps (where available) to identify parcel IDs.  Parcel IDs were then 

matched up with town tax maps and/or the state Grand List to identify landowners and mailing 

addresses of sites with potential vernal pools.  Letters with self-addressed stamped return 

postcards were then sent to these landowners seeking permission to access their property to field-

check potential pools.  

 

A total of 682 letters were mailed to landowners, representing 1,075 potential vernal pools (due 

to multiple pools per owner).  Of those, 178 landowners replied, for a response rate of 26%.  The 

majority of replies from landowners were positive, although we did not keep track of the number 

of negative responses. 

 

Pre-project Vernal Pool Data 

 

In addition to collecting data on mapped potential pools and ñnewò pools that were missed 

during aerial photo interpretation, data from pre-VPMP records of ñknownò vernal pools were 

also incorporated into the VPMP database.  These sources included several town-wide 

inventories (Bradford, Dummerston, Newbury, Norwich, Woodbury, and Woodstock), an 

inventory of the Ethan Allen Firing Range in Jericho and Underhill, pools sampled during a VT 

Department of Environmental Conservation (DEC) Bio-assessment project (VT DEC 2003), 

records compiled by the VT Fish and Wildlife Department (VFWD), and other records from 

private sources (see Table 2, Appendix 4).  Data from 11 town-wide inventories that were 

conducted by M. Lew-Smith using the same methodology as VPMP, were incorporated into the 

potential pool layer, while those from other sources, which had little or no supporting data with 

which to determine the validity of the records, were coded as ñProbableò pools in need of 

additional field-verification.  

 

Data Entry and Management 

 

We contracted with a programmer to develop a web-based, online data entry portal, with the data 

archived into a Microsoft SQL Server database.  Project staff could access the database via a 

direct-linked Table View in MS Access or via GIS software. Users of the online data entry portal 

first needed to establish a username and password before being able to enter their data, but they 

did not have access to the database itself.  Although the majority of volunteer participants 

entered their data online, some only mailed in their completed datasheets, requiring data entry by 

project staff.  Spatial data was maintained in an ArcGIS File Geodatabase, which was tied to the 

field verification database through unique identifiers, and exported in a shapefile for periodic 

analysis or review. 

 

Throughout the project spatial data was provided to project volunteers through web mapping 

platforms, initially hosted by the Agency of Natural Resources, and subsequently by Arrowwood 

Environmental.  This platform allowed for volunteer access to potential pool locations, various 

pool attributes, including landowner permission status, and the ability to print basic field maps.  
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At the time of this writing, a subset of the data is available for public use at 

http://www.arrowwoodvt.com/VTVPmap.html. 

 

Final QA/QC was conducted in Jan.-Feb. 2013, after all data collected to date had been entered.  

Most errors detected involved georeferencing mistakes, such as incorrectly entering coordinates, 

entering coordinates in the wrong format, duplicate entries of the same pool, and incomplete 

entries. 

 

  

http://www.arrowwoodvt.com/VTVPmap.html
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RESULTS AND DISCUSSION 
 

Remote Mapping Success 

 

A total of 4,016 potential vernal pools were mapped during aerial photo-interpretation, consisting 

of 3,779 potential pools mapped during VPMP and 237 mapped previously during town-wide 

inventories.  In addition to potential pools, another 830 pre-project ñprobableò pools were 

imported into the database, bringing the total number of mapped pools to 4,846 (Table 2, Fig. 1).   

 

 

  

Table 2. Number of mapped potential vernal pools by 
data source and type. 

Data Source Number Data Type 

VPMP 3,779 Remote CIR 
Arrowwood Environmental 
Town Inventories 237 Remote CIR 
      Newbury  
      Woodbury  
      Mt. Holly  
      Hartford  
      Essex  
      Waitsfield/Fayston 
      Bradford  
      West Fairlee  
      Jericho  
      Woodstock  
      Warren  

35 
34 
32 
23 
19 
19 
18 
16 
14 
14 
13 

 

 

Norwich Inventory 151 Other 

Vermont State Lands 139 Other 

Dummerston Inventory 137 Other 

Vernal Pool Inventory Project 112 Other 

Vermont Herp Atlas 79 Other 
Orange County Headwaters 
Project 61 Other 

DEC Bio-assessment Project 34 Other 

Woodstock Vernal Pools 33 Other 

A. Toepfer 27 Other 
UVM - Ethan Allen Firing 
Range Inventory 25 Other 

TNC - Shaw Mt., Bald Mt. 19 Other 

VELCO Inventory 9 Other 

NRCS 2 Other 

VTDEC Bivalve Inventory 2 Other 

Grand Total 4,846  
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Figure 1.  Distribution of 4,016 potential vernal pools mapped remotely using CIR photo-
interpretation (VPMP and Town-mapped Pools), and 830 "probable" pools obtained from 
other sources. 
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Of these 4,846 mapped potential pools, a total of 636 (13.1%) were visited in the field during 

VPMP.  In addition, another 221 ñnewò pools that were not previously mapped were confirmed 

in the field (Fig. 2). Among the 636 field-visited potential pools, 344 (54.1%) were confirmed to 

be vernal pools, while 292 (45.9%) were not (Fig. 3).  However, 71% (n = 207) of the sites that 

were not pools turned out to 

be other types of wetlands 

(e.g. beaver ponds, shrub 

swamps, seeps, puddles, 

etc.), while only 85 were 

artifacts of CIR mapping, 

primarily shadows from 

conifers. 

 

During remote mapping, 

each potential pool was 

given a confidence rank 

(High, Med-high, Medium, 

Med-low, or Low) that the 

site was indeed a vernal pool 

(see Table 1).  Most 

remotely mapped pools 

(68.7%) were ranked as 

Medium or Medium-high 

confidence, while 14.9% 

were ranked High, 15.1% 

Medium-low, and only 1.8% 

Low.  Among field-verified 

potential pools that were 

given a confidence rank (n = 

528), Ó75% ranked as High 

or Medium-high were 

confirmed as vernal pools, 

while those ranked Medium 

or Medium-low were 

confirmed as vernal pools 

Ò53% of the time (Fig. 4).  

No sites ranked as Low were 

confirmed to be vernal pools, 

although the sample size (n = 

5) was small.  This suggests that field verification would be most efficient by prioritizing field 

work on High and Medium-high confidence pools, and possibly eliminating Low-ranked pools 

from the mapping process. 

 

In addition, during remote mapping we noted variation between the quality of CIR prints from 

different flight lines, likely due to irregularities during the printing process.  Some flight lines 

Figure 2.  Distribution of 344 field-verified "confirmed" vernal pools, 221 
"new" vernal pools, and all other potential pools that were not field-visited 
during VPMP field work, 2009-2012. 








