Vermont Vernal Pool Mapping Project

20097 207

Final Report to the Natural Heritage Information Project
of the Vermont Department of Fish and Wildlife

July 152013

Steven D. Faccio

Vermont Center for Ecostudies
PO Box 420

Norwich, VT05055

Michael LewSmith and Aaron Worthley
Arrowwood Environmental

950 Bert White Road

Huntington, VT 05462

© Steven DFaccio

VERMONT CENTER
:ECOSTUDIES

Uniting People and Science for Conservation

ARROVWOOD ENVIRONMENTAL
950 BERT WHITE ROAD

HUNTINGTON,VT 05462

(802) 434-7276 FAX: (802) 434-2102



TABLE OFCONTENTS

FIGURES. .1ttt ettt e e et ee et e e e et e e et e e et ea——n— e e 3
I = OSSP 4
ACKNOWLEDGEMENTS 111ttttuuuaseeeeeeeeessessmeeaaseseaaaaaseseeesesestssnmnmresseeeseessssssnnnnnnnssrmansesssssnnnnnnnnss 5
EXECUTIVE SUMMARY ...iiiitiiiiiiiiee et e e ettt e e et e e et e e et e s sanme et e e e eaa s e e aaa e e eeansmnnreeeaan e eeannnns 7
INTRODUCTION 1.ttttes e e e e e eeeeeeeeeeeeaeeeseeeeeeeeeeeeeeeeeeessn s s mmmeeeeeeeessssnsnn s eeeessmmmsssnnnnnnneeeeeeaaaeeeeees 8
Y T T 1 9
Vernal Pool Mapping DAt SOUICES........cuuiiiiiiiiiii i 9
Color Infrared Aerial Photographs (CIR).......cooiiiiiiiiiiiiiiiemmee et 9
Digital Black and White Orthophotographs............coooviiiiiiieee e 9
National Aerial Imagery Program (NAIP) Color Orthophotos...........cccccevvvvvieemnennnee. 10
1:24,0® USGS TopographiC MapS.........coouiiiiiiiieeee e e e 10
Aerial Photo INterpretation...... ..o eeeeei e eeme e emmmenees 10
Distinguishing Vernal Pools from Other Wetland TYPES.......ccuvviiiiiiiiiiieenieiiieieeeeee 11
Training Workshops and Volunteer REGMENL.................uvviiiiiiiiieeeiiiieiieeeee e 13
TS (o Y=Y o= 11 o o T 13
Definition of @ Vernal POOL............oooiiiii e eeeee e e 13
LanNdOWNETr PeIMISSION.......ciiiiiiiiii e e e et e e e e e e e emme et e e e e e e e et e e e e e s annneeeenaanns 14
Pre-project Vernal POOI Data..........cccoooeiieiiiiiiieeeiice e eeeeeeee e 15
Data Entry and Management..........oooiiiiiiiiiiceee et eeena bbb e e e e e e e e 15
RESULTS ANDDISCUSSION. ... utituieiiiieiteetteetmes e et eeeuaeeaaeeesnsesansaeneesnseeanseennseanaeenssenmmsaernnnns 17
REMOLE MAPPING SUCCESS. ...uuuuieiiieeeeeee it eeeeie e e e et e e e e e e e e e et e eee et enaeeeeeeeeeeeeesaeasaaa s smmmrensnees 17
Statewide Distribution of Mapping and Fielderification..............ccccccviiiiiieesiiiiiiieeen. 20
Physical Characteristics of @dirmed Vernal POOIS...........cccccoiiiiiiiiic 22
Biological Characteristics of Confirmed POQIS..............ccoooiiiiiiiceciiccee e, 24
Amphibian INAICAIOr SPECIES. ... ..oiiiiiiiiii et eree e e e e e e 24
Invertebrate INAICAtOr SPECIES ... ..uuuuiiiiiiie e e e e e e eeeee e s e e e e e e e e e e eeeeeeeennes 26
Volunteer Participation in Fiel/erification..............ccoooiiiiiiiiiiiceeie e 27
=N 0 ] O ] o 28
APPENDIX1. FIELD VERIFICATION DATA SHEET......ciiiiii it e eeee e eeeme e e et e e e e e e e e e 29
APPENDIX2. INSTRUCTIONS FORCOMPLETING FIELD VERIFICATION DATA SHEET.......ovvvvvunnes 31

APPENDIX3. NUMBER OF MAPPED ANDFIELD-VISITED POOLS BY TOW AND COUNTY. LISTED BY
ABUNDANCE OF CIR-MAPPED POOLS ...t euititntttetetetn et mame e saseasasenss e ss e smame e e tarerenseaeasnns 35



FIGURES

Figure 1. Distribution of 4,06 potential vernal pools mapped remotely using ghigtc
interpretation (VPMP and Towmapped Pools), and 830 "probable" pools obtained from other
101U o1 P PO PPRRRUSOPPPRPRIN 18

Figure 2. Distribution of 344 fieléverified "confirmed" vernal pools, 221 "new" vernal pools, and
all other potential pools that were not fielgited during \PMP field work, 2002012................ 19

Figure 3. Percent of field/isited potenil pools 6 = 636) that were confirmed as vernal pools,
other wetland types, or wWere NOt fFOUNG..........uuiiiiiiii i e 20

Figure 4. Proportion of fieldverified pools ( = 528) by mapped confidence rank, that were either
confirmed(Ye9 or not confirmedNo) as vernal poolsnknownpools were those where the field
observer were uncertain if the site qualified as a vernal pool. Sample sizes inside bars represent
number of pools in each category that were visited in the field.............ccccooiiiccciiiiiiiiiiiiiiinn, 20

Figure 5. Number of mapped potential vernal pools and fedfirmed vernal pools by county21
Figure 6. Proportion of fielevisited pools by biophysical region that were either confirmed as
vernal pools, not vernal pools (e.g. other wetland types), or not found. ®iaetopie chart varies
by total number of mapped potential pools for that region...........cccoooee i ceeciiiiee e 23

Figure 7. Density of mapped potential pools by biophysical region. Density = number of
pools/number of acres X 10,000..........uuuuuuuuuuennniimreeeeeeeeeeerrrreeaneee i ——reereeeeeeeerrrrrrerann—————— 23

Figure 8. Proportion of confirmed pools by Size Class (ACreS).........uuuururemiiiiccnreeeeeeeeerernennnnns 24

Figure 9. Proportion of amphibian indicator species by life stage detected at confirmed vernal pools.
Sample size above bars is the total number of confirmed pools in which that species was detected.
Species totals can exceed 100% due to detection of multipitddes in individual pools.......... 25

Figure 10. Distribution of confirmed vernal pools in which Jefferson and Bhaited salamanders
and FairyShrimp Were deteCted..........ooi i iiiieeee e eneeeeees 26


file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479957
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479957
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479957
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479958
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479958
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479959
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479959
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479960
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479960
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479960
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479960
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479961
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479962
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479962
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479962
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479963
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479963
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479964
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479965
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479965
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479965
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479966
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354479966

TABLES

Table 1L Data attribute fields completed in GIS for eaudypped potential poal........................ 12
Table 2 Number of mapped potential vernal pools by data source and.type........................ 17
Table 3. Number of mapped potential afield-confirmed vernal pools by biophysical region...22
Table 4. Physical variables and forest type of confirmed vernal paals.............ccceevivieccnnneen. 25

Table 5. Number (%) of confirmed vernal poolswhich indicator species were detected by life


file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354653072
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354653074
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354653075
file:///C:/Users/SDF/Documents/Aproject/Vernal%20Pool%20Mapping/Final%20Report/VPMP%20FINAL%20REPORT.docx%23_Toc354653075

ACKNOWLEDGEMENTS

Financial Support

This project was funded by the Vermont State Wildlife Gr&ntgram of the Vermont
Department of Fish and Wildlife. Additional support was provided by the Conservation and
Research Foundation, Davis Conservation Fund, Norcross Wildlife FoundRitreniedge
FoundationUpper Connecticut River Mitigation and Enlcement Fund, William P. Wharton
Trust, Windham Foundatiomand individual donors.

Cooperating Organizations and Agencies

Audubon Vermont

Bonneyvale Environmental Education Center

Green Mountain National Forest

Lamoille County Natural Resource Conservatiistrict
Merck Forest and Farmland Center

National Park Service

North Branch Nature Center

Northwoods Stewardship Center

The Nature Conservancy

Upper Valley Land Trust

U.S. Army Corps of Engineers

Vermont Association of Conservation Commissions
Vermont Department of Environmental Conservation
Vermont Department of Fish and Wildlife

Vermont Land Trust

Vermont Reptile and Amphibian Atlas Project

Technical Assistance

Sean Fairhurst, online database
Erik Engstrompnline mapping, Vermont Agency of NatuRésources

Contributors

This project would not have been possible without the contributiothe&fl5 volunteeréisted
belowwho participated in fieleverification of vernal pools. Special thanks to Jody Lowes for
developing the r o | \éolurnte@r¥raining Manual.

Terri Armata, Janet Arnold, Jessica Baker, Jayson Benoit, Jon Binhammer, Bobbie Jean Booth,
Cathy Boedtker, Doug Burnham, Liam Callahan and students from Lamoille Union Middle
School, Stephanie Carter, Michael Chait, Bridget Chait, Atim#mers, Rich Chalmers, Mary
Crane, Cameron Cross, Danny Drew, Kit Emery, Sandra Fary, Betsy Field, Jocelyn Foran and
students from Mt. Abraham Middle School, Barb Gerstner, Monique Gilbert, Annette Goyne,
Dean Greenberg, Susan Greenberg, Jenna Guariran@n, Libby Hillhouse, David Hoag, Kit
Hood, Jessica Hood, Leigh Hurley, Rebecca Jimmo, Kyle Jones, Ann Kerry, Kim Komer,
Warren King,Barry King, Kristy King, Rick LaDue, Patti Lambert, Eric Lazarus, Chelsea Little,
Michael Lunter, Madeleine Lyttle, Les Mathews, Kent McFarland, Aaron McGee and students



from the Laraway School, Susan McKenney, Lynn McNamara, Kerry Monahan, M. Morrissey,
Lisa Nading, Nancy Patch, Gary Pelton, Pam Ploof, Jody Ricker, Chris Rimmer, Lucy Rogers,
Paul Rogers, Peg Rosenaasdn Saltman, Tina Scharf, Lilian Shen, Dave Shepard, P. Shields,
Patti Smith, Cindy Sprague, Jennifer Stamp, Tom St&uop,Stainton and students from The
Sharon AcademyRuth Stewart, Catherine Stewart, Roberta Summers, Andy Toepfer, Henry
Trehub, JoAnn&Vazney, ChrigVhitlock and students from Lamoille Union High Schadeaul
Wilson, andTom Ziobrowski

Project Staff

Steve Faccio, Gerincipal Investigator, Vermont Center for Ecostudies
Michael LewSmith, CePrincipal Investigator, Arrowwood Environmah
Aaron Worthley, GlS/database, Arrowwood Environmental

Matt Peters, Landowner permission, figlerification

Erin Haney, Landowner permission



Executive Summary

Vernal pools are typically small, shallow wetlands characterized by alternating flandebty

phases. Yet, despite their small size and ephemeral nature, they support a rich assemblage of
invertebrates and breeding amphibiavisny of these species are considered High and Medium
priority Species of Greatest Conservation Need (SGCN) in gmmdnt Wildlife Action Plan,

including Ambystomidalamanders, Odonates, Fairy ShrifBpl{ranchipus spp, and

freshwater snails. However, due to their small size and seasonal nature, most vernal pools do not
appear on National Wetland Inventory maps dedriocation and distribution across Vermont

was largely unknown. From 2009 thru 2012, we used color infrared (CIR) aerial photo
interpretation to map the | ocati onvolumteerdfopot ent
help fieldverify a proportion of mapped pools. In addition, we incorporatimationon

vernal pool occurrence from other sources into the project database.

Atotalof406 fApotential 0o vernal pools were mapped |
using CIR aeri al phot o i nt edbghede tpaotoil asn .we rlen i angp
into the database from other sources, bringin

4,846. Of these, 636 (13%) were fielikited; 54% of which wer confirmed to be vernal pools.
In addition, 221 unmapped pools wemnfirmed during fieldwork. Among potential sites that
were not poolsr(= 207), 71% were other types of wetlands (primarily seeps, but also beaver
ponds, shrub swamps, etc.), whileyohB% were artifacts of remote mapping, primarily
shadows from conifers.

During remote mapping, each potential pool was given a confidenceHmtk Ked-high,

Medium Med-low, or Low) that the site was indeed a vernal pool. Amongfie?d-visited

poenti al p o o | s High&rMedimhigh wekeeahfirmaes as vernal pools, while

those rankedlediumor Mediumlowwer e conf i r med as vernal pool s
sites ranked.ow were confirmed to be vernal pools, although the samplesiz&) was small.

This suggests that field verification would be most efficient by prioritizing field worigh
andMediumhigh confidence pools, and possibly eliminatingwranked pools from the

mapping process.

The distribution of mapped potential psdly 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 mappe potential pools were located in the Northeast Highlands, underscoring
the limitations of CIR aerial photo mapping in landscapes dominated by conifer cover.

Among fieldverified pools, the most commonly detected species were Wood lEthghates
sylvaica) and Spotted Salamand@&mnibystoma maculatymwhich were found breeding in 78%
and 73% of confirmed pools, respectively. Jefferson Salamafdaeffersonianujnwas found
in 10% of confirmed pools, Blugpotted SalamandeA (Lateralg in 3% of poo$, and Fairy
Shrimp Eubranchipus sppin 5% of pools. At least 115 volunteers participated in field
verification of vernal pools, submitting data from 301 field visits.



INTRODUCTION

Vernal pools are typically small, shallow wetlands characterizedtesnating 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 (8pék 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 vesthpools to complete their complex life cycldglany of these species are
consideredHigh and Medium priority Species of Greatest Conservation Need (SGCN) as

outlined in the Vermont Wildlife Action PlamcludingJefferson/Ambystoma jeffersoniangm
Blue-spotted(A. laterale), Spotted A. maculatun), and Fowtoed salamandefslemidactylium

scutatun), andvernal pooldependent invertebrates including Odonafesry Shrimp

(Eubranchipus spp, and freshwater snailsAdditionally, vernal pools provide igortant

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

SGCN such as Spotted Tur{@élemmys guttala EasterrRibborsnake(Thamnophis sauritys

Ruffed Grouse(Bonasa umbellysRed-shoulderedHawk (Buteo Ineatu$, and botiMasked

(Sorex cinerusandSmokey shrewqS. fumeus As a result,lie Vermont Wildlife Action Plan
identifiedthhe need tion viemmatpo rayndver nal pools statewide:
conservation strategies that walhsurehe persistencef SGCN and other wildlife dependent on
ephemeral pools

Initiated in 2009, theverarchinggoak of theVermont Vernal Pool Mapping Proje@/PMP)
wereto advance vernal pool conservation planning at the state and local leveigisand
awareness about the value of vernal pools while developing momentum for statewide
conservation The project had thrgarimary objectives:

1. To identify and map the location of potential vernal pools in Vermont usitog
infrared (CIR)aerial photanterpretation
2. Conduct a series of training workshops throughout the state to r@carips oskilled
volunteers to fieleserify the precise location and attributes of a-sabofmapped
potential vernal pools;
3. Through volunteer efforts and outreatitrease the knowledge and awareness of these
critical habitats in Vermontés conservatio

This report summarizes the results of remote mapping efforts and field work confdocted
2009through2012.



METHODS

Vernal Pool Mapping Data Sources

Severaimagery sourcewereused to remotely map potential vernal podlge primarily used

paired, color infrared aerial photograpbgietect potential pools. We then used digital
orthophotos (both true color and blaakd 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 spatiallyreferenced GIS in ArcMap 10 (ESRIRetails of each data source are below.

Color Infrared Aerial Photographs (CIR)

To locate the presence pdtentialvernal poolsve usedstereepairedcolor infrared(CIR) aerial

photograpk flown in the spring (April and May) of 1992993 at a scale of 1:40,00€IR

photoswere available for the entire state of Vermont, with the exception of a few areas where
individual phot os were missing. These Afal se
the green and red visible bands.CIR photoswater presentsdistinct blackphotosignature.

Also, CIR photos wer@rimarily takenprior to leafout during April and May,permittinga clear

view of the forest floom deciduousdominated forests. Ouability to effectively map potential

pools in coniferdominated foresstandswas limited

Two types of CIR photowere available in the statéransparencies and traditional prints. In

general, transparencies have better resolution and are much eésadithan prints but they

were not available for the entire stat®verall accuracy of pool detection and confidence
determinatiorwas likely better in areas where transparencies were used. patattialpool

was tagged witlthe photol-D numberidentifying the CIR photo thatwasused i ncl udi ng a
for transparencp r a fAPO for traditional print.

During remote mapping we were conscious of the fact tlat@wvs (especiallthosefrom large
conifers) can exhibia dark photesignaturesimilartowater. Thi s can resul t i n
errors(e.g.identifying asite as a potential vernal pool whersiin fact the shadow from a large

tree. Thiswas a problem particularly where large white pingth spreadingcrowns ceated
broadshadows, especially into canopy openings. Likevasgpoolsthat werdocatedon the

edge 6 coniferstand could go udeteced (false negativefecause thegighthavebeen

obscured byreeshadows.

=]

Digital Black and White Orthophotogragh

Digital black and white orthophotographyased on 1:5,000 geectified orthophotgsvere

primariy usedto digitally maplocations ofvernal poolsletected on CIR photphus allowing

the location to be spatiallxplicit with geographic coordinated\vailable for the entire state

there are two sets of these photos, those taken in 8@s 89d those taken in the early 2000s.

These are-ospoi phpofilosatt hat show t he fSimlaest fl o
to water, onifersproducea darkphotasignature, prevenig a view of the forest floor.

Depending on site and resobirt of the photogpotentialpoolswere sometimesisible, thus

leading toa high degree of location accuraeynd confidence that the site was a vernal .pool




However, h many cases, the phesgynature of th@otentialpool was not visible, ocould not
be differentiated from shadows or conifers

National Aerial Imagery Program (NAIP) Color Orthophotos

NAIP imageryarefirue colop orthgphotostaken during the summer season and are therefore

considered dAl eaf ono i mag e available frovhudifierentoybaes s et s
including 2003, 2008 and 2011. softidéorestflosrer t hes e

vernal poolsare very limited. Only pools that weslarge enough to createsignificantcanopy
openingor those that occredwithin forestgapswere typically visible. The primaryalue of
these photos v&to gain information about the hydroperiodadivetland in question. If open
water wa visible in the NAIP photos, suggestedhat the site had either a sep@rmanent or a
permanent hydrology.

1:24,000 USGS Topographic Maps

Digitized USGS topographic maps weffeeo used as an aid in locating peoh digital

orthophotos. Since pools were mapped using CIR photos vieweden, sdpographiclues
(whichwer e not visible in digital orthophotos)
locationwhen transferring the point to GIS

Aerial Photo Interpretation

To locate potential vernal poolgeseo pairs of CIRhobs were examined at 3X magnification
under a stereoscopehichallowedthe photos to be viewed in three dimensions, enabling the
interpreter to see topographyObservers examined paired CIR photos systematically for
evidence of potential vernal poolg/hen the dark photsignature of water was detected, we
looked for evidence to distinguish the site from other typgeohanentvetlands (e.g. ponds,
seeps, larger wetland complexaagluding pool shape and landscape context, presence of inlet
or outld streamsandtopography. The nuances of distinguishing vernal pools from other
wetland types using CIR aerial photos 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 pingmietise
locationas close as possible. During this process a variety oatatautes were completed

the GIS databader each potential pool mapped (Table 1), including ranking siéefor how
accuraely it was located in GI&nd our confidence that the site was a vernal pool.

Although four individuals participated aerial photo interpretation, the vast majority (99%) of
pools were mapped by €Rs, S. Faccio and M. Le®mith. 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 arfDW were reviewed by M. Lex@mith.

Location Accuracy

Transferring the location of potential vernal pools from the CIR photos to digitized orthophotos
involved varying degrees of uncertainfi/herefore, each mapped pool was given one of five
ranks fromLow to High, based omur confidencehat the location waaccuratelyransferred

10
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from aerial photo to GIS (Table 1for example,n some casespool that was detected on the
CIR photoswasalsodetectedn the correspondingjgital orthophoto resultirg in aHigh
location accuracyank However, if a pool was not visibten digital imageryother landscape
features were used to map the location of the pool with vadggegees of accuracy.

Pool Confidence

When remotely mapping vernal pools, thesgrevarying degregof certaintythata site wa
actually a vernal poand not something else.§.shadow, seepetc.) Therefore, based on
professional judgment, each mapped pool was given one of five Confidence rankeWwadm
High (Table 1) For exanple, if there were scattered conifers visible in the CIR photo creating
uncertaintyabout whethea potential site was@ool or ashadowthe sitewas assigned a lower
confidenceankand notesvereoften made in th€ommentdield.

Distinquishing VernbBPools from Other Wetland Types

Ponds

In most cases, mamade ponds were obvious due to tiskiape antandscape contexlocated
aroundhomeswith bordering mowed lawns)When asite occurredwithin 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 ditifslP true ®lor orthophotos

which weretaken during the summer. If a site was visible on NgtiBtos, this suggested that it
was large enough to create a sufficient canopy gap to be viewed naawghive a permanenot
semipermanenhydrology. In most caseshese sites were not mappedoagential vernal poal
However, if there s some ampuity, it was mapped with a lower confidence level and notes
made in theCommentdield.

Seeps
Groundwater seepage wetlanggically display a similar photsignature to vernal pools. Seeps

aresources of groundater discharge and typically contain opestter in the spring. They also
typically occur in a forested context. The main distinguishing feature o Gaeqontrast to

vernal poad) is that seeps often form the headwaters of ssearare located along stream
margins. Therefore, ddistind stream drainageas visibleas an inlet or outlet to a site in
guestion, 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 pootlo not Therefore, i asite occuredon a slopéacking suitable topography

it was not mapped as a potential vernal pool.

Anotherdistinguiding feature between vernal pools and seeps is the nature of the wetland
border. Many seeps have a fairly diffuse bordéiile vernal poolgypically have a more
distinct border or edge. In some cases, this characteristic could be used to distiregmsh th
wetland types.If there was some ambiguitypwever the sitewas mapped with a lower
confidence level and notes were made inGbenmentsgield.

11



Tablel. Data attribute fields completed in GIS for each mapped potepdial.

Field Name | Comments Entry
FIDOID Database levefeature ID. Auto-entry by ArcGlSnot used.
Shape Auto-entry by ArcGIS Auto-entry by ArcGIS
Unique_ID Identification of pool by Mapperinitials followed by unique IBumber (e.g. MLS3)
mapper. Serves as a unique I0 serves as projeetide unique Pool identifier.
Confidence | Confidence that the site L = Low confidence
mapped is actually a vernal poq ML = Mediurmmlow confidence
and not something else M= Medium confidence
(shadow, seep etc.), based on | MH = Mediumhigh confidence
professional judgment. H = High confidence
Loc_Accur Location Accuracy. Confidence L = Low confidence. Pool not seen on the digital orthoph
level that the pool locationis | and actuaf 2 OF A2y O2dzZ R 6S BHHp
accurately mapped. ML = Mediurdlow confidence. Pool not seen on the digitg
2NIK2LK2G2 yR | OQldddgna 2N
mapped location.
M = Mediumconfidence. Pool not seen on the digital
2NIK2LK2G2 FyR | Oldzinth Qf F A
mapped location.
MH = Medium high confidence. Pool likely seen on
2NIK2LIK202 hw y23 aSSy odz
H = High confidence. Pool caa seen on orthophoto and
location accurately mapped.
Comments Comments on the ecology, General Text.
topography or physical features
of pool as seenduring mapping
Photo_ Num | CIR AeridPhoto Number. Identification number okither of the paired CIRhoto
numbers on which the poolis found.t ¢ Ay RA Ol
G¢é AYRAOFGSE& | ¢ NI yaLl NBY
Source Data surceused to locate a/ L wé podlgdwhdluding coloinfrared aerial photos
potential pool during this project See Tabl@ andAppendix 4or source
of other pools.
Mapped_By | Initials of person that mapped | MLS=Michael Le@mith; SDF=Steve Faccio; JP=Jeff Pars
the pool PDW=Paul Wilson
DateMapped | Date mapping was conducted | Date

Larger wetland complexes

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

sites whichcan be difficult to identify remotelyyerebeyond the scope of this project, and thus

werenotmapped. In additionarge wetland complexdgvealreadybeenmappedoy the
VermontSignificant Wetlands Inventory (VSWIand thereforalreadyreceive protection under

the Vermont Wetland Rules aMde r mo n t -6se andl Rexmetbpment Law (Act 250). We used

theVSWI layer in GISto determine ifa potentiakite was a mapped wetland. Ifesv 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 Recitment

A series of B training workshops were offered across the state dtimdjrst three years of the
project(20092011), and werattended by more than 325 peopla 2009, when mapping
efforts focused on the northern third of Vermdhteeworkshopswere heldone eachn
Enosburg Falls, Craftsbury, and East Charléstmd wereattended by approximate8p
individuals. After mapping potential pools in central Vermont during 26ik@yorkshopswere
held (one eachin Shelburne, Huntington, Wostbck, and Riptorand two in Montpelier and
wereattended by approximately@ people. In 2011, after mapping the southern third of
Vermont, four training workshops were hétthe eachin Rutland, Grafton, Rupert, and
Brattleborg, and wereattended bypproximately 8 individuals.

The 2%~ to 3-hour longworkshoys, which were held during Apror early-May, consisted of

both indoor and outdoor componenteludinga powerpoint presentatimoveringthe physical
characteristicand ecological importae®f vernal poolsas well asatural history information

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

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

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

amphibian egg masses andrefi wa | k ed t hr o u g ladieldvasificationalatec o mp | et e
sheet

All workshop participants were provided packets whitiudeda VolunteerTraining Manual,
indicator speciesD sheet, fieleverification data shee{®\ppendix 1) instructions for
completing fieldverification data sheets (Appendix B)ap of potential vernal pools, and other
appropriate documents, all of which were also awéeé for download on the project website
(http://www.vtecostudies.org/VPMR/

Field-verification

During the fieldverification process, staff and volunteers navigated to mapped potential pools
using GPSvolunteers were encouraged to use their own equipmergi@arminGPSMap 76
units were made available to volunteers to borrow forfieldfication). Once at a site,

observers completealVPMP data shedAppendix 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 idth and length of pool, etc.), and presence of indicator species or their
eggs. All volunteers were provided detailed instructions for completing a-fietdication data
sheet (Appendix 2and were encouraged to taksopographs bfield-verified poolsand

indicator speciesAll photographsvere uploaded andrchived at
http://www.flickr.com/photos/vpmpUploaded potagrapls were named using the following
protocol;Pool ID_Photographer Initials_Pictute whichallows each photograpto belinked to

the appropriate fielderification 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 foresteontext, 2) had an ephemeral (seasonal) hydrology, 3) was
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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, ddbbse 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€s Appendices 1 and 2).

Forested context

Most pools that were remotely mapped as part of this progectrredwithin a forested context.

Sites that appeared to be vernal pools but occurred in large agricultural fields were not mapped
as potential vernglools, while sites thaiccurredon field edges, with at least one side bordered
by forest, were included. During fieleerification, 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 yaarsrder to inhibit fish populations. Since
pools were not visited multiple times during fieldrification, observers estimated the hydrology
based on size, depth, and presence of wetland indicator plants.

Hydrologically Isolated

Most vernal pools arkydrologically isolated from other surface waters, although they often
have ephemeral inlets or outlets which function only during-tigter periods when pools are
past capacity. During fielderification observers noted presence of inlets or outletsasessed
whether they were ephemeral or permanent based on evidence of channelization.

Indicator Species

Along with physical characteristiesentioned abovéhe presence of at least one of six
Aindi cator 0 s peci-wrdfication te onfirm @ dite @ & vernal goolf i el d
Indicator species were Wood Frdgthobatessylvaticg, Spotted 8lamander, Jefferson
Salamander, Bluspotted Salamander, Fairy Shrimp, and several species of Fingernail Clams.
The latter group was primarily included s@enthey can be located in the leaf litter of dry or

nearly dry pools when other indicator species are not present. Duringdi#idation,

observers counted or estimated the number of egg masses present for any of the amphibian
indicator species, anddicated 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. ring the first field season (2009), the job of obtaining
landowner permission to visit mapped potential paas left to the volunteer participants.
However, for subsequent field seasons we contracted with ecoleigiitBeters and Erin Haney

to obtainlandowner permission in advance of the spring field sesasdreas with both high
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concentrations of potential vernal poalsdinterested volunteers willing to help conduct field
verification, were targeted for landowner permissidiirst, potential poolocations were merged

with digital town parcel mapévhere availablejo identify parcel IDs Parcel IDs were then

matched up with town tax maps and/or the state Grand Ligemdify landowners andailing
addressesf siteswith potential vernal poolsLetters with selfaddressed stamped return

postcards were then sent to these landowners seeking permission to access their property to field
check potential pools.

A total of 82 letters were mailed to landowners, representifgSlpotential vernal pols(due

to multiple pools per owner)Of those, 178 landownersplied, fora response rate 06%. 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

I n addition to collecting data on mapped pote
during aerial photo interpretation, data from-pieMPr ecor ds of MAknowno vern
also incorporated into the VPMP databa$bese sources included seveoavn-wide

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

inventory of the Ethan Allen Firing RangeJericho and Underhjlpools sampled during a VT
Department oEnvironmentalConservation (DECBio-assessment proje@/T DEC 2003),
recordscompiled bythe VT Fish andwildlife Department (VFWD)and other records from

private sourceéseeTable 2, Appendix 4) Data from11townwide inventories that were

conducted by M. Lev&mith using the same methodology as VPMEBreincorporated intdhe

potential pool layer, while those from other soureesich hadittle or no supporting data with

which to determine the validity of the record
additional fieldverification.

Data Entry and Management

We contracted with a programmer to develop a-baked, online data entry portal, with the data
archived into a MicrosofsQL Servedatabase Projectstaff could access the database via a
directlinked Table Viewin MS Accesr viaGIS softwareUsers 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 theidata online, somenly mailed in their completed datashee&sjuiringdata entryby

project staff Spatial data was maintained in an ArcGIS File Geodatabdsehwas tied to the

field verification database through unique identifiarsd exported i 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 pl&rm allowed for volunteer access to potential pool locatieaspus

pool attributesincluding landowner permission statasd 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:/Mww.arrowwoodvt.com/VTVPmap.html

Final QA/QC was conducted in Jdfeh 2013, after all dataollected to datbad been entered.
Most errors detected involved georeferencing mistakes, sunbasectlyenteringcoordinates,

entering coordinates in the wrong forndplicate entries of the same pool, and incomplete
entries.
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RESULTSAND DISCUSSION

Remote Mapping Success

A total of 4,016 potential vernal pools were mapped during aerial pirdrpretatio, consising

of 3,779 potential pools mapped during VPMP and 237 majpedouslyduring townwide
inventories In addition to potential pools, another 830-pre o jpebable ipool s wer e
imported into the database, bringing the totahbar of mapped pools to 4@ (Table2, Fig. 1).

Table2. Number of mapped potential vernal pools by
data source and type.

Data Source Number Data Type
VPMP 3,779 Remote CIF
Arrowwood Environmental
Town Inventories 237 Remote CIR

Newbury 35

Woodbury 34

Mt. Holly 32

Hartford 23

Essex 19

Waitsfield/Fayston 19

Bradford 18

West Fairlee 16

Jericho 14

Woodstock 14

Warren 13
Norwich Inventory 151 Other
Vermont State Lands 139 Other
Dummerston Inventory 137 Other
Vernal Pool Inventory Projec 112 Cther
Vermont Herp Atlas 79 Other
Orange County Headwaters
Project 61 Cther
DEC Bi@ssessment Project 34 Other
Woodstock Vernal Pools 33 Other
A.Toepfer 27 Other
UVM- Ethan Allen Firing
Range Inventory 25 Other
TNG 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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Figurel. Distribution o#4,016 potential vernal pools mapped remotely using CIR phc
interpretation (VPMP and Towmapped Pools), and 830 "probable" pools obtained fi
other sources.
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Of these 4,86 mappedotentialpools, a total 0636 (13.1%)werevisited in the fieldduring
VPMP. In addition, anothe21linewo pool s t hat wewemr confionied pr evi o
in the field(Fig. 2). Amongthe 636 fieldvisited potential pools, 344 (54.1%) were confirmed to
be vernal pools, while 292 (45.9%) were not (B)g. However, 71%rt = 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 poalas
givenaconfidencerank
(High, Med-high, Medium
Med-low, or Low) that the
site wasndeedavernal pool
(see Table 1)Most
remotelymapped pools
(68.7%) were ranked as
Mediumor Mediunmthigh
confidence, while 14.9%
were rankedHigh, 15.1%
Mediumlow, and only 1.8%
Legend Low. Amongfield-verified
® Confimed Pools potential poolghat were

O towPoo given a confidence rarfk =

528) , O75% Higanked a-:
or Mediumhighwere
confirmed awvernal pools,
A ARROWNOOD while those rankedledium
j}{!ERMONT CENTER or Mediumlow were
73ECOSTUDIES .
confirmed asernal pools

Figure2. Distribution of 344 fieldverified "confirmed” vernapools, 221 O5 3 % of t e time (
"new" vernal pools, and all other potential pools that were not fieisited No S.'tes ranked dsow were
during VPMP field work, 2062012, confirmed to be vernal pools

although the sample size £

5) was small This suggests théield verification would be most efficient by prioritizing field
work onHigh andMediumhigh confidence poolsand possibly elimmatingLow-ranked pools
from the mapping process.

In addition during remote mapping we notedriation betweethe quality of CIR printgrom
different flight lines likely due to irregularities during thginting process.Some flight lines
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