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Abstract: In preparing a major report on geographically isolated wetlands, the ULS. Fish and wWildlife
Service (FWE) imtiated a stucdy of the extenl of these wetlands across the country, The FWS used geographic
information system (GI5) technology o analyze existing digital data {e.g., National Wetlands Inventory data
and U5 Geclogical Survey hydrologic data) to predict the extent of isolated wetlands in 72 study areas.
Study sites incloded areas where speciic types of “isolated'” wetlands (2.g., Prairic Pothole marshes, playas,
Rainwater Basin marshes and meadows, terminal basins, sinkhole wetlands, Carolina bays, and West Coast
verpal pocls) were known o occur, a5 well as areas from other physiographic regions. In total, these sites
represented a broad cross-section of Amenca’s landscape, Although intended to show examples of the extent
of isolated wetlands across the country, the study was not designed to generate statistically significant
estimates of isolated wetlands for the nation, As expected, the extent of isolated wetlands was quite variahle.
The study found that isolated wetlands constituted a significant proportion of the wetland resource in arid
and semi-arid to subhumid regions and in karst topography. Eight study areas had more than haif of their
weotland area designated as isolated, while 24 other arcas had 20-50 percent of their wetland area in this
category. For most sites, isolated wetlands represenied a greater percent of the toral number of wetlands than
the percent of wetland area. This was largely attributed to difference in wetland size, with most nom-isolated
wetlands being larger than the isolated wellands. Forty-three sites had more than 50 percent of their total
number of wetlands designated as isolatad. The estimutes of isolated wetlands presented in this study cannot
be readily translated to wetlands that have lost Clean Water Act “protection’” based on a recent [15. Supreme
Court ruling for several reasons, including the lack of written guidance on interpreting the Court’s decision
for identifying jurisdictional wetlands. The resulls of this GIS analysis present one perspective on the exien)

of geographically isolated wetlands in the country and represent a starting point for more detailed assess-
mernls.
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[NTEODUCTION

Interest in *‘isolated wetlands' has risen due to re-
cent changes in the federal wetland regulatory pro-
gram. In a Januwary 2001 ruling (Solid Waste Agency
of Morthern Cook County [SWANCC] vs. US. Army
Caorps of Engineers), the US. Supreme Court over-
turned the so-called ““Migratory Bird Rule™ that the
U5, Army Corps of Engineers (Corps) used w help
identify potential arcas of federal jurisdiction under the
Clean Water Act, This decision stated that the Corps
did not have the authority to regulate “‘isolated wa-
ters’’ solely on the basis of their use by migratory
birds. In response to this decision, individual Corps
districts have modified their procedures for making ju-
risdictional determinations. The net effect of these
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changes 1= a reduction in the level of regulation for
“igolated  waters™ (Including  “‘isolated wetlands™)
and a lack of national consistency.

The U5, Fish and Wildlife Service (FW5) recently
published a web-based report on **geographically iso-
lated wetlands™ (Tiner et al. 20024). These wetlands
are vital habitats for wildlife, and despite their *‘iso-
lation,”” they perform many of the valued functions
that other wellands perform (e.g., nutrient cycling, sur-
face-water detention, and shoreline stabilization),

Cine of the basic guestions about “‘isolated wet-
lends™" is “'How abundant are they and what percent
of the nation’s wetlands do they represent?” While
there are no national estimares of iselated wetlands
versus other wetlands, the I'WS initiated a small-scale
study fo estimate the extent of these wetlands in a di-
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verse set of landscapes across the country. Other agen-
cies and orgunizations have generated similar statistcs
for particular areas. The purpose of this paper is to
present the results of the FWS’s study, SUITATI7e 51m-
ilar data from other sources, identify the vulnerability
of geosraphically isolated wetlands, and offer some

recommendations for improving the conservation ol

geographically isolated wetlands.

DEFINITION (OF ISOLATED WETLAND

For this study, a definition of 1solated wetland was
chosen wo [acilitate identification of potentially isolated
wetlands using geographic information system (GI5)
technology, Such a definition could be used to extract
information [rom available digital data sources for
analysis, Other definitions, such as one hased on hy-
drologic connectivity, including sround-water inter-
actions, while vital to explaining wellund formation
and function, were not workuable within the constraings
of exisling information and technology. Also, the tra-
ditional view of “isolated wetlands’ has been based
om geographic isolation since it iz more readily ob-
served than hydrelogic isolation, Tt is important to em-
phasize that the definition used in this study is not a
resulatory definition, as many wellands identificd as
*rpeographically isolated’ in this study may be juris-
dictional wetlunds under various rules usad by lederal,
stale, and local agencies to administer their wetland
rescurcs Tegularory programs.

A landscape-based or geographic definition of iso-
lated wetland was adopted:

“Geographically isolated woetlands™ are wetlands
with no apparent surlace-watar connection (o pe-
rennial rivers and sireams. esluaries, or the ocear,
They are surrounded by dryland.

Please note that streamside wetlands where the stream
disappeared underground or entered an isolated (no
surface-water outflow) luke or pond, as In karst Lopog-
raphy, were classified as isolated, as were wellands
associated with isolated waterbodies. This definition
does not recognize inlrequent and/or short duration
connections caused by basin spillovers or catastrophic
floods during abnormally wet periods, mainly because
such connections are not readily determined through
remote sensing or geographic information  system
(LS analysis. Tt does, however, acknowledge con-
nections by ditches and intermillent streams as viable
links sinee such leatures are readily observed and usu-
ally are represented in digital geospatial dalabases,
Morcover, in many areas, these leatures likely provide
seasonul connections to other waterbodies during years
of wverage precipitation.

STUDY AREAS

Study areas were intended 10 address the range ol
emvironmental conditons found across the country.
Given the focus on isolated wetlands, study sites in-
tentionally included areas where such wetlands were
suspecred Lo represent 4 significant proportion ol the
area’s wetlands {2z, the Prairie Pothole Region, Ne-
braska's Rainwater Basin, and West Texas). However,
study arcas were also chosen in other physiographic
regions to provide perspective on the possible extent
of such wetlands elsewhere.

Since the analysis required using (GIS technology,
the following digital data were needed for potential
study sites; 1) National Wetlands loventory (NWI}
digital data for wetlands, 2) 115 Geologicul Survey
(11505 digital line graphs (DLGs) for hydrology (e.2..
rvers, streams, lakes, ponds, estearies, and aceansl,
and 3 USGS digital raswer graphics (DRGs), Since
NWI digital data were not available [or most of the
Southwest Region, polental study arcas included areas
where NWI maps and DLGs or DRGs were available.

Seventy-two sludy sites were selected by the F'WS's
Regional Wetland Coordinators based on the abowve
criteria. Study areas were typically 4-8 guads (1:
24 000 in size to facilitate dara processing, Two much
larger areas (Horry County, South Caroling and Devils
Lake, Narth Dakota) were evaluated as pilol arcas to
test study methods, Overall. study sites were located
in 44 states, more than 20 ccoregions (Bailey 19825),
and in each major watershed (Figure [y Note thar,
while areas with extensive floodplains und coastal wet
lands were generally avoided since their wetlands are
typically not isolated, some ol these sites were eval-
uatad for national perspective.

Site sclection was not random, and the study was
not designed to generate a national estimate of the ex-
tent of geographically isolated wetlands, The stdy
sites may or may not be representative of a particular
physiographic region or ecoregion. T'o determing rep-
resentativeness, additional swdy aregas would have 10
be selected randomly and evaluated. The study sites
do represent a range of environmental conditions and
therefore provide some perspective on the variability
ol isolated wetlands across the country.

MLTIIODS

The study involved compiling existing information,
creating new digilal data, and geoprocessing digieal
data. A serics of maps and arca summaries were com-
piled (see Tiner e al. 2002a for details), Only the latter
will he preseniled in this paper.
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Figure |, Dhstribotion of stody areas for estimating (he exlent of geographically isolated wetlands in the Unied Stales,

Draca Sources

Three main data sources were used: 1) NWI digital
data (httpeffwetlands. fws gov), 23 DLG hydrology cov-
erazes (hilpdfedeusgs sovizeadaral), and 3) DRGs
ihitpedfdata geocomm. comdcatalogfindex himl). The NWT
polyveon data served s the prime source of wetlands and
decpraater hahitar data; N'W1 linear and point dats wers
not vsed. While NW1 maps may show linear streams (on
the USCGES base map), this information typically has not
been incorporated into the NWT dizital data. so other
sources were constliad, The DLG hyvdrolosy laver (typ-
ically 1:24.000)) represented a consistent datasel lor the
analysis of wetland-stream conneclivity and isolation. [t
was the major seurce of stream and ather waterbody
v, mivers, lakes, estuaries, and oceans) data, Where
DLG hydro data were not available, a hvdro-line coe-
crage was created from the DRG. In seneral, the DREGs
were used as collatera] data to aid in determining wheth-
er or ool wetlands were isolated. Where DRGs were not
available, U5, Census Bureau's Topologically Integrated
Cieographic Encoding and Referencing (TIGER) data
were consulted  (herpdfwsew census. gov/genfvwwwitiger
tigeruafuaterZk himly. Aerial photos were reviewed
when necessary and where they were readily available,
but they were not routinely examined.

Buffering of Streams

Linking two digital data sources often creates prob-
lems due to differences in spatial accuracy (g, linear
stream data may nol intersect streamside wetlands).
Joining NWI data with TD1.G hyvdro data, in some in-
stances, cansed a streamside welland (NWT data) to he
affset from 11s adjoining stream (DTG data), To rem-
edy this situation, linear stream data were buffered.
Far the analysis, two stream huffer widths were used:
20 m and 40 m. The 20-m buffer represents the stream,
so all wetlands within this sone were considered 1o be
in contact with the stream, The 40-m buller was se-
lected inoan attempt to capture other wetlands (espe-
cially headwater wellands) that were not linked to
strean systems due o oa data gap between the DLG
dat and the N'W1 data, Recognizing that this buffering
process may caplure other wetlands that were clearly
separaled from a stream, a range of estimates for iso-
luted wetlands was gencrated for each stwdy arca (sce
Scenarios for Data Presentation),

Data Compilation and Analysis

GLS technology was used to compile existing digical
data and use such daia 1o predict the extent of 1solated
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wetlands for selected study sites. The following is a
summary of GIS procedurss used compile and
analyre these data. Arclnfo and ArcView softwure
{http/fwww esti.com) were used for this analysis.

i1y Gather digital data for each guad (NWI data,
TG hydrology layer, and DRG).

(2) Lmport selected DG hydrosdes lile 1o an Are-
Tnfo coverage (using sdisZeov.ami).

(3 “Select’” perennial and intermitient streams from
the DG hydro layer and deepwater habitals
from the NWT data.

(4) Buffer the selected hydro luyer with a 20-m buffer.

(5) **Select” by theme (NWI and DLG) all NWI
decpwater habilals intersecting the 20-m bulfer.

(61 “Union™ (ArcView geoprocess wizard) selected
DG hydro layer with selected NWI deepwater
habitat data.

7y Eliminate internal polygen lines in the unioned
duta by using the ArcView disselve geoprocess,

{81 Tuake the NWI data (wetlands and deepwater hab-
ilats) and query o select all features inlersecting
the unioned 20-m bufter-selecred deepwater hah-
itat dilu,

(9) Build out the selection to include any wetlund or
diepwater habilat touching one that is within or
contiguous o this buffered data (identified in
Step #: when complete. the build-outl selection
will highlight all [eatures that are ““not isolal-
ed™ )

(1) Reverse or switch the sclection (this sclects all
featurcs not selected in Step 9) and the highlight-
ed fealures are ““isolated wetlands and despawater
habitats.”

(117 **Select™ isolated wetlands and deepwater habi-
tats at a distance of 200 m (rom the unioned 20-
m buller-selecred decpwater habital datar this
step highlights welands within the 2040 m
butfer (potendally isolated under two scenario:)
for analysis,

(12) Compare results versus DRG (check for stream
links to “isolated features’ ). Rowad-fragmented
wetlands are culled out manually when viewing
the IR, (Note; Aerial photos may be consulled
when available.)

(131 Produce draft mup and data summaries, (Note:
lnternal linework within wetland complexes is
dissolved Lo generate statistics on wetland num-
[rer.

(143 Cull out isolated deepwater hahitats from isolated
wetlands by codes (e.2., 1.1 = lacusiring deep-
water habitats; L2 = lucusirine littoral wetlands:
all Po= sweatlands: lor Riverine, UUB and RE —
unconsolidated bottom and rock bottom deep-

water habitats, US and RS = unconsolidated
shore and rocky shore wetlunds),
{15) Generate final map and datla summaries.

Road-Fragmented Wetlands

Wetlands may be [ragmented by roads, railroads,
and other rypes of development, Separations by roads
and railroads were interpreted [rom DG data or T1-
CGGER dara. For the amnalysis. wetlands separated by
roads and railroads with no connection o the neigh-
boring stream were designated as “‘road-fragmented
wetlands,” These wetlands may or may not he con-
nected to neighboring wetlands across the road via a
culvert, Conscquently, they may or may nof be geo-
graphically isolated.

Seenaries for Data Presentation

Three scenarios were cvalpated to present a range
of estimates for the extent of iselated wetlands:

(1} narrow inlerpretation werlands =40 m from non-
isolated waterbody and not “road-fragmented™
werz classified as isolated,

{21 slightly broader interpretation—wetlands = 20m
from a non-isolated waterbody and not “road-
fragmented”” were considered isolated, and

(3) broadest interpretation—uwetlands 2= 20 m Irom a
non-isolated waterbody and wetlunds designated
as “road-fragmented”” were identified s isolated.

Scenario 1 vields the lowest number and area of
isolated wetlands, whereas Scenario 3 gencrales the
largest number and greatest area of polentially isolated
wetlands, Note that, for this analysis, any wetland
within 20 m of a stream was considered “‘non-isolat-
ed'’ or connected to the sirean.

Small pieces of wetlands along outer boundarics of
a study area were not cvaluated and were designated
as “"map-edge’” wetlands, since they could be con-
nected to streams on adjacent quads. These wetlands
represented only a minute [raction of a study area’s
wetlands.

ETUDY LIMITATIONS
Somree Dala Limitations

The source data were compiled through remaote
sensing lechnigues, primarily photointerpretution with
limired field checking, Consequently, NWI maps and
digital data do not show all wetlands, and USGS maps
and digital data do not show all streams and other
waterhodies. Both sources do, however, repiesent nd-
tional datasets suitable for GIS analysis. Photo and
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map scales are constraints Tor wetland mapping, as is
the diflicully ol detecting certain wetland tvpes or fea-
tures {Tiner 1990, 1999 Small wetlands (less than 0.4
ha) are usually not shown on WW1 maps {exceptl [or
prairie potholes and perhaps a few other grassland ar-
eas). Even larger wetlands that are difficulr o photoin-
terpret {e.g., eversreen forested wetlands or owet lat-
wonds) may be missed or mapped inaceurately. Caro-
lina bays may have a nammow strip of upland zeparating
them from adjacent flatwood wetlands or pocosins, but
this may be wo narrow Lo depict on an NWT map, They
were nol identified as “Yisolated”” for this smdy unless
they were separated by upland on the NWI1 map. Wet-
lands classified as “izolated™™ may be connected to
“non-lsolated wetlands snd waters™ by a stream, seep-
age wetland, or overflow channel that was not shown
on the USGS hydrology coverage, If evalualed in the
field, such wetlands may or may noL be considered
“isolatad™ by the Corps, depending on their field-hased
evaluation methods. Other “isolated”” wetlands, such as
these in urban areas connected to streams by under-
ground culverts or those in agriculiural sress connecrad
o streams by tile lines, woere not detected through GIS
analysis, All roads are not shown on the data sources,
s0 more wetlands may be  “road-fragmented™  than
identified in the current study. 1t is important to remem-
ber that the analvsis was strictly o (GIS process. and no
field verilication was done to evaluate the quality of the
data sources. For 4 more in-depth discussion of lind
tations, sce Tiner er al. {2002a),

Geographically Isolated Wetlands vs. Jurisdictional
Woetlands

There was no attempt to identify regulated wetlands
[rom nom-regulated wetlands duc Lo “isolation.”’ Fed-
eral and state agencies apply criteria other than **geo-
araphic isolation™ w determine whether a wetland is
isolated or nol (c.g., “adjacency™), They also apply
varied criteria for determining whether a given plant
community is wetland or not, and those criteria may
differ from whal the scientists consider *“woellands™
and from what is mapped as wetland by the NWT,
Consequently, even wertlands designated as *‘non-iso-
lated™ wetlends in this study may not be regulated
because their “connection”™ may be through a non-
regulated wetland (Le. an arca not meeting all the re-
guirements for a jurisdictional wetland determination).
Also, where agency guidance is not explicit (ic. lack
of standardized methods for evaluation), interpreta-
tioms will likely differ, making an assessment of im-
pacts of regulatory policy changes very dilTicult to pre-
dict accurately, Il is virtually impossible (o make any
assertions regarding how many geographically isolated
wetlands (or even non-isolated wetlands. for that mar-
ter) may or may not be regulated by various levels of

government, given that: 1) there are no published swn-
dards lor making such determinations, 2) inconsisten-
cies exist among and within regulatory agencies for
identifving so-called "jurizdictional wetlandsz " and 3)
al the federal level, 1solated wetlands that are near nav-
igable warers or their tribularies may be considerad
Sadjucent”” wetlands subject to the Corps jurisdiction.

MNumbear of Wetlands

To determine the number of wetlands in a given
stndy area, inrernal linework within a “‘wetland com-
plex™ (e, a wetland with more than one covertype
delineated) had ro be dissolved. This process worked
wall for discrete basins bul was less effective for wer-
lands crossed by roads, The roads created additional
wetland polyvgons, and they were treated as separste
wellands, allhough other interpretations may be equal-
ly wvalid. The ratio given for the number ol isolated
wetlands versus non-isolated wetlands  presentad in
this study should be considered conservative. Study
findings do not represent absolute nuwmbers bat are in-
lended o show tendencies and provide some relalive
estimates of the abundance or scarcily of isolated wet-
lands in particular landscapes. Also, N'WT point or lin-
car data were not used, since such dala arc not con-
sistent among regions. In some areas like the Prairie
Pothole Region, these wertlands comprise a large num-
ber of the area’s wertlands, although they tvpically do
not account for much of the total wetland area,

GIS Analysis

When performing GIS anslvses, rules must be de-
veloped [or making consistent evaluations. As noted
above, there are limitations to the source data used for
assessing the extenl ol geographically isolated wel-
lands by G318 technology, but there also are constraints
bused on rules for data interpretation. Tn determining
whether or not & given wetland was isalated, the FW§S
employed rather strict rules, such as 11w wetland did
not have a stream conneetion in the daraset and was
separated [Tom a non-isolated wetland by & road, it was
clussified as a “road-lragmented”” werland. Such wet-
lands were not included as isolated in lwo scenarios
bul were considersd isolated in the broadest interpre-
tation used in this study. In karst topography, perennial
streams that disappearsd underground were considered
isolated. More detailed investigations might reveal that
such streams resurface some distance (e.g., kilometers)
downstream and may thereby be considered non-iso-
lated by some definitions. Clearly, other interpretations
are passible for 4 host of situations encountered. The
results of the FWS's GIS analysis present one per-
spective on the extent of geographically isolated wet-
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lunds and represent a starting point for more detailed
ARESRRTENLE. 25 Ilﬂﬁdf‘-d-

[nterpretation ol the Resulis

Reference o “fisolated™ wetlands in the resulls
should be interpreted as *‘potentially isolated.”” Deter-
mindtion of geographically isolated wetlands, in many
cases, reguires field verification to ensure that the des
ignated wetland docs not have some form of surface-
water outflow, In urban areas, il is quite possible that
numerous *iselated wetlands™ arc connected to
steeams via underground culverts. The same may be
true for impounded wetlands near rivers and streams.

RESULTS

A sefies of tables summarize study findings lor var-
ious regions of the United States, The tables list for
each study arca the size of the study area, the wetland
area (based on NWI mupping), the percent of the study
area represented by wetlands, the number of wetlands,
the percent of the wetland area thar was predicled as
heing isolated (range of three scenarios). the percent
of the number of wetlands that were predicted as iso-
lated (range of scenarios), the area of deepwaler hab-
ital, the percent of the study area classified as deep
water habitat, and the percent of the deepwaler habitar
area that was predicied as being isolared, While the
Lables report information on the number of wetlands
and the percent of the number of wetlands thal are
isolated, there is no detailed discussion of these per-
centages. In general, the percent of the number of in-
dividual wetlands that are isolated is much greater than
the percent of the total wetlund arca designated as iso-
lated (tvpically mors than twice). This is allributed o
the overall smuller sice of isolated wetlands in most
study sites, The percent of isoluted deepwater habitats
can dlso been determined from reviewing the tables,
In most cases, this percentage was zero of less than
one percent, with a few noteworthy caceplions [e.2..
Lincoln County. Wa; Blackwater-Florence, AZ;
Oklaboma Ciry, OK: Mustang Bayoun, TX; Tahoka,
TX: Goose Lake. IL; Harmisburg, TL; Grand Sable
Take, MI; Big Lake, MN: Lake Alexander, MN; Crys-
tal Lake, FL; Thade City, FL: Bailon Rouge. LA New-
ton, NI BEdgemere, PA: Altona, NE; Kenai, AK).

Eesults by Region

Maortheasr.  Scventeen study siles were examined in
the Northeast (Table |1 Eleven sites were located in
the glaciated portion of the region (Northampton, Por-
cupine Mountain, Conway, Epping, Boonron, Newton,
Euastern Lake Ontario, Millbrook, Edsemere, Lake

Como, and Bread Loaf). Three siles in the coastal zone
were Delmarva Potholes, Atsion, and Cape May, The
rest of the study areas were located In more meoun-
tainous terrain of the non-glacialed portion of the Ap-
palachians (Distant, Savage River. and Frederick).

In the slaciared portion of the region, the percent of
wetlands in Lthe study areas ranged {rom 0.3 percent
(Bread Loal) to 139 pereent (Boonton). The percent
ol wetland area that was predicted o be isolated
ranged from 3.1 percent (Boonton —in the New York
City-Newark metropolitan srea) wo 25,2 percent (Mill-
hroolk ),

Chy the Coastal Plain, the percent of wetland in the
study arcas was much greater thun in study areas else
where in the Northeast: 150 percent in the Delmarva
Potholes to 41.5 percent in Atsion (the New Jersey
Pine Barrcns). Two of the Coastal Plain sites had low
percentages (less than 69 of their wetland areas clas-
sified as iselated (Awsion and Cape May), while the
Delmarva Potholes sites had 35 -39 percent of its wet-
lund area designated as isoluted. The latter area is ulyp-
ical of the Coastal Plain due to the great sbundance of
pothole-like  depressional forgsted and  serub-shrub
wetlands on broad interfluves.

Sautheast,  Wetlands in 14 smidy sreas, including all
of Horry County, South Caroling, were cxamined (Ta-
hle 23 Five sites wers located on the Coastal Plain
i Dublin, Horry County, New Orleans, Dade City, and
Crwstal Lake), with the later two sites occupying karsl
topoaraphy. Two sites (Baton Rouge and Huwen) were
an or proximale w0 the Mississippi Alluvisl Plain, Oth-
er sites were from hilly to mountsinous sreas, with teo
sites (Charlotre and Holly Springs) on the Gulf-Adtlan-
tic Rolling Plain and five sites (Earlvsville, Rainelle,
Bee Spring, Trinily. and Acworth) from the Easlern
Highlands (uall cacept Bes Spring from the Appala-
chians).

The Coastal Plain sites, like their Northeast coun-
terparts, had large percentages of their areas repre-
sented by wetlands, ranging from 18 percent (Crystal
Lake) 1w 44 percent {(lorry County ). Within these ar-
cas, the predicted extent of isolated wellands varied
[rom a low around two percent (Noew Orleans) toa
high approaching 45 pereent {(Crystal Lake), The two
sites in Florida’s karstlands (Crystal Lake and Tade
Clityy had 41-45 pereent of their wetland areas desig-
nated as izolated. The Dublin and Horry County sites
contain many Carolinag bays, with 20024 percent and
-0 percent of their total woetland arcas classified as
isolated. The latler arca conlained extensive flandplain
and Natwood wetlands.

The Baton Rouge and Hazen sites on the Mississipp
alluvial plain had 10 and 21 percent of their arca
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mapped as welland, Less than [ percent of their wer-
lund areas was classified as iselated.

Sites in hilly and mountainous terrain had much
lower amonnts of wetland, with most sites having less
than two percent of their area identifisd as wetland.
The percent of wetland area classificd as isolated var-
ed considerably, from 5-6 percent (Holly Springs) 1o
A6-48 percent (Bes Spring). The former area con-
rained many Qoodplain wetlands, whereas the latter
had an abundance of ponds that were designated as
isnlated.

Midhwest.  All bul two of the |2 Midwest study areas
were coversd by the Wisconsin glacier more than
1500020000 years sgo (Tahle 3). The exceptions
were Harrishurg and Trenton, and they had 5-6 per-
cent of their areas invenloried ax wetlands and 11-15
percent of their wetland area designated as isolated.

The Prairie Pothole Region encompasses part of this
region, and Lwo pothole study sites were evaluated:
Devils Luke and Clark. They had 11-13 percent of
their areas mapped as wetlands, OF these, 49-98 per-
cent was isolaled, with the greater percent attributed
o the Clark smdy area, The presence ol Devily Lake
and irs tributaries accounted Tor the lower percent of
isolated wetlund wrea in the Devils Lake study arca.
The Clark site, with itz lack of streams, is probably
mote representative ol the Pothole Region,

For the other study argas, Ericaburg had the greatest
percent of its area covered by wetlands (4449, with
foresred wellands predominating, This area is charac-
terized as “conifer bog needleleal [orest’” in the Na-
tional Atlas (U5, Geological Survey 1970}, and only
a small percent of Erichurg’s wetland area was deemed
isolated (8-9%), The parcent of wetlund area identified
a5 izolated varied considerably among the other study
areas, ranging from 5-60 percent (Goose Lake) Lo 50—
54 percent (Bluffron).

frterior Weset, Eleven sites were evaluated in this re-
gion, which exrendad from Monluns to Kansas and
west to Lltah and [daho (Tahle 4). This region included
arid and semi-arid (subhumid) areas and the Rocky
Mountzing. All the study sites had refatively fow per-
centages of their arcas mapped as werlands—Iless than
two percent for more than half of the sites. While the
welland area may be low, the percent thar was lsolated
was large for several areas. This region contained
study sites in Mebraska's Rainwater Basin and Sand-
hills (Hill T.ake) and the Great Basin (Four Mile Flat),
areas noted for their geographically isolated wetlands.,
These study areas had 46 percent or more of their wel-
land area designated as isolated. The Four Mile Flat
site contains two lerminal basins, and all of its wet-
lands were considerad isolated. The Rainwater Basin
study area had 34-55 percent of its wetlands classified

WETLANDS, Volume 23, No. 3, 2003

as isolated. Mher sreas with a very large percent of
their wetland arsa mapped as isolaed were Black
Thunder (80-81%) and Olathe-Kansas Cily (46-49%).
Most ol the isolated wetlands in these two areas were
palustrine emergent wetlands  (woel meadows) and
ponds with agquatic vegetation, respectively.

Sonrlvwest. Like the Interior West, arid and semi-arid
climates predominated this region. As expected, most
of the study sites had low percentages of their area
accupied by wetlands (less than 3% for most and less
than 1% for four sites: Table 33, The Southewest Be-
2ion conlained the Southern High Plains, an ares noted
for high concentrations of playas, These wetlands arc
Lypically isolated, and the two West Texas study sites
(Tokio and Tahoka) had all ol their wetlands (playas)
mapped as isolated. Besides these two sites, four other
sites had more than 20 pereent of their wetlands clas-
sified as izcdated: three sites in Texas (Lapuna Park,
Mustang Bayou, snd 51 Charles Bay) and one site in
New Mexico (Carlshad Caverns). Most ol the isolaled
wetlands in the latier two Texas sites within the Gulf
Coast Prairie were palusiring emergent woellunds.

Pacific Coast and Aloska, Six study siles were cval

uated on the Pacilic Coeast (three in California, two in
Oregon, and one in Washingion), and three sites were
assessed in Alaska (Table 6). California’s Birds Land-
ing study area included the Jepson Praivie, known for
its West Coast vernal pool werlands, This site had only
three percent of its welands desianated as isolared due
to the presence of extensive estaring wetlands in the
four-guad study arca. OF the California sites, Sacra-
mento had the greatest percent of wetlands designated
a5 isolated (40—<E5). Palustrine emergent wetlands
predominated the isolated types. The Coguille River
site in Oregon had six pereent of its arsa occupicd by
wellunds due o the presence ol cxiensive floodplain
wetlands. Eight to ten percent of its wetland urca was
classified as isolated. The Clackamas River site had
aily one perecent as wetlands, vet had 16 20 percent
of its wetlands designaled as isolated, The Lincoln
County study srea contained the arca called “*Chan-
neled Scablands’™™ where isolated wetlands were cx

pected Lo be abundant and 78 percent of the wetland
ares was mapped as isolated. Most of the 1solated wet-
land arca was represented by palusirine emergent wet-
lands, with izolated ponds also common.

For two of the Alaska study sites, the percent of
total study arca was extremely large: 43 46 percent
for Mt, McKinley and Charley River, respectively.
However, the percent of their wetland area that was
isolated was low (e, less than 3%, In contrast, Kenai
had abour 20 percent of its area in wetland, with 24—
25 percent of the wetland area designared as isolated.
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Palustrine scrub-shrub wetland was the dominant 1so-
lared werland tvpe in the Alaskan sludy arcas.

DISCLSSION

Examination of 72 study arcas across the United
States produced highly variable results regarding the
amount of wetlands and the percent ol wellands pre-
dicted as geographically j=olaled. While there are es-
timates of lsolated wetlands from numerous sources,
only a few are based on GIS analysiz. The FWS con-
ducted a few watershed studies in the Northeast that
produced information on geographically isolaled wel-
lands (Tiner et al. 1999, 2000, 20010, 2002b), while
Ducks Unlimited conducted a specific study (o predict
the possible impacts of the SWANUC decision on wet-
lands in areas important for waterfow! (Petrde et al.
20010, The results of these studics are summarized in
Table 7. Four states have also prepared estimates of
wetlands  that may be adverselv allecied hy the
SWANCC ruling.

Despite =ome differenceas in study methods, the re-
sults of various studies are comparable to those oh-
tained lrom the present study. The data presented in
Table 7 from the Ducks Unlimited study (Petrie oL al.
2001 ) are for *'no buller™ and “*100-m buffer’” {ie.,
distance from a navigable warer or tributary) scenarios.
Their data suggest thal isolaled wetlands do nor en-
compass significant area either in the Missizssippi al-
luvial valley or along portions ol the Adantic Coasral
Plain. whereas they predominate in the Prairie Pothole
Region of the Trakotas and the Gull Coast Prairvie Re-
gion (coastal Texas-Louisiana). Tzolated wetlands also
appear L be gquite extensive in the Greal Lukes Region
based on rtheir limited sample (four- 124,000 guads),
The wide range of values for their Mid-Atlantic Coust
study arca is due to their inclusion ol sites with con-
siderable tidal wetlands and floodplain wetlands (e,
Rock Point, Leonardtown, Mardela Springs, and St
Michaels) and one site within the Delmarva Potholes
region (i.e., Millington). The former sites had 413
percent of their wetland area designated as potentially
tsorlated (Cat visk’"), whereas the latrer area had 4346
percent classified as such, Petrie ¢ al. (2000 reported
that Texas biologists belicved thet nearly 100 percent
of the playas would be withour Clean Water Act Sec-
tion 4 protection, The Tokio and Tahoka sites of the
subject study were localed in an area of heavy con-
centration ol playas, and 100 percent of their wetlands
were classified as isolated (Tuable 5).

Studies conducted by the FWS's Northeust Region
pravided data for five watersheds: Caseo Bay (Maine),
Manticoke River (Marvland and Delaware), Coastal
Rays (Maryland), Cannonsville Reservoir (New York),
and Meversink Reservoir (New York) (Tiner ot sl
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1999, 2000, 2001a, 2002b), The Maine and New York
walersheds are located in the glaciared portion ol the
Northeast. Geographically isolated wetlands ranged
from low occurrence in Lwo reservolr watersheds in
mountainous lerrein (Catskill Mountains) o moderate
levels of abundance in the Casco Bay watershed. The
ather watersheds were situared on the Atlantic Coastal
Plain, The extent of isolated wetlands in these water-
sheds was similar to that of the current study’s Now
Jersey Coasta] Plain sites (Atsion and Cape May, Ta-
ble 13, althoush the pereent of werland number was
much lower. One possible explanation for the later
difference could be that extensive dirching ol wetlands
on the Delmarva Peninsula has connected formerly
isalated wetlands o triburary streams. Other explana-
tions coold be differences in topography, soils, and
other features between study sites or more extensive
examination of data lor the warershed characleriza-
[STS1RE

At least four stules have produced estimates of iso-
lated wetlands, warers, or wellands wnprotected by the
SWANCC decision: Nebraska, Wisconsine londiana,
and Illinois. The Nebraska Game and Parks Commis-
sion prepared estimates of isoluted wetlands for dif-
ferent regions by roviewing NWT data and deriving
estimates based on the best prolessional judgment
from the state’s wetland experts (LaChange 2001; T,
LaGrange, pers. comm. 2002). They estimated the por-
cent of wetland area represented by izolated wetlands
as follows: Rainwaler Basin—90 percent, Central Ta-
ble Playas—93 percent, Southwest Playas—93 per-
cent, Todd Walley Playas—%4%3 percent, Sandhills—al)
percent, and Loup/Platte River Sandhills—30 percent.
These estimates are comparable to the numbers pro-
duced from the present study {e.g., B4—853% for Rain-
waler Basin study site and 46 47% lor the Hill Lake,
Sandhills study site). Petrie et al. (2001) reported thal
a0 percent of Nehraska's wetlunds were isolated, The
Wisconsin Department of Natural Resources (2001)
analvzed itz wetland inventory dala o assass the po-
tential implications of the SWANCC decision on wel-
land protection in the siale, Their summary statistics
on protected s unprotected woelland area for each
county predicied that 70 percanr of the state’s wellunds
would he unprotected. A laler assessment, employing
GIS analysis methods proposed by the Association of
Srate Welland Managers (2001), revealed that
404, 858-326,3 16 hectares of wetlands {approximately
ZA% o Wisconsin's werlands) would he ar risk (Scotl
Hansmann, pers. comm. 2002). Using these same GIS
technigues, the Indiana Trepartment of Environmental
Management determined that 9-31 percent of Indi-
ana’s water arcy (deepwater habilats and wetlands) and
32—83 percent of the state’s waters (hy number) would
be considerad izolated (James Robb. pers. comm.
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clated weetlands and deepwater habitas Tor seleacted arcas on the Pacific Coast and in Alaska (Soorce: Tiner et al, 20020
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20021, The Indiana assessment wvsed DLGs ar 1:
LOLO00 for delermining the hydrologic connectlion ol
wetlands, These digital data de not include a large
number of small ribulary streams. so the projected
estimates are likely much greater than reality. Two of
thee subject study™s sites were located in Indiana (Bloll-
ton and Mongol, and they had an estimarsd 25-54
percent o their welland area 1dentified as isolaled and
T1-84 percent of the wetland number predicted as iso-
lated (Table 3). The Ulinois Department of Matural Ee-
sources (2001) estimated that isolated wetlands rep-
resent 12 percent of the state’s remaining wertland arsa,
The Goose Lake and Hamrisbure study areas were lo-
cated in Tingis (Table 3). The former area had 5-7
percent of itz wetland area designated as isolated,
while the latter had 1112 percent identified as such.

PROBLEMS IDENTIFYINCG GEOGRAPHICALLY
ISOLATEDRD WETLANDS ON-THE-GROUND

While we can define geographically isolated wel-
lands and identity wetlands that are clearly not geo-
graphically isolated, verifying that a given wetland or
part of a welland is seographically isolated can he
problematic for individual projects. Consider the fiol-
lowwing.

£13 Although the surlaccowater connection of many
wetlands to rivers and streams is rather obvious on
satellite imagery, gerial photodaraphs, and various
maps, many wetlands thar appear o be geograph-
ically isolated through such snalvses may, in fact,
Bbe linked to downhill or even downstream wet-
lands through connections such as scepuge slopes,
intermitlent streams, or periadic overflow channels
or drainagevways, Given this, field evaluation is re-
quired 1o determine whether wetlunds that appear
to be isolated on maps and photeos, for example,
are truly geographically isolated [tom others. Rec-
ognizing this fuct., will the Corps of Engineers re-
guire field inspection of the entire weland com-
plex {extending bevond an applicant’s proparty) o
determine whether a wetland is isolated or nol?
MAlso, what constitutes a valid hydrologic connec-
tion te “‘navigable waters™ for asserting [ederal
Jurisdiction? Howar will this be addressed in a con-
sistent manner across the country?

2y Headwater or outflow wetlands in broad Nat ler
ruin. such as the Atantic-Gull Coustal Plain, may
ke linked to perennisl streams and rivers through
flatwood wetlands. Some of these [latwood wert-
lunds may not satisfy all the resulatory criteria for
being a jurisdictionzl wetland bhased on current
welland delineation practices { Environmental Lab-
aratory 1987 and guidance memoranda). From the
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Corps regulatory perspective then, such outflow or
headwater wetlands may not be sulficiently con-
nected to tributaries of perennial watercourses fo
warrant jurisdiction, Resulatory criteria for mak-
ing werland determinations should be re-evaluated
o ensure that all areas viewed as wetlands by the
scientific commmnity are recognized as “walers of
the United States™ (MNational RBesearch Council
1993), since they are an integral parl of the na-
lien’s surlace waler system.

(3) There is considerable information on the subsur-
face hydrologic linkage of peographically isolated
wellands o other wetlands and to local stiream sys-
tems (see hydrologic flow paths o numeroos il-
lustrations in Tiner 20030, 13 such information suf-
licient to link this class of wetlands o ““waters of
the United Srares™ and include them in the regu-
latory review process established under the Clean
Water Act?

VULNERABILITY OF GEOGRAPHICALLY
[SOLATED WETLANDS

Geographically isolated wellands represent a signif-
icant portion of the nation’s wetlands, and many are
bicdogically rich andfor productive habitats vital o
sustaining America’s biodiversity. In many areas, es-
pecially arid and semi-arid regions and karst regions,
they are the predominant wetland lype. Because of
their position on the landscape (i.e., surrounded by up-
land). they have alwavs been volnerable 1o adverse
impacts from human development, cspecially in azri-
cultural and urbandsuburban areas (e.g., filling, drain-
age, and contamination from agriculural and urban
runoff). The impacts of the SWANCC decizion on the
future of these wellunds are variable and debateable.
[t must also he recognized that other policies and reg-
ulations af various levels of government (federal, state,
and local) may provide some protection [or isoluted
wellunds, and these mechanisms sre not affectad by
the SWANCC ruling.

The degree w which geographically isolated wet-
linds were heing protecled belore the SWANCC de-
cigsion has not been reported. Since Corps districls de
velop their own procedures for regulating wetlands
and for interpreting the Corps wetland delineation
mznual (Environmental Laboratory 19870, the reoala-
tion of isolated wetlands was likely quite varied prior
o the SWANCC decision and probably remains so. In
places where geographically isolared wetlands were
being regulated (e.g., individual Scction €04 permits
reguired], the SWANCC ruling will likely have a sig-
nificant impact because such areas may no longer be
subject to federal regulation unless defined as “*adju-

cent wetlands"™ or jurisdictional areas meeting other
criteria. Where such wetlands were not being regulat-
ed, there will be littde or no effect from this decizion.
The effect of SWANCC also depends on how the
Corps, the Environmental Protection Agency (EPA),
and other courts interpret the decision, If they decide
that all 1solated wetlands will no longer be regulated
under the Clean Waler Acl. no maller whal their role
in water quality and maintaining the biological, phys-
ical, und chemical integrity of the nation’s water, then
the tmpact would be signilicant. I instead, they decide
that they can no longer use the Migrarory Bird Rule
sidely to justify regulating a geographically isolatad
wetland as “waters of the United States,”” but use oth-
er criteriz, then the impact could be much less. In this
case, they might use flood storage, water-quality ren-
ovation. and ground-waler contributions that ultimare-
Iy suppaort streamflow and aguatic [ile as the reasons
o regulate certain acrivities in isolated wetlands.

In places of arid and semi-arid regions where urban
development is minimal, the elleel of reducing protec-
tion through the Clean Water Act may be minimal
(Petrie e al, 20000 Isolated wetlands in these areas,
especially agricultural areas, may be protected through
the Swamphuster provision of the Food Securily Act
fe.z. a voluntary farm subsidy program) and by vari-
ous set-aside programs of the US. Depariment of Ag-
riculture (e.g., Wetland Reserve Program and Conser
vation Reserve Program). However, since changes in
one law or regulation olicn pul pressure on other laws,
regulutions, or policies, the SWANCC decision could
lead W heightened efforts to weaken other wetland
canservation measurcs. This may pose the greatest po-
tential threar to geographically isoluted wetlands na-
tionwide.

Geographically isolated wetlands in areas expern-
encing urban and suborban growth may bear the brunt
o the SWANCC decision, Wetlands [ragmented from
ather wetlands by reads could be in jeopardy unless
they are considerad “fadjacent wetlands."" Again, it is
dillicull o say anything firm aboul the impacts since
it is unknown 1o what degree various isolated wetlands
(g woodland vernal pools) were regululed before-
hand without doing & comprehensive survey of indi-
vidual Clorps disteicts andfor their seaff,

Regardless of the SWANCC decision, geographi-
cally 1zolated wetlands will undoubtedly remain
among the natien’s most vulnerable wetlands. The fact
that they are breeding srounds or prime habitats Tor so
many types of wildlife (ez | wuaterfowl], amphibians,
and turtles) and their high volnerability o conversion
make it imperative that government agencics, enviran-
mental organizations. and others sesk ways o improve
their protection (seo Strategies below).
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STRATEGIES FOR CONSERVING
GEOGRAPHICALLY ISOLATED WETLANDS

The scientific community recognizes the ecological
importance of gseographically isolated wetlands (see
other papers in this special Issue of Wetlands), With
the SWANCC ruling, many geographically isolated
wetlunds lost some level of federal covernment review
that helped protect them from certain forms of aller-
ation (¢.g., dredging and filling). Many other isolated
wetlands may not have received any federal protection
[rom current regulatory programs even before this de-
cision. While strengthening current welland regula-
tions is one means of protecting these wetlands, reg-
ulations alone likely will nol protect the biological re-
somtrees Lhat make many geoaraphically isolated wer-
lands unique and vital natural resources, For example,
muny salamanders (Ambysioma) breed in woodland
vernal pools but spend their juvenile and adult lives
as fossorial organisms in adjacent vpland forests. Pro-
tecting the vernal pool alone will not protect these spe-
cies, since they require vpland forests to complete their
life cvcle. Both adjacent forests and the vernal pools
are necded. Perhaps, natural resource managemant
agencies can promote cxisling programs or establish
new ones to sepport wetland and lorest conservation/
management in such argas. This might be accom-
plished through existing lederal and state programs
that cncourage habitat managemenl on privately
owned forests (private forest stewardship). Another
aption might he o create a lish and wildlife steward-
ship program that landowners can join by signing an
agreement Lo conserve their vernal pools and the ad-
jacent forest (including spplication of best manage-
ment practices for timber harvest). This program could
he similar to the FWS’s Partners for Fish and Wildlite
Program. with an emphasis on preservation and man-
agement ol existing habitat and resroration of degraded
habirar. Participants in this stewardship program could
be given an annual subsidy or a tax credil based on
the amount of land enrelled in this set-asideforest
management proaram. Other programs might includs
acouisition of priority areas (07 cascmoenls on proper-
ties) where zeocraphically isolated wetlands are par-
ticularly abundant. These and similar types of non-
regulatory natural resource conservation tools may
have the best chances lor conserving these vital bio-
logical resources in the absence ol protection through
sovernmnent regulations,

CONCLUSIONS

Geographically isolated wetlands occur throughout
the country. Their extent varies with many factars, in-
cluding climate. topography, surficial geology, glaciul

history, tectonic events, und human impacts. An unal-
ysis of more than 70 sites by the FWS and other agen-
cies has vncovered a wide range of conditions across
the country regarding isolated wetlands, Geagraphi-
cally 1solated wetlands appear to be more extensive in
arid and semi-arid to subhumid parts of the country
and in areas of karst topography, Among the arcas of
the coterminous United States where such wetlands
predominate are the Southern High Plains (e.g., Texas
Panhandle), the Great Basin (cog, terminal salt flats),
Prairie Pothole Region of the Upper Midwest {(e.g.,
MNorth and South Takota), Nebraska's Rainwater Ba
sin, the Texas Cull Coast Prairie, castern Washing-
on's Channeled Scablands, and north-central Florida
(karst opography). Although only a limited number of
sites in Alaska were evaluated, exrensive arcas of 1so-
lated wetland may exist on the North Slope and on
discontinuous permafrost (Jon Hall, pers. comm.
20023, Wetlands along the Atlantic-Gulf Coastal Plain
appear W be mostly linked to adjacent rivers or esti-
aries. However, many {latwood wetlands may nol b
recognized as jurisdietional wetlands™ based on cur-
rent field criteria [or determining regulatory wollunds,
This may cause numerous depressional wetlands iden-
tified as “‘non-isolated wetlands™ in this swdy to be
classified as “‘isolated”™ [rom the regulatory perspeo-
tive. This 1s not a trivial matter given that a large por-
tion of the wetlands 1o the coterminous United States
15 locatad in this region.

The SWANCC ruling has lessened the amount of
Sprotection’” afforded 1o “isolated wetlands,”’ since
regulatory changes are heing made Lo reduce the scope
of federal jurisdiction. Translating the data reported on
geographically isolated wetlands in this paper 10 pre-
dict the specific impact of the SWANCC decision,
however, is not possible because the federal regulatory
agencies have not developed unitorm standards for
making jurisdictional determinartions, Moreover, it is
virtnally impossible to assess the magnitude of the de-
cision on wetland protection without the following: 1)
explicit wrirten guidance from the regulatory agencies
on the interpretation of the SWANCC decision. 2) an
cvalustion ol the consistency in application of the
Clorps manual for wetland delincation (e.g. to deter-
mine il wellands connected by wet fAatwonds are con-
sidered “jurisdictional” or not), and 3) an analysis of
wetland protecrion provided from other programs and
policics (c.g., stawe wetland programs, definition of
“adjacent wetlands,” and the Swuampbuster provision
ol the Food Security Act),

Without question. the 8WANCC decision has raised
concern and public awareness about “fisolated wel-
lands.”” Rather than serve as a catalyst for weakening
envirommental protection. il is hoped that this ruling
will generate public concern for these wetlands and



652

WETLANDS, Volume 23, No. 3. 20003

spur wvarious levels of government to devise altaima-
tHves o strengthen welland conservation and protec-
tion, The state of Wisconsin bas provided a leadership
role in this effort by passing environmental legislation
that specifically addresses isolated wetlands, Legisla-
tivn has recently been filed in the TS, Congress to
clanifly federal jurisdiction on waters of the United
States (i.e., Clean Waler Authorily Restoration Act of
2002, Senate bill 2780 snd House of Representatives
bill 3194, Maderal regulatory agencics need o develop
written standards for identifving *jurisdictional™ wel-
lands heyond the technical guidance offered in the
Corps  woetland  delincatiom manual  {Environmental
Laboratory 19871 “*Qualily assurance’” mechanizms
should also be devised 1o ensure consistent application
of these standards within and across Corps districts
and U5, Environmental Protection Agency regions,
Finally, government agencies and nongovernment or-
sanizations should initate nonregulatory conservation
strategies W promole wetland conservation and work
with private landowners to encourage stewardship of
isalated wetlands and their wildlife. Many of these
“geographically isolated wellands™ are among the na-
tion’s mast important biological resources.
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