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Abstract

One year after pipeline installation,vegetation in the right-of-way(ROW) was inventoriedat two stream floodplain
crossingsinNassau County,Florida. Both siteswere forestedwetlandscomposedof Acer rubrum, Fraxinus
caroliniana, Liquidamber styraciflua, Nyssa ogeche, Quercus laurifolia, and Taxodium distichum, together withother
wetland trees. Pipelineinstallationacrossthe BrandyBranchfloodplainwas by conventionalditchingand backfill
methods. Installationacrossthe Deep Creek floodplainwas by horizontaldrillingafter clearcuttingthe ROW. The
latter methodleft tree stumps,understoryvegetation,and soil layers intact, exceptfor disruptionscaused by
logging. Accordingto the inventory,vegetationat the drilledsite was morediverse (nearlytwice as many species
occurringinthe ROW as atthe trenchedsite) andmore robust(no unvegetatedexposedsoilcomparedto 15% atthe
trenchedsite). Differencesbetweenthe ROW vegetationat the two sites can be attributedto both site differences
and installationtechnologiesused.

Introduction

Natural-gas-distributionpipelinestraverse all typesof terrain, includingwetlands. Prior to the change in wetlands
regulatoryclimateand publicawareness of the late 1980s and 1990s, the constructionof right-of-way(ROW)
corridorsthroughwetlandswasoften welcomedbecause ROWs providedpublicaccess.

With the promulgationof morestringentenvironmentalregulationsrelatingto developmentactivities, includingno-
net-losswetlandpolicies,an evaluationof the historicalimpactsof pipelineROWs throughwetlandswas needed to
assess constructionand reclamationmethods, minimize permitdelays, and estimate futureconstructioncosts.
Careful evaluationis necessarybecause specific impactsmay be beneficialto some plant and/or animal species
whiledetrimentalto others. Even slightalterationsintopography,hydrology,soilstructure, disturbancefrequency,
andavailablesunlightbroughtabout by ROW constructionand maintenancemay be detrimentalto certain sensitive
speciesyet improveconditionsfor others. While ROWs may resultin fragmentationof habitat,they frequently
contribute to both habitatand species diversity.

Background

The Gas Research Institute (GRI) initiated the CorridorsProgramthroughcontractwith the Reclamation Engineering
Divisionof ArgonneNationalLaboratoryto evaluateimpacts of gas pipelineinstallationsonwetlands. The goalof
this programwas to identifyrepresentativeimpactsof existingpipelineson the wetlandsthey traverse. To
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accomplishthis, surveysof 12 existingwetlandcrossingswere conducted. Sites were selectedfor evaluationbased
on three characteristics:elapsed time sincepipeline installation,wetland type, and installationtechnique.

The programwasdesignedto answerthe followingquestionsrelatingto the impactsof the ROWs on the wetlands
throughwhich they pass:

! 1. Howare the plantcommunitiesthat developinthe ROW differentfromthose inthe adjacent
wetlands?

2. Howdoes the ROW affectoverallspeciesdiversityof the wetland?
3. To whatdegree and for what distancedoes the ROW alter the diversityof the adjacentwetland

community?
4. Are there ROW constructionand managementpracticesthat can enhancethe positivecontributiunsto

habitatdiversityand limitdetrimentalimpactsin wetlands?

To provide answersto these questions,each of the 12 wetlandsurveys hadthese specificobjectives:

1. Documentthe vegetativecommunitiesexistingon the ROW andon the naturalareas adjacent
to the ROW that are notdisturbedby ROW construction.

2. Evaluate similaritiesanddifferencesbetweenthe plant communitiesonthe ROW andon the
adjacentnaturalarea.

3. Documentchangesto the topography,soils,and hydrologyattributableto the ROW
construction.

4. Identifyimpactson rare, threatened,endangered,or sensitive plantspeciescaused by ROW
construction.

Individualsitereportsare being preparedon the wetlandssurveyed,along with an overview report that will
synthesizeand interpretdata from the individualreports.

This paper presentspartialresults of field studiesconductedat two crossingsthrough forestedwetlandsof a
recentlyinstalledpipelinein northeastFlorida. These siteswere of particular interestbecauseof the different
installationtechnologiesused. Installationof the pipelineacrossthe Deep Creek floodplainwas by horizontal
directionaldrilling,while installationacrossthe BrandyBranchwetland was by open trenching. The focus of this
paper is limitedto revegetationof the ROWs at these two sites.

Site Descriptions

The two sitesare locatedapproximately6 mi (10 kin) apart nearthe town of Baldwininthe southwesttip of Nassau
County,Florida. The climateof Nassau Countyconsistsof long,warm, humidsummerswithmildwinters. Average
annualprecipitationis about55 in. (140 cm), with65% of the rainoccurringbetweenJune and October, whenaverage
monthlyrainfallis between5 and 8 in.comparedwith2 to 3.6 in./mo inwinter. Bothsites are forestedwetlandson
floodplainsof creeksthat have seasonalflooding. Both are withinareas mapped as Ellabelle soil (Soil Conservation
Service 1991b), whichis listedas a hydricsoilby the U.S. Departmentof Agriculturein TheHydfic Soils of the United
States (Soil ConservationService 1991a).

Site Histories

Both siteswere forestedwetlands(Cowardlanet el. 1979) supportingstandsof bottomlandhardwoods,pines,and
bald cyprus. Althoughit is likelythat some logginghas occurredwithinthese sites,there were no remnantsof cut
stumpsor other evidenceof recentloggingin the areas undisturbedby pipeline construction.However, the forest at
the BrandyBranchSite hadlarger trees andless understorythan did the forest at the Deep Creek Site, whichmay
indicatemorerecentlogginghad occurredat the Deep Creek Site.

Clearingof the 50-ft (15-m) ROWs were completed duringFebruaryand March 1991. This involvedhand-cuttingof
woodyvegetationat groundlevel andremovalof logsanddebriswithbulldozers. Lowstumpsand rootsystemswere
left intactat the drilledsite but were removedas necessary for accessof trenchingand constructionequipmentat
the trenchedsite. PipelineconstructionthroughbothsitesoccurredduringMay. An attemptwas made to segregate
the topsoilat the trenchedsite, butthiswas unsuccessfulbecauseof highwater levelsat the time of trenching. Final
cleanupof the trenchedsite was delayed untilDecember becauseof highwater levelsat the time of pipeline
installation. Cleanupinvolvedremovalof stumps,silt fences and turbiditycontrol barriers,and finalgrading. Erosion
controldevices wereallowedto remainbetweenthe uplandsandthe wetlandsand betweenthe floodplainsandtheir
stream channelsat both sites.

Bothsites were allowedto revegetatenaturallywithoutseeding, liming,or fertilizing. Maintenanceplans calledfor
hand-pullinginvasivespeciesone year after completionof construction. This had notyet taken place at the time of
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sampling in July 1992. The wutlandswill not be mowed,but selective hand-cuttingof trees will be done as necessary
to maintainaccessto the pipelinefor surveillance,as requiredby DOT, 49 CFR 192. The uplandsadjacentto the
wetlandswere stabilizedby fertilizingwitha 13-13-13 fertilizerat a rate of 1O0 Ib/acreandseedingwithbahia grass
(Paspalum notatum), Bermudagrass(Cynodon dactylon) and panicgrass (Panicum fasicu/atum) at 100, 50, and
20 Ib/acre.

Methods

Site Description

Data collection was designed to meet the goals andobjectivesofthe GRI CorridorsProgram. General site habitat
data, includingtopography,water levels, water-flowdirection,soilconditions,and the structureof plant communities,
were recordedon the basisof general reconnaissanceof each site. Soil characteristics,observed on a sample
taken usinga handcorer,were comparedwithsoil descriptionsforEllabellesoils (Soil ConservationService 1991b).

Vegetative Sampling

Vegetativesamplingwas carriedoutalongfive transectsestablishedat 30-m intervalsalongthe midlin_of the ROW.
Eachtransectwas perpendicularto the midlineandextended30 m from the midlinein bothdirections,ending inthe
naturalareas on eithersideof the ROW. Vegetationaldata forthe ROW were collectedfromtwo s_mplingplotsalong
eachtransect,each 2 x 5 m, for a totalof 10 plots. Each plotextendedfromthe midlineof the ROW for5 m alongthe
transect ineither direction. Herb stratumdata forthe naturalareas were collectedfrom similar2 x 5 m plots
extendingalongeach transectfrom17.5 to 22.5 m fromthe midlineof the ROW. Shrub, sapling,tree, andvine strata
data forthe naturalarea were collectedfrom 10 x 20 m plotsextendingalongeach transect from10 to 30 m fromthe
midlineof the ROW.

Plantdata forthe herb stratuminthe ROW and inthe naturalareas consisted of areal coverestimatesfor each
speciesin each plot. Data forthe shruband saplingstrata consistedof areal cover estimatesfor each specieswithin
the 10 x 20 m plots. Tree stratumdata consistedof speciesidentificationand basal area, measured as diameter
breasthigh,for each tree withinthe 10 x 20 m plots,whilevine data consistedof numbersof vinesof each species
withineach of these plots. Strata definitionsused were thoseof the Federal Manual for Identifying and Delineating
Jurisdictional Wetlands (Federal InteragencyCommittee forWetlandDelineation 1989) hereafterreferredto as the
1989 Federal Manual. This manual wasin effectatthe time the CorridorsProgramwas initiated,butdata is
compatiblefor usewithother manuals.

Speciesthat occurredwithinthe ROW betweentransectsandwithinthe naturalareas between transectswere also
identifiedand recorded. Voucherspecimensof each plant were collectedand preserved.

Data Analysis

Wetlandfidelity,origin,and growthformwere recordedfor each speciesas given inthe National List of Plant Species
that Occurin Wetlands: Southeast (Region 2) (Reed 1988). ROW plot data analysesforeach site are basedon 10
plotsand includetotal numberof speciespresent;totalcoveragefor all species,definedas the sum of the average
coverestimatesfor each species; identificationof dominantspecies;comparisonsof the two ROW communities
based on numbersof specieswithineach wetlandindicatorcategory;and calculationsof a Shannon-Wiener species
diversityindex (Broweret al. 1990) by the formula

D = - ,T.,oilog2pi where Pi = decimalfractionof the total vegetativecover contributedby the ith species.

In addition,two wetland indiceswere calculatedfor each site. One wetland indexwas the prevalence indexvalue
(PIV), a weightedvalue, calculatedby the formulafromthe 1989 Federal Manual modifiedby substitutingrelative
percentcover for point frequency:

PIV = RPCOBL+2RPCFACW+3RPCFAC+ 4RPCFACU+5RPCUPL
100

where

RPCOBL = relativepercentcover (RPC) of obligatewetland species,
RPCFACW = RPC of facultativewetlandspecies,
RPCFAC = RPC of facultativespecies,
RPCFACU = RPC of facultativeuplandspecies,and
RPCUPL= RPC of uplandspecies.



• 4

Definitionsof obligate(OBL), facuitativewetland (FACW), facultative(FAC), facultativeupland(FACU), and upland
(UPL) speciesare based onthe plants'fidelityto wetlandsand can be found inReed (1988).

The secondwetlandindexwas an unweightedaveragewetlandvalue (AWV) calculatedusingnumbersof speciesin
each categoryand the formula,

AWV= OBL+ 2F._CW-1-3FA(_+ 4F_.CU+ 5UPL
Totalnumberof species

Forthe purposeof thispaper, data from the naturalareas adjacentto the ROW at each site were used for general site
comparisons.

Results and Discussion

General Ecology of the Sites

The ROW surfaceat the drilledsite had no standingwater exceptin the bottomof severalsmallstream channels,
where the water surfacewas approximately1 m belowthe surroundingfloodplain• Incontrast,the trenchedsite had
an area of seepageand shallowstandingwater nearthe centerof the samplingsite. At least some of the standing
water can be attributedto smallalterationsof reliefat finalgrading,since the onlysurface water inthe adjacent areas
that had been undisturbedby pipeline installationoccurredindrainagechannels. The ROW at the drilledsite was
completelyvegetatedby a robustherb stratum1 to 2 m tall, whichshaded the entiresoilsurface, includingthe cut
stumps. The only breaks inthisvegetationwere thosecaused by the streamchannels. At the trenchedsite, ROW
vegetationwasless dense, with some exposedsoilin areas where subsoilsremainedat the surface and in areas
adjacentto the standingwater where soilswere poorlyconsolidated.Soil cores takenwith a hand probewhere
transectscrossedthe edges of the ROW revealed profiles,textures, andcolorsconsistentwiththe descriptionfor
Ellabellesoilsfor both sites.

The forestedwetlandsadjacent to the ROW, whichhad been undisturbedby pipeline construction,also showedboth
hydrologicalandvegetationaldifferences. The soils appearedbetterdrained at the drilledsite,where the drainage
channelswere deeper, with the surface of the water inthe channelsabout 1 m belowthe generalsoil surface as
compared with20-40 cm belowat the trenchedsite.

Vegetationaldifferences betweenthe sites are summarizedin Table 1. Trees at the trenchedsite were more

(INSERTTABLE1 HERE)

numerousandlarger, withtotalbasal area for all trees almostdoublethat at the drilled site• Saplingsand shrubshad
greatercoverageat the drilledsite than at the trenchedsite, whilethe herb stratumwas lessdense• Total numbersof
speciesin the naturalareas at the two siteswere similar,as were the numberof speciesineach stratum;an
exceptionwas vines,where the drilledsite had three times as many as the trenchedsite. These differencemay
reflectbetterdrainageof the drilledsite and/or morerecentlogging. Because trees at the drilledsite were somewhat
smallerand the ROW was orientedeast-westratherthan north-south,the ROW at the drilledsite was exposedto
longerperiodsof full sunlightduringthe summer,whenthe sunis nearits zenith.

Thus, althoughboth sites consistedof forestedwetlandswithinseveralmilesof each other and containedsimilartree
species,they haddifferences that were likelyto affect the rate and composition of ROW revegetation.

Comparison of Row Vegetation at the Two Sites

Seventy-fourspeciesof vascularplantsoccurred withinplotsinthe ROW atthe drilledsite, while38 occurredin ROW
plotsat the trenchedsite. One of the species at the drilledsite was a shrub-sizesproutfrom a green ash (Fraxinus
pennsylvanica) stump;however, because it was notpartof the herb stratumandwill likelybe removedduring
maintenance,it was not includedin further site analysis• Seven of the speciesat the drilledsite were introduced
species, whilefive introducedspeciesoccurredat the trenchedsite. Ten speciesat the drilledsite and seven at the
trenchedsite hadonly annual growthforms. The ROW atthe drilledsitehad 56 nativeperennialspeciesas compared
with 26 at the trenchedsite. However, the percentagesof nativeperennialsat the two siteswere similar,with77% at
the ddlledsite and 68% at the trenchedsite•

The sumof the average coveragesfor all speciesat the drilledsite was 131.5% as compared with 102.8% at the
trenchedsite. There was nounvegetatedsoilat the drilledsite,while 14.6% of the soilsurface was notcoveredby
vegetation at the trenched site.
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Dominantspeciesare listed in Table 2. The samespecies, shade mudflower (Micranthemum umbrosum), was the
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leadingdominantat bothsites. However, it hadan average coverageof 24.2% at the drilledsiteas compared with
49.5% at the trenchedsite,givingit relative percentcoveragesof 18.4% and 48.2%, respectively. This species is
an introducedperennialforbthat is classifiedas an obligatewetland _pecies(Reed 1988). The high relativepercent
coverage of shade mudflower resultsin over 50% of the trenched-s_,ecoverage consistingof Introducedspecies.
The lower numberof species and unequalcoveragesare also reflectedin a Shannon-Wienerdiversityindexof only
0.85 for the trenchedsite as compared with 1.37 for the drilledsite.

Numbersand percentagesof speciesat each site in each of the wetland indicatorcategoriesare listedin Table 3.

(INSERTTABLE3 HERE)

Sixty-sevenpercentof the species at the drilledsite were wetlandspecies, eitherobligateor facultatlve,while 79%
of the speciesat the trenched sitewere wetland species. Althoughthe numberof speciesinthese two categories is
higherfor the drilledsite, the percentageis lower. The lower percentageof wetlandspecies at the drilledsite
correlateswiththe observationthat the drilled site wasbetterdrained. Neithersite had any uplandspecies in the
ROW.

The greaterfidelityto wetlandsof the plantsat the trenchedsite is also reflected inthe PIVs andAWVs for the two
sites,asgiven in Table 4. The 1989 FederalManual definessiteswhere the dominantspecieshave a PIV of less
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than three as havinghydrophyticvegetation. Allthe dominantsat the trenchedsite were obligatewetland species.
Notonlywere the sitesdominatedby wetlandspecies,but theirvegetationwas composedpredominantlyof wetland
species, as indicatedby the PIVs and AWVs for all species. Thus, bothsites supportedwetland vegetation. Bahia
grass, an introducedFACU speciesthat occurredinthe ROW at both sitesand as a dominantat the drilledsite, may
have been Introducedintothe wetlandsfrom the adjacentuplands,where it was sown.

Conclusions

A comparisonof the vegetationthat has developedwithinthe ROW at two wetlandcrossings,one where the pipeline
wasinstalledby horizontaldrillingand the other where installationwas by open trenching,indicates that withina
periodof one year,both sites haddeveloped diversevegetativecommunitiescomposed of a majority of native
perennialspecies. However, the vegetativecommunityat the drilledsite was (1) morerobust, havinga highertotal
coverage and noexposed soil surface;(2) morediverse,havingbotha greater numberof species present and
greater equitabilityincoverage between speciesas indicatedboth by a greater numberof dominantspecies and a
higherShannon-Wiener index;and (3) slightlyless hydric,as evidencedby highernumbersandpercentagesof
facultativeand facultativeuplandspecies and higherPIVs and AWVs for dominantspeciesand for all species.

It istenable that bothgeneral sitedifferencesandthe differentinstallationtechnologieswere important in
contributingto ROW vegetationaldifferences. The majorsite differenceslikelycontributingto vegetational
differenceswere the better drainage and somewhat less shadingof the ROW at the drilledsite. Althoughthissite had
as many OBL wetlandspeciesas did the trenchedsite, it had muchhighernumbers of FACW, FAC,and FACU
species.

The site at whichopen-trenchingtechnologywas used had severalaspectsthat contributedto less vegetational
developmentat that s;te. One significantfactor was the delayof final gradingfrom May untilDecember 1991. Thus,
at the time of sampling,only 7-8 monthshad elapsed since finaldisturbanceratherthan 13-14 monthsas at the
drilledsite. This also meantthat the site hadbeen vulnerableto surface erosionfor a greaterperiodof time. A
secondfactor wasslightalterationsin surface relief that resultedin areas of pooledwater on the surface. A third
factor was the presence of smalldeposits of subsoilson the surface, because topsoilsalvagewas notpossible.
These may have resultedfrom stumpremoval. A fourth factor was areas of poorlyconsolidatedsoils, especiallyover
the trench in wetter areas. While it is notpossibleto assignimportanceto these factors, it is likelythat each affected
vegetationaldevelopmentat thissite.

It appears that disturbanceto topsoil at the drilledsite duringtree removalwas adequate to stimulateconsiderable
seed germination,while being sufficientlyrestrictedto allow regenerationfrom rootstocksand other vegetative
organs withreproductivepotentials. Onlyone stumpsproutwas observed.
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Whilethe establishmentof a dense and diversevegetativecommunityatthe drilledsite was rapidand spontaneous,
it shouldnotbe concludedthat drillingis sufficientlyadvantageousto justifythe additionalexpense. Inherent
differencesbetweenthese siteswere importantfactorsin the morevigorousrevegetationof the drilledsite and had
timingand/or rainfallpatternsallowed promptclosureof the trenchedsite, vegetationat that site may have also
developedmore rapidly. Increasedattentionto compactionof soilsinthe trench, preciseelevationof the ROW
surface,and removalof subsoilsfromthe surfacewouldall contributeto faster revegetation. While thereare
advantagesto rapidand vigorousrevegetationof pipelineROWs, the questionof howimportantthe vegetational
differencesbetweenthe sitesare to the overallecologyof these wetlandsmerits discussion.The ROW withineach
wetland hada moredenseand morediverseherb stratumthanwas foundin the adjacentnaturalareas undisturbed
by pipelineconstruction. At each site, the ROW contributedto bothspecies and habitat diversitywithinthe wetland.
Follow-upstudiesat variousintervalsof lapsedtime will be necessary to determinehow longthe vegetational
differences betweenthese two ROWs persistandthe dlrectionsuccessionwilltake at each site.
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Table 1 Comparison of the Vegetation in the Natural Areas at the Drilled and the Trenched Sites

Drilled Site Trenched Site

Numberof Trees per Hectare 385 520

BasalArea of Trees (m2/ha) 24.69 48.63

Numberof Vines per Hectare 101 12

Total PercentCover forSaplings(%) 26.8 10.5

Total Percent Cover for Shrubs(%) 34.6 16.1

Total PercentCover for Herbs(%) 24,2 43.0

Number of Species inthe Tree Layer 11 11

Numberof Speciesof WoodyVines 6 2

Numberof Speciesinthe SaplingLayer 12 11

Numberof Species inthe ShrubLayer 15 15

Numberof Speciesinthe Herb Layer 40 46

Total Numberof SpeciesinAll Layers 53 56



Table 2 Dominant Species for the ROW at the Trenched and Drilled Sites

Relative
Wetland Percent

Site Species Indicator Cover (%) ....

Trenched Shade mudflower OBL 48.2
Site (Micranthemum umbrosum)

Loose-flowerwater-willow OBL 18.6
(Justica ovata)

TotalPercentCover 66.8
#Dominants

Drilled Shade mudflower OBL 18.4
Site

Bahia grass FACU+ 8.5
(Paspalum notatum)

Leathery rush FACW 6.8
(Juncus coriaceus)

Wool-grass OBL 6,2
(Scirpu_ cyperinus)

Cypress witchgrass FAC 6.1
(Dichanthelium dichotornum)

Grass-leaf rush FACW 5.1
(Juncus marginatus)

TotalPementCover 51.1
of Domk_lnts
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Table 3 Numbers and Percentages of Species by Wetland Indicator Category for Each Site

. ..... Number of Speci%,¢=__ Percentaae of Snecles (%)
Wetland Indicator
Category DrilledSite TrenchedSite DrilledSite Trenched Site

= OBL 20 i 9 27 50

FACW 29 11 _ 29

FAC 12 5 17 13

FACU 9 2 12 5

UPL 0 0 0 0

UNID* 3 1 4 3

Total 73 38 100 100

*This categoryincludesplants whichcouldnotbe identifiedto speciesandthereforecould not be assigned
to a wetland indicatorcategory.
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Table 4 Comparison of PlVs and AWVs for the Drilled and Trenched Wetlands

PIV AWV

DrilledSite All Species 2,06 2.14

DominantsOnly 1.97 2,17

TrenchedSite All Species 1.26 1,73

DominantsOnly 1.00 1,00
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