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Introduction 

The Annual Conference on Wetlands Restoration and Creation provides 
a Forum for the exchange of results of scientific research in the restoration, 

creation, and management of freshwater and coastal systems. The conference 
is designed to be of particular benefit to governmental agencies, planning 

organizations, colleges and universities, corporations, and environmental 
groups with an interest in wetlands. These proceedings are a compilation of | 

papers and addresses presented at the Twentieth Annual Conference. 

As in years past, this year’s conference would not have been possible 
without the assistance and cooperation of Mr. Roy R. "Robin" Lewis, Ill. Mr. 
Lewis has been an important contributor since the very first conference twenty 
years ago., We are grateful for his help and participation. Appreciation is also 

extended to Charles Duesner for providing administrative support for the 

conference. | 

The following people also deserve acknowledgement for contributing to 

the conference and assisting in the preparation of the proceedings for 
publication: Elaine Baskin, Sanjeev Choudhry, Lydia Dehoyos, Donna Foley 
Janet Giles, Charles Mason, and Sandra Upchurch. Special thanks to Johnnie 
Hurst for her untiring assistance in handling the many details and to Patrick 

Cannizzaro for his assistance in coordinating this year’s Conference. 

Thanks are extended to the staff of LEWIS ENVIRONMENTAL SERVICES 
and the FLORIDA DEPARTMENT OF ENVIRONMENTAL REGULATION for 

arranging and conducting very successful field trips to wetland restoration sites. 

These proceedings could not have been completed without the time and 

efforts of the authors and reviewers. 

) To all these people, thank you.





INNOVATIVE USE OF DREDGED MATERIAL IN TEXAS 
BENEFITS ENDANGERED WHOOPING CRANES 

Charles E. Belaire 
BELAIRE CONSULTING, INC. 

P.O. Box 741 
Rockport, Texas 78381 

David Templet 
Manager, Environmental Engineering 
MITCHELL ENERGY CORPORATION 

P.O. Box 4000 
The Woodlands, Texas 77387-4000 

ABSTRACT 

During 1991 and 1992, Mitchell Energy Corporation, The Woodlands, Texas, 
constructed a whooping crane habitat from dredged material at the Aransas National 
Refuge. Belaire Consulting, Inc., Rockport, Texas, performed design, construction 
management, planting, and monitoring efforts for the project. The habitat was 
designed in cooperation with federal and state resource agencies in an effort to 
restore lost habitat, to protect existing habitat from erosion, to serve as a 
demonstration project, and to provide a beneficial use for dredged material. 
Approximately 65,000 cubic yards of hydraulically-dredged sand and silt were 
pumped to a 13.5-acre leveed area. The elevation of the discharged material was 
controlled to duplicate elevations in coastal marshes that are heavily utilized by the 
endangered whooping crane (Grus americana). Approximately 75% of the site was 
stabilized at elevations suitable for Spartina alterniflora and the remaining 25% of 
elevations were established to support intermediate-to-high marsh species. Prior to — 
planting, the exposed levees surrounding the fill area were covered with interlocking 
concrete mats. Other erosion control measures, including floating wave barriers, 
erosion blankets, and concrete sacks were also installed. Fill areas within the 
project's levees were sprigged in September, 1991, and March-April, 1992. Survival 
of the planted species exceeded 90% sixty days after planting. Coverage of 
Spartina alterniflora and mixed marsh planting areas exceeded 80% and 90%, 
respectively, one year after planting. This project was a successful demonstration 
that dredged can be used to create whooping crane habitat. 

INTRODUCTION 

In 1990 Mitchell Energy Corporation (MEC), The Woodlands, Texas, decided to 
re-enter an oil and gas field in Mesquite Bay, Texas. Water depths in the bay and 
within previously dredged channels were insufficient to allow drilling rig access to 
existing wells. To obtain access to the field, MEC was required to maintenance 
dredge an existing channel and drilling basin. 
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Prior to commencement of dredging, MEC sought and obtained authorizations 
from the U.S. Army Corps of Engineers, Galveston District, and the Texas General 
Land Office. During the process of obtaining these authorizations, MEC evaluated 
more than ten disposal site options. After detailed environmental assessments, in- 
depth discussions with the U.S. Fish and Wildlife Service, National Marine Fisheries 
service, Environmental Protection Agency, Texas Parks and Wildlife Department, 
and personnel of the Aransas National Wildlife Refuge (ANWR), and economic and 
engineering evaluations, all parties involved agreed that the preferred means of 
dredged material disposal was the construction of a whooping crane habitat from 
dredged material placed adjacent to the ANWR. sy 

This 13.36-hectare (33-acre) island disposal site/whooping crane habitat was 
authorized at a location which would provide a variety of direct and indirect benefits 
to the endangered whooping crane and to the local bay ecology. The project would: 
(1) offer erosion protection to Bludworth Island, a severely eroded island which 
protects high-use whooping crane feeding areas from open bay wave action; (2) 
restores salt marshes which had been lost to erosion; (3) cause minimal impact to 
high energy shallow bay bottom; and (4) provide a demonstration project for the 
beneficial use of dredged material. Federal and state authorizations for this project 
were granted in April, 1991. 

In late spring, 1991, MEC began construction of a 5.46-ha (13.5-acre) first 
phase of the demonstration project. Dredging and disposal for this first phase was 
completed in late summer, 1991. Planting of the 5.46 ha (13.5 acres) was 
completed in April, 1992. 

Other salt marsh habitat has been created elsewhere in the United States. The 
U.S. Army Corps of Engineers (Webb, et al., 1974) established salt marsh as well 
as upland vegetation on dredged material placed in Galveston Bay, Texas. The 
Corps has also constructed approximately 15 acres of salt marsh habitat from 
dredged material in the Chesapeake Bay system (Earhart and Garbisch, 1983). The 
Port of San Diego used dredged material to construct approximately 60 acres of 
subtidal and intertidal habitats (Andrecht and Firle, 1987). The MEC project 
described herein appears to be unique in that the dredged material was used to 
construct habitat for a specific endangered species. 

Government authorizations required that MEC’s constructed habitat be 
monitored for transplant survival sixty days after initial planting and for vegetation 
coverage six months, one year, two years, and three years after initial planting. The 
results of the survival and coverage surveys, as well as the relative effectiveness of 
various erosion-control measures are presented in this report. 

STUDY AREA AND SITE — | 

Mesquite Bay is a primary bay situated between San: Antonio and Aransas 
Bays on the Central Texas Coast. Mesquite Bay is connected to the Gulf of Mexico 
by Cedar Bayou, a comparatively small Gulf pass which separates Matagorda Island 
from San Jose Island. Mesquite Bay lies between the ANWR and the Gulf of 
Mexico (Figure 1). 
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The ANWR is an approximately 22,258.5-ha (55,000-acre) refuge established in 
1937 for the primary purpose of protecting and enhancing the population of the 
endangered whooping crane. The wintering crane population at the ANWR has 
grown from fewer than 20 individuals in the early 1940’s to approximately 140 
individuals in recent years. Crane habitat at the refuge has decreased over the 
years in large part due to erosion along the Gulf Intracoastal Waterway (GIWW) 
(Stehn, 1991). Volunteer efforts have helped stabilize some of the GIWW shoreline 
through the placement of concrete sacks on the edges of marshes which border the 
GIWW. The Corps of Engineers has announced plans to stabilize additional areas 
of this shoreline by installation of concrete erosion control mats. 

Bludworth Island lies between the GIWW and Mesquite Bay. The source of 
dredged material for this habitat creation project was the Wynne Channel and a 
drilling basin adjoining that channel. The Wynne Channel lies at the northeast end 
of Bludworth Island (Figure 1). The 5.46-ha (13.5-acre) habitat was constructed in 
Mesquite Bay within approximately 60.94 m (200-ft) of the Bludworth Island shoreline 
(Figure 2). The remaining 7.89-ha (19.5 acres) of the habitat is authorized for 
construction to the east-northeast of the 5.46-ha (13.5-acre) site. This additional 
acreage would adjoin, or be placed in close proximity to, the first phase of the 
project. 

Bay bottom elevations at the location of the 5.46-ha (13.5-acre) habitat typically 
ranged from approximately -15.23 cm (-0.5 ft) MLT to +15.24 cm (+0.5 ft) MLT 
(Corps of Engineers datum). Normal tide level in the project vicinity is 
approximately 67.06 cm (+2.2 ft) MLT. Daily tidal fluctuations are generally 6.10 cm 
(0.2 ft) to 9.14 cm (0.3 ft). 

MATERIALS AND METHODS 

The demonstration project described in this report was funded by MEC. Belaire 
Consulting, Inc. (BCI) assisted MEC with permit acquisition, data collection, 
environmental assessments, site selection, project design, construction management, 
planting and monitoring. Kingfisher Marine Services, Port Lavaca, Texas, served as 
the general contractor. Design criteria, construction methods, and monitoring 
techniques were developed through extensive coordination among MEC, Belaire 
Consulting, Inc., the Corps of Engineers, Texas General Land Office, U.S. Fish and 
Wildlife Service, National Marine Fisheries Service, Environmental Protection Agency, 
and the Texas Parks and Wildlife Department. The materials and methods 
employed during the projects are described below. 
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Figure 1. Location map.



rr April 1991 SS 
ee ——“ —————C—CCC re No eee teen eres cen cmmnmanunanamens 

re 
FERS a cc uaenmtanrantmnnat 

es ee ee re eo  iii@é@@@@@.@8.@.@=+=£=Ff\io4244=—sSsSsrisaResO™SENe  —F- = =p=p=p—p—p—h—h—C—CUOCOCOUUCOCOCOCOCOCOC 
i... i. i.Fp—6pWDpDUmMOC~—OOCUCUCUC—O—O—OCOe = =—r—™—“OOOONOO”OON@sSCSiszsCrsistSCtstst«st=t( UC CCC i i @@.0@.@.0.0.0|©°=°©=}=—=) .........@.@2;=& ii @OOOOC rrrrrr—“isO™isCsisCOrsCOrsCrsCCsCiC i“ RL EC Cc ccc EC CLL LL PT Fee ee ee ee Ses a ee nee rrr EES EE ES Se ee See ee Se ine 

TEESE ce ER ne 
as SR SO RR a CR EES eee rr ee .ieée sé -_i 4, [ES ee tee SESE ec RR RR cnr ag Sa a So a HESS 

ee Saas eae ESS SSE 

SEES uccenectercaeneetoeaneateetnieeeteea ee ——— _——_——E—r——r—r_——— Lc es SEES a cea ea rc r——< krrmhm—m—mCms—~—~—Ss—C =< ;§$rr—< §$SCCSC CC CC ee ee ee ES a a a Dg Ps [RES EE a ce 

DY ES ee cs rr—“O*éCOCNCONONOCrsCiészs;C;s<C«siC;iCON';i*COC*rsCCSC*isrés|rstCsS=Csiés:=C®sié™“C(‘iCOR:COi#C®:...UOUCtscCdCrtCOCC#  . i }3 7;XFTCTC|”DChChCCrUrmrmC™<C<C<€<§6©6h8nP__=S Cs«séicsésc;€ést 
a Lrr—r—“*™r™—ONOCirsrsésssstSC«s—C«C«<sC;=CCcC CCC CLUC CC _CiCiCsC<;ws.C<sxsCésCtiséCCCCsSs=CészsCs=éizs})‘tls_C Se ee RRR Ren oo eR RRL Sia ae a I ROE a CR 
 ,-, eee  eee..§=f.—=sCC i eUUUUC™CSCSCCdidzsasCUiaCOU‘aCNririCCCzCCCCCCCCCOCN 
Se 

SOSA REM RES NE EE aR ae OS ee 
ee" Og ff =f Soe oe oe ee CE aa Le ORR RRR ge OR Oe RCO ORDO OT ROI I er nae Ls ett: 

Pee ec oe ee REE ec tone reer Ee tee ee ee Ee es es ee E ee Le Z ie ez ee ee me TE a ES esac ec ne pea ta ee eee eee ree aa eee OE IE en 
“EERSTE eet oa OT ee cee ee Sees Bee ees Be Be te tee a eis ie f fee  ...-.-G-.-=©=—CCCCCCULULULL EE Ee thep lip 

ee 
eae Fs ee ete ate Inet ee fe 

SeRee Re Sauna auc unt et ees seen a eer secteur ieee renee gee Lee i a ie ee ee ee j Lp ee 
SSR a a ee eee ee ene eerie eect aes eee. se etoiee be bee : : ee fe ee LEE yy Z i 

Se eee CER Rarer ee etnies Ze Lege ee, j a | AW gay Ly YOIT eee SE 
Ree EE eA a eee een apenie ate aang Z LESTE 

SSE ener et Unie ee a eg ee I Ee ee ere ee LE Ue See 

EE er tre a eee mare een satealeaieeloteteeseeleetebeteblebeebtebteietareaieatetelatlateteteteteuaunsamecerecguastatentcteteiaenarsten tee tingid nentntornioentonnsanstonnen enneion Leta teM ore ae SES Aiea 
SROS RE cna ene ene nn nee ee ee ne ce ore recarcaacn retin gg Le Ee ee 

Oj eg 4.O.eO 8.§ = _ ES 
ee eptaeceeat eaetatetetotatetete TRS Ain CAIs AR RR REN Ls TERED rrr a ey 

Ee eo eee ema Se a Be aa a aaa Tn EO Sobkeaaatn ogee creer yo  ,rrrtr—“‘“i—s—OSOS—S—C—C————..._CLsa<«sés<écr‘cOOCCiésCXC«sCi«SCréa‘CONrCCNCNCNCNCNC ee  —— LLrLrmrrrrr—“(—i‘“i‘“‘“‘“CsisCOC~O~C—C~s~O~C~C—C~C—C~C—C~C~C~C~C~C~C~C~C~COCOCOCiCiCsiC:iCsCiC:OC:OCiCOC:OiOiiCCéizdééCCws 
os 7 a gaa 99] 090 ee ex: + Bae: csc Pe a rece ea ER 
Pete . ¥ oe ee aay carts abn 'B: axe Rate ee aes panna ne ane aD MRED Sco C TNC one en-siraneretnarnt ert gtatieisnattt OREN Neate eran cnateesnteentsntotentesereiceseateieeeapeee oO CHIE TOTO i es SRR aE ae ee es e3 oe oe : eRe : nh ist 5 SE ee i ae IRR Ei De Bh EEE BE eee ee rrs—i“ LULL ECL Be ee a Be gra sine ssioni tee meas in ee sear uee era unaironieia ae gaan enn denne 

aaetaeees pa gate Bee ee ps 2 ie ee ae Le es 
Be ees iri tan unariancnans aneiaraianartia ere ein erase nara te nataratate a EA ec eaatieae 

hr ——“ ‘RO.....UUUUUU—isi—ésC.CzSCi‘Cr;SCONiC#C ES ES oe B ee ee ee ee 5 eo Sc ese eR cena ee Paid ra nunonnenamnnit 
SERS RRR RRR REDE RMRCT es ni ntessnisnnatinctneeentenataet ey ES RE saan nes SS ere tionee en REN er 
RRR Seana MARAE SS RIDE stern tanrn teeter RD 

eee ee ORR SRS SRO SN Se MA ee 
esetatptataentacasenet ration ee etnie pitas ean nnn cnaineen ee pe i arora 

Sea ice aa 
eee seperti anaes ey rere nane:  - i@é@é@@i@€@¢6460.60 ee i rnieicrsapcura ecg ace era soot 

SSSR RR SER Nate SES I 
ee Sc oie eae ee ee: Leas Ce i @@=—hmhm—C—CUCOCOCOCO™O™OWCUCOCUCUCO 

oe FE 
A SE ES ER OO 

Se Soon i i... ii@@. .  3@§... ==. ve iB ee a ee ee Se i @@.@@@&;§=£7©60.EdOrrsr—s=—t=—ONCirsSiai‘i(OU)CrséCriaCNO NiO @@=——C—OCOCOCOCOUOCOCOCOOUOCOCOOOCOC_ CL 
wie 

CCU errs 
Boe i... §=—hhee es 2 ee ee a ee..u6pF©CfCf6€CmMCOt##®O#®COCONOWOC.SC;iés™CCitks;isCCsétig;r~ttitSC:isz's=Cii;sCr;s,.CiCi;stéét(CréséCsC—C*CiC*C# 
_ 

CCU SRE nie ie 
Be 

SAECO SESS cae aan EE eee eee ec ee Fee ee en cc mee ck K. .. FR ae ee Ee 
ESS se ec ae et a eee eee ee : Pee Bae: 33 iy “EEE ae re ere ete ee eee eee ee ene eee eee ee PS ase i ae ae Be ee £3 ae HCE ee i recias araehee ee ee eae en rea are eee nee mercer 
EES a a eee es ete eae ere ee I OR Ie Re ee Eee eee a mimmnearaneran cana mnen amateur 

SOE Se Se aaa deena ee ch ieee catenin ° Le a Fe ee a eau oa etn oniaiuige a anomie anaa ane a ane uma mmnenmnemneaaiea 

“EERE ee a a cei tara aera ea ecececee tect titatiectatatatititatat Sa a nae a a ea ea ee eg eee cee ec eee eee a SS See te ogatunuutininnd acnuuememmemnnnnaee saanneneae ener seer: 
i i.|—=—=f=fh—C—CUC™COC~™OCUOUCOCOC sr EE Bie EES 

TT 
aaetasrcegacttepiuae esceeettaersteietetinerstieaeageei ets etasetateteteepcorenstasencrenenaaeaeseeeeey 

@@.—.,,—CCCDUDUDUULU g Leet i tanetaramea a ae 
EE EEE 

diictunenaaen tras shisha ne risnaareaeceae gg  —— 0, oe sre a Pearce ee aneemnecenee: ......@=—C—COCOCOUrUmrmrmUOCONONOOiidOCiNNiOCO®S i @.@6=—h—h—h—CUCOCOCOCOCOCUCUCUCOCOCCUCOCOCCCS ii = = =—=—=—=———COCOOOOCOOCDOCCpCrUrrrmrhrrrhrUhUhrUhULULCLCULCLCLCC 

ne 

gg 
eaieeaneieena 

i i @0@§=—=—hC rhrmUmUmUmUmUCUCmUCO~OCOUCO™OCUCUCU—C i -C-C—m—m—COCOCOCOO)UUrrmrmrmrmrmrmrmrrrrrmrmrmOCOCOCOCU | eeeeeee.-||__——=sr=icszsSCNYCN;s—CrstYst;wCis;s;istés—t;wézsUwisiwiszstiwtiés:CUis;C;rtsréwNCrCNCONC”iCCOCN 
. . i  ee.48@..u]—©—6—6—hmh—C—™m™mMmCO—mMW  -=-=.@.6800..—CrUUCiaCidsCs — i §§=SF—rr—__—=CiCrisCOiC.sCSCrs.Cria(O ‘RCUCCCC*CO*C*C;*C”éCOCO_CCU CCN i namameanenarercs = =... 8 8. ._4.@.4§.4@.4.4.  ieeeeee..=—d_OCE = iiéié4€4..€.. =. ire tone anata 
= i i .§@8.é-48. .H8§=°-._.C—CUCOCO—O 

i .eeeeeeeee.é}i..|}U}0.4§€©6=™=™€6™6€=3€3=7=§7#§3CCmsérészé;éCOCOCOC”COC#COC*C*iCsCésCéiCCC”CN*COtiéCN 
—r—r—“‘#RCERRRRR9ARARARRh#U CCUKRRARAR..CKCi—C ‘§RYNRR’.’$NPKEREREEE =—=_s''“§-_— -—s—s§s— | 

=.= =—=—COCOCTCClrmrrrrmhmhmUCUCOCOCC \ 

eR Z a on ee 
Ee ee ee ee EE Be Si Be | ee ties Le ie iy YE Sant 1001 & 
“SEER RSTISS es eeeae esea eeaeteeteecaecareee so SIL othe rate ws ECO eR ERLE ‘ apes. PR ee ee g : ‘ + , { ye Ee eee pe ee Seen Hee SSR RE DO RR LEE Za PES. Oe: i His Es ee Le ye te Hie ay eure th 2¢ ee SESE ee NR AO Ca I NEO Ee LR ee ek SEF ee ea Ee iy zy ee ip oes ¥3 , 2 Ie Sane Octo hae nce FRO aR Eee Sao ae op eS ¥ : Cie ee Lie See Lee ee Gee He ee SESE eee We me Ca OR EE Bae eee ee Ge Le j “SESE SESS Sears oases peeuaeaeraeeeteencee CR eR ROR BC CR ON RO OEE ELES, RC eR One ee EEE yee ye ee ceppesoapumpinmparussn mares ares TE 

Benoa sro Se oe Perea Dare Cr erron ates ener Liters MOE RE EERE Ee ep tg ep . spswepspseppeonoe pose EE SERS ac ee aa Mens Pa SA OE OE CRE LE Eas A OO Le Bee ey LE e pita wi ee Eero aan eeeer a arene er LSE eer eR SRE Ea Le EE ETE eee i yy eS SEES ESE aac SESS SCY ETN OU ARR A o LAL III LE RMOT OL LPOR OTL COORD EO TE CUUP EL CORP TCCL PIS TOOTS VOFOSSI TLE ge Le LCE ee eg Z ee 

ie K 3 em : peeling: Acree 1 Heyy an Wey ee a Whooping Cc rane Feeding Areas>s 2 UE ae e ee Sete ese igs Roe SER EES: & aes 3 4%: 3 ER RK es, OS, Te eee See LE Le ees cn oe don 

EE ©}. FR SRS RE SS eS Ree OR = 3 FR Sete Reee ee FRE Seta e” Bee ee ee LEE Lye Seen , 3 i Boot Be SOF SR RT I See SRE See SE ; eee He ee ty Hie ey G os Se e spaiie-nmacpncepatcaiteetapeaptlsnente ppt bieiibeibeetigs Sp ann cnnsicnn arian ties gus seine: son CELE. ip oop LOE iy ey, Le 
ge A aE EC RET SE aS a a aE Ns fie LIT SEE CE CEL RA A ee Lente oo 

Se eae sero BE ee Bees ER ee Be EES ie Le E SSREE eisai Saeeorenyorae a - ee ee rr ee Se ioaneces. 

ee cee eae = os rrrrr—“‘“CCRC*;?;CO*CO”éO”Cic;COC”COCisCsisrsszsNC*=C*réC?CréCtCCO#COW tie Soe 
aes Dee LS foros 

gg lo ee Ly 3 

SoS oie rst chester ceseacats creer So REL EEE ORO RO RE a ROR ERE FE ee 
Ly i 

ee ee a ee ee __ Le i... .|©€=—hsf§_.rCiiCdsiNiO”iCOCOiCC;iC;CXizsUCUwisis;dsizsN”CON:COité;CONCU 

EAS te re nase nln AERA AD et POTE rh LC lc cc ll —L—chLclcccc LZ EE EE 
Be este TE  —“‘ORR’’OOOOOCCC CC ii Gee eee a @#}#}]}}4##—=§=F£=—™h sh )shrlrti—irTCO—O—OCCCOCSF— Raa RRO 
eee oo rr—"—C—“RRRRE._CLC_C—Cisi«S;s iaéCNi‘éCO;yOC”C”iwrzsSOCésés:sCésésésOCOCsCrsCrC™C*C*isCsésC*C*C®C; ; 2 oo rr—sr———C—N—C~—C*wsCKsC««SCiCN‘iSNOOiCNCNCCisC,CWCOSCCis;sCrsC*sCrsC Sg Be ee : ee Sg a RT ORR RRR eee Co hrrrrr—~—™—C—FE"ERECsCiCiés’stWisisKisztCMr“COOOiCrdzNCOéw«CrsCKétCrtsCC;si«KrstésN:—COisCC ee ee ey 
Sa ose i 

preneenc SR RRS a RR RR OS SO ee So —“‘“OOOOONOOCdsC‘ $C Fy 8 SE rrrrr—rsi<“i“ swssiC;C—CriC — CEC errrr—“ =eERRCUCUC™C™C€™h™C€hChCl Ye Bc Se aR NS ODT oh Se oan gg ce ec 
oe EE 

Bs ERED RRR RODD I aR oie Lege: 

Ese SR RS as SR 
SORA DR TR tia ee II SS SPR RAE LES RUD ONE EU ROR D a OS SE te eee ey Ee me a i#7;&=iiCttrerrsi—t iwwtwstwtwwmwmwstsSsSCSCs“CsCSO*sCsisrzsNi—C LE 

Sees eee. ..§=—hmh6mh6é§€$Ffs$é§-- ie 4g~ =, Sreeeeeeaees rrr rm Cc crc cCcrcrcrcCcCcCcCcCcCLrcCcCccCcLcrcr dc cCcCcrcLLL[LLLLL EL EET 
S  ..—— ——CCC5§G.UrhrhrmrmrmrmrhrmrdhlhlhlU ie ——=#R;$ ccc CDULULU™té<=C*s=C‘(;:;w;SC:~;”C~C:;C;:éstsz=Cisé=sC<séséi“éR;C*;C ee Or ie ae pe gies ee RR a 
E BRE SR Sa Ee 

OC SE oe eae te ae 
eee : OE +GiIWW- . 
EE cr rr—“ ’REFEFERCCiC.C«C«CdsiCY;sC«iéa’ti;srzse Ch i | =  iiiHOHOeQeeeé....,,. i i =. i 

——rr—~—~—=“‘é‘COCONCCrdsC;itCCrtsCYC;séiésétCc= e...,_T—ST_——=—_—<—_— —=&$§—st;és—:«=—sr;ésr;=—C*—=—*=tCsrCsCsCN:éC”éCCN SEE 
.eee.U]©3©§=©6h6fhf,Chrms™~—C~<~COC~C—COC—C*# Looe Lue Yee 

Fe 

RPO Te SD Oe: 
Pepin raat iat ier a a a hee ee cee Fo ERO NOIR I aa Paes oa ee ae ee eee ae Ye nae Fe Se aaa mue a 
Le Novatesntevetcoatetetshanerrieh nt BTS noe Sa Renato RE RR ORR ERS a RRR a Co RR es wy pease ee SS Se Le Eg ee ee eee ee ; 

lr 
eee eee gee ee 

TFrrrr—r——C—"FNsi i _lrm.U_MCéSéiséiC¥COC ey : oo ee - RO RR 

Sens wane, . 5 135g ee SSeS Ree NEESER REE SEER SRST ee es PERO REBAR oe I ace Fersseenerrarnegreee! Eis. aa EE 
Bes POR oe Een wo EB | Se H ee ee Lr em TEE Le ee Le 
oe BP AD WS  SEe Ste Ce ae ea oe RRR nna Se Lee Lise a OU ALLE aa neo ees 
| CLWwWOrtnh 131. eee ee Hee ey Ls ee ae ea ee ES Le Be He Lee ee SE ARR ROE 

SOS ace ena aatnannn nama 5 a 
Le RRND RE ee Lee ee LO ee ise A OU srsirsed nna aaicnniata 

SR EE SIERO Ra Ra ea Te EL ne ‘ Tne Ae RRO rec hia in cnt 

pact aaneehninaneparenntrnnence eeepc cuneate eee eteetenrtenstoneetenaee RSE RO BE RC oe opi banen ee eI ae : LEE a ee HE 
pe eiiiietuiatiecaanemnintnecaeey SAS SEO RE OCC RR Ora Lee Raney eae eee Sette Tae ean ii raaiaeyareoninies 
LC A oa Los LEE s A SNELL AS OSE 
See ee ee es Nee ne eam mncenrnaninitiane icra mn 
BR SR aR rere LI eR LIE ET CIR apa mina ene anenatine tine inane 
ey ae: ee Le LE OEE LES Ee 
Se a re ROO OREO TT OOOO OOD OOO LOC : - snc aannmemsaner 
issu ut nianaucues aaigaaa dean anria ae aaa au atmaumeeee eisai ea eR snes ° eres : ys ee 
Pare enn nS as on ee 2 Sy eee Pte wes oe ad oon Soe, Bee Ye Hes si ee ES z S So ae LFETROS AQ i a ee Lee Ee yy ee 

BR oe 2 RECESS RE AEE EEE ERE Ree: RE SR RE LE os ee an 
pergirnisbecehceiseleussesniequenteeone reomioneieiins SS RRB a Be eB ue yy j : 
ee a Ee it acid, arn. ee ieee LE Le s Hie Ee 

SEMA MI SRS eon rater REISER sts a carateParar ot snSnSDSDSSSBSA seteetae Se easter ts Neate ses oA Ro ee OD A RP Nears. sateen a egy he. Bae ore Z i, ee 

ae ea ang cee mem ner re re USO eC SSDS ER ee OE Be ae Le ee CEE REE ge yy pene 

een sar eae aeaen picasa teamerasinnt sn tea nica veapeaaene ness eetenseae ON ESLER RR ODOR Rao ntae pina es oa Pe eS ee ee Le ee: SNR TER SC SNR ERR RSM stolen. waa geben OLR eR RC REAR i SER BO ses osarantcansspncinisacepsineoampseanie Sh LE, ae ee Lie oe es 2 oe Loe Bs tyes ee Zp Ee es Z BE SCOR ER aera aa oes SR arr ee eR SE eR Eee tie i Hips 
Ra RO DES RES EER crsnetae atin neneaaa Ta Len ee ee i ses Le ee ie Le ee ie Le ee Ze ee zy ee SESE ae RBs RR REIN aserecotstsnetpnons eee serene EORCR CU ORE Rr er rtaet paar Raa nnn enna nance ena ene ee cena LO SEE EE oe a ee Ey i the i Sa ae gag cine ea ere Caer Sa aa REE, AEE EE Ley LER ee 

panne ieastcanitcinnaeaeceeeeeeic RRS Sooner iaheastenneeeieeeereariest eee ROTO CCAS asp Mere Re oOo oe Sc es PT a I te SIR ELE IE ee ne ee Ee Ys i ey Hee : 

San RRR aR a ereaernet oe se eae eae orn aa ara i ea ei Rees se SE LEE ee SORE SOO OO IL ECE ee EE , fe 
SSR SR ER ce ee na rdesriente cake RAE nee drsaansannnnneen aceon ae rr ROI SEO URL AEE OLE ee bee ye Zi gn 
RRS ss Boon on SRM RRR ERS ner soate re etetaias eaica oatstnretanstinsenetot tenis tence Slate antanntoleletietetintnntelscestanniecsiennete eee Poneto een renee AS PRE RAS SNP ORDD Be OR SR iy ey Zo ys a =—r—_O. se CC ee ee ee i a yey ie i ys Le 
SERS cncnecren honing nnn acemeemnemmempemenenmente ee ene santa nnd RRA aR RMN Ee eager a Ea ee : er ae I eran BRI EROS SERS SSE RD CSS tis : 
rr ac eR c — i 2 73S737CTtrtFtFgTr—<“( mmmMMSsés<s<(‘CSOCSéCSsésSsSsis‘(“‘(‘( Ly yy Le) LLC CC CCL LULL cL ERE SEM EE i i 

cane acacia OES Re Ea EO ere SRILA REE SRR iran AT ee ap ea eB ae LE ee He i 

eit SC rrrrrrLrrrrr—“‘*EEEECNCCCUlU2@L—U6U_ééeéd_ééééiéiéoO#_¢€®T@UMU§£=£FBD6£FFU EO a 

LLC CLC LULcUrc LCL LdLlLclLcLcLcddLCLLCLLLL OEE Ee Le EB ty ties Bs 
Spann cae 

agg aye EEE oe os 

—r—rCO—ONONENNECCO OS ,—“teRE.UCO Li Bs ee eee omen ri ys SE Le 
See ee dae a ee pig. CE Ee era ae LEE OE CTI EEE ee : 
Se 

Dee 0% ee are ge Bs gine Pe iia sa ge carrera a Le aOR oO Mg: ee rrrrrrrr—“—i—srsSsSs—sSs—S~—CSCS SME SOLN TS: ay aes Re eNO MB POD PE. ORD ee ES ae Reape ae ES A EO OER EEE : isis sides etteensisiessanissarriss yee ee 
arcana SE ee cence Ba RR Oa ESSER aA BAO LL BR ROSIE Be. 

cry Le uy Zi Lees Lee es ee ae eee Be Ze Zs yy 
t eee 

A re a a Se EES ey 

' 
Lr 

ee os Lean LEE SRO Re SRLS. Lee LI ee oe Bee eee TERE aR a REE Loe 
See eee te 2 ee eee ee LEE ee 
ee Eee De ASE EN LE LAE RRS aE Ee  E 

 -W 
BuBG6L-ChmemM EERE a ee ES SA EE on LEE ae oe ee ey , 

Scot CORRS Be eee ee Se ie ee Lee ey GL Wee OP ahah SRP RMS SP Sohal at ER a es ee EC eee Pete EE EE EEE ee te aerate See Se os oe ee Hes ee Be ey Ls yyy 
See eae BO a ea ee Oe op EE ESR OTE EEE Hi 
ee r—“—™r”TCOOOCCsCrsCNr‘CO iOistsCésésCK;sti“i‘ésc(“tswtCOUOCtéC#;C®RZ?Z ee Ye ee es ere tie ue es Le Hie YU i ee: 

SEES eee aesenonacncan Senne BC Sr a en arate nose ; d yi 
Sates oe OSD IDR RAR nL SSS EERE IRR OLN OEE OES ROSES REECE ERO sors Eee PES RI OO OSE ee S 

e s 

2. Aerial photographs of pre- and post-construction study igure 2. 
a 

S ite s



Design and Construction 

Levees. Levee construction was performed in June, 1991. Levees were 
constructed form bay bottom materials within the perimeter of the 5.46-ha (13.5- 
acre) site. Predominantly sand material was available for the landward and side 
levees. Sandy silt material was the primary material used for constructing the 
seaward levee. The levees were built to a peak of 1.83 m (46 ft) MLT for the 
dredging phase of construction, then lowered to 1.22 m (+4 ft) MLT after dredging 
was completed. This 1.22 m (+4 ft) MLT elevation is the maximum levee height 
permitted by the ANWR. Levee slopes varied form 4:1 to 7:1 depending upon the 
material type. 

Dredge and Fill) Hydraulic dredging began in late June, 1991, and was 
completed in mid-July, 1991. Sandy material from the 609.34 ha (2,000 ft) of 
Wynne Channel nearest the GIWW was dredged first. This sandy material was 
pumped immediately behind the project’s seaward levee to provide for stability and 
long-term resistance to wave erosion forces. Silty material from the remainder of 
the Wynne Channel and the drilling basin was discharged into the interior of the 
site. 

To determine desirable fill elevations for this demonstration project, BCI worked 
with the ANWR staff to identify a high-use whooping crane feeding habitat in the 
refuge. BCI estimated elevations in this model marsh area and used these data in 
selecting elevations within the constructed habitat. A Corps of Engineers’ tide staff 
at GIWW marker No. 7 was used as a benchmark to estimate all project elevations. 

The maximum fill elevation permitted by the ANWR was 1.22 m (+4 ft) MLT. 
Elevations above 1.22 m (+4 ft) MLT would allow the establishment of shrubs and | 
other vegetation types which might attract coyotes and other whooping crane 
predators. Approximately 75% of the site was filled to between 30.48 cm (+1.0 ft) 
MLT and 76.2 cm (+2.5 ft) MLT, elevations suitable for transplanting Spartina 
alterniflora. The remaining 25% of the site was filled to between elevations 76.2 cm 
(+2.5 ft) MLT and 1.22 m (+4 ft) MLT. These elevations are suitable for 
transplanting a variety of higher salt marsh species. 

Erosion Control. Several erosion control measures were employed to protect 
the constructed habitat from wave action. On the seaward and side levees, 
concrete mats were installed from the top of the levee. to the toe of the levee slope. 
The levee was graded to a 3:1 slope prior to placement of the mats (Figure 3). 
The 2.44 m (8 ft) x 4.87 m (16 ft) mats were comprised of interlocking concrete 
blocks interconnected by non-corrosive metal cable. Prior to placing the mats, the 
levee slope was covered with manufactured filter fabric. Each mat was placed on 
the filter fabric then interlocked to the two mats to either side. All mats were 
anchored at the top of the levee with 1.22 m (4 ft) screw-type metal anchors. Mats 
were installed in August, 1991. | 

To stabilize the soil adjacent to the armored levees, erosion blankets were 
installed on a 4.57 m (15 ft) wide strip immediately behind the top of the concrete 
mats (Figure 3). The 1.22 m (4 ft) wide x 30.46 m (100 ft) long erosion blankets 
were comprised of a 2.54 cm (1-inch) thick layer of biodegradable wood shavings 
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bound by 1-inch mesh photodegradable plastic, were held in place by 18-inch long 
metal staples and 4-feet long wooden survey stakes placed at approximately .914 m 
(3 ft) centers. The erosion blankets were installed in September, 1991. 

To break wave action which overtopped the levee armor, concrete sacks were 
installed at the top of the concrete mats (Figure 3). The sacks were placed one, 
two, or three high, depending upon the wave exposure at the point of installation. 
The sacks were secured by .318-cm (3/8-inch) steel, rebar driven vertically through 
the bags. After installation, the bags were watered and the concrete allowed to 
harden. The concrete sacks were installed in March, 1992. 

From July, 1991, through April, 1993, a floating wave barrier was maintained 
approximately 30.46 m (100 ft) - 45.70 m_ (150 ft) off the seaward levee and the 
northerly side levee. The wave barrier was made of floating 30.48-cm (12-inch) 
diameter pipe fastened to piling clusters. The purpose of this barrier was to 
dampen waves prior to their impacting the armored levee. 
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Circulation. After dredging was completed, temporary tide exchange pipes were 
placed in the landward levee. These pipes were equipped with dropgates on the 
ends of the pipes that were within the perimeter of the levee. The gates were 
adjustable to allow control of water levels from approximately 30.48 cm (+1 ft) MLT 
to 115.82 cm (+3.8 ft) MLT. After crusting of the fill material was completed in 
March, 1992, the tide exchange pipes were removed. Two circulation channels with 
30.48 cm (12 ft) bottom widths were constructed at the locations of the tide 
exchange pipes to provide for long-term water exchange. 

Dewatering/Crusting. Between July, 1991, and March, 1992, water was 
removed to allow consolidation of the hydraulically-dredged material. Tide exchange 
gates were adjusted as necessary to allow water within the 5.46-ha (13.5-acre) area 
to exit the site. The gates were also adjusted as needed to block intrusion of tidal 
waters. Water was pumped from the site during low tide periods. 

Transplanting 

Approximately .61-ha (1.5 acres) of mixed marsh was planted behind the 
armored levee in September, 1991. Approximately 2.02 ha (5.0 acres) of Spartina 
alterniflora and 1.42 ha (3.5 acres) of mixed marsh were planted in March and April, 
1992. Approximately 1.42-ha (3.5 acres) of the 5.46-ha (13.5-acre) site were left as 
open water. Open water areas were typically at elevations of 30.48 cm (+1.0 ft) 
MLT. 

Mixed marsh species included Batis maritima, Borrichia frutescens, Distichlis 
spicata, Eustoma exaltatum, Lycium carolinianum, Paspalum vaginatum, Salicornia 
virginica, Sesuvium portulacastrum, Spartina patens, Sporobolus virginicus, and 
oueda linearis. Spartina patens and Paspalum vaginatum were predominantly 
planted in close proximity (within 15.24-22.85 m [50-75 ft]) to the armored levee. 
These species were selected for placement in areas subject to wave action because 
they were the two mixed marsh species, which demonstrated an ability to withstand 
erosive forces along the banks of the GIWW and on the shoreline of Bludworth 
Island. The other mixed marsh species were selected because they tend to 
dominate vegetation coverage in the whooping crane feeding areas. 

Transplants were taken from natural marshes along the Mesquite Bay shoreline 
of Bludworth Island and from the banks of the nearby GIWW. State of Texas 
General Land Office guidelines were followed. No more than one 6-inch diameter 
plug was taken from .84 m° (9 ft*) of marsh. Upon removal of a plug, the soil was 
washed from the roots of plants and the plants were submerged immediately in 
containers filled with bay water. Plant material was then transported to the project 
site and transplanted within 24 hrs. 

One sprig or plug of marsh vegetation was planted on .914-m (3-ft) centers 
within the planting area. Sprigs or plugs were placed in holes made with hoes, 
shovels, or other hand tools. Soil was then replaced and compacted around the 
transplants. Emergent transplants were irrigated with bay water immediately after 
planting and at a minimum of twice weekly for six weeks after initial planting. — If 
significant rainfall events occurred, no irrigation was provided. 
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Emergent transplants were fertilized quarterly during the nine-month period 
following planting. A "13-13-13 all purpose" fertilizer was utilized. 

Monitoring 

Transplants were observed sixty days, six months, and one year after initial 
planting. The sixty-day monitoring effort evaluated transplant survival. The six- 
month and one-year monitoring estimated vegetation coverage. Methods utilized for 
vegetation monitoring conform with those routinely accepted by the State of Texas 
General Land Office. 

Transplant survival was estimated by sampling within quadrats systematically 
spaced throughout the planted area. The quadrats were 6.1 m (20 ft) x 6.1 m (20 
ft) squares. The number of live plugs or distinct sprigs were counted within each 
quadrat. The species of vegetation were noted and recorded. Percent survival was 
calculated by dividing the total number of plugs originally planted into the number of 
plugs counted during the monitoring survey. 

Vegetation coverage was estimated by sampling 20 transects systematically 
spaced throughout the planted area. Each transect completely traversed the planted 
portion of the habitat. At 3.04-m (10-ft) intervals along each transect, three areas, 
each 15.24 cm (6-in) in diameter, were observed. One 15.24-cm (6-inch) diameter 
observation area was on the transect line, the second was 45.72 cm (1.5 ft) to the 
right of the line and the third was located 45.72 cm (1.5 ft) to the left of the transect 
line. The presence or absence of vegetation and the species present were noted 
and recorded for each 15.24-cm (6-inch) observation area. Coverage was estimated 
by dividing the total number of 6-inch observation areas into the number of 
observation areas which contained vegetation. 

Erosion control measures and other constructed components of the project were 
inspected at a minimum of once a month from September, 1991 through April, 1993. 
Any deficiencies or needed repairs were noted and corrected as warranted. 

RESULTS 

Construction 

Dredge and fill activities resulted in elevations which seemed appropriate for the 
establishment of the vegetation and open-water acreages called for in the project 
plans. The levee armor, through April, 1993, has shown no signs of failure. The 
erosion biankets provided some resistance to erosion, but soil loss up to one foot 
was experienced in some areas. The erosion blankets performed best when 
accompanied by the concrete sacks. The concrete sacks placed upon the top of 
the levee armor have broken,overtopping waves sufficiently to allow dense 
vegetation growth on adjacent ground. Only two of the approximately 2,000 
concrete sacks were displaced by wave action as of April 1993. The floating pipe 
wave barrier performed as expected in dampening wave action from the open bay. 
This barriers dampening effect reduced the force of waves upon the levees and 
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adjacent ground. This floating barrier has, however, required periodic maintenance 
to repair leaks. | 

The circulation channels have shown no signs of siltation. Soundings of these 
channels in April, 1993 indicate that they were, in fact, larger than when originally 

constructed. 

Vegetation Monitoring 

Results of survival and coverage monitoring are summarized in Table 1. 
Survival was 98% for the Spartina alterniflora and 95% for the mixed marsh areas. 
Coverage for the Spartina alterniflora and mixed marshes were 99% and 83%, 
respectively, one year after planting. State of Texas General Land Office and U.S. 
Army Corps of Engineers’ authorizations required 50% survival after 60 days and 
70% coverage two years after planting. 

Table 1. Vegetation survival and coverage data. 

Marsh Type 60-Day 6-Month 1-Year 
Survival Coverage Coverage 

Spartina alterniflora (485/497) 98% (233/311) 75% (336/341) 99% 

Mixed Marsh (1115/1176) 95% (222/466) 48% (371/448) 83% 

The species composition for the mixed marsh is summarized in Table 2. Only 
the data from the annual monitoring surveys are included in this table. Spartina 
patens, Paspalum vaginatum, Batis maritima, and Distichlis spicata are the most 
frequently occurring mixed marsh species. A total of 12 species of vegetation were 
observed during the annual monitoring surveys. Figure 4 shows photographs of the 
project during planting and one year after planting. 

Crane Utilization 

Since September, 1991 three sightings of whooping cranes have been reported 
to the ANWR (Stehn, 1993). A tour guide reported one sighting in the winter of 
1992. An oilfield service company and Belaire Consulting, Inc. personnel each 
reported a sighting during the early spring of 1993. Numerous other species of 
birds, including herons, pelicans, terns, gulls, skimmers, ducks, and geese have 
been routinely observed utilizing the constructed habitat. 
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Table 2. Vegetation composition one year from initial transplanting. 

"Frequency of =——i(‘<ié‘ziééPercent;=8=8©0—t—~—~— 
Species Occurrence in Samples of Cover 

opartina alterniflora 336 48% 

Batis maritima | 64 | 9% 

Borrichia frutescens 13 2% 

Distichlis spicata 55 8% | 

Eustoma exaltatum 4 less than 1% 

Lycium carolinianum 20 3% 

Paspalum vaginatum 68 10% 

salicornia virginica 34 4% 

oesuvium portulacastrum 3 less than 1% 

Spartina patens 85 12% 

sporobolus virginicus 24 3% 

Sueda linearis 1 less than 1% 
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CONCLUSIONS 

Based on the evaluations described above, the 5.46-ha_ (13.5-acre) 
demonstration project at the ANWR can be termed as successful. The performance 
of the construction components, erosion control measures, transplanting efforts, and 
habitat utilization have generally met or exceeded expectations. 

One modification which would decrease the likelihood and severity of erosion for 
similar future projects would be an increase in permanent levee height. An increase 
in height to +6 ft MLT at the crest of the levee with a steep drop to +4 ft MLT 
behind the levee would offer greater protection from wave forces and would provide 
minimal area for crane predator habitat. 

The short-term goals of this project were definitely accomplished: erosion 
protection has been established for Bludworth Island; eroded wetlands have been 
restored in the project area; and a demonstration project has been constructed to 
form whooping crane habitat from dredged material. Only continued monitoring and 
perhaps maintenance of this habitat will determine its long-term success. This 
project has, and should continue to serve as, a reference point for planners of future 
coastal projects. 
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ABSTRACT 

Replacement of plant community structure in constructed wetlands has been a 
primary goal of past mitigation efforts; however, current goals include replacement of 
wetland functions and ecological services. By virtue of reducing soil conditions and 
position within landscapes, wetlands often improve water quality. Sites in this study 
were wetlands constructed as compensation for palustrine forested wetlands filled by 
highway construction in the coastal plane of Virginia. Soil respiration rate within 
laboratory microcosms, and constructed wetland redox potential, vegetation weighted 
average, soil organic matter, hydrology, and elevation were measured. Additional 
sites were surveyed in order to determine: (1) percent of constructed wetlands that 
are hydrologically connected to the impacted system; (2) prevalence of factors that 
could preclude functional performance over time, e.g., erosion; and (3) other site 
characteristics that could limit functional replacement. Microcosm studies conducted 
four years after construction indicated that reducing conditions are more readily 
established in microcosms with soil cores from reference sites than compensation 
sites. In situ redox potential data appeared to reflect both the vegetation weighted 
average (r° = 0.91) and the frequency and/or duration of saturation, since wetter 
areas exhibited lower redox potential (r = -0.87). Potential for functional 
performance was adversely impacted by limited connection to surface hydrology in 
69.2% of the sites, by potential siltation (61.5%), and by proximity to highways 
(46.2%). These results suggest that wetland functions and ecological services 
dependent on anaerobic conditions may not be performed by large portions of 
constructed wetlands. 

INTRODUCTION 

Wetlands were filled in the United States for many years with minimal 
regulation, and only a fraction of the original acreage remains (Dahl, 1990). Most 
wetland protection is currently afforded by Section 404 of the 1977 Clean Water Act, 
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which requires a permit for deposition of fill material in a wetland. The National 
Environmental Policy Act (CFR Part 1508.20 [1-5]) allows permits to require 
Substitution or replacement of lost wetlands with constructed systems when no 
alternatives are available. Mitigation by wetland construction is increasing in Virginia 
(A. Allen-Grimes, personal communication) and throughout the southeastern United 
States (R. Deitz, personal communication). 

Many wetland mitigation projects have used replacement of similar vegetative 
composition as the primary goal. However, the phrase "in-kind mitigation" has 
evolved to include the replacement of functional, as well as structural, characteristics 
of the wetlands that were lost; concern over lost wetland functions is growing (e.g., 
Race and Christie, 1982; Quammen, 1988; Brinson and Lee, 1989). 

Sather and Smith (1984) include water quality enhancement as one of five 
major values of wetlands. Brinson, et al. (1984) assessed nutrient assimilative 
Capacity in an alluvial floodplain swamp and found considerable nitrate and 
ammonium removal. Gambrell and Patrick (1978) suggest that wetlands may 
accumulate or degrade organic pesticides and accumulate heavy metals. As 
wetland functions of value to society (or "ecological services") (Cairns, in press) 
become recognized, wetland protection and creation can be enhanced. 

Hydrology and organic matter influence development of anaerobic soil 
conditions. Once flooded, diffusion of oxygen to sediment slows dramatically. The 
microbial community consumes organic matter and oxygen, thereby increasing 
carbon dioxide (and sometimes methane) concentrations and lowering oxidation- 
reduction (redox) conditions in soil (Pearsall, 1938; Ponnamperuma, 1972; Wharton 
and Brinson, 1979). Once anaerobic conditions become established, organic matter 
may accumulate and help maintain the reducing environment (Day, 1989). Soil 
Organic matter content is also important since water quality enhancement functions 
dependent upon anaerobic conditions may not be performed if carbon availability is 
no sufficient (Faulkner and Richardson, 1989). Municipalities are increasingly 
constructing wetlands to treat wastewater (Hammer, 1989; Choate, et al., 1990). 
Watson, et al. (1989) found that anaerobic soil was very important in constructed 
wetlands designed for wastewater treatment and that vegetation was only 
responsible for about 10% of the nitrogen removal. 

This study was conducted to assess the potential of a wetland constructed for 
mitigation to develop anaerobic soil conditions, which are necessary in order for 
wetlands to perform ecological services related to water quality. 

SITE DESCRIPTIONS 

Study sites included 13 previously constructed compensation sites in the coastal 
plane of Virginia. Detailed monitoring was conducted at four sites including Route 
106 in Charles City County, Fourmile Creek--Route 295 in Henrico County, Powhite 
Parkway in Richmond, and Wagner Road in Petersburg. Reference wetlands were 
nontidal forested wetlands that were adjacent to each compensation wetland. All 
reference wetlands were dominated by obligate wetland species (species that occur 
in wetlands >99% of the time [Reed, 1988]). Uplands adjacent to each constructed 
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wetland were selected based on the presence of mature hardwood forests with 
mixed composition and an undisturbed topsoil. 

The Wagner Road constructed wetland was selected for further study. This 
constructed wetland site is located in Petersburg, Virginia, at 37, 11'44" north 
latitude and 77, 20’26" west longitude (Figure 1). The 1.53-ha study site is located 
in the upper coastal plane and was constructed in summer, 1987. Conditions at the 
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Figure 1. Location of the Wagner Road constructed wetland study site and 
reference wetland in Petersburg, Virginia. Roman numerals represent well locations. 
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site were representative of the 13 nontidal wetland compensation sites surveyed in 
the Virginia coastal plain. An adjacent, forested wetland in Second Swamp of the 
Blackwater Swamp headwaters was used as a reference site. A recently completed 
Study of the hydrology and vegetation of the Wagner Road constructed wetland site 
indicated that hydrology was much more variable, both spatially and temporally, than 
the reference wetland (Atkinson, 1991). Vegetation in the constructed wetland site 
is dominated by colonizing herbaceous species (57) that range from obligate wetland 
species to obligate upland species. A middle-aged stand of Fraxinus pennsylvanica, 
Nyssa sylvatica, and Taxodium distichum characterizes the reference site vegetation, 
and species range from obligate wetland to facultative species. 

METHODS 

The study was composed of two laboratory and one field experiment. The 
Student-Newman-Keuls test for significance was used for statistical analyses (Zar, 
1984). In addition, qualitative review of potential and ongoing erosion and siltation 
and hydrologic connectivity to adjacent streams and rivers was conducted by 
repeated site visits, review of mitigation site plans, and 1:24,000 scale 7.5-minute 
topographic quadrangle maps. 

Experiment No. 1. 

The effect of soil amendments on soil respiration in microcosms during short- 
term flooded conditions was quantified over a 3-week period to predict the effect of 
applying soil during compensation site construction. Nine soil cores (0.30 L) were 
taken from upland and wetland areas adjacent to each of the four compensation 
sites, including adjacent upland O horizons or topsoil (top 10 cm; 3 cores), adjacent 
upland A horizons or mineral soils (10-20 cm; 3 cores), and adjacent forested 
wetland O horizons (top 10 cm; 3 cores). 

Microcosms consisting of 1-L Mason jars received a soil core and sufficient 
water to leave 0.30 L of gas head space. The jars were sealed with a rubber 
stopper fitted with two sampling ports. After 3 weeks, gas samples were taken and 
injected into a gas chromatograph fitted with a thermal conductivity detector and a 
Supelco Hayesep Q 80/100 column, and carbon dioxide and methane concentrations 
were calculated. After gas sampling was completed, soil core organic matter 
content was calculated based on ash-free dry weights of subsamples. 

Experiment No. 2. 

The effect of location within the Wagner Road constructed wetland on soil 
respiration during exposure to short-term flooded conditions was quantified over an 
8-week period. Field sampling locations were selected, based on mean moisture 
estimates for each plot and plot vegetation weighted average (WA). Moisture 
estimates were taken monthly in summer, 1989 at each plot and converted to a 
proposed semi-quantitative moisture modifier scheme (Atkinson, 1991; Table 1). 
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Vegetation WA was calculated for each plot, using the following formula (Jongman 
et al., 1987): 

WA=(y,U, + YoU, + ... + y,U_)/100 
where 

Y:, Yo: «+» Yn = the relative percent cover estimates for each 
species in the plot, and 

U,, U,, ..., U, = the indicator values of each species. 

Species indicator values were assigned using probability of occurrence in wetlands 
based on a regional plant list prepared by Reed (1988). The plant list employs an 
index that ranks species on a 1 to 5 integer scale from obligate wetland to obligate 
upland (Table 2). Therefore, plot WA must also range from 1 to 5. Colonizing 
vegetation WA was used to distinguish "upland" (WA>2) and "wetland" (WA<2) 
portions of the constructed wetland, based on reference wetland WA, which was 
consistently below 2. Analysis of the colonizing vegetation WA at the Wagner Road 
constructed wetland site indicated that both WA<2.0 ("wetland” portions) (65.4%) 
and WA>2.0 ("upland") portions (34.6%) were present within this constructed wetland 
(Atkinson, et al., in press). Soil cores were placed in 1-L microcosms as in 
Experiment 1, and were taken from an adjacent upland O horizon (4 cores), an 
adjacent reference wetland O horizon (4 cores), and from specific plots within the 
constructed wetland (28 cores). Soil cores from within the constructed wetland were 
based on vegetation WA of plots and included two "wetland" portions (14 plots), a 
vegetated “upland” portion (10 plots), and an unvegetated “upland” portion of the 
constructed wetland (4 plots). 
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Table 1. Water regime modifiers for mean growing season surface moisture 
from Cowardin, et al. (1979) and the purposed system. 

Proposed Soil Moisture Modifiers 

Cowardin Modifier Modifier Moisture Range/Description 

permanently flooded, 8 standing water >20 cm deep, 
intermittently exposed, 100% coverage 
semipermanently flooded 

seasonally flooded 7 standing water 11-20 cm 
deep, 100% coverage 

6 standing water (all depths) 
>50% to 100% coverage 

saturated, 5 soil saturated (> field 
intermittently flooded capacity) or standing water 

(all depths) 0-50% coverage 

temporarily flooded, 4 soil very moist, 
intermittently flooded near field capacity 

not wetland 3 soil dry to moist, 
below field capacity 

2 soil dry 

1 soil very dry, often blocky 
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Table 2. Wetland indicator categories based on plant species frequency of 

occurence in wetlands and the corresponding indicator values for use in WA 

calculations. : 

Wetland Indicator Frequency in Wetlands Indicator Value 
Category (%) 

Obligate wetland >99 1 
Facultative wetland 67 - 99 2 
Facultative 34 - 66 3 
Facultative upland 1 - 33 4 
Upland <1 5 

Nine piezometers, six in the constructed wetland and three in the reference 
wetland, were installed and monitored in 1989 and 1991. The reference wetland is 
classified as "seasonally flooded" using the scheme set forth by Cowardin, et al. 
(1979). 

Elevations at the Wagner Road constructed wetland site were measured at 95 
plots along seven parallel transects using a laser light level. 

Experiment No. 3 

The extent to which redox potential might by lowered throughout a constructed 
wetland and a reference wetland following a major precipitation event was assessed 
at the Wagner Road constructed wetland site. Platinum redox electrodes (40 were 
constructed following the welded redox electrode design of Faulkner, et al. (1989). 
Redox probes were used to measure oxidation-reduction potentials 24 hours after a 
major precipitation event at all plots sampled in Experiment 2. Electrodes inserted 
to a depth of 10 cm, were allowed to stabilize, and were read with a portable 
voltmeter after insertion of a calomel reference electrode. Mean redox potential of 
three replicate probes was analyzed for correlation with vegetation WA, moisture 
estimate, and organic matter content for each plot. 

RESULTS 

Review of 13 constructed wetlands in Virginia demonstrated that the potential 
for functional performance was adversely impacted by limited connection to surface 
hydrology in 69.2% of the sites, by actual or potential erosion and siltation (61.5%), 
and by proximity to highways (46.2%). The results of the three experiments are 
reported below. 
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Experiment No. 1. — 

Three of four sites produced significantly less carbon dioxide in microcosms 
containing upland topsoil than in microcosms containing adjacent wetland soil 
(Figure 2). Methane production was detectable in 11 of 12 reference wetland 
microcosms, but no methane production was detected in upland topsoil or upland 
mineral soil microcosms. | | 

Mean organic matter content (21.39%) was variable among reference wetland 
sites (SD +18.83); however, reference wetland organic matter was_ significantly 
higher than both upland topsoils and mineral soils for all four sites. Mean organic 
matter content in upland topsoil and mineral soil was 14.39% (SD +3.68) and 2.98% 
(SD +2.13), respectively. | 
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Figure 2. Relative carbon dioxide concentrations measured for three soil types 
collected from each of four constructed wetland study sites in Southeast Virginia. 
(Bars represent one standard deviation.) 
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Experiment No. 2. oo 

Carbon dioxide production in soils from the Wagner Road constructed wetland 
was significantly lower (p <0.05) than soils from the reference wetland for weeks 2 
and 3. Soils from "wetland" plots of the Wagner Road constructed wetland 
consistently produced more carbon dioxide than soils from "upland" plots, but 
differences were generally not significant. Soils from bare areas within the 
constructed wetland consistently produced the lowest amount of carbon dioxide and 
were significantly different from carbon dioxide production in soils from vegetated 
“wetland” portions of the constructed wetland. Carbon dioxide production in adjacent 
upland soil microcosms was lower than the reference wetland each week, although 
usually not with statistically significance (Figure 3). 
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Figure 3. Relative carbon dioxide concentrations measured for soils taken from four 
locations at the Wagner Road study site in Petersburg, Virginia. (Bars represent 
one standard deviation.) 
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By week 3, only the reference wetland contained detectable concentrations of 

methane, but methane production could not be quantified in any microcosms until 

weeks 6 through 8. Although only statistically significant in week 7, methane 

production in the reference wetland and the upland topsoil was consistently greater 

than constructed wetland methane production throughout the study. At no time 

during the experiment was methane detected in microcosms containing soil from 

bare areas of the constructed wetland. 

There was significantly (p <0.05) higher percent organic matter in the reference 

wetland than in all other locations in Experiment 2. Mean percent organic matter 

was higher in upland topsoils than in constructed wetlands, but not significantly 

(Figure 4). 
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Figure 4. Percent organic matter measured for soils taken from four locations at 

the Wagner Road study site in Petersburg, Virginia. (Bars represent one standard 

deviation.) 

24



An elevational range of 0.631 m was measured within the Wagner Road 
constructed wetland site, and the standard deviation of elevation measurements was 
+0.126. A small ridge crosses the site diagonally. Three of six wells in the 
constructed wetland demonstrated mean flooding duration shorter than the mean for 
the reference wetland (Figure 5). Mean moisture estimates ranged from 1.6 ("very 
dry" to “dry") to 6.4 ("0-10 cm deep” to "11-20 cm deep"). Mean moisture estimate 
was 3.91 ("dry to moist" to "very moist"), and standard deviation was +1.37 
(Atkinson, et al., in press). 
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Figure 5. Depth to water table for summer, 1989, in constructed wetland wells (IV- 
IX) and reference wetland wells (X-XIl). Wells I-III were located in adjacent uplands, 
and no water was detected. | 
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Experiment No. 3. 

Field redox measurements were taken in plots throughout the Wagner Road 
constructed wetland for 24 hours after a significant precipitation event. Redox 
potentials throughout most of the constructed wetland were significantly higher (less 
reducing) than redox potentials in the reference wetland and the typically flooded 
"wetland" portions of the constructed wetland. Redox potential measurements in the 
constructed wetland were positively correlated with vegetation WA (° = 0.91) and 
negatively correlated with moisture estimates (° = -0.87). Redox potentials for 
unvegetated "upland" portions of the constructed wetland were indicative of oxygen 
content near saturation. Unfortunately, persistent dry conditions in the "upland" 
portions of the constructed wetland limited site-wide sampling to only one day 
following a heavy rain. | | 

DISCUSSION 

A frequently used procedure for freshwater wetland construction involves 
excavation to the approximate elevation of the water table and then leaving the 
exposed mineral soil without amendments. Implied assumptions are: (a) 
apprapriate hydrologic conditions will be established: (b) hydric soils will develop and 
hydrophytic vegetation will become established: and (c) wetland functions and 
ecosystem services will be replaced. 

The results from Experiment 1 suggest that, if a low Organic matter mineral soil 
was left without amendments, then soil respiration would be significantly lower than 
in the reference wetland. Although not field validated here, the results further 
Suggest that soil respiration could be enhanced by spreading wetland soil over a 
site. In addition, spreading upland topsoil over a site may also lead to considerably 
more soil respiration than leaving an upland mineral soil unamended. However, 
methane production in Experiment 1 was limited to the wetland soil, which indicated 
that a more negative oxidation-reduction system might be established if wetland soils 
were spread instead of upland topsoil. Methane production may have eventually 
occurred in microcosms containing upland topsoils, but results of this Study indicate 
that natural wetland soil becomes reduced more rapidly following inundation. 

In Experiment 2, within site sampling of the Wagner Road constructed wetland 
in the 4 years following construction supports the predictions based on Experiment 
1. Microcosms containing the Wagner Road constructed wetland soil exhibited 
significantly lower soil respiration than the reference wetland soil. Significant 
differences in soil respiration were also found at two plant communities within the 
Wagner Road constructed wetland (Figure 3). 

The results of a delineation of the Wagner Road constructed wetland suggest 
that portions of the constructed wetland site may be, or may be becoming, wetland, 
while other areas may remain upland. These "wetland" portions of the site occur at 
lower elevations sustain longer periods of inundation, have more hydrophytic 
vegetation (lower WA and higher percent cover) than "upland" portions of the 
constructed wetland, and demonstrate consistently greater soil respiration (Figure 3). 
However, organic matter content differences among plots within the constructed 
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wetland are not significant (Figure 4), perhaps due to the relatively young age of the 
site (4 years at the time of sampling). 

The practice of spreading wetland soil over constructed wetlands was not widely 
employed in Virginia at the time of this study. Organic matter content, microbial 
species, and wetland vegetation propagules may be established by this practice. 
While soil amendments may increase the likelihood that some functions will be 
performed sooner, inappropriately high elevations could lead to rapid decomposition 
of organic matter and higher redox potentials. Alternating aerobic and anaerobic 
conditions facilitate organic matter decomposition (Reddy and Patrick, 1975). Kadlec 
(1989) states that organic matter-rich peat may take millenia to decay, but exposure 
to the atmosphere would greatly accelerate the process. Organic matter 
accumulation may not occur over time in the higher elevation portions of the site 
with alternating aerobic and anaerobic conditions. Therefore, elevation and 
hydrology must be taken into consideration in planning for soil applications. 

In Experiment 3, field redox potentials were taken at the same soil core 
locations sampled in Experiment 2. Experiments 1 and 2 characterized soil 
respiration under flooded conditions; therefore, Experiment 3 was to be conducted 
under flooded conditions following a heavy precipitation event. After the entire 
constructed wetland had been inundated for 24 hours, reference wetland redox 
potential was found to be significantly lower than redox potential in most of the 
Wagner Road constructed wetland. Redox potential seemed to reflect the frequency 
and/or duration of saturation, since areas with wetter moisture estimates exhibited 
lower redox potential (r° = -0.87). 

Constructed wetland redox potentials were strongly correlated with both 
vegetation WA and moistures estimates. These results tend to support the assertion 
based on Experiment 2: soil respiration differs among "wetland" and "upland" 
portions within the Wagner Road constructed wetland, and that frequency and/or 
duration of saturation may be an important factor. 

CONCLUSIONS 

This study showed that elevation, hydrology, and soil organic matter influenced 
carbon dioxide production and redox potential. Longer flooding periods may be 
required for lower redox potential to develop in the constructed wetland than the 
adjacent reference wetland, perhaps resulting from lower organic matter content and 
lower soil respiration in the former. A large portion (34.6% of the Wagner Road 
constructed wetland) seldom exhibited saturated soil conditions. If these hydrologic 
conditions persist, much of the Wagner Road constructed wetland may lack the 
flooding frequency and/or duration necessary for organic matter accumulation and for 
development of strongly reducing conditions. 

Soil amendments are suggested by the data from all three experiments. 
Demucked soils from the area receiving fill material should be spread over the 
wetland under construction. The additional organic matter and microbial community 
established by this procedure could increase the likelihood of successful replacement 
of water quality functions. In addition, the spread of wetland soil may lead to higher 
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macrophyte productivity and increased organic matter content. The timing of soil 
amendments may also influence success. If wetland construction is performed 
concurrently with the permitted wetland filling, wetland soils could be spread 
immediately over the sites. Timing construction in this fashion would reduce the 
effects of stockpiling wetland soil and would provide a longer period for wetland 
establishment. 

Ecological services dependent upon reducing conditions are probably not 
performed by most of the Wagner Road constructed wetland when compared to an 
adjacent reference wetland. Over time, anaerobic conditions may predominate in 
wetter portions at lower elevations within the constructed wetland. While organic 
matter may be expected to accumulate in these "wetland" portions that have high 
cover by hydrophytic plant species, decompositional processes may keep pace with 
accumulation rates in portions of the constructed wetland site that are currently 
characterized as "upland.". Such areas may not provide functions dependent on 
wetland soil, hydrology, and vegetation if current hydrologic conditions persist. 

Many ecological services of wetlands are provided because of the hydrologic 
connectivity to a river or stream. The fact that many constructed wetlands do not 
exhibit the same connectivity found among reference wetlands suggests that these 
sites lack the opportunity to perform many water-quality enhancement services. 
Erosion and siltation may also limit the long-term performance of many ecological 
services. Finally, the practice of constructing wetlands beside highways, in interstate 
loops, or near any development may alter the ecological services provided. Such 
constructed wetlands may provide treatment of runoff instead of the intended 
compensation for wetland loss. 
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ABSTRACT 

A native herbaceous marsh was studied for its efficiency to treat stormwater 
and observe any changes in vegetation caused by stormwater input. The marsh 
successfully reduced pollutant loads at its discharge for inorganic nitrogen, zinc, 
cadmium, and total suspended solids and was unsuccessful with organic nitrogen, 
phosphorus and iron. An unmeasured groundwater input was faulted for all loads 
not reduced, except organic nitrogen which was probably caused by marsh 
vegetation. Rain that fell directly onto the marsh represented 57.9% of the total 
input volume. 

A designed increase in slope to the marsh edge, construction of a basin and a 
landscaped lawn allowed the nuisance Typha latifolia and Ludwigia peruviana to 
invade. The first of two detailed vegetation analyses showed Nymphoides aquatica, 
Ludwigia peruviana and Utricularia species to be of spatial interest along the 
stormwater flow path. 

INTRODUCTION 

The use of certain jurisdictional wetlands for the treatment of stormwater was 
approved by the Florida legislature in 1984 (Chapter 17-25, Florida Statutes) and by 
1988, the Southwest Florida Water Management District (SWFWMD) included 
wetland treatment as a stormwater management practice. In March 1991, 
SWFWMD implemented a two and one-half year project to study a natural marsh 
used to treat stormwater (four months of data collection remains). 

A 1.2-hectare marsh was selected at a corporate office park in Tampa, FLorida 
(Figure 1) which receives runoff from a 6.2-ha drainage basin. The marsh was 
categorized as a flag marsh (Kushlan, 1990) in that the center was dominated by a 
dense stand of pikerelweed (Pontedaria cordata) loosely surrounded by pools of 
water-lily (Nymphaea odorata and Nymphoides aquatica). Maidencane (Panicum 
hemitomon) grew along the edge of the marsh and invaded the water-lily pools. 
Primrose willow (Ludwigia peruviana) and wax myrtle (Myrica cerifera) inhabited the 
marshes’ outermost edge to the south. The adjacent uplands were a hardwood- 
conifer mixed forest. 

Two objectives of the study were: 1) to determine the effectiveness of the 
system to treat stormwater (i.e. to reduce pollutant loads from the inflows to the 
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outflow) 2) to measure any ecological changes on a natural marsh caused by 
stormwater input. - | a | 
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Figure 1. Location map of the marsh showing recording stations. 
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The specific research objectives were: a) to calculate a pollutant mass loading 
budget using the data collected May-August, 1991; and, b) to interpret aerial infrared 
photographs for vegetative cover (1973 and 1992) and perform a detailed vegetation 
analysis July, 1992 to observe vegetative changes/trends within the marsh due to 
stormwater input. An additional detailed analysis and infrared photography of the 
vegetation are scheduled near the end of the study (July and August 1993). 

MATERIALS AND METHODS 

Vegetation Analysis 

Seventy-eight, one-meter-square quadrats were analyzed for percent cover in 
July, 1992. Of these, seventy-two quadrats were selected along six transects 
(Figure 2). The six remaining quadrats (13-16, 28 and 29) were selected randomly 
at the end of transects 1 and 2 by tossing the quadrat frame over the investigators 
right shoulder. Prior to entering the marsh, transect lines were selected in an 
attempt to obtain equal representation from the various communities along the depth 
gradient. Stakes were driven every five or ten meters along each transect. These 
Stakes represented a distinctive corner of each quadrat. 

A one-meter-square quadrat frame was placed over each plot by using the 
methods described above; vegetation that may have been trapped under the frame 
was restored to its original position. Two observers made field identifications of the 
plant species present in each plot and together determined the percent cover each 
species occupied. Representative samples of each species were archived and field 
identifications later verified using Dressler, et al., (1987); Godfrey and Wooten 
(1979). 

To determine possible spatial trends within the marsh due to stormwater 
management, the quadrat percent cover data results were grouped into north 
(transects 1, 3, 6 and quadrats 62-70) and south (transects 2, 4, 7 and quadrats 54- 
61) arrangement. 

A color infrared aerial photograph of the marsh and its adjacent uplands was 
taken in August, 1992. For a pre-stormwater impact comparison, a January, 1973 
black and white aerial photograph of the marsh was obtained. Photo-interpreted 
vegetation maps were made and verified with quadrat data. Vegetation maps were 
recorded on a G.I.S. system (Geographic Information System). 

Hydrology and Water Quality 

Stormwater runoff enters the marsh at its south end from two pretreatment 
basins (East and West) and discharges through a single outflow at the north end. 
Instrument structures were installed at each pre-treatment basin’s point of discharge 
into the marsh and at the outflow (Figure 1). At each station, instruments 
continuously recorded hydrology and rainfall data at 15-minute intervals. 
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Load efficiency was based on measurements from 18 storm events taken during 
the summer of 1991 (USEPA, 1983). 

Load efficiency (%) = (SOL in - SOL out/SOL in)*100 

where: SOL is the sum of loads in cubic feet for the summer of 1991. Loads were 
calculated by multiplying the constituent concentration by volume and converting to 
cubic feet. SOL includes both basins, as well as rainfall volume loads. Rainfall 
loads were calculated as all the rain that fell directly on the marsh. 

Composite flow weighted surface water quality samples were taken by 
automatic refirgerated samplers at each station. Rainfall water quality samples were 
collected at the outflow by an automatic-sensing wet/dry precipitation collector. 
Refrigerated samples were collected, preserved and transported to the SWFWMD 
lab for analysis, usually within twelve hours after storm events. 

All water quality samples were analyzed for metals (cadmium, chromium, 
copper, lead, manganese, nickel, iron, and zinc), nutrients (ammonia, total nitrogen, 
total phosphorus, ortho phosphorus and organic nitrogen), hardness, and _ total 
Suspended solids (depending on amount of sample). In addition, total organic 
carbon was analyzed from grab samples. 

Field Parameter Analayis 

Field parameters were obtained from multi-parameter sensor units. The 
parameter of primary interest to stormwater treatment, PH and dissolved oxygen, will 
be discussed. Continuous readings were recorded for sixteen distinct one-week 
intervals at three locations. For spatial analysis, field parameters were recorded at 

_ nine additional locations throughout the marsh on October 12, 1992. 

RESULTS 

Vegetation Analysis 

The 1992 detailed vegetation analysis revealed 34 plant species within the 78 
quadrats (Table 1). Those categories with the highest percent cover were Panicum 
hermitomon (21.82%), open water (17.65%), Pontederia cordata (16.27%), litter 
(13.83%), and fragrant white water-lily (Nymphaea odorata, 6.31%). 
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Wetland percent cover as a whole and grouped into north and south. 

GENUS SPECIES 

[open water w/litter | a7 | 2.45 | 0.00 

[Cladium jamaicense | 28 | 2.13 | 0.00 
[Eleocharis vivipara | 0.90 | tsa | oe 
[Leerasia hexandra | S088 | a7 | 0.00 
[Rhynchospora inundata | 0. | 1.34 | 0.00 

[Anphicarpum muhlenbergianun | _o.77_|__1.28 | __0.00 

[iymphoides aquatica S| =~ | tt | 0.06 
[Juncus effusus |S | 0 | 0.00 
Woodwardia virginica | i | 0.00 | 29 | 

[Proserpinaca pectinata == |_—i0 1 | 0.64 | 0.06 
[quercus Jaurifolia S| 38 | 0.64 | 0.00 

[Lachnanthes caroliniana__———|_——0.38 | 0.00 | 0.97 | 
[Utricularia unknown | 032 | 0.00 | 0.81 
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Table 1. (continued) 

[ludvigia peruviana | ose | 0.00 [0.8 
Age ——~dYLCS tg | | 
Bacopa unknown | 0.26 | 03 | 0.00 

Polygonum hirsutum ong | 0.32 | 0.00 

Rhynchospora microcephala os | 0.26 | 0.00 

[hikania scandens | 0.13 | 0.00 | 0.32 
[Hypericum hypericoides | 3 | 0.21 | 0.00 

The marsh received greater concentrations of stormwater from both basins at its 
south end. Stormwater received treatment as it flowed to the north and discharged 
at the outflow structure (Figure 1). Trends detected along the flow gradient from 
south to north are as follows (Table 1): 

1. Fragrant water-lily (Nymphaea odorata) and floating-heart (Nymphoides 
aquatica) two water-lily species observed. N. aquatica was more 
prevalent in the north end of the marsh (1.11%) than in the south 
(0.06%). N. odorata was observed to be evenly distributed throughout 
the marsh with 6.53% in the north and 5.97% in the south. 

2. species found in the north end of the marsh which had zero percent 
cover in the south end (>1.0%) were: sawgrass (Cladium jamaicense, 
2.13%), southern cutgrass (Leerasia hexandra, 1.47%), horned-rush 
(Rhynchospora inundata, 1.34%), blue maidencane (Amphicarpum 
muhlenbergianum, 1.28%) and soft rush (Juncus effusus, 1.06%). 

3. some species found in the south end of the marsh which had zero 
percent cover in the north end were: Virginia chain fern (Woodwardia 
virginica, 1.29%), red-root (Lachnanthes caroliniana, 0.97%) and 
primrose willow (Ludwigia peruviana, 0.81%). 

4. The bladderworts (Utricularia fibrosa, purpurea and unknown) were 
observed at the north end with 0.32, 0.32, and 0.00 percent covers 

| were observed at the south end with 0.48, 0.16, and 0.81% covers, 
respectively. 
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5. Although not within a quadrat, a few common cattail (Typha latifolia) 
were observed near quadrat #54 at the time of the survey. 

The August 1992 photographic interpretation of the marsh (Figure 3) revealed 
the north edge of the marsh had been left natural with a 5% slope to the uplands. 
While the south end, which receives the greatest influence from stormwater, has had 
its edge altered. Design of the stormwater system has increased the south slope to 
an average 25.5% slope and a landscaped lawn was maintained. It is along the 
south edge that the nuisance species L. peruviana has invaded. The west basin 
has become choked with cattail (Typha latifolia) which has begun to invade the 
marshes of southwestern edge. The east basin remained unvegetated despite the 
lack of herbicide application probably because it is relatively deep with mowed grass 
margins. 

Ground truthing the 1992 aerials enabled a species-specific level of detail in the 
interpretation. The inability to ground truth the 1973 aerial limited its interpretation 
to much broader classifications (Figure 4) (FDOT, 1985). The road and the 
stormwater system design were constructed in two phases during the late 1980’s. 
As a result, the pre-treatment basins were constructed and the southernmost wet 
prairie peninsular portion of the marsh was filled for a road. An east-central area 
adjacent to the marsh was excavated to mitigate for the loss of wetland 
(miscellaneous grasses, Figure 3). 

Hydrology and Water Quality 

A water budget for the summer of 1991 shows measured input volume from 
both basins and rainfall, as well as discharge volume on a monthly basis (Table 2). 
Evapotranspiration and percolation were not taken into consideration. The marsh 
did not discharge in May or June, but discharged continuously from July 9 to 
september 17. During this period of discharge, more volume left the marsh than 
entered it. For the water measured entering the marsh, the east basin contributed a _ 
mean 25.5%, the west basin 16.6%, and the volume of water that entered the 
marsh directly from rainfall was 57.9%. Groundwater was also a significant input 
that has not, as yet, been quantified. Surficial water table wells were installed in 
January, 1992 and since then, levels have been continuously recorded which may 
help in estimating groundwater inputs. 

MONTH Cubic feet Cubic feet 

PMAY CT 242 | 
JUNE CT T9801 
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Figure 3. Photographic interpretation of an August, 1992 aerial for vegetative 
cover. 
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Among the inflows (east basin, west basin and rainfall), rainfall had the highest 
pollutant load for ammonia (929.08g), nitrate (NO,) + nitrite (NO,) (1744.04g) and 
cadmium (63.78g) (Table 3). Additionally, organic nitrogen (5467.08g), ortho 
phosphorus (316.04g), total phosphorus (1108.4g), iron (3141.25g) and _ total 
suspended solids (T.S.S.) (95.81kg) loads from the east basin and zinc (592.19) 
loads from the west basin are the highest among the inflows. 

Table 3. POLLUTANT LOAD EFFICIENCIES SUMMER OF 1991. 

East West Rain Out Water Efficiency 

(gm) (gm) (gm) (gm) Conc. % 

AMMONTA-N 351.01 336.64 929.08 1183.38 26.80 

NO2+NO3 381.96 | 806.94 | 1744.04 557.31 81.00 

ORGANIC-N | 5467.08} 1439.79 | 495.01 | 22883.34 -209.16 

ORTHO-P 316.04 | 143.75 70.73 851.55 -60.51 

TOTAL-P 1108.44 193.87 40.46 1641.80 -22.27 

ZINC 137.77 592.10} 166.19 482.09 46.20 

CADMIUM 36.02 36.16 63.78 107.27 21.10 

IRON 3141.25 | 739.96 | 616.23 | 13146.17 -192.30 

95.81 44.90 12.11 73.18 a 52.12 

Note: T.S.S. is in Kg. | 

~ Pollutant load reduction at the outflow demonstrated positive load efficiency 
percentages for ammonia, NO, + NO,, zinc and cadmium and 1.8.8. Negative 
percent efficiencies were found for organic N., total P, ortho P, and iron. 

Groundwater concentrations (mg/l) were found to be essentially the same as 
surface waters for NO2 _ NOS, zinc, and cadmium (Table 3). Concentrations were 
9, 2, 6, and 4 times greater in groundwater than surface waters for ammonia, 
organic N, ortho P, total P and iron, respectively. 

Field Parameter Analysis 

Dissolved oxygen (D.O.) concentrations observed in both basins were 3.74 mg/L 
and 7.8mg/L (west and east basins respectfully) and were substantially higher than 
the marsh (Figure 5). The D.O. levels in the marsh were measured below 
1.25mg/L. The west basin and east basin recorded pH levels of 7.2 and 8.1 
respecttively; these levels were higher than those observed in the marsh (5.2 - 6.0). 
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Figure 5. Measurments of pH and dissolved oxygen of both pre-treatment basins 
and throughout the marsh. | 
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DISCUSSION 

Vegetation Analysis 

Historically, the 1973 aquatic vegetation (water-lily and open water) were more 

dominant than observed in 1992 (Figures 3 and 4). Two factors that may have 

contributed to the decrease of open water are: 1) influence form the treatment 

system (increased nutrient loading form stormwater and the fertilized landscape); 

and, 2) the outflow weir elevation which may be lower than the historical discharge 

elevation. 

Alteration to the marshes’ southern edge and construction of the west basin 

probably led to the establishment of two nuisance species. After the construction of 

west basin, T. latifolia established itself and has since invaded the southwestern 

corner of the marsh. The altered south edge of the marsh has seen an invasion of 

L. peruviana. Neither T. latifolia nor L. peruviana have been observed on the 

marshes’ natural north edge. 

The 1992, detailed vegetation analysis revealed N. aquatica, U. fibrosa, U. 

purpurea, and U. unknown are species of spatial interest. Upon completion of the 

1993 analysis, comparison of the north and south percent coverage results may be 

more conclusive. 

Hydrology and Water Quality 

Pollutant removal efficiencies indicate the system is effective at removing 

ammonia, NO, + NO,, zinc, T.S.S., and possibly cadmium. Negative efficiencies for 

phosphorus and iron may be the result of unmeasured groundwater input. Poor 

removal of organic N is probably caused by the heavy vegetation growth in the 

marsh. 

Indications that the marsh experienced groundwater exchange were: 1) 

continuous discharge during the wet season; 2) zero discharge during the dry 

season; 3) more volume leaving than entered the marsh for two months during the 

wet season; and, 4) negative pollutant load efficiencies (especially iron). It is 

believed that once groundwater influence has been quantified, the efficiencies will 

become more positive. 

Pollutant removal efficiencies indicate the systems’ internal effectiveness. The 

quality of the water discharged from the system, however, indicates whether the 

system achieves its ultimate treatment goal - to meet State standards. Average 

pollutant concentrations (mean of 1991 summer storm events at the outflow) met 

Class Ill state water quality standards, with the exception of zinc and cadmium, 

much of which seem to be entering from rainfall. Zinc and cadmium frequently 

exceed standards from stormwater management systems (Kehoe, 1992; Rushton 

and Dye, 1993). 
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Field Parameter Analysis 

The sedimentation basins have much higher levels of pH and dissolved oxygen 
than the marsh. Since low pH and dissolved oxygen are implicated in the release 
of phosphorus and some metals from the sediments, these parameters need to be 
considered in determining the effectiveness of the marsh for stormwater 
management. 
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ABSTRACT 

This study examined the effectiveness of the Florida Department of 
Environmental Protection (FDEP, Formerly Florida Department of Environmental 
Regulation) in regulating, through mitigation, the wetlands of Broward County, 
Florida. Utilizing agency permit files, wetland impacts and required mitigation were 
analyzed for the years 1983-1991. Field evaluations were conducted to determine 
the actual area of wetland impacts and completion of required mitigation as 
permitted by FDEP. Results indicate that freshwater wetlands containing both 
forested and marsh areas were permitted for the largest impact and were impacted 
the most by project activities. Mangroves comprised the largest area of required 
mitigation and freshwater forested areas composed the largest area of completed 
mitigation. There was no trend or consistency in mitigation ratios as analyzed on a 
yearly basis. The overall potential mitigation ratio for permits issued by FDEP 
between 1983 and 1991 in Broward County was 2.3:1; however, by excluding 
preservations and easement areas, the ratio becomes 0.9:1. The actual mitigation 
ratio for areas with completed project impacts and mitigation was 2:1; by excluding 
preservation and easement areas, the ratio becomes 0.7:1, indicating a loss of 
wetland area through the FDEP permitting process. Results of mitigation area 
evaluations show that permitted wetland impacts were incomplete at 24% of the 
sites, mitigation was not required in 5% of the permitted projects; mitigation was 
either incomplete or not attempted at 41% of the proposed mitigation areas; and 
permit requirements were met at 30% of the mitigation areas. 

INTRODUCTION 

With the upsurge in the environmental movement of the late 1980’s and early 
1990's, people are becoming more aware of their environment and the need to 
protect its resources. Some of the most valuable of these resources are wetlands. 
Wetlands provide flood and storm damage protection, erosion control, water supply 
and groundwater recharge, and habitats for many forms of fish and wildlife (Burke, 
et al, 1989). According to the U.S. Fish and Wildlife Service (Dahl, 1990), Florida 
once had an estimated 8.2 million ha (20.3 million acres) of wetlands covering 
approximately 54.2% of the state. Estimates of wetlands acreage in the 1980’s 
reveal that Florida has approximately 4.5 million hectares (11 million acres), a 
reduction of 46% of the original wetland acreage. 
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Within the State of Florida a wide variety of agencies have wetland permitting 

authority. These include the U.S. Army Corps of Engineers (USCOE), the Florida 

Department of Environmental Protection (FDEP), the water management districts, 

and local governments. The focus of this study was FDEP. Since 1969, Florida 

statutes have required a permit or other form of permission from the FDEP, or its 

predecessor agencies, in order to excavate or fill certain wetlands. Mitigation was 

not required by the original statute, but mitigation has been required on an informal 

basis in permit negotiations since the mid-1970’s without any guidelines or 

performance criteria. 

The Henderson Wetlands Act (1984) requires the FDEP to consider mitigation 

proposed by the applicant as the Department decides whether to issue or deny a 

wetland resource (dredge and fill) permit. Mitigation is defined by FDEP as the 

creation, enhancement, or preservation of wetlands to offset the loss of wetland 

functions and values that may be damaged or destroyed by a permitted project. 

For purposes of this study, wetland mitigation includes creation, enhancement, 

and preservation. Creation refers to construction of a wetland in an area that was 

not wetland in the recent past. Enhancement refers to increasing one or more of 

the functions of an existing wetland by modifying environmental parameters, but 

without changing wetland type. Preservation refers to the setting-aside of wetlands 

in their existing condition. Another commonly used term is restoration, which refers 

to the reestablishment of a wetland in an area where it historically existed but, which 

now performs no or few wetland functions. However, FDEP does not use the term 

"restoration", rather utilizing the term "enhancement" instead. 

In order to ensure that wetland losses are adequately compensated, permitting 

agencies generally set ratios which aid in the determination of the amount of 

mitigation required to "replace" the wetland area lost. The Florida Department of 

Environmental Regulation’s Chapter 17-312 regulated Dredge and Fill Activities 

within the State. It is the Department’s policy to use a guideline of two hectares 

(ha) created for each hectare adversely impacted by proposed dredging or filling. 

According to FDEP, this guideline is for preliminary planning purposes only, and the 

actual extent of wetland creation may differ depending upon a variety of factors. 

MATERIALS AND METHODS 

The FDEP, Southeast District Office, in West Palm Beach, Florida was 

contacted to assist with this study. All complete permit files for projects in Broward 

County (Figure 1), which had not been archived, were reviewed. According to 

FDEP personnel, the archived files are those projects which are completely closed 

and which generally did not require mitigation. A total of 428 files having permits 

issued between 1983 and 1991 for impacts and mitigation within Broward County, 

were reviewed. All files with permits requiring mitigation (n = 80) were selected for 

study. 
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Figure 1: Study area in southeastern Florida. ° 

Upon completion of the Permit File Review, the individual permitted project sites 
and mitigation areas were visited. The information regarding project and mitigation 
completion obtained from the file was verified by the field visit. If the mitigation area 
was attempted or completed, it was analyzed for compliance with the permit 
conditions at this time. 

Preservation areas were field-verified and checked for compliance with the 
specific conditions included in the permit, if any, but were not evaluated for 
compliance because they were existing, natural wetlands and were not considered 
mitigation areas. In addition, one project that was planted one month after this 
study began was not evaluated. All other mitigation areas were completely 
evaluated for compliance. 

RESULTS | 

A total of 428 FDER files containing permits issued in Broward Count were 
reviewed. Eighty permits issued between 1983 and 1991 requiring mitigation were 
isolated and project information was recorded. From these permits, a total of 82 
potential mitigation areas, located in Broward County, were identified. 

All of the data regarding impacted and mitigated wetlands has been placed into 
the following four categories which will be used throughout this discussion: 

Potential Impacted Wetland: ~~ reflects the total area of wetlands to be impacted 
by permitted projects. 

Actual Impacted Wetland: represents the area of wetlands that was impacted 
as a result of permitted project activities. 
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Potential Mitigated Wetland: reflects the total area of wetlands to be created, 
enhanced, or preserved as a result of permitted 
projects. 

Actual Mitigated Wetland: represents the area of mitigation completed through 
creation, enhancement, or preservation as a result 
of permitted project activities. 

Impacted and Mitigated Wetland Types 

Impacted and mitigated wetland types were obtained during the permit file 
review from either the permit or the biological assessment conducted by FDEP 
personnel. A total of nine different wetland types were identified as impacted and 
eight different types of wetlands were mitigated, including easement and 
preservation areas. Freshwater wetlands, containing both forested and marsh area, 
comprised the largest area of wetlands potentially impacted by permitted projects 
(34.6 ha [85.4 acres]) (Table 1), while mangrove wetlands were the most common 
type of wetland permitted for potential mitigation (24.5 ha [60.4 acres]) (Table 2). 

Freshwater forested and marsh areas were also the most common wetland type 
that was actually impacted by permitted projects (34.2 ha [84.4 acres]). Freshwater 
forested wetlands were the most common type of wetland actually created after 
project impacts were complete (23.8 ha [58.8 acres]). This is in contrast to the 
most common type of wetland permitted for mitigation-mangrove wetlands. 

Figure 2 shows the area of impacted and mitigated wetlands by type of 
wetland, and is helpful in determining the types fo wetlands impacted and required 
as mitigation by FDEP. For instance, although freshwater forested wetlands are 
rarely impacted (in fact the area was so small that it does not show in the graph) 
this type of mitigation is common. The opposite trend is shown for freshwater 
forested/marsh wetlands where the area of impact is greater than that of mitigation. 
By far, the largest area of wetland gain is shown in easements and preservation 
areas. This is misleading, because one project alone included a preservation area 
of 76.5 ha (189.0 acres). Areas of littoral zone, seagrass, saltmarsh, and 
miscellaneous trees are represented as "Other" because their individual areas were 
too small to be shown on the graph. 
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Table 1. Area of impacted wetland types in Broward County. 

IMPACTED POTENTIAL POTENTIAL ACTUAL ACTUAL 

WETLAND TYPE ha acres MISC. ha acres MISC. 

FW* Forested 0.1 0.30 3 trees 0.1 0.3 3 trees 

FW Forested/Marsh 34.6 85.4 34.2 84.4 

FW Marsh 9.3 23.0 8.9 21.9 

Littoral Zone 1.9 4.6 1.1 km (3700 ft) 1.8 4.5 

Littoral Zone/Open Water 6.4 15.9 2.5 6.3 

Mangrove 14.4 35.6 142 trees 10.5 26.0 113 trees 

Miscellaneous Trees** - - 27 trees - - 20 trees 

Open Water/Mangrove 2.2 5.4 2.2 5.4 

Seagrass 0.01 0.02 0.01 0.02 

Total 68.9 170.2 60.2 148.8 

Table 2. Area of mitigated wetland types in Broward County. 

MITIGATED POTENTIAL POTENTIAL ACTUAL ACTUAL 

WETLAND TYPE ha acres MISC. ha acres MISC. 

Easement/Preservation 92.5 228.5 80.0 197.6 

FW* Forested 23.8 58.8 23.8 58.8 

FW Forested/Marsh 8.8 21.7 40 trees 0.7 1.7 40 trees 

FW Marsh 5.4 13.4 3.4 8.4 

Littoral Zone 2.5 6.1 1.1 km (3700 ft) 0.5 13 0.4 km (1250 ft) 

Mangrove 24.5 60.4 1040 seedlings 15.1 37.3 591 seedlings 

Miscellaneous Trees** 0.1 0.2 269 trees 0.1 0.2 56 trees 

Saltmarsh 0.3 0.8 0.1 0.2 

TOTAL 157.9 390.0 123.7 305.5 

The information comes from FDER permit files and field evaluations. Wetland types are expressed in area and/or 

miscellaneous measurements. Potential refers to data appearing in the FDER permit. Actual refers to the actual 

area or miscellaneous measurements of completed mitigation. 

FW* = Freshwater 

** Includes isolated trees such as Annona glabra and Acer rubrum, does not include isolated mangroves. 
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Impacts and Mitigation By Year 

Data from the permit files were analyzed to determine the potential and actual 
wetland impacts and mitigation for each year between 1983 and 1991. FDEP 
permits issued in 1986 total the largest potential impact of any year (22.7 ha [56 
acres]). This was also the same year which saw the largest actual impact on 
wetlands. The most mitigation was required in 1987 (29.2 ha [72.2 acres]). 1989 
reflects the largest actual mitigation area, but includes the previously mentioned 
project requiring 76.5 ha (189.0 acres) designated as easement/preservation. 
Without this project, 1989 is no longer the year with the most required mitigation. 
Despite the fact that permits issued in 1987 required the most mitigation, the most 
required mitigation was completed in 1986 (19.2 ha [47.4 acres)). 

Figure 3 shows the area of wetland impacted and mitigated, both potential and 
actual, for each year of permit issuance. Easement and preservation areas, 
including the previously mentioned project from 1989, have been excluded from this 
figure to more accurately represent the results. Several important results are shown 
in this figure. If the potential impacted wetland and actual impacted wetland bars 
are of equal height (1983-1987), this indicates that all permitted wetland impacts 
were completed. If the bar representing actual impacted wetland is shorter, then all 
permitted impacts have not been completed, as shown in 1988-1991. 

This comparison similarly holds for mitigated wetlands. If the bars representing 
potential mitigated wetland and actual mitigated wetland are the same height, then 
all permitted mitigation has been completed in that particular year (e.g., 1983 and 
1984). Generally, however, the bar representing actual mitigated wetland is shorter, 
meaning that all of the permitted mitigation has not been completed, as shown in 
years 1985 through 1991. 

The relationship between total area permitted for impacts and proposed for 
mitigation is also evident by comparing the bars representing potential impacted 
wetland and potential mitigated wetland. If the potential impacted wetland bar is 
higher than the potential mitigated wetland bar, then a potential loss in wetland area | 
occurred during that year. This is shown in 1985, 1986, 1988, and 1990. A 
potential gain in wetland area occurs when the potential mitigated wetland bar is 
higher than the potential impacted wetland bar. This occurred in 1984, 1987, 1989, 
and 1991. All of the bars are equal in 1983, representing no loss or gain in wetland 
area. 

By comparing the potential area of impacted wetland (70.3 ha [173.5 acres]) to 
the potential area of mitigation required (157.2 ha [388.8 acres]), there is a gain in 
wetland area of 89.9 ha (215.5 acres). However, by excluding easement and 
preservation areas from the total, the potential mitigation required is 64.7 ha (160.3 
acres). These results indicate a loss of 5.6 ha (13.2 acres). 

similar results were found when analyzing actual wetland areas, both impacted 
and mitigated, using the same technique of comparing bars in Figure 3 as discussed 
above for potential impacts and mitigation. The actual area of impacted wetlands is 
61.6 ha (151.8 acres) and the actual area of completed mitigation is 123.6 ha 
(305.3 acres), resulting in a gain of 62.0 ha (153.5 acres). However, excluding 
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easement and preservation areas yields and actual area of completed mitigation of 
43.6 ha (107.7 acres), revealing a loss in wetland area of 18.0 ha (44.1 acres) in 
Broward County. 

100 ) 

| | : a | a 
4 | | eo 
vs 

: ve 

mA | 
| | 4 

| “4 | is | | y, 
A 

| | y 

| a 
60 | 4 

| : 2 
Sy | io 

| a 

= y , | | | y 

| | , Ak 

rs | ae 
po : : : 4 

: an soc witty gt tag anacege cca : ; vA | ; ; 

os : : : : i : 
ah : : a 

: os : : : : 

arm me , ; | a 4 
ay) GE | | : 4 Ar | 

at] BE , : : an Atel 
a ne ve 

yi oa eo : oA | 
At ME | : : ar) | y 
ay) me AR vA) 

ot Bee me : Bear. io 
7 : Ba a : me : i a ee ‘ ve 
a) Bee Beas Baw a 
At Bee BEA. BEBE | Ay 

0 all, ME | Me) | Es g Ze 

° 5 : 3 Ei Ep S 5 
& 3 . 5 : 5 : 
5 2 3 B = = 3 Q R $ & ~ & 
3 wa s oO 

& a a S 
a 7 2 Q iz 5 
@ 2 i N g ran — q 

fL, > g o % 

4 = 6 a 
F J 

~ Wetland Type 

WH Potential Impacted Wetland Potential Mitigated Wetland 
Actual Impacted Wetland Rfq Actual Mitigated Wetland 

* Other = Littoral Zone, Seagrass, Saltmarsh, and Miscellaneous Trees 

Figure 2. Area of impacted and mitigated wetlands by wetland type in Broward County, 
Florida 1983 - 1991. 
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Figure 3. Area of impacted and mitigated wetlands by year in Broward County, 
Florida 1983 - 1991. 
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Figure 4 shows the potential and actual gains or losses in wetland area on a 
yearly basis, excluding easement and preservation areas. Both figures indicate an 
overall loss in wetland area, but as shown in the data above, the loss is greater in 
actual wetland area (18.0 ha (44.1 acres)) than in potential wetland area (5.6 ha 
(13.2 acres)). 

Mitigation Ratios 

Mitigation ratios were calculated, where possible, for all permitted projects, 
whether or not the impacts or mitigation was completed. These ratios will be 
termed potential mitigation ratios because they were calculated using the potential 
impacted wetland area and the potential mitigated wetland area. Ratios were 
calculated separately for wetlands represented both in terms of area and numbers of 
trees. It was not possible to calculated ratios for permitted projects where the 
wetland impact was represented as an area (ha, for instance) and the mitigation 
was represented by the number of trees or seedlings required. In addition, ratios 
could not be calculated for projects where either the wetland impact or required 
mitigation was zero. 

Figure 5 represents the average mitigation ratios calculated for each year of 
permit issuance. It is evident that there is no consistency or trend in mitigation 
ratios by year, either in permitted projects based on area or tree numbers. No 
permits issued in 1983 and 1984 require mitigation in the form of a specific number 
of trees, therefore, these years are not represented in the lower graph. A permit 
requiring mitigation in the form of trees was issued in 1985, but the mitigation was 
required for a project with no wetland impacts, therefore, a ratio could not be 
calculated. 

In addition to mitigation ratios calculated by year of permit issuance, ratios were 
calculated based on potential impacted and mitigated wetland type. This resulted in 

| the determination of gains and losses in wetland types based on area. Table 3 
shows mitigation ratios of impacted and mitigated wetland types for permitted 
wetlands. Through FDEP permitting, Broward County has gained additional area in 
freshwater forested, littoral zone, mangrove, and saltmarsh wetlands and has lost 
area in freshwater forested/marsh, freshwater marsh, and seagrass wetlands. 
Littoral zone/open water and mangrove/open water wetlands were not included in 
this comparison because they contain an open water area with an undetermined 
area of wetland. 

By combining all the data, both from FDEP permit files and verification in the 
field, mitigation ratios for Broward County were calculated. The overall ratio of 
potential mitigated:impacted wetlands, as reflected in Table 3, in Broward County is 
2.3:1 for all permitted projects, whether or not the project impacts or mitigation were 
completed. By excluding easement and preservation areas, the potential ratio 
becomes 0.9:1. This is consistent with the data indicating wetland loss previously 
discussed. 

The mitigation ratio was calculated for actual impacts and mitigation, with and 
without easement and preservation areas. The mitigation ratio of actual 
mitigated:actual impacted wetlands, including easement and preservation areas is 
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2:1. When excluding easement and preservation areas, the actual ratio becomes 
0.7:1. This result is consistent with that shown for actual wetland area, indicating a 
loss in wetland area for Broward County, and also indicates that required mitigation 
is not being completed by all permit applicants. | 
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b) Actual Wetland Gains and Losses 
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Figure 4. Wetland gains and losses in Broward County, Florida 1983 - 1991. 

* Potential losses (a) totaled 5.6 ha while actual losses (b) totaled 18.0 ha. 
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Impacts and Mitigation Measured as an Area 
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Figure5. Average potential mitigation ratios in Broward County, Florida 1983 - 1991. 
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Table 3. Ratios of potential mitigated and impacted wetland types for Broward County, 1983 - 1991. 

— 

IMPACTED POTENTIAL MITIGATED POTENTIAL MITIGATED: 
WETLAND TYPE ha WETLAND TYPE ha IMPACTED RATIO COE ee EMAC TED RAO 
FW* Forested 0.1 FW* Forested 23.8 238:1 

FW Forested/Marsh 34.6 FW Forested/Marsh 8.8 0.3:1 
FW Marsh 9.3 FW Marsh 5.4 0.6:1 

Littoral Zone 1.9 Littoral Zone 2.5 1.3:1 
Mangrove 14.4 Mangrove 24.5 1.7:1 

Miscellaneous Trees** - Miscellaneous Trees** 0.1 - 

Littoral Zone/Open Water 6.4 Saltmarsh 0.1 - 
Open Water/Mangrove 2.2 Easement/Preservation 92.5 - 
Seagrass 0.01 - 

Total 68.9 Total 157.7 2.3:1 eee TB 
Area and wetland types were obtained from FDER permit files. 

FW* = Freshwater 

*** Includes isolated trees such as Annona glabra and Acer rubrum, does not include isolated mangroves. 

Mitigation Status 

After all of the mitigation area evaluations were completed, permitted projects 
were placed into one of six categories. In two instances, a project fit into more than 
one category. The categories reflecting mitigation status are as follows: 

1- Meets Permit The mitigation area evaluated meets or exeeds all 
Requirements: permit requirements. 

2- Meets Requirements, The mitigation was verified for completion, but was 
Not Evaluated: not evaluated. Represents easement and preserve 

areas and projects requiring only trees for 
mitigation. 

3- Impacts Not Complete The project impacts for which the permit was 
obtained have not been completed. 

4- Impacts Complete, The project impacts for which the permit was 
Mitigation Not Attmepted. obtained have been completed but the mitigation 

required has not been attempted. 
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5- Impacts Complete, The project impacts for which the permit was 

Mitigation Incomplete: obtained have been obtained have been completed, 

but the mitigation required is incomplete and does | 

not meet permit requirements. 

6- Mitigation Not Required: A permit was obtained for project impacts, but 

mitigation was not required. 

A total of 80 permits were reviewed resulting in 82 separate mitigation areas. 

Permitted wetland impacts were incomplete at 20 (24%) sites, mitigation was not 

required in 4 (5%) of the permitted projects, mitigation was incomplete in 19 (23%) 

of the mitigation areas, mitigation was not attempted at 15 (18%) of the proposed 

mitigation areas, and permit requirements were met at 24 (30%) of the mitigation 

areas. Figure 6 graphically represents the number of permits which fell into each 

category by year. 

Figure 7 reflects the percentage of permitted projects which have completed 

project impacts and have mitigation areas which meet permit requirements out of a 

total number of projects and have completed permitted project impacts. With the 

exception of 1983, in which only one permit was issued and mitigation was 

completed, the highest percentage of mitigation (67%) that met permit requirements 

was in 1986. The overall percentage of projects permitted between 1983 and 1991 

which have completed project impacts and have mitigation meeting permit require- 

ments is 40%. 
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Discussion and Conclusions 

The original objectives of the permit file review and field study were to assess 
the effectiveness of the FDEP in achieving no net loss of wetlands in Broward 
County, Florida, and to develop and use mitigation area evaluation criteria which 
could be utilized by FDEP and other permitting agencies in assessing the quality of 
the mitigation areas. 

It must be noted, however, that the two largest migration areas in Broward 
County were not used in this study. One of the permits was issued for saltwater 
impacts in 1985 and mitigation, and the other in 1989 for freshwater. The permit for 
the saltwater project was issued to joint applicants. The jurisdictional and mitigation 
acreage was distributed between the applicants. A total for the project was never 
calculated by FDEP. In addition, the applicants were in the process of clarifying the 
permitted mitigation, as well as modifying the proposed mitigation. The freshwater 
permit was also a large, complex project. The file correspondence from the 
applicant combines all jurisdictional wetland, permitted by all agencies (FDEP, 
ONRP, USCOE), into one total. As a result of the conditions of these projects, the 
FDEP jurisdictional area and mitigation could not be determined, and therefore, 
these projects could not be evaluated for this study. 

The data analyses utilized for this study involved the calculation of areas and 
ratios with, and without, the inclusion of easement and preservation area data. 
These areas do not represent a gain in wetland area for the County because they 
are jurisdictional wetlands which, most likely, would not be allowed to be impacted 
by permitting agencies. The permit applicant has chosen to deed (easement) or set 
aside (preservation) these areas as a portion of the total mitigation requirement. 
This usually occurs when the applicant has proposed an area of creation or 
enhancement which does not quite meet the proposed requirement of the permitting 
agency. The easement and preservations areas may be accepted in lieu of 
additional creation or enhancement, but are not accepted alone as mitigation. 

Wetland Types 

By comparing impacted and mitigated wetland types, information can be 
generated regarding the loss or gain of particular types of wetlands. Broward 
County shows a loss in freshwater forested/marsh, freshwater marsh, and seagrass 
wetlands and a gain in littoral zone, freshwater forested, saltmarsh, and mangrove 
wetlands. This indicates that, as a result of the FDEP permitting process, more 
impacts are occurring in freshwater forested/marsh, freshwater marsh, and seagrass 
areas than are being created or enhanced as mitigation. On the other hand, the 
FDEP permitting process has resulted in a larger area of wetlands through the 
creation or enhancement of littoral zone, freshwater forested, saltmarsh, and 
mangrove areas than have been impacted by issued permits. 

Mitigation Ratios 

It is evident from the data comparing average mitigation ratio by year (Figure 
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5), that there is no evident trend in this ratio, nor does there appear to be any 

consistency between years. Other researchers have observed this same 

inconsistency and expressed their concern (Eliot, 1985, and Kruczynski, 1990). 

Most permitting agencies have guidelines by which the amount of mitigation required 

for the proposed project impacts is determined. FDEP has a guideline of 2:1, 

mitigated wetland area:impacted wetland area. Unfortunately, there appears to be 
no consistency in the application of this ratio, either between years or types of 

wetlands (Table 3). 

Due to the diverse nature of wetlands, ratios cannot be established which will 

accommodate every type of wetland and proposed mitigation. In order to achieve 
more consistency within permitting agencies, those agencies must become more 

aware of their past permitting activity and the ratios they have established. This 

past activity would then be used when reviewing applications for new permits. 

Dredge and fill permitting by FDER in Broward County, between 1983 and 
1991, has resulted in a mitigation ratio of 2.3:1 (157.9:68.9 ha). This exceeds the 

2:1 guideline established in FDEP dredge and fill permitting rules (Chapter 17-312). 

However, with the exclusion of easement and preservation areas from this 

calculation, the County shows a slight loss in wetland area, with a mitigation ratio of 

0.9:1 (65.4:68.9 ha). These ratios were calculated for permitted projects, whether or 

not the impacts and mitigation were completed. 

The mitigation ratios mentioned above were calculated using the potential 

impacted and mitigated wetland areas, which do not take into account impacts and 

mitigation not completed. Calculating a ratio which includes only actual impacted 

and mitigated wetland areas results in a ratio of 2.0:1. Excluding easement and 

preservation areas, the actual ratio becomes 0.7:1 which indicates Broward County 

is actually losing wetland area. This is in comparison to the potential ratio of 0.9:1 

which indicates that there is a failure of applicants to complete the required 

mitigation and a failure on the part of FDEP to verify compliance with the permits 

issued. 

Mitigation Status 

As a result of verification of permitted project impacts and mitigation 

evaluations, it was noted that 40% of permitted projects which have completed 

project impacts, have mitigation which meet or exceed permit requirements. The 

remaining 60% of the mitigation areas have either not been attempted or do not 

meet permit requirements. The results provided here (40% of projects meeting 

permit requirements) exceed those found by FDEP (6%) in its own study (FDEP, 

1991). This is not surprising because in some counties FDEP may be either the 

only permitting agency or the only permitting agency requiring mitigation. The lack 

of staff may not allow for verifying compliance with the FDEP permits issued, but in 

areas where mitigation was also required by another agency the mitigation has twice 

the change of being checked for compliance. 
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Wetland Functions 

One important aspect of the wetland permitting process is the assessment of 
wetland functions and the application of those functions as goals of the proposed 
mitigation area. It is the opinion of the author that there is currently no objective, 
scientific method for assessing the quality and functions of wetlands; therefore, it is 
difficult to require that specific functions be incorporated into mitigation areas. The 
analysis undertaken in this study addresses wetland area and does not make a 
judgement regarding the functions of the wetlands impacted or required for 
mitigation through FDEP. 

As a regulatory agency whose purpose is to regulate wetlands through 
mitigation, there must be an awareness of wetland function. For instance, during 
the biological assessment if a coastal wetland area proposed to be impacted is 
noted as being a nursery habitat for fish, then this same function should be a goal 
of the proposed mitigation. In addition, assuming the coastal area was of low 
quality, then the required mitigation may occupy less area than the original wetland. 
If the mitigation area provides good quality nursery habitat, this may result in a loss 
of wetland area but an increase in wetland function. This analogy addresses the 
need for wetland function recognition. 

It is not likely that the permits examined for this study took wetland functions 
into account. The importance of the incorporation of the functions of the impacted 
wetland into the proposed mitigation areas has only recently become an issue in the 
permitting agencies. Fortunately, the assessment of wetland functions and the 
application of those functions as goals of mitigation are being addressed. Since this 
study began, FDEP in West Palm Beach has begun including a specific condition to 
their permits which states, "In order to offset the adverse impacts of the permitted 
project, the created area is expected to perform the following functions: ...".. The 
condition then lists functions noted during the biological assessment or those which 
would be expected of they type of mitigation proposed. While these proposed 
functions may lack some objectivity, the awareness of FDEP and its step forward in 
the regulatory framework is an important one which should allow for more successful 
and functional mitigation areas. 

Recommendations 

In order for FDEP, or any wetland permitting agency, to assure the success of 
their program, they must have the Support of the administrators of the agency 
through resources committed to the wetland permitting effort, including equipment, 
Staff, and salaries which will encourage personnel to stay with the agency instead of 
moving to private jobs, which generally pay more. Currently, this does not appear 
to be a priority. 

To assure the success of the mitigation required through FDEP’s permitting 
activity, they must have a capable staff. The factor leading to the low percentage of 
mitigation areas meeting permit requirements is the lack of staff to complete the 
inspections necessary to assure compliance with the permits issued. It is evident 
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that without this element, mitigation projects are not being completed as required by 
the permits, or are not being completed at all. Assuring compliance cannot be left 
to the applicant. There needs to be staff assigned solely to ensuring compliance 
with those permits. 

Compliance staff must, at a minimum, do the following: 1) inspect the project 
site to ensure that wetland impacts have not exceeded that allowed by the permit; 
2) inspect the mitigation area at completion to ensure the area meets the 
requirements of the permit (e.g., area, number of plants, plant spacing); 3) ensure 
that applicant or applicant’s consultant provides the correct number of mitigation 
monitoring reports and submits them on a timely basis; and, 4) and field verify the 
information contained in the monitoring report as well as insuring continuing 
compliance with the permit requirements. 

Most importantly, there must begin to be a recognition of wetland functions. 
These functions must be determined during the biological assessment by agency 
personnel and suggested as minimum goals for the proposed mitigation. The 
essence of wetland mitigation is the attempt to create a "natural" wetland area and, 
in order to effectively accomplish this, wetland functions must be considered. 
Wetland permitting has concentrated heavily on the area of impact versus the area 
of mitigation and, as a result, wetland functions were often implied. In other words, 
it was almost expected that if the mitigation met the permit requirements, then it 
functioned like the wetland it replaced. Unfortunately, natural systems do not follow 
this logic. Therefore, it is essential that an attempt be made to create wetlands 
which function like, or better than, those being destroyed. FDEP in West Palm 
Beach is beginning to take this step and it is hoped that the remaining FDEP 
districts, as well as all wetland permitting agencies, will do the same in order to 
assure the success of Florida’s wetland permitting programs. 
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ABSTRACT 

Wetlands often are created in stormwater ponds in Central Florida; sometimes 
the littoral zones of the ponds are planted to create habitat for fish and wildlife to 
compensate for the loss of wetland habitat as a result of land development. Studies 
have shown that urban runoff, that enters stormwater ponds, contains a significant 
amount of heavy metals and the heavy metals concentrate in the sediments of 
stormwater ponds. Fish that inhabit stormwater ponds serve as a food source to 
wading birds and other wildlife. This research was designed to determine if the fish 
that live in stormwater treatment ponds, constructed in the Orlando area, bioaccumu- 
late significant concentrations of heavy metals, and if there were differences in 
heavy metal concentrations between species with different foraging strategies. 
Redear sunfish (Lepomis microlophus), largemouth bass (Micropterus salmoides), 
and bluegill sunfish (Lepomis macrochirus) were collected from stormwater ponds 
and natural lakes and ponds in the Greater Orlando area and analyzed for 
cadmium, nickel, copper, lead, and zinc. Redear sunfish, a bottom feeder, collected 
from the stormwater ponds, contained significant (p<0.005) concentrations of 
cadmium, nickel, copper, lead, and zinc. Largemouth bass, a predator that occupies 
a high position on the food chain, collected from the stormwater ponds, contained 

significant (p<0.005) concentrations of copper. The results of this study suggest that 

the fish that live in stormwater ponds represent a potentially contaminated food 
source. 

INTRODUCTION 

Permits must be obtained from the St. Johns River Water Management District 
for land development, which include the required stormwater management systems 

that are designed to meet certain criteria. Stormwater ponds provide a benefit to 

water quality by removing heavy metals and nutrients from the water before it leaves 

the project area, and reduce the off-site discharge to relieve downstream flooding. 

The District requires that many wet-detention stormwater ponds be vegetated for the 

biological treatment of stormwater. Also, the District commonly approves plans that 

create habitat for fish and wildlife by planting desirable wetland and aquatic 

vegetation in the littoral zones of stormwater ponds to compensate for the loss of 

wetland habitat as a result of land development (a process known as mitigation). 
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Wilbur and Hunter (1979) and Owe, et. al. (1982) have shown that very large 
quantities of heavy metals are found in urban runoff. Heavy metal sources are 
largely associated with the operation of motor vehicles, atmospheric fallout, and road 
surface materials (Harper, 1985). Some sources of heavy metals are displayed in 
Table 1. 

ee 

Table 1. Sources of heavy metals found in stormwater runoff. 

meee 

SOURCE Cd Ni Cu Pb Zn 
eee 

Gasoline XX XX XX XX 
Exhaust Emissions XX XX 
Motor Oil and Grease XX XX XX XX XX 
Antifreeze XX XX 
Undercoating Xx XX 
Brake Linings XX XX XX XX 
Rubber XX XX XX XX 
Asphalt XX XX XX 
Concrete XX XX XX 
Diesel Oil XX 
Engine Wear XX 
meee 

Wigington, et al., 1983; Harper, 1985: Whalen and Cullum, 1988; and Harper, 1990. 
Cd=Cadmium; Ni=Nickel; Cu=Copper; Pb=Lead: Zn=Zinc. 

several investigations have been conducted to determine the fate of pollutants 
within stormwater treatment pond systems (Nightingale, 1975; Wigington, et al., 
1983; Harper, 1985; Yousef, et al., 1985; Nightingale, 1987). The results of these 
Studies suggest that heavy metals concentrate in the sediment of stormwater ponds. 
Sediments represent the most concentrated physical pool of metals in aquatic 
environments, and are ingested by many types of aquatic organisms (Luoma, 1983). 

This research was designed to determine if the fish that live in stormwater 
treatment ponds, constructed in the Orlando area, bioaccumulate significant | 
concentrations of cadmium, nickel, copper, lead, and zinc. Bioconcentration refers 
to that process whereby chemical substances enter aquatic organisms through the 
gills or epithelial tissue directly from the water; bioaccumulation is a broader term 
referring to a process, which includes bioconcentration, but also any uptake of 
chemical residues from dietary sources (Macek, et al., 1979). The various species 
of fish that inhabit stormwater ponds serve as a food source to wildlife, especially 
wading birds. In order to determine if there are differences in heavy metal 
concentrations in fish with different foraging strategies, three species of centrarchids, 
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each with substantially different foraging strategies, were selected for this study: 

redear sunfish, Lepomis microlophus; largemouth bass, Micropterus salmoides, and 

bluegill sunfish, Lepomis macrochirus. 

The redear sunfish depends largely on mollusks for food; it has _ highly 

developed grinding teeth located in its throat, which are capable of crushing snails 

(McClane, 1978). Redear sunfish in Florida eat midge larvae, snails, scuds, 

prawns, and mayfly and dragonfly naiads (Wilbur, 1969). Upon finding a snail on 

the bottom, the redear assumes a vertical position and literally dives into the 

sediment, head first (Wilbur, 1969). : 

The food of the young largemouth bass consists of tiny crustaceans. Larger 

bass eat insects, crayfish, frogs, and fishes (McClane, 1978). Bass in ponds without 

other fish rely on crayfish, frogs, large insects, and young bass (Carlander, 1969). 

The food of the bluegill sunfish consists of insects and some vegetation 

(McClane, 1978). Young bluegill feed on smaller crustaceans and aquatic insects 

(Carlander, 1969). 
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Figure 1. Location map of stormwater pond sites and control sites where fish were 

collected for heavy metal analysis, December, 1991-March, 1992, Orlando, Florida. 
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STUDY SITE 

Fish were collected from seven stormwater ponds and four natural control sites, 

located in the Greater Orlando area (Figure 1). Three species of fish, with different 

foraging strategies, were collected from the stormwater ponds and control sites: 

largemouth bass (Micropterus salmoides), redear sunfish (Lepomis microlophus), and 

bluegill sunfish (Lepomis macrochirus). Of the seven stormwater ponds selected, 

three serve shopping centers, two serve apartment complexes, and two serve road 

projects. 

Stormwater ponds selected for study met the following criteria: the stormwater 

pond is designed such that the pond always contains enough water to support a fish 

population; the project is a shopping center, an apartment complex, or a road; the 

project was built between 1986 and 1988; seining of the stormwater pond was 

possible; and, wading birds had been observed feeding in the pond. Control sites 

selected met the following criteria: the pond or lake did not receive any urban or 

road runoff; the pond or lake was accessible; and permission to access it had been 
obtained from the land owner. 

MATERIALS AND METHODS 

Fish were collected during the fall of 1991 and the winter of 1992. Fish were 

collected from the stormwater ponds using a 1.83 m (6-ft) deep by 16.75 m (55-ft) 
long seine with a .953-cm (3/8-in) mesh size and a 4 foot deep by 16.75 m (55-ft) 
long seine with a .635-cm (1/4-in) mesh size. A 1.83 m (6-ft) deep by 45.7 m (150- 

ft) long gill net with a 3.81-cm (1-1/2 in) mesh was used to collect some of the bass 

from the three stormwater ponds containing them. Five largemouth bass were 

collected from each of the three stormwater ponds containing them; five bluegill 

sunfish were collected from each of the three ponds containing them; and five 
redear sunfish were collected from each of the three ponds containing them. A total 
of 15 individuals of each of the three species was collected from the stormwater 
ponds; and, forty-five fish were collected from the seven stormwater ponds. Redear 
sunfish were collected from one of the control sites with the 1.83 m (6-ft) by 16.75m 

(55-ft) seine. Fish were collected from three of the control sites with an 

electrofishing boat. A total of 15 individuals of each of the three species (45 fish 

total) were collected from the control sites. As much as it was possible, the 
individuals of each species collected from both the stormwater ponds and the control 

sites were of similar size. Fish considered to be in the small-size range for each 

species were collected, small enough to be eaten by wading birds. 

Upon collection, each fish was measured, tagged, and placed in a Nasco Whirl- 
Pack bag. The fish were placed on ice and later frozen until they were taken to the 
laboratory for analysis. 

A composite sediment sample was collected from each of the seven stormwater 
ponds and four control sites on, or near, the date that the fish were collected. A 

sediment sample was collected from three different locations in each pond with an 

Ekman dredge. Each composite sediment sample was placed in a Nasco Whirl-Pak 
bag, and kept on ice until it was taken to the laboratory for analysis. 
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The fish (90 individuals) and the composite sediment samples (11 samples) 
were taken to Flowers Chemical Laboratories, Inc. (481 Newburyport, Altamonte 
Springs, Florida) for heavy metal analysis. At the laboratory, each fish was weighed 
to the nearest 0.1 of a gram on a triple-beam balance (Triple Beam Balance, 700 
series, OHAUS). 

Each fish sample was pureed in a Waring blender. A subsample (0.2 to 0.5 
grams) of each pureed fish sample was used for the microwave digestion procedure. 
Each sample was digested according to EPA Method 3051. The concentration of 
cadmium was determined for each sample using the Atomic Absorption Direct 
Aspiration Method, EPA Method 7130. The concentration of nickel was determined 
for each sample using the Atomic Absorption Direct Aspiration Method, EPA Method 
7520. The concentration of copper was determined for each sample using the 
Atomic Absorption Direct Aspiration Method, EPA Method 7210. The concentration 
of lead was determined for each sample using the Atomic Absorption Furnace 
Technique, EPA Method 7421. The concentration of zinc was determined for each 
sample using the Atomic Absorption Direct Aspiration Method, EPA Method 7950. A 
representative 0.5 grams of each sediment sample was digested, as described 
above. Each sediment sample was analyzed for cadmium, nickel, copper, lead, and 
zinc, using the methods described above. 

SAS (SAS Institute, 1985) was used on an IBM 4381 mainframe computer to 
analyze the data. The data was analyzed by using an analysis of variance 
(ANOVA). The Bonferroni Multiple Comparisons Procedure was used to compare 
the means. The level of significance was set at p<0.005. 

RESULTS 

Cadmium | 

Redear sunfish collected from the stormwater ponds contain a mean cadmium 
concentration that is significantly higher (p<0.005) than the redear collected from the 
control sites (Figure 2). Largemouth bass collected from the stormwater ponds 
contained a mean cadmium concentration that was significantly higher (p<0.005) 
than the bass collected from the control sites (Figure 2). The largemouth bass 
collected from the stormwater ponds contained the highest mean cadmium concen- 
tration (Figure 2). The mean cadmium concentration in the bluegill sunfish collected 
from the stormwater ponds was higher than the bluegill collected from the control 
sites; this was not demonstrated well in Figure 2, because the values are so small. 
The mean cadmium concentrations were significantly different (p<0.005) for the three 
species of fish. The mean cadmium concentration of the composite sediment 
samples collected from the stormwater ponds was higher than the composite 
sediment samples collected from the control sites (Figure 10). 
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Figure 2. The mean cadmium concentrations of the redear sunfish, the largemouth 
bass, and the bluegill sunfish collected from the stormwater ponds and the control 
sites, December, 1991-March, 1992, Orlando, Florida. 
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Figure 3. The mean nickel concentrations of the redear sunfish, the largemouth 
bass, and the bluegill sunfish collected from the stormwater ponds and the control 
sites, December 1991-March 1992, Orlando, Florida. 
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Nickel 

The mean nickel concentration of the redear sunfish collected from the 
stormwater ponds is significantly higher (p<0.005) than the redear collected from the 
control sites (Figure 3). The redear sunfish collected from the stormwater ponds 
contain the highest mean nickel concentration (Figure 3). Largemouth bass and 
bluegill sunfish collected from the stormwater ponds contain a higher mean nickel 
concentration than the bass and bluegill collected from the control site (Figure 3). 
The composite sediment samples collected from the stormwater ponds contain a 
mean nickel concentration approximately 20 times higher than the composite 
sediment samples collected from the control sites (Figure 10). 

Copper 

Redear sunfish collected from the stormwater ponds contain a mean copper 
concentration that is significantly higher (p<0.005) than the redear collected from the 
control sites (Figure 4). The mean copper concentration of the largemouth bass 
collected from the control sites is slightly higher than the bass collected from the 
stormwater ponds (Figure 4). The mean copper concentration of the bluegill sunfish 
collected from the stormwater ponds is significantly higher (p<0.005) than the bluegill 
collected from the control sites (Figure 4). The redear sunfish collected from the 
stormwater ponds contain the highest mean copper concentration (Figure 4). The 
mean copper concentration of the composite sediment samples collected from the 
Stormwater ponds is higher (approximately 4 times) than the composite sediment 
samples collected from the control sites (Figure 10). 

Lead 

The mean lead concentration of the redear sunfish collected from the 
stormwater ponds is significantly higher (p<0.005) than the redear collected from the 
control sites (Figure 5). Largemouth bass collected from the stormwater ponds 
contain a higher mean lead concentration than the bass collected from the control 
sites (Figure 5). The mean lead concentration is the bluegill sunfish collected from 
the stormwater ponds is higher than the bluegill collected from the control sites 
(Figure 5). The redear sunfish collected from the stormwater ponds contain the 
highest mean lead concentration (Figure 5). The mean lead concentration of the 
bluegill sunfish is significantly different (p<0.005) from both the redear and the bass. 
The mean lead concentration of the composite sediment samples collected from the 
control sites is approximately 2 times higher than the composite sediment samples 
collected from the stormwater ponds (Figure 10). 
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Figure 4. The mean copper concentrations of the redear sunfish, the largemouth 
bass, and the bluegill sunfish collected from the stormwater ponds and the control 
sites, December, 1991 - March, 1992, Orlando, Florida. 
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Figure 5. The mean lead concentrations of the redear sunfish, the largemouth 
bass, and the bluegill sunfish collected from the stormwater ponds and the control 
sites, December, 1991 - March, 1992, Orlando, Florida. 
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Zinc 

Redear sunfish collected from the stormwater ponds contain a mean zinc 
concentration that is significantly higher (p<0.005) than the redear collected from the 
control sites (Figure 6). The redear sunfish collected from the stormwater ponds 
contain the highest mean zinc concentration. The mean zinc concentration of the 
largemouth bass collected from the stormwater ponds is_ significantly higher 
(p<0.005) than the bass collected from the control sites (Figure 6). Bluegill sunfish 
collected from the stormwater ponds contain a mean zinc concentration that is 
higher than the bluegill collected from the control sites (Figure 6). The mean zinc 
concentration of the composite sediment samples collected from the stormwater 
ponds is approximately three times higher than the composite sediment samples 
collected from the control sites (Figure 10). 
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Figure 6. The mean zinc concentrations of the redear sunfish, the largemouth 
bass, and the bluegill sunfish collected from the stormwater ponds and the control 
sites, December, 1991 - March, 1992, Orlando, Florida. 

The mean cadmium concentration is higher in the redear sunfish, the 
largemouth bass, the bluegill sunfish, and the composite sediment samples collected 
from the stormwater ponds (Figures 7, 8, 9, and 10). The redear sunfish, the 
largemouth bass, the bluegill sunfish, and the composite sediment samples collected 
from the stormwater ponds contain a higher mean nickel concentration than the 
redear, the bass, the bluegill, and the composite sediment samples collected from 
the control sites (Figures 7, 8, 9, and 10). The mean copper concentration is higher 
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in the redear sunfish, the bluegill sunfish, and the composite sediment samples 
collected from the stormwater ponds than the redear, the bluegill, and the composite 
sediment samples collected from the control sites (Figures 7, 9, and 10). The 
largemouth bass collected from the control sites contain a slightly higher mean 
copper concentration than the bass collected from the stormwater ponds (Figure 8). 
The mean lead concentration is higher in the redear sunfish, the largemouth bass, 
and the bluegill sunfish collected from the stormwater ponds (Figures 7, 8, and 9). 
The composites sediment samples collected from the control sites contain a higher 
mean lead concentration than the composite sediment samples collected from the 
stormwater ponds (Figure 10). The redear sunfish, the largemouth bass, the bluegill 
sunfish, and the composite sediment samples collected from the stormwater ponds 
contain a higher mean zinc concentration than the redear, the bass, the bluegill, and 
the composite sediment samples collected from the control sites (Figures 7, 8, 9, 
and 10). 
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Figure 7. The mean cadmium, nickel, copper, lead, and zinc concentrations of the 
redear sunfish collected from the stormwater ponds and the control sites, December, 
1991 - March, 1992, Orlando, Florida (asterisks indicate significantly higher 
concentrations from the stormwater ponds at p<0.005). 
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Figure 8. The mean cadmium, nickel, copper, lead, and zinc concentrations of the 

largemouth bass collected from the stormwater ponds and the control sites, 

December, 1991 - March, 1992, Orlando, Florida (asterisks indicate significantly 

higher concentrations from the stormwater ponds at a p<0.005) 
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Figure 9. The mean cadmium, nickel, copper, lead and zinc concentrations of the 

bluegill sunfish collected from the stormwater ponds and the control sites, 

December, 1991 - March, 1992, Orlando, Florida (asterisk indicates significantly 

higher concentrations from the stormwater ponds at a p>0.005). 
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Figure 10. The mean cadmium, nickel, copper, lead, and zinc concentrations of the 
composite sediment samples collected from the stormwater ponds and the control 
sites, December, 1991 - March, 1992, Orlando, Florida. 

The redear sunfish, collected from the stormwater ponds, bioaccumulated 
significant (p<0.005) concentrations of cadmium, nickel, copper, lead, and zinc. 
Largemouth bass, collected from the stormwater ponds, bioaccumulated significant 
(p<0.005) concentrations of cadmium and zinc. Bluegill sunfish, collected from the 
stormwater ponds, bioaccumulated significant (p<0.005) concentrations of copper. 

DISCUSSION 

Cadmium 

The mean cadmium (a non-essential metal) concentration of the redear sunfish 
collected from the stormwater ponds is similar to values for redear collected from a 
contaminated system in a similar study (Murphy, et al., 1978). Redear collected 
from the control sites contain a higher mean cadmium concentration than values 
obtained for redear from an uncontaminated system (Murphy, et al., 1978). The 
uncontaminated system used in the other study appears to be more pristine or 
unpolluted than the controls used in this research. The mean cadmium concentra- 
tion of the largemouth bass collected from the stormwater ponds (3.16 mg/kg, wet 
weight) is much higher than values obtained in similar studies (Murphy, et al., 1978: 
Sorensen, 1991). Largemouth bass collected from the control sites have a mean 
cadmium concentration similar to values obtained from a contaminated system in a 
similar study (Murphy, et al., 1978). The mean cadmium concentration of the 
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bluegill collected from the stormwater ponds is lower than the range of values 
obtained for bluegill in similar studies (Atchison, et al., 1977; Giesy and Wiener, 
1977; Murphy, et al., 1978). Bluegill collected from the control sites in this study 
contain a lower mean cadmium concentration than values obtained for bluegill from 
an uncontaminated system (Murphy, et al., 1978; Atchison, et al., 1977; Giesy and 
Wiener, 1977). 

In similar studies, the degree of association of fish with sediments seems to 
play a critical role in cadmium accumulation. A study by Murphy, et al., (1978), 
determined that diet influenced cadmium accumulation in fish. Comparison of 
cadmium levels in redear sunfish (a snail-eater) with those in bluegill showed almost 
three-fold higher cadmium concentration in redear than in bluegill sunfish. 
Carnivorous largemouth bass contained among the lowest whole body trace metal 
concentrations, while the more omnivorous bluegill generally contained higher 
concentrations. In this research, redear contain much higher cadmium 
concentrations than bluegill sunfish, which is consistent with other studies. However, 
largemouth bass contain the highest mean cadmium concentration. Either the diet 
of the largemouth bass in this study is different from bass collected in similar 
studies, or other factors are involved. The bass in Central Florida may eat more 
insects and crustaceans than do bass from the midwest; this could account for the 
higher cadmium concentrations in the largemouth bass in this study. The diet of the 
bluegill in Central Florida may contain more insects than bluegill collected in other 
studies, which may account for the lower cadmium concentrations. Wiener and 
Giesy (1979) determined that trace metal concentrations in fish are apparently 
related to factors other than food habits and trophic status. This was shown by 
significant differences in trace metal concentration in pickerel and largemouth bass, 
which occupy the highest trophic level and have similar dietary preferences. They 
suggested that numerous factors play a role in determining the level of accumulated 
cadmium; including cadmium source, exposure level, distance from contamination 
source and the presence of other ions. Factors other than food habits may be why 
the largemouth bass in this study contain higher cadmium concentrations than 
values obtained for bass in similar studies, or why the mean cadmium concentration 
is higher than that of the redear sunfish, the bottom feeder. These factors also may 
be why the bluegill in this study contain fairly low cadmium concentrations. | 

The redear sunfish, the largemouth bass, and the bluegill sunfish collected from 
the stormwater ponds contain more cadmium (significantly more at a p<0.005 in the 
case of the redear and bass) than the fishes collected from the control sites. The 
results are similar to a study done by Murphy, et al., (1978) where concentrations of 
cadmium in muscle were significantly greater in samples of both largemouth bass 
and bluegill from the contaminated site than in corresponding samples from 
uncontaminated site in Palestine Lake, Indiana. Because the sediment samples 
obtained in this study are composite samples, they cannot be compared with values 
in the literature. However, the values are consistent with values obtained for the 
fish, in that, the composite sediment samples collected from the stormwater ponds 
contain a higher mean cadmium concentration than the sediment collected from the 
control sites. 

The results suggest that cadmium is  bioaccumulating in significant 
concentrations in the redear sunfish and the largemouth bass collected from the 

78



stormwater ponds. Cadmium also is bioaccumulating in the bluegill collected from 
the stormwater ponds. Bioaccumulation patterns are somewhat different from those 
observed in other studies. However, cadmium is a heavy metal that should be of 
concern regarding the fish living in stormwater ponds. 

Nickel 

Nickel is suspected of being essential for some plants and animals (Gough, et 
al., 1979). The mean nickel concentrations of the fish in this study are within the 
range of values reported in similar studies (Uthe and Bligh, 1971; Mathis and 
Cummings, 1973; Jenkins, 1980). 

The bioaccumulation pattern of nickel in this study is consistent with similar 
Studies on nickel and other heavy metals, in which those species most associated 
with the bottom sediments contain the highest heavy metal concentration. The 
redear sunfish, the bottom feeder, collected from the stormwater ponds contain the 
highest mean nickel concentration. The largemouth bass collected from the 
stormwater ponds have the second highest mean nickel concentration, followed by 
the bluegill. All three species collected from the stormwater ponds have a higher 
mean nickel concentration than the fish collected from the control sites (significantly 
higher for the redear). Composite sediment samples that were collected are 
consistent with the fish, in that the samples from the stormwater ponds have a 
higher mean nickel concentration. 

The Panel on Nickel (1975), found that most foods including clams, scallops, 
shrimp, lobsters, crab, marine fishes and freshwater fishes contain nickel levels 
below 0.75 mg/kg. The mean nickel concentrations of the redear sunfish collected 
from the stormwater ponds, and the bass collected from the stormwater ponds and 
the control sites, are higher than 0.75 mg/kg. 

The results suggest that nickel is bioaccumulating in all three species of fish 
collected from the stormwater ponds. Nickel is a heavy metal that should be a 
concern regarding the fish living in stormwater ponds. 

Copper 

Copper is a known essential trace element for plants and animals (Gough, et 
al., 1979). Several effects of exposure to sublethal concentrations of copper have 
been reported in fish. These include decreased survival, growth, and reproduction 
(Mount and Stephan, 1969; McKim and Benoit, 1971). In addition, fish exposed to 
sublethal copper concentrations accumulate copper in certain tissues, particularly 
gills and liver (Brungs, et al., 1973; Benoit, 1975). : 

The redear sunfish collected from the stormwater ponds have a mean copper 
concentration that is higher than values obtained in other studies (Lucas, et al., 
1970; Giesy and Wiener, 1977). The mean copper concentrations of the redear 
sunfish collected from the control sites is within the range of values obtained in 
other studies. The largemouth bass collected from the both the stormwater ponds 

79



and the control sites have a mean copper concentration that is consistent with 
values obtained in similar studies (Lucas, et al., 1970; Giesy and Wiener, 1977). 
However, bass collected from the control sites have a higher mean copper 
concentration than the bass collected from the stormwater ponds. The mean copper 
concentration of the bluegill sunfish collected in this study is similar to values 
obtained in similar studies (Lucas, et al., 1970; Giesy and Wiener, 1977). 

Elevated levels of copper in fish tissues are associated with development of 
enhanced tolerance to subsequent copper exposure (Dixon and Sprague, 1981). 
Fish collected from the control sites may have previously been exposed to copper 
(possibly from copper-based herbicides and pesticides) and have developed 
enhanced tolerance. Enhanced tolerance may account for why the largemouth bass 
collected from the control sites have a higher mean copper concentration than the 
bass collected from the stormwater ponds. 

Mathis and Cummings (1973) reported the highest copper concentration in 
sediments and in animals living in, or on, the sediments. The tissue concentration 
of most metals, therefore, appears to be more greatly influenced by association with 
bottom sediments rather than position in the food chain in aquatic organisms (Wren, 
et al., 1983). The results of this study are consistent with the literature in that the 
redear sunfish, the species most associated with the bottom sediment, collected 
from the stormwater ponds, have the highest mean copper concentration (followed 
by the largemouth bass, then the bluegill). The composite sediment samples 
collected from the stormwater ponds have a higher mean copper concentration than 
the composite sediment samples from the control sites, which is consistent with the 
results obtained for the fish. Giesy and Wiener (1977) reported no apparent 
biomagnification of copper, which is consistent with the results obtained in this 
study. 

The results suggest that copper is bioaccumulating towards significant (p<0.005) 
levels in the redear sunfish and the bluegill sunfish collected from the stormwater 
ponds. Because the largemouth bass collected from the control sites appear to 
have enhanced copper tolerance, the results do not show a significant accumulation 
in the bass living in stormwater ponds. Copper is a heavy metal that should be a 
concern regarding the fish living in stormwater treatment ponds. 

Lead 

Lead is a non-essential, toxic metal (Davies, et al., 1976). The maximum daily 
"safe" level of lead that has been determined by the World Health Organization is 
0.45 mg/kg (Sorensen, 1991). The FDA standard for lead in seafood is 0.5 mg/kg 
(Suffern, et al., 1981). The mean lead concentrations of the redear sunfish, the 
largemouth bass, and the bluegill sunfish collected in this study exceed 0.45 mg/kg. 

The mean lead concentration of the redear sunfish and the largemouth bass 
collected from the stormwater ponds and control sites is higher than values obtained 
in similar studies (Wiener and Giesy, 1979; Wiener, et al., 1982). This suggests 
that the "background" lead levels in the redear and the bass from the control sites 
are as high or higher than contaminated sites in other parts of the United States. 
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The redear sunfish and the largemouth bass collected from the stormwater ponds 
have a mean lead concentration that is much higher than values obtained in similar 
studies (McIntosh and Bishop, 1976; Wiener and Giesy, 1979; Wiener, et al., 1982). 
The bluegill sunfish collected from the stormwater ponds and the control sites have 
a mean lead concentration that is within the range of values obtained in similar 
studies. | 

Many studies have shown that whole fish levels of lead are always higher in 
fish exposed to contaminated sediments than in controls (Sorensen, 1991), which is 
consistent with the results of this study. The redear sunfish, the largemouth bass, 
and the bluegill sunfish collected from the stormwater ponds have higher mean lead 
concentration than the fish collected from the control sites. The mean lead 
concentration is statistically significantly higher in the redear from the stormwater 
ponds (p<0.005). The mean lead concentration is significantly higher (p=0.0076), 
from a biological point of view, in the bass from the stormwater ponds than the bass 
collected from the control sites. The bluegill collected from the stormwater ponds 
also contain a mean lead concentration that could be considered biologically 
significant, because it is higher than the bluegill collected from the control sites. 
McIntosh and Bishop (1976) found that bluegill had a mean lead concentration that 
was significantly higher than the metal concentrations in similar species from lakes 
and ponds with no known metal inputs, which is similar to the results obtained in 
this research. 

The results are consistent with the literature in that no trophic level 
biomagnification of lead was observed among fishes of different trophic position 
(Wiener and Giesy, 1979; Wren, et al., 1983). The results are similar to those 
found with other metals in that the redear sunfish collected from the stormwater 
ponds, which is the species most associated with the bottom sediments, has the 
highest mean lead concentration. 

Gasoline combustion accounts for more than 80 percent of lead in air 
(Lagerwerff, 1972). Anthropogenic burdens of lead are evident even in remote lakes 
in undeveloped watersheds, due to long-range atmospheric transport and deposition 
(Wiener, 1977). This may explain why the composite sediment samples collected 
from the control sites have a higher mean lead concentration than the composite 
sediment samples collected from the stormwater ponds. Because the lead in the 
sediment from the control sites is more of a historical nature, it may not be as 
available to the fish living in the control ponds and lakes. Atmospheric deposition 
could explain why the fish collected from the control sites have higher mean lead 
concentrations than reported in many other studies. However, because the fish that 
live in stormwater ponds receive continuous significant inputs of lead, the mean lead 
concentration of the fish collected from the stormwater ponds is higher than the fish 

: from the control sites. 

_ The results of this study suggest that lead is bioaccumulating in the fish that 
live in stormwater ponds. Lead is a heavy metal that should be of concern in the 
fish living in stormwater ponds. The results suggest also that fish collected from the 
control sites appear to have lead levels above approved "safe" or tolerable levels. 
A more detailed study should be done to determine if the lakes and ponds in 
Central Florida are contaminated by lead. | 
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Zinc 

Zinc is an essential element for human and animal growth; it is a constituent of 
all cells and an important cofactor for certain enzymes (Phillips and Russo, 1978). 
In excess, zinc is known to be toxic to fish, causing mortality, growth retardation, 
tissue alterations, respiratory and cardiac changes, inhibition of spawning, and a 
multitude of additional detrimental effects which threaten survival. 

The mean zinc concentration of the redear collected from the stormwater ponds, 
although significantly higher (p<0.005) than in the redear collected from the control 
sites, is much lower than values obtained for redear sunfish in the contaminated 
West Basin, Palestine Lake, Indiana (Murphy, et al., 1978). The mean zinc 
concentration of the redear sunfish collected from the control sites is similar to 
values obtained in a similar study (Murphy, et al, 1978). The mean zinc 
concentration of the largemouth bass collected from the stormwater ponds is higher 
than values obtained in similar studies (Murphy, et al., 1978; Wiener and Giesy, 
1979). Largemouth bass collected from the control sites have a mean zinc 
concentration that is similar to that of bass collected from an uncontaminated system 
in Indiana (Murphy, et al., 1978). The mean zinc concentration of the bluegill 
sunfish collected from the stormwater ponds and the control sites is within the range 
of values obtained in similar studies (McIntosh and Bishop, 1976; Wiener and Giesy, 
1977; Murphy, et al., 1978). 

Murphy, et al., (1978) found that largemouth bass and bluegill sunfish in an 
ecosystem heavily contaminated by trace metals accumulated significantly more zinc 
than bass and bluegill from an uncontaminated ecosystem. The results obtained by 
Murphy, et al., (1978) are consistent with the results obtained in this study. All 
three species collected from the stormwater ponds have higher mean zinc 
concentrations than the fish collected from the control sites (significantly higher at a 
p<0.005 for redear and bass). Other researchers obtained similar results for bluegill 
(Mcintosh and Bishop, 1976). The composite sediment samples collected from the 
stormwater ponds also have a higher mean zinc concentration than the composite 
sediment samples collected from the control sites, which is consistent with the 
results obtained for the fish. 

The results of this study indicate that no trophic level biomagnification is 
occurring for zinc, which is consistent with results obtained by Wiener and Giesy 
(1979). The redear sunfish collected from the stormwater ponds, the species most 
associated with the bottom sediments, contain the highest mean zinc concentration. 
This is consistent with the results obtained for most of the heavy metals in this 
study. One difference, as compared to the other heavy metals, is that the bluegill 
sunfish collected from the stormwater ponds have a mean zinc concentration that is 
higher than the bass collected from the stormwater ponds. This is consistent with a 
study done by Murphy, et al., (1978) in which bluegill contained significantly greater 
concentrations of zinc than did bass, probably because of differences in feeding 
behavior. a 

Bioaccumulation of zinc is occurring in the redear sunfish, the largemouth bass, 
and the bluegill sunfish that live in stormwater ponds. The bioaccumulation patterns, 
observed in this study, are consistent with those previously reported. Zinc is a 
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metal that should be a concern regarding the fish living in stormwater treatment 
ponds. 

SUMMARY 

The results of this study indicate that cadmium, nickel, copper, lead, and zinc, 
present in stormwater runoff, are bioaccumulating in the fish living in stormwater 
ponds. Redear sunfish, the species most associated with the bottom sediments, 
collected from stormwater pond, are bioaccumulating significant concentrations 
(p<0.005) of cadmium, nickel, copper, lead, and zinc. Largemouth bass, the 
predator, collected from stormwater ponds are bioaccumulating cadmium and zinc to 
Statistically significant (p<0.005) concentrations. Biologically significant concen- 
trations of nickel, copper, and lead are bioaccumulating in the bass living in 
stormwater ponds. These concentrations are biologically significant because they 
are higher than the concentrations found in bass collected from uncontaminated 
environments. The omnivorous bluegill sunfish that lives in stormwater ponds is 
bioaccumulating significant (p<0.005) concentrations of copper. The cadmium, 
nickel, lead, and zinc concentrations in the bluegill sunfish collected from the 
stormwater treatment ponds represent biologically significant concentrations because 
they are higher than the concentrations found in the bluegill collected from 
uncontaminated environments. It is interesting to note that even though the 
stormwater ponds were only 3-5 years old when the fish were collected from them, 
Significant levels of the five heavy metals are found in the fish. It is not known what 
the effect is on the wading birds and other wildlife that are feeding on the fish living 
in stormwater ponds; it is beyond the scope of this study. Research is needed to 
determine not only how often wading birds and wildlife forage in stormwater ponds, 
but what effect eating fish containing significant heavy metal concentrations has. 
Studies also should be done on the heavy metal concentrations present in the other 
faunal components that live in stormwater ponds (insects, crustaceans, frogs, turtles, 
etc.). Because the results of this study show that the fish that live in stormwater 
ponds, especially the species most associated with the bottom sediments, are 
bioaccumulating significant concentrations of heavy metals, attracting wildlife to these 
ponds should be discouraged. Stormwater ponds help keep the lakes and rivers of 
Florida from becoming polluted from urban runoff; however, the fish that live in them 
represent a potentially contaminated food source. 
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ABSTRACT 

Experimental seagrass plantings were conducted in three aartificially-created 

ponds in Central Sarasota Bay. Planting units were produced from locally collected 

Ruppia maritima (Widgeon-grass) that had been clonally micropropagated in vitro. 

Explants used to produce the planting units were rhizome segments containing five 

short-shoot nodes. Explants were propagated axenically in sucrose-enriched media 

supplemented with the cytokinin 2-isopentyl adenine (2iP). Culture conditions 
resulted in high rates of node production and branching; nodes and branches 

exhibited doubling times of less than two weeks. We used a new planting technique 

in which the micropropagated plants were placed in biodegradable cotton-mesh bags 

that contained river-rock ballast in three configurations. This technique protected 

and anchored the fragile planting units prior to rooting. Leaves and roots rapidly 

grew through openings in the cotton-mesh bags, and plants became rooted before 

the bags decomposed (about two months). Survival of the plants in Pond No. 1 

ranged from 60% to 97% after three to five months and was greatest in planting 

units with rock ballast secured to the bag corners. Survival ranged from 15 to 63% 

in Pond No. 2, which had less tidal flushing, rockier sediments, and a persistent 

accumulation of macroalgae. No planting units survived in Pond No. 3, seemingly 

because of unsuitable sediments and disturbance by humans. Plants expanded 

rapidly, and areal coverage doubled approximately every month. These preliminary 

results indicate that Widgeon-grass, produced through micropropagation, may be 

suitable for planting in situ. In addition, the use of the cotton-bag technique 

enhances establishment and survival of this structurally fragile species. 

INTRODUCTION 

Seagrass communities provide critical habitat and trophic structure for 

ecologically and economically important fishery species, and they are a major force 

in stabilizing coastal ecosystems (Thayer, et al., 1984; Zieman and Zieman, 1989). 

Unfortunately, seagrasses have significantly declined in areal coverage and quality in 

many coastal areas. Losses of 80 to 90% of historical seagrass coverages have 

occurred in areas such as Tampa and Chesapeake Bays (Lewis, et al., 1985; 
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Dennison, et al., 1993). Much of this loss has been attributed to excessive nutrient 
loading and the resulting poor water quality. Reductions in nutrient loading in many 
coastal systems over the past ten years have contributed to improved water quality, 
and seagrasses have recolonized some shallow areas that had been barren for 
several decades (Johansson and Lewis, 1992). However, lack of recruitment stock 
may limit the extent to which natural recolonization can occur in suitable sites. 

Because resource managers are recognizing the importance of seagrasses in 
the production and maintenance of living marine resources, much emphasis has 
been placed on developing techniques for restoring seagrass beds. Most previous 
seagrass-restoration projects have depended on the destructive and labor-intensive 
harvest of planting units from natural donor beds. The only non-destructive 
approaches have been based on the collection of Thalassia testudinum Banks ex 
Konig seedlings and sprigs from beach wrack (Thorhaug, 1974; Durako and Moffler, 
1981, 1984; Derrenbecker and Lewis, 1983; Phillips and Lewis, 1983). In vitro 
micropropagation offers a potentially low-cost, highly-efficient, and non-destructive 
technique for propagating seagrasses at rates that are much higher than those 
obtained with other methods of propagation. This biotechnological approach can 
also provide genetically uniform material for bioassaying various types of 
environmental stresses and allows for the identification, selection, and clonal 
propagation of stress-tolerant genotypes. In addition, the production of vigorous 
planting stock can be adjusted to meet the sporadic demands of planting projects 
(Ailstock, 1986). 

Ruppia maritima L. (Widgeon-grass) is a cosmopolitan seagrass that occurs 
throughout the world in a variety of ecological niches. In addition, Ruppia is 
characteristically an early and frequent recolonizer of sites previously occupied by 
climax seagrass species. Although Ruppia has not been widely used in previous 
seagrass planting studies, this species may be better suited for initial testing of 
restoration-site suitability than other species are, because it has the broadest 
physiological tolerances of any seagrass. In this report, we describe the results of 
several trial plantings. We used a new planting technique in which micropropagated 
Ruppia was placed in ballasted, biodegradable cotton-mesh bags. 

MATERIALS AND METHODS 

Micropropagation 

Ruppia maritima was micropropagated using the protocol described by Koch 
and Durako (1991), with some modifications. We modified the sterilization 
procedure to decrease contamination rates by including a vacuum treatment that 
infiltrates the lacunar spaces of the explants (i.e., field-collected rhizome sections) 
with sterilizing and antimicrobial agents. 

Plant material, consisting of rhizome sections with attached short-shoots, was 
collected from Sarasota Bay in February, 1992. The sections were cut into single- 
branch segments having at least five shoots, and were soaked in a fungicide 
solution (Captan, 1.5 g/L of 20 ppt Sterile Artificial Seawater [SASW]) overnight on 
an orbital shaker. Segments were then trimmed to three to five-node explants using 
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aseptic techniques in a laminar-flow hood. Batches of 10-20 explants were surface 

sterilized by vacuum infiltration (40-cm Hg vacuum for 10 minutes) of a 

Clorox/SASW solution (1:5 vol/vol) with 0.1% Tween as a surface wetting agent. 
Following infiltration, explants were rinsed three times in sterile seawater. 

Single, surface-sterilized explants were aseptically transferred to 24-well plates 

containing 2 ml of a sterile-filtered antibiotic solution (0.20 g/L each of rifampin and 

erythromycin in 20 ppt SASW). Explants were infiltrated (40-cm HG vacuum for 30 

minutes) with antibiotics on the orbital shaker and then were equilibrated to ambient 

pressure for 24 hours. Individual explants were then directly transferred to 24-well 

plates containing 2 ml of culture medium. The medium consisted of Koch and 

Durako basal salts (Sigma No. K-1254), 1% (wt:vol) sucrose, and 10 mg/L 2iP (N°- 

[2-Isopentenyl] adenine) in 20 ppt SASW at pH 5.6. Cultures were illuminated (12 h 

light:12 h dark) by cool-white fluorescent lamps with a PAR (photosynthetically active 

radiation photon-flux density) of approximately 100 uE m* s’ and were maintained at 
26°C in a temperature-controlled culture room. After 10 days incubation, uncontam- 

inated plants were aseptically transferred to sterile 25 x 150-mm culture tubes 

containing 40 ml of fresh media. The rapidly growing plants were micropropagated 

by subdividing into 5 to 10-node segments at monthly intervals. 

One month prior to being planted into the field, plants were transferred to 

culture tubes containing media lacking sucrose to "harden" the plants and promote 

root production. Cultures were also placed in growth chambers with high-intensity 

lighting (500-700 wE m”* s”) to acclimatize. | 

Planting Site | | | 

Clonally micropropagated Ruppia maritima was planted in three ponds 

(designated Pond No. 1, No. 2, and No. 3) at the Sarasota BayWalk site on City 

Island in Central Sarasota Bay, Florida. Sarasota BayWalk is a 4.5-acre habitat- 

restoration and enhancement site created as an Early Action Demonstration Project 

through the Sarasota Bay National Estuary Program (SBNEP). The objective of the 

BayWalk project was to create highly-productive, diverse, and integrated habitats by 

removing non-native plant species, lowering land elevations, and planting appropriate 

native coastal and wetland plants (Roat, et al., 1992). Pond No. 1 is adjacent to 

the SBNEP office and is the only natural pond on the site. This pond is bordered 

on the south side by a natural mangrove forest and on the north side by a planted 

Spartina alterniflora Loisel (fringe marsh). Pond No. 1 has a direct connection to 

Sarasota Bay via a small tidal creek; shallow channels connect Pond No. 1 to Pond 

No. 2, and Pond No. 2 to Pond No. 3. Ponds No. 2 and No. 3 were created to 

provide suitable habitat for fish. These ponds have rockier sediments, experience 

less tidal flushing, and have more variable salinities than does Pond No. 1. The 

shoreline of Pond No. 2 consists of planted Spartina alterniflora. Pond No. 3 is the 

largest, deepest, and least flushed of the three ponds. The sediments in this pond 

consist of a thin veneer of sand over a compacted, rocky base. The shoreline of 

this pond has sparse plantings of Rhizophora mangle L. and some Spartina. Ponds 

No. 2 and No. 3 are not within sight of the SBNEP office and may have been 

subject to disturbance by humans. | | 
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Planting Units 

Previous test plantings of Ruppia (Durako, unpublished data) showed that the 
staple technique (Fonseca, et al., 1982), currently the most widely used method for 
planting seagrass, was inappropriate for Widgeon-grass because of its fragile 
rhizome. Thus, a new planting technique was developed in which biodegradable 
cotton-mesh (cheesecloth) bags that contained river-rock ballast were used. This 
technique anchored and protected the fragile planting units (PUs). Several bag 
configurations were tested: 

Treatment | (T-l): bags contained loose stones and were tied with a knot or 
jute twine, 

Treatment Il (T-Il): bags were constructed as in T-| and were tied with jute 
twine to the inside corners of 25 cm x 25 cm PVC quadrats (4 bags quad’) 
to protect the PUs from bioturbation, and 

Treatment Ill (T-III): bags contained stones that were sewn into the corners. 
All bags were approximately 8 cm x 10 cm. 

In the laboratory, micropropagated plants were transferred from culture tubes 
and inserted into the bags, the open end of each bag was folded over and stapled, 
and the bags were placed in a cooler chest in layers separated by paper towels 
moistened with media. The cooler chest containing PUs was then transported to the 
field state. Planting units were installed in the ponds within three hours of initial 
preparation. 

Field Planting 

Test plantings were conducted on three dates. All PUs were installed on 
approximately 25-cm centers. Within a pond, PUs were installed in an area that 
was apparently uniform. On October 13, 1992 we installed a total of 177 PUs (A 
symbols in Figure 1). In Pond No. 1, three rows of ten t-l bags were alternated 
with two rows of five T-Il quadrats each (70 PUs). In Pond No. 2, a row of ten T-I 
bags was placed on either side of one row of five T-Il quadrats (40 PUs). Pond 
No. 3 was planted in the same configuration as Pond No. 1, except a single T-I bag 
replaced a T-ll quadrat in one of the two T-II quadrat lines (67 PUs). 

A second group of 50 PUs, consisting entirely of T-Ill bags, was installed on 
November 25, 1992 (B symbols in Figure 1). A row of ten PUs was placed parallel 
to one of the outside T-Il rows in Pond No. 1 (10 PUs). Two rows of ten PUs each 
were placed outside and parallel to the two outside T-I rows in both Pond No. 2 (20 
PUs) and Pond No. 3 (20 PUs). 

The final group of 138 PUs, again consisting entirely of T-IIl bags, was installed 
on December 16, 1992 (C symbols in Figure 1). In this planting, a plot with three 
rows of eight PUs and two rows of seven PUs each was planted in Pond No. 1 (38 
PUs), a 5 x 6-unit plot was planted in Pond No. 2 (30 PUs), and a 7 x 10-unit plot 
was planted in Pond No. 3 (70 PUs). 
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Figure 1. Diagram of the relative placement of micropropagated Ruppia maritima 
plants within planting areas in three ponds at Sarasota BayWalk. Letters refer to 
planting date: A=10/13/92, B=11/25/92, C=12/16/92. The A’s signify T-1 planting 
units (PUs), the A’s in boxes signify T-Il quadrant PUs, B’s and C’s signify T-lll PUs 
(see Materials and Methods). 
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Survival of the PUs was monitored regularly until March 28, 1993. Areal 
coverage rates of T-I and T-IIl bags in Pond No. 1 were estimated by averaging the 
width (d, in cm) of the PUs on two perpendicular axes and by computing areal 
spread as: 

[x(d/2)*/Adays = cm*/day 

Because of the close proximity and rapid coalescence of the PUs within the 
quadrats, areal coverage rate could not be measured for Treatment Il. Doubling 
time (DT) in days was calculated as 

DT = .301/[(log x, - log x,)/At] : 

where x, and x, are the number of nodes and branches for cultured plants or the 
area of a PU att, and t, days; At =t, - t). 

RESULTS AND DISCUSSION 

More than 350 robust plants of Ruppia maritima were produced from fewer than 
20 five-node rhizome segments using the in vitro micropropagation techniques 
described by Koch and Durako (1991). The axenic Ruppia cultures had high rates 
of growth and branching in vitro. Figure 2 illustrates characteristic rates of node 
production and branching during a month-long propagation cycle that was initiated 
with single-branch, five-node explants. The growth rates shown in this figure yielded 
doubling times of 13.5 days for nodes and 11.0 days for branches. These results 
are comparable to the two-week doubling times reported for axenic sago pondweed, 
Potamogeton pectinatus L., cultured in vitro in nutrient-enriched media (Ailstock, et 
al., 1991). 

Leaves rapidly grew through the ballasted cheesecloth bags used for planting 
the Ruppia, and the plants became rooted and started to spread before the bags 
deteriorated. Doubling times for the areal coverage of T-I and T-Ill plants in Pond 
No. 1 averaged from 25 to 37 days, and areal coverage rates averaged from 5 to 
19 cm* day’ (Figure 3). The areal coverage rates for Ruppia fell within the range of 
values reported by Fonseca, et al., (1987) for transplants of field-harvested PUs of 
shoal grass, Halodule wrightii Aschers. (11.4 cm* day” for the northern Gulf of 
Mexico to 74 cm’ day” for the Florida Keys), and manatee grass, Syringodium 
filiforme Kutzing (4.7 cm*® day” for the northern Gulf of Mexico to 40 cm* day” for 
the Florida Keys). Because these ranges are similar and our Ruppia data represent 
only fall and winter growth, the micropropagated material seems to be robust and 
has a high growth potential. The relatively long DT and low coverage rate of the 
December 16th plantings probably resulted from the low water temperatures (water 
temperatures declined from 27.2° C on 12/16/92 to about 14.5°C on 2/21/93) and 
short daylengths for this planting group. Even so, the 38-unit plot installed on 
December 16th completely coalesced within three months. 

Pond No. 1 seemed to provide the best conditions for survival and growth of 
the Ruppia (compare Figures 4 and 5), perhaps because it is a natural, relatively 
well-flushed pond. The first group of bags (T-I) had an initial 37% loss of units that 
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Figure 2. Production (mean + s.e.; n=10) of does and branches for axenic 

micropropated Ruppia maritima during a one-month propagation cycle. 
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seemed to be due to a combination of factors related to the T-I bag design. The 
knots and jute twine used as bag closures attracted the attention of curious herons 
and egrets who picked up the bags by the knots and flung them out of the planting 
grid (personal observation). We later observed some of these (displaced) units 
growing outside the grid, so the true survival rate is higher than shown in Figure 4. 
Because the knots and twine tended to float up in the water column, they became 
fouled with algae, and this may have shaded out the underlying Ruppia. This 
material was also relatively slow to break down; the twine persisted long after the 
cheesecloth had disappeared (after about two months). 

Because biogenic effects have been reported to be one of the most frequent 
problems associated with the failure of seagrass restoration projects (Fonseca, 
1990), PVC quadrats (the T-Il treatment) were used to protect PUs from decapod 
excavations and from sediment blow-outs caused by rays. No loss of T-Il PUs 
occurred in Pond No. 1 (Figure 4) or Pond No. 2 (Figure 5) for the first one and 
one-half months (perhaps the size of the quads protected the bags from “acute 
heron/egret displacement"). However, the twine that secured the PUs to the PVC 
quadrats became increasingly fouled, and we observed 35% to 40% mortality during 
the second month. 

We found no evidence of bioturbation by benthic organisms or by rays, but we 
observed problems with the T-I and T-Il PUs associated with the jute twine and 
knotted bag closures. Therefore, we redesignated the cheesecloth bags so they 
would lie flat on the bottom. This was accomplished by securing the rock ballast 
into the corners of the bags and stapling the bag closed. Figure 4 illustrates the 
increased survival rate of plants in bags of the T-IIl design over those in bags of the 
T-| and T-II designs for two Pond No. 1 plantings on November 25th (80% survival 
after 123 days) and December 16th (97% survival after 102 days). Because they 
lay flat on the bottom, the T-Ill bags had increased surface contact with the 
sediment, and the top side had better exposure to light. The T-IIl bags also 
deteriorated in a more uniform manner. 

Compared to plant survival in Pond No. 1, survival in Pond No.2 (Figure 5) and 
Pond No. 3 (100% mortality or loss) was much lower for all PU treatments and for 
all three planting dates (Figure 4). The last group of PUs in Pond No. 2, which 
were installed in an area with the least rocky sediments of the pond, had the best | 
survival (63% after 102 days). Pond No. 2 experienced a sustained, pond-wide 
bloom of macroalgae that prevented us from measuring areal spread and eventually 
covered most of the PUs. No PUs survived more than about one month in Pond 
No. 3; at least some of the loss was associated with disturbance by humans. We 
found four of our PVC quadrats neatly stacked on the shoreline during on of our 
first monitoring visits, and we also observed evidence of foot traffic in the planting 
grids. The lower survival rates in Ponds No. 2 and No. 3 may also have been 
partially a result of sediment-related factors. Both ponds were artificially created and 
had coarser and rockier sediments than did Pond No. 1. In Pond No. 3, the 

_ underlying sediments had been mechanically compacted, which may have prevented 
the PUs from rooting. | 
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SUMMARY 

Restoring and creating seagrass beds is of paramount importance in 
compensating for previous and current seagrass losses. Much information is still 
needed before we can effectively manage and restore seagrass systems (Fonseca, 
1990). However, the newly developed micropropagation procedures and planting 
techniques for species such as Ruppia maritima (Koch and Durako, 1991) provide 
both ecologically and economically sound alternatives to the current seagrass 
restoration practices, which can be labor-intensive and destructive. Tissue culture 
and micropropagation have become well-established approaches for producing and 
rapidly multiplying many agriculturally and horticulturally important crops, but these 
approaches have only recently been applied to submersed aquatic angiosperms 
(Ailstock, 1986; Durako, 1988; Ailstock, et al., 1991; Koch and Durako, 1991: Bird, 
et al., 1993). One of the greatest benefits of these biotechnological approaches is 
that they may allow us to select and produce high numbers of vigorous planting 
units without damaging natural donor beds. The results of this study indicate that 
plant material produced by in vitro micropropagation is capable of vigorous growth in 
situ. The ballasted cheesecloth-bag technique introduced here provides a 
biodegradable alternative to the use of persistent metal staples for anchoring 
planting units. The bag technique may also reduce installation time because divers 
will not need to "plant" the units, and the bags may enhance survival of fragile 
transplants by reducing plant breakage. 
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440 Court St. 

Clearwater, FL 34616 

ABSTRACT 

Due to contract disputes, a Pinellas County mitigation site received virtually no 
maintenance for approximately two years. During that time the site had become 
infested with invasive species and the desirable vegetation was not thriving. The 
southwest Florida Water Management District (SWFWMD) issued a letter of non- 
compliance for this site and the Pinellas County Department of Environmental 
Management was contacted by the Public Works/Engineering Design Section to 
assist in site remediation. 

The site was assessed for hydroperiod, desirable and invasive species, 
herbaceous cover, and tree survival. Several options were discussed and the 
County decided to design an in-house multi-directional, non-destructive approach. It 
was able to gain the support of SWFWMD to try this most cost-effective option first. 
The County modified the hydroperiod and recontoured areas at the site. Post- 
construction monitoring revealed that the trees experienced a tremendous growth 
spurt as a result of the more favorable hydroperiod, and many species of wildlife 
previously not observed began to utilize the area. Invasive species, particularly 
cattail, declined markedly with no herbicide use. 

Coordination with the Pinellas County Jail enabled inmate volunteers to plant 
over 500 trees as well as Pickerelweed, Spatterdock and 6900 Maidencane plants 
with no cost for labor. The site is functioning well at this time, and the Department 
will continue monitoring the site to ensure success. 

INTRODUCTION 

Studies conducted by contractors on behalf of Pinellas County, resulted in the 
design of a flood control strategy for the Spanish Oaks and Spanish Pines 
subdivisions located in northern Pinellas. In late 1985, construction was started on 
the Curlew Pond No. 3 flood storage facility to help alleviate flooding in these areas. 
Storm events, such as hurricane Elena, may have helped speed the project along. 

Curlew Pond #3 receives water from Curlew Pond No. 1, Curlew Pond No. 2 
and from the Spanish Pines subdivision. Water eventually outfalls into Curlew 
Creek. The drainage basin covers approximately 223 hectares. Curlew Pond No. 3 

102



required extensive excavation to match grades with the two existing ponds. Nearly 
400,000 cubic meters of material were excavated to construct the site. Much of the 
site was situated over green marine clays, which contributed to some of the unique 
hydrological characteristics of the site. | 

In 1987, after the flood control project was completed, a 1.52-hectare forested 
mitigation site was required for 0.6 hectares of maple hardwood impact associated 
with construction of the Jerry Lake Weir. Mitigation was also required for minor 
impacts associated with a sidewalk for C.R. 1. The permitting agencies agreed that 
Pond No. 3 was a suitable site for the mitigation. A total of 3.0 hectares were 
planted - somewhat more than what was required. 

The overall pond site encompasses 5.4 hectares of land. The mitigation site is 
in the northern 3.0 hectares of the pond, the flood attenuation and storage, and the 
underdrain system, is located in the southern 2.4 hectares. 

The original flood design was performed by a contractor, but due to 
irreconcilable differences, the contract was terminated. The pond was eventually 
designed by the Engineering Department's Planning & Programming Division. 

The pond is located in an area that had an average elevation of 12 meters 
NGVD. The area was vegetated with a sand hill community that included sand 
pine, sand live oak and slash pine and was fairly open under the canopy. The 
Parks Department spaded about 400 sand live oaks which were transported to 
Howard Park in Tarpon Springs, and about 400 sand pines, which were relocated to 
Sand Key Park in Clearwater. 

The pond was excavated about 6 meters into the soil to match drainage pipe 
inverts from Pond No. 2. In many areas, the bottom 4 meters was composed of 
green gumbo marine clay. An underdrain system was then installed in the southern 
portion of the site. 

The pond was designed with a horseshoe shape to save a stand of mature live 
oaks with 0.5 m + DBH’s. The oak stand is used by a variety of wildlife, including 
hawks, owls and small mammals. 

The original pond design did not specify an elevated berm separating the 
mitigation area from the underdrain, but there was a concern by the permitting 
agencies that the underdrain system would draw down the water table in the 
mitigation area. The berm was constructed at the same elevation as the outfall 
Structure, 4.14 meters NGVD. The Pinellas County Construction Division was 
worried that water would stage up behind the berm and cause overhydration in the 
mitigation area, and installed an equalizer pipe in the center of the berm. The 
permitting agencies restated their concerns about water level drawn down, and 
ordered the pipe removed. 

During planting of the mitigation area, the planting consultant warned that the 
water appeared too deep and that the plants and trees would not likely thrive at the 
site, but no action was taken at that time, due to the previously stated agency 
concerns about low water levels. 
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Anywhere from 10 cm to 20 cm of muck was placed in the mitigation area as a 
growing substrate. Approximately 5,000 trees were planted at the site on 3.1-meter 
centers and consisted of a mixture of cypress, maple, tupelo, laurel oak and sweet 
bay. Trees were planted in groupings of like species. No herbaceous mitigation 
was required for the permit, but pickerelweed, arrowhead, bulrush, juncus and blue 
flag iris were planted, although unfortunately, also on 3.1-meter centers. 

Due to the large amount of unvegetated area and the hydrologic conditions, 
invasive species began to proliferate. The general contractor had hired an 
environmental contractor to maintain the pond and provide monitoring reports. 
When the funds allocated by the general contractor were spent on maintenance , 
(after only 6 months) the subcontractor stopped performing maintenance, or doing 
mitigation reports because they were not getting paid anymore. 

No maintenance was performed for approximately two years, as the County was 
trying to find a way to hold the general contractor responsible for maintenance. 
Unfortunately, there was no legal recourse to make either company responsible to 
perform the work. The County writes contracts differentially now. 

The pond’s conditions were observed by SWFWMD in late summer of 1991 and 
the Engineering Department received a letter of non-compliance shortly thereafter. 
The Engineering Design Section contacted the Environmental Support Section and 
requested assistance in assessing the pond and determining the best and most 
cost-effective option. 
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Figure 1. The study site is located in northern Pinellas County. The area is 
adjacent to sand ridge, aligned north to south, and underlain by green marine Clays. 

MATERIALS AND METHODS 

The first site visit was performed in September of 1991, at the request of the 
Engineering Design Section. The assessment team went out to gain an overall 
perspective of the site and try to make a general assessment of the conditions. 

The mitigation area was staged up to the berm with water and the team could 
only look around the edge of the pond. The trees looked very stressed and had 
few leaves. Invasive species seemed to be everywhere and coverage approached 
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90%. Water levels seemed to be slightly lower in the south side of the pond, but it 
was also prime cattail habitat and, in fact, supported a near monoculture of this 
invasive species. Only three small clumps of willow were present. 

The Environmental Support Services Section coordinated with Engineering 
Design and the Construction Division to devise a better way to assess the pond. It 
was decided that the best option would be to drain as much water as possible out 
of the mitigation area by tapping into the main underdrain pipe. This would afford 
us the opportunity to better assess the vegetation within the pond and examine the 
muck depth for uniformity. At this time, the Environmental Support Section authored 
a 26 point memo outlining Pinellas County’s options on pond planting and hydrology 
modifications. 

SWFWMD met with county representatives at the site and agreed to let the 
county drain the pond as part of the plan for bringing the pond into compliance. In 
November, the underdrain main pipe was accessed and rim ditch construction 
started along the western side of the pond to help drain off the standing water. 

It took about a month and a half for the pond to drain and dry sufficiently to 
where no one could walk around with rubber boots without going waist deep into the 
muck holes. In early January of 1992, members of the Environmental Support 
Services Section, Engineering Design, Construction and Planning and Programming 
returned to the site to perform another assessment. 

Once among the vegetation, it was noted that many of the trees had died, 
probably from excessive inundation. A surprising amount of trees had survived, 
though, and they seemed to be putting out new growth. Almost all the trees were 
stunted and had grown adventitious roots. Some of the trees were easily uprooted 
because the muck had not solidified and the trees had not anchored themselves, 
but most of the cypress seemed to have fared better than the other species. 

Most of the cypress looked like baseball bats; they were short, but very thick at 
the base. The trees were probably trying to either stabilize or maximize gas 
exchange by maximizing basal growth and lenticil surface area. It was at this time 
that the site appeared to have much more potential for long-term success than 
previously thought. 

Several options were discussed at this time to develop a plan to get the 
mitigation site back into compliance: 

1. Herbicide the whole pond and start over. This would be extremely expensive 
and decent existing habitat would be destroyed. There is no guarantee that 
the cattails will not reestablish themselves in the area, either by seeding or 
vegetative reproduction. 

2. Herbicide the south cattail pond, bury the cattails in a hole on site, bring in 
new muck, and move the viable trees and herbaceous vegetation from the 
north pond to the south pond and plant heavily with new herbaceous species 
to suppress invasives; then replant the north side and nurture for banking. 
Again, this would be very expensive and time consuming. 
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3. Use a combination of hand-labor and machinery to clear out the invasives from 
between the trees in the north mitigation site. Selectively herbicide remaining 
invasives. Recontour the site for better invasive suppression and better habitat 
value, lower the weir elevation to keep water levels lower, and implement a 
Stringent maintenance program. Construction stated that past hand labor 
activities proved fruitless on other projects and heavy machinery could not 
operate on this type of environment. There were also doubts about the 
ensuring a stringent maintenance program if it was to be contracted out. 

None of these options appeared satisfactory and discussion continued about the 
basic facts of the Site. 

1. It appeared that no matter how far the outflow weir elevation was reduced, the 
pond would not totally dry out, because of the natural clay lining and the 
constant groundwater seep from the side slopes into the pond. 

2. The permit had no requirement for success for herbaceous species, so as long 
as the trees could outcompete the invasives, they would eventually shade them 
and kill them off. 

3. Almost twice the required amount of mitigation area was planted than was 
required for the Jerry Lake Weir Project. 

4. There was a sizable wildlife population utilizing the pond. 

9. Stormwater treatment was still being accomplished. 

SWFWMD was invited back to the site to view the pond in it’s drawn-down 
condition. SWFWMD met with the same evaluation team at the site in the 
beginning of February, 1992. 

: By this time the trees had started to flush out and the cattails seemed to be 
somewhat suppressed by the drier conditions. The team walked the site and 
pointed out how well most of the surviving trees were doing. It was also interesting 
to note the doughnut-shaped growth rings formed from the widely spaced herba- 
ceous plantings. Because the plants could not form contiguous stands, they grew in 
rings outward from single plants, with dead plants in the center and new growth on 
the outside of the ring. 

The current habitat value of the site was also pointed out, and it was agreed 
that it would not be environmentally sound to. lose the habitat and trees if we had to 
remove all vegetation from the site. | 

Further discussion with SWFWMD resulted in approval to allow the site to grow 
out over the summer, to ascertain if the trees would actually gain height and canopy 
cover or remain stunted. This was done in order to help determine whether 
overinundation or the clay was causing the stress response. Although the growth 
spurt looked promising, SWFWMD wanted to make sure that the trees were not 

: permanently stunted. SWFWMD requested a long-term plan based on tree growth 
SUCCeSS. 
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Based on the discussion, if the trees started to increase in height, SWFWMD 
would consider allowing the county a greater than 10% invasive species coverage 
on a temporary basis. The county would also have to replant trees that had died. 
To document tree growth, Environmental Support Services tagged and measured 
selected trees for monitoring of height and DBH. 

The underdrain access would have to be sealed again to ensure long-term tree 
growth and survival and it was known that the weir height needed to be reduced; 
but, it was not known by how much. The assessment team returned in April, 1992 
to do some survey work to determine if there were large elevation changes in the 
pond, or if the surface was relatively flat. 

The elevation of the weir was also measured to see if it was installed correctly 
and the berm was surveyed to determine if it was, in fact, hindering water flow. 
The height of adventitious roots on the trees in both the mitigation area and the 
water treatment area were surveyed to determine standing-water depth in each of 
the areas. | 

Surprisingly, the pond bottom was fairly level. The elevation of the adventitious 
roots on the trees were very consistent and measurements were within several 
centimeters of each other. Even more surprising, the treatment pond’s trees had 
adventitious roots at the same elevation as the mitigation site, indicating that the 
underdrain system was not drawing down the system as was thought when the 
pond was first built. 

The survey indicated that the weir was constructed at the plan elevation and 
the berm had a similar elevation as the weir. 

It was decided that the weir elevation should be reduced by about 15 
centimeters to maintain a summer stage-up of water, with a bleed-down oriface 40- 
46 centimeters below that to maintain a winter drawdown to stimulate growth and 
suppress invasives. A debris skimmer would be added to the outfall structure. 

It was also agreed that a deep winding channel should be cut through the 
middie of the mitigation area to get more open water habitat for waterfowl and 
wading birds. In addition, sediment sumps were designed into the project. The 
spoil would be used to construct slightly elevated areas to plant the replacement 
maples. A temporary outfall was designed by the Engineering Design Division. 

Construction on the rim ditch and meandering channel began in June of 1992, 
and took approximately eight weeks to complete. The topsoil (muck) was scraped 
off the construction area and placed in the maple planting area, and smoothed into 
a shallow-dish shape to help hold water and give the replants a healthy start. The 
clay underlayer was hauled off site. Once the site stabilized, a plug was installed in 
the underdrain pipe and a temporary riser was constructed to stage the water up to 
an elevation approximately 15 centimeters lower than the original weir elevation. A 
permanent gate valve was installed on the underdrain to facilitate easier draining of 
the site for future maintenance. A catwalk and staff gauge was also installed. All 
excavation work was performed by county personnel from the Highway Department. 
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RESULTS AND DISCUSSION 

The water reached the design elevation within a few days and the channel filled to the top of bank. Vegetation started recruiting immediately along the shore banks, but no cattails appeared to be invading the area. Within a short period of time, a varied fish population developed, including some larger species. Many reptiles thrived in the new habitat, and a river otter had taken up residence at the site and was observed in the channel every time the site was visited. Many species of small mammals took advantage of the superior site conditions and extended their range throughout the site. Wading birds and waterfowl were also observed frequenting the newly-created habitat. 

The Environmental Support Services Section performed a baseline assessment of the trees on the site, and allowed the site to remain in the Staged-up conditions through the fall of 1992. Several Monitorings for tree growth were performed in the succeeding months and tree growth was phenomenal. Trees were exhibiting 20% to 30% growth in height and DBH after only 6 months of monitoring (Figure 2). Relative biomass of the trees appeared to have more than doubled. The trees were much healthier and had branched Significantly with a tremendous rate of leaf growth. In an interesting side note, the trees within the cattails were as tall, or taller, than those in the more open areas. More research need to be performed to determine if invasive species competition is as much of a problem for tree growth as previously assumed. 
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A planting plan was designed that would replace the trees that had died, as 

well as fill in some of the areas that had not been planted previously. In addition, 

some herbaceous plants were specified to vegetate the banks and middle of the 

channel. Over 500 trees were specified with species centered on red maple (Acer 

rubrum), but included cypress (Taxodium distichum), tupelo (Nyssa aquatica), pop 

ash (Fraxinus caroliniana), laurel oak (Quercus laurifolia) and sweet bay (Magnolia 

virginiana). Herbaceous plants centered on pickerelweed (Pontedaria_cordata), 

which seemed to be doing well in other areas of the site, and spatterdock (Nuphar 

luteum). 

The assessment group decided to perform replanting of trees in November of 

1992. To attempt to save replanting labor costs, the Environmental Support Section 

contacted the Pinellas County Jail to determine if jail trustees could perform the 

planting. The jail agreed to supply trustees, a corrections officer, and a landscape 

instructor to oversee the work crew. Surprisingly, when the planned date arrived 

there were not enough trustees to form a work crew. 

The replanting project was delayed until January of 1993. At this time the jail 

was able to supply a work crew and the plant material was ready for delivery. Asa 

bonus, 8,000 maidencane (Panicum hemitomon) plants were available that the 

County had purchased, but could not use on another mitigation site (a Bald Eagle 

was nesting in the work area and site preparation was delayed). 

The Highway Division excavated holes for tree planting with a mini backhoe to 

save manual labor effort for actual planting. The weekend prior to the planting date, 

a heavy thunderstorm inundated the work area and planting was delayed another 

week. 

Finally, all parties were able to coordinate and perform the planting. The site 

conditions were still poor from the rain, but progress was swift. The trustee work 

crew was split in half, with one crew planting maidencane and the other carrying 

trees into the planting site and installing them. Under the direction of the 

Environmental Support Section, the trees were planted according to their 

hydrological requirements, as well as in an aesthetically pleasing random manner. - 

Maidencane was planted in a "floodplain" type area near the outfall structure, as 

well as in the voids between the trees. The work was completed within one week. 

Follow-up observations in March of 1993 revealed that all the newly-planted 

trees had sprouted new growth in spite of a severe unnamed storm that occurred 

only a couple of weeks earlier. The water level returned to the design elevation and 

although tree species appeared fairly compatible with hydrological levels and 

characteristics, it was decided to reduce the design water elevation 7.5 centimeters. 

A quarterly monitoring report was also performed in March. Tree height and DBH 

was measured, but there was minimal growth. A sizable growth increase is 

expected to be recorded during the next quarterly report, based on tree bud size 

and quantity. 

CONCLUSION 

Success of a mitigation project cannot be simply measured and judged using 
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numerical indices or limited variables. A site can be in compliance with permit 
conditions but not a success. Conversely, a site can be out of compliance, but be 
an environmental success. Success of the mitigation site lies with the establishment 
of a functioning wetland community, including a wide variety of floral and faunal 
species. Designers must learn to look beyond permit conditions when creating 
‘wetlands, and create systems made up of a variety of habitats that complement 
each other. 
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WETLAND CREATION IN AN URBAN 
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ABSTRACT 

During the spring of 1990, two wetland basins (ponds) with emergent/shrub 
borders of approximately four acres were created as compensation for wetland filling 
in an adjacent business park. This mitigative measure was a condition of the U.S. 
Army Corps of Engineers permit. The wetland creation occurred on poorly-drained 
soil which had been in agricultural use for many years. The hydrology is primarily 
groundwater fed with a minor input from adjacent surface runoff. The water levels 
of the basins fluctuate 2-3 feet seasonally. Many species of aquatics, emergents 
and shrubs were planted. As there were no existing surface water or emergent 
wetlands nearby, the present wetland vegetation either resulted from the plantings or 
invasion of native species from some distance. After four growing seasons, it 
appears that although many of the plantings have survived, the emergent edge, 
unless further managed, will become dominated by species that naturally pioneer 
wetlands through seeding and grow aggressively in this region (i.e., cattail, purple 
loosestrife, spikerush, water-plantain, willow and cottonwood). Because purple 
loosestrife is such an aggressive plant in disturbed wetlands in this region, its 
Spread into this wetland might have been slowed if cattail had been initially planted 
to establish a dense cover. . 

INTRODUCTION 

During the spring of 1990, two created wetland basins of approximately four 
acres were incorporated into the development of a business park in Colchester, 
Vermont pursuant to permit conditions of the U.S. Army Corps of Engineers (COE). 
The emergent zone was extensively planted and the wet meadow seeded with 
several herbaceous wetland species. This report describes the plant community 
after four growing seasons and assesses the results of the herbaceous marsh 
plantings. 

SITE DESCRIPTION 

Prior to excavation of the wetland basins, this site was primarily level 
agricultural land. In depressions the deep sandy, poorly-drained Scarboro and Au 
Gres soil series (USDA 1974) were determined by the COE to be wetland. These 
were typical "dryer end" wetlands characterized by hydric soils and facultative plant 
communities. Young stands of willow (Salix sp.), quaking aspen (Populus 
tremuloides), white ash (Fraxinus americana) and grey birch (Betula populifolia) had 

112



colonized after disturbances caused both by agriculture and the utilization of this site 
aS a Staging area for materials during the construction of an interstate highway. As 
the wetland basins were excavated partially within these COE jurisdictional wetlands, technically a portion of the mitigation was considered wetland enhancement and the 
area excavated from upland considered wetland creation. In any case, there was not a nearby source for most herbaceous wetland plants, except cattail (Typha 
latifolia) and purple loosestrife (Lythrum salicaria) in roadside ditches. 

| Monitoring well data for the 12 months prior to construction indicated a 
groundwater table generally 2-4 feet below surface, with a seasonal fluctuation of 
approximately 2 feet. Two wetland basins were constructed (north and south 
ponds), utilizing groundwater as the primary hydrology augmented with surface 
drainage from the site development. During flooded conditions, surface water from 
the south pond can overflow through a wetland swale to the natural surface 
drainage of the surrounding area. The wetland basins, in the deepest areas, are approximately 5 feet deep and grade gradually (1:10 slope) to wet meadow and 
upland meadow. A sinuous shoreline and an island to enhance wildlife value were 
incorporated in the design. The north and south wetland basins, as they appeared 
in September, 1993, are shown in photos 1 and 2, respectively. 

During the excavation of the basins the topsoil was stockpiled and finish-graded 
over the wetlands. This material was a sandy loam. The plantings were done 
during June, 1990 in this sandy loam substrate with no fertilizer amendment. The 
herbaceous species planted relative to hydric zone are given in Table 1. 

A total of 1,450 shrubs of several native species were planted above the high 
water elevation. These were container-grown nursery stock and survival was 
excellent, except for small areas of mortality due to late spring flooding. All 
exposed area was hydroseeded with a grass/wildflower mix consisting of the 
following species: Canada anemone (Anemone canadensis), columbine (Aquilegia 
canadensis), swamp milkweed (Asclepias incarnata), New England aster (Aster 
novae-angliae), Canada tick trefoil (Desmodium canadensis), joe-pye weed 
(Eupatorium maculatum), great St. Johnswort (Hypericum pymridatum), cardinal 
flower (Lobelia cardinalis), smooth penstemon (Penstemon digitallis), big bluestem 
(Andropogon gerardi), and switchgrass (Panicum virgatum). 
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Photo 2. South wetland basin, september, .



Table 1. Wetland Plantings by Water Depth, Species and Quantities. 

nnn 

e e e Water Depth Species Quantities 
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€ >3 Sago pondweed (Potamogeton pectinatus) 3,500 tubes 

2-3 Waterlily (Nymphaea odorata) 900 tubes 

1-2 Arrowhead (Sagittaria latifolia) 1,800 tubes 
Giant burreed (Sparganium eurycarpum) 1,100 plants 
Pickerel weed (Pontederia cordata) 700 plants 

0-1 Lotus (Nelumbo lutea) 500 seed 
e . 

Blue flag (Iris versicolor) 500 plants 
Sweet flag (Acorus calamus) 1,000 plants 
Bulrush (Scirpus acutus) 1,000 roots 

e e e ege 

River bulrush (Scirpus fluviatilis) 1,000 roots 
® e e Arrow arum (Peltandra virginica) 1,000 plants 
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2 e s e e Photo 3 shows the placement of the 1.0 m quadrat in Zone B in vegetation typical 
of the wetland.



METHODS | 

Vegetation sampling occurred September 7, 1993 at the end of the fourth 
growing season. The water level was still quite low, about 18 inches below average 
spring water levels. Fifteen sets of three 1.0 M’ plots, were randomly located 

around the south wetland basin. Each set of three plots sampled three hydric 
zones. Zone A, placed at the water's edge, sampled vegetation which is exposed 
only during late summer. Zone B, place 10 feet up from the waters edge, is 

exposed during most of the summer and fall, but is flooded during winter and 

spring. Zone C, placed 20 feet from the water's edge, is flooded only during very 

high water levels, but is saturated during much of the growing season. 

Randomization was accomplished by laying out a tape measure around the pond 
and consulting a random number table to choose the location for each plot set. The 
average distance between each plot set was approximately 50 feet. Photo 3 shows 
the placement of the 1.0 M* quadrat in Zone B in vegetation typical of the wetland. 
Vegetation sampling included species identification and a visual estimate of percent 
cover for each species, and the plot as a whole. 

RESULTS AND DISCUSSION 

The plant species observed and the number of plots in which they occurred for 
each hydric zone (out of a total of 15 plots per hydric zone) are given in Table 2. 
The vegetation sampling confirmed the visual observation of the vegetation 
development over four growing seasons. Of the herbaceous marsh plantings, most 
of which are still surviving on the site, only pickerel weed has established itself with 

a degree of success. Although the deep water zone (>3 feet) was not included in 
the sample plots, it was obvious that waterlily and sago pond weed, which were also 
planted, are well established. The abundance of New England aster, swamp 
milkweed, cardinal flower, blackeyed susan, and joe-pye weed indicates these 
species were probably established from the wildflower seed mix. Big bluestem 
(Andropogon gerandi) is uncommon and was most likely established from the seed 
mix. 

The fourth growing season was the first year that there was not substantial bare 
ground around this wetland. Only one plot, which was in Zone A, had less than 
100 percent total cover. The visual estimates of percent cover of species within the 
plots was generally correlated well with species frequency. Most plots had between 
9 and 12 species. The lowest number of species in a plot was four, which was a 
plot dominated by low-growing spikerush. Even in the dense cattail/purple 
loosestrife plots these species combined accounted for less than 50% of total plot 
cover, except for one plot which was 60%. The wetter zones (A and B) are largely 
colonize by the annuals (beggars tick, smartweed, umbrella sedge and barnyard 
grass) in relatively stunted or low-growing forms. These zones are still open for the 
spread of cattail and purple loosestrife, which are the most aggressive colonizers at 
this wetland. Animal activity, especially muskrat, ducks, and wading birds, is very 
evident in this wetland, which will affect the future vegetation development. 

Within the wetland creation literature there are surprisingly few papers that 
focus on the long-term ability of herbaceous planting to influence the eventual 
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Table 2. Number of 1.0 M? plots in which each species occurred out of a total of 
15 plots for each hydric zone: Zone A exposed during late summer and draughty 
condition otherwise flooded; Zone B exposed during summer flood during winter and 
spring; and Zone C saturated soil, seldom flooded. 

Frequency 
Plant Species Zone A Zone B Zone C 

Cattail (Typha latifolia) 4 10 4 
Purple loosestrife (Lythrum salicaria) 5 14 6 
Soft rush (Juncus effusus) -%* 6 6 
Rush (Juncus articulatus) 2 2 - 
Rush (Juncus dudley) - 1 7 
Water plantain (Alisma subcordatum) 6 1 1 
Spike rush (Eleocharis smalliiz) 9 9 - 
Spike rush (Fleocharis acicularis) 6 2 - 
Umbella sedge (Cyperus strigosus) 7 7 5 
Umbella sedge (Cyperus rivularis) 3 3 - 
Smartweed (Polygonum lapathifol ium) 10 - - 
Smartweed (Polygonum saggitatum) 2 1 2 
Beggar-ticks (Bidens frondosa) 12 10 - 
Water-purslane (Ludwigia palustris) 9 - - 
Pickerel weed (Pontederia cordata) 5 - - 
Hard stem bulrush (Scirpus acutus) 3 2 - 
Rice cut-grass (Leersia oryzoides) 3 1 1 
Barnyard grass (Echinochloa crusgall1) 7 6 - 
Panic grass (Panicum dichotomiflorum) 3 1 - 
Panic grass (Panicum depauperatum) 2 3 - 
Swamp milkweed (Asclepias incarnata) 1 1 ~ 
Common horsetail (Equisetum arvense) 1 5 1 
Giant burreed (Sparganium eurycarpum) - 1 ~ 
Willow (Salix sp.) ~ 7 5 1 
Waterhorehound (Lycopus americanus) - 3 2 
Queen Anne's lace (Daucus carota) - 1 6 | 
Common plantain (Plantago major) - 4 - 
Red clover (frifolium pratensis) - 1 3 

| Bird's foot trefoil (Lotus corniculatus) - 2 5 
Common ragweed (Ambrosia artemesiifolia) - 5 2 

| Field-sow thistle (Sonchus arvensis) - 1 1 
Cardinal flower (Lobelia cardinalis) - - 1 

| Blue vervain (Verbena hastata) - - 2 
New England aster (Aster novae-angliae) - | 1 10 
Small white aster (Aster vimineus) ie - 3 

| Tall goldenrod (Solidago alt issima) oo: - 5 
sweet goldenrod (Solidago odora) - - 1 
Lance-leafed golden rod (Solidago oe 3 9 

| graminifolia) | | 

Black-eyed Susan (Rudbeckia hirta) | - - : 3 
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Table 2 (Continued) 

Frequency 

Plant Species __ Gone A Zone B Zone G 

Joe pye weed (Zupatorium maculatum) - 2 2 

Bonset (EZupatorium perfoliatum) - 3 3 

Bluejoint grass (Calamagrostis - 2 4 
canadensis) 

Fowl meadow grass (Poa palustris) - - 5 

Red fescue (Festuca rubra) - ~ 2 

Grass (Muhlenbergia mexicana) - - 1 

Nodding ladies' tressses (Spiranthes - - 2 
cernua ) 

sedge (Carex vulpinoidea) - - 1 

Cow vech (Vicia craccé) - - 3 

Aliski clover (Trifolium hybridum) - 1 - 

Slender gerardia (Gerardia tenuifolia) - 2 - 

Big bluestem (Andropogon gerard1) - - 2 

vensitive fern (Onoclea sensibilis) - - 1 

Rough bedstraw (Galium asprellum) - - 1 

Wool grass (Scirpus cyperinus) - 1 3 

Bentgrass (Agrostis prenans) - 1 - 

Marsh fern (Thelypteris palustris) - - 1 

Speckled alder (Alnus rugosa) - - 1 

Meadowsweet (Spirea latifolia) = 1 - 

Dwarf cinquefoil (Potentilla - - 1 
canadensis) 

Reed canary grass (Phalaris arundinada) - - J 

Corn grass (Panicum clandest inum) ~ - 1 

Cottonwood (Populus deltoides) - 3 ] 

Grey birch (Betula populifolia) - - 1 

Red maple (Acer rubrum) - 1 - 

* Dash indicates the species was not found in this plot. | 
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dominance of vegetation in created wetlands. The Wetland Demonstration Project 
(Southern Tier Consulting, 1987) documented “mixed results" from several marsh 
plantings for two growing seasons and generally recommended planting. Crabtree, 
et al., (1992) evaluated wetlands created by the Department of Transportation in 14 
States. This evaluation did not focus on herbaceous plantings. However, in most 
instances either plantings were not done, or they had no influence on the dominant 
vegetation at the time of evaluation. Most of the information on planting success or 
failure probably exists as COE mitigation monitoring reports waiting to be 
researched, evaluated and summarized. Because of the presence of purple 
loosestrife in this region, its spread into this wetland might have been reduced if 
cattail had been initially planted to establish a dense cover. Cattail is not 
considered to be a problem-invasive plant in Vermont, while it is of high wildlife 
habitat value for many species. | 

This wetland is now at its most aesthetically-appealing stage for an urban 
Setting. The wildflower meadow and ponds make wading birds and other wildlife 
easy to observe. During data collection, a great blue heron would move from one 
pond to the other to keep a few hundred yards distance. Healthy wetlands are 
dynamic, changing environments (Mitsch and Gosselink, 1986). Without 
management, this wetland will become less attractive, both from a wetland science 
and aesthetic point of view. Without management, in a few years, purple loosestrife 
is likely to be the dominant vegetation from the open water up to the point where it 
is shaded out by trees (cottonwood, willows, and grey birch). To avoid this, it is 
intended to hand-weed the purple loosestrife until cattail and the other emergent 
vegetation are sufficiently dense to retard its spread. Mowing once every few years 
and removal of tree invasion within the shrub plantings can keep an open and 
aesthetically-appealing setting. 
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ABSTRACT 

In December, 1992, the Governor of the State of Michigan signed into law two 
amendments which have modified P.A. 203 of 1979 (Wetlands Protection Act). The 
two amendments contained several important provisions, though basically causing 
local wetland ordinances to regulate wetlands consistent with the State statute. By 
means of P.A. 203, the State of Michigan, via the Department of Natural Resources, 
has been administering the Section 404 wetlands program since August, 1984. 
However, during the past few years, anti-wetland regulation forces consolidated 
sufficient strength to force the amendment of the Wetland Protection Act. 
Comprised of the Michigan Home Builders Association, developers, real estate firms 
and others, this group secured introduction and considerable backing for a Senate 
Bill which called for the elimination of local wetland ordinances, wetland review 
boards, and wetland buffers. In the committee meetings, which were moderated by 
a state senator, compromise negotiations were undertaken which focused on 
establishing a standard wetland definition and use of a single wetland permit 
application, among other things. The compromise was eventually reached because 
of a strong response from local governments and environmentalists seeking to 
preserve this significant regulatory authority. Nevertheless, the wetland use permit 
system, on the state level, is hampered by staffing and fiscal constraints. 
Meanwhile, on the municipal and township level, the more pro-active communities 
are attempting to implement measures to respond to the act amendments to avoid 
substantive regulatory impediments. To these local communities, wetland 
preservation is deemed important for environmental reasons, and local residents 
often regard wetland preservation as a quality of life issue. In contrast, impacted 
landowners and developers often view wetland protection as a taking and a tool to 
effect no growth. 

INTRODUCTION 

Support for wetland preservation in the State of Michigan is inconsistent among 
the various public and private interest groups. Private developers, realtors, as well 
as some engineering firms, in particular, have expressed complaints about the lack 
of accurate wetland maps and the difficulty of obtaining necessary wetland permits 
(Tilton, 1988). In 1992, this wetland opposition was translated into a number of 
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legislative initiatives which were focused, in large part, on the elimination of local 
wetland ordinances. Senate Bill 522, which was backed by the Michigan 
Homebuilders Association, called for the preemption of wetland regulation at the 
State level and would have severely curtailed local wetland ordinances. 

In December, 1992, the Governor of the State of Michigan signed two 
amendments which modified Michigan’s Wetland Protection Act. These two 1992 
amendments contained several important changes, though basically forcing local 

| wetland ordinances to regulate wetlands consistent with the State Statute. Public 
Act 203 of 1979 (Goemaere-Anderson Wetland Protection Act), is the primary 
legislation which protects wetlands in Michigan. P.A. 203 defines wetlands identical 
to the federal wetlands manual, and requires a permit when regulated wetlands are 
to be developed. Wetlands which are contiguous to lakes, streams, drains, and 
ponds are regulated, as well as those greater than 5 acres in size (Wyckoff, 1988). 
There are additional jurisdictional criteria, and in counties of less than 100,000 
people, non-contiguous wetlands are not regulated until a wetlands inventory is 
completed. 

ASSUMPTION OF THE 404 PROGRAM 

The U.S. Environmental Protection Agency (U.S. EPA) is responsible for the 
administration of the Clean Water Act, including Section 404 of the Clean Water Act 
of 1977 (33 U.S.C. 1344). Section 404 provides the basis for the primary federal 
program governing activities in wetlands. In August, 1984, the U.S. EPA transferred 
the administrative authority of the Section 404 Wetlands Program to the State of 
Michigan. The Michigan Department of Natural Resources (Michigan DNR) was 
able, in part, to assume authority of the Section 404 wetlands program because of 
the similarity between Section 404 regulations and Michigan’s P.A. 203. In addition, 
the State of Michigan had other related legislation in place, such as P.A. 346 (Inland 
Lakes & Streams Act), and demonstrated a capability to effectively administer the 
wetlands program (Cwikiel, 1992). 

In practice, the Michigan DNR and the U.S. Army Corps of Engineers jointly 
administer the federal wetlands regulatory program. The regulatory authority of the 
Corps of Engineers stems from Section 10 of the Rivers & Harbors Act of 1899 and 
section 404 of the Clean Water Act of 1977. The Corps of Engineers has retained 
jurisdiction over wetland activities occurring in Great Lakes coastal waters and 
connecting channels, as well as in major tributaries to the upstream limit of 
navigability (Ibid.). In places where the Corps of Engineers has jurisdiction, wetland 
permits are required from both the Corps of Engineers and Michigan DNR. 
Michigan is currently the only state which has assumed authority over the Section 
404 Wetlands Program. Nevertheless, the U.S. EPA maintains oversight authority 
over major wetland projects, including those involving more than 10,000 cubic yards 
of wetlands fill. 
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OVERVIEW OF MICHIGAN’S WETLANDS ACT 

Wetland Jurisdiction Criteria 

In accordance with P.A. 203 of 1979, as amended, including the Administrative 
Rules which were promulgated in June, 1988, the following jurisdictional criteria 
apply to wetlands in counties over 100,000 persons (Dean & Jaworski, 1991): 

° All wetlands contiguous to lakes, streams, drains, and ponds, including the 
Great Lakes. 

° All non-contiguous wetlands greater than 5 acres in size. 

° Non-contiguous wetlands smaller than 5 acres, provided one of the conditions 
listed below are met: 

~ Wetland is situated within 500 feet of lake, stream, drain or pond, 
unless it can be proven that no surface or groundwater connection 
exists. 

~ Wetland contains one acre or more of permanent open water. 

~ The wetland in question is essential to the preservation of the natural 
resources of the State, and the Michigan DNR has so notified the 
landowner. 

Wetland Permit Process. 

Beginning in 1983, the Michigan DNR started to vigorously enforce the permit 
requirements of P.A. 203, as well as to cite wetland violations. During these early 
years, the permit process did not proceed very well, partly because reliable maps 
showing wetland locations did not exist and a trained cadre of private wetland 
consultants was not yet available. Although the Michigan DNR had collaborated 
with U.S. Fish & Wildlife Service in producing the National Wetland Inventory (NWI) 
Maps, these maps were generated at a scale of 1:24,000 and only approximately 
79% of the State was inventoried. After it assumed authority over the Section 404 
Wetlands Program in 1984, the Michigan DNR initiated an in-house wetlands training 
program. By June, 1988, when the Administrative Rules of P.A. 203 were issued, 
the Michigan DNR’s wetlands permit program had matured. 

At present, a wetland project typically begins with a wetland delineation by a 
private wetland consultant or by a public wetland specialist from a community which 
has a local wetland ordinance. The wetland mapping is performed on either a 
large-scale topographic map or on an aerial photograph of suitable scale. Surveying 
in of the staked or flagged wetland boundaries is usually necessary to assure 
accuracy of the wetland limits. Next, the site plan is prepared by a landscape 
architect or civil engineer who attempts to avoid encroaching on regulated wetlands. 
With, or without, the aid of a wetland consultant, a wetland permit form of the 
Michigan DNR is filled out and a wetlands permit application, complete with 
necessary drawings, is forwarded to the Michigan DNR for approval. 
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According to P.A. 203, the Michigan DNR has 90 days to approve or deny the 
submitted wetland permit application. This 90-day review period commences no the 
day the permit application is determined to be complete, or on the date of a public 
hearing, provided such a hearing has been requested. During the first 60 days of 
the review period, the local community may provide review comments to the 
Michigan DNR. Unless health, safety, or regional issues are involved, the Michigan 
DNR generally does not approve a wetlands permit for which the local community 
has recommended denial. Some developers, and other permit applicants, will 
attempt to schedule a meeting with the Michigan DNR representative in charge of 
the permit file just prior to the end of the mandatory review period. 

Local Wetlands Ordinances 

The original Statute, as well as the amendments to P.A. 203 in 1992, both 
provide for the enactment of local wetland ordinances by counties, municipalities, 
and townships. As indicated in Appendix A, 38 local governments in Michigan have 
established wetland ordinances. Of these, 46% are located in communities in 
Oakland County. Situated in populous southeast Michigan, Oakland County is the 
wealthiest county in the state. A previous paper by Jaworski & Manhart (1988), 
revealed that communities with wetland ordinances tend to be wealthy and currently 
undergoing considerable residential or commercial growth. 

Although some of the local wetland ordinances are special, most are a part of 
zoning ordinances. Special ordinances are also referred to as_ regulatory 
Ordinances. Typically, the wetland ordinances contain sections on definitions, 
activities allowed without a permit, activities requiring a permit, permit requirements, 
and permit review procedures. As part of the ordinance, many of these 
communities also maintain a semi-official wetlands map which shows the general 
location of wetlands within the jurisdiction. However, these local wetland ordinances 
vary from community to community, particularly in regards to wetland definitions, 
minimum size of regulated wetlands, width of wetland buffer, and permit review 
guidelines. Approximately half of these ordinances regulate wetlands as small as 
two acres and employ a fixed 25-foot wide wetland buffer. 

DISSATISFACTION WITH WETLAND PERMIT PROCESS 

Even though the Michigan DNR maintains that 90% of all wetland permits 
applications eventually obtain approval, over the past few years considerable anti- 
wetland permit sediment has accumulated. Led by the Michigan Homebuilders 
Association, and inclusive of private developers, realtors, as well as selected 
attorneys and engineering firms, this group of dissatisfied individuals began to 
promote the amendment of P.A. 203 of 1979. While admitting that P.A. 203 could 
benefit from amendment, members of the Michigan DNR and environmental groups 
were reluctant to recommend legislative redress lest the wetlands act be weakened. 
However, in 1992, the opposition group began to focus on eliminating and/or 
restricting local wetland ordinances. 
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Developers’ Dirty Dozen 

In 1991 and 1992, a number of bills were introduced into the Senate and 
House of Representatives of the State of Michigan. Most notable was Senate Bill 
522 which was drafted in September, 1991. Senate Bill 522 had the effect of 
galvanizing the environmental community, and much misinformation began to appear 
in the media. However, there were 12 points that the Michigan Homebuilders 
Association was determined to insert in Senate Bill 522. These 12 points of 
discussion are outlined in Appendix B. The environmental community quickly began 
to refer to these 12 points as the "dirty dozen". 

Although some of the 12 points of discussion contained in Senate Bill 522 were 
less realistic than others, the Michigan Homebuilders Association was attempting to 
make a statement about the wetland permit process in Michigan. Of particular 
concern to this group, was that wetland definitions varied among local wetland 
ordinances, and that wetland consultants often disagreed when performing wetland 
delineations. Moreover, there was a general feeling among many developers that 
there was no standardization in regard to wetland permit applications, and that 
permit review needed streamlining. The wetlands ordinance of West Bloomfield 
Township, Oakland County, was singled out as being the most anti-development 
because of its regulation of wetlands as small as 0.25 acres and its employment of 
a separate and autocratic wetlands review board. Also, the incorporation of a 
wetland buffer in the local ordinances was often regarded as an additional taking 
and another means of reducing the density of development. 

senator Honigman’s Committee 

Beginning in the Spring of 1992, Senator Honigman of Oakland County chaired 
a bipartisan committee of informed individuals who were seriously interested in 
amending P.A. 203. Both the pro-development and pro-environment groups were 
well represented at the monthly meetings, which usually included approximately 25 
individuals. Even though Senate Bill 522 initially served as a basis of discussion, 
the Legislative Services Council began to draft two senate bills as these meetings 
progressed. Senator Honigman worked diligently to avoid open confrontation and 
sought consensus on the various points of debate. What emerged in October, 1992 
were two amendments to P.A. 203, which were eventually signed by Governor 
Engler in December, 1992. 

1992 AMENDMENTS TO P.A. 203 

The two amendments to P.A. 203 of 1979, are P.A. 295 and P.A. 296 of 1992. 
These two amendments comprise the first change in Michigan’s Wetland Protection 
Act since it took effect in October, 1980. Although the amendments were effective 
immediately, local communities have until June, 1994 to be in compliance with the 
amended wetlands act. 
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Principal Changes" 

The overall intent of the amendments is to allow for local regulation of wetlands, 
but only as provided in the amended state wetlands act. It is apparent that the 
Michigan Homebuilders Association was willing to accept the development 
constraints imposed by P.A. 203 with its minimum wetland regulatory size of 5 acres 
and no wetland buffer, but not amenable to local ordinances which could regulated 
smaller wetlands and include wetland setbacks. 

Outlined below are the principal changes which are contained in the 
amendments to P.A. 203. Greater detail concerning the amendments is contained 
in Jaworski (1993) and Fisher (1993). 

~ Local wetland ordinances shall not provide a different definition of 
wetlands than is provided in the State Statute, which is identical to the 
federal definition of wetlands, except that a wetland ordinance may 
regulate wetlands less than 5 acres in size. 

~ Upon receiving an application for a wetland use permit involving a 
wetland that is less than 2 acres in size, the local government shall 
approve the permit unless it determines that the wetland is essential to 
the preservation of the natural resources of the community and 
provides these findings to the applicant. 

~ Prior to enactment of a wetlands ordinance, the local community must 
complete and make available to the public, at a reasonable cost, an 
inventory of all the wetlands within the community. 

~ Any county, municipality, or township that adopts an ordinance 
regulating wetlands shall use the same permit form currently being 
utilized by the Michigan DNR, and each person applying for a wetlands 
permit shall make application directly to the local government. The 
local government shall forward a copy of each permit application to the 
Michigan DNR. 

~ Though the amendments were silent on the buffer issue, some pro- 
development attorneys stated that the intent of the amendments was to 

: eliminate wetland buffers on the local level. Case precedent may be 
necessary to clarify this issue, however. 

~ With regard to the permit review period, the local community shall 
review an application in accordance to its wetlands ordinance and shall 
approve or deny the application within 90 days after receipt. The 
denial of a permit shall be accompanied by a reason in writing for 
denial. 

~ If a wetlands permit is denied at the local level for a proposed 
wetlands use, the landowner may request a reevaluation of the affected 
property for property tax assessment purposes. 
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~ Local ordinances shall not require a wetlands use permit for uses and 

activities that are authorized without a permit under the State Statute. 

~ The wetland permit applicant shall not be required to submit to more 
than one public hearing at the local level. 

~ The local decision-making body which approves site plans, plats, and 

other related matters, shall be the same entity which will process 

wetland use applications. (This stipulation is intended to eliminate the 
need for wetland review boards). 

Impact on Local Wetland Ordinances 

As a result of these two amendments to P.A. 203, all 38 of the wetland 
ordinances must be revised prior to June, 1994, or risk being out of compliance. 

Those communities which have previously adopted wetland ordinances, but did not 
prepare wetland inventories, must do so and disseminate the findings to the public 

prior to June, 1994. Because the amendments did not specify a scale or level of 

detail for these wetland inventory maps, communities could employ National Wetland 
Inventory Maps and other available data sources including soil survey maps. 

To assist local communities with wetland ordinances in addressing the 
amendments, a voluntary advisory group entitled the "Southeast Michigan Wetland 

Coalition" has been established. This paper, as well as the works by Jaworski 
(1993) and Fisher (1993), are part of that community assistance program. Other 

informal efforts are underway, including the providing of consulting by private 

environmental firms. The Michigan DNR is also responding by increasing its 

educational function to include a wetlands identification workshop to be held in June, 

1993. | 

There are three issues, however, which will be somewhat difficult for local 

governments with wetland ordinances to resolve. These issues include: 1.) 

regulation of wetlands smaller than 5 acres, particularly those under 2 acres in size; 

2.) review of wetland permit applications within 90 days, especially when site plan 

and other approvals require much more time; and, 3.) the establishment of wetland 

buffers of setbacks. In order to regulate wetlands smaller than 2 acres, specific 

field evaluation procedures must be established and the landowners notified of the 

results of such investigations. The 90-day review period can be addressed by 

providing an option for applicants to waive the 90-day limit until associated 

approvals have been obtained. With regard to buffers, some effort is being 

expended on the notion of establishing setbacks from natural features, such as 

wetlands, and including such provisions in appropriate zoning ordinances. 

PERSPECTIVES ON AMENDMENTS TO P.A. 203 

Although it may be too soon to be conclusive, it appears that wetland 

ordinances on the local level in Michigan will not be abandoned. The Michigan 

DNR has announced open support for local jurisdictions for several reasons, 
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including the value of community's "eyes and ears” regarding unpermitted wetland 
activities. Most of the 38 communities with ordinances recognize that the State of 
Michigan has very limited staff and financial resources. Moreover, if local 
communities wish to address related matters of stormwater management, flood 
control, and erosion control, it is necessary to provide for wetland protection through 
local ordinances. 

It is also important to realize that the amendments were, in large part, a result 
of serious criticisms levelled at wetland protection in Michigan by pro-development 
forces. These changes in Michigan’s Wetland Protection Act may eventually be 
regarded as healthy, mid-course adjustments to environmental preservation that is 
less well accepted than floodplain protection. As the wetland debate continues at 
the federal level (Alper, 1992), the Michigan Homebuilders Association, and other 
groups in Michigan will continue addressing the taking issue, insisting on tax relief 
for unbuildable areas, and taking public entities to court who capriciously deny 
wetland use permits. Thus, if these amendments help provide for a more standard 
definition of wetlands, streamline the permit application process, and encourage local 
communities to be more flexible in their review of environmental permits, then 
perhaps the anti-wetland sentiment in Michigan has been reduced somewhat. 
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a APPENDIX A 

COMMUNITIES WITH WETLANDS ORDINANCES 
(Per Michigan DNR, May 10, 1993) 

Community County 

Addison Township Oakland 
Ann Arbor, City of Washtenaw 
Argentine Township Genesee 
Auburn Hills, City of Oakland 
Augusta Township Washtenaw 
Bloomfield Township Oakland 
Brandon Township Oakland 
Brighton Township Livingston 
Brownstown Township Wayne 
Burt Township Cheboygan 
Charleston Township Kalamazoo 
Clarkston, Village of Oakland 
Clyde Township st. Clair 
Fenton, City of Genesee 
Green Oak Township Livingston 
Grosse Ile Township Wayne 
Hamburg Township Livingston 
Hayes Township Charleviox 
Independence Township Oakland 
Lake Angelus, City of Oakland 
LaSalle Township _Monroe 
Meridian Township Ingham 
Milford Township Oakland 
Mundy Township Genesee 
Novi, City of Oakland 
Oakland Township - Oakland 
Orchard Lake, Village of Oakland 
Orion Township Oakland 
Oxford Township Oakland 
Pinckney, Village of Livingston 
Rochester Hills, City of Oakland 
Saugatuck Township Allegan 
Southfield, City of Oakland 
Waterford Township Oakland 
West Bloomfield Township Oakland 
White Lake Township Oakland 
Whitewater Township Grand Traverse 
Wixom, City of Oakland 

Not Yet Adopted 

Brighton, City of | Livingston 
Scio Township Washtenaw 
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some ordinances in this list require a DNR permit prior to the issuance Ot local 

development. Other ordinances require a separate local wetlands review and p . 
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APPENDIX B | 

POINTS OF DISCUSSION ON SENATE BILL 522 

1. All local ordinances would uniformly use the state definition of wetlands found 
in the Goemaere-Anderson Wetlands Preservation Act. 

2. All local units must complete and make available to the general public, without 
cost, a wetlands inventory map prior to enacting a local ordinance. The local 
ordinance must allow for public hearings on the map and the map must be 
certified by the DNR. Those local units with wetlands ordinances already in 
place, would have one year to complete such a map or would lose their ability 
to enforce the ordinance. The state would have the option of either adopting the 
local wetlands map as part of its wetlands inventory, or doing its own mapping 

. of the local unit. If the state did its own mapping of the local unit, that map 
would control. 

3. Builders/developers/farmers would be given 100% density credit. If a 20 acre 
parcel contained 5 acres of wetlands and the density requirements was 1 
dwelling per acre, the builder/developer would be allowed to build 20 dwellings 

| on the 15 non-wetland acres. 

4. Local units of government and individuals enforcing a local ordinance would be 
required to be certified as competent by the DNR and would have to use the 
DNR manual. 

5. There would be one central board making zoning decisions. 

6. Local wetlands permits would have to be approved or denied in 60 calendar 
days, and a written reason to give for any denial. Approval of the permit would 
be automatic on day 61. 

7. Decisions on wetlands permitting, including approvals, denials and conditions, 
must be based solely on the standards of ordinance. No decision or conditions 
not related to the protection of the wetland, will be permitted. Any unit doing so, 
would automatically lose their authority to enforce their local ordinance. 

8. All local ordinances would allow for mitigation within the county. 

9. All local ordinances will contain language stating that "If a permit is denied for 
a proposed wetlands activity, the landowner may request a reevaluation of the 
affected property for assessment purposes, to determine its fair market value 
under the use restriction (Sec. 16 Goemaere-Anderson Wetland Protection Act). 

10. All local ordinances shall contain language substantially similar to Sec. 17 
(judicial review to protect wetlands owners rights) of the Goemaere-Anderson 
Wetland Protection Act. 
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11. All municipalities with a local ordinance would be required to formally notify 
owners of record of the possible change in the status of their property (Sec. 20 

Goemaere-Anderson). 

12. All municipalities with a local ordinance would be subject to the "takings" 
language of Sec. 21 of the Goemaere-Anderson Act. 
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A WATER-QUALITY SURVEY OF TWENTY-FOUR 
STORMWATER WET-DETENTION PONDS 
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ABSTRACT 

During the latter months of 1988 and continuing through December, 1989, the 
Southwest Florida Water Management District conducted a water-quality survey of 
twenty-four stormwater wet-detention ponds in the Tampa Bay region. The 
objectives of the survey were: 1.) to provide regional, base-line water-quality data in 
urban stormwater wet-detention ponds; 2.) to document whether the water quality 
met state water-quality standards, and 3.) to explore relationships among survey 
variables. The percentage of samples exceeding water-quality standards (total © 
percent exceedence, %E) for samples taken when ponds were discharging was 10 
percent or more for four variables (dissolved oxygen, total zinc, total copper and 
total cadmium), with the total lead standard exceeded in about 9 percent of 
samples. The results were similar if all samples were considered, but %E nearly 
doubled for cadmium (18%) and TSS (10%). Although inputs and outputs were not 
measured, the data (especially TSS and turbidity) indicated that wet-detention ponds 
were probably effective as sedimentation basins. 

Sources of seasonal variability in stormwater constituents probably included 
antecedent conditions and first-flush effects, rainfall and water level changes, 

variable watershed and atmospheric sources, and in-pond processes. Multivariate 
analyses provided additional evidence that hydrologic conditions, pond dimensions 
and primary production (including aquatic macrophytes) had impacts on the water 
quality of the wet-detention ponds in this study. Land-use evaluation and cluster 
analysis suggested that multi-family residential ponds were among the ponds with 
the poorest water quality. Higher population density and more impervious surfaces 
are probably involved. 

More than 80 percent of the data on four heavy metals (cadmium, lead, 
chromium, and nickel) had values that were below laboratory detection limits. 
Therefore, the analyses that were performed using one-half the detection limits for 
these data (i.e., censored data) should be viewed with caution. 

INTRODUCTION 

_ Over the last twenty-five years, a_ significant reduction in "point-source" 
discharges to the nation’s surface waters has occurred. As a result, stormwater 
runoff is now recognized as the major "non-point source" of pollution to surface 
water bodies (USEPA, 1983; Livingston, 1986). Stormwater runoff is blamed in part 
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for many negative ecological changes. For example, Lake Erie fisheries appeared 
to improve with the reduction of point source and non-point source pollution 
(Bastian, 1986; Marsalek, 1986). Stormwater may vary in water quality depending 
on such factors as rainfall amounts, land uses, or the specific treatment; i.e., "best 
management practice" (BMP), being employed (Wanielista, 1978; Terstriep, et al., 
1986; and Whalen and Cullum, 1988). Heavy metals are one area of concern 
regarding the pollutants found in stormwater runoff. Source of heavy metals in 
stormwater runoff include petroleum products, antifreeze undercoating and 
galvanizing, brake linings, engine wear, rubber, asphalt, and concrete (Whalen and 
Cullum, 1988) and many others (e.g., algicides and herbicides with copper). Wetfall 
and dryfall atmospheric sources are suggested for most heavy metals and trace 
elements (Arimoto and Duce, 1987). Recent data indicate that rainfall in the Tampa 
Bay region is a significant source of some metals (Rushton and Dye, 1993). 

Findings of the Florida Department of Environmental Regulation (FDER) 
determined that stormwater was responsible for most of the pollution loads entering 
Florida waters. It is estimated that stormwater pollution is responsible for: 1.) 80 to 
95 percent of heavy metals loading into state waters; 2.) virtually all of the 
sediments deposited into state waters; 3.) 450 times the suspended solids and 9 
times the BOD, substances of secondarily-treated sewage entering state waters: 
and, 4.) nutrient loads comparable to secondarily-treated sewage effluent entering 
State waters. Regulations now suggest an 80 percent reduction in annual pollutant 
discharge loads from new systems, and a 95 percent reduction if the discharge 
enters an Outstanding Florida Water (OFW). In Florida studies for a variety of land 
uses, the first half-inch of runoff (projected to annual loads) contains 80 to 95 
percent of most pollutants. At the time of this survey, various BMP’s or 
combinations of BMP’s could meet the load reduction standards by treating the first 
one-half inch of runoff (Livingston, 1986). 

Generally, stormwater treatment in Florida is accomplished through "retention" 
or "detention" (Livingston, 1986). By definition retention is diversion of a prescribed 
amount of stormwater runoff to a treatment area with no subsequent discharge to 
waters of the state. Thus, retention results in near total treatment of the diverted 
water. Detention is diversion of a prescribed amount of stormwater runoff to a 
treatment area for prescribed residence times. Detention includes controlled 
discharge of the treated volume of stormwater to receiving waters (Livingston, 1986). 
By backing up and holding a specific volume of runoff, wet-detention basins can 
provide good to excellent removal efficiencies for suspended solids, metals and 
nutrients, because the water column of wet-detention basins removes pollutants 
through sedimentation, degradation, vegetative uptake, and other physical and 
biological processes (Whalen and Cullum, 1988; Stahre and Urbonas, 1990). 

During the latter months of 1988 and continuing through December, 1989, the 
southwest Florida Water Management District (a/k/a "the District") conducted a 
water-quality survey of twenty-four stormwater wet-detention ponds in the Tampa 
Bay region. Three basic objectives for the survey were: 1.) to provide regional, 
base-line water-quality data; 2.) to document whether the water quality met state 
standards (1988 to 1990); and, 3.) to explore the relationships among variables. 
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STUDY SITES 

The search for study sites resulted in selection of twenty-four wet-detention 
ponds with Chapter 40D-4 or 40D-40 permits (F.A.C., 1990) and located in the 
Tampa Bay region (Figure 1 and Table 1). Some ponds discharged into storm 
drains; therefore, not all receiving waters could be sampled. Data for six ponds 
(25%) were dropped from analyses (except for percent exceedence, %E), because 
they did not function correctly as wet-detention systems throughout the entire study 
period (Kehoe, 1992). Also, one of the ponds (Pond S) was the subject of an in- 
depth study of stormwater treatment efficiency (Rushton & Dye, 1993). 

MATERIALS & METHODS 

Characteristics of each pond and contributing basin were obtained from 
information in permit files of the District (Table 1). Three characteristics (pond area, 
maximum depth, and treatment volume) were determined to have relationships with 
certain water-quality variables. Surface-water grab samples and field measurements 
were taken during the two or three-day period immediately following storm events; 
however, not all storms during this study period were sampled. The result of this 
Survey design was approximate monthly samples, during both wet and dry periods, 
allowing seasonal analysis of the data. All samples were collected between 8:00 
a.m. and 5:30 p.m., and only the last date of the 2-3 day sample runs was reported. 
Samples were collected: 1.) within the pond, directly in front of the control structure 
(i.e., the outfall station); 2.) within the pond, located away from the point of 
discharge (i.e., the pond station); and, 3.) within the receiving water (if available), 
upstream of the discharge point (i.e., the receiving-water station). Most of the data 
analysis includes only outfall data, because only outfall samples had metal analyses 
performed. The data from receiving water stations were available for only a limited 
number of ponds (fifteen of twenty-four). Pond station and receiving water station 
data are summarized by Kehoe (1992). 

Field measurements using a Hydrolab™ multiple-sensor water-quality instrument 
included measurements of temperature (°C), 
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Table 1. Permit Information for the twenty-four stormwater, wet-detention ponds. 
(Modified from Rushton, et al., 1989). 

POND TYPE PROJECT AREA IMPER- POND BASIN INLETS/ MAX. WATER VOLUME LITTORAL ZONE 
LC,HC AREA DRAINED VIOUS AREA AREA OUTLETS DEPTH TABLE (ACRE- 

PSEUDONYM SR,MR CACRES)CACRES) (%) (ACRES) (ACRES) (NO.) (CFT) (CFT) FEET) SLOPE “COVER DEPTH 

/LETTER EST OBS (FT) 

CARLL A LC 180.0 180.0 75 21.10 154.7 2/1 8.5 -2 15.45 8:1 35 8. 
GTEDS B LC 49.9 54.0 42 3.69 45.9 3/1 10 -6.8 5.03 10:1 35 45 3.0 
COOPP C SR 19.5 39.0 40 3.50 39.0 2/1 14 -2 0.82 20:1 31 75 2.5 
RIDGE D SR 78.3 78.3 55 2.95 34.3 4/1 4.5 -2.3 1.42 10:1 35 20 3.0 
CoPWw5 CE SR 37.1 37.1 40 2.73 28.0 2/1 14 -2.5 1.36 4:1 36 45 3.0 
CARLS F LC 180.0 180.0 75 2.30 25.3 1/1 8.5 -2 1.08. 80 20 3.0 
WPAIL G HC 63.6 64.2 66 2.20 23.8 1/1 v -2 1.10 6:1 46 53 2.0 
WPAIS H HC 63.6 64.2 66 1.84 7.4 1/1 7 -2 0.31 6:1 63 8 3.0 
BLDAL I HC 19.0 19.0 44 1.64 17.6 4/1 12.0 -2.4 . 6:1 50 23. 
KENMA J HC 7.6 7.6 36 1.60 7.6 2/1 >3 -9.5 0.32 15:1 38 55 2.0 
LIGHB K MR 11.8 11.8 57 1.44 11.9 2/1 9 -6 0.56 8:1 35 25 . 
LASHV L MR 13.0 11.7 25 1.20 11.7 1/1 9.9 -10 0.55 . 100 95 1.5 
MEBRV M MR 50.0 45.4. 1.14 10.8 3/1 9.9 . 0.45 4:1 42 15 3.0 
MARWA N MR 13.7 15.0 60 0.96 15.1 2/1 4 -2.5 0.63 . 40 15 3.0 
EASTS 0O LC 7.5 12.0 tf 0.80 12.0 2/1 2.5 . 0.55 4:1 35 100 1.0 
LAKFN P SR 13.0 13.0 15 0.78 7.0 1/1 7.5 -4 0.30 4:1 0 2. 
LAKFS Q SR 13.0 13.0 15 0.76 6.0 1/1 7.5 -4 0.30 4:1 0 20. 
THORN R MR 3.6 3.6 41 0.60 3.6 2/1 3 -3.5 0.16 4:1 45 3 3.0 
TAOFF S LC 9.5 6.3 30 0.35 6.3 1/1 3 -0.5 0.32 8:1 100 83 3.0 
LIGHF T MR 5.2 4.8 76 0.32 4.9 2/1 2 -3.3 0.20 8:1 33 40 2.0 
GEORG U LC 11.8 11.8 57 0.31 3.1 2/1 9 -6 0.19 8:1 35 0 . 
TRICO V HC 1.8 1.8 71 0.15 1.8 3/1 2.23 -1.2 0.08. 100 95 0.4 
LIWAF W HC 4.8 53.4 47 0.12 1.9 1/1 2.5 -1.2 0.08 6:1 35 20 2.3 
BLDAS xX HC 19.0 19.0 44 0.04 1.4 2/1 5.2 -2.4 . 5:1 50 85 3.0 

LEGEND: "LC" = LIGHT COMMERCIAL "HC" = HEAVY COMMERCIAL "l= MISSING DATA 
MSR" = SINGLE FAMILY RESIDENTIAL "MR" = MULTIFAMILY RESIDENTIAL 

"EST" = ESTIMATE FROM PERMIT "OBS" = OBSERVED FROM PHOTOS 

dissolved oxygen (mg/L), pH (standard units), and specific conductance (umhos/cm 
or mmhos/cm), all taken on the bottom at the time that surface grab samples were 
collected. The time of day, discharge status of the control structure, and the depth 
to the bottom at the sample location were also recorded. The depth measurement 
did not coincide with the depth of the grab: sample unless the water was very 
Shallow (less than about 0.5m). Surface water grab samples were collected in 250 
milliliter (mL) and 1.0 liter (L) opague polypropylene bottles. Depths of grab 
samples ranged from as little as 0.10 meter (4 to 5 inches to a maximum of about 
0.50 meter (1.5 feet), when possible. Depths and sample locations were not 
consistent because of the fluctuating water levels and differing side slopes in ponds. 
Laboratory analyses were performed according to either Standard Methods 
(A.P.H.A., 1989) or EPA 600/4-79-020, Methods for Chemical Analysis of Water and 
Wastes (USEPA, 1979). 

SAS™ Release 6.03 (1988) procedures and Lotus 1-2-3™ Release 2.01 (1986) 
were used to conduct statistical and graphical analyses of data. Data transfor- 
mations (e.g., log 10) were used to improve normality for statistical analysis. Initial 
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calculations and analyses (e.g., percent exceedence, medians, and means) were 
performed on the data from all 24 wet-detention ponds. Six ponds were 
subsequently deleted from all but the initial statistical analyses, due to improper 

Operations or structural problems (Pond G, Pond |, Pond L, Pond N, Pond O, and 
Pond W) (Kehoe, 1992). Pond deletion resulted in the comparison of eighteen 
rather than twenty-four annual means for the variables, and had little effect on the 
graphical analysis of seasonal effects on date means. 

Analytical and interpretive difficulties known as "left-censoring” occur when data 
values fall below a laboratory-specific detection limit for a variable. Means and 
other statistics were calculated for all eight metals by substitution of one-half the 
detection limit (DL) for left-censored values as suggested by Gilliom and Helsel | 
(1986). This substitution method performs very well as a "first-look" at the 
estimation of means and siandard deviations of censored data. Due to the 
uncertainty about censored data, only four metals were included in certain 
multivariate analyses. Their data were less than 50 percent left-censored (except 

Cu, 58 percent left-censored). The metals and their percent left-censoring are Zn 
(22%), Fe (<1%), Mn (50%), and Cu (58%). The metals deleted from multivariate 
analyses and the percent of left-censoring were Cd (82%), Cr (82%), Pb (83%), and 
Ni (88%). 

RESULTS AND DISCUSSION 

Discharge Frequency | 

Discharge frequency was calculated in two ways: 1.) annually (for ponds), equal 
to the number of sample dates a pond was observed discharging during the study 
period (Table 3); and, 2.) seasonally (for dates), equal to the number of ponds 
observed discharging on a sample date (not shown in Table 3) (Kehoe, 1992). In 
either case, discharge frequency is based on the percent (or number) of times that 
water was observed discharging through a control structure. While not all storm 
events could be sampled, the total discharge frequency (59% for all ponds on all 
dates) may be a good estimate for wet-detention ponds in the region because both 
wet and dry periods, a tropical storm, and more than 100 days of drought occurred 
during the survey. Note that seventeen outfalls were discharging on at least 50 
percent of sampling dates. Annual, pond discharge frequencies ranged from zero 
(Pond R) to 100 percent (Pond U - with a known intermittent bleeddown due to a 
level-activated pump). Date discharge frequency demonstrates a distinct seasonal 
pattern than can be graphically related to rainfall, and that is directly correlated 
(r=0.73, p=0.01) to mean bottom depth data for the 11 sample dates, as well as the 
data for several other variables (Kehoe, 1992). 

Exceedence of Standards (E%) 

Evaluation of exceedence of state water-quality standards was based on 
whether samples collected "within" ponds exceeded specific standards; however, 
specific state water-quality standards do not apply directly to stormwater ponds, 
even though the standards apply to discharge from stormwater ponds. The 
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interpretation presented here should not be used to conclude that exceedence of 
standards within the pond is equivalent to "discharging" water that exceeds 
Standards, even though a relationship may exist. Also, the process of water flowing 
through a control structure could affect some parameters that may be influenced by 
water movement (e.g., dissolved oxygen and pH), that may be physically removed 
by skimmers (e.g., oils, greases, and trash), that may settle (e.g., suspended solids 
and turbidity), and that are absorbed or bonded to particles that settle such as 
nutrients, heavy metals, and pesticides (Stahre, and Urbonas, 1990). A distinction 
was made between samples collected when ponds were not discharging (about 41% 
of samples) (Figure 2). 

TOTAL PERCENT EXCEEDENCE OF STANDARDS 

24 PONDS, WET-DETENTION SURVEY 
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Figure 2. Total percent exceedence of water-quality standards, for all samples, and 
for samples only when outfalls were observed discharging. 
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Table 2 summarizes 1989-1990 water-quality standards for criteria that applied 
to state surface waters, to drinking water supplies, and to sewage treatment plant 

(STP) discharge. Of particular interest are the Chapter 17-302, Class III standards 

because the stormwater management systems that were studied discharged into 

Class Ill waters. Class Ill waters are designated to provide for "propagation and 
maintenance of healthy, well-balanced populations of fish and wildlife" (Chapter 17- 

302, F.A.C., 1990). In the absence of a Class Ill standard for manganese (Mn) and 
for total suspended solids (TSS), the Class Il (shellfish) standard (for Mn) or an 

efficient sewage treatment plants (STP) discharge concentration (for TSS) are 
compared. Also, Chapter 17-550 primary and secondary drinking water standards 
are included in Table 2 as a reference for some parameters. 

Table 3 provides a summary of the median annual outfall station concentrations 
and the percent exceedence (%E) of the applicable water quality standards for each 
parameter at each outfall station. Figure 2 shows Total %E by parameter for all 
samples and also for samples only when ponds were discharging. Total %E 
represents the percentage of times, for all sampling dates and for all twenty-four 
ponds, that a standard was exceeded for a specific variable. The median value was 
initially utilized as the better measure of central tendency for censored and possibly 
non-normally distributed data. When compared with the mean, median of variables 
gives an indication of whether the distribution of data is normal or skewed (McClave 
and Dietriech, 1982). In Table 3, outfall stations are arranged by decreasing pond 
size (ponds are labeled alphabetically from largest to smallest, letter A through X), 
while columns are arbitrarily arranged by decreasing total percent exceedence (Total 
%E). The number of outfall stations that exceeded a standard one or more times 
(Number. of Ponds) is also listed in Table 3. Generally, the higher the Total %E 
(i.e., those standards more frequently exceeded) the greater the number of outfall | 
stations (Number of Ponds) that exceeded standards for a variable (Table 3). The 

relationship is strongest for metals, and when total %E is greater than or equal to 
10 percent. Finally, the number or percent exceedence of standards appeared to 
fluctuate with the seasonal (sample date) and annual (pond) means for variables, 
although an analysis was not carried out (Kehoe, 1992). 

Dissolved Oxygen (DO) 

While the 24-hour DO standards require diurnal (24-hour) sampling, valuable 
information was obtained by comparing single field measurements to the 24-hour 
mean (5.0 mg/L) and the 24-hour-lowest allowable (4.0 mg/L) DO standards. Thirty- 
nine percent (88 or 226 samples) of all outfall station DO measurements from 18 of 

24 outfalls were below 5.0 mo/L (first column Figure 2), and 30 percent (67 of 226 

samples) were below 4.0 mg/L (second column in Figure 2). The percent exceed- 

ence increases slightly if only samples when outfalls were discharging are 

considered. Most exceedences of the 24-hour DO standards occurred in nine ponds 

(%E = 60% or more, below 5.0 mg/L) with heavily vegetated outfalls that probably 
reduced circulation near the outfall and enhanced build-up of organic material. Also, 
DO measurements were generally recorded near the bottom, often beneath thick 
vegetative cover, and probably near or below light extinction depth in some ponds. 
The annual median DO concentrations were below 5.0 mg/L for all nine ponds. Log 
mean annual DO for outfalls was inversely correlated (r=-0.66, p=0.003) with 
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estimated percent of pond area covered with aquatic macrophytes. The seasonal 
pattern of mean DO (i.e., date means) was probably inversely related to seasonal 
temperature changes (r=-0.53, p=0.09). There also appeared to be more 
exceedences of DO standards during the summer season and during wetter periods 
(Kehoe, 1992). 

Criteria 

Chapter 17-302 Class Chapter 17-550 STP 
Parameter | I I] III 1! 2! 2! Lab DL 

Zine (Zn) 0.03 1.0 0.03 "F" s-e- 5.0 ---- 0.005 
0.1 yu 

Cadmium (Cd) 0.0008 "Fs" = 0.005 0.0008 "FS" 0.01 meee ene 0.002 
0.0012 "FH" 0.0012 "FH" 

0.005 "mM" 

Copper (Cu) 0.03 0.015 0.03 "Fl" ie 1.0 7--- 0.01 
0.015 "Mm" 

Lead (Pb) 0.03 0.05 0.03 "FM 0.05 ---- 7-0- 0.01 
0.05 byl 

Iron (Fe) 0.3 0.3 1.0 "Fl" ---- 0.3 ---- 0.02 
0.3 sayy 

Nickel (Ni) 0.1 0.1 0.1 --7- ---- ---- 0.01 

Manganese (Mn) ---- 0.1 ---- ---- 0.05 ---- 0.01 

Chromium (Cr) 0.05 0.05 0.05 0.05 ---- ---- 0.01 

Dissolved 5.0 5.0/24 HR Mean 5.0 "FN ---- ---- 777° o--- 
Oxygen (DO) 4.0/24 HR Lowest 5.0/24 HR Mean "mM" 

. 4.0/24 HR Lowest "M" 

pH 6.0 to 8.5 6.5 to 8.5 6.0 "F", 6.5 "M" to ---- [6.5 to ---- ---- 
(Standard Units) NB +/- 1.0 NB +/- 1.0 8.5 NB +/- 1.0 8.5] 

Total Suspended = ----- ---- ---- ---- ---- 20.0 0.05 
Solids (TSS) 

Turbidity (NTU) 29.0 29.0 29.0 1.0 ---- ---- ---- 

Conductivity 

(umhos/cm) 1275 1275 1275 "FH ---- wen wee ---- 

Legend: DL = Detection Limit NB = Natural Background 
uF 6 6= Freshwater STP = Sewage Treatment Plant 
"FS" = Freshwater (Soft, under 150 mg/L CaC03) ---- = Not Established or Not Given 
"FH" = Freshwater (Hard, above 150 mg/L CaC03) 1/ = Primary 
mM" = Marine 2' = Secondary 

Table 2. Water-quality standards for several criteria applicable to state waters (17- 
302), drinking water (17-550) or sewage treatment (STP). SWFWMD laboratory 
detection limits (DL) for metals also given. All values are mg/L unless indicated. 
(F.A.C. Chapters 17-302 and 17-550). 
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Table 3. Median annual outfall concentrations and percent exceedence (%E) of water-quality standards (by pond) 
for 24 wet-detention ponds, 1988-1989. Lab detection limits also given. All values are mg/L unless indicated. 
(Source: Kehoe, 1992). 

Pond CONDUCTIVITY TURBIDITY pH DF 

Pseudonym\ DO %E Zn %ZE Cd %E Cu %E TSS XE Pb ZE mmhos/ %€ Fe %E NTU “HE SU %E Cr 4E Ni %4E Mn XE (4%) 
Landuse\LTR cm (a) (b) (c) (d) 

CARLL LC A 7.30 18 0.021 27 < 30 < 9 1.78 0 <«< 9 0.700 0 0.076 O 1.8 0 7.50 Q < 9 < 0 < 0 91 
GTEDS LC B 5.72 18 0.027 36 < O 0.010 18 6.45 9 «< O 0.323 0 0.230 9 3.3 0 7.30 9 < 0 < 0 < 0 90 
CooPP SRC 6.60 40 0.018 27 < 10 < 0 3.25 0 < O 0.200 0 0.170 O 2.2 0 6.60 0 < 0 < 0 0.010 10 70 
RIDGE SRD 2.70 89 0.015 11 < 13 0.019 22 4.08 0 < 11 0.246 0 0.260 0 6.9 0 6.70 11 < 0 < 0 < 0 13 
COPWS5 SRE 2.40 100 0.003 45 < 30 < 9 5.10 11 < 18 0.253 0 0.140 0 2.0 0 6.55 0O < 0 < 0 0.010 0 36 
CARLS LC F 8.36 0O 0.011 O < 20 0.019 45 2.50 9 < 9 0.383 0 0.093 0 2.0 0 7.90 QO < 0 < 0 0.010 QO 73 
WPAIL HC G 7.00 QO 0.010 11 < 0 < 0 7.01 25 < O 0.086 0 0.940 44 57.5 100 7.24 25 0.01 O < 0O < 0 18 
WPAIS HC H 6.50 18 0.014 18 < 30 < 18 8.54 36 < 9 0.231 0 @.229 O 11.3 9 7.60 9 < 9 < QO < 0 36 
BLDAL HC I 6.53 18 0.026 45 0.003 56 0.010 20 3.62 0 < O 0.159 0 0.195 0 7.3 0 6.66 0 < 0 < 0 < 0 . 
KENMA HC J 2.90 64 0.012 0 < 13 < 0 3.66 0 <11 0.178 0 0.116 O 1.7 0 6.52 0 < 0 < 0 < 0 30 
LIGHB MR K 6.51 27 0.020 18 < 10 0.011 10 7.80 0 < 0O 0.319 0 0.330 9 5.1 0 7.47 QO < 0 < 0 0.027 0 50 
LASHV MRL 4.80 60 0.021 27 < 30 < 9 8.41 0 <«< 9 0.117 0 0.171 O 4.4 0 6.99 0 < 0 < 0 < 0 55 
MEBRV MRM 6.70 0O 0.021 40 < 22 < 10 3.20 0 < O 0.126 0 0.127 0 2.0 0 7.50 14 < 0 < 0 0.012 0 55 

— MARWA MR N 3.60 64 0.037 64 < 20 < 9 12.62 18 < 9 11.540 100 0.276 9 6.5 0 68.00 0O < 18 < 0 0.029 0 80 
> EASTS LC O 3.30 80 0.074 100 < 29 < 2011.40 40 < 0 0.137 0 0.235 20 4.3 20 6.96 0 < 0 < 0 0.012 0 50 
NM LAKFN SRP 6.96 30 0.012 0 < 10 < 18 3.38 0 <«< O 0.152 0 0.200 9 2.1 0 7.26 QO < 9 < 0 < 0 78 

LAKFS SRQ 7.75 O 0.005 18 < 10 < 9 8.44 0 < 18 0.176 0 0.302 0 5.7 0 7.65 10 < 0 < 0 < 0 67 
THORN MRR 8.30 O 0.025 45 < 30 0.019 27 23.50 73 < O 0.347 0 0.392 921.0 27 8.10 0 < 0 < 0 < 0 0 
TAOFF LC S 2.80 78 0.028 44 < 13 < 0 6.06 0 <11 0.392 0 0.287 0 5.3 11 7.04 O < 0 < 0 0.015 0O 13 
LIGHF MR T 8.00 O 0.041 64 < 20 0.026 45 11.56 22 < 9 0.255 0 0.232 0 7.7 0 7.90 11 < 18 < 13 0.012 0 55 
GEORG LC U 5.10 45 0.021 27 < 20 < 18 3.46 0 <«< 9 0.259 0 0.210 0 3.9 0 66.98 0 < 0 < 0 0.012 0 100 
TRICO HC V 3.28 73 0.019 9 < 0 < 0 5.00 0 < 9 Q.143 0 0.220 0 3.1 0 6.68 0O < 0 < 0 0.011 0 13 
LIWAF HC W 7.17 29 0.019 40 < 0 < 0 5.19 0 < 10 0.133 0 0.206 10 8.4 0 7.50 QO < 10 < QO < 0 40 
BLDAS HC X 3.14 91 0.016 27 < 10 < 9 3.87 0 < 9 0.225 0 0.260 0 3.8 0 67.00 O < 0 < 0 0.019 QO 89 

Total ZE 38.9 29.8 17.7 13.8 9.8 6.9 4.9 4.5 4.4 3.1 3.3 0.6 0.4 // 59 
# Ponds 18 21 20 18 9 15 1 8 5 7 5 1 1 

(f) (g) 
Standard 5.0 0.03 0.0012 0.03 20.0 0.03 1.275 1.0 29.0 6.0 - 8.5 0.05 0.1 0.1 
DL (Ce) -or- 0.005 0.002 0.01 ---- 0.01 ae 0.02 77-7 ---- 0.01 0.01 0.01 

Legend: (a) Millimhos per centimeter @ 25 degrees Centigrade. (e) DL = SWFWMD Lab Detection Limit. 

(b) Nephelometric turbidity unit(s). (f) 20 mg/L TSS represents efficient 2’ sewage treatment. 
(c) Standard unit(s). (g) Chapter 17-3 Class II] standard for Mn. 
(d) Discharge frequency (percent). t----" = Not established or not given. 
"." = Missing data. "<" = Less than the Detection Limit (DL) 
SR = Single-family Residential MR = Multi-family Residential 
LC = Light Commercial HC = Heavy Commercial



Ponds should be designed with aquatic macrophytes located so that a 
moderately deep (e.g, 1.5 m) sedimentation area is separated from a shallower, 
wider, Open-water zone. In this manner, circulation and water movements will 
promote higher DO concentration through reduction of the effects of sedimentation. 
Pond maintenance to exclude undesirable plant abundance and species, to remove 
built-up organic matter and sediments, and to maintain the open-water zone directly 
in front of the control structure is desirable (SWFWMD, 1988 and Stahre and Urbonas, 1990). Because of the interaction of many physical, chemical, biological, 
temporal, and spatial factors affecting DO in surface waters, the specific pond size, 
shape, depth, and vegetation zones (i.e., stormwater system design) that will provide 
optimal DO concentrations should be determined on a site-by-site basis. 

Zinc (Zn) 

Zinc was probably the most problematic heavy metals measured during the 
study. None of the annual medians for zinc, and only 22 percent of the samples 
(55 of 248 samples) were less than the zinc detection limit (0.005 mg/L). A large 
number of outfall stations (21 of 24) (Table 3) and 30 percent (74 of 248 samples) 
of the grab samples exceeded the Class Ill zinc standard (0.03 mg/L); 34 percent 
exceeded the standard, if only samples when ponds were discharging are 
considered (Figure 2). Most of the outfall stations that exceeded the zinc standard 
did so more than once, except Pond D, Pond G, and Pond V. The annual mean 
zinc of 14 outfalls exceeded 0.03 mg/L (Kehoe, 1992), but there were no significant 
Statistical correlations of annual mean zinc with other measured parameters for the 
outfalls. On five of eleven sample dates, 40% or more samples exceeded the zinc 
standards; on one date 75% of samples (18 of 24) exceeded the zinc standard. 
Seasonally, log mean zinc for the 11 sample dates was directly correlated with 
mean DO (r=0.64, p=0.02), but the reason is not clear. Higher means and more 
exceedences of the zinc standard on specific dates Suggest an atmospheric source | 
of zinc or a seasonal effect that may be related to changes in water levels, rainfall 
amounts and antecedent periods, wind-induced mixing, or internal cycling. At Pond 
S, the instantaneous zinc concentrations of 21 storms in 1990 ranged from 0.016 to 
0.201 mg/L (mean = 0.045); 12 of the 22 storms exceeded 0.03 mg/L (Rushton, 
1993). The data suggest that zinc should remain a source of concern in stormwater 
projects at the District. 

Cadmium (Cd) 

The bioavailability and toxicity of metals are affected by temperature, pH, 
Organic and inorganic ligands, and hardness. Hardness, alkalinity, and pH may 

_ often be related through the carbonate-bicarbonate buffer system; hardness and 
alkalinity are reported in milligrams per liter as CaCO,. In wet-detention ponds, 
hardness may depend on the regional surface geology and physiography (Canfield 
and Hoyer, 1988) and in-pond processes that may affect the concentrations of 
calcium and magnesium carbonates (Wetzel, 1975). Generally, higher background 
total hardness levels result in higher pH and alkalinity levels, especially if calcium 
and magnesium carbonates are the main source of hardness. Hardness indirectly 
affects metals toxicity by interfering with metals uptake by competing for uptake sites 

143 |



on cells of the gill membrane in fish (Davies, 1986). As hardness increases, metals 

toxicity decreases. For the 1989 Chapter 17-302, Class Ill cadmium standard, the 

hardness cutoff point is 150 mg/L (as CaCO,). Above 150 mg/L, the cadmium 

standard is 0.0012 mg/L; however, below 150 mg/L, the cadmium standard is 

0.0008 mg/L (Table 2). Hardness and alkalinity were not measured during the 

survey, and the higher standard for cadmium (Chapter 17-302, Class Ill = 0.0012 

mg/L) was used. However, recent data from an ongoing stormwater survey 

indicates that hardness may be quite variable (0 to 200 mg/L as CaCO,) within and 

between stormwater ponds in the Tampa Bay region (M. Kehoe, unpublished). 

Recently revised State of Florida water-quality standards base heavy metals _ 

standards on a calculation using the natural log of total hardness in a surface 

waters (Florida Administrative Code, Chapter 17-302, 1992). 

Note that median cadmium values (23 of 24 outfalls were below the method 

detection limit (BDL or <) of the laboratory (0.002 mg/L) for every outfall except 

Pond L (Table 3). Eighty-two percent of grab samples (186 to 226 samples) were 

BDL for cadmium. Whether or not the cadmium standard was exceeded in samples 

when cadmium levels were BDL is unknown, because the standards (0.0008 and 

0.0012 mg/L) are also less than 0.002 mg/L. Thus, cadmium was in exceedence of 

its standard whenever values occurred above its DL, and probably more often than 

reported here. The analysis would be equally vague (most data below DL) if wet- 

detention ponds were assumed to be softwater in character or of mixed hardness. 

Eighteen percent of the grab samples (40 of 226 samples) originating from 20 

or 24 outfall stations (Table 3 and Figure 2) exceeded the cadmium standard 

(0.0012 mg/L). Twelve outfall stations exceeded the cadmium standard two or more 

times. The total percent exceedence decreases by nearly half to 10 percent if only 

samples when outfalls discharged are considered (Figure 2). This may indicate that 

cadmium and water levels may be inversely related, a relationship that may involve 

bottom sediments. In fact, log mean annual cadmium for the 18 outfalls was 

inversely related to log mean annual bottom depth (r=-0.52, p=0.03), and to mean 

annual iron (r=-0.57, p=0.01). Rushton (1993) detected cadmium (thus exceeding 

the standard) in rainfall for only 7 of 22 storms in 1990. Most cadmium 

exceedences occurred on two sampling dates, one during a dry period (6/7/89) and 

one during a more rainy period (12/19/89), each with 13 of 24 outfalls exceeding the 

cadmium standard. Seasonally, log mean cadmium for the 11 sample dates was 

inversely related to water level -- discharge frequency (r=-0.69, p=0.03) and possibly 

mean bottom depth (r=-0.55, p=0.10). Because exceedence of the cadmium 

standard occurs for the majority of ponds, and Total %E is 18 percent for all 

samples (and is probably higher), cadmium should remain a source of concern and 

investigation in District stormwater projects. 

Copper (Cu) 

Only seven outfall stations had annual medians above the DL for copper, and 

58 percent (142 of 246 samples) of grab samples were less than the copper 

detection limit (0.01 mg/L). All of the outfall stations had less than 50 %E of the 

copper standard (two had 45 %E); therefore, none had annual medians above the 

copper standards (0.03 mg/L total copper) (Table 3). Fourteen percent (34 of 246 
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Samples) of grab samples originating from 18 of 24 outfall stations (Figure 2) 
exceeded 0.03 mg/L. Two outfalls exceeded the standard 5 times each (Ponds F 
and T), and one outfall had three exceedences (Pond V). The total percent 
exceedence of copper decreases slightly (to 12 percent) if only samples collected 
when outfalls discharged are considered (Figure 2). 

Three of the six outfalls that never exceeded the standard were heavily 
vegetated (Ponds C, J, and V). While vegetation appeared to be impacted 
occasionally at Ponds F, T, and others, whether or not herbicides containing copper 
were used was unknown. However, an inverse correlation (r=-0.47, p=0.05) existed 
between the log annual mean copper concentrations and estimated percent of pond 
Surface area occupied with aquatic macrophytes (percent cover). Log annual mean 
copper concentrations were also directly correlated with mean annual pH (r=0.58, 
p=0.01), mean annual DO (r=0.52, p=0.03), and log mean annual nickel (r=0.66, 
p=0.03) for outfalls (Kehoe, 1992). Reduced macrophyte coverage resulting from 
herbicides containing copper may result in higher algal production with higher mean 
DO and mean pH. The role of copper uptake by macrophytes in reducing copper 
concentrations and the use of herbicides during the survey are uncertain. 

Exceedences of the copper standard occurred mostly on three dates, one in a 
dry month and two during rainy months. The mean copper from the one dry period 
sample date was about 33% and 47% higher than the means from two wet-period 
dates. Seasonally, log mean copper for 11 sample dates was inversely correlated 
with pH (r=-0.58, p=0.06) (opposite of the annual mean correlation for these 
variables), but directly related to log mean cadmium (r=0.66, p=0.03) and log mean 
lead (r=0.62, p=0.04). The general seasonal pattern in mean copper and number of 
exceedences of the copper standard may indicate an inverse water-level (seasonal) 
effect or increased herbicide treatments - especially on one dry period date. Recent 
rainfall data suggest that rainfall is a minor source of copper (only detected in 3 of 
22 storms) (Rushton, 1993). Because most of the ponds and over 10 percent of 
samples exceeded the Chapter 17-302, Class Ill copper standard, copper should 
also remain a source of concern and investigation in District stormwater projects. 

Total Suspended Solids (TSS) 

There was no established Chapter 17-302 standard for TSS during the survey; 
therefore, TSS concentrations reported for efficient secondary sewage treatment 
plants (2’ STP) (Randall, et al., 1982) were used for comparison (20 mg/L, Table 2). 
Only one outfall station had a %E of the 2’ STP standard greater than 50 percent 
(73 percent, Pond R). Pond R was the only outfall station with an annual median 
greater than 20.0 mg/L (Figure 7). Roughly 10 percent (22 of 225 samples) of grab 
samples originating from just 9 of 24 outfall stations (Figure 2) exceeded 20.0 mg/L. 
Pond R, with 8 of 11 samples (73%) greater than 20.0 mg/L TSS standard, 
accounted for 36% (8 of 22) of all TSS exceedences. One other outfall (Pond H) 
exceeded 20.0 mg/L on 4 of 11 dates. The %E for TSS decreases by half to 5 
percent if samples only when ponds discharged are considered. This may result 
from less bottom sediment in samples when high water levels exist and/or greater 
sedimentation and flushing rates during the wet season. Log mean annual TSS 
concentrations were inversely correlated with discharge frequency (r=-0.62, p=0.006) 
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for the 18 outfall stations. Positive correlations with log mean annual TSS included 

log mean annual turbidity (r=0.82, p=0.0001), mean annul iron (r=0.60, p=0.009), 

and perhaps mean annual pH (r=0.41, p=0.09). Seasonally, log mean TSS for the 

11 sample dates was directly correlated with log mean conductivity (r=0.65, p=0.03) 

(Kehoe, 1992). TSS concentrations in rainfall were minimal compared to infall and 

reduced outfall concentrations during 29 storms at Pond S in 1990 (Rushton, 1993). 

Studies and reports suggest that the reduction of suspended solids improves 

with increasing detention times (Whipple, 1979; Whipple and Hunter, 1981). 

Pretreatment basins or deeper sedimentation zones are also recommended 

(SWFWMD, 1990). If properly maintained (e.g., located away from the outfall), 

vegetational zones can further reduce pollutant loads, including TSS (Fetter, et al., 

1978: Shih, 1981). Data from the District's 24-pond survey, from the District's 

intensive studies, and from studies elsewhere indicate the general effectiveness of 

wet-detention systems as sedimentation basins. However, while TSS generally did 

not appear to be a problem in the twenty-four ponds during the survey, the 

relationships between TSS and other variables (e.g., heavy metals and nutrients) 

reported in the literature warrants continued measurement of TSS _ in District 

stormwater projects. 

Lead (Pb) 

All annual pond medians for lead were less than the detection limit for lead 

(0.01 mg/L, Table 3); therefore, none exceeded the lead standard (0.03 mg/L). 

Roughly 7 percent (17 of 246 samples) of the grab samples originating from 15 of 

24 outfall stations (Figure 2) exceeded 0.03 mg/L. Thirteen outtalls exceeded the 

lead standards only once, and two outfalls had two exceedences (Pond E and Pond 

Q). The highest outfall station annual "mean" was 0.034 mg/L at Pond S, at least 

10 times less than EMC values reported for lead in the NURP report (Whalen and 

Cullum, 1988). If only samples when outfalls discharged are considered, there is a 

slight increase in the %E of lead from 7 to 9 percent (Figure 2). 

The general seasonal pattern for lead did not show an inverse water-level | 

effect; however, log mean annual lead concentrations for the 18 outfall stations were 

inversely correlated (r=-0.42, p=0.08) with log mean annual bottom depth. 

Seasonally, log mean lead was directly correlated (r=0.62, p=0.04) with log mean 

copper for the 11 sample dates. Most lead exceedences occurred on three dates, 

two during wet periods and one during a dry period. Nearly half of all lead 

exceedences (7 of 17) occurred on 12/19/89. While rainfall did not appear to be a 

significant source of lead during the District’s intensive study of a wetlands treatment 

system (B. Rushton, unpublished), an atmospheric source of lead in dryfall was not 

evaluated and may occur. Winter peaks (December, 1988 and 1989) in log mean 

lead that are nearly an order of magnitude higher than other sample dates (Figure 

29) may be due to greater automotive activity and subsequent wet and dry fallout 

containing lead during the winter tourism period. Other possible causes for higher 

lead in winter months are turnover and mixing of the water column causing 

resuspension of sediment-bound lead, and winter die-off of aquatic macrophyte and 

subsequent release metals. Although most of the data (83% - 204 of 246 samples) 

are below the lead detection limit (0.01 mg/L) and less than 10 percent of samples 
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exceed the Chapter 17-302, Class Ill standard for lead, over half the ponds (15) 
exceeded the standard at least once. Because of its bioaccumulative and extreme 
toxicity, lead should continue to be a subject of investigation in District stormwater 
projects. 

Specific Conductance 

Specific conductance levels in this survey were well below the Chapter 17-302 
Standard for freshwater (1.275 mmhos/cm, Table 2). All outfall stations were in 
compliance with the standards except one (Pond N, Table 3) which received tidal 
backflow on a regular basis and cannot be considered freshwater; therefore, Pond N 
was dropped from subsequent statistical analyses (Kehoe, 1992). The twenty-three 
freshwater outfall stations were one order of magnitude below the Chapter 17-302 
Standard (Table 3). The Total %E of 4.9% (11 of 226 samples) (Figure 2 and Table 
3) was due entirely to Pond N. Log mean annual conductivity for outfalls was 
directly correlated with log treatment volume, although Pond A (large and located 
coastally) probably has a disproportional impact on the correlation. Also, mean 
Specific conductance appears to demonstrate a strong seasonal pattern related to 
rainfall and surface hydrology. Log mean conductivity for the 11 sample dates was 
inversely correlated with discharge frequency (r=-0.85, p<0.001) and mean bottom 
depth (r=-0.64, p=0.03), and directly correlated with log mean TSS (r=0.65, p=0.03), 
log mean turbidity (r=0.55, p=0.08), and log mean cadmium (r=0.65, p=0.04). 

lron (Fe) 

Only two of the grab bag samples (2 of 247 = 0.81%) and none of the outfall 
Station annual median iron concentrations (Table 3) were less than the DL for iron 
(0.02 mg/L). Only 4.5 percent of the grab bag samples (11 of 247 samples) 
originating from 8 of 24 outfall stations (Figure 2) exceeded the Chapter 17-302 iron 
Standard (1.0 mg/L, Table 2). The %E did not change if samples only when outfalls 
discharged were considered. Only one outfall station exceeded the iron standard 
more than once (4 times at Pond G). All the outfall stations had less than 50 %E:; 
the largest %E was 44 percent at Pond G. Mean annual iron concentrations for 
outfall stations were directly correlated with log mean TSS (r=0.60, p=0.009) and log 
mean turbidity (r=0.59, p=0.01), but inversely correlated with log mean cadmium (r=- 
0.57, p=0.01). Mean iron in 22 of 24 1990 storms at Pond S was 0.056 mg/L. 
Seasonally, mean iron concentrations for the 11 sample dates were inversely 
correlated with log mean nickel (r=-0.68, p=0.07). Because less than half the ponds 
and only 11 samples exceeded the Class Ill iron standard, iron does not appear to 
be a problem in the wet-detention ponds included in the survey. Nevertheless, Fe- 
nutrient internal cycling (Armstrong, et al., 1987) and Fe-Mn distributions in relation 
to other trace metals (Murray, 1987) remain important areas of limnological 
investigation and potentially important mechanisms in stormwater ponds. 

Turbidity 

Turbidity is an expression of the light scattering and absorbing properties of 
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water. Water clarity (the opposite of turbidity) is important for water's potability 

(A.P.H.A., 1989). 

Only 4.4 percent (10 of 228 samples) of grab samples originating from 5 of 24 

outfall stations (Figure 2) exceeded the Chapter 17-302 turbidity standard (29 NTU, 

Table 2). The %E decreased slightly to about 3 percent if samples only when 

ponds discharged were considered. One outfall exceeded the standard three times 

| (Pond R), and one outfall exceeded the standard four times (Pond G). Overall, 

turbidity measurements did not appear to be excessively high. Of the five outfalls 

that exceeded the turbidity standard, shallow depth (Ponds O and S), lack of 

vegetation (Ponds G and R), clay soils (Ponds G and H), construction activity (Pond 

H), wind-blown particles from a road construction company (Pond H), and high 

levels of algal productivity (Ponds G, H, R, and S) were all probable factors that 

may have increased the turbidity of samples. Log mean annual turbidity for outfall 

stations was directly correlated with log mean TSS (r=0.82, p=0.0001), mean annual 

iron (r=0.59, p=0.01) and mean annual pH (r=0.45, p=0.05), and inversely correlated 

with discharge frequency (r=-0.44, p=0.07) and the square root of maximum pond 

depth (r=-0.42, p=0.09). Seasonally, log mean turbidity for the 11 sample dates was 

directly correlated with log mean nickel (r=0.66, p=0.07), log mean conductivity 

(r=0.55, p=0.08) and possible log mean cadmium (r=0.55, p=0.10); but inversely 

correlated with discharge frequency (r=-0.62, p=0.04). As a measure of fine 

suspended matter, turbidity measurements should continue to be analyzed during 

stormwater projects. 

pH 

oH is important in trace metals speciation and mobility (Murray, 1987). As pH 

values are lowered, the more acidic environment makes some metals more mobile 

and more toxic. Low pH has been correlated with elevated mercury accumulation in 

fish (Irwin, 1988). The effects of elevated pH should logically have the reverse 

effect. Mean annual pH for outfall stations was directly correlated with mean DO (r- 

0.82, p<0.001), log mean copper (r=0.52, p=0.03), log mean turbidity (r=0.45, 

p=0.06), mean temperature (r=0.45, p=0.06), log mean chromium (r=0.41, p=0.09), 

and log mean TSS (r=0.41, p=0.09), and inversely correlated (r=0.53, p=0.02) with 

estimated percent cover with aquatic macrophytes. Seasonally, mean pH was 

inversely correlated (r=0.58, p=0.06) with log mean copper for the 11 sample dates 

(Kehoe, 1992). 

The evaluation of whether or not pH values in surface water of the state 

violates Chapter 17-302 standards requires knowledge of "natural background" pH in 

receiving waters. Median outfall pH ranged from 6.52 to 8.10 (Ponds J and P, 

respectively); the lowest outfall pH recorded during the survey was 5.75 (Pond J) 

and the highest was 9.25 (Pond M). Receiving water median pH ranged from 5.07 

to 7.55 (at Ponds G and L, respectively); the lowest receiving water pH was 4.70 

(Pond G) and the highest was 8.70 (Pond A). However, the data provides no 

evidence that changes in receiving water pH resulted from discharges of stormwater 

from the survey ponds. The natural variability of pH was evident from the data. 

Differences of 1 or 2 pH units were observed at 18 outfalls and 13 receiving waters 
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(Kehoe, 1992), and diurnal fluctuations of 0.5 pH units have been observed in 
stormwater ponds (Rushton, 1993 and unpublished). 

Chromium (Cr) 

Only 3.3 percent (8 of 246 samples) of grab samples Originating from 6 of 24 
outfalls (Table 3) exceeded the Chapter 17-302 chromium standard (0.05 mg/L). 
Percent exceedence was unchanged if samples only when outfalls discharged were 
considered. Two outfall stations exceeded the chromium standard two times (Pond 
N and Pond T) and four others one time each (total of eight exceedences). None 
of the annual chromium medians exceeded the standard, and 19 annual medians 
plus 82 percent of grab samples (201 of 246 samples) were less than the DL. Log 
mean annual chromium concentrations for the outfall stations were directly correlated 
with mean DO (r=0.42, p=0.08), mean temperature (r=0.42, p=0.08), and mean pH 
(r=0.41, p=0.09), and inversely correlated with log mean manganese (r=-0.48, 
p=0.04). There were no seasonal correlations with chromium that were significant at 
the p=0.10 level. No rainfall data were available for chromium in Rushton (1993). 
Although chromium levels do not appear to have posed a problem in the wet- 
detention ponds that were surveyed, periodic tests (e.g., quarterly) for metals, 
pesticides, and other substances would help establish a data base to document 
changes in levels of specific substances in stormwater ponds over time. 

Nickel (Ni) 

Nickel was detected at 18 of 24 survey outfall situations, and only once at a 
concentration exceeding the Chapter 17-302 standard (0.1 mg/L) at four times the 
Standard (Pond T outfall station, 1 of 180 grab samples = 0.6 Total %E). This 
concentration was probably in error, considering levels at Pond T and other ponds 
during the survey. Nickel levels were less than the detection limit (0.01 mg/L) in 88 
percent of the grab samples (158 of 180 samples). Data were missing for three 
sample dates because of analysis errors. Log mean annual nickel for the outfall 
Stations was directly correlated with log mean annual copper (r=0.67, p=0.002). 
seasonally, log mean nickel for the 8 sample dates was directly correlated with log 
mean cadmium (r=0.94, p=0.002) and log mean turbidity (r=0.66, p=0.07), and 

_ inversely correlated with mean iron (r=-0.68, p=0.07). No rainfall data were 
available in Rushton (1993). Nickel levels did not appear to be problematic for the 

| wet-detention ponds in this survey. Like chromium, nickel levels should continue to 
be measured periodically in order to maintain current information regarding patterns 
or any changes in nickel levels in regional stormwater ponds. | 

Manganese (Mn) 

Manganese is an essential micronutrient that poses less toxicity problems in 
natural waters than most other contaminants (Irwin, 1988). Association of Mn with 
Fe in redox cycles at aerobic/anaerobic interfaces may be important for the internal 
cycling of nutrients and trace metals (Murray, 1987). Manganese was detected in 
rainfall during 6 of 32 storms in 1991, during the intensive study of a wetland- 
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treatment system (B. Rushton, unpublished); therefore, rainfall may be an occasional 
source of manganese. | | | oe 

Manganese was detected at least twice at every outfall station, except Pond H 
(only once). Manganese concentrations exceeded the Chapter 17-302 Class Il 
standard (0.1 mg/L) (no Chapter 17-302, Class Ill standard) only once, at the Pond 
C outfall station (1 of 225 samples = 0.44 Total %E) (Table 3, Figure 2). Log mean 
annual manganese for the outfall stations was directly correlated (r=0.50, p=0.03) 
with estimated pond area coverage with aquatic macrophytes, and_ inversely 
correlated with log mean chromium (r=-0.48, p=0.04). Manganese was less than the 
detection limit (0.01 mg/L) in only 50 percent of the grab samples (112 of 225 
samples), and does not appear to be problematic in the wet-detention ponds in this 
survey. Like iron, the potential role of manganese for internal cycling of metals and 
nutrients in ponds needs investigation. | 

Variable Clusters | 

Multivariate factor, cluster, correlation, and regression analyses were used to 
explore empirical relationships among annual means of study variables. Results 
from each analysis provided supportive evidence for some significant relationships 
among variables for the survey ponds. Factor analysis and cluster analysis provided 
an interpretation of how certain variables were related through hydrologic conditions 
(suspended particles), through primary productivity (including aquatic macrophytes) 
and through pond dimensions. Many of the relationships among variables within 
clusters and factors were explored and supported by correlation and regression 
analyses. The results are detailed in Kehoe (1992). 

Pond Relationships | 

Two methods were employed to compare water-quality variables among ponds: 
1.) grouping ponds by land uses and comparing water-quality means; and, 2.) 
multivariate cluster analysis using water-quality variable means, and _ identifying 
ponds in clusters. The land-use evaluation provided evidence that of the four land 
uses, the multi-family residential ponds were statistically among the ponds with 
highest mean concentrations for TSS, turbidity, and three heavy metals (i.e., Zn, Fe, 
and Cu) (Duncan multiple range test, alpbha=0.05), thus having poorest water quality. 
This was probably due to a higher population density and more impervious surfaces 
compared to other land uses. Cluster analysis using SAS Proc Cluster formed two 
or three clusters of ponds depending on the variables included. Again, multi-family 
residential ponds were grouped together in clusters with the highest mean TSS, 
mean turbidity, mean zinc, mean copper, and mean iron (Duncan multiple range 
test, alpha=0.05) (Kehoe, 1992). 

| CONCLUSIONS 

When wet-detention is the type of stormwater management system to be built, 
design recommendations that optimize treatment of pollutants are well-documented, 
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and have been used by agencies such as the Southwest Florida Water Management 
District as guidelines for wet-detention system regulations. The recommendations 
assume that the best available information has been considered. Furthermore, it is 
assumed that site-specific characteristics are to be considered when designing wet- 
detention basins. Pond design characteristics and stormwater management 
practices that are being utilized in the state of Florida are often based on the 
following broad recommendations found in the literature (SWFWMD, 1988; Stahre 
and Urbanos, 1990; Livingston and McCarron, 1992) and elsewhere. 

1. Maximize sedimentation with pretreatment basins. 

2. Lessen the effects of sediment accumulation at the outfall with a deep 
sedimentation area separated by a shallow aerobic area free of aquatic 
macrophytes at the outfall. 

3. Maximize treatment time with the greatest possible separation between the 
inflow and the outfall. 

4. Design ponds for longer detention times. 

5. Prevent short-circuiting of flow with a length to width ratio of 2 to 1, and by 
spreading inflows with a baffle structure. 

6. Prevent dead zones and stagnant water with a gradual widening of the pond 
from the inflow to the outfall. 

7. Maximize sedimentation and biological treatment with littoral zones and 
shallower, open-water areas between deeper zones at the inflow and outfall. 

8. Littoral zones should occupy roughly 30% of the pond, with no steeper than 
4:1 slopes and preferably with 10:1. 
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ABSTRACT 

An assessment of compliance and success of permitted projects with mitigation 
suggests that wetland creation can be a viable mitigation option when properly 
designed and implemented. Saltwater creation sites were found to have the least 
problems, followed by freshwater herbaceous, and then freshwater forested creation. 
Although on-site creation will continue to be used as a mitigation option, there are 
probably many instances where regional mitigation banking can be a more effective 
mitigation option. 

INTRODUCTION 

In the St. Johns River Water Management District (District) wetland creation is 
one of the mitigation alternatives available as part of the Management and Storage 
of Surface Waters (MSSW) Rule, Chapter 40 C-4, F.A.C. and also as a part of the 
Wetland Resource Management (WRM) Program, Chapter 17-312, F.A.C. Other 
mitigation measures include wetland enhancement or restoration, or the preservation 
by conservation easement or fee simple title transfer of both wetlands and uplands. 

Between October, 1984 and April, 1993 the District issued 5098 MSSW permits 
and 788 WRM permits. Of these permits, 973 MSSW and 213 WRM required miti- 
gation for wetland impacts. The majority of permits which required mitigation 
involved wetland creation either as the sole mitigation measure or in combination 
with other alternatives. Wetland "creation" has been so prevalent as a method to 
offset wetland impacts that the phrase has often been used synonymously with the 
term "mitigation". 

The District has conducted compliance reviews of projects involving mitigation 
since inception of the current MSSW program in 1984. Staff has additionally 
conducted more detailed assessments of wetland creation (Lowe, et al., 1988) which 
laid the framework for standardized data forms and design of a mitigation database 
for assessment and tracking purposes. 
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This report summarizes the results of the information currently contained in the 
mitigation database (i.e., 374 creation sites representing 193 permits); some permits 
entailed the creation of more than one site. Although the summary does not yet 
include all projects for which compliance reviews have been conducted, it is likely to 
be representative of the overall program. The results suggest that wetland creation, 
in conjunction with a good project design, can be successfully employed as a viable 
mitigation option. 

METHODS AND ASSESSMENT PARAMETERS 

The assessment begins with a review of the administrative requirements of the 
issued permit. These requirements include the recording of legal documents such 
as conservation easements, and the submittal of monitoring reports, completion 
reports, and as-built surveys. 

The administrative review is followed by a site inspection. The sites were 
compared to the permitted plans regarding size, location, and species composition. 
The percent survival of planted species, growth rates and vigor, invasion by 
nuisance species, and other factors which make up the success criteria of the 
selected permit, were also evaluated. 

Also included, is an evaluation of the likelihood of achieving the success criteria 
specified in the permit, both with and without any additional enforcement action by 
the District, and an assessment of similarity to reference or adjacent wetlands is 
included for those projects where relevant. 

A wildlife section on the data forms includes information on current and long- 
term wildlife value, both with and without consideration of surrounding land use; and, 
an assessment of the current and long-term similarity of the constructed wildlife 
habitat to the type of habitat anticipated when the permit was issued. (see 
Appendix A for data forms). 

RESULTS 

Between 1984 and April, 1993, the District issued 5,098 Management and 
Storage of Surface Waters (MSSW) permits and 788 Wetland Resource 
Management (WRM) permits. Of these 1,086 required mitigation for wetland 
impacts; 873 MSSW (17%) and 213 WRM (27%). Staff has administratively 
reviewed and is tracking 384 (35%) of these permits in a mitigation database and 
has inspected 374 wetland creation sites for 193 of these permits. Some permits 
entailed more than one wetland creation site; therefore, the analysis will always 
indicate a greater number of individual creation sites than permits which involved 
wetland creation. The 374 wetland creation sites inspected included freshwater 
herbaceous (37%, 91 ha), freshwater forested (57%, 238 ha), saltwater herbaceous 
(4%, 20 ha), and saltwater forested (1%, 4 ha). 

The vast majority of freshwater creation sites were constructed in accordance 
with permitted plans and conditions (Table 1). Only 8 sites (2%) were found not to 
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have been constructed. The data shows that the earlier issued permits had more 
problems than those issued more recently (Figure 1). 

The assessment includes an evaluation of other site characteristics, which may 
be useful for long-term evaluation of individual sites (Table 2). 

One-half of creation sites was in compliance with permitted plans and conditions 
at the time of inspection and two-thirds had at least a moderate likelihood of 
achieving the success criteria specified in the permit without enforcement action 
(Table 3). While likelihood of achieving the success criteria specified in the permit 
is higher for saltwater systems, the frequency of compliance is similar for all types 
of creation. The current and potential similarity of wildlife value of the created 
habitat to that intended in the permit, was at least moderate for a majority of sites 
(Table 4). For all types of creation sites combined, 58% currently have at least 
moderate wildlife value and 72% are expected to have moderate value in the long 
term. 

Corrective actions required by permit condition, or considered necessary to 
meet the intent of the permit, are more frequent for forested than herbaceous 
freshwater creation (Table 5). Regrading the site was necessary more than twice as 
often for forested than herbaceous systems. Replanting and exotic/nuisance species 
removal were the most common site problems. 

| 
1984 | KKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKEK 100.0 

1985 : KAEKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKKK 85.7 

| 
1986 | KKRAKKKKKKKKKKKKKKKKKKKKKKKKKK 66.6 

| 
1987 | KKKEKKKKKKKKKKKKKKKKKKKKKKKKKKKEKE 80.0 

1988 : KKKKKKKKKKKKKKKKKKKKKKKKKKKKKEKSK 75.0 

| 
1989 | KKKKKKKKKKKKKKKKKKKKAKKKEKK 58.3 

| 
1990 | KKKKKKKKKKKKKKKKKKK 44.1 

| 
1991 [ kK RR KKK KKK KK KK KKK 46.1 

1992 : KKKKKKKKKKK | 27.2 

| 
Tose oes port | ooe | enn | eon | enn |---| -- =] --- | -- 

10 20 30 40 50 60 70 80 90 100 

Frequency Percent 

Figure 1. Percent by year with mitigation judged to have had a problem with 
mitigation plans or conditions at the time the permit was issued. 
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Table 1. Freshwater creation site construction parameters (percent of sites 
constructed correctly). 

PARAMETER HERBACEOUS FORESTED 

size (Acres) 90 91 
Excavation Grade 86 71 
Type of Wetland 96 89 
Species Planted 88 83 
Planting Elevation 84 73 
Site Stabilized 85 81 

Table 2. Freshwater creation site characteristics (percent of sites exhibiting 

characteristics). 

CHARACTERISTIC HERBACEOUS FORESTED 

Evidence of Normal Growth 85 68 
Evidence of Woody Recolonization 23 35 
Exotic/Nuisance Coverage >10% 25 37 
Evidence of Colonization by "Upland" Species 42 54 
Algae Cover >10% 27 22 
Hydrologic Problems 21 38 

Table 3. Wetland creation site compliance (percent in compliance with permitted 
plans: and conditions) and likelihood of achieving success criteria without 
enforcement (percent with moderate to high evaluation scores) 

TYPE OF CREATION % COMPLIANCE % SUCCESS 

Freshwater Herbaceous 09 66 
Freshwater Forested 37 66 | 
Saltwater Herbaceous 43 80 
Saltwater Forested 50 100 

All Types 46 
Permit Compliance 49 
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Table 4. Similarity of wildlife value of created habitat to that intended in the permit 
(percent of sites with moderate to high evaluation scores). 

HERBACEOUS FORESTED 

Current 75 53 
Potential 77 66 

eee 

Table 5. Corrective actions considered necessary for freshwater creation sites to 
meet the intent of the permitted mitigation (percent of sites). 

eee 

ACTION HERBACEOUS FORESTED 

Regarding 10 27 
Replanting 26 93 
Remove exotic or nuisance species 34 49 
Control access 8 17 
Stabilize site 15 23 

eee 

DISCUSSION 

The compliance, success and wildlife results for wetland creation reported here 
are more positive than those of earlier studies (FDER, 1991; Erwin, 1991). The 
higher compliance and success rates within our District are thought to be related 
primarily to early recognition of the need for sufficient compliance Staffing to provide 
a level of oversight and assistance necessary to gain the cooperation of permitees. 
This interpretation is supported by the observation that the vast majority of creation 
sites were actually constructed, whereas earlier reports noted lack of construction as 
a fundamental compliance problem. Important secondary factors are generally fewer 
exotic species, due to a more temperate geographic location, and less hydrologic 
alteration of the landscape than in south Florida. 

When a project is not in compliance, there is often a combination of 
administrative and site problems. The enforcement effort required to achieve 
compliance varies considerably, depending on the severity of the problem. Many 
permits require relatively minor action, such as a reminder phone call of a past-due 
monitoring report. Compliance with administrative reporting is expected to continue 
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to improve as a result of the mitigation tracking database. Older projects with more 
serious site problems may require extensive follow-up over many months for 
resolution. Earlier site follow-up of new projects will identify problems early rather 
than late in the monitoring time frame, minimizing compliance cost and effort for 
both the District and permittee. 

As anticipated, saltwater creation sites appear inherently more successful than 
freshwater sites. The contrast between freshwater and saltwater systems in 
achieving a proper grade may be attributed to data available in the design of the 
system. Saltwater system design is based upon established and recorded tidal 
ranges, usually from gauging stations in the immediate area. The design grade of 
freshwater systems is usually based on adjacent wetland grades without extensive 
knowledge of existing hydroperiods. Only occasionally have freshwater levels been 
recorded over sufficient time that design can be based on historic data. 

In recent years, additional consideration has been given to design of forested 
systems. Some permits have included detailed evaluations of pre and post- 
construction hydrology, others have included phase planting plans to allow for 
stabilization of water tables and soils. 

Drought conditions over much of the District often made a field determination of 
whether or not the grade and planting elevation of a site was correct for freshwater 
systems, particularly when there was not an adjacent natural wetland for 
comparison. Sites that were indicated as having incorrect planting elevation, either 
had species clearly planted at elevations which would not support their continued 
survival and growth, or the reviewer was unable to determine if the plants were 
planted at the correct elevations. It should also be noted that the "correct" 
hydroperiod of created freshwater systems can be difficult to determine during a 
one-day site inspection, as most freshwater system water levels fluctuate seasonally 
and following storm events. During a field inspection in saltwater systems, the 
evidence of tidal fluctuations is readily observable and "correct grading" is a more 
direct determination. 

Requiring planting inventories, in addition to a mitigation as-built as a standard 
permit condition, has improved the evaluation process. Results of an earlier 
mitigation assessment indicated the need for submittal of a mitigation-specific as- 
built survey in order to determine whether the size, grading and planting elevations 
were in accordance with the permitted design. This requirement has been included 
on most permits issued since 1989. In the absence of an as-built survey, grading, 
like size, was not a measurement, but rather an estimate. In this case, the estimate 
was largely based upon whether the hydrology was correct. If the hydrology 
appeared correct, the assumption was made that the grading was correct. 

Wetland creation is a relatively new science. Some of the early creation efforts 
which were "successful" were due mostly to luck and natural ecological succession. 
Many sites were not "successful", resulting in the conclusion that creation doesn't 
work. It is recognized that the current quantitatively based success criteria do not 
allow an assessment of the variability inherent in natural systems, nor do they allow 
for a broader functional assessment, based on professional ecological judgement. 
Wildlife value results, although subjective, can be useful for comparing the actual 
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and potential result of the creation effort with that anticipated at realistic time frames 
during the permit review process. Preliminary analysis of the wildlife value results, 
which factor in the surrounding land use, indicate that location of the creation site 
relative to developed areas is an important determinant of wildlife use. (This is 
equally true for natural wetlands). This may lead to an acknowledgement that 
wetland acreage comparisons (lost vs. created) are not a representative measure of 
the impact of a project, or of the effectiveness of a regulatory program. 

The nature of a regulatory program requires a short-term assessment of 
impacts and compensatory mitigation. This has caused the cost of creation to 
increase in an effort to accelerate natural succession, in order to quickly reach a 
point at which the permittee can be released from responsibility for the creation 
effort. Additional research is needed to evaluate the ecological succession of man- 

| made systems. With proper planning and reasonable expectations this, can occur 
as a part of the regulatory process. 

Mitigation and permitting requires a_ regional perspective to ensure that 
cumulative and secondary impacts to an ecosystem will be capable of being offset 
in the long term. There are probably many instances where regional creation, 
enhancement or restoration efforts (mitigation banks) between a number of patients 
can be effectively used to ensure a greater likelihood of long-term success, and to 
address certain impacts associated with development of the surrounding uplands. 
Development of mitigation banking would also allow the use of on-site creation in 
those situations where it is the most appropriate option, rather than the "only" 
option. 

Long-term assessment of creation will likely show that if properly designed and 
implemented it can be used in combination with other mitigation alternatives, and a 
responsible site plan to effectively offset many of the adverse effects of impacts to 
wetlands. 
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Appendix A.1. ADMINISTRATIVE REVIEW DATA FORM 

PERMIT Mitigation 

Project: Permit# _ se - - (no "A") 

Form: date __- / _ / ss xby__ Check if related #/initials are new or update [_]. 

See back (] Related #_ si - . A (w/ "A") 

Datakeyed _ / / _ by Compliance by ____ ___ (use three initials) 

Mitigation # of sites if yes permit COmpliance (administrative) 

MI CReation Y N CO MOnitoring reports 

MICR Freshwater Woody COMO REceived YN NR 

MICR Freshwater Herbaceous COMO DUe DaTe /._/ 

MICR Saltwater Woody COMO REceived DaTe /_/ 

MICR Saltwater Herbaceous 
CO Easement Restrictions 

MI REstoration Y N COER REceived YN NR 

MIRE Freshwater Woody COER DUe DaTe /_/ 

MIRE Freshwater Herbaceous COER ExXhibits received DaTe fd : 

MIRE Saltwater Woody COER Legal Review | YN 

MIRE Saltwater Herbaceous COER APproved DaTe /_/ 
COER Certified copy Due DaTe {if 

MI ENhancement Y N COER Cert. copy Received DaTe /_/ 

MIEN HYdrologic improvement 
MIEN EXotic Removal CO AS-built 
MIEN PLanting COAS REceived Y N NR 

MIEN OTher (specify on back) COAS DUe DaTe /_/ 
COAS REcevied DaTe /_/ 

MI Preservation oN-site Y N 

MIPN WEtland preservation CO Hydrologic Monitoring 

MIPN UPland preservation COHM report REceived Y N NR 
COHM DUe DaTe /_/ 

MI Preservation oFf-site Y N COHM REceived DaTe / if 

MIPF WEtland preservation 
MIPF UPland preservation CO Plant Inventory REceived Y N NR 

COPIRE DaTe /_f 

DEsign (plans and permit) 

DE mitigation PLan w/permit Y N CO PErmit compliance 

DE Soils Infor. with plan Y N - COPE In Compliance YN | 

DE Planting Scheme w/plan Y N COPE measures NEcessary ADMIN SITE BOTH N 

DE MOnitoring reports req. AN BI QU MO N COPE Schedule Revisit YN 

DE Success Criteria specified Y N COPESR DaTe /_/ 

DE Exotic Control specified Y N 

DE other MAint. required Y N ACtion measures 

DE Correct Measures specified Y N AC Permittee Notified YN 

DE AS-Built required Y N ACPN DaTe /_/ 

DE permit Condition Problems Y N ACPN BY CALL MTG LTR 

DE MUiIch required Y N AC DUe DaTe fl 

DE Hydrologic Monitoring req Y N AC Response Received YN 

DE Planting Required Y N ACRR Date /_/ 

DE Plant Inventory required Y N | AC Problems Corrected Y N SOME 

DE no. of MOnitoring YeaRs ___ ACPC DaTe /_/ 

DE Deed Restrictions Y N AC EXtension letter YN 

DE Conservation Easement YN ACEX DaTe /_/ 

DE COnstruction start DaTe: _/ f/f 
Tickle reminder 

cc: permit file Tl ACtion COMO COER COAS COHM COPESR AC 

TI DaTe iol 
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Appendix A.2 SITE EVALUATION DATA FORM 

SITE mitigation 

Date inspected s/o / Permit# ss - - (no “A"*) 

Inspected by __ ___ (use three initials) SiteID_ 
Dataentered  / / by 

Mitigation 

Mitigation TYpe CR RE EN S! coverage by ALgae 

MITY CReation FW FH SW SH none:N <5%:L. 5-10%:M 10-50%:H >50%:XH 

MITY REstoration FW FH SW SH SI coverage by EXotics/nuisance species 

MITY ENhancement HY EX PL OT none:N <5%:L 5-10%:M 10-50%:H >50%:XH 

DEsign (plans and permit) Si Mulch Used Y N 

DE Contig to exist Wetland Y N SI HYdrologic problems Y N 

DE STormwater treat. area Y N 

DE Littoral Zone Y N SI similar to ReFerence wetland 

SIRF GRade H MH M ML L NA 

permit COmpliance (site) SIRF HYdroperiod H MH. M ML L NA 

CO Mitigation construction SIRF HErb spp H MH M ML L NA 

COMI STarted Y N SIRF WOody spp H MH M ML L NA 

COMI STart DaTe: /_/ 

COMI! COmpleted Y N SI similar to ADjacent wetland 

COMI COmpleted DaTe: /_/ SIAD GRade H MH M ML L NA 

SIAD HYdroperiod H MH M ML L NA 

CO As Designed Y N SIAD HErb spp H MH M ML L NA 

COAD correct GRade Y N SIAD WOody spp H MH M ML L NA 

COAD correct SIze (acres) Y N 

COAD correct TYpe Y N SI mitigation SUccess 

COAD correct SPecies Y N SISU CRiteria met Y N NA NS 

COADSP Size Y N SISU POtential to meet success criteria 

COADSP NUmbers Y N SISUPO W/O action H MH M ML L NS 

COADSP SPacing Y N SISUPO W/ Action H MH M ML L NS 

COAD correct Planting Elev Y N 

COAD site STabilized Y N SI wildlife VAlue & similarity 
SIVA CUrrent value & similarity 

Site Information SIVACU with LandUse H MH M ML L 

SIVACU in a BoX (w/o lu) H MH M ML L 

SI PLanting survival SIVACU Similarity H MH M ML L 

SIPL HErbaceous SIVA 20-yr POtential value & similarity 

0-50%: L 50-80%: M >80%:H NP NR SIVAPO with LandUse H MH M ML L 

SIPL WOody SIVAPO in a BoX (w/o lu) H MH M ML L 

0-50%:L 50-80%:M >80%:H NP NR SIVAPO Similarity H MH M ML L 

SIPL evidence of Normal Growth ACtion measures (see back) 

SIPLNG HErbaceous plantings Y N NA AC RePlanting Y N R 

SIPLNG WOody plantings Y N NA AC ReGrading Y N R 

AC REmove exotics Y N R 

SI COverage (recolonization or total) AC Control Access Y N R 

SICO HErbaceous AC STabilize Y N R 

0-10%: L 10-50%: M 50-80%: H >80%: XH NA AC other Maint. Necessary Y N R 

SICOHE TYpe REColonization TOTal 

SICO WOody CO Site compliance 

0-10%: L 10-50%: M 50-80%: H >80%: XH NA COSI Maint. Performed Y N 

SICOWO TYpe REColonization TOTal COSIMP DaTe /_/ 

COSI In Compliance Y N 

SICO evidence of Woody Recolonization Y N COS! Schedule Revisit Y N 

SICO evidence of UPland invasion Y N COSISR DaTe f/f 
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BIOGENIC WETLANDS AND INADEQUATE 
UNDERSTANDING OF INDICATOR PLANT 
SPECIES POSE PROBLEMS FOR LAND 

MANAGEMENT AND USE IN COOL CLIMATES 

Jay D. McKendrick 
UNIVERSITY OF ALASKA FAIRBANKS 

Alaska Agricultural and Forestry Experiment Station 
933 East Fireweed, Palmer, Alaska 99645 

(907) 746-9463 

ABSTRACT 

Successfully managing and restoring wetlands in cool climates depends on 
understanding of the genesis processes responsible for these features of the 
landscape. A national guideline for classifying wetlands was created to permit 
decisions on classification to be made by non-technical individuals. | Where 
conditions are such that the judgement call is obvious, that is probably a workable 
approach. For some locations in Alaska, this is creating management problems, 
because the distinction between wetlands and non-wetlands is nebulous. The 
national standards for classification do not take into account the natural formation 
and disappearances of wetland soils developed as a result of plant succession and 
permafrost. Through this natural process, a given location on the landscape can 
technically be a wetland at advanced stages of plant succession, and a non-wetland 
after wildfire destroys the vegetation. Another aspect of the classification system 
relies on plant indicators. The current listing of plant species can cause misclassi- 
cation on sites. If the federal management system relied more on installing 
technical experts at the local level and giving them the responsibility for wetland 
Classification than on a universal and simplified classification system a more 
reasonable process that meets the needs of regional and local human populations 
might result. Attempting to establish a simplified system to cover a diversity of land 
and climate types across the U.S. from the subtropics to the Arctic is theoretically 
appealing, but laden with impracticality. 

INTRODUCTION 

The federal policy regarding development and use of wetlands, coupled with 
the 1989 "no net loss" policy from the Bush Administration, has created confusion 
for wetland management of much of Alaska. If the federal criteria (hydric soil 
characteristics, hydrophytic vegetation, and hydrology) are used, most of Alaska can 
be classified as wetland. In an attempt to simplify the process so that non-technical 
individuals could classify as sites either wetland or non-wetland, has resulted in an 
inferior method for much of Alaska. In the temperate zone states, wetlands are 
perhaps more distinct from non-wetlands because hydrology, soils, and vegetation 
features contrast with the adjacent non-wetlands. That is not true in Alaska, where 
wetlands and adjacent non-wetlands often have plant species in common, and the 
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natural process of plant succession can create wetlands. These circumstances are 
creating costly problems with the use of lands in Alaska. 

In this paper, the aspect of biogenic wetland phenomenon associated with 
permafrost and soil wetness is described to illustrate the difficulty of the federal 
wetland classification for this state. A few examples of indicator plant species that 
should be reevaluated, with regard to their relationships with wetlands, are also 
given. 

In 1990, the Domestic Policy Council Task Force on Wetlands solicited 
information and opinion regarding the implementation of wetland policies (Federal 
Register, 1990). To assist that investigation, a technical panel in Anchorage, Alaska 
provided the committee on September 7, 1990 statements on the cyclical nature of 
vegetation and soils in cold regions. Subsequently, others have published similar 
information for Alaska (Ping, et al., 1992; Knight, 1993). 

VEGETATION AND FIRE AFFECT SOIL DEVELOPMENT 

In cold climates, particularly those with permafrost, plant succession can be the 
determining factor that affects hydric soil formation and hydrology. Wildfire 
periodically resets plant succession to early seres, erasing the hydric characteristics 
of soils and altering the hydrology of sites. 

Management of vegetational resources in the Alaskan territory focused early on 
the influences for fires (Heintzleman, 1936). Nearly 20 years ago, the effects from 
fire on cold-region soils were described (Pettapiece, 1974). More recently, these 
factors have been reiterated with emphasis on how fire and plant succession cycles 
alter soil properties relative to hydric conditions and, hence, wetland classifications 
(Ping, et al., 1992; Knight, 1993). 

The role of living organisms on the soil forming process becomes significant as 
a factor controlling soil temperature and hydrologic conditions. The process involves 
the development of thick layers of moss and vegetation litter (peat) on the surface 
of mineral soil. This mat insulates the soil profile, reducing the annual depth of 
thaw, and the permafrost table rises near the soil surface. 

Permafrost impedes drainage, often perching water in the moss layer itself. 
Periodically, natural fire from lightning strikes burn the vegetation, removing the 
insulation and causing soil profiles to drain. 

The repeating vegetation sequence from bare soil to the climax muskeg bog is 
illustrated in the schematic diagram (Figure 1). Initial plant communities usually 
consist of grasses and forbs. Shrubs and hardwood forest invade, followed by a 
mixed forest of hard and softwood species. Ultimately, the hardwoods are replaced, 
and the softwood forest becomes predominantly open stands of black spruce (Picea 
mariana), or a muskeg bog. When fire destroys this community, it may remove the 
insulating moss and litter layer and cause the soil to drain. 
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EXAMPLES OF PLANT SPECIES FOR WHICH EXCEPTIONS TO 
THEIR OBLIGATE INDICATOR STATUS HAVE BEEN OBSERVED 

Observations of some indicator species listed in the accompanying table show 
that refinement of the standards are in order. Of the nine species contained in this 
list, the observations indicate the designation currently used is weighted too much in 
favor of the plant as an indicator of wetness. One exception is for the species 
Oplopanax_horridum, for which a higher status may be appropriate for the regional 
category. 

In most instances, the differences are related to the function of plant species 
during secondary plant succession. Such would be expected, if the criteria were 
developed with only the climax communities in mind. However, serial communities 
are to be expected in the vicinity of major human activities and as a response to 
natural disturbances (i.e. fire, floods, land slides, etc.). Therefore, the secondary 
successional stages and functions of plants under those conditions should be taken 
into account when determining wetland status for sites in question. 

PRACTICAL IMPLICATIONS 

If the land is indeed a wetland having particular value as wildlife habitat, 
watershed, etc., then developments conflicting with those values is a matter for 
concern, and that should be obvious. If the wetland status is not readily apparent, 
and the determination hinges on conditions that are either obscure or subject to 
change by natural ecological variations, then conditions are ripe for land use 
disputes. Streams coursing across deserts are readily recognized for their high 
water and habitat values. Boundaries between the desert vegetation and the 
riparian habitats along streams are usually distinct. But, hundreds of miles of either 
forests, shrublands, or tundra, with only subtle variations in soils and vegetation, are 
difficult to categorize. With those conditions, the ecotones between wetlands and 
non-wetlands are broad and vague, and the room for error large. Furthermore, the 
special attraction of indigenous wildlife to one part or another of such an ecosystem 
may be governed by the lack of wetness. Often it is the driest sites that are 
seasonally most attractive to wildlife in the boreal and tundra regions, as they 
escape from either the wet or seek diversion from that most constant. 

It is difficult for committees to develop standard criteria for regions and the 
nation as a whole. Initially, there were undoubtedly provisions for refining these 
plant indicator criteria as new information became available. However, the danger 
with such guidelines is they often become unalterable once the information becomes 
published. Funding to revise manuals is usually difficult to obtain, and the course of 
least resistance is to let conditions remain stationary. Unfortunately, for many 
citizens of Alaska, this approach has economic implications when landowners 
suddenly discover they cannot improve lands purchased in good faith for agriculture, 
homesites, businesses, etc., because such would violate wetland regulations. 
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Listing of plants observed to differ from the published list 
(Reed, 1988) of wetland species. 

Species Name Regional National 
Wetland Wetland 
Category Category Observations 

Commonly occurs only 
Agropyron Facultative | Facultative | on driest sites in 
macrourum Arctic. 

Commonly occurs only 

Agropyron Facultative | Facultative | on driest sites in 
violaceum Arctic. 

Colonizes well- 

Alopecurus Obligate Obligate drained sites in the 

aequalis vicinity of wetlands. 

Colonizes well- 

Beckmannia Obligate Obligate drained sites (grav- 

syzigachne el) in Arctic. 

High fidelity to col- 
Braya pur- Facultative | Facultative | onizing well-drained, 
purascens rocky soils in Arc- 

. tic. | 

Colonizes well- 
Carex rotun- Obligate Obligate drained soil and gra- 

data | vel in vicinity of 
wetlands. 

; Occurs on drained 
Lupinus Facultative | Facultative | soils and slopes 

nootkatensis along arctic streams. 

High fidelity to wet 
Oplopanax Facultative | Facultative | soils. Building on 
horridum Wet Wet these sites will re- 

sult in wet basements 
and frost heaved 
roads. 

Consistently coloniz- 
Puccinellia Obligate Facultative | es well-drained grav- 
langeana Wet - Obli- | el and saline mesic 

gate soils in the Arctic. 
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CONCLUSIONS 

Developing a single designation standard for the entire U.S. is illogical, either 
from an ecological or a habitat value perspective. A general policy statement 
indicating goals for management is more realistic. Federal criteria should be general 
and flexible enough to take into account the cyclical nature of cold-climate 
environments which naturally exhibit alternating characteristics of hydric soils and 
hydrophytic vegetation and non-hydrophytic vegetation. If such a policy were written 
with understanding of the plant ecology and soil forming processes, it should be 
feasible to permit utilization of natural resources to occur on such sites, with the 
proviso that soils and topographic integrity be replaced after the development or 
extraction is completed; thus, allowing natural processes to operate as they did prior 
to the development. . 

Designing the national wetland classification process to be used by non- 
technical people requires rigidity in the criteria and risks introducing errors and 
unsound conclusions. It is an error in judgement to attempt such rigidity in land 
management policy where diversity is great. With the current policy, technical 
judgement is confined to the highest levels perhaps in an attempt to eliminate need 
for expertise at local levels. A much better management is achieved by placing the 
professional expertise at the local levels and delegating technical decisions to those 
individuals, as opposed to placing the expertise at the national level and diffusing 
technical judgement via guidelines and technical manuals for non-technical 
personnel. For land resources in a nation as diverse as the U.S., top-down 
management results in poorer management, unworkable systems, local and regional 
dissatisfaction, in addition to wasting human resources on litigation and related 
processes, as opposed to on-the-ground achievements. The imprudence of that 
was clearly demonstrated in the former U.S.S.R. as a major handicap for the 
people, their economy and the environment. 

To many Alaskans, it appears as if unfortunate errors in more densely- 
populated locations of the U.S. are over compensated for in regulations with respect 
to the sparsely-populated regions of this state. This is not to say land management 
in Alaska is without fault. It is intended to emphasize the significance of a 
management policy that reflects national goals tempered by local environmental 
conditions and values and human needs. The implementation of management 
should be a product of sound judgement and based on substantial experience. The 
attempt to protect the environment for the betterment and enjoyment of mankind 
often becomes so complicated that mankind has no place in the environment. 
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ABSTRACT 

The vegetation of six natural wetlands and six created wetlands of 
southeastern New Hampshire was analyzed. The presence of each plant species 
within 0.01 hectare quadrats in each of twelve wetland sites was recorded to 
estimate species richness. The study revealed the composition of each wetland 
plant community varied, but the relative number of species within each wetland did 
not differ greatly from site to site. Interestingly, species similarity indices between 
sites were low within natural sites and created sites, as well as between natural and 
created sites. Problems and implications of introducing rare and non-native wetland 
species as part of a mitigation project are discussed. 

INTRODUCTION 

Plant communities of wetlands are important and vital components of overall 
productive ecosystems. Plant community composition and species richness of 
natural wetland ecosystems may involve several factors. Two primary factors 
providing for wetland plant communities are the hydrological conditions and the 
associated soils or substrate of an area (Niering, 1989; Jacobson and Jacobson, 
1989; Larson, 1988). Other important factors include competition, dispersal 
resources and existing seed banks (Parker and Leck, 1985; van der Valk and Davis, 
1978). 

In the context of wetland mitigation, additional factors can be attributed to the 
presence of particular species, community composition and species richness of the 
created wetland plant communities. These factors include the age of the created 
site (Hammer, 1992; Niering, 1990; Odum, 1988), methods of revegetation (Shisler, 
1990; Brooks, 1990; Lowry, 1990, Jarman, et al., 1991), proximity of nearby 
wetlands (Confer, 1990; Jarman, et al., 1991), and the impact of wildlife (Hammer, 
1992). 

The establishment of diverse, functional plant communities is a crucial and 
challenging part of a wetland creation project. Because presence and diversity of 
vegetation cover in created wetlands are typically used as indicators of success, 
vegetation analyses comparing diversity in created marshes to that of natural 
marshes would seem appropriate. 
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STUDY SITES 

All of the sites studied are inland freshwater wetland ecosystems located in 
southeastern New Hampshire. The vegetation consisted primarily of herbaceous 
macrophytes; however, some of the natural study sites showed signs of disturbance, 

with some vegetation indicative of past forested communities. 

Created Wetlands 

A created wetland in Salem, New Hampshire (Rockingham County) (hereafter 
referred to as GARAB), was constructed during the fall of 1989 to compensate for 

illegal fill activity performed at another area. The mitigation plant for this site 

allowed for the creation of approximately six acres of freshwater wetlands. The 
planting strategy for this wetland consisted only of some shrub plantings along the 
outer margins of the site. Some minor seeding was performed, but was reported as 
a failed effort (R. Prokop, pers. comm.). Natural revegetation was the primary 
strategy for establishing wetland vegetation at this site. 

A created wetland in Portsmouth, New Hampshire (Rockingham County) was 

included in the study. The construction of this one-acre wetland (hereafter referred 

to as HSCHL) was made necessary by the expansion of a high school ball park and 

subsequent fill of existing forested wetlands. Construction was completed in late 
summer, 1989. The mitigation design allowed for the creation of wet meadow and 

shall marsh-type wetlands. The planting strategy employed in the HSCHL project 
consisted of direct planting and "seeding" of commercially-grown species. 

There were three artificially-created wetland systems constructed within the 

confines of a shopping mall in Salem, New Hampshire (Rockingham County). Each 

of these wetlands represented an independent study site (hereafter referred to as 

MALL1, MALL2, and MALL3). Collectively, these wetlands compensated for six 

acres of wetland fill required for the construction of the mall. The mitigation design 

allowed for the wetlands to detain stormwater generated from the surrounding 

parking lots and enhance water quality (New England Development, 1989). _ Initial 

construction began through the winter of 1989 and 1990, and each basin was 

completed by early summer, 1990. There was an aggressive planting effort to 

vegetate the three mall wetlands rapidly in order to stabilize the sediments for 
functional purposes. 

A created wetland in Portsmouth, New Hampshire (hereafter referred to as 

PORTS) was also studied. This 13-acre wetland was constructed during the winter 

of 1985-86, in order to compensate for the loss of wetlands due to the construction 

of a nearby hospital (Michener, et al., 1986). Wetland muck and soils were 

transplanted from the impacted wetlands into the created wetland basins. Minor 

seeding of Reed Canary Grass (Phalarisarundinacea) was performed in order to 

stabilize the soils. Some Cattail (Typha latifolia) colonies were also transplanted into 
the site during the early summer after construction. | 

172



Natural Wetlands 

A natural wetland was studied in Dover, New Hampshire (Strafford County) 
associated with Indian Brook, a small tributary running southwest into the Cocheco 
River. The study site (hereafter referred to as DOVER) was surrounded by 
meadows and forest areas, and appeared undisturbed. 

A second wetland was studied in Salem, New Hampshire (Rockingham 
County). This site (hereafter referred to as APART) is associated with Policy Brook, 
a small tributary of the Spicket River running through southern Salem. The study 
area is surrounded by forested areas; however, it appears to be disturbed on one 
side, as evidenced by the presence of dead standing trees in the wetland areas. 

In Durham, New Hampshire (Strafford County) two sites were sampled. The 
first was a natural wetland (hereafter referred to as DAME1) located on the south 
side of Dame Road. This wetland is a large open water area with heavily-vegetated 
margins and is surrounded by forested areas. Because the open water area was 
somewhat shallow, portions were colonized by emergent aquatic plants. The 
presence of large numbers of dead trees indicates the site has experienced some 
disturbance. 

A second natural wetland studied in Durham, New Hampshire (Strafford 
County) (hereafter referred to as DAME2), was located on the south side of Dame 
Road. The wetland consisted of shallow marsh and pools, with bordering forested 
areas. 

One natural wetland was sampled in Portsmouth, New Hampshire 
(Rockingham County). This wetland (hereafter referred to as HOSPT) is located 
across from a regional hospital. The northern boundary of the site borders a 
roadway and a large parking lot, and the remainder of the area is surrounded by 
forested land. The wetland system appears to be heavily disturbed, as indicated by 
a large number of dead standing trees. 

A natural wetland associated with a small stream was sampled in Rye, New 
Hampshire (Rockingham County). The study site (hereafter referred to as LJOHN) 
consisted of shallow areas parallel with a deeper central channel. Because a road 
bisects the stream, the channel starts from an underpass crossing the road and 
allows for the flow of slow-moving water. The area appeared to be somewhat 
disturbed, as there are a number of standing dead trees. 

MATERIALS AND METHODS 

Plant biodiversity data were obtained from six artificially-created wetlands and 
six natural wetlands between late July and early October, 1992. Within each 
wetland, two 0.01 hectare quadrats (modified as 5 meter and 20 meter plots) were 
inventoried to obtain an estimate of species richness. Because the analysis was 
concerned with the diversity of each wetland area, each quadrat was placed in a 
location that represented the most diverse vegetation and potentially maximum 
species richness. Quadrat placement was also arranged to best incorporate varying 
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habitat types, therefore, avoiding the undersampling of species restricted to certain . 
habitat types (i.e., open water or shores). This method was aimed at obtaining an 
estimate of relative species diversity for each wetland. — 

In addition to obtaining a total species inventory for each plot, plant 
biodiversity data were analyzed using the Sorensen index of community similarities 
(Mueller-Dombois and Ellenberg, 1974). The similarity of species composition 
between the created wetlands and the similarity of species composition between the 
natural wetlands were compared. Similarity indices between created and natural 
wetlands were also compared. 

RESULTS AND DISCUSSION 

Species Richness 

Overall, the six created wetlands, while variable, are similar in species 
richness (Table 1). However, the number of species at the PORTS site is markedly 
greater than at the other created sites, with 49 species. The PORTS site is the 
oldest of the created sites studied, with its first growing season beginning in the | 
spring of 1986. One factor contributing to the high diversity of this 7-year-old site is 
its age. Revegetation of the site involved both the importation of hydric soils, with a 
seed bank of many propagules, and natural revegetation. It is also adjacent to a 
forested wetland site. The full impact of a wildlife on the site is not known, but 
there is evidence of beaver greatly reducing the Cattail population in one area of the 
wetland (Garlo, 1993). 

In contrast, the HSCHL site had the lowest diversity, with only 22 species. 
Completed in late summer of 1989, the HSCHL site had over three growing seasons 
at the time of sampling. This was an artificially-planted site. There has been some 
evidence of muskrat impact at the site (R. Prokop, pers. comm.), but the effects are 
unknown. 

A site of approximately equal age to HSCHL site is the GARAB site. 
Sampling there yielded a total of 12 additional species. However, this site was 
allowed to be naturally colonized by wetland plants, instead of direct plantings. This 
wetland was constructed proximal to the Spicket River. 

Table 1. Number of species sampled from created and natural wetlands. 

CREATED | NATURAL 
SITE SPECIES — SITE SPECIES 

MALL 1 — 32 | DOVER 29 
MALL2 28 APART | 280 CO 
MALL3 30 | DAME1 35 
GARAB 34 DAME2 49 
HSCHL 22 HSOPT 28 
PORTS 49 LJOHN 32 
Mean 32.5 | a 33.5 
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The youngest (three years old) of the created wetlands are the MALL sites 
(Table 1). Of the three sites, MALL1 had the highest number of species and 
MALL3 had the lowest. However, the differences in the number of species between 
the three sites are minor. The MALL sites were heavily planted, collectively with ca. 
44,500 tubers and 255 pounds of seeds of herbaceous species. While this was an 
extensive and obviously expensive effort, the sampled species diversity only ranged 
by 28-32 among the sites. The MALL created wetlands are not near any natural 
wetland areas. 

It is interesting that the two created wetland sites with the highest levels of 
diversity are PORTS (49 species) and GARAB (34 species), the only two sites that 
were not directly planted with wetland plants. The construction of the PORTS site 
did, however, employ transplanted hydric soils. 

Compared to created sites, the number of species found in each of the 
natural wetlands does not vary much between sites (Table 1). However, the total of 
49 species from the DAME2 plots in markedly greater than the total from the other 
natural sites. This site is the shallowest of the natural wetlands studied, with a 
mosaic of pools intermixed with emergent areas. This mosaic habitat most likely 
accounts for a greater diversity of wetland species. At the other natural wetlands, 
the majority of the areas consisted of deeper waters, with only limited emergent 
and/or shore areas. The APART and HOSPT had the lowest diversity of the natural 
sites, with a total of only 28 species in the plots sampled. 

The mean number of species found among the created sites is 32.5 (Table 
1), while the mean number of species found among the natural sites is greater 
(33.5). While few similar studies had been conducted, these data contrast with data 
from a study comparing created wetlands to natural wetlands in Connecticut. There 
species richness was found to be slightly greater at the created sites (Confer, 1990). 
However, the diversity means and ranges for both created and natural wetlands of 
that study are similar to those of the present investigation. Among the Connecticut 
wetlands, the mean species richness reported was 33 (range ca. 22-45 species) for 
the created wetlands and 30 (range ca. 20-39 species) for the natural wetlands. 

The closeness of the mean diversity values for the created and natural 
wetland sites indicates that wetland creation practices and techniques used to 
construct wetland plant communities are adequate to establish plant diversities 
similar to those of natural wetlands. However, this may be true of species richness 
numbers only; it is not necessarily true with respect to community composition, an 
important concern of some mitigation projects. 

There were 94 different species observed in the created sites as a whole, 
while within the natural sites a total of 100 species were observed (Table 2). The 
greater diversity was observed in the natural wetlands; the difference recorded, 
however, is minor. 

Characteristic Species 

In comparing the species composition of created wetlands to those regarded 
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as natural, certain species were found to be characteristic of the created wetlands, 

yet this was not as common among the natural wetlands (Table 2). For instance, 

Alisma triviale, Carex scoparia, Eleocharis acicularis and E. obtusa were found in all 

six created wetlands, while their presence among the natural wetlands was 

disparate. Carex lurida is present in all but one created wetland. Juncus effusus 

was also found to be a common component of all the created wetland floras. 

Confer (1990) reports that J. effusus is common among created wetlands in 

Connecticut. Willard, et al., (1990) report that the colonization of Carex spp., 

Eleocharis spp., and Juncus spp can be expected in created wetlands. Because 

these genera frequently dominate natural wetlands, their dispersal into nearby 

created sites would be inevitable (Anderson and Brown, 1991). 

Two plants regarded as weedy and aggressive, and common to all the 

created wetlands, are Typha latifolia and Lythrum salicaria. The presence of these 

"disturbance" species is not uncommon among wetland creation projects; however, 

the dominance of these two species, in particular, is not desirable (Odum, 1988; 
Shisler, 1990; Confer, 1990; Hammer, 1992). 

It is important to reiterate that the presence of certain species can be due 

either to natural colonization or to artificial plantings, or both. Although the specific 

components of large-scale plantings employed in some sites are unclear, some of 

the above species common among the artificially-constructed wetlands are typically 

selected by wetland planners because of their high rate of successful establishment 

and because of their availability from wetland nurseries in large quantities. For 

example, both Typha latifolia and Juncus effusus were planted in all the MALL sites. 

Typha latifolia and "Carex spp." were planted at the HSCHL site. 

The species occupying the natural wetlands are more scattered among the 

individual sites (Table 2). Three species (Lemna minor, Scirpus cyperinus, and 

Sparganium americanum) were found common to five of the six natural wetlands. 

Only Typha latifolia is common to all of the natural wetlands (as well as all of the 

Study sites). 
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Table 2. Species composition within 0.01 hectare plots in each study site. Site 
abbreviations are as follows: 1=MALL1, 2=MALL2, 3=MALL3, 4=GARAB, 5=HSCHL, 
6=PORTS, 7=DOVER, 8=APART, 9=DAME1, 10=DAME2, 11=HOSPT, and 
12=LJOHN. 

Created Natural 
Taxa 1 2 3 4 5 6 7 8 9 10 11 12 

eee 

Acer rubrum x xX xX x Xx x 
Acorus americanus X xX 
Agalinis purpurea xX xX 
Agrostis stolonifera 

var. Stolonifera Xx 
Alisma triviale x X X xX xX x Xx x 
Alnus incana 

subsp. rugosa xX X Xx 
Ambrosia artemisiifolia xX 
Asclepias incarnata 

subsp. pulchra X xX 
Aster novi-belgii Xx 
A. praealtus x 
A. lanceolatus var. simplex xX 
Betula lenta x 
Bidens cernua X X xX 
B. connata Xx xX xX x x xX 
B. discoidea x x 
B. vulgata xX 
Boehmeria cylindrica Xx 
Brasenia schreberi Xx Xx 
Calamagrostis canadensis Xx Xx xX xX Xx 
Callitriche sp. (sterile) xX xX 
Carex comosa Xx xX X 
C. lurida xX X xX xX X xX x xX 
C.. pseudocyperus xX 
C. scoparia X X X X X X X X 
C. stricta xX xX X xX xX 
C. vulpinoidea xX 
Cephalanthus occidentalis xX x 
Ceratophyllum echinatum xX xX 
Cicuta bulbifera x xX xX xX 
Cinna arundinacea xX 
Clethra alnifolia X 
Cornus amomum 

subsp. obliqua Xx 
Cuscuta gronovii 4 
Cyperus strigosus xX xX xX 
Dead trees xX xX xX X 
Decodon verticillata x | 
Drosera intermedia xX 

Dulichium arundinaceum X 
Echinochloa crusgalli xX X 
Eleocharis acicularis Xx x xX xX xX x xX 
E. obtusa x Xx Xx Xx Xx Xx X Xx 
E. smallii xX Xx Xx X 
Epilobium ciliatum 

subsp. ciliatum xX X x X 
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Table 2 (Continued) | 

a 
Created Natural 

Taxa 1 2 3 4 5 6 7 8 9 10 11 12 

a 

Equisetum arvense xX 

Eupatorium dubium xX 

E. perfoliatum xX 

Euthamia graminifolia xX 

Galium palustre Xx 

G. tinctorium Xx x xX x Xx 

G. trifidum Xx xX x xX 

Glyceria borealis x 

G. canadense Xx x x 

G. striata var. striata xX 

Grass (sterile) xX 

Hypericum boreale xX x 

H. canadense x Xx xX 

H. mutilum D4 

Hypericum sp. (sterile) xX 

Ilex verticillata x 

Impatiens capensis Xx Xx x xX x 

Juncus brevicaudatus p4 

J. bufonius x 

J. canadensis x Xx xX xX xX x 

J. effusus x x xX D4 x x x xX x x 

J. marginatus Xx 

Leersia oryzoides xX xX x p,4 xX xX 

Lemna minor xX xX Xx xX x x x x xX 

Lindernia dubia Xx 

Ludwigia palustra x Xx xX x Xx xX 

Lycopus americanus x 

L. uniflorus X x x xX xX 

L. virginicus X 

Lysimachia terrestris Xx x xX xX 

Lysimachia thyrsiflora xX 

Lythrum salicaria KX xX XK XK xk Xx xX Xx | 

Mentha arvensis x 

Mimulus ringens x xX 

Myrica gale xX 

Myriophyllum humile Xx 

Najas flexilis X xX 

N. minor x 

Nuphar varie gata xX x x x 

Nymphaea odorata Xx p,4 

Onoclea sensibilis Xx Xx x xX x x x 

Oxalis sp. (sterile) Xx 

Panicum rigidulum p4 

Penthorum sedoides xX 

Phalaris arundinacea xX x xX xX 

Poa palustris xX XxX xX xX xX 

Polygonum amphibium 

var. emersum xX xX 

P. arifolium x x 

P. hydropiperoides | 

var. hydropiperoides xX Xx Xx 

P. punctatum 

var. confertiflorum X xX X xX | 

P. sagittatum xX xX x 
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Table 2 (Continued) 

—_____Created oF  _LC(Natural 
Taxa l 2 3 4 5 6 7 8 9 10 11 12 

Pontederia cordata Xx X X Xx 
Potamogeton epihydrus Xx Xx x Xx 
P. foliosus xX 
P, natans a, ¢ 
P. pusillus 

var. tenuissimus Xx xX X Xx x xX 
Potamogeton spirillus xX 
Proserpinaca palustris Xx xX 
Rhamunus frangula xX 
Sagittaria latifolia xX xX X Xx xX xX »,4 xX 
Salix nigra xX xX 
S. sericea X 
Scirpus cyperinus xX x D4 X xX X xX xX X 
S. fluviatilis xX 
S. hattorianus D4 xX 
S. maritimus xX 
S, pungens Xx xX Xx xX 
S. tabernaemontanii xX xX xX xX xX xX X 
Scutellaria galericulata Xx 

S. latifolia X 
Sium suave Xx xX xX xX 
Solanum dulcamara »,4 D4 
Solidago rugosa 

subsp. rugosa X »4 
Solidago sp. (sterile) »4 
Solidago uliginosa xX 
Sparganium sp. (sterile) X 
S. americanum xX p,4 xX xX x xX xX 
S. eurycarpum xX X Xx xX 
Spiraea tomentosa x xX xX xX xX 
S. latifolia Xx xX xX 
Spirodela polyrhiza xX xX 
Thalictrum pubescens X 
Thelypteris palustris Xx x x X 
Toxicodendron radicans Xx 
Triadenum fraseri xX 
T. virginicum X Xx xX 
Typha angustifolia Xx Xx Xx 

T. latifolia xX X X Xx xX xX xX xX xX x X xX 
Unknown seedling X 
Utricularia gibba xX 
U. minor X 
U. vulgaris Xx xX Xx Xx 
Vaccinium corymbosum xX 

V. macrocarpon xX xX 

Verbena hastata X 
Vicia tetrasperma xX 
Wolffia borealis X p,4 Xx 
W. brasiliensis X 
W. columbiana xX Xx 
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Community Similarities | 

The similarities in species composition between the created wetland sites are 
presented in Table 3. Similarity indices range from 0-1.0, corresponding to a 0- 
100% similarity between any two plant communities. Interpretation of similarity 
indices is largely subject to the investigator (Mueller-Dombois and Ellenberg, 1974). 
Barbour, et al. (1987) states that as a "rule of thumb" any two plant communities 
with a similarity index >0.5 (i.e., >50% similarity) represent the same association. 
However, this appears to be a rather low cut-off for "similar" plant associations. 
Nevertheless, the overall similarities of the representative vegetation communities 
appear low among the created wetlands. The average index among the created 
sites is 0.44, with a range of 0.31-0.61, indicating that overall, the plant community 
of any one created site hardly resembles the plant community of any other created 
site. 

The MALL1 and MALL3 sites had the greatest species similarity (0.61) of the 
created sites. Higher similarity indices between the three MALL sites would be 
expected because of their close proximity and similar plantings of the sites (the 
three were part of a single plan). The 0.57 similarity index between the MALL1 
and MALL2 sites is the second highest index overall for the created wetlands. Of 
the MALL sites, MALL3 and MALL2 resemble each other the least. This can be 
attributed to the larger open water areas of MALL2, a feature that is limited in 
MALL3. 

The least similar created wetlands are the PORTS and MALL2 sites. The 
PORTS site experienced natural revegetation, while the MALL2 site was directly 
planted. | 

The average similarity index among the natural wetlands is 0.34, indicating an 
even lower similarity between the natural sites than between the created sites (Table 
4). Plant species compositions of natural wetlands are known to vary greatly from 
site to site. A vegetation study of 18 salt marshes along the coast of Maine found 
that the associated vegetation communities are site-specific in regard to species 
composition and richness (Jacobson and Jacobson, 1989). Only four species were 
found common to all 18 marshes. 

The most similar sites among the natural wetlands are the HOSPT and 
LJOHN sites (Table 4). However, their respective vegetation communities share 
only 43% of the species between the two wetlands. Both sites are disturbed, deep 
marsha wetlands with limited emergent areas. The least similar sites among the 
natural wetlands are shared between DAME1 and APART, and between HOSPT 
and DOVER, both with similarity indices of 0.25. Very few species are common 
between these sites. 

In comparing created and natural wetlands, the average similarity of species 
compositions between the two groups is 0.29 (Table 5). This number is lower than 
the average similarity index within the created wetlands (0.44) and within the natural 
wetlands (0.34), indicating that the species compositions between the created and 
natural sites resemble each other less than do the species compositions within 
wetland types (created and natural). 
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Table 3. Similarity in species composition between created wetlands. 

SITE MALL1 MALL2 MALL3 GARAB HSCHL PORTS 

MALL1 1.0 
MALL2 57 1.0 
MALL3 61- 45 1.0 
GARAB 52 42 38 1.0 
HSCHL 52 44 46 .36 1.0 
PORTS 49 31 38 39 34 1.0 

Table 4. Similarity in species composition between natural wetlands. 

SITE DOVER APART DAME1 DAME2 WHOSPT LJOHN 

DOVER 1.0 
APART 42 1.0 
DAME 1 34 25 1.0 
DAME2 41 Of .40 1.0 
HOSPT 25 29 38 .40 1.0 
LJOHN .26 27 39 38 43 1.0 

With respect to floristic diversity, the PORTS created wetland and the natural 
DAME2 wetland are the most similar. Yet, these two sites have only 41% of the 
species in common. It might have been expected that these two sites would exhibit 
greater floristic similarity. These two sites had the highest species richness (49 
species) among the created and the natural wetlands. 

- The HSCHL created wetland and the natural DAME1 wetland are the least 
similar of the wetlands. | 

Of the created wetlands, the PORTS is, on average, most similar to the 
natural wetlands. The mean similarity index of the PORTS side among the natural 

: wetlands is 0.37, ranging from 0.30-0.41 (Table 5). This similarity is most likely the 
result of the site’s maturity (seven growing seasons), utilizations of hydric soil with 
seed bank, and high species richness (49 species). The MALL3 created wetland is 
the least similar to the natural wetlands. The mean similarity index of the MALL3 
site among the natural wetlands is 0.22, ranging from 0.16-0.30 (Table 5). 

Of the natural wetlands, the DAME2 natural wetland is most similar floristically 
to the vegetation of the created wetlands. Similarity indices range from 0.30-0.41, 
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Table 5. Similarity in species composition between created and natural wetlands. 

SITE MALL1 MALL2 MALL3. GARAB HSCHL PORTS 

DOVER .30 39 7 38 Of 36 
APART 33 36 21 32 40 39 
DAME 1 .30 20 18 17 14 38 
DAME2 35 36 .30 36 .34 41 | 
HOSPT a7 21 21 16 28 .36 
LJOHN 22 23 .16 27 22 .30 

with a mean of 0.35 (Table 5). The high species richness (49 species) and floristic 
diversity of DAME2 account for closer similarities. On the other hand, the DAME1 
wetland least resembled the created wetlands, having a mean similarity index of 
0.23 and a range of 0.14-0.38. 

The results of the plant biodiversity study are comparable to the results from 
the relatively few other studies comparing created and natural wetlands. The 
vegetation component of a study of five pairs of created and natural wetlands in the 
Connecticut River Valley shows similar results in regard to average species richness 
and characteristic species (Confer, 1990). In a study analyzing the plant community 
composition of created wetlands in Massachusetts, six created wetlands were 
compared to six adjacent natural wetlands (Jarman, et al., 1991). Species richness 
did not vary significantly between the sites, however, the created wetlands were 
dominated by species different from the dominant species of the natural wetlands. 
On average, 52% of the species were common to both natural and created 
wetlands. | 

CONCERNS FOR WETLAND PLANT ESTABLISHMENT 

Since the beginning of the "mitigation revolution", there has been some worry 
about introducing the non-native species (Hedgpeth, 1980; Padgett and Crow, 1994). 
Introduction of non-native species or "foreign stock" can involve common species, 
species rate to the region but more common elsewhere, or new introductions to a 
given flora. In the mitigation context, the phrase "introduced species" can no longer 
be restricted to new, deliberate additions to a particular flora. "Introduced species" 
must now be expanded to include species that possess a genetic composition 
differing from local, natural populations. For example, if plants or propagules of 
Sagittaria latifolia are acquired from a Michigan supplier and planted in a created 
wetland in New Hampshire, these plants should be considered "non-native" or 
"introduced", even though S. latifolia naturally occurs in New Hampshire. Many 
States have not faced this issue. On the other hand, Florida requires mitigation 
plant stock to come from within a 50-miles radius of the mitigation site. 
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Concerns for Ecological Compatibility 

A major issue which needs to be addressed by those involved in approving 
mitigation plans is the introduction of foreign genetic material into an area where 
native populations exist. Through cross-pollination, there is the potential of altering 
the genetic make-up of native plant populations, which may influence behavior at the 
individual population or community level. The consequences of genetic 

| "contamination" are unknown but may, in some cases, be very serious. 

In some instances, the consequence of the introduction of (genetically) foreign 
plants could be that the introduced stock might die immediately, lacking the ability to 
cope with the environmental conditions present at the new site (Hammer, 1992, 
1989). An underlying factor for this phenomenon may relate to the genetic 
composition of the transplanted species; it may not be ecologically compatible to a 
new site merely because of its genetics (Millar and Libby, 1989; Hammer, 1992). 
Another consequence may be a delayed death syndrome. Delayed vegetation 
failure may occur within non-native planted populations because they lack the 
genetic composition required to sustain longevity of the population over short and 
long-term events (droughts, extreme temperature fluctuations, etc.). Poor vigor 
among introduced populations may also occur. This may lead to the inability of that 
particular species to perform its needed function in the created ecosystem (e.g., 
produce seed to attract wildlife). 

In contrast to failure, another ecological concern for introduced species is that 
of the potential competitive replacement of native flora. An introduced foreign 
species may competitively exclude less aggressive native species. 

Ethical Concerns 

The ethical concern surrounding introduced species must also be addressed. 
This concern evokes the question of whether or not introduced species, or even 
reintroduced species, should be considered in a mitigation plan. For example, in the 
MALL2 site, Scirpus fluviatilis represented a new addition to the flora of New 
Hampshire (Padgett and Crow, 1993). In wetland mitigation, the goal is to establish 
ecosystems which, as nearly as possible, simulate natural ecosystems which are 
therefore likely to interact with natural systems. | 

Another concern is that if a species is deliberately planted as part of a 
mitigation, could that species be legally recognized as rare, threatened, or 
endangered? Is it ethically correct to introduce such species (Falk and Olwell, 
1992)? For instance, Sparganium eurycarpum, a wetland species protected by New 
Hampshire state law (Storks and Crow, 1978; DRED, 1987), was planted in great 
numbers in the MALL1 and MALL2 created wetlands. 
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ABSTRACT 

Wetland plantings at three stormwater retention ponds in Montgomery County, 
Maryland were evaluated during the summer of 1992. Plantings were coordinated 
by staff of the Metropolitan Washington Council of Governments (WASHCOG) and 
involved eight obligate wetland species (Acorus calamus, Peltandra virginica, 
Pontederia cordata, Sagittaria latifolia, Saururus cernuus, Scirpus americanus, 
scirpus validus, and Zizania acquatica). Stem densities of all emergent plant 
species found in the littoral zone of the retention ponds were sampled with quadrats. 
Densities of the eight planted species were compared with information on original 
densities established by WASHCOG. All but one species exhibited significant 
survival rates and several species expanded beyond their original planting locations. 
However, more than 100 other species volunteered at the sites and the original 
planted species were not numerically dominant in relation to the larger wetland plant 
community. 

INTRODUCTION 

Water quality improvement is one of the most important services a wetland 
can provide. Residential, industrial, agricultural and urban storm runoff wastewaters 
have been tested for treatment in wetlands with generally successful results over the 
last 20 years. Natural wetlands were first utilized for water quality improvement, but 
recently, artificial wetlands have been created for this and other purposes. The 
creation of wetlands is a major challenge involving both engineering design and 
ecological considerations (Mitsch and Cronk, 1992). In this paper, one aspect of 
wetland creation is evaluated: the success of a wetland planting program in existing 
stormwater retention ponds. 

Wetlands have been found to improve water quality of urban storm runoff in a 
number of cases (Meiorin, 1989, Palmer and Hunt, 1989, Brown, 1985). Lakatos 
and McNemar (1988) cite six mechanisms involved in stormwater pollution removal 
in wetlands: sedimentation, absorption, filtration, biological assimilation, microbial 
decomposition, and chemical decomposition. The wetland plant community plays 
important roles in almost all of these mechanisms. Thus, the processes of choosing 
and planting the species that will make up the plant community are an important 
component of wetland creation for stormwater improvement. In the cases studied 
here, existing stormwater retention ponds were planted with species to create a 
wetland community that would improve their performance. The ponds were not 
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specifically designed to be wetlands, but appropriate conditions exist along their 
margins for wetland plant community development. a 

The wetland planting program was coordinated by the Metropolitan 
Washington Council of Governments (WASHCOG). Staff from WASHCOG chose 
the species to be planted, and trained and supervised volunteers who did the actual 
plantings. Existing recommended species lists were followed for species selection 
(Livingston, 1989 and Athanas, 1987). The purpose of this study was to evaluate 
the retention pond plantings. Success of the plantings was determined by assessing 
the relative contribution of the planted species to the community that developed at 
the sties and by the degree of spreading or occurrence beyond stations originally 
planted. Successful species, therefore, would be those that make relatively large 
contribution to their community and/or those that have spread widely beyond where 
they were originally planted. 

STUDY SITES 

The study sties are stormwater management projects located in the Anacostia 
River watershed in Montgomery County, Maryland. Table 1 lists characteristics for 
each site. All of the sites are found in suburban settings, with mixtures of 
residential and low-density commercial developments. 

At each site, the water level of the pond was drawn down for planting along 
the slope by groups of volunteer workers. The water level was returned after the 
plantings were completed. Plantings generally were done in the spring with 
distances of approximately 46 cm (18 inches) on center between plants and with 
two or more rows planted in plots, depending on the angle of the slope. Single 
species were planted in separate plots along the slope in all but one case where 
two species were planted together in a plot. Plantings were carried out primarily in 
1989 and 1990. | 

Table 1. Characteristics of the stormwater management projects used as study 
sites. All sites are in Montgomery County, Maryland. Data are from the 
Metropolitan Washington Council of Governments. 

COUNTRYSIDE WESTFARM WHEATON BRANCH 

Drainage Area (ha) 67 174 304 

Average percent 
imperviousness of | 
drainage area 12 | 50 95 

Pond surface area (ha) 0.6 1.3 0.4 
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METHODS 

Maps of the ponds which identified the locations of the plantings were 
obtained from WASHCOG. These maps showed the plots for each species planted 
at the sites, along with the number of individuals that were planted in each plot. 
Plots were located in the field with the maps and sampled with transects. All plants 
were counted in 0.25 square meter quadrats placed at three-meter intervals along a 
transect through the planting location. At least two transects were sampled in each 
plot and transect length varied, depending on the size of the plot. Further details of 
the sampling design are given in Shenot (1993). 

Sampling was conducted during the 1992 growing season (May through 
September). In order to minimize disturbance to the plant community, only basal 
stem counts were performed. Thus, data are reported as stem densities. This 
measure is objective, but is not the best indicator of the contribution or importance 
of an individual plant to the community since all plants (small and large) are counted 
equally. Biomass would have been a better indicator, but one intent of the study 
was to not disturb the community with harvesting. 

: RESULTS 

A total of eight emergent species were planted at the Study sites, though not 
all species were planted at each site (Table 2). All of these species are classified 
as obligate wetland species by Reed (1988). It was Originally hoped that numbers 
of individuals could be compared between the original plantings from the WASHCOG 
data and what was found during the present study. However, it was not feasible to 
count individual plants in the field since morphologies were variable and a large 
number of plants volunteered onto the sites. Thus, the data columns for a site in 
Table 2 are not directly comparable. 

The contributions of the planted species to the plant communities that 
developed at the sites are given in Tables 3 through 5. In each of these tables, 
contributions are assessed relative to three different groupings: the total plant 
community found in all samples at a site: the total numbers of obligate and 
facultative wetland species, according to Reed (1988), found in all samples at a site; 
and the plant community found growing within the individual plots that were planted 
with one of the eight species. These groupings represent different community 
comparisons for the species. A planted species should make the highest 
contribution within the community at the planted stations (i.e., plots), since it was the 
only species planted in the plots and should make up 100 percent of the 
community. Its contribution should be reduced in the other comparisons because 
they include species from other plots. 

In general, the planted species made only minor contributions to either the 
total community (Column 1 in Tables 3-5) or to the community of obligate and 
facultative wetland species (Column 2 in Tables 3-5). No species made up more 
than 6 percent of either of these community representations at any of the sites. 
Greater contributions are found within the planted stations (Column 3 in Tables 3-5). 
Three species stand out: Pontederia cordata made up 15 percent of the community 
where it was planted at Wheaton Branch and 23 percent at Countryside; Scirpus 
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Table 2. Comparison of number of individuals originally planted with number of individuals found in transect 
samples. | 

WHEATON BRANCH COUNTRYSIDE WESTFARM 
Planted Sampled Planted Sampled Planted Sampled 

NAMES Individuals Stems Individuals Stems Individuals Stems 

Acorus calamus 0 0 82 163 0 302 
Peltandra virginica 101 1 0 0 0 6 
Pontederia cordata 60 222 84 483 200 0 
Sagittaria latifolia 300 521 130 128 250 80 
Saururus cernuus 0 0 0 0 50 0 
Scirpus americanus 130 174 152 786 225 0 
Scirpus validus 125 954 230 758 225 530 
Zizania aquatica 0 0 105 349 100 934 

© 
© 

Table 3. Contribution of planted species to the plant community at Wheaton Branch. | 

Percent of Percent of Percent of Community 
NAME Total Community Wetland Species at Planted Stations 

Acorus calamus Not Planted 
Peltandra virginica < 1 < 1 < 1 
Pontederia cordata 1 1 15 | 
Sagittaria latifolia 3 3 9 | 
Saururus cernuus Not Planted 
Scirpus americanus 4 1 4 
Scirpus validus 6 6 47 
Zizania aquatica Not Planted



Table 4. Contribution of planted species to the plant community at Countryside. 

Percent of Percent of Percent of Community 
NAME Total Community Wetland Species at Planted Stations 

Acorus calamus 1 1 6 
Peltandra virginica Not Planted 
Pontederia cordata 2 oo 4 23 
Sagittaria latifolia 1 1 4 
Saururus cernuus Not Planted 
Scirpus americanus 3 6 9 
Scirpus validus 3 6 10 
Zizania aquatica 1 3 6 

3 | 

Table 5. Contribution of planted species to the plant community at Westfarm. 

Percent of Percent of Percent of Community 
NAME Total Community Wetland Species at Planted Stations 

Acorus calamus 1 2 Not Planted 
Peltandra virginica < 1 < 1 Not Planted 
Pontederia cordata 0 0 0 
Sagittaria latifolia < 1 1 1 
Saururus cernuus 0 0 0 
Scirpus americanus 0 0 0 
Scirpus validus 2 4 12 
Zizania aquatica 4 6 96



validus made up 47 percent of the community where it was planted at Wheaton 

Branch, 10 percent at Countryside, and 12 percent at Westfarm; and Zizania 

aquatica made up 96 percent of the community where it was planted at Westfarm. 

However, except for Zizania aquatica at Westfarm, even these values are not large 

since, if a species were successful, it should make up 100 percent of the community 

in which it was the only planted species. 

The degree of spreading of the planted species is shown in Table 6. These 

data are ratios of the number of plots in which a species was found in the present 

study over the number of plots in which the species was originally planted for each 

site. Totals are shown in the column to the right. Ratios greater than one suggest 

that the species has spread from its originally planted plots to other plots that were 

planted with other species. A successful species should have a ratio greater than 

one. A ratio less than one indicates that a species died out in some of the plots in 

which it was originally planted. Five of the eight species in Table 6 have ratios 

greater than one (Acorus calamus, Peltandra virginica, Sagittaria latifolia, Scirpus 

americanus, and Scirpus validus). However, Acorus calamus and Peltandra virginica 

at Countryside were found in the present study, but were not originally planted. 

Obviously, this indicates natural dispersal from outside the site, rather than 

spreading from within the site. Ratios greater than one, therefore, include spreading 

and/or natural dispersal. Even with this addition, though, these data indicate 

successful species and Acorus calamus and Sagittaria latifolia seem to have 

significant spreading ability. Saururus cernuus and Pontederia cordata have ratios 

less than one, indicating problems with their plantings. 

DISCUSSION AND CONCLUSIONS 

The overall conclusion of the study is that the planting program was not 

particularly successful in terms of the analyses described in this paper. None of the 

species that were planted made _ significant contributions to their total plant 

communities. Also, there were only a few cases in which planted species 

dominated the plots where they were planted or spread by some mechanism to 

other plots. However, many other species volunteered or dispersed naturally to the 

sites from outside (more than 100 across the three sites) and wetland communities 

did develop (Table 7). Between 26 and 53 obligate and facultative wetland species 

were found at the sites, including the planted species, and these species contributed 

more than 50 percent of the diversity (total number of species) at all of the sites, 

and more than 50 percent of the total stem density at two of the three sites (and 

nearly so at the other site: 46 percent at Wheaton Branch). Thus, through natural 

dispersal, wetlands did develop, apparently, with only small overall contributions from 

the planting program. 

A number of factors may have contributed to the poor development of some 

of the planted species. Probably the most significant factor was competition with 

species that volunteered onto the sites. A large number of species appeared and, 

through competition, they probably impacted and planted species. Additionally, it 

was observed that some planted species were heavily grazed by water fowl which 

probably reduced their growth and vigor. Pollution, inadequate substrate, or extreme 

hydrology may also have contributed. Responses for species varied with site, so 
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Table 6. Spreading of planted species within the sites. Data are ratios of number of stations where the species 
was found, divided by the number of stations planted with the species (total stations/stations planted). 

NAMES COUNTRYSIDE WESTFARM WHEATON BRANCH TOTAL 

Acorus calamus 1/1 3/0 0/0 4/1 
Peltandra virginica 0/0 2/0 1/2 3/2 
Pontederia cordata 1/2 0/3 4/2 5/7 
Sagittaria latifolia 6/2 8/3 9/3 23/8 
Saururus cernuus 0/0 0/1 0/0 0/1 
Scirpus americanus 6/3 0/4 6/3 12/10 
Scirpus validus 3/2 5/4 4/3 12/9 
Zizania aquatica 2/2 2/2 0/0 4/4 

O 
GO 

Table 7. Overview of plant communities, emphasizing the contribution of wetland species to the total communities. 
Sample sizes (1/4 m? quadrats) were as follows: Wheaton Branch n=135 (33.75 m’), Countryside n=143 (35.75 m’), 
and Westfarm n=168 (42 m’). 

PARAMETER COUNTRYSIDE WESTFARM WHEATON BRANCH 

Total number of plant species 85 62 42 

Number of obligate and facultative wetland species 53 32 26 

Percentage wetland species 62% 92% 62% 

Total stem density 798/m° 549/m* 508/m°? 

Obligate and facultative wetland stem density 369/m* 351/m? 461/m° 

Percentage wetland stem density 46% 64% 91%



site-specific studies of causal factors would be needed to understand the details of 
planting success. | 

The conclusions given above must be qualified because of the short time 
frame of the assessments (ponds were planted 2-3 years before this study). Given 
this qualification, the results indicate the planting program was only marginally 
successful and not a good economic investment. Although labor was basically free 
in the planting program, the plants cost between $500.00 and $1,000.00 for each 
site. These monies are important amounts since funding for conservation efforts, 
such as wetland planting programs, is limited. More analyses are needed to 
evaluate wetland planting programs and other aspects of wetland creation in order 
to make the best decisions with conservation funding. 

Perhaps the best decision would be to manage the natural succession 
process that resulted in the diverse, wetland species-dominated communities 
summarized in Table 7. If certain species are desired, topographic diversity in the 
pond form (depressions and mounds) could encourage different species in the 
natural succession process. Also, the community could be allowed to develop for 
several years and then be cut back and/or treated with herbicides to give certain 
species competitive advantage. These kinds of management would require a 
monitoring program, but they should be economical and should achieve the objective 
of creation of a wetland plant community to help filter urban storm runoff waters. 
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INTRODUCTION 

During the last 300 years, Connecticut's tidal marshes have been subjected to 
a variety of culturally-induced modifications. This has led to the loss of an 
estimated 28 to 35 percent since the turn of the century, as a result of dredging and 
filling activities. Presently, the degradation of tidal wetlands results primarily from 
indirect impacts, such as stormwater runoff (e.g., dilution effects and sedimentation) 
and direct impacts from structures which reduce or eliminate tidal flows. Since 
hydrology is the single most important factor controlling wetland development, its 
modification has the greatest potential to impact wetlands. Some structures, such 
as tide gates and undersized culverts, have the greatest impact on wetland 
hydrology, while others such as bridges associated with transportation corridors, 
appear to have a minimal, if any, impact on tidal flows. Therefore, it is important to 
understand the type of modification and its potential impacts on tidal wetlands. 

When the natural tidal cycle is interrupted and the marsh system is drained by 
structures such as tide gates, soil salinities are significantly reduced (Parrondo, et 
al., 1978) and water tables (Roman, et al., 1984) are lowered. The lower water 
tables and decreased soil salinities increase rate of decomposition (Roman, et al., 
1984) and compaction (Dent, et al., 1976) causing a subsidence of the marsh peat 
and a corresponding decrease of surface elevations upstream of the restriction 
(Roman, et al., 1984). Further, the draining of peat has been shown to impact 
water quality through the creation of an acid-sulphate soil type. The oxidation of 
pyrite in relic salt marsh soils can lead to increased acid runoff and a subsequent 
mobilization of aluminum (Dent, 1986), and the oxidation of organic matter can 
create anoxic conditions in the surrounding water column (Portnoy, 1991). 
Therefore, restricting tidal flows and draining marsh areas can have a significant 
impact on the health and continued development of the coastal zone. 

Reduced salinities and mesic soil moisture favor the replacement of salt marsh 
vegetation by brackish and upland plant species depending on the degree of tidal 
flow reduction. Roman, et al. (1984) noted that initial vegetation changes may vary 
geographically within the State of Connecticut. In Fairfield County, at the western 
end of the state, early colonizers to newly restricted marshes included species of 
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Solidago, Iva, and Erechtites with Phragmites australis becoming important over 
time. Along the central and eastern portions of the State, Phragmites was the 
colonizer in tidally restricted sites. Thus, a visual inspection of the vegetation 
provides a tool for qualitatively assessing the health of a marsh and discerning 
restoration needs. 

Once Phragmites becomes established, it is a strong competitor. Phragmites 
grow rapidly, often attaining heights in excess of 1.5 m in one growing season 
(Haslam, 1973). This height shades other species to the point that they can no 
longer survive (Buttery and Lambert, 1965). Thus, it is common that Phragmites 
form monocultures at these sites. Indeed, Niering and Warren (1974) estimated that 
in 1970, 10% of Connecticut’s tidal salt marshes were dominated by reedgrass. 

As reed expands into former salt marsh, there is a concurrent decline in wildlife 
utilization and plant and animal diversity. Much of the decline can be related to a 
reduction in quality and variety of food sources (Larsson, 1976), reduced salinities 
(Daiber, 1963) and a decline in water quality (Dent, 1986; Portnoy, 1991). However, 
some of the decline can be attributed to the physical barriers created by 
monocultures of Phragmites which limit the migration of certain animal species onto 
the marsh (Alls, 1969). With the increased cover of a tall reed, predators are also 
able to gain greater access onto the marsh surface (Moller, 1975), and further limit 
breeding sites for waterfowl (Larsson, 1976). 

Reedgrass also produces large amounts of detritus. Because flushing rates 
have already been reduced due to tidal restrictions, the culms of many of these 
reeds accumulate at culvert or tide gate entrances, further reducing flows. The 
reduction in flows and a subsequent decrease in flushing rates, cause a decline in 
water quality and an increase in mosquito breeding sites (Ferrigno, 1959; Tindall, 
1961). Since the culms of Phragmites degrade very slowly, large amounts of 
combustible material accumulate quickly. Thus, an otherwise fire-free ecosystem is 
Subjected to regular burns. The fires burn very fast and reduce the plant material to 
ashes (Steinke, 1974; Roman, et al., 1984). Thus, monocultures of Phragmites are 
less desirable than the salt marsh which existed previously. 

With the spread of Phragmites and the concurrent decline in habitat and water 
quality, Connecticut has instituted a program of restoration for its coastal marshes. 
Although Connecticut has been involved in marsh restoration for the last 20 years, it 
is only within the last ten years that a coastwide restoration program has been in 
place. This paper presents some of the results of the restoration projects conducted 
in Connecticut. Two sites have been chosen to represent some of the more salient 
problems and dynamic solutions encountered thus far during the program. 

REPRESENTATIVE STUDY SITES 

Two representative sites were chosen to illustrate some of the problems 
associated with restoration. At both sites, different approaches to restoration had to 
be considered because of the specific conditions and limitations of each individual 
marsh and their surrounding communities. Data collected at each site includes soil 
salinities, vegetation analysis, a qualitative assessment of macroinvertebrate 
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populations, land use history, and tidal circulation patterns. |The restoration 
programs were cognizant of both costs and safety problems (i.e. flooding, fire). 

Hammock River, Clinton 

The Hammock River tidal marshes are located in Clinton, Connecticut. These 
marshes are microtidal (neap - 1.49 m; spring - 1.71 m) and drained by the 
Hammock River directly into Clinton Harbor. The system contains approximately 
100 hectares of marsh area, of which about 70% is upstream of tidal gates (Figure 
1). 

During the late 1800’s, an earthen road causeway was installed across the 
marsh surface (Beach Park Road). In 1913, this roadway was fitted with wooden 
flapper gates for mosquito control purposes. As beach communities grew, the need 
for additional roads increased and the marsh was further divided by the installation 
of Meadow Road., Causeway Road. and improvements to Route 1, each drained 
through a culvert opening. The combined effects of tide gates and road crossings 
reduce the tidal prism and lower the groundwater table (Areas Il, Ill, IV). For 
instance, at high tide, water levels between the unrestricted marsh (Area |) and the 
restricted marsh (Area Il) can vary as much as 0.6 m to 1.2 m. | 

Tidal circulation patterns in Hammock River have been significantly altered by 
the tidal restrictions. At its mouth, Hammock River is about 61 m (200 ft) wide. At 
Beach Park Road., the area of flow is reduced by over 68% of the natural creek 
width, as four 1.2 x 1.2 m (4x4 ft) tide gates control tidal exchange. The tide gates 
eliminated salt water flow into the system. A second opening through Beach Park 
Road. consists of a 0.6 m diameter metal culvert. This culvert feeds a smaller relic 
channel which historically drained into Hammock River, but today is connected 
directly to Clinton Harbor through a linear ditch. At the upper road crossings, 
cement box culverts allow for drainage from these areas. These box culverts are 
almost as wide as the natural creek opening and, due to increased flow velocities, 
the reductions in channel flow are probably only minimal, at most. The causeways 
do eliminate some surface sheet flow, but the extent of reductions and the impacts 
on marsh hydrology, if any, are unknown. 

With reductions in tidal flow volumes and freshwater inflow from ground water 
and runoff during storm events, salinities in the restricted marshes (Area Il, Ill, IV) 
are significantly lower than those reported in the unrestricted marsh (Area |)(Table 
1). It would seem, therefore, that the tide gates have significantly reduced salinity 
values. 

Subsidence has occurred upstream of Beach Park Road. in response to 
restricted tidal flow. Relative elevation surveys conducted by Roman, et al. (1984) 
noted that the surface of the restricted Hammock River marsh (Area Il) was as 
much as 40 cm below the levels of the unrestricted marsh surface (Area |!) located 
10 m away. 
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Figure 1. Site location map - Hammock River (A) and Mumford Cove (B). 
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Table 1. Results of salinity surveys for Hammock River. | 

LOCATION WATER (ppt) | SOIL (ppt) 
1982 1993 | 1982 1993 

Area | 2/ 26 | 27 a 
Area Il 10 25 20 24 
Area Ill 8 18 16 19 
Area IV 4 8 12 15 

The vegetation in the unrestricted marsh (Area |) is typical of New England type 
marshes (Niering and Warren, 1980). Spartina alterniflora dominates the low marsh 

and pannes, while Spartina patens is important in high marsh zones. In the 
restricted marsh areas, Phragmites australis (reedgrass) replaces salt marsh 
vegetation as the community dominant, forming dense monocultures in Areas Ill and 
IV and becoming a co-dominant in Area Il. The ability of Spartina to persist in Area 
Il was probably due to direct tidal exchange through the lower culvert across Beach 
Park Road. | | 

The vegetation history, as determined through peat core analysis, reveals that 
reedgrass has existed in the system for many centuries as an upper-border species. 
It is only within the last 10 cm (ca. 50 years) that reed has become a low and high 
marsh community dominant above Beach Park Road. a | 

With changes in plant community structure, there are corresponding changes in 

animal populations. In the unrestricted portions of the marsh, macroinvertebrates 
such as the mud fiddler crab (Uca pugnax), the ribbed mussel (Guekensia) and the 

salt marsh snail (Melampus) were abundant on the marsh surface while killifish 
(Fundulus) were abundant in the tide channels. Just above Beach Park Road., mud 

fiddler crabs and killifish decline to present while ribbed mussels and salt marsh 

snail fall to sparse to absent. In Areas Ill and IV, snails and mussels are absent, 

killifish are sparse and the less salt-tolerant red fiddler crab (Uca minax) replaces 

the mud fiddler crab, although its populations are sparse, as well. Based on the 

studies by Dent (1986) and Portnoy (1991) it is not known whether the reductions in 

aquatic organisms is due to changes in salinity, physical barriers to migration or 

degradation of water quality, specifically acidity, alumina toxicity or anoxia. 

To restore the Hammock River salt marshes and control mosquito breeding, the | 

Department of Environmental Protection and Mosquito Control Section of the State 

Department of Health Services implemented a tide gate management plan in 1985 

to increase tidal flow. Recognizing that subsidence had occurred and a goal of 

maximizing the area occupied by emergent vegetation, only one of the four gates 
were opened. Within two years, it became evident that the increased tidal flushing 
was having a significant impact on the extent and density of reedgrass in all areas. 
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The initial success of a single gate opening in restoring the marsh at Hammock 
River was due to more regular flooding of the marsh surface. This would not have 
been possible without subsidence of the peat while tidal flows were restricted. This 
observation has been made at other sites and is important in restoration efforts. 
For example, at Sybil Creek in nearby Branford, a detailed study of the marsh 
surface found that by removing one tide gate and partially opening a second one, 
full restoration could be achieved in the marsh which now lies 40 to 60 cm below its 
unrestricted counterpart (Milone and MacBroom Engineers, Inc., 1987). At 
Hammock River, therefore, the tidal flows through a single gate may be sufficient to 
restore salt marsh habitat. 

Since restoration began in 1985, Phragmites has been reduced in area and 
height. In Area Il, approximately 10% of the reedgrass has been eliminated and 
replaced with Spartina spp. In Areas Ill and IV the height of the reedgrass has 
been reduced by as much as 50% and Spartina is expanding along the creek 
banks. With the opening of the gates, macroinvertebrate populations have 
increased as well. In Area Il, the mud fiddler crabs, the ribbed mussel and marsh 
Snail are present to abundant. In Area Ill, snails, mussels and the mud fiddler crab 
have moved back into the site. In Area IV, both fiddler crab species can now be 
found and mussels have begun to colonize the site. Killifish are now common in 
the creeks and channels throughout the system. 

Mumford Cove, Groton Long Point 

Mumford Cove is an embayment located between Groton Long Point and 
Bluff Point Coastal Reserve (Figure 1). The marsh in question is a 6-hectare site 
located on the eastern shore of Mumford Cove. The mean title range is 0.8 m. 

During the 1950’s, Mumford Cove marsh was used as a disposal site for 
sediments dredged from the cove. A low dike was built around the perimeter and 
the sediments were hydraulically pumped into the southern section of the marsh. 
The effluent structure, an adjustable weir, was located in the dike where the dike 
crossed the historic path of the tidal creek (Figure 1). The dredged sediments were 
deposited over a salt marsh dominated by high marsh vegetation with accumulations 
ranging from a high 1.2 m in the southern portion, to a low of 0.3 to 0.6 m in the 
northern areas. 

In time, Phragmites colonized the site and formed a monoculture. At 
Mumford Cove, restoration could not be achieved through hydrologic manipulations 
because the marsh surface was positioned above spring-high water. 

Rainwater would pond on the site and create an uncontrollable mosquito 
breeding problem. The Department of Environmental Protection and Mosquito 
Control Section developed a cooperative program to restore the site to salt marsh 
and, subsequently, implement open marsh water management (OMWM) techniques 
as necessary for mosquito control. It was envisioned that complete restoration 
would take about ten years. In the fall of 1988, the Mosquito Control Division 
began excavating the dredged sediment and disposing this material on the uplands. 
The following spring, the Fish and Wildlife Service became a cooperator through 

201



their Partners for Wildlife program. Target elevations were based upon the elevation 
of healthy low and high marsh adjacent to the degraded wetland. As the digging 
began, the textural differences between the relic peat and the sandy dredged 
sediments enabled the bulldozers to follow the tidal marsh’s original grade, thus 
eliminating the need for constantly surveying elevations. Through the use of historic 
aerial photographs, tidal channels were located and restored to their original 
configuration. Much of the dredged sediment was disposed on uplands off site. 
However, some of the material was not able to be removed and this was used to 
construct upland islands on the marsh to increase habitat diversity. The removal of 
dredged sediment took four years to complete. 

Within the first growing season, Juncus gerardi (blackgrass) recolonized the 
relic salt marsh areas and freshwater marsh species began growing along the upper 
borders. Rapid regeneration of marsh vegetation suggests that the seed bank may 
have remained viable while buried under the dredged sediments. Regeneration may 
have also been aided by a source of seeds and/or propagules available in Mumford 
Cove. It appears that restoration may proceed without the need for additional 
plantings. 

DISCUSSION 

As shown by the above examples, marsh restoration is a complex issue. It 

requires a combination of skills to achieve any measure of success. Site inventories 
are very important and without the proper baseline ecological data, it is difficult to 
judge the success or failure of a restoration project. Because of the complexity of 
the issue, restoration programs must be custom designed for each individual site. 
However, it is equally important that general guidelines be established for setting 
priorities and goals of the restoration program at the state or regional level. 

In Connecticut, tidal marsh restoration begins with the premise that partial or 
complete tidal flushing will be reintroduced into a system that has been degraded by 
tidal restriction. Before this can be attempted, a knowledge of surface elevations 
and system hydrology is required. This is of particular importance when considering 
flood hazards of the surrounding communities. The reduction in surface elevations 
due to oxidation of the peat, is an important consideration in restoration plans. 
Indeed, past experience’ has shown that, in systems such as Hammock River or 
Sybil Creek, if full tidal flushing is restored, the lowered surface elevations may 
submerge emergent halophytes beyond their flood tolerance and _ result in 
waterlogging of the peat and the creation of open water habitats. In contrast, just 
reintroducing full tidal flushing at Mumford Cover would not achieve success in 
restoration because the surface elevations are above mean high water. Therefore, 
careful and controlled flooding is important and must be considered for each 
individual site. Tidal flushing rate will have to be adjusted to existing elevations, 
rather than historic flow conditions. In marshes where subsidence has occurred, full 

‘During the 1950's, a hurricane removed tide gates from a system in Guilford, Connecticut. 
Since subsidence had already occurred at the site, the sudden reintroduction of full tidal flushing 
drowned the marsh existing at the time, and created an area now known as Lost Lake. 
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restoration may be accomplished with the reintroduction of Only partial flooding. At 
these sites, the restricting structure will have to remain while the system readjusts to 
the flooding regime, a consideration that saves money and protects surrounding 
communities from flood damage. 

Once the baseline data has been collected and the proper flooding regime 
has been established, tidal flushing can be reintroduced into the system. With the 
reintroduction of tides, there are corresponding increases in soil and water salinities 
and the duration and extent of flooding. Eventually, the height and vigor of the 
Phragmites is reduced and salt marsh species can begin to effectively compete to 
displace the reed. Displacement of reed first occurs along creek banks as 
increased flooding and salts allow for the lateral expansion of halophytes. Lateral 
expansion of salt marsh also occurs in pockets where high salinities have 
maintained salt-tolerant species through the restricted period. Eventually, reedgrass 
is displaced towards the upper border and halophytic garminoids, once again 
dominate the marsh plant community. On Connecticut marshes, full restoration 
takes about five to fifteen years to complete, depending on the amount of time that 
the system was restricted and the size and complexity of the wetland area. 

It has been Connecticut’s experience that salt marsh restoration will proceed 
spontaneously without the expense and failures associated with planting programs. 
This allows the plants and associated fauna time to adjust to restoration. 
Unfortunately, restoration projects are often constrained beyond the needs of the 
marsh (i.e., flooding of low-lying homes or roadways). When the proper flooding 
levels cannot be maintained to achieve restoration, then additional techniques may 
be required. Mechanically reducing the height of the reed (mowing) will hasten 
restoration. This must be done during the mid-summer and, if necessary, again in 
the early fall to deplete the reed of its growth reserves [Note: If the cutting is 
completed after the growing season, the plants will increase in vigor the following 
year due to reductions in light attenuation during the early spring.]. Chemical 
controls can also be used to reduce reed; however, the use of herbicides is only 
recommended if all other approaches cannot be employed. 

Our experience in Connecticut has taught us that restoration must be given 
the proper amount of time to complete. This realization has enabled projects to 
continue with minimal expenditures, enabling more restoration projects to be started. 
Another important aspect of the restoration program has been to educate and 
include surrounding communities in the implementation of the plans, whenever 
possible. When this is pursued, opposition is limited and success rates are higher. 
Combining common sense with basic marsh ecology and allowing marsh restoration 
to proceed as naturally as possible, has led to a successful program of tidal marsh 
restoration in the State of Connecticut. Under the direction of the Long Island 
sound Programs of the DEP, Connecticut has successfully restored over 400 
hectare (1,000 acres) of tidal marsh habitat. 
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ABSTRACT 

Woodland and floodplain wetlands along stream corridors play a critical role in 
protecting water quality in agricultural landscapes. Restoration of existing wetland 
areas and the creation of new systems will require the cooperation of private 
landowners. The study described in this paper examines agricultural landowners’ 
perceptions of land management issues and program approaches which directly 
affect wetland protection and restoration. Issues studied include land-use control, 
environmental adequacy of present methods, and public concerns about water 
quality. Program approaches explored include conservation easements, public 
use/access, and landowner participation in program development. Results indicate 
that land-use control is extremely important to this group of landowners with tax 
relief, cooperative agreements and landowner participation in program development 
being the most preferred program approaches. Somewhat Surprisingly, existing 
land-use methods are not thought to be highly effective for preserving water quality. 
Landowners also acknowledge public concerns about land-use decisions as an 
important issue in streamland management. Directions for further research suggest 
information-education programs designed and developed for both private landowners 
and the public are critical to successfully restoring and protecting wetlands within 
agricultural lands in the future. 

INTRODUCTION 

This research study focuses on stream corridor management issues, issues 
which are directly affected by individual actions and community attitudes and values. 
The role of the individual landowner must be studied in order to successfully 
implement wetland protection and restoration efforts in agricultural areas. The first 
Step in promoting wetland protection and_ restoration practices is to identify 
landowners’ attitudes and values. 

Agricultural landowners’ attitudes, which reflect environmental concern, land-use 
planning and management decisions, and conservation adoption behaviors, are 
examined in this study. Riparian land management issues and practices, which 
include restricting and changing landowner patterns of land use, are also studied. 
By focusing on resource management issues at the local level, we are more likely to 
identify a community’s true environmental collective attitude (deHaven-Smith, 1988). 
One goal of this study is to identify private landowners’ concerns and characteristics 
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to aid in developing information/education programs which target riparian land 

protection and water quality enhancement. In order to facilitate the development of 

successful voluntary conservation and restoration programs, it is important to identify 

the types of alternative land management approaches that are preferred by 
landowners. These approaches are designed to encourage and promote wetland 
and streamland restoration and protection through voluntary, rather than mandated, | 

adoption of changes in land-use. 

Farmland protection programs have been adopted in all fifty states. Local 
governments have employed such techniques as zoning and transfer of development 

rights through alternative programs as a means to protect rural landscapes (Coen, 
Nassauer, and Tuttle, 1987). Generally, as the federal government becomes less 
involved in environmental regulation, state agencies have assumed an increased role 
in land protection (DeGrove, 1984). Cutbacks in federal spending and an increased 
emphasis on state and local management have transferred much of the conservation 
responsibility to local institutions. Public opinion and the present political climate 

ever increases the threat of regulatory actions to pressure farmers into changing 
streamland practices impacting water quality. 

Riparian land conservation strategies are designed to protect land and water 

quality by restricting or changing land-use activities. The consequences of such 

changes impact the issues of economics, control of private property, the future 

needs of the community, and the ecological integrity of the environmental system. 
Strategies which take agricultural lands out of production directly effect: 1.) land 
and water quality as well as visual and biological character; 2.) individual landowners 
and farm operators; and, 3.) rural communities. The seriousness of local environ- 
mental problems and the prevailing political climate will dictate whether or not these 
methods will be voluntarily adopted or require enforcement. 

The most successful local farmland protection programs characteristically are 
those in which the farming community participates throughout the process (Toner, 

1978). Strategies which allow landowners to participate in planning and 

management at a local level may have a greater chance of long-term success. 
Landowners in this study respond to questions pertaining to their participation in 

conservation program planning, as well as their acceptance of alternative riparian 

land management strategies. 

STUDY SITE 

The study area for this research is in Dickinson County, Kansas, an area of 

predominantly agricultural land uses. Dickinson County is located in central Kansas, 

approximately 150 miles west of Kansas City, Kansas (Figure 1). Water quality 

assessment studies show streams, rivers, and lakes in this area are moderately to 

severely impacted by agricultural runoff. Excessive sediment loads and high levels 

of pesticides and fertilizers are present in the streams which drain the study 

watersheds (Kansas Department of Health and Environment, 1989). Primary threats 

to Kansas floodplain wetlands in this region are: 1) land conversion to agricultural 

cropland and livestock production; 2.) stream channel alterations; and 3.) irrigation 
activities which deplete ground and surface waters (Kansas Fish and Game 
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Commission, 1985). Historically, Kansas landowners have drained and developed 
Streamlands for cropland production. This practice has resulted in loss of wetlands 
and increased non-point pollutants in surface water and groundwater. 

KANSA \ 

KAN ek [Ae ATE es Lh = ZO 
TY oN 

DICKINSON COUNTY 

Figure 1. Study region and watershed location. 

STUDY METHODS 

A survey questionnaire was developed and distributed to a sample of 
landowners in Dickinson County, Kansas. The questionnaire was designed to collect 
information and function as an educational tool to introduce information which 
addressed conservation issues. Information dealing with the concepts of 
conservation easements and stream corridor management practices were included in 
the survey. An existing land ownership data base from the Soil Conservation 
Service in Dickinson County provided the names of owners and operators within the 
county. Surveys were sent to 500 randomly-selected farmland owners and 
operators in southern Dickinson County. The final return rate was 182/482 (38%). 
The majority of the respondents (77%) were farm operators with 23% being non- 
farm operators who owned farmland, but did not directly participate in farming 
operations. Over 90% of the participants reported a secondary or post-secondary 
education with 34% having some college experience. A diversity of off-farm income 
characteristics was reported with 48 participants (26%) having no off-farm income, 
and 117 (64%) having an off-farm income of less than 50 percent. 

Participants responded to a variety of statements and questions based on a 
five-point Likert scale with a "1" on the scale indicating a low or negative 
assessment (“not at all") while a rating of "5" indicated the highest or most positive 
response ("very much"). In addition, a category of "don’t know" was included to 
gather additional information on the research questions posited. 
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RESULTS AND DISCUSSION 

Voluntary adoption of conservation practices requires landowners to balance 
private costs of time, labor, and capital investment with the expected benefits of 
economic return and resource protection. Only when landowners are willing and 
able to modify practices which currently degrade land and water quality, will it be 
possible to protect and restore vulnerable wetland and riparian resources. The 
importance of maintaining control over long-term use of their land is reflected in 
private landowners’ attitudes toward land management approaches and practices. 
Control over the situations which produce these costs and benefits is vitally 
important to landowners who are directly impacted by the uncontrollable forces of 
nature and the free-market system. Increasingly, resource production activities such 
as farming, must also consider social and regulatory costs of public opinion and 
government regulation. The benefits of a wetland restoration project may directly 
affect community-wide environmental quality, as well as that of the individual 
property owner implementing such land improvements. 

Land Management Philosophies 

Because agricultural landowners are dependent on the land for their economic 
livelihood, private property rights can be expected to be extremely important to 
them. This is confirmed by the strong endorsement of the landowner’'s right to 

, determine land-use (Table 1). Linked to the issue of land control is the perceived 
condition of the natural resource base which is impacted by each landowner. 
Existing land-use methods are not thought to be highly effective for preserving 
stream water quality (mean score of 3.39). Only 13% feel strongly that present 
methods are adequate. This would suggest that there are a substantial number of 
landowners who can see room for improvements in local land management as it 
affects water quality conditions. 

An increasingly important issue in the management of agricultural land-use is 
the degree of control exercised by the public, be it urban dwellers or rural, non-farm 
operators. The right to control land-use is a controversial subject in rural areas 
where people are inherently suspicious of outside control. In this study, respondents 
are asked whether or not it is important to consider non-landowners’ (public) 
concerns when making land-use decisions. Responses fall into the extremes at 
either end of the scale - extreme agreement (21%) and extreme disagreement 
(29%). It is interesting to note that 1 out of 5 Dickinson County landowners feel 
that non-landowner (public) concerns about water quality should be included in local 
land-use decisions. | 
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Table 1. Agreement with land management philosophies. | 

Std. Dont Agree Not 
Description Mean Dev. Know Much Agree 

“The use of the land 4.08 1.12 00% 48% 04% 
should be determined by 
the person who owns it. 

“Present methods of land 3.39 1.01 06% 13% 04% 
use are adequate for 
preserving stream water 
quality in our community. 

“Land-use decisions which 2.85 1.53 03% 21% 29% 
affect stream water quality 
should include the concerns 
of local non-landowners. 

Public concerns and demands are a driving force in efforts to protect and 
restore private wetlands and streamlands which impact public "quality of life". How 
much control, if any, should the general public have over the land-use methods 
practiced by private landowners, practices which directly impact community 
environmental quality? Who will pay for the conservation measures which must be 
taken by private landowners to protect water quality? Implementing wetland 
restoration and protection programs on private lands involves trade-offs in land-use 
control and financial assistance. Identifying compromise solutions which are feasible 
and acceptable to both public and private interests is a major issue in future 
environmental protection efforts. | 

The results of this study emphasize the important role landowner awareness of 
existing environmental conditions plays in influencing their attitudes toward land 
management. Alternative land management approaches are more. preferred by 
landowners who feel that agricultural production is a serious cause of local water 
quality problems (Schrader, 1993). An important link between landowner 
characteristics, the perception of water pollution, and program approach acceptance, 
can be seen in Figure 2. _ a a 7 - 

* High off-farm income --> Ag Production as --> Program 
* Age (over 59 yrs. old) Cause of Pollution Approaches 
* Non-feedlot operator 
* Farm operations border 
streamland 

* Small farm ownership/ 
high off-farm income | 

Figure 2. Factors influencing perceptions of program approaches. 
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It is important for landowners to recognize their influence on and the 
interconnections between land-use, environmental quality, and the community-wide 
quality of life. Results from the Dickinson County study indicate that there are a 
number of landowners who are not aware of the severity of water pollution in local 
watercourses. It has been shown that study participants who are younger and more 
dependent on farm income perceive agricultural pollution to be less of a threat to 
local water resources than do landowners who are older (over 59 years of age), or 
who have more off-farm income (Schrader, 1993). An increased awareness of 
environmental conditions by both private landowners and the general public is 
necessary to move in the direction of increased water quality protection. 
Information-education programs must provide landowners with information which 
increases their awareness of community problems, identifies possible solutions, and 
provides incentives for action (Osterman, 1988). 

Participation Opportunities in Land Management Programs 

Landowners in this study expressed a moderate interest in being given the 
opportunity to participate in planning future conservation programs. Nearly 1/3 of 
the landowners feel that their participation in conservation program planning is a 
very important component of any proposed water quality protection program (Table 
2). The scores for the importance of future participation are substantially higher 
than scores for opportunities for present participation. Landowners indicate that they 
are seldom given the opportunity to participate in local land-use planning and 
decision making. These findings indicate an interest in becoming more involved in 
future conservation program planning. As cited earlier in this paper, the most 
successful farmland protection programs include the participation of the local farming 
community. 

Table 2. Importance of landowner participation. 

Std. Don't Agree’ Not 
Description Mean Dev. Know Much Agree 

“Programs that allow you 3.49 1.38 07% 29% 11% 
to participate in develop- 
ing guidelines for local 
conditions and situations. 

“There are ways available 2.75 1.11 13% 07% 10% 
for me to voice my concerns 
and participate in local 
land-use decisions. 

“| would like to participate 2.72 1.40 12% 13% 22% 
in planning and developing 
programs for solving local 
conservation issues. 
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Alternative Program Approaches 

Opinions varied widely about the use of cropland set-aside programs, programs 
which take land out of production in exchange for per acre payments. A precedent 
for this type of program has been set with the CRP which includes riparian 
restoration assistance and streamland conservation easements. The success of the 
CRP program has been largely due to the amount of the annual acreage payments 

Table 3. Importance of land management approaches. 

Std. Don’t Agree _ Not 
Description Mean Dev. Know Much Agree 

ALTERNATIVE PROGRAM Approaches 

* Lower property, income, 3.64 1.46 08% 37% 13% 
and estate taxes on your 
land (due to restrictions 
on development and certain 
land-uses). 

* A cooperative agreement 3.12 1.47 12% 20% 18% 
that is non-binding and is 
reversible (1-5 year trial 
period). 

* Public assistance (labor) 3.06 1.61 08% 25% 24% 
for stream and bank cleanup, 
livestock fencing, and tree 
planting along streambanks. 

* | would be willing to 2.81 1.59 21% 19% 24% 
retire streambank areas 
from crop production in 
exchange for acreage Oo 
payments. 

* Financial assistance for 2.58 1.56 05% 19% 32% 
landowner in exchange for 
public recreational access 
to stream (canoeing, fishing, 
etc.) with no public access 
to adjoining land. 

* Land-use easements and 2.29 1.35 07% 08% 36% 
managed by local Watershed | 
District Board. 
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which are given for more highly erodible and less productive lands. Taking 
streamlands and wetland areas out of production in order to restore natural 
ecosystems often involves taking the most productive land out of production, land 
which provides the greatest amount of income per acre. The uncertainty 
landowners feel about giving up control of these lands, even with acreage payments 
as an inducement, is seen in the results for alternative program approaches. A 
substantial number of landowners feel strongly about this issue. The results show 
that 19% are strongly for and 24% strongly against taking these lands out of 
production (Table 3). In addition, a number of individuals (21%) indicate an 
uncertainty about their feelings on this item. 

Landowners in this study perceive tax relief to be the most important aspect of 
a conservation program. Strongest support is given to programs which lower taxes 
on agricultural lands in exchange for provisions restricting urban development and 
agricultural land use practices. Programs which contain property tax relief are 
considered beneficial, particularly to landowners who own and are taxed on larger 
tracts of land. Giving property tax benefits in exchange for modifying land-use is a 
Strategy that has been included in conservation easement programs and should be 
examined as a possible means of encouraging wetland protection. 

The program approaches dealing with cooperative agreements and public labor 
assistance for landowners are of slightly less importance to the respondents. Public 
assistance in the form of labor for projects involving streamland restoration is 
indicated to be of moderate importance. This issue brought out strong views on 
both ends of the scale, with 25% of the landowners in agreement and 24% in 
disagreement with the importance of public labor as a form of private assistance. 

Public action and involvement as a means of assistance to landowners (stream 
and bank clean-up, livestock fencing, and tree planting) is a relatively new concept 
in the study area. This concept is included as a possible method for restoring and 
preserving stream and wetland sites. The notion of public/private cooperation and 
participation in the restoration process is one which deserves continued study. 

_ Public recreational access to private lands is a controversial factor in land-use 
management. In this sample of Dickinson County landowners, financial assistance 
in exchange for public recreational access is not highly preferred (mean score of 
2.58 and extreme disagreement of 32%). Receiving financial support in exchange 
for public access was not perceived to be worth the infringement on privacy and 
private property rights. 

The surveyed landowners are not in favor of local watershed board 
management of conservation easements. This item is included in the survey in 
order to evaluate landowner attitudes toward local water resource management as a 
possible alternative. Dickinson County has a recent history of watershed lake 
construction. The land areas flooded by these lakes are managed as easements by 
a locally-elected watershed board. Local opposition to the development of these 
lakes (especially by landowners who have had farmland flooded by lake waters) has 
at times been vocal and strong. The low rating given for this question could be a 
reflection of the past problems associated with the planning, construction, and 
management of these watershed lakes. 
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CONCLUSIONS 

Restoring original wetlands on agricultural lands will require land management 
changes which remove productive land from production. Unpredictable changes in 
economic, environmental, or social conditions can limit a landowner’s ability to plan 
and implement changes in land-use management. Landowners in this study express 
strong interest in retaining control over resulting land management decisions, and 
indicate some concern over the effectiveness of present methods of land 
management for preserving water quality. 

The results of this study indicate that the landowners sampled favor programs, 
such as conservation easements, which reduce property taxes. Property tax 
reduction is an issue of importance to Kansas property owners (Coulson, Peterson, 
and Murray, 1991). Future studies need to focus on the economic impact of land 
management alternatives; alternatives which may include using tax incentives as a 
means of encouraging voluntary adoption of conservation practices. 

A wide diversity of individual ownership scales and economic livelihood is 
characteristically found in agricultural communities. Today, income from off-farm 
sources is a necessity for many agricultural landowners. In this study, off-farm 
income is a significant factor in landowner acceptance of alternative programs. 
Differences in landowner characteristics and situations can play a major role in how 
individuals perceive the importance of wetlands in protecting environmental quality. 

Results indicate that landowners would like to participate in the planning of new 
conservation programs. Participation in the planning process would give landowners 
a greater sense of control over changes in land use and, as a result, their future 
economic situations. Landowners gain a sense of control over their future through 
control of personal property (Edney, 1976). Through active participation in planning 
and continued maintenance and management of land use, landowners feel they are 
“working the land" rather than being “paid to do nothing". In the past, government 
programs and policies which target farm operations have rarely included public 
forums or feedback from landowners. Researchers, private consultants, extension 
personnel, and farmers should all participate in examining problems and formulating 
solutions. 

Public/community action as a means of assistance to landowners is an 
important area for further study. This can involve issues of public control such as 
recreational access. Public access to private lands is a controversial issue in 
riparian land management. In this study, the incentive of financial support in concert 
with public recreational access is not perceived by landowners to be worth 
infringement on their privacy and private property rights. Determining the trade-offs 
between public assistance, public benefits, and private property rights is an 
important step in promoting wetland restoration on private lands. 

The local community needs to be involved in educational efforts which illustrate 
the relationship between individual action and community impact. The linear, 
dynamic and far-reaching nature of watersheds creates a system of environmental 
and cultural linkages which cross legal, political, and physical boundaries. 
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Encouraging private and public cooperation can increase community awareness of 
existing local problems and appropriate solutions. 

Increased public concern toward environmental and social issues is placing 
more demand on private landowners to provide non-productive land-uses. In the 
past, most land-use changes have been a result of societal demands. 
Unfortunately, many of these demands have been made and land-use changes have 
been carried out without the knowledge required to minimize negative environmental 
impacts (Snyder, 1991). In order to achieve conservation goals and provide a wider 
range of "public" benefits, landowners must be informed about acceptable 
alternatives and practices. In order for landowners to implement changes necessary 
to satisfy societal demands, multi-disciplinary, technical assistance given through 
information-education programs will be needed. Future conservation programs must 
build upon established land management philosophies and practices in order to link 
"what is" to "what can be". Information should be disseminated in a circular process 
Involving all participants rather than a vertical, hierarchical structure (Ness, 1989). 
The future success of wetlands projects on private lands depends on the interaction 
and sharing of information between public and private sectors and between 
landowners and the local community. 

The process of information flow and transfer is not a one-way path, but instead 
requires two-way linkages between the parties involved, be it a land/person or 
person/person relationship. To quote Kentucky farmer and author Wendell Berry: 

"An adequate relationship between people and the land is not a monologue 
but a conservation. If the land has something to say back, the good farmer 
hears it." 
(Ehrenfeld, 1987) 
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ABSTRACT 

Monitoring of the abundance and species composition of flora and fauna allows 
comparisons of constructed and natural wetlands. However, large species lists and 
extremely variable abundances complicate data management and comparative 
analyses. The Community Analysis System (CAS), a recently developed software 
package, simplifies these tasks. CAS facilitates data tabulation and _ report 
generation, multivariate analysis, and plot generation. Data tabulation and report 
generation allow creation of tables of raw data and accompanying statistics, such as 
diversity index values. Multivariate analysis capabilities allow classification (cluster 
analysis) and ordination. Plotting capabilities allow construction of dendrograms, 
three-dimensional ordination plots, and species area curves. In addition, recovery 
analysis, inversion of samples, and exclusion and pooling of taxonomic groups are 
readily performed. Although SAS and SPSS are capable of performing similar data 
manipulations and analyses, CAS offers an easily learned, user-friendly format that 
may allow for more effective interpretation of data sets assembled during mitigation 
monitoring. a 

INTRODUCTION — 

Sampling of restored and created wetlands frequently results in large matrices 
of samples and taxa. Community Analysis System (CAS) software provides a 
convenient method of processing taxa-abundance data to produce summary reports, 
diversity measurements, species-area plots, similarity matrices, classification (cluster) 
dendrograms, and ordination plots. The purpose of this paper is to describe the 
capabilities of CAS and to discuss various potential applications of CAS in the 
wetlands creation and restoration field. Major sections of the program's primary 
menu (Figure 1) will be discussed separately. It is important to note that not all of 
the functions available in CAS will be discussed. 

TAXONOMIC CATALOG UTILITIES 

Taxonomic catalog utilities allow creation of lists of taxa contained in samples 
and accompanying identification codes which will be associated with each taxon. 
Entries may be made at any taxonomic level (Figure 2), and subsequent analyses 
may be made at any of the taxonomic levels in the catalog. For example, an initial 
analysis may indicate that certain plant species are absent from a particular site, 
while a secondary analysis may show that entire families are missing. Taxonomic 
catalogs may be printed as a summary report. | 
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[taxonomic Catalog] [exit] .- fuser controlled] | 
| t Utilities | ee! — L Paraneters | | 

| [Report Generation] : ! 

ee) itary meer] : 

patel — _— 

select an option, press {ENTER} or to display help, press [F1l). 

The Community Analysis System DOS Protected Mode 

Figure 1. Primary CAS menu. 

Taxon 

FJ) ee | 
100 Phylum Cnidaria 
110 Class Anthozoa 
111 Epigrabus tentaculata 
200 Phylum Platyhelmi thes 
201 Vermithina flate 
300 Phylum Rhynchocoela | 
301 Tongus elongata 
400 Phylum Annelida 
410 Class Oligochaeta 
411 Vermus soilus 
420 Class Polychaeta 
421 Abarenicola cheapskatenesis 
423 Chaetonettus mucosa 
425 Eurytopie varians 
426 Fewneta phagitor 
427 Glysera sanguinea 

Figure 2. Taxonomic catalog. 

DATA PREPARATION 

Obviously, all data from a study must at some point be entered into the 
computer. By taking a "fill-in-the-blank" approach, the data preparation screens in 
CAS tend to minimize the chances of incorrectly entering data. The sample header 
screen (Figure 3) allows entry of data specific to each sample, while the data-entry 
screen (Figure 4) allows entry of taxon names and abundances. When the name of 
a taxon is keyed into the data entry screen, the identification code associated with 
that taxon automatically appears in the "ID" window. The abundance of the taxon is 
keyed into the "Value" window. 
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Project : - | 

Location ; 
Sampling Date : 
Replicate : 

Sample Mame : 

Sample Size : 1.00000 
Sample Unit 2 

Comment : ()} 
Last Modified on 

Figure 3. Sample header screen for data entry. 

Sa 

Location Taxa in search range 
Date 

Sample size 1.00000 Unit = 

of [vee ete 
SC=Abort FizHelp HOME=Header INSzInsert DEL=Delete END<Alter # F102Clear 

Figure 4. Sample entry screen for data entry. 

VERIFICATION 

Every data set should be checked for errors prior to analysis. In general, this 
involves checking data sheets against data entered into the computer. Although this 
can be accomplished by comparing data sheets to entries as they appear on the 
screen, it is generally more effective to use print-outs of information which appears 
on the screen. The verification menu allows generation of printed reports which can 
be easily compared to data sheets. 
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REPORT GENERATION 

The report generation 
menu may be used to create 
summary reports (Figure 5) 
containing information on Page 1 
taxa richness, total number cheapskate Bay 
of specimens collected, P 

' iW j ; Project =Cheapskate Bay Faunal Survey (CAS Example Dataset) specimen densities, diversity, Location —seStatien fd 
and evenness. The reports Date =July 23,1981 
also summarize the absolute Repticate ete 
and relative contributions of Size FS 0.09375 

. | Sample Unit =m-2 
each taxa present in the Catalog =——=Cheapskt . TXC 
data set. Reports may be Last Modified =Sep 21,1990 
generated for individual sam- Sample Characteristics 

: ro ies : 
ples Or for collections of Density of Att Species “3 © 1664.00000 /m-2 

Total numbe f j ted: 156.00000 samples. Thus, reports could piveralay ciprite nica bose eh separ 
be generated for each of the Diversity (Hprime -log base 10) : 0.73559 
plant quadrats collected in a Bvemmess Owe tO escoe 
wetland and for the pooled Simpson's Index : 0.75087 
plant quadrats of the wet- Taxa Seed Percentage 
land. In addition, a matrix “phyla Aenea 
can be created to allow Class Ol igochaeta 33.3533 3205128 
quick comparisons of various Class Polychaeta. 
summary statistics between Fentete eheaiter 32 00000 eSB 
samples (Figure 6), and a Phylum Molluscs 

Cl Bival 
report of the mean and stan- nS “'Hucula Interferrous 53.33333 3.20513 
dard deviation for each taxa Peeropig peeropig 10.6667 0.64103 
in a number of samples can Class Gastropoda " " 

' . Nastie vibovex 96 .00000 5.76923 
be created (Figure 7). Turida predaceous 21.33333 1.28205 
Reports generated by CAS Phylum Arthropoda 
are formatted to allow direct conden Anch peda 
i i i Cc Lithi 64 .00000 3.84615 
insertion into a document Ganma rush phagus 10.66667 0.64103 
with little or no revision. Class Insecta 
Pielou (1 977) and May Chfromona extendor 160.00000 9.61538 

(1975) provide reviews of the 
mathematics of diversity and 
evenness. Figure 5. Summary Report. 
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Page 1 
Cheapskate Bay 

Sample Characteristics St#1 Jul81 = Sst#2 Jul8i 

Number of Species : 11 14 
Density of All Species : 1664.00000 1845.33333 
Total numbers of specimens counted : 156.00000 173 .00000 
Diversity (Hprime -log base e) : 1.69375 1.55312 
Diversity (Hprime -log base 10) : 0.73559 0.67451 
Evemmness (Hpr ime/Hmax) : 0.70635 0.58851 
Evenness (Scaled) : 0.65006 0.50176 
Simpson's Index 3 0.75087 0.63611 

Densities based on following units : m-2 m-2 

Figure 6. Data report for comparison between samples. 

Page 1 

Cheapskate Bay 

Taxa Mean Std.Dev. M/W 
(Divisor = N) 

Phylum Platyhelmi thes 
Vermithina flate 5.33333 6.15840 2/ 4 

Phylum Rhynchocoela 

Tongus elongata 18 .66667 13.42193 3/ 4 
Phylum Annelida 

Class Oligochaeta 
Vermus soilus 738.6667 549.26429 4/ & 

Class Polychaeta 
Abarenicole 

cheapskatenesis 13.33333 10.21256 3/ 4 
Eurytopie varians 152.00000 cece / 4 
Fewneta phagitor 8.00000 cece 1/4 4 

_ Pseudosludgia indicatus 45 .33333 52.52726 2/ & 
Sabelleria podunke 40.00000 tee 1/7 4 

Phylum Mollusca 
Class Bivalvia 

Geoductus {mprobabi lus 2.66667 seee 1s 4 
Nucula interferrous 29.33333 28.05286 3/ 4 
Peeropig peeropig 98 .66667 103.92020 4/ & 
Tetlina confusus 5.33333 see 1/7 4 

Uno donu 40.00000 34.15000  4/ 4 
Class Gastropoda 

Nestie vibovex 120.00000 30.63767 4/ 4 
Polinices lunaformes 5.33333 6.15840 2 4 
Turida predaceous 24 .00000 5.33333 4/ 4 

Phytum Arthropoda 
Class Crustacea 

Order Amphipoda 
Copralithia phagus 618.66667 651.91865 4/ 4 
Gamma rush 16.00000 6.1580 4/ & 

Class Insecta 

Chiromona extendor 72.00000 8.15858 2/ & 
Phylum Echinodermata 

Class Holothuroidea 
Stychopus disgustus 32.00000 sce 17 4 

Phylum Hemi chordata 
Ptycho daru 45 .33333 52.52724 2/ & 

Figure 7. Summary reports giving means and standard deviations for each taxon. 
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SPECIES AREA | ae a 

Curves comparing sampling 20 pS 
effort to species richness indicate : eee 
the level of sampling required to St agen 
characterize a community qualita- 3 | & 
tively (Southwood, 1991). The g z | 
concept may be extended to in- LP | 
clude quantitative information by | 
replacing species richness’ with Oa 100 
diversity. Further insight may be Number of Cores (Sompling Effort) 
gained by considering only the 
evenness component of diversity. - | 

In each case, the shape of the | | | 

curve will be affected by the order 
in which samples are drawn from 
the data. By chance, the first » 000 
sample might contain an unusually | 
large number of species, or it might a Rt cision 
contain only a few. _ 1900 f 

The species area menu in CAS 2 000 fl | 
readily computes species richness, 8 | 
diversity, and evenness curves. 0.500 : | 
Samples are randomly drawn from 
the data set and richness, diversity, 0.000 + — | : 

and evenness are computed. | | ee ererof tores tSornping titot) 
Problems with the effect of chance 7 
events on the shape of the curve oe 
are minimized by _ performing | 
numerous iterations at each level of | 
sampling effort, then reporting a - 
mean and standard deviation. Data 0.900. | — 
can be represented in a table or a 0.800 
figure (Figure 8). 0.700 i o. 

0.600 ‘LL TSS Nee Yet la ie pe irate fiaann pte 

% 0.500 i 
SIMILARITY MATRIX | £0400 | 

0.300 

Similarity indices are used to 0.200 | 
compute a value which represents 0.100 

the degree to which two data sets 0.000 + —_4_ 

are similar. In general, two se enum ot cores (Sorvping etferty “oe 

identical data sets would be | 
assigned a value of one, while two | | . 

data sets with no_ species in Figure 8. Curves for determining 

common would be assigned a effect of increased sampling effort. 

value of zero. 
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Because some similarity analyses are more effectively performed on transformed 
data, CAS provides various commonly-used transformation algorithms. CAS also 
allows choices between numerous qualitative (species presence-absence) and 
quantitative (species abundance) similarity indices (Figure 9). Output from the 
similarity analyses can be printed in a matrix (Figure 10) or saved for use in either 
classification or ordination. Several of the more commonly used similarity indices 
and the affect of index choice are reviewed by Bloom (1981). 

CLASSIFICATION 

The classification menu in CAS 
allows generation of dendrograms Proportional similarity Coefficient of divergence 
based upon _ similarities between Canberra netric Gover's Angular seperation 
samples (Figure 11). Samples which Gower's disténce measure Rho 
are most similar to one another in the Morisite's index (original) | Czekanowakirs Qualitative index 
dendrogram. Samples will be joined Koristats index (Rorn's ead.) | daccard's index 
into clusters at some point along the Euclidean distance Stepte aeTching 
similarity axis of the dendrogram. Reon character Dl stance rt) for het 
CAS allows the application of various 
clustering strategies, including nearest 
neighbor, furthest neighbor, group Figure 9. Available similarity indices. 
average, and _ flexibility. see 
Krzanowski (1990) or any comprehen- 
sive multivariate statistics text for 
further information regarding cluster 
analysis. 

| Cheapskate Bay Stations 1..4 ree 

ORDINATION “Trans forsation © Wong 
Index = Proportionet ttatlartty 

Like classification, ordination is oo 
used to show relationships between Stet#l Jul8i Stet#2 Jul8l Stac# Jul6l 

samples. In ordination, each species ~ Stetke SatBY ORS 
in a set of samples is assigned an State Jul81 —«O.S3061 sO T6IIT 0.56596 
axis in multi-dimensional space, and 
each sample is plotted against the 
axes (Krzanowski, 1990). Although | Figure 10. Matrix of similarity. 
this is easily pictured for three species 
(a three-dimensional plot), visualization 
of plots containing greater than three 
species is generally impossible. 

CAS uses principal coordinate analysis to reduce the number of axes from the 
maximum (which is equal to the total number of species in the sample) to three. In 
the three-dimensional representation, the first axis represents the line through 
multivariate space which contains the greatest variability; the second axis represents 
the line through multivariate space which contains the second greatest variability; 
and, the third axis represents the line through multivariate space which contains the 
third greatest variability. Variability explained by each line is reported by CAS, and 
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a "lollipop diagram" representing the three dimensional figure is produced (Figure 
12). 

St@#t12 c4:181 

St#i1 Yyu!t@! 

St#is ywul si 

St@ioyuigi : 

St#2 Jul 81 | 

S$e@5 4181 | 

$<@#8 3u! B81 

S$t@i14 Jv! 81 

S$t#i6 yu! 8!1 

S$e#3 Jui 

S$t#6 Jut8! 

Se@ei17? 8u181 

S$ete4 Jui 8 

Steg 4Ju!8!1 

SemwiS ywultBi — 

St#7 Juli 8! 

S$t#18 3u!81 

St#igd ywul8i 

S$t@20 JuUIt8i 

Stw21 Jui8i 

1.60 6.78 6.80 OBS 800 
Levei of Simitiarity 

Figure 11. Cluster dendrogram 
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Figure 12. Principle coordinate Analysis plot. 
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STABILITY ANALYSIS 

The stability analysis menu provides a method of tracking the development of a 
community through multivariate space. If the plant community in a restored marsh 
is sampled over a period of several years, one might expect it to return to a 
"natural" condition. If data is available to indicate what constitutes a "natural" 
condition, the approach of the restored marsh to the end point “natural” condition 
can be plotted. Bloom (1980) explains stability analysis. 

MISCELLANEOUS 

The Miscellaneous Menu provides various data manipulation operations that 
may be useful for some analyses. For example, if a researcher is interested in 
identifying species assemblages, samples and species could be inverted. In an 
inverted data matrix, the samples become attributes of the species, thus allowing 
operations such as generation of classification dendrograms which will cluster 
Species assemblages. If a researcher is interested in the effect of removing some 
taxon, such as Typha from a data set, this is easily accomplished with the "Drop 
species from one or more samples." option. Likewise, a researcher might be 
interested in the effect of merging two taxa, such as Taxodium distichum and 
Taxodium ascendens. | 

One further option available on the Miscellaneous Menu, "Convert spreadsheet 
tables to CAS data-sets." will be of importance to users who store data in Lotus or 
Quattro’ spreadsheets. This option creates crude taxonomic catalogs and enters all 
data from the spreadsheet into CAS. 

CAS PLOTTER 

The CAS Plotter Menu generates figures from programs run in CAS. Figures 
11 and 12 were generated by the CAS plotter. In general, figures made on CAS 
are Suitable for direct insertion into reports or publications. 

SUMMARY 

CAS is not a substitute for major statistical software packages such as SAS 
and SPSS. Instead, CAS provides a user-friendly environment in which to explore 
ecological data with techniques commonly employed by ecologists. CAS also 
provides an efficient means of generating tables and figures for use in reports and 
publications. Although this paper is not intended as an advertisement for CAS 
software, readers should be aware that it is available from Ecological Data 
Consultants, Inc., P.O. Box 760, Archer, Florida 32618. A low-cost "demo disk" is 
available for users who wish to explore the program prior to purchase. 
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