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Abstract

TheFloridaDepartment of Environmental Protection Southeast District Ambient Monitoring Program
evaluated thewater quality effectsof both state-of-the-art treated and untreated stormwater on an
oligotrophic, freshwater marsh macroinvertebrate community during 1995-96. Twenty sampling Sites
weredistributed throughout the length of the Savannas State Reservefreshwater marsh. Sitesreceived
runoff from natural upland areasor one of two mgor subdivisonsthat utilizethe Reservefor ssormwater
disposal. Oneof these devel opments has no stormwater treatment, whilethe other uses an advanced
system; thus, the study constituted anatura experiment to examinedifferencesamong trestment levels.
Multivariate and other statistical testswere used to € ucidate ecological effects. Areasof the Reserve
recelving untrested sormwater had asignificantly grester aoundanceof tolerant aguatic macroinvertebrates
relativeto Stesreceiving runoff from predominantly naturd areas. Higher level sof phosphorus, pH, and
hardnessand lower level sof oxygen wereidentified ascauses of community differences. Onthebasis
of theseresults, aninter-agency task force has been convened to remediate the stormwater pollution.
Two taxaare proposed for use aswater quality indicator organisms.
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ExecutiveSummary

The Savannas State Reserveisdominated by an oligotrophic, freshwater marshin eastern St. Lucieand
Martin counties, Florida. Background water quality withinthe Reserveischaracteristicaly low innutri-
ents, chlorideand hardness, and hasan acidic pH. Thisphysico-chemica regime supportsan assemblage
of aguatic plantsand animal s adapted to these conditions.

Macroinvertebrate and water quality sampleswere collected during 1995-96 to eval uate the ecol ogical
consequences of stormwater dischargeinto the Reserve. Two residential subdivisionsin St. Lucie
county usethe Reservefor stormwater disposal: East Port St. Lucie (which hasan advanced stormwa-
ter treetment system) and Indian River Edtates (an ol der subdivisionwith notreatment). Samplecollection
locationswere distributed the length of the Reserve, coinciding with areas near and removed from
sormwater inflows.

Theintroduction of sormwater wasfound to ater the composition and character of the Reserve swater
quality and macroinvertebrate community. Key causativewater quality factorswereidentified asin-
creased total phosphorus, hardness, and pH, and decreased dissolved oxygen. In response, the
meacroinvertebrate community exhibited increased numbersof tolerant or opportunisticorganisms. Storm-
water was also found to transport heavy metal sand pesticidesinto the Reserve.

Advanced treatment reduced the extent and nature of stormwater effectson water quality and macroin-
vertebrate communities. Effectsintheareaof the Savannasadjacent to Indian River Estatesweremore
severethanthosenear East Port St. Lucie. Themarshwater inthisareapossessed significantly higher
pH, hardnessand total phosphorus, and lower dissolved oxygenthan al other locations sampled. Spe-
ciesdiversity and number of taxawere highest in thisarea of the Reserve most severely impacted by
sormwater; thus, the prevailing assumption that increased pol lutionwill dwaysresultin acorresponding
reduction in these biotic metriceswasfound to be unsound.

Violationsof FloridaAdministrative Codes (FAC) 62-302.530(31), 62-302.530(47), 62-302.530(48),
62-302.560(19) and 62-302.700(1) were documented. Recommendations of this study include no
new stormwater discharges, retrofitting of thelndian River Estates subdivision, and periodic main-
tenance of the existingEast Port St. Luciestormwater treatment system. A multi-agency task force
wasformed to resolvewater quality and quantity issues.



Introduction

TheSavannasResarveisa4,600-acre, tenmile

long managed environmental areaextending

from Fort Pierceto Jensen Beachin St. Lucie

and Martin counties. Duringthelast 15years,

land hasbeen purchased to protect the Reserve

through the Environmentally Endangered Lands, , Study
Conservation and Recreation Lands, South Area
Florida Water Management District’s ¥
(SFWMD) “ Save Our Rivers’ program and
local governmental preservation plans. These
purchases will eventually total 6,000 acres
(Florida Department of Natural Resources i
[FDNR], 1993) at acost in excess of $20 mil- BRI
lion. Figurel. Study Area

The Reserve*includesthe best remaining segment of Florida' seast coast savannas’ (FDNR,1993).
Habitatsinclude extensvefreshwater marshesand wet prairiesextending fromthe eastern coastal ridge
tothe pineflatwoodsto thewest. Soilsof the coastal ridge arewell drained, and support the endan-
gered scrub community. Soilsof thewestern part of the Reserve are poorly drained and retain surface
water inacomplex system of 1akes, marshes, pineflatwoods and wet prairies. Thediverse Savannas
ecosystem includeseight natural community types: scrub, scrubby flatwoods, mesic flatwoods, basin
marsh, marsh lake, wet prairie, wet flatwoods and depression marsh. More than 1,000 species of
plantsand animalshave beenidentified inthe Reserve.

Stormwater isknown to be asource of nutrients, heavy metals, pesticides and other contaminants
(Livingstonet d., 1988). Oligotrophic ecosystemssuch asthe Savannasare particularly vulnerableto
such pollutants (David, 1996; Davis, 1994; McCormick et al., 1996; SFWMD, 1990). A previous
study (Gravesand Strom, 1995) documented biologica and water quality impairment caused by storm-
water inflowsfromthelndian River EstatessubdivisonintotheReserve. Thisearlier sudy wasundertaken
becausereplacement of native plant communitiesby invasive nuisance plant specieswasobservedin
thesestormwater affected areas. The current study was undertaken to comprehensively document the
effectsof stormwater dischargeinto the Savannas State Reserve. Thisstudy wasin essenceanatura
experiment addressing threetreatments. areasreceiving natural runoff, areasreceiving treated storm-
water and areasreceiving untreated stormwater.



M ethods

Study Area

The eastern side of the Savannas marshislargely undeveloped. West of the marsh, uplands harbor
natural areasand residential developments. Indian River Estatesand East Port St. Lucieresidential
subdivisionsusethe marsh for stormwater disposal. Twenty sample collection areaswere distributed
north to south along the western side of the Savannas (Figure 2, Table 1). Each sampling areawas
roughly acircleof fifty foot radius. Theexact shape of each areawasdictated by loca morphology and
aquatic vegetativedistribution characterigtics.
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Figure2. Study sitelocations.



Site Type
1 Marsh
2 Marsh
3 Marsh
4 Marsh
5 Marsh
6 Marsh
7 Marsh
8 Marsh
9 Marsh
10 Marsh
11 Marsh
12 Marsh
13 Marsh
14 Marsh
15 Marsh
16 Marsh
17 Marsh
18 Marsh
19 Marsh
20 Marsh
A STM
B STM
C SI™M
D STM
E STM
F  STM
G SIM
H SIM

Notes. Sitetypes. Marsh=macroinvertebrate and water quality sampling site located in the Savannas

Tablel. Keyto Savannas State Reserve sampling sites.

USEPA
Storet No.

28010107
28010290
28010289
28010260
28010291
28010293
28010292
28010111
28010294
28010295
28010296
28010297
28010298
28010299
28010301
28010300
28010302
28010303
28010304
28010305
28010258
28010284
28010259
28010285
28010286
28010287
28010263
28010288

Latitude
27°+
23.228
22.669
22.598
21.962
21.950
21.406
21.293
20.551
20.465
20.233
19.688
18.806
18.532
18.433
17.820
17.710
17.062
17.083
16.321
15.315
22.890
22.692
21.999
21.449
20.275
18.516
17.030
14.686

Longitude
080° +
18.447
18.296
18.267
18.177
18.042
17.628
17.558
17.180
17.078
16.894
16.822
16.416
16.400
16.264
15.877
15.783
15.415
15.475
15.054
15.216
18.296
18.425
18.191
17.767
17.067
16.416
15.490
14.721

L ocation Description

St. LucieRec. Area/Pamlls.
Scott St. ditch E end.
100yards Sof Station 2.
Howard St. ditch E. end.
100yards S of Station 4.
Bartow St. ditch E end.

100 yards S of Station 6.
1.5mi. SE Balsam Road end.
Hog Pen Ditch E end.

End of road Sof 9.

End of road SE of 10.
CoveN of end of Walton trail.
E end Savannadrainageditch.
PeninsulaN of Walton Road.
Northend EPSL disch. ditch.
100 yards S 15.

100yardsE of 18.

100 yardsNE of G.

W sideW of Lake Eden.

SW corner Reservemarsh.
Culvert under Midway Road.
Ditch at E end Scott Street.
Ditch at E end of Howard St.
Ditch at E end of Bartow St.
Hogpen DitchEwalr.

Road at Sav. drainageditch.
Spillway SE MedeucaStreet.
Warner Cr. S Jensen Blvd.

marsh; STM=stormwater monitoring site. The FDEP USEPA Storet Agency codeis21FLA.



Biologica sampling Steswere designated by numbers 1 through 20. Site1was inthe St. Lucie County
Recrestion Areapark north of Midway Road, and north of thendian River Estatessubdivison. Surficia
drainageinthenorthern end of the Savannas, where Indian River Estateslies, was predominantly north-
ward under Midway Road toward site 1. Sites 2 through 7 were adjacent to Indian River Estates
resdential subdivisoninareasreceiving untreated ssormwater. Sites2, 4 and 6 werewithinthe Savan-
nas Reserve near mouthsof drainage ditchesaong Bartow, Scott and Howard streetsinthe subdivision,
respectively; sites3, 5 and 7 were approximately 100 yards distant from the aboverespective sites.

Sites§, 10, 11, 12 and 14 were within areas adjoined by natural undevel oped woodlandsand were
spatidly removed from cana mouthsor other sourcesof residentia surficial runoff. Sites15through 18
were adjacent to East Port St. Luciewithin an areathat received treated stormwater runoff. Sites15
and 18 were adjacent to stormwater overflows; sites 16 and 17 were removed from these by about
100yards, respectively. Sites19 and 20 were inthesouthernmost part of the Reserve. Sites9and 13
were near mouths of canalsthat were assumed to provide drainage out of the Savannas.

Stormwater monitoring Sites (STM) were designated by letters A through H. Site A was north of the
Midway Road culvert, at the north end of the Savannas, north of Indian River Estates subdivisonand
south of the St. Lucie county recreation area. Sites B, C and D were in the Indian River Estates
subdivision at the eastern endsof the Scott, Howard and Bartow streetsdrainage ditches, respectively,
prior to dischargetothe Reserve. SitesE and Fwere inthe Hogpen and “ Savannas Drainage” ditches,
respectively, near their confluence with the Savannasmarsh. Site G wasat the East Port St. Lucie
stormwater treatment overflow point into the Reserve near Melaleuca Street, Port St. Lucie. SiteH
was south of the Reservein Warner Creek, at Jensen Beach Boulevard.

M acr oinver tebrate Sampling

Benthic macroinvertebratesare commonly used to evauate water qudity; thediversity and ubiquity of
speciesoffer agpectrum of responsesto environmental stress (Rosenberg and Resh, 1993). Utilization
of macroinvertebrate community datain environmental investigationsreliesonthe premisethat smilar
ecologica conditionsgiveriseto Smilar speciesassemblages. Siteswhich share common macroinver-
tebrate abundance characteristics are assumed to share similar water quality and ecological conditions
(Clarkeand Ainsworth, 1993). Examplesof such ecologica conditionsincludebut are not limited to
factors such as shared basin morphol ogy, meteorological conditions, substrates, recruitment availability
and water quality, depth and vel ocity.

Dip-netswere used to collect macroinvertebrate samplesquarterly, in October 1995 and January, April
and July 1996. Severd dayswererequired within each quarter to collect samplesfrom all twenty sites;
however, sample collection was expedited to minimizetemporal variation. Sampling was conducted
between 10:00 AM and 3:00 PM. Sampleswere collected from adepth of approximately one meter.
Each dipnet samplewasacomposite of twenty one-haf meter sweeps collected from among the natural
substrates present within agiven samplearea. The compositefrom each areacontained two sweeps of



bottom sedimentswith the remaining el ghteen sweeps distributed among the dominant aquatic vegeta-
tion. Aquatic plantsobserved at each site during each sampling event wererecorded and arelisted in
Appendix A.

All biologica samplesweretaken and analyzed using standard FDEP protocols(Barbour et d., 1996a;

FDER, 1996; Ross, 1990). Aquatic macroinvertebrateswereidentified to thelowest practicabletaxon.
Raw macroinvertebrate dataare availablefrom the authors.

Water Quality Sampling

Sampleswere collected eight times per year, with four of these sampling events coincident with biologi-
cal collections. Dissolved oxygen, oxidation reduction potential, pH, conductivity, and temperature
weremeasured with Yellow SpringsInstruments Y SI® UPG6000 and/or Hydrolab® multi-probemeters
during each sampling event. Water samplesfor total phosphorus, total ortho-phosphorus, ammonia
nitrogen, Kjeldahl nitrogen, nitrate plus nitrite nitrogen, color, turbidity, hardness, and chloridewere
collected at each Site. Water samplesfor the same analysesweretaken at aseriesof ssormwater inflow
monitoring sitesduring or following periodsof heavy rain. A singleset of water and sediment samples
from selected siteswere analyzed for heavy metd's, pesticides and petroleum hydrocarbons.

Chemical andyseswere performed using FDEP approved methodol ogies (F oridaDepartment of Envi-
ronmental Regulation, 1992). Pesticideand heavy meta analyseswere performed by the FDEP Centra
Laboratory in Tallahassee; al other analyseswere performed at the FDEP Port St. L ucielaboratory.
Both laboratories have established FDEP QA/QC plans. All water quality datawere storedin the
USEPA “ Storet” database. A complete set of raw data can be obtained directly from Storet or by
request fromtheauthors. Station numberswherethisdataresidesin Storet are presentedin Table 1.

Data Analysis

Theobjectiveof thisstudy wasto determineif the macroinvertebrate communitiesand water quality of
anoligotrophic marsh differed between areasreceiving treated and untreated ssormwater or runoff from
natural areas. Statistical analysiswas performed using Minitab® (Minitab, Inc.) and Primerd (Ply-
mouth Marine Laboratory) software.

Agglomerative hierarchica cluster analysiswasused to determine site groupsfor subsequent analysis
(Dillonand Goldstein, 1984). Thebiotic relationship among sampleswasdistilled into amatrix of Bray-
Curtis (Bray and Curtis, 1957) similarity coefficients representing the similarities between
macroinvertebrate communitiesfrom separate samples. Similarity coefficientswere calculated fromthe
log-transformed mean abundance dataof the 243 macroinvertebrate speciesidentified (Appendix B).
Several methodsof linkage provided the same general result; however, the M cQuitty linkage (Minitab,
1996) resulted in themost cogent clustering.



Two ordination methods, principal component analysis (PCA) and multidimensiona scaing (MDS)
wereemployed to verify thevalidity of cluster-identified site groupings, and to € ucidateimportant fac-
tors among sample site species community assemblages. PCA and MDS were performed on
log-transformed mean species abundances. Low abundance specieswereremoved prior to PCA and
MDSanaysestoimprovediscriminatory power. For PCA, specieslying beyond theinflection point of
aspeciesabundance curvewereremoved; for MDS, raretaxa(N<4) wereremoved. A rank-smilarity
matrix was computed from aBray-Curtis similarity matrix and used to producethe MDSplot. The
nonparametric Spearman rank correl ation procedurewas used to identify highly significant (P<0.001)
correlationsamong PCA scores and species abundancesto water quality data. Environmental variables
best explaining macroinvertebrate community patternswereidentified by maximizing arank correlation
between biotic and abiotic smilarity matrices (Clarkeand Ainsworth, 1993). Specieswereidentified
whichwereimportant indicatorsof differencesbetween groupsof sites(Clarke and Warwick, 1994).

TheKruskal-Wallisnonparametric test was employed to identify water quality or biotic metricesthat
weresgnificantly different (P<0.05) among groups. Analysisof Means(Ott, 1967; Schilling, 1973),a
type of graphical ANOVA for examining the equality of population means, was used to elucidate
differences (P<0.05) anong groups.

Results and Discussion

To successfully implement Ecosystem Management, information must be gathered that accurately iden-
tifiesaguatic systemsworthy of protection and enhancement, especialy whereecol ogica integrity has
been |east damaged by prior management. Managersand scientists must be ableto confidently rely
upon thisinformation to jointly devel op meansto ensure protection. Thisrequiresarobust study design
and dataanalysisto addresstheinherent limitations of scientific understanding of ecological systems
(Frissell and Bayles, 1996). To maximizethe acceptance of conclusionsand thelikelihood of imple-
mentation of recommended solutions, itiscritica that the methodsused to el ucidate processes affecting
these ecosystems conform to the standards of the greater scientific community. Objective methods
allow probability-based hypothesistesting with aknown margin of error (Green, 1979; Zar, 1984;
Pielou, 1977; Norrisand Georges, 1993).



Hierarchical Agglomer ative Cluster Analysis

Cluster andysiscan beused to classify samplesinto groups(Clarke, 1993). Cluster andysis(Figure 3)
suggeststhat siteswithin the Savannasgeneraly fall into five groupswith similar macroinvertebrate
speciesassemblages. Thesegroupswerereatedto proximity to stormwater inflowsor rel ated impacts
(Table2).

Hierarchical Cluster Analysis
Similarity 243 species, log(x+1) transformed, MeQuitty's linkage
78 ] |
% —
[

93 AI—_\‘; | |

100
7 652 431214810117181615 1 132019 9

Sites

Figure3. Hierarchica cluster andysis.



Thesefivegroupsof stesfal intotwo larger categories: thosenear Indian River Estates(inred) and dl
other stessampled. Thisimpliesthat the macroinvertebrate community inthegroup of Stesadjacent to
Indian River Estateswas different than el sewherein the Savannas. Sincecluster anaysisinvolvesa
number of choicesamong coefficientsand linkage methodsthat are not strictly equivaent (Hruby, 1985),
thesgnificance of these groupingswasexplored using principa component and multidimensiond scaing
anayses.

Table2. Keytogroupsof sitessharing similar macroinvertebrate communities.

Group Color Sites Characteristics
“Reference”  black 8,10, 11, 12,14 Spatialy removed from areas of known
gormwater inflows,
“IRE’ red 2,3,4,56,7 Adjacent to Indian River Estates stormwater
discharges.
“EPSL” green 15, 16, 17, 18 Adjacent to East Port St. L ucie stormwater
discharges.
“South” magenta 19, 20 Possibleindirect recipientsof someform of
stormwater borne impact.
“Other” blue Known or believed to receiveintermittent
stormwater:
9,13 * near canal mouthsknown to flow backwards.
1 north of Indian River Estates.



Principal Component Analysis
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Figure4. Principal component anaysisof twenty-five most abundant taxa. Water quality
parameters shown along axeswere highly correlated (P<0.001) to component scores;
arrowssgnify direction of correlation.



Principa component analysis(PCA) identifiesunderlying linear combinationsof variables(i.e., principa
components) that explain asmuch of thetotal variation in the dataas possiblewith asfew of these
componentsas possible (Figure4). Componentsare extracted such that thefirst principal component
(PC1) accountsfor thelargest amount of thetota variationinthedata. The second component (PC2)
isuncorrel ated with thefirst and explainsthe greatest amount of remaining variation not explained by
PC1 (Dillonand Goldstein, 1984). Subsequent componentsaresimilarly extracted.

PCA performed on the log-transformed mean macroinvertebrate abundance of all 243 specieswas
ableto explain 32% of thetota variationinthefirst three principa components (PC1-3). Anacceptable
PCA solution should account for at least 60% of thetotd variance (Hair et al., 1992). Datasetswhich
includealarge number of raretaxaresult in substantial mathematical noisefrom thelarge number of
zerospresent. A common technique employed to provide an objective criterion for reduction of the
quantity of zerospresent isto examineaplot of overall speciesabundances. Aninflection pointinthe
abundance curve occurred at the twenty-fifth most-abundant species. Thesetwenty-five speciesac-
counted for 76% of thetotal number of individualscollected. Thefirst threeprincipal components
cal culated from the twenty-five most abundant species (Appendix C) accounted for 61% of thetotal
variance.

Each sampling site was|ocated on the graphs (Figure 4) according to the magnitude and sign of its

principa component scores. Thex-y location onthe above graphsisafunction of each site'srelation-
shiptothemgor factorsidentified by PCA that characterize the macroinvertebrate community.
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Table3. Principal component loading by speciesfor PC1.

I ntolerant Species Loading Rationale Reference(s)
Oxyethira sp. 0.288 Floridalndex Class| 45,789
prefersliow pH
P ant/periphyton assoc.
Oecetis sp. 0.263 Horidalndex Classl| 5,7,8,9,12
P ant/periphyton assoc.
Hyalella azteca 0.195 Pl ant/periphyton assoc. 1,7,14
Parachironomus alatus 0.181 Nutrient/anoxiaintolerant 13
Tolerant Species Loading Rationale Reference(s)
Deronivea -0.205 nutrient tolerant 24,6
Dero sp. -0.220 nutrient tolerant 24,6
Ancylidae -0.282 hardnessassociated 11
Glyptotendipes sp. B -0.284 nutrient tolerant 34,13
Polypedilumillinoense group -0.294 Floridalndex Class| 3,8913
nutrient tolerant
Polypedilum sp. A -0.317
Chironomus sp. -0.326 nutrient tolerant 2,34,10,13

“References. 1- Boustield, 1973, 2- Brinkhurst, 1974; 3- Epler, 1995; 4- Johnsonetal., 1993; 5 - Pescador,
Rasmussen and Harris, 1995; 6 - Lauritsenet al., 1985; 7 - Rudolph and Strom, 1990; 8 - Ross, 1990; 9- Rossand
Jones, 1979; 10- Seether, 1979; 11 - Brown, 1991; 12 - Harrisand Lawrence, 1978; 13- Beck, 1977; 14 - Hargrave,

1970.

11



Thefirst principal component (PC1) explains 31.6% of thetotal variance. Examination of thefactor
loading upon PC1indicatesit wasdriven by the presence or absence of speciestolerant or intolerant to
degraded conditions associ ated with excess nutrients (references givenin Table 3). Tolerant species
exhibit negativefactor |oading such that increasing abundance of these speciesresultsin adecreased
(morenegative) PC1 score. Intolerant taxahave positivefactor |oading whereincreasing abundance of
these speciesresultsin anincreased PC1 score. The main effect of PC1 wasto separatethosesitesin
proximity to Indian River Estates (depicted inred) from theremainder of Sites.

Differencesin macroinvertebrate community structureresulting from stormwater were corroborated by
the nonparametric Spearman rank correl ations between principal component scoresand environmental
data(Table4). PClwasinversaly correlated to concentrations of ortho and total phosphorus, total and
Kjeldahl nitrogen, conductivity, pH, hardness, color and chloride. More negativevaluesof PC1were
related to higher concentrations of these substances. PC1 wasalso directly correlated with dissolved
oxygen and oxidation reduction potential (ORP) where higher values of PC1 were associated with
higher levelsof oxygen.

Table4d. Spearman rank correlation coefficientsfor highly significant (Pa0.001) associationsamong
principal component scoresand water quality data; significant correlationsare underlined (N=97,
critical value=0.332). Negative coefficientsdenoteinverserel ationshipsbetween variables.

Water Quality Variable PC1 PC2 PC3

Diss. Oxygen 0.601 -0.015 0.245
pH -0.345 0.665 0.042
Conductivity -0.555 0.263 0.077
Total P -0.534 0.104 0.174
Total N -0.289 0.204 -0.075
orthoP -0.257 0.039 0.168
TKN -0.265 0.192 -0.066
AmmoniaN -0.122 0.057 -0.055
Nitratet+Nitrite -0.063 0.070 -0.027
Hardness -0.620 0.562 -0.028
Chloride -0.607 0.365 0.094
Turbidity -0.179 -0.110 0.024
Color -0.239 -0.179 0.166
ORP 0.385 -0.037 0.191

The second principal component (PC2) accounted for 15.4% of the remaining variance. PC2 was
controlled by the abundance of species, such asthe midge Cladotanytarsus sp., that areintolerant to
acidification (Bilyj and Davies, 1989). Themain effect of PC2 wasto separate Sitesin proximity to East
Port St. Lucie(depictedin green) from thosesites innaturd, relatively unimpacted areas of the Reserve
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(inblack). A similar shift wasalso apparent for sitesadjacent to Indian River Estates(inred). The
rel ationship between changesin species assembl ages and pH was corroborated by the strong correla
tionof PC2with pH and hardness. More positivevaluesof PC2 wererelated toincreasesin pH and
hardness, indicating agradient in the macroinvertebrate communitiesdueto thesewater quality vari-
ables.

Thethird component (PC3) explained 13.6% of theremaining varianceand wasinversely related tothe
abundance of some midge species(e.g., Zavreliellamarmorataand Larsiaspp.), the mayfly Caenis
diminutaand predatory odonates. PC3 wasnot strongly correlated with any water quality variable.
Thethird principal component may indicate abenthic community assemblageintermediateintolerance
between thereference and the Indian River Estatesgroups of sites. Certain organismsmay possessan
ecological advantagein such aress.

It wasapparent from PCA that Sitespossessing shared environmental conditionsexhibited smilar mac-
roinvertebrate communities. Thissupportstheinferencesprevioudy drawnfrom cluster analysis(Table
2). TheReferencestes8, 10, 11, 12 and 14 (in black) were within areas adjoined by natural undevel-
opedwoodlands. Thisgroup of Steshad asimilar macroinvertebrate assemblagewnhich gppearsindicative
of natural conditions.

Thesx IRE sitesadjacent to Indian River Estates (in red) received untreated stormwater. Asagroup,
these sites possessed adistinct macroinvertebrate community along both PC1 and PC2. Thisindicates
adifferencein macroinvertebrate communitiesin responseto lower dissolved oxygen and higher nutri-
ents, pH and hardness. Thefour EPSL sitesadjacent to East Port St. Lucie (in green) received treated
stormwater. Thesestesdiffer fromthereferencesites(in black) by separation along PC2, indicating a
differencein communitiesdueto higher pH and hardness.

PC3 suggeststhat the aguatic macroinvertebrate communities present at the South group of sites, 19
and 20 (in magenta), shared some common community characteristicswith sites 15 and 18 near East
Port . Lucie. Theaguatic community sampled from these siteswasin someregardsdifferent from that
present at either thereference (in black) or Indian River Estates (inred) sites. Thesetwo sitesmay be
impacted by runoff fromthe Sugar Hill subdivisionto theeast or from stormwater runoff from the East
Port St. Luciestormwater treatment system.

The Other group of sites, 9and 13 (in blue), were at the mouths of cana sthat were assumed to provide
drainage out of the Savannas, however, during periodsof intenserainfal, it was observed that these
canalsflow backwardsinto the Reserve. Thesereversed flowsmay convey stormwater into the Re-
servefrom areas tothewest. Site1 (alsoinblue) was inthe St. Lucie County Recreation Areapark
north of Midway Road, and north of the Indian River Estatessubdivision. Surficial drainageinthe
northern end of the Savannas, where Indian River Estateslies, was predominantly northward under
Midway Road toward site 1.

13



Nonmetric M ultidimensional Scaling

Multidimensiona scaling (MDS) isamultivariate ordination procedurethat representsthe best fit be-
tween similarities and distances between samplesin the resulting ordinated space using an iterative
procedure (Clarke and Warwick, 1994). MDS maps objectsin such away that their relative positions
inthe reduced spacereflect the degree of similarity betweentheobjects(Hair et a., 1992). MDSwas
employed to overcome the limitations of PCA (Clarke and Warwicke, 1994; Norris and Georges,
1993). Nonmetric MDS (versus metric MDS) relatesthe rank order of the source datato the rank
order of proximitiesdepicted onthemap. The degreeto which thefinal map agreeswith thestructure
of thesourcedataisgiven by the“ stress’ value, whereasmaller va ue of stressindicatesabetter degree
of fit.

Rough guidelinesfor interpreting stressare (Clarkeand Ainsworth, 1993):

Stress<0.1  good ordinationwithlittlelikelihood of falseinference.

Stress<0.2  usable; valuesnear 0.2 increase potential to midead.
Stress>0.2  map becomesincreasingly inaccurate.

Stress>0.35  effectively randomized map possessing littlerelevance.

Figure5. Nonmetric multidimensional scaling, stress=0.08.

The stressvalue of theresulting MDS plot (Figure 5) was 0.08, indicating agood degree of fit. As
shown by cluster analysisand PCA, five groups of sitesare apparent. The separation, and thusthe
dissmilarity, was greatest between Reference (in black) and the IRE (red) groups.
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Analysisof M eansby Group

Anaysisof Means(ANOM) wasused to e ucidatebiological, physical and chemicd differencesamong
thefivegroupsof sites(Schilling, 1973). Inthesegraphs, thecentral linerepresentsthe overall sample
mean. Thesignificance of the upper and lower dashed limitsisto rg ect thenull hypothesis(at Pa0.05)
that dl group meansareequivaent if any point liesbeyond either line. Summariesof mean, minimaand
maximafor nutrient, physical and biologica metric dataare presentedin Tables5, 6 and 7, respectively.

Table5. Summary of mean nutrient datawith minima-maxima; concentrationsin ppb. []

Stormwater Inflows 0 Five Site Groups O

IRE EPSL

I nflow Inflow  Reference |IRE EPSL South Other
No.obs. 18 6 41 48 32 19 25
N:Pratio 4 112 122 37 174 166 107

2-7 34-217  47-330 9-119 22-710  21-405 29-375
Total N 1300 760 783 917 820 971 791

683-2290 590-1220 530-1090 760-1180 22-1360 670-1320 560-1070
Total P 329 13 8 35 7 9 10

152-616 3-35 2-18 7-132 1-14 2-42 2-28
NH3 46 15 14 16 14 20 14

20-150  10-20 10-30 10-60 10-30 10-70 10-30
Nitrate+ 48 53 8 9 9 10 8
Nitrite 0-30 0-275 0-20 0-20 0-20 0-20 0-20

Note: “IREInflow” isacomposite of stormevent datafromsitesB, CandD. :
“EPSL Inflow” isacomposite of storm event datafromsite
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Table6. Summary of mean physical datawith minima-maxima.

Stormwater Inflows

IRE EPSL
I nflow I nflow
No.obs. 16-21 5-6
Diss. 2.7 4.3
Oxygen  02-68 16-65
ORP 92 99
[157]-205  33-209
Hardness 115 39
55-205  33-45
pH 6.7 6.4
62-77 6.2-66
chloride 73 22
19-161  17-28
Conduc-
tivity 513 122

143-1448 24-157

O

Reference
41

6.9
1.7-106
179
5-315
10
5-11
51
45-57
16
12-19

71
31-98

Five Site Groups
IRE EPSL
46-52 28-32
2.7 5.8
00-101 19-105
57 156

[264]-430  10-263
33 19
13-62 10-40
6.0 6.0
45-68 55-69
35 20
18-154  13-32
172 87
35-332  19-163

South
18-19
35
0-87
74
[51]-217
17
13-24
5.6
43-65
20
15-31

97
16-146

U

Other
23-25
3.8
0-104
126
5-262
19
5-45
55
43-72
22
12-39

105
49-184

Notes: “IRE Inflow” isacompositeof storm event datafromsitesB, CandD. : “EPSL Inflow”
isacomposite of storm event datafrom siteF. Units: dissolved oxygen, chloride
and hardnessinmg/l, conductivity in uS, negative vauesin [brackets).
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Table7. Summary of mean biological metric datawith minima-maxima.

No. obs.

No. Individuals
HBI

EPT
SpeciesDiversity
Equitability
Floridalndex

% Dominant Taxon

% Crustacea+M ollusca
% Filterers

% Collector Gatherers
% Filterer Gatherer

% Shredders

% Predators

% |nsecta

% Crustacea

% Oligochaeta

% Odonata

% Mollusca

% air breather

total taxa

No. CrustaceaM ollusca
ETO

No. Chironomidae

% Chironomidae

Reference |IRE

24
149

84 - 225
7.53
6.6 - 8.0
35
2-5
3.38
19 - 4.3
0.61
0.19 - 0.90
7.6
3-12
39.5

18 - 76
40

15 - 76
3.0
0-10
21
9-39
24

10 - 41
42

18 - 77
24

9- 50
50

16 - 76
39

15 - 76
7

0.5 - 26
3

0-13
0.8
0-13
2.2
0-13
29
21-38
1.7
1-3
53
4-8

12

8- 17
26
7-48

25
186
100 - 333
7.37
6.7 - 8.5
2.9
0-5
4.32
3.3-50
0.82
0.44 - 1.22
4.6
1-9
21.8
8- 44
25

6 - 50
5.0
0-16
30

11 - 63
35

12 - 63
30
7-52
23

10 - 38
57

25 - 86
18
2-47
13
0-58

3

0-7
6.6
0-25
7.8
2-47
39

25 - 50
53
2-7
4.9
2-8
14
9-20
34
9-59

17

EPSL
22
143

92 - 221
7.10
6.7 - 8.3
3.8
2-7
4.22
34-48
0.85
0.64 -1.04
7.8
2-11
195
10 - 39
17
2-41
1.3
2.8-17
32

19 - 52
44

29 - 62
22

10 - 44
22

12 - 38
70

52 - 83
16
1-41
11
0-32
3
0-11
15
0-6
2.5
0-5
35

25 - 48
3.5
2-7
5.6
2-9
14

10 - 18
42

24 - 56

South
12
156

98 - 274
7.28
6.6 - 7.9
4.6
1-7
4.09
3.5-47
0.76
0.45 - 0.98
7.7
4-12
26.6
12 - 45
24

8 - 45
4.9
0-14
24
13 - 44
29
19 - 44
29

8 - 49
31
14 - 48
65
50 - 83
23

4 - 45
7
0.8 - 27
3

0-6
13
0-6
2.4
0-8
36
29 - 50
2.8
1-6
6.8
4-10
15
10 - 18
33
18 - 53

Other
14
172
97 - 331
7.18
6.6 - 7.7
3.6
2-6
4.32
3.9-48
0.83
0.53 - 1.13
6.9
4-10
23.8
10 - 41
23
2-41
6.9
1-28
26
14 - 45
33
16 - 61
27
5-46
28
16 - 48
60
40 - 80
20
1-41
11
0.7 - 35
4
1-15
2.7
0-10
37
0-8
39

30 -51
2.6
1-4
5.8
3-8
16
10 - 22
32
19 - 54



Nitr ogen to Phosphor usRatios

Dissolved inorganic nitrogen (nitrate, nitrite and ammonia) and phosphorusare d ementsthat often con-
trol or limit plant growth (Mitsch and Gosselink, 1993). AnN:Pratio greater than 22:1isindicative of
phosphoruslimitation (Brenner et. a, 1990). Primary productioninfreshwater systemsismost often
limited by phosphorus (Steinman and Mulholland, 1996). Sinceal sitessampled within the Savannas
possessed aN:Pratio greater than 22:1, the Reserve may be considered a phosphorus-limited olig-
otrophic ecosystem. Themean N:Pratiofor theIndian River Estatesgroup was 37:1; other Savannas
N:Pratioswereover 100:1. N:Pratiosabove 100:1 aretypical of thosefound in unimpacted areas of
EvergladesNational Park (Walker, 1991) which isalso aphosphoruslimited system (Davis, 1994;
Lodge, 1994; SFWMD, 1990).

N:Pratiosfor the EPSL and

South groupswere signifi- Analysis of Means by Group for N:P Ratio
cantly higher thanall others.
N:P ratios from the IRE -

group of siteswere signifi- e S -
cantly lower than all others. ”
2 I
Although the stormwater 5 :
= 100—

from Indian River Estates
contained higher levelsof to- T ——
tal nitrogen than that from

East Port St. Lucie, the net
mc_reasel nritrogenwasout- Referlence III?E EIPSL Slouth Olther
weighed by thelargeamount

of phosphoruscarried by the

sormwater.

50—

Figure6. ANOM - N:Pratios.

Stormwater draining asubdivision such asindian River Estatesthat isentirely unsewered might be
expected to containrelatively highlevel sof ammonianitrogen. Although ammonianitrogeninstormwa-
ter fromtheIndian River Estates subdivisonwashigher thanthat in EPSL stormwater or that withinthe
Savannas, ammonialevelsdid not reflect gross contamination. Nitrate-nitritefor both stormwater in-
flowswassimilar and exhibited pulsesof higher concentration.
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Total Phosphorus

Themean concentration of total phosphorus (TP) within the |RE group (35 ppb) was significantly
higher than that observed for any other group, over four timesthat of the Reference group (8 ppb).
Vegetative dteration wasmost conspicuousat the IRE sites. Themean TP concentration of scormwater
entering the Reservefrom the Indian River Estates drainage system was 329 ppb (Table5).

Thenorthern boundary of the Reserve

iIsMidway Road in St. Lucie county,

adj acent to Indian River Estates. Dur- Analysis of Means by Group for Total P
ingthecourseof thestudy, the St. Lucie

County Park and Recreation staff re- 30
corded flow direction at the culverts
under Midway Road. The predominant
flow pattern was to the north. Total
phosphorusin thefour samplescollected l‘ ‘
at theMidway Road culvert averaged 10 e
97 ppb. Sources of this phosphorus . . . . .
may includelndian River Estatesrunoff Reference  IRE EPSL  South  Other
and drainagefromtheditchwhich runs

along Midway Road. Mean TP at Site
1 was 14 ppb. Figure7. ANOM - Total Phosphorus, mg/I.

20 —| B n

Means, ppb

By comparison, mean total phosphorus concentration for the EPSL group of siteswas 7 ppb, alevel
comparableto Reference group conditions. Themean TP concentrationin samplesof treated storm-
water from the East Port St. Lucie treatment system was 13 ppb; however, two of these samples
contained 20 and 35 ppb TR Thisimpliesthat during rain eventswhen sufficient vel ocitiesexist, bresk-
through occurs(i.e., washout or passthrough of nutrients). Thiswould account for thedterationinthe
plant community observed inthe areanorth of the northernmost stormwater spillway which flowsonly
during extremerainfall eventswhen breakthrough would bemost likely. A largeareaof cattailsalso
existsat the southernmost spillway, whichisclosest to the ssormwater treatment pond. Water entering
the Savannasfrom thisspillway hasnot had the benefit of the additional treatment afforded by passage
through theditch system. Theinvasivecattail inthe areaadjacent to East Port St. L ucie gppeared to be
expanding itsrange. Dense stands of emergent macrophyteslike cattail have been associated with
anoxic conditions (Rose and Crumpton, 1996). Harvesting shoot biomass has been shown to regener-
atenutrient removal capacity of wetland treatment systems (Adler et a., 1996).

Total Pamong the South group of sites (19 and 20) was comparableto Reference conditions (9 ppb).
Site20 was near the source of Warner Creek. Samplesfrom Warner Creek collected at SiteH yielded
amean TP concentration of 48 ppb. The source of these higher downstream phosphoruslevelswas
undetermined; it may bearesult of runoff from the Sugar Hill or Port St. Luciesubdivisions.
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Floridalndex

TheFloridalndex (Beck, 1954, 1965) is
compiled fromalist of macroinvertebrate
speciesthat have been shownto reflect
biological effects of elevated nutrients
(Barbour et a. 1996b; Ross, 1990; Ross
and Jones, 1979). There was a strong
negative correlation (P 0.005) between
total P concentration and Floridalndex.
Higher phosphoruslevelsinthe Reserve
marsh related to alower Floridalndex.
Floridalndex for the IRE group of sites
was significantly lower than that for al
other groups.

Dissolved Oxygen - % Air
Breathers

M ean dissolved oxygen (DO) concen-
trations were highest at the Reference
group of sites, with both the EPSL and
Reference groups achieving the statute-
mandated 5.0 mg/l standard (Figure 9).
These groups were dominated by the
aquatic plant Eleocharis sp. which pro-
duces rapidly decomposing debristhat
doesnot accumulate. Dissolved oxygen
fromthel RE groupwassgnificantly lower
than DO from all other groups. Dense
stands of emergent vegetation character-
ized the IRE group and have been
associated with anoxic conditions (Rose
and Crumpton, 1996). Thisanoxiawas
related to excess vegetative debris. Cat-
tails, commoninthe| RE area, havebeen
shown to produce persistent (slowly de-
composing) plant litter (Harris et al.,
1995). During thewarmer months, peri-
ods of anoxia were also documented
among the South and Other groups.

Means, %

Analysis of Means by Group for Florida Index

******

T T T T T
Reference IRE EPSL South Other

Figure8. ANOM - Florida Index.

Analysis of Means by Group for Dissolved Oxygen

Means, mg/l
N
|
|
|
1
|
|
|
—

T T
Reference IRE

T T
EPSL South Other

Figure9. ANOM - Dissolved Oxygen, mg/l.

Analysis of Means by Group for % Air Breather

T T
Reference IRE

T T
EPSL South Other

Figure 10.
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Certain organisms, such asthe Noterid beetles of the generaHydrocanthusand Suphis, areableto use
aimaospheric oxygenfor respiration. Thisprovidesthem asel ective advantagein environmentsproneto
anoxia. A stronginversecorrelation (P<0.001) existed between dissol ved oxygen concentration and
percent air breathers, with the highest percentage of air breathersfound at sitesadjacent to Indian River
Estates (Figure 10).

Hardness - Percent Mollusca
Water hardness primari Iy refersto Analysis of Means by Group for Hardness

the concentration of calciumand
magnesium dissolved in water. 30
Historically, the major source of f——
water tothe Reservewetlandswas

direct rainfal whichisnaturdly soft. Z 20 I [ I
Thus Reference group conditions § | 777 Tm
were characterized by very low

hardness (10 mg/l). Mean hard- 10

nessof sormwater at inflowstothe owe R ms s o

Savannasfrom Indian River Edtates
(115 mg/l) was higher than that
fromthe East Port St. Lucie sub-
divison (39mg/l), suggesting that
thelatter’ sstormwater treatment
systemwas partially effectivein
reducing hardness. Dueto dis-
chargeof untreated high-hardness

Figurell. ANOM - Hardness, mg/l.

stormweter, hardness measured for Analysis of Means by Group for % Mollusca
the IRE group was significantly
greater than elsewherein the Sa- 7] .
vannas. s4 |,

S
Water hardness has been shown % 3
to beagood predictor of mollusc = 2 L l l
species richness and abundance 14 F=m——- (S
(Lonergam and Rasmussen, - L _r—-
1996) Caciumand magnes um Refelrence IIRE EIIDSL Soluth Otlher

availability for shell construction
may havedlowed organismssuch
asthesnail Planorbellascalaris
andlimpetsof thefamily Ancylidee
tooccur inggnificantly higher num-
berswithin samplesfromthe | RE
group of Sites.

Figure12. ANOM - Number molluscan taxa.
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pH regime

Mean pH (5.1) from the Reference
group of siteswasmoderately acidic,
characterigtic of apoorly-buffered, low
conductivity system. Themean pH from
both groupsof sitesthat were near ma-
jor sources of stormwater was 6.0,
significantly higher than that measured
inthe unimpacted areas. Mean pH of
thestormwater dischargetothel RE and
EPSL groupswas6.7 and 6.4, respec-
tively, indicating that the higher pH of
these groupswasindicative of storm-
water inflow.

Means

Analysis of Means by Group for pH

6.0

5.8

r____:___
r— —_—
- T L— J—)

5.6

5.4

5.27]

Reference

IRE EPSL South Other

Figure13. ANOM - pH.

Chlorideand Conductivity

Analysis of Means by Group for Chlorides

35

30 ! -

25

Means, mg/l

20—

Reference IRE EPSL South

Other

Figurel4. ANOM - Chloride, mg/l.

Chlorideisoneof the major inorganicionized substancesin surfacewater. Conductivity isanumerica
expression of water’sability to carry an electric current and depends on the total concentration of
dissolvedions. Conductivity and chloride areindicative of the amount of dissolved matter in water.
Reference conditionswere characterized by significantly lower amountsof dissolvedions. Savannas

Analysis of Means by Group for Conductivity

170 7

us

5 120

Means
—_—T
|
1
|
|
|
-
|
—]
|
I~
|
|
|
1
|

70 7

Reference IRE EPSL South

Figure15. ANOM - Conductivity, TS.

watersnear Indian River Estateshad significantly higher levelsof chlorideand conductivity.
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Species Diversity

Analysis of Means by Group for Species Diversity

4.4+

The Shannon-Weiner diversity index was T T T T
derived from information theory __‘TL ]
(Margalef, 1957) and adapted for use ;
withbiological data(Lloydet d., 1968; 3 |
Pielou, 1966; Shannon and Weaver, | r—-
1963). Thisindex reflectsthe number

of taxa and the numbersof individuals 3a
ineachtaxa. Sampleswith moretaxa . . . . .
and/or thosewith an even distribution Reference IRE EPSL  South  Other
of individuals among taxa will have
higher Shannon-Weiner diversity values.

Means

Figurel6. ANOM - SpeciesDiversity Index.

L ow nutrient concentrations (and ageneral lack of dissolved chemicals) in thewaters of unimpacted
Reference areas of the Savannas|imited the numbersof speciesfound there, resulting inasignificantly
lower mean speciesdiversity. Background Evergladesareasare naturally low in macroinvertebrate
diversity (Lodge, 1994; SFWMD, 1990), presumably aso because of low nutrient availability. Among
the apparent causesfor low numbers of taxawere the absence of molluscs dueto low hardness; num-
bersof opportunistic, tolerant specieswerea so lower inthe Reference areas.

SpeciesEquitability

Equitability isameasure of thedegree
of uniformity indistribution of individu-
adsamongtaxa, first proposed by Lloyd 0.9 p—
and Ghelardi (1964). It comparesthe L P T
distribution of species abundancesto I _!

MacArthur’ shroken stick model, which 7 ‘
hasadistribution frequently observed
in nature (Klemm et. al, 1990; 074 L_r——-
MacArthur, 1957). Itisameasure of L
the evenness of thedistribution of indi- 0.6-
viduals among taxain comparison to
MacArthur’s model. The mean
equitability for the Referencegroupwas Figurel7. ANOM - Equitability.
significantly lessthan themeansfor the

remainder of Sites.

Analysis of Means by Group for Equitability

Means
—

T T T T T
Reference |RE EPSL South Other
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Per cent Dominant Taxon

Percent dominant taxon isthefraction of
samplecomprising thesinglemost abundant
species (taxon). Samplesfrom Reference
siteswere often dominated by the amphi-
pod Hyalella azteca, resulting in a
significantly higher mean valuefor percent
dominant taxon (i.e., H. azteca) than at other
gtes.

Total Taxa

The mean number of speciespresentinthe
Reference areawas significantly lessthan
that observed for other groups. Numbers
of taxafor the|RE group weresignificantly
higher than dl other groups.

Theprevailing opinion that increased pollu-
tionwill awaysresult inacorresponding
increasein percent dominant taxaand are-
ductionin Shannon-Weiner speciesdiversty,
equitability index and number of total taxa
(Barbour etd., 1996a,b: Klemmet a, 1990;
Resh and Jackson, 1993) seemsunsound,
at least when applied to oligotrophic south
Floridawetlands. Inthisstudy, thesebio-
logical metrics failed to respond as is
generadly presupposed.

Analysis of Means by Group for % Dominant Taxon

40

30—

Means, %

20

Reference IRE EPSL  South Other

Figure18. ANOM - Percent dominant taxon.

Analysis of Means by Group for Total Taxa

40 — r—— 7

35— !

—_—— —

Means, number of taxa

T T T T T
Reference  IRE EPSL South Other

Figure19. ANOM - Total taxa.

Biological and Water Quality VariablesLinked by MDS

Clarkeand Ainsworth (1993) suggested an adjunct to MDSto objectively identify the environmental
factor or set of factorsthat best explain the observed biotic structure. The procedure comparesthe
biotic smilarity matrix with aseriesof many separatesmilarity matricesca culated fromtheenvironmen-
tal datausing al possible combinationsof parameters. Theset of water quality variableswhichyield the
highest weighted rank correlation (p, ) with the biotic matrix isthus determined.

Dissolved oxygen, pH, conductivity, total phosphate, total ortho-phosphate, total nitrogen, total inor-
ganicnitrogen, tota Kjeldahl nitrogen, ammonianitrogen, nitrateplusnitritenitrogen, N:Pratio, hardness,
chloride and oxidation-reduction potential were examined to identify thosewater quality parameters
that resulted in the highest correl ationswith the observed variation in the Reserve’ smacroinvertebrate
communities. Dissolved oxygen, pH and chloridewere subsequently identified asthe optimal subset of
water quality variablesthat best correlated (p,, = 69%) withthebiotic MDS,
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Corrdationsbetween SpeciesAbundanceand Water Quality Variables

Spearman rank correl ationswere used to identify specieswhose abundanceswerehighly correlated
(P<0.01) withwater qudity factorsprevioudy identified asimportant in macroinvertebrate community
structure (Table7). Total P, hardnessand chloridewere strongly (P<0.001) autocorrel ated.

Table8. Significant correlationsof common species’ abundancesto water quality factors. Critical
values, N=97: 0.261 at P<0.01, 0.331 at P<0.001.

Species TotalP Hardness pH DO Chloride
Oxyethira sp. -0.464 -0.488 0.290 -0.565
Parachironomus alatus -0.441 -0.300 -0.411
Chironomini GenusllII (Epler) -0.303 -0.487 -0.429 -0.399
Orthotrichia sp. -0.298

Labrundinianeopilosella  -0.291 -0.529 -0.318 0.327 -0.516
Pseudochironomus sp. -0.344
Oecetis . -0.266 0.489 -0.413
Hyalella azteca -0.292 0.507
Dicrotendipessp. 0.332
Ablabesmyia rhamphe group -0.314 -0.298
Ablabesmyia peleensis -0.365 -0.296

Orbatel unid. sp. -0.281 -0.328

Cladotanytarsus sp. 0.381

Bratislavia unidentata -0.271
Larsiaberneri -0.301

Dasyhelea sp. 0.266 -0.314
Polypedilumillinoense group 0.285
Dero furcata 0.272

Hydrocanthus sp. 0.280 -0.377 0.347
Physella sp. 0.287 0.269

Corixidaeunid. sp. 0.289 0.375
Chironomus sp. 0.307 0.286
Haemonaiswal dvogeli 0.307 0.304 0.307
Planorbellascalaris 0.348 0.516 0.406 0.452
Polypedilumsp. A (Epler) 0.348 0.334 0.289 -0.262 0.329
Micromenetus dilatatus 0.361 0.429 0.275 0.326
Palaemonetespaludosus  0.384 0.531 0.561 0.312
Ancylidae unid. sp. 0.393 0.286 0.335
Limnesia sp. 0.395 0.364 0.462
Guittipelopia guttipennis ~ 0.421 0.304 -0.363 0.456
Glyptotendipessp. B (Epler) 0.536 0.445 0.548
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Speciesidentified in the preceding tablefal into two genera categories (delineated by the dashed line):
those associated with conditions previously shownto betypica of reference conditionsand those asso-
ciated with stormwater impacted areas. Speciesassociated with reference conditionswere correlated
with dissolved oxygen and inversely correl ated with phosphorus, hardness, pH or chloride. Among
these specieswerethe Floridalndex organisms Oxyethira p., Oecetissp., Labrundinianeopilosdlla,
and two speciesof Ablabesmyia. Correlationsfor Chironomini GenuslIl (Epler) indicatethat this
taxonisacandidatefor use asagood-water quality indicator.

Speci es associated with stormwater impacted conditionswere correl ated with phosphorus, hardness,
pH or chlorideand inversely correl ated with dissolved oxygen. Among these were the poor-water
quality indicative organisms Chironomus sp., Haemonaiswal dvogeli and Guittipel opia guttipennis.
Also present were organi sms associ ated with high-hardness, higher-pH conditionslike Cladotanytarsus
p., Physella sp., Planorbella scalaris and Palaemonetes paludosus. Correlationsfor Polypedilum
. A (Epler) indicatethat thistaxonisacandidatefor use asapoor-water quality indicator.

TaxaSimilarity Percentages

Therelative contribution of each taxon to the Bray-Curtisdissmilarity wasused toidentify those species
which were good discriminators between any two groups of sites (Clarke, 1993). Theseresultsare
presentedin Tables9a, 9b and 9c. Speciesarelistedinorder of relativeimportanceto thedissmilarity
between groups.

Taxadriving differences between the Indian River Estatesand Referencegroupsaregivenin Table 9a
Associated with Indian River Estateswerethetol erant (poor water quality indicative) insects Chironomus
p., Glyptotendipes sp. B (Epler) and the oligochaetes Dero spp. and Haemonaiswaldvogeli. Also
associated with | RE were the hardness-associ ated molluscs Micromenetus dilatatus and Ancylidae.
The Reference group was characterized by theinsectsof the Cricotopus politusgroup and Chironomini
GenusllI (Epler).

Taxadriving the differences between the East Port St. L ucie and Reference groupsaregivenin Table
9b. Important taxaassociated with East Port St. Lucieincluded thetolerant (poor water quality indica-
tive) Derodigitata. Also present were the hardness associated molluscs Micromenetus dilatatus.
The Reference group was characterized by theinsect Cricotopus politus and the crustacean Hyalella
azteca, which feedson periphyton (Hargrave, 1970). Alteration of periphyton communitiesin Florida
oligotrophic marshesisknown to occur when even small amountsof phosphorusare added (McCormick
and O’ Dell, 1996; McCormick et al., 1996).
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Table9a. Mean abundanceand percent contribution by taxonto total dissmilarity
(dissmilarity =0.475) between |RE and Reference.

Mean M ean Contribution to
Abundance Abundance Dissimilarity
Taxon IRE Reference  Percent
Micromenetus dilatatus 4.4 0.05 191
Chironomus sp. 7.24 0.18 1.77
Glyptotendipes sp. B (Epler) 4.92 0.18 172
Guittipel opia guttipennis 3.08 0.1 1.65
Dero furcata 2.64 0.0 161
Cricotopus politusgroup 0.0 1.38 1.59
Polypedilumsp. A (Epler) 7.97 0.38 150
Chironomini GenusllII (Epler) 0.0 1.12 1.49
Haemonaiswal dvogeli 1.43 0.03 141
Palaemonetes paludosus 4.14 0.32 1.38
Cumulative% Dissmilarity 16.03

Table9b. Mean abundance and percent contribution by taxon to total dissimilarity
(dissimilarity =0.377) between EPSL and Reference

M ean Mean Contribution to
Taxon Abundance Abundance Dissimilarity

EPSL Reference Per cent
Pseudochironomus sp. 10.00 1.12 2.28
Cricotopus politus 0.0 1.38 212
Cladotanytarsus sp. 5.52 0.25 1.98
Dasyhelea sp. 2.65 0.05 1.96
Palaemonetes paludosus 2.83 0.32 1.6
Micromenetus dilatatus 0.94 0.05 154
Hyalella azteca 18.48 63.72 15
Parachironomus sp. 0.31 0.0 1.46
Derodigitata 2.06 0.97 1.34
Polypedilumsp. 0.63 0.0 1.29
Cumulative% Dissmilarity 17.07
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Table9c. Mean abundance and percent contribution by taxon to total dissimilarity
(dissimilarity =0.380) between IRE and EPSL.

M ean M ean Contribution to

Abundance Abundance Dissimilarity
Taxon IRE EPSL
Guittipel opia guttipennis 3.08 0.0 2.23
Cladotanytarsus sp. 0.97 5.52 171
Pseudochironomus sp. 1.53 10.0 17
Parachironomus schneideri 1.04 0.0 1.52
Ancylidae unid. sp. 4.06 0.23 1.52
Oxyethira sp. 3.15 12.9 1.38
Derodigitata 0.87 2.06 1.36
Derofurcata 2.64 0.44 1.33
Oecetissp. 1.18 3.42 1.26
Chironomus sp. 7.24 0.79 1.22
Cumulative% Dissmilarity 15.23

A comparison between the two magjor stormwater-affected areaswas performed to il luminate differ-
encesinthereativedegreeof impact (Table9c). Associated with Indian River Edtateswerethetolerant
(poor water quality indicative) insects Chironomus sp., Glyptotendipes sp. B (Epler) and the oli-
gochaetesDero spp. Thehardnessassociated mollusc Ancylidaewasa so associated with IRE reflecting
greater hardness(i.e., greater calcium availability for shell growth). The East Port St. Luciegroup was
characterized by theinsect Cladotanytar sus sp. whichisintolerant of acid conditionsandisindicative
of consistently elevated pH (Table6). Also present at EPSL weretheintolerant, good water quality
indicative caddisflies Oecetis sp. and Oxyethira sp. Pseudochironomus sp. isfound primarily under
meso- to oligotrophic conditions (Saether, 1979). Thisindicatesthat EPSL retainsalower nutrient
regime (trophic status) relativeto | RE.

Thelndian River Etatesand East Port St. L ucie areas supported different macroinvertebrate commu-
nitiesin comparisontothe Referencegroup. Speciesdriving thedifferencesbetween sormwater impacted
and Reference areaswereeither tolerant of nutrient enrichment or thosewhich thrivewherehardnessis
higher. The comparison of theimportant organismsdriving differences between Indian River Estatesand
East Port St. L ucie showed that the former was dominated by tolerant specieswhilethelatter still
supported some clean water species. Theseresultsconfirminferencesprevioudy drawnfrom correla
tionanalyses. Bothtreated and untreated stormwater disposal into the Savannas Reserve affected the
aquiatic macroinvertebrate community. Thecommunity associated with Indian River Etates untreated
stormwater discharges appeared more severely atered than that impacted by treated ssormwater from
East Port St. Lucie.

28



Aquatic Plant Community - Water Quality Associations

Relationships between aguatic plant presence-absence and water quality variableswere explored by
examining Spearman rank correlationsfor significance (Table 10) for speciesof plantsconsdered com-
mon (observed ten or moretimes). Speciesnegatively associated with nutrients, hardness, conductivity
and pH, and positively associated with dissol ved oxygen were morefrequent in areasremoved from
stormwater sources. Specieswhich were positively associated with nutrients, hardness, conductivity
and pH, and negatively associated with dissolved oxygen were more frequent in areas adjacent to
stormwater sources(Table 11).

What isknown of thewater quality requirements of aquatic plantsin Floridaagreeswith therelative
frequency of occurrenceinimpacted versusunimpacted areas. The occurrence of Eleocharisspp. and
Rhynchosporainundata has been associated with low (<18 ppb) levelsof phosphorus (Richardson et
al. 1995). Rhynchosporainundata has al so been associated with low conductivity (<100 pS) and low
pH (<5.9). Hypericumspp. has been associated with low conductivity and phosphorus concentration
conditions (Hoyer et a., 1996). Cabomba spp. occurswhere pH rangesfrom4to 6 units(Tarver et
al., 1986). Theabove specieswere most common in the unimpacted areas of the Reservewherelow
levelsof phosphorus, conductivity and pH weretypical.

Table10. Highly significant correlations (P<0.01) of presence/absence of common aguatic plants
withwater quality. Critical values, N=81: 0.285at P<0.01, 0.361 at P<0.001.

Species TKN TP Hardness Chloride pH
Intolerant Species
Eleocharis spp. -0.289 -0.440 -0.374
Cabomba spp. -0.342 -0.488 -0.570 -0.342
Rhynchosporainundata -0.314
Soartina bakeri -0.338 -0.365 -0.338
Hypericum spp. -0.290
Tolerant Species
Typha spp. 0.317 0.293 0.336
Salvinia minima 0.420 0.346 0.396
Sagittarialancifolia 0.327 0.301
Cladium jamaicense 0.351
Scirpuscalifornicus 0.334 0.430 0.433 0.412
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Table11l. Number of occurrencesof common aguatic plantshaving
significant correlationswith water quality (by sitegroup).

Species IRE EPSL Reference South  Other Total
Intolerant Species

Eleocharis spp. 7 15 19 8 7 56
Cabomba spp. 3 4 13 2 5 27
Rhynchosporainundata 2 4 9 5 6 26
Spoartina bakeri 1 5 6 12
Hypericum spp. 1 8 13 5 2 29
Tolerant Species

Typha spp. 7 4 11
Salvinia minima 10 10
Sagittarialancifolia 14 4 5 1 24
Cladium jamaicense 4 8 3 15
Scirpuscalifornicus 7 4 3 14
Total Observations 24 16 20 9 12 81

Cattail (Typhaspp.) wasfound only inareas of the Savannas enriched with ssormwater; itspresencehas
been similarly associated with phosphorusenrichment inthe Everglades and L ake Okeechobee, Florida
(Richardson et al., 1995; Lodge, 1994; Davis, 1994). Saviniaminimawasonly observedintheim-
pacted area adjacent to Indian River Estates and isknown to occur in “still water areaswith ahigh
organic content” (Tarver et a., 1986). Occurrence of thisspeciesand Sagittarialancifoliahashbeen
associ ated with mean phosphorus concentrations greater than 40 ppb.  Scirpuscdifornicusand Typha
spp. prefer alkaline, hardwater conditions (Hoyer et al., 1996). Thus, the differencesin plant commu-
nitiesreflect thedifferencesin macroinvertebrate communitiesand water quality resulting from stormweter
inflow.

Differencesin plant distribution can aso belinked to hydroperiod differences. However, Typhaspp.
and other dense emergent plants haveinvaded both short and long hydroperiod areasin the Savannas.
Expansion of cattailsin the Evergladesisa so believed to beinfluenced more by phosphorusinflux than
by water level (Craft and Richardson, 1997; David, 1996; Davis, 1994).

Stormwater BornePesticidesand Heavy M etals

To check for the presence of other pollutants carried by stormwater, fourteen siteswere sampled once
for pesticides and base-neutral extractable substances (in water and sediments) and heavy metals(in
sediment). Positive detectionsare summarized in Table 12. Sampleswere obtained from stormwater
discharge pointswithin Indian River Estates (SitesB, C, and D) and from astormwater overflow from
the East Port St. Lucie stormwater treatment system (site G). Sites 8 and 11 sites were randomly
selected from among the Reference group and were sampled as control s,
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Table12. Summary of pesticideand heavy metal concentrationsfrom selected Sites.

medium water sediment O

Site  Group Atrazine Chlordane Ametryn DDE-pp  Zinc  Mercury Chromium Copper
Ho/L mg/Kg mgKg mgKg  mgKg pgKg  mgKg mgy/Kg

D IRESTM 0.039 5.6 12 38 10 1 5
6 IRE 0.014 1 2
7 IRE 0.015 1 2
B IRESTM 6.7 25 5 3 4
2 IRE 0.011 2 1 1
3 IRE 0.011 1

C IRESTM 0.021 21 20 1 2 3
4 IRE 0.034 14

5 IRE 0.036 4

G EPSLSTM 0.32 1.6 15 31 16 6
18 EPSL 0.14 1

17 EPSL 0.13 2 1

8 Reference 9

11 Reference 16 12

Note: IRE =dtesnear Indian River Estatesresidential subdivision; EPSL = sitesnear
East Port St. Luciesubdivision; STM = stormwater discharge monitoring sites.
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No pesticides were detected in background samples collected from Site 8 and 11. The herbicide
atrazinewas present in water samplesfromall sitesassociated with stormwater runoff except the Scott
Street ditch (SiteB). Theinsecticide chlordane and the herbicide ametryn were detected in sediments
fromthelndian River Estatesstormwater ditchesbut not at the East Port . Lucie stormwater overflow
(steG). DDE wasdetected from both the East Port St. Luciestormwater dischargeaswell asfromthe
Howard Street ditch (site C) in Indian River Estates.

Thetriazineherbicidesametryn and atrazine are used to control residential and roadsideweeds (Bintein
and Devillers, 1996; Mayer, 1987). Atrazineisthemost commonly used herbicidein the United States
and higtorically hasbeen the most frequently detected pesticide (Shiping et d., 1996). Atrazine hasbeen
shown to be persistent (Widmer and Spalding, 1996), to negatively affect aquatic biota(Langan and
Hoagland, 1996; Lemieux and Lum, 1996) and has been frequently found in surface water
(Lakshminarayanet ., 1996). Thechlorinated hydrocarbon insecticide chlordaneisarestricted pes-
ticide used to control termites (Pfeuffer, 1985; Haunert, 1988). Thischemical hasbeen shownto be
very toxicto aguatic animasindigenousto the Savannas (Cardwdll et d., 1977) andiscommonin runoff
(Stewart, 1975). DDE isadegradation product of the hydrocarbon insecticides DDT (currently
banned) or dicofol (whichformerly contained DDT). DDE ishighly toxic and persstent intheenviron-
ment (USEPA, 1985; Haunert, 1988; Pfeuffer, 1985, 1991).

Chromium and copper were present at detectable concentrationsonly from sitesassociated with ssorm-
water discharge. Concentrationsof copper and chromium were highest from the discharge ditches,
implying that stormwater wasthe source of these heavy metalsto the Reserve. Zinc concentrations
werehighest inthelndian River Estates stormwater ditches. Chromium, copper and zinc can occur in
runoff dueto erosion of asphalt roadbeds, through leakage of fuel and lubricants, or wear of motor
vehicle partsand components (Lindgren, 1996; Sansaloneand Buchberger, 1997). Additionally, cop-
per and chromium have been shown to leach in considerable quantities from the widespread use of
pressuretreated wood (Stilwell and Gorny, 1997). Copper may a so be used asan herbicidein road-
sdeditches(Haunert, 1988).

Mercury was detected in all four stormwater discharge samples, but also at the background site 11.
Mercury hasbeen previoudy detected in Savannas sediments(Rood et d., 1995); ahealth advisory has
been in effect since 1989 dueto high mercury levelsin Savannas’ largemouth bass. Pathwaysfor
mercury transport are complex andinclude atmospheric deposition. Elevated mercury infish and ambi-
ent waters has been associated e sewherewith low nutrients, hardnessand pH (D’ Itri, 1991), whichare
typical of water quality conditionsat the Savannas Referencesites.
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Conclusions

Duetoitsoligotrophy, the Savannas Reserve marshisextremely sengitiveto disturbance. Thenatura
source of water entering the Savannas ecosystemisrainfall. Water quality in areasremoved from
stormwater outfallswas characterized by low nutrient level sand acidic soft waters. These natural
waters meet State standards and support ahealthy, specially-adapted macroinvertebrate community.

Theeffectsof ssormwater introduction on the structure of the agquatic macroinvertebrate community was
explored using objectivestatistica analyses. Hierarchical cluster analysisof speciesdataidentifiedfive
groupsof sitespossessing similar macroinvertebrate abundances. Principa component analysis(PCA)
was employed to identify important factors among macroinvertebrate speciescommunities, and these
factorswere subsequently related to differencesin dissol ved oxygen, total phosphorus, hardnessand
pH. Such changeswere attributed to proximity to sourcesof stormwater inflow. Multidimensional
scaing (MDS) ordination wasused to eval uatetherelative simil arity among macroinvertebrate commu-
nities, which showed that natural Sitesdiffered fromthoseadjacent to Indian River Estatesand East Port
. Luciestormwater discharges. Analysisof meanswasused to examinedifferencesin macroinverte-
brate communitiesasafunction of differencesinwater qudity and biotic metrices. Further dataanalysis
indicated that dissolved oxygen, pH and chloridewerethewater quaity parametersbest explainingthe
MDSordination. Since chloridewashighly correlated with total phosphorusand hardness, the key
factorsdriving the observed differencesin the macroinvertebrate communitieswere dissol ved oxygen,
pH, hardnessand total phosphorus. Therelative abundancesof thirty-one macroinvertebrate species
werere ated to thesefivewater quality factors, many of these speciesweretolerant or intolerant organ-
iIsmswhose abundanceswere correspondingly related to poor or good water quality conditions. Two
of thesetaxa (Chironomini GenuslI1 [Epler] and Polypedilumsp. A [Epler]) are proposed for useas
water quality indicator organisms.

Specieswereidentified that characterized the observed differencesbetween the Reference, Indian River
Estatesand East Port St. Luciegroups. Several species associated with the Reference group were
intolerant (indicative of good water quality), with abundancesinversaly correl ated with total phosphate,
hardness, chloride and pH or positively correlated with dissolved oxygen. Speciesdiversity, species
richness and percent molluscswere significantly lower, and percent dominant taxawas significantly
higher for the Reference group in comparisonto all other groups. Many species associated with the
Indian River Estatesgroup weregenerally tolerant (indicative of poor water quality), with abundances
positively correlated to total phosphate, hardness, chlorideand pH or inversely correlated to dissolved
oxygen. Diversity, speciesrichness, percent air-breathersand percent molluscsweresignificantly higher,
and the Floridaindex and percent dominant taxawas significantly lower for the Indian River Estates
group compared to al the other groups. Both tolerant and intolerant specieswere associated with the
East Port St. Luciegroup, with the difference from the Reference group being largely a product of
species positively correl ated with higher pH.

Thenatural condition of thewatersinthe Savannasisacidic. By comparison, ssormwater wasnearly
neutral. ThepH regime of abody of water regulatesahost of biological and chemical processes. Both
Indian River Estatesand East Port St. L ucie stormwater disposal areas showed apparent alterations of
natural pH, conductivity and chlorideregimes.
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The presence of aguatic plantswas also correlated with differencesin water quality. Certain species
were associ ated with oligotrophic conditions, while otherstypified areasrequiring higher nutrient levels.
Inmany regards, the Savannas ecosystemissimilar to that of the Evergladeswhere theintroduction of
excessnutrients promoted theinvas on of plantsthat could not normaly survivein naturaly low-nutrient
waters. Stormwater-borne nutrientsfertilize the Savannas plant community, causing themto grow in
profusion. Theresultant increasein decaying plant litter reduces dissolved oxygen. Thisdecreasein
oxygen makesit difficult for sensitive aguatic organismsto survive, and gives opportunistic tolerant
speciesacompetitive advantage. Anoxic conditionswerefrequently observed adjacent to Indian River
Estates, while East Port St. L ucie stormwater appearsto have been sufficiently treated to avoid such
problems. Presumably thiswasaconsequence of the degree of treatment, but may also havebeena
function of the comparatively short timethe East Port St. L ucie stormwater treatment system hasbeen
inexistence.

Areasof the Savannas adjacent to both major subdivisions(Indian River Estatesor East Port St. Lucie)
exhibited modificationsto the plant community. Modificationsweretypified by standsof cattails, known
to be associated with nutrient enrichment of oligotrophic marsh systems. Phosphoruslevelsinthe
treated East Port St. L ucie stormwater were much lower than that entering the Savannasfrom Indian
River Estates, but periodic stormwater breakthroughs of total phosphoruswere documented.

Water in Savannas areasremotefrom residentia stormwater flowswasextremely low in conductivity
and chloride; higher levelsindicated that the natural character of the water was altered. Thearea
adjacent to Indian River Estatesexhibited elevated level sof chloride and conductivity which were at-
tributed to runoff from the subdivision. Stormwater runoff from the East Port St. L ucietrestment system
asoresulted indightly higher conductivity and chloridelevelscompared to Reference conditions.

The detection of pesticidesand heavy metalsisaconcern. Some of theseareknownto have adverse
effectson aquatic biota. Pesticidesand heavy metalswere detected near both the Indian River Estates
and East Port St. Luciesubdivisions.

Samples collected from the Other and South groups violated state standardsfor dissolved oxygen.
Dataanadysi ssuggestsarel ationship of the South group of sitesto discharge of treated ssormwater from
East Port St. Lucie. Inaddition, elevated phosphoruslevelsin Warner Creek which drainsthe south
end of thereserve suggeststhat the Sugar Hill subdivision may beatering the ecology of thispart of the
Savannas.

Violationsof gpplicable State of FloridaAdministrative Codewater quality rulesassociated with storm-
water inflowsincludelowered dissolved oxygen[62-302.530(31)], rel ease of “ substanceswhich result
inthe dominance of nuisance species’ [62-302.530(47)], alteration of nutrient concentrations” so asto
cause an imbalancein natural populations of aquatic floraor fauna’ [62-302.530(48)] and causing
degradation of aFloridaoutstanding water (62-302.700). Theseaterationswere most pronouncedin
association with untreated stormwater runoff from the Indian River Estatessubdivision.
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TheHoridaDepartment of Environmenta Protection missionto* protect, conserveand manage FHorida's
natural resources’ coupled with the substantial publicinvestment in the Savannas State Reserve com-
pelsthe continued protection of thissystem. Restorationintheareaof Indian River Estatescanameliorate
further stormwater impacts, with the added benefit of enhancing flood control. Inaddition, such resto-
ration may makeit possiblefor the FDEP Park Serviceto sel ect management optionswhich best serve
to restoreand protect the natural communitiesof the Reserve. Variousoptionsfor restoration areonthe
agendaof the” Savannas State Reserve Task Force” which was convened to addressthe water man-
agement problemsinthisarea.

Recommendations

* Nonew developments should use the Reservefor disposal of stormwater.

* Thelndian River Estates subdivision should beretrofitted with an appropriate
stormwater treatment system to ameliorate stormwater inputsto the Savannas.

* Maintenanceof the East Port St. Lucie stormwater treatment systemisadvised to
prevent further proliferation of nuisance vegetation and alteration of aquatic communities.
Removal of plant biomassand muck sedimentsmay increasethe ability of the
treatment system to absorb nutrients and reduce rel eases of phosphorusto the Reserve.

Harvesting of invasive plantsin the areas of the Savannas Reserve marsh impacted by
stormwater could improvewater quality.

* |tisrecommended that the contribution of ssormwater nutrientsto the Savannasfromthe
Sugar Hill devel opment viathe Henderson Pond cana be evaluated to assessitsaffects
ontheReserve.

e Goalsto protect and enhancethe Savannas should be evaluated. Restoration goals may
include no further degradation of wetlands (no further increasein impact zones) and limitation
of dischargesof treated stormwater to those quantities deemed natural. Water quality and
biological health goalsfor protection and enhancement should approach thosefound at back
ground (Reference group) aress.

e Longtermmonitoring of inflowing and ambient water quality and macroinvertebrate communi
ties should be performed to document restoration efforts. Studiesof aguatic plants, periphyton
and fishmay also be appropriate.

» Ditcheswhichweredesigned to drain the Savannas (Hog Pen and the Savanna Drainage
ditches) should be modified to limit back-flowsinto, and thusimpactsto, thereserve.
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Appendix A

Aquatic plant speciessampled or observed.

Plant taxa Common name
Azollacaroliniana azdlla

Bacopa caroliniana lemon bacopa
Brasenia schreberi water shield
Cabomba spp. fanworts
Cephalanthus occidentalis buttonbush
Ceratophyllum demersum coontall
Chlorophyta greendgee
Cladium jamaicense sawgrass
Crinum americanum svamplily
Eleocharisbaldwini road grass
Eleocharisspp. pikerush
Graminese aguaticgrass
Hydrocotyl e spp. water pennyworts
Hypericum spp. St. John’swort
Lachnanthes caroliniana redroot
Lachnocaul on spp. bog buttons
Ludwigia spp. water primrose
Najas guadelupensis southernnaiad
Nitella spp. stonewort
Nymphaea odorata fragrant water lily
Nymphoides aquatica bannanalily
Phragmitesaustralis giantreed
Pontederia cordata pickerelweed
Rhynchospora inundata beak rush
Sagittaria graminea strap leaf sag
Sagittarialancifolia duck potato
Salvinia minima water fern
Scirpuscalifornicus giantbulrush
Spartina bakeri cordgrass

Typha spp. cdtals
Utriculariagibba cone spur bladderwort
Utricularia purpurea purple bladderwort
Utricularia spp. bladderworts

Xyris spp.
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Appendix B

Macroinvertebrates collected by dipnet from the Savannas marsh, Florida
October, 1995 through July, 1996.

Porifera
Eunapius sp.
Soongilla sp.
Turbellaria
Turbellarian unid. sp.
Ectoprocta
Ectoprocta unid. sp.
Plumatella repens
Oligochaeta
Enchytraeidae unid. sp.
Lumbriculidae
Eclipidrilus palustris
Lumbriculidae unid. sp.
Naididae
Allonais paraguayensis
Bratislavia unidentata
Dero botrytris
Dero digitata
Dero furcata
Dero nivea
Dero obtusa
Dero spp.
Dero vaga
Haemonais wal dvogeli
Naididae unid. sp.
Pristina aequiseta
Pristina leidyi
Pristina sp.
Savina appendiculata
Tubificidae
Aulodrilus pigueti
Limnodrilus hoffmei steri
Tubificidae unid. sp. w/ hair setae
Tubificidae unid. sp. w/o hair setae
Hirudinea
Desserobdella phalera
Erpobdellidae unid. sp.
Glossiphoniidae unid. sp.
Helobdella fusca
Helobdella cf. fusca
Helobdella triserialis
Piscicolidae unid. sp.
Placobdella translucens
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Mollusca
Bivalvia
Byssanodonta cubensis
Sphaeriidae unid. sp.
Gastropoda
Ancylidae unid. sp.
Gastropoda unid. sp.
Hebetancylus excentricus
Laevapex fuscus
Laevapex peninsulae
Laevapex sp.
Lymnaeidae unid. sp.
Micromenetus dilatatus
Physella sp.
Planorbella scalaris
Planorbella sp.
Arthropoda
Acari
Arrenurus apopkensis
Arrenurus problecornis
Arrenurus spp.
Arrenurus zorus
Hydrachna sp.
Hydrodroma sp.
Hydryphantes sp.
Koenikea sp.
Krendowskia sp.
Limnesia sp.
Limnochares sp.
Neumania sp.
Orbatei unid. sp.
Oxus sp.
Piona sp.
Unionicola sp.
Acari unid. sp.
Crustacea
Amphipoda
Hyalella azteca
Decapoda
Procambarus sp.
Palaemonetes paludosus
Insecta
Collembola
Bourletiella sp.
I sotomurus sp.



Ephemeroptera
Baetidae
unid. sp.
Callibaetis pretiosus
Callibaetis spp.
Caenidae
Caenisdiminuta
Odonata
Anisoptera
Aeschnidae
Anax junius
Coryphaeschna ingens
unid. sp.
Anisoptera unid. sp.
Corduliidae unid. sp.
Epitheca princepsregina
Epitheca stella
Epitheca sp.
Gomphidae unid. sp.
Libellulidae
Erythemis simplicicollis
Erythemis sp.
unid. sp.
Zygoptera
Coenagrionidae unid. sp.
Enallagma pollutum
Enallagma sp.
Ischnura sp.
Zygoptera unid. sp.
Hemiptera
Bel ostoma spp.
Buenoa spp.
Corixidae unid. spp.
Hemipteraunid. spp.
Hydrometra spp.
Limnoporus spp.
Merragata brunnea
Merragata hebroides
Merragata spp.
Mesovelia mulsanti
Mesovelia spp.
Neoplea striola
Notonectidae unid. spp.
Pelocoris femoratus
Ranatra fusca
Ranatra spp.
Sgara compressoidea
Sgara signata
Sgara spp.
Trichocorixa sexcinta
Neuroptera
Sisyridae unid. sp.
Coleoptera
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Bagous sp.

Berosus sp.

Celina grossula

Celina slossoni

Celina sp.

Copelatus caelatipenni princeps

Curculionidae unid. sp.

Cyrtobagous salviniae
Derallus altus
Derallus sp.

Dineutus sp.

Donacia palmata
Enochrus hamiltoni
Enochrus sp.

Gyrinidae unid. sp.
Gyrinus marginellus
Gyrinus spp.

Haliplus spp.

Haliplus triopsis/pantherinus group
Hydraena marginicollis
Hydrocanthus cf. oblongus
Hydrocanthus oblongus
Hydrocanthus regius

Hydrocanthus spp.

Hydrophilidae unid. spp.
Hydrovatus spp.
Liodessus spp.
Paracymus spp.
Peltodytes muticus
Peltodytes spp.

Scirtidae unid. spp.
Staphylinidae unid. sp.
Suphisinflatus
Suphisallus puncticollis
cf. Hydrobiomor pha sp.
Diptera
Ceratopogonidae

Atrichopogon sp.

Ceratopogonidae unid. sp.

Dasyhelea sp.
Chaoboridae

Chaobor us albatus

Chaoborus sp.

Culicidae

cf. Aedes sp.

Culex erraticus

Culex sp.

Mansonia titillans
Ephydridae unid. sp.
Stratiomyiidae unid. sp.
Tabanidae unid. sp.
Chironomidae
Chironominae



Chironomini
Chironomini GenuslIl (Epler)
Chironomini unid. sp.
Chironomus crassicaudatus
Chironomus ochreatus
Chironomus sp.
Cladopelma sp.
Cryptochironomus sp.
Dicrotendipes leucoscelis
Dicrotendipes nervosus
Dicrotendipes sp.
Endochironomus sp.
Glyptotendipes sp. B (Epler)
Goel dichironomus amazonicus
Goeldichironomus cf. natans
Goeldichironomus sp.
Hyporhygma quadripunctatum
Kiefferulus sp.
Nilothauma sp.
Parachironomus alatus
Parachironomus carinatus
Parachironomus hirtalatus
Parachironomus schneideri
Parachironomus spp.
Parachironomus subl ettei
Paratendipes subaequalis
Polypedilum halterale group
Polypedilum illinoense group
Polypedilum spp.
Polypedilumsp. A (Epler)
Polypedilum trigonus
Polypedilumtritum
Pseudochironomus sp.
Stictochironomus sp.
Xenochironomus xenolabis
Zavreliella marmorata
Tanytarsini
Cladotanytarsus spp.
Paratanytarsus spp.
Tanytarsini unid. spp.
Tanytarsus spp.
Tanytarsus sp. C (Epler)
Tanytarsus sp. F (Epler)
Orthocladinae
Acamptocladius sp.
Corynoneura sp.
Cricotopus politus group
Cricotopus spp.
Cricotopus sylvestris group
Nanocladius spp.
Orthocladiinae unid. spp.
Parakiefferiella spp.
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Psectrocladius spp.
Thienemanniella spp.
cf. Psectrocladius spp.
Tanypodinae
Ablabesmyia mallochi
Ablabesmyia peleensis
Ablabesmyia rhamphe group
Ablabesmyia spp.
Clinotanypus sp.
Djalmabatista pulcher
Fittkauimyia sp.
Guittipelopia guttipennis
Labrundinia neopilosella
Labrundinia pilosella
Labrundinia sp.
Labrundinia sp. A (Epler)
Larsia spp.
Paramerina sp.
Procladius sp.
Tanypodinae unid. spp.
Tanypus sp.
Trichoptera
Hydroptilidae
Orthotrichia sp.
Oxyethira sp.
L eptoceridae
Oecetis cinerascens
Oecetis sp.
Polycentropodidae
Neureclipsis sp.
Trichopteraunid. sp.
L epidoptera
Pyralidae
Eoparagyractisfloridalis
Munroessa gyralis
Neargyractis sp.
Parapoynx sp.
Pyralidae unid. sp.



Appendix C

Twenty Five Species selected by Rank Abundance for PCA

Species Number

=

Hyalella azteca

Oxyethira sp.
Ceratopogonidae unid. sp.
Parachironomus Alatus
Caenis diminuta
Dicrotendipes sp.

Tanytarsus sp.

Dero sp.

Dero nivea

Corixidae unid. sp.
Polypedilumsp. A (Epler)
Pseudochironomus sp.
Polypedilum illinoense group
Oecetis sp.

Bratislavia unidentata
Chironomus sp.

Zavreliella marmorata
Palaemonetes paludosus
Ablabesmyia peleensis

Larsia berneri
Cladotanytarsus sp.
Coenagrioidae unid. sp.
Anisoptera unid. sp. 171
Glyptotedipes sp. B (Elper)
Ancylidae unid. sp.
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