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Introduction: 
The Intertidal Marshes 
of Florida's Gulf Coast 

Clay L Montague and Howard T, Odum 

The illl.nidal marshes of florida', Gulf coast are exhilaraling !O view and 
e~c;ling 10 explore. They I re among Florid.'s mosl producliw ecosyslem •. 
I nnually ,iving rise!O.ast quanlilies of bOIh planlS and an;mol •. TItey •• is!'1 
lhe waler·logged fringe of land ow. which ro.lSlII w.'ers Inundate and rece<k 
from lhe f"",e of lhe wind ond tide. Abundant food lind cowr alternately a((!"XI 
aquaeic and tem",ri.l animals. The marsh •• gewion is highly producti ••. but 
not wry diveI'SC. A single species may dominale. forming nearly monotyplc 
sland, Ihat from. dislance look li~e a VilSl mowed playin!: field 0. posture. 
Field. of com and sugartane are similarly productive. bul their high prodUoClion 
and low diwrsily de~nd on anificia l subsidies of f<let, human labor, and ~,. 

licides. Dlm'ging cpidemiC1 of dise .... Ind pes". common in Igricuhur.l 
rnooocuitum, Ire vinually un~nown in intenidal m .... hes. 

Residenliat propeny in Florida with 0 view of intenidal marsh onen sell. 
for a far grealer price Ihan Dearby pro~r1y wilhout sUoCh a view. Access W lidal 
cree~s adds even more value. Ahhough \hese benefits of intenidal man""s 
accrue 10 lhe fOftunate ownen of mom.-fl"Ol"ll propeny, sew .... l «oIogical func· 
tions hidden wilhin the speclacular view beDefil the public at large (Tlble 1.1) 
!ntenidal manhes. which inclOlde ph., brac~i.h. and freshwater marollcs in 
nUClulling ro.lS~1 waten. are one of a set of coilSlal ecosystems {including 
sug.uses, mUd nIlS, roc~y OOICfIlPPings, mangroves, planklon, and O1hers) 
thaI wgcther account for Florida's prodocliY<: commen:ial and =n:llional fi sh· , 



2 I"rroducrlon: ~ IIIftrlldall4Q"hu 0( Florfdll's Gulf COIIJI 

Table Ll "-_ or Suopec:led hblk V.J_ ~ Inlrrtidal Ma .... 

SIIorcli ... poooeetiotI r .... """" IOIIJI'. wi ...... and ... ..,. 

Z 1Ubiw: oi_u- food """ CO'O"Ot for ............ Ii ...... """'"""ana. IIIoI)!h,osb. 

binls. ond ""'"' ...ndnccs and In~ _, III <oo ...... dll .. n:crcaIio..al 
impoow><:e. ....... 11ft"""'"" or ~ 

J Pan of • M' 01 QIUari .. """ 0ItMSIIcft tr.abio ... 01 .""'''' ... and _ "'"' 
,_ I iii ....... , 01 ~j ... fuJI .... ..,Id/ir.. .. 011 lire his1o<y"'teI 

4 Bulf .. of ~ food lUp!>Iy 

5 brr.,. of ... ...nne WMCI' qual", 
(> COI'IIribuIOt 10 "InCl'", <'OUIIJ im.aJe , .... ~ doYelopmmt 

eri'5, TI>ey provide food Ind <:ovcr fOf juV<'nik lUges of rTIOSI aluari"" liih 
~nd inv.rteb<a~ •. including rommcrdll1y valuable Ihrimp and blue crabs IS 
well as sponfi.h such II n:d drum Ind .pOlled SCI ll'l.>llL. In/enida] rnanhos 
reduce ""mlic from Itorm. by I lIe"""lini lbc cnerJY of winds, waves, ond 
,lonn surge •. FunhcrTnOtt, lJ COUlll wilenillemotel, fill and dnin. rna..,ri.l, 
"<cd and produced by lhe ma"n an: ucnln,ed. which re.ulll in • sabiliring 
effect bolh on c~lU:mne w.ter qu.lity and on Ih. food supply 10 .he web of 
eSluarine biOi •. 

Intenidal m ... hel help 11'11' and Illbili« e$luarine sedimem" inc", ... ing 
waler ciarily in COU(I[ .... 'tCIl. !f .... ater were 10 become II'IOIC turbid beeause 
of ,he loss of inlenidl! mmhel. seaS'u. bedl would die beelUse of lICk of 
[i,hl. Seagml liso lIabiliv::. scdimenu. reduttS damage: (rom SIOrmS. and is 
habil.ll for numerous aqualic animili. [nlenid.1 mlrs~s form pin of !he im
'j;¢ o( OOISI.II Florida ..... hich JlimullleJ many 10 lOur and Ii"" on Florida', 
coa". 

inl(:nidal marsbc:s are I key pan oflhc wasul orosYllem and I~ COIW;l 

n"OnOfrly. Aorida', populltion continues 10 grow by II'IOn: than 1000 people per 
doy. _ Ih"" Ihrce.qUntl'J of .... hom lellie in FIorid.·s f;OISU/ wun(its. 
Co.a.w m&nagc:ment i. ""IIOiflld 10 ensure (he _uinua(ion of Ihc (unctions and 
rublic val ..... of in'enidal mil .......... !he best mlftIlCmc:nl pnoctices arise (rom 
IlWIa&tment I"'inciples derived by integrab'" IIcienclrlC tnowled&e from • variery 
of KIIes and penpeo;Ii"Cl. Including models of ccoIosif;a1 and economic Ihco
"" iei ..... ttsts of hypothesa by el~ment.lim. and large-scale field trial, by 
m;lJ'$h ""'nagel'S limed It lish and wildlife enhancemenl.r>d mosquito cnntrol. 
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To dew:1op sound miIfLIgc:ment prino;iples. It leaSl tlt= Kiles of ecologi~al 
study must be inlesnted; studiCli of lbe livinll: components of the marsh. stud': 
that link !he components 10 one another and .... ith!he 0 __ 11 environment. a 
stooies that link the marsh ccosyslC:m 10 other eSluarine subsyJICms and lhe 
cout.1 _"""y. Infornlllion needs at IIJlC'" scales deperd upon knowled,e at 
smaller scales. However. from the perspecUve of couu[ wnc manage:ment. the 
wboIe i. rn.:n than (or at IeHt diffe=t froro j Ihc .... m of the !WU-

Controvers.u often arise coo,",,';", the ulC and manaltCmeDI of ma:*s. 
Seientlfic. economic. and Jepl studies bsve addruscd JUdo plblic policy ~ •. 
lions U !he _"",,;. VII"" of mlRhes. the impact and need .of ItIOS<I~JlO 
control. !he main'enancc or enllanccmtfll 01 coutaJ ~ eswan .... lisheries. 
enh~mc:nt of wildlife bsbtW. .... aste dispos.al prxuocs. land bt.nlmng on 
marshes. c ..... 1 COII$lrucUon. ~onlO pn:-ColumbiPl conditions. and p<e'. 

troIa(ion of pn:scfll condilions. UnfOflu .... ly. study of ~h m~e~l '."lICS 
i. often on I tri,il. by-crisi. buil. iniliated by Ibose .... ,Ih PI '~llle 'nf.or
mlli"" need and ended often premalu~[y .... hen • now and .dlffe~n~ a1S'~ 
beai",. Usually. the entire roIlection of manaat'menl "SlOes is 001 Slmult.-
ncously considered .... i>en deci sions I!'e made aboul one. . 

Effeclive managemenl of lhe upansi"" intertidal "",rshe. of Florid. It· 

qui~. In inlel .... ion of SCicMir,c kno .... ledge: .... illt leaal and CI':"",,:mlc persp""· 
Ii"". Ind (he developmenl of management principle •. This book IS I first step 
in thai direclion. Its purpose i, 10 ,ummariu .... hll is known . boullhe ~Iruclu" 
and func!iun of intcnida! m;rshes U well U lQ pn:senl "f)'ing econom,c. leg.1. 
and mlnlaement perspectives. 1t;1 hoped 1IIIIIhis synlhesis .... illl.ad ~o I morc 
informed public and mo~ effective mall.lgemenlofFlonda·s rem.,m.ng Inter· 
tidal marsi>es. Siudies of managemenl questiol\J at ... eral scales .... Inc~uded. 
togclher .... ilh Varioul effon. to .nalyu and synthesize them. This collec(,on of 
informllion forms. buis fOf pttdictina the consequencu of mlnlge""'"t 

decisions. . 
Ahhoup ;nteJtidal marshe. I!'e found along b<Klt lhe AtllnlJC ""d ~u lf 

coastl. conditions for lheir occ:u~nce (low WI "" .... fly and reltef. high (, dal 
range) I!'e most favorable onlhe Gulf COllI. panicll.larlY north ~fTampl ..... he; 
it is 100 cold for m.anpo~es, The most c.lIenuve mtact Intc:rtidal onaBloes 
in the Bil Bend n:,1011 of florida ... ~ b -.'IC ofthdr disunce from urtwJ 
oente~y haw: belen n:11l;~ly p<OICCIed from de""lopmaK ~It$. thoogh 
perhaps not for lon, Ji""" the huge: po-.tIt IX Florida·, P"!?"10l>0Cl and ,h.: 
.al ... 01 couuI propeny. Boeausc of !heir c~lI:nt and auncu'iCftCSS.. and be · 
aulC 1beoe is still,;me to ~!hem properly. tloc intcn:idal manbes of lhe 
Gulf coast. panicularly the Bi, Bend coast of Florid&. are the subjecl of Iho> ..... 



Intl'OdllrtfM: ~ InI~rTl4D/ NDn:1Iu of Florldil', CII/f Co<ut 

An Energy Systems Diagram of 
the Intertidal Marsb 

To begin \0 synthesize knowledge of illlcrtidal mat$bcs and as I rromc'oO'Oft< for 
muo;:h of wlw is included in this book. we have ~1Cd 11\ cnctiylyMCmJ 
diapm (Figu~ 1.1). A fuU ul'ldenlanding of !he runctioal 0( rnaDha in !he 
larzer C'OtiQI ecosysu:m and oouul ..:0010"'1 rcquim integnotioro of oalo::s of 
>l.udy. from the ....... 11 to !he lAiJCl. SyJ./CmJ noctl>odI for illlegrating knowkdCC 
InID a fuller undemanding usually i .. "o"''' !he <:OMttUo;tion 0( d~ to 
"'P"'lICnt ""* pam andlhe c_L connectiOnS among them that inVCSIipton 
believe to niSi flOm their mc_~mtft" and intuluons. n.ese diagrams rqR

sent lalF'ocale. complu h~ that ~Il«t cumlil knowledge and idQs. 
Quantifying tloc.., connection!: allows computet limulation 0( ihe d)'lllmic:s 
Omc)l'lg CO<IIponel'lS that mult from tloc hypothclis. Quantified diagnoms allow 
<>Ihc:, .nalysel .. weU (e.g.. the "btDOy'" an&Iysis of Odum and Odum. 1981). 

Simulation modeling and ... alysi • • cchniquu nplon:!he lysIC .... level con
scqUCrw;c1 of the hypothesis and .!low uperimcnlltion with IIICmlti"" ways of 
COIIO>eC'ting the pins. OflCn the output of I rompuler model il lUrprisinlly 
dirrc~n. from whl' wu e~pected Of known to be ''''''. Such I !ault may 
rcquil'l: I chlnge of idel'. DCW hyp:othcllC'. DCW mcuu..:mcnts. and ..:viscd 
models. In the interim, !he limits of OIl. undcntlndinglt the laIXc seale hive 
t.:cn leamed in I rigorous mlnne •. Old ideu. some pemlp$ often used in 
management . may hvc been ""Jeeted. From lucecSlf .. 1 simulations COme "whot 
ir' e.pcriment.1 m ... ipulltionl thlt eln be e.plored. The m ..... scment conse· 
quences of a!lowing Ipccir..: IItcr&lions to $OfIIC In:U in In cSlury Ind restor
ing OlhcB mly be predictable. 

The encIXY Iystems diliram i, drawn lIOI;()I"ding to I protocol in which 
.mall. quiekly n:plked item. and proce$5« are shown 0fI !he left and .lower 
l'f'OCCuc, with components that occupy 11lJC. ICnitorie. 0fI the right (Odilm. 
19S]; Odum Ind Odum, 1981). Thu., ph)'tOplankton an: on the left and IIfICT 
animals In: towlrd the right. PnxLucu from the .mllI componc:nfl flow from 
left to right. Material n:qdiflj and human serviocJ form fcedbac:k loops from 
the right over the top of ihe diagram. TM:ough the.., fCICdbEks, the high
tran,formity items on ihe right side of the diaanm amplify and coottoI !he 
klwer-t ..... formity ilems on ihe left side. 

The..-...:ount of energy of one kind (~g .. plant biomuI) that is uansfonncd 
In the pn:occ'" 0( producing I uml 01 cflCID of...other Iype (~g.. hctbi....,.., 
t>Komus) iii 6tfincd aI the "'Iramrormily~ 01 thlt prodl>Cl- 11 may take 10 calo
rico of plankton. for c.umple. 10 produce each caloric of lmall fish. In tenns 
of plankton. the .ralllfonn.ty 01 the rosh IS 10:1. All components in Figun: I.l 
an: forms of enc'l1 Ind each can be apruscd in UnI" of one kind 01 energy. 
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solar i~I.Lion, which is rcqui~ bocl! dil'Cl;lly and indil'Cl;lly to produce a unit 
of each component. llIe rewhing IlIliDs ate koown as Msolar tran.formitiesM 

(Odum and Odum, (987). 
Components in the .nero .)'lIe .... d ' qnom ..., ImIngcd rrom left to right 

in Otdc:r of inaeuin, tolar ttan.fonnity. lieocc, basic CIIC"I)' sources (weh IS 

• unlight, wind. and tide) cnler lhc dia,llIm 10 !he leI't and Lhosc which cnler the 
srstcrn .Jrudy "'nh hip, sol., uansfomtit;u (weh as fll'Cb. electricity, in_ 
vcotmcnu. ond pc(lplc) cnlCr 10 the ri,hl. Tbe$c Clleru SOUR:eS combine • 
V;orioul points in Lhe Iy.u:m. "The flow is flOm Idi 10 n&hl as !he components 
of the 'ruem IRnJfonn these energy IOIIrteI;1I\O ocher componenl$ of higher 
and higher Innsf"",,il),. Thus. 11M: di&Jl'lm rcpracnu the natural energy hier
orehy; I pmccu in which many vniu of one.." on I"" left I~ required 10 
produce those 10 (he rigN. whicll. in 111m. aug_nt or oo""fOl d.ose 0<1 tho: len. 

Althou,h the diagram ineilldc.l mi\1l)' components aDd pmccUCl, l~ can 
be gmupd iRIO tWO main divisions: • nl!Uf11 OOISlal eoosySlcm on the Jefl and 
a coulI.l economy on the rillhl. Eath d;vilion Iw. few mljorwmponents aDd 
... veral subcomponents. 'The major componen!$ of the nltur.1 001..(11 ccosy.
tem In: llIe wiler column. llIe subtidll bollom. and lhe: inlonidal manh. The: 
main producen in lhese , y$lems (itldicated by bulkHhaped .ymbols) an: phy-
10plln ~lon. selira,sel. marsh pllnll. Ind micro, liM:. Consumen (Ille lleu
I;ons) include zooplank lon. po$llarvi l nih Ind ;nvenebrale •. microlles. 
mciofl una •• tId Ilrge. Inimlli loch 1I .hrimp. crabs. rosh. birds . • nd racCQOnS. 
EneW sou""'_ fo. lhe nil ural «osyslem (cirdes) include sunliGhl. wind. lide. 
rain . riven. and long.lenn gcologic PfOl:(:Ssel Ihlt delemline .uch Ihing. as 
e<>a>111 topoS",phy. Nonliving $longe, (Ihe tlnk_shaped symbol.) include ci.· 
culaling wlter (Ind ..:com""nying nuu'l'Oll. plls. delritu,. Ind Ollie. dis$Ol""d 
and suspended "",Iorials). ""imenll. tidal creeks. 100 ludforms (e.g .. dunes 
and lowland.). 

The: toUl&l economy oo;cupics lhe: right 'hird uf tile diagram. Cities are tile 
main COfI<umer. ",. main uoge/lOUs energy SOUnle> fur Ihi' economy Ire 
(...,Is. electricilY. &rods.nd .. Mces, redcnol money (moslly defet\$C spending). 
in""SIOrI (mOllY in real CSUte). people •• nd marir.ClJ. Focil;1I1i"" proces ... tr:Ins· 
fOlll'l nllural raourcea inlO lhe: COIOSlII CC'OIoomy. ",. nalural coosystem to lhe: 
lefl prodUCt;< ro.hc:s. crabs .• tId Ihrim", ror commercill and re.:n:atM:Ku1 rl$h. 
cries; comribulel 10 an IUractl"" OOlSlIl image Ihal. encou~ IOUn"" and 
de""lopmenl; and recycles nUlnena from domHIic and induSlri.l wlStcs. 

The diqnm ;1 the beilnning or. synchcsis process thaI witt be improved 
I»' lhe participation of Itt ihose wi1h Jpecillizcd k_Jedsc of iu various 
aspects. II i, hoped lhlllhiJ book ";U SI;mulltc 1UCb. Iynlhes.is---tbat il will 
in.pire research in areas where more knowledge i, needed and that il will help 
us Itt. reglldless of out special lkill$ and inl=l. mainwn I se~ of 1he: 
.. 00k. Mlnlg('menl depends on whole-system undentlndi",. 

Ckry L Monrague ond I/OW<1rd T. Od~m 7 
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Setting and Functions 

Clay L Montague and Howard T. Odum 

Florida has more intertidal wetlands (sail marshes and mangroves) (tuln 0.:0.. 
,ia. South Clrolin •. Ind North Carolina rombi .... d (Table 1.1). Over three· 
quarteR of Florida ', inlCnidal wctlandsal'e on the Gulf coast. wilh the greatest 
acre<IF of sail marsh in the Sig Bend between TlI'pOtl Springs 1<><1 Lighlhou", 
Point Illhe mouth of tIM: Ochlockonee River (Table 1.2. Figure 1.1). Exlensive 
s.ah manhes are also found landward of wide band. of mangroves .\oog the 
southwestern coast south of Naples. 

Varia""", in lu"", (ides. topographic slope, and winter temperature II«'OUnl 
for the distribution of intertidal marshes in Florid •. Sediment supply. $0 impor. 
tanl to the e'lCmive marshes of Georgi. and Loui,iana. is rel.tively insignifi· 
cant l\ong FJorida', Gulf eNS!. Intertidal wetllnd. OCC'Ilr where em'lI.l lOp<>

graphic reli.f is low relative to tidal ""8<'. Where roa1ll.1 ",lier i. especially 
low and tidal ranges high, intertidal w<:!land. are II'KI$! c.pans;vc. A cru<lc: 
~tim.!e of the inlond ... ach of Florida', Gulf coast imertidal we!lands (in 
kilometers) can be obui""d by dividing the prcd;C!ed lunar !idal rang<: (me!ers ) 
by !be change in eleva!ion (mc!erslkilomcters) for each ... gion (Table 1.2). 

llIe Gulf COAS! of Florida coo.is!!. of. very broad con!inental sbelf gradu
ally riJing towan! land and ancien! dune ridges. A liule more IhlUl half of 
Florida's intertidal w<:tlands (marshes and m."grove.) occur on the roulhweSl
em Gulf 00.0.1. Here, 00.0"01 top:.!graphic ... Iief is e",remely low and lid.1 range 
is higher than Inywhere else Ilong the Ronda Gulf COASI.ln the Big ~nd area. 
ancient du"" ridges are ge""rally ... ell inland. nearshore topographic slope i.' 
very gradull, and predicted tidal ranges are intermediate. At the limits of the 
Big Bend region (Pasco COUnty to tile south arod w<:.tem Wakulla County tu 
the north). geological scarps Ii. very near the oo.oSt lrod the bind of mlrshc, 

, 
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M~nlt ~_ C .... lli"" 

"'" (M; 1"",1lI rUtr 

Nonh ClI'Q/il'la ".,., ,., 
s...nh Carolina ~.~ ,~ 

OeooJil 1~9J)OO "" T." .27..s<JO 1.010 

".., 
Atllluie n.~ .., 
"'" 3)9,700 " .. T.., 'l1,SOO ".. 

• Masutcd IS I boll _lei ...,.. litdy nvel if S t .. ...-r..hcft. 

"""" Monl.opc eI aI .• 1987.; u.s. Fist. _ Wildlife~. I .... 

Table 1.2 Pby"'l Dn<ription aDd Poputotion 0."';11 u1i .... 1eI 

for Four Rrpon. o/the Gulf CaMI of FIorid.o 

A.w. oJ ' -of T" T_,ropJtk CO<l.rliM 

-"'" "",~,,.,..... -~' .~' I"",~ 
R~,/oIr (M; (M( (-; (~; (~; 

~-
,.,,, 

" " '" H' 
Bi,BaId """ ,.0" '00 

., 
'" Pin<11as 10 '.>0' ll.W! w , "" ~c..., 

~-
~,., ~.112 'M Of "" """' '"" 16).121 274.347 ".. 

• U.S. Fi,h ...., Wildlife Sttvic<: (19S4~ 

,-
fJC1JI'WI"", 

"",;ry' 
ifH'tM') 

~ 

" 
'" 
~ 

" 
; N",ional Oceanic ..... Almo",h<ric Administmi<>n (1m). 
• E>I~m'le measured on 1:1~,OOO USGS b.uhytnt1ric· ' opos .. ~ic mapa 01 Florida. 

Es.timlle .... l$IIred on 1:500.000 USGS map "'!he IIalC of Florida. 
'Shotmyen lit oJ. (1989). 
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~ ----
FIJUH 1.1 Fo;>u, rqions 01 \lie G~lf .- 01 Florida \Wed "" enYironmtM.l 
diffen=nea; h~lwIdlc. Bil Iknd. Pinellas 10 Leo Counly _ I 1OfIe. ...., Ill< ... ~-
"arrow •. 1'hc: band 1150 nanows near Cedar Key (Levy County) and between 
Sllk~ Poinllnd Rock Pomt in TlytorCounly ... here ancient dune fie!d! lie ju~' 
inlon<.l (Broob. 1981; U.S. Fish In<.! Wildlife Se ..... i«=, 1985). BoUt southward 
In<.! westward of (he Bi8 Bend region. du"" rid,el are close!O.hore and lid.1 
rlngel are lower. in the Panhandlc. predicled tidli rlngcl are ~el')' low Ind 

OO&$lal IOplgriphy i. ""1')' Sltep. 
0.. the C,M cout $OUth 0( Tampa. BIY. dense mangrova occupy mosl of 

the in((ni<.\.ll zone.. SJ>oner manh pllnI. elMO! 111m..., under the .hade of 
~ uteS. Nonh of Tampa. Bay. killi", r_fa am \00 frequent 10 allow 
ulensi..., matlpove de.clopmenI ('Table 1.3). Iltho<Ip pockets 0( m ... ,"''''' 
occur on I"'" ",ucr i.llnds ncar Cedar Key. where I~ illl.ns;ly of frec7.<S " 

reduced by the IlInounding ...... ((t. 
'The nonilem ulenl of mangm~es nuctlllleS ",i!lllhe occum:ncc 0( occa· 

sional fn:e~. Hard freezes in December 1983 and )lIIuary 1985. fill' example. 
killed mllly ..... njltVve. _ only II Cedar Key bul aiM) ml>th farther south on 
both COUtl (e., .. Indian Ri~cr and Tlmpa. Bay). AI Cedar Key. where over 
95~ of the mlllgro~tS were killed. nonwoody lilt marsh plant. (moMly Sp<",intl 

D/ttmiJIora Ind Bal;, 1I\,,,i"-ma) hIVe rlpid\y repla.;cd man,roves in m.ny 
arell. Mln"""e seed. sprouled, however. during lhe summer of 19&4 arod 
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Table 1.3 Cli .... 10 Nonnall tor florida Gult C-t 

T.mporatul'l ........w. ("C) Doys/yt<lr 
;" ..... ry Jwly "~~""I btl".. 

Maz Mj~ MtU Mj~ M<u Uj~ I_ll", 

'..,band.. IH 

8" Bend 11.7 

PinelIM 10 ...... Cou.., 22.7 

Soulhwell 2U 

I'r.dpila~"" ............ (em) 

"~M ... I R.,;"" --, ..... , 
'" 8,. Bend ,~ 

PII .. JIaJ 10 ...... Coullly D. .... - '" 

U )2.0 

7.9 32.1 

11 .2 32.6 

U .6 ]B 

P'~~111 /IYNrI 

n.o lA.S 

III 26.1 

DJ >OJ 

2).5 219 

"'o"'M, 
MQy '" Oc,*, "- Mj~ 

~8.I '" .., 
~ .• ~, ., 
74.1 '" •. , 
,,~ m u 

,U 

1S.9 

17.7 

19.0 

iI""",,/ "'"" IJJ" of_" 
U , .. 

1J.3 

IU 

youn, trcu belan to bea, viable seed. by the lulurnn of 1981 (Montague, 
unpublished dill). 

Marshes m.oy initially ,row in I n:latiYCiy IWTOW band '" intcnidaltone, 
hul if suspended lCdimcnlS ~ in ~ supply. ~y may Uplnd KJVI'm! 
(In"';" 1940; MeacSe. 1982; my and 81San, 1m). Coull that rccc:i"" • 101 
of lih and <:'-1 from ri"",. ot'1cn hi"" CllCllSivc manh developcnent In Geor_ 
gi., tWO Lorge ri~ supply 2 million LOnnes of sediment pc. yelr lion, only 
160 km of roulline. Coastal mantles then:.re sediment ulunted ar.d hi"" 
"".hlp' expanded as m~h n hydrodynamically "" .. ;Ilk (Meldc. 1982; Meade 
• nd Parker, 1985). Adeli1iOll11 sediment {orm •• teep levee$ It tile edj;C' o{ 
marsh cruk, (Frey and Bn.n. 198'). Likew; .... ;n tile Mililulppi Ri_cr Delt •• 
the: hUle intertid.1 marsh 6cvelopmcnt i, Iltril"u.ble in 1IO~ pan to the: ({or. 
.... fly) nst IUpPly or sedimc:nll {rom t"-t river. which ~ now ~ly IR" 
vented {rom tnteriol rnan.hcs by dika .nd Ie-=s built {or channellllbiliwion 
oM f\ood control (Turner. 1987). 

The rour riwen o{Florida', Bi, Bend (Su"'annee. SlCillhlldlcc. Sopchoppy. 
and Ochlockonee) supply only .oou( 109.000 tonne. o{ sediment per year 

Tablt 1.4 M .. n T"",I s..u ..... t Dildlarp {)<lOGO 100II_ por )'UIrJ 
In rO\l.. R.pcw: <II Ih. C"lf C_I <II Florida 

RQIi<> '" 

" 

N. " 
Awttl,_ slQNlQnI Nt>. '" 

~ ~" . ...,'" tII.,;,m"" NASQUAN 

R";,,.. tliKIttaTf~ .- ........ .- =~ 

,- t.'}\! • " '" 
, 

8i, Bend ,~ • " ... • 
Pinel"" 10 
~ County " 

, 
" ". , 

Southweot , , , ",. 
Mljor """",os of oedi ...... b)' re,ion: 

Percent r",.., Apollo:l\ocolI In Panhondlc ..,..1 78 

I'c<am from S-- In 8i, Bend IOuI 67 
~ from ,..". _ Calo".I ... td .... i. PlneLla$ It) 1M eo..., IIUI 10 

l'at>enI from T .... wnl can.alo in SoutlI_ lObI llXl 

• M ...... or.evcrat )UI'I of d,.ei'lll'JO repDl\<d for III Gun NASQUAN lWions roponl"1 
in USGS Water 0111 for FIoridI. WI ... YeMI 1975- 1981. 

(Table 1.4). TIle ApalachICola Rive. just 10 !be west or mar$h bar>d lupplicl 
aboul 1 million tonllCS per ~If. How much of the: ApalachIcola River sedimenl 
evcr IUt'hes !he BII Bend f;OISI.Il marshes;o qutStioNbk. Scdimcnll {rom the 
Apalachicol. River lend \0 aox:urnul_ in lhoaJ. _ lhe mouth and llowly 
drin wt:,,,,,,,nJ into !he very docp neanhon: ... Ilers orrlhe Panhandle (Tanner. 
(9601. The Bi, Bend il conlidcred scdimem iUIVCd, whiclt tlpllin. why il lui. 
no bl.rric. i.landl (flnne •• 19(0). Bee.u ... (he Iupply of fine. mlr1J>·building 
sediment. from t~ Apalachicola Ri ver is problbly .110 very lo .... the:se mars~ • 
h.ve no! greatly e~p.o.ndcd .... ward. Stooiu of the gcoiosicll history of Big 
Bend marshes (performed by direct u.mi""tion or COfU) ind,calc linle or 00 
...award expanlion or intertidal man.he$ in llIis pan of Florid. over !he ptiI 

... veraJ tho;aIIand yun (Kun and Wagnct. 19S1). 
Sea level .Ion,!be Florida eoas' has been ri" ..... I rile 01 .bout n em 

pcr CCnlury and lou ~ntly accelcralcd oonoidetabIy in the 1111 century. 
presumably dllC 10 IlobIl warmin. (MantIU, 19S4; Wanless. 1989). As sea 
level ri ...... ;ntt1!idal mlt$llc, may be uptC,cd to move inland. It neanbon: 



condilionl chance so th.l.lute wppiy of 511lpended sediment becomu .v.il
ahlc. marsl\C1 grow venic:llly 11.1 well. and lIIul the aeri.l Ulent of the inleltid..a! 
,.nne: may increase. Thi. seemlllnlikely in lhe: Bia: Be<ld am linee!he supply 
n( sedimenl il C\I~lly so low. F\lnhcl'!!'Kln:. if lopoa:raphic llope is !Iceper 
,nland. !he widlh of the: incet\ida!rnusb bud WIll decn:.uc (Meh,. et .1.. 1989). 
The inlCtlidal 1OI'Ie of tlle Bia: 8c:nd am may decline: considerably as !he 
.hon:line approaclles !he ""'PI ...s dune: field. of Taylor and LeY)' counties. 
lnereasin, .... ve ctletl)l may CIOC>Ir with risin, IC. Ie""ls in some "",as (Mehta 
tI al~ (989), Whether il'lCl'USed .... "" eneru will oia:niflClNly n:ducc!he loss 
of inlUtidal manh in the: Bi, 8c:nd as _ 1e",,1 riICS ...quin:s detailed hydro-
dynamic slI.d)'. 

Environment, Production, and Diversity 

Abundant cne:'IY .nd mi""ral n:soun:cs _umulalC II the: COllI: ri""" di$
charce fresh WllCt (Tablc l.~) 1l'1li deposit sedifl'K'llU (Tlble 1.4) and nulri
cnll. rain (Table 1.3) .l'1li wind (T.ble 1.6) an: .bund.nl .• nd lid.1 C""tgy i. 
d,scharged (Table 1.2). Toaclhet with lunli"'l (Tlble 1.7). !he'le n:SOUR;CI 
.1'mlll.1e ccoJoa:icl1 prodllClion (ICe EIId-<lf-ChlplCt Note) in some in,enid.l 
marshes lhal il IrtlOIIlj lhe: hi,helt per unil 111:1 in the world. The OOrninant 
primary producer is delermined Ilfacly by soil ",linily andlhe frequeDl:)' of 
inund.lion. n.c.c vari.blci Ilw ,nfluente lhe produClion .nd C<,Impu,ili"II of 
lhe comm unilY of n:sidenl matlh Inimlll and the liming of uSC by (ransieot 
animals. 

Fn:shwller dischargel from lal'lll innllCIICC c$ll/an"" ciR;lllalion Ind inler
lidal wil "Iioit)'. Surf_ wile, dischllJc aIon, lhe Gulf roasl of Florida i. 
",lllively low .nd decrtues to .... ard lhe soulh {Tlble I.~). Lo .... disch,,,,, of 
surf_ .... llet "WIlly me.nl thIIl ",llIle wate, will ulend inl...s for m.ny 
kilomclC .... Thil il UUC in mosc rt&ionl of !he Qulf COllI of Aorida (Table l.a), 
includin, lhe: lute bayl of lhe Panhandle al'lll lhose of the: roasl from PinelIl$ 
to Lee counlies. South of Lee Count)'. 'ICtY low and diffusc discltar!e of su,
(ace Wiler fn:>m!he EVCllladcs allows considetabk inland penetralion of Aline 
.... ,ter. 'The B" Bend rout. however. IllS, wrpnoina:l)' low ",Iinily. a:iven lhe 
low IUrf_ w.ler disch&lJe.nd lhe lCnde:lIC)' of AI"!achic:oll RIver waler to 
I10w weIIWan;!. A si,n,flCl>It f""" ..... ler input to Ihi. roul is """ndwllet. The 
floridAn "'lui fer. cIcep in MI"y paN of the: IIIIC. i. at or ncar the: .wrf_ 
llu"ouahout Ille Bi, Bend art •. and 1Iowi"llprinp an: oommoa (Fernald and 
Palton. 19U). Coastal and wbn ... ,p Iprinp in !be Bi, Bmd ..e&ion redua: 
... lInil), ....... shore. 

Wind.nd lu .... fon;cs COfIIbine to inundlle !he marshes of lhe Gulf COllI 

nf Florida. In Gulf rout inlcnidal marshes. ..... It' kvell an: often cons,derably 

Clay L MonlogllC OM Huword T. (}dum IS 

Tilble 1.5 r ......... I •• Discharce ( .. 'It! r .... Ri ...... S~ ,lid. C...ab 
in r ... r R,pons of'M CIII( COllI of noridoo . - , .... N •• 

r<"''-' , .... , .... ~ """ r ....... <>I 
R.,,,,,, J.lCittlrp d1scltD~ ....... ,., .- ...... 

........ , 'U' ... " '" " " 
8i, lknd '" 'D " '" " ~ 

P\fo:11&s 10 '" ". " 0.11 n " LeeC_y ... "- ~ " • • 0> • .. 
P.riod <II W~. 

MIljM di""",.., .. b, ~11tM r«<>1'11 I~') ~,. 19M 

Perce,.. from Ap>lachlCoio in I'InIIandIc tOIAi " " 
Perc ..... from S~w"""" in 8'1 8c1ld lOIIl .. " 
Pctw .. from Peace ItId CalooP/'IIlcllcc in Pi""Uu " " 
to Lee ClKInly Iwl 

Perce .. from Tlm'lmi clnal. in IOIIIh ...... \0(11 ~ ~ 

• A""'iO of on .cOl;o.S ,n ",,,,,,,. 
No .... Comp'led (rom U.S. Oouklakll Svt'lcy WAlet 0011 for FIonda, Water Yo" 

1988. 

Table 1.6 A ...... Wind SPHd at 10 III rrom \II. Surf_ and 
A .. nu.l StonII Froq ... ...,. for F .... Roei- of .... CuI( Cout of nolid..a 

Probobiliry 
w • ., , ..... "' ,..,.. Probobiliry <II ._ ....... 
.,." dMJii<1tl' 

"""" Iff 
do."",,""" by da, • .,.;,~ 

II.,;.", , .... , 1/1_'/u) / .. "nc-- / .. , "",,r>a.M'" / .. ) 1Irwo&t .. ,_,' 

"""'"" H .30 11-21 '-U .... 
B" 8etw;I U OJ< 12_20 ... -" . 
Pi~I\ao 10 U '" --" ... lIn .. 110 

LeeC_, .... - ••• 0 .• 2 1'-21 
__ U ,,-'00 

• Rocd (1919) • 
• Coonpuo<d from dolo in ......, of Florida (19iJ). 
• BI1IdIcy (1m). 
• Btysonlllld It ... (191.). 
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Table 1.7 . ........ tioII _DC! C10IUd eo .... , ... F ... , aOCioao 01 
• 1>< Godr Coas. of Flori"" 

I~ llAwotlt7>1 C/-S cow~ (*,~,) 

huI-t" DtmMt'; /II." a-y p"rtI, doIItJy 

......... ""-", "'-'" "'""''' 120-1~ 1l001lS 
SI, Bend "S-4S3 -,., ..... " 120-1:U , 10-1"0 

I'In<llao 10 Lee eou .. y ."-"" """" , ...... 1~llS 140-ISj -- .~ """" 
,,..,., 110_120 ISS-L70 

• B~ and Hare (197'~ 
• lien ..... (1965). 

'Conway and U_ (1974). 

diffe",nt than (hose predicled in lunar tide dart, (Fi,"", 1.2). Winds from the 
north and IIOn","SI, more common in the winlCr. may push "'"ler .,.,1 of.he 
marsh and keep il out. Wincb from the JOUlh Ind weS!, which occur more onen 
In the summer and .re u,ulily relalively ,entle, may hold waler on the marsh 
for the uti", lid.1 cycle. 

Table 1.8 InI.r>d E!clfftl of Soli ... Wilt. In Fou. R ........ 01 
,h. Gulf CoM. 01 Florida 

A~""e d,,~e (u.!" 

G~II It> (;"1/ '" 1'1", '" <lwrs 
R.,iott ri"", _tir" ,,~ ,..,~ U., "". ill """NIp 

r,nllalldle >U '" 11.9 '" , 
Ill, Bend U 0.' •. , 10.2 " 
1~",,11as 10 ,., ,., ''.1 ~.O , 
1= County -,- " 

21 .3 " ••• • 
• Data .... _ fn)m U.s. Fi>h _ W;1d~r. Service CuI( C_ &oIot;i<::al In>'elllOl}' 

M.ps (see Ik:ccuM> '" aL. 1982). 
·R, ....... sorneu ..... discbarp inoo boys _ ,1Ia/I dilUll, iNa tho Gulf. ~ lUmber 

In .his cMI".., rcfl«u \tie Pf"' • ....", 01 .. )'1 ia uch oq;-. 

, 
• • • , 
< • • , 
• > , 
• • , 
• • 

, • .. 
• 

-. , 

• 
• 
• • .. 

•• • 

• 

CIDy L Mo,Hllgu, ond HOW/lrd T. OJum " 
K • .- '" .. " • , • IJ 

" .. -" .. I ....... ' •• u _ • • ... ... -....... UJ ..,-u 'U 
.. 0_ .... (> 

loJ .. 0;0000<0 

WWI I A 'I 11 
L V "'i'iT" 

_I 1 IOO' ..... CAlt 

\ '\If\ All t I \ e' ,1-' " JI '" , 
if[ , V VI " , , , .. .. .. .. .. .. .. .. " 

Fi~ 1.2 Innuc<>te of wind CIfI lhe predicled 'illes. (Redrswn from Slclzenmu lkr. 
19M.) 

"The frequellC)' • ...:1 .mpliluOe of en .. ironmcnl,l change influence the Iype. 
of ,nim.ls an<.! planlS found in a COUIII ecosYltem. "The many encrgies and 
minerals,ha'l-limull'c producllon in coasl.1 marshes Ire neilhe. continL>Qus nor 
in phasc .... i'h otIC aDOlhe •. Amon, ,he m<>SI. hicloly variable .1Id ;nnuenli.1 
rocrors il r",shw'l(:r disc!LIrgi:. TIle most nri,ble disc:harga arc in ,he ",gion 

from P;nell'l 10 I..« Counly. 
Inll:"id,1 marsll "'Ian'''''1 arc e.posed 10 wide v,ri'lion in oxYCCn. moil. 

lUre. and WI. To $urvivc. lhey mu$l. eilher .void lhe many environmenl,1 
e.>ttemell of lhe ;n •• n,dal marsll Of pOl-scn adapt.lions fOf ""IMlaMing lhem. 
Numerous spec'cs of rapKIly 8fOWln, bul lhan-lived org.n' ...... weh as mi· 
crobes. Crow • ...:1 die in coastal mlrWl in .... ponse 10 Ihc high frequency of 
unprcditUble environmental changes. Microbial ~opp<lfIuqjsu~ lake ad ........ g • 
oIlbc abul'lfbtl. rcS(IUrttS dunn; brief periods or tolerable or f.vorable cond,
lioftl. P:uches or blue-pn alpe. fot cumple .... sometimes noLicc.bly abun
dan. soon after nins. Fe .... Ion&-lived I-ptCiu. howeYCf. an: wcU.adapIcd for 



" 
wjl~Sl.OOing .11 (If the: covilQflmenllol "OJl,on in ill!cnidal marshes. V.,ik 
""imob (i.e., animlls .l>le to mov. from place 10 place) Can avoid physiologi· 
cally damlging changes, but ",sj(\enl ()( ~nllll)' animal. and pI&IIlt must 
w;lhSlW these: ellang'" or dko. Fiddler tQbs, muucls. wi marsh cordVUS. 
Ind oche. lUCh ""Iani,m, possess unique bc:llaviotal and ph)'$ioJo&icll ~pu
lion. (or ,urvi""l. TIley IOlcralC consideJabk nllCluaUon in salinity. wllCt 1c:~1. 

tcmpcnuu/e. Ind o~ygen , Fe .. SUCh species uis!. 00\ re5OUrcc:s Ire abundant 
fOf those few, and they In: very prod"::'i" •. 

Shon-lived or vlgi1e Ip«ic. OC<;ur in gn:lle. di versity. If their movement 
i, unimpeded and chlngcs do noI occur 100 quickly (oom""mll0 their rale of 
movement), .. agile Inimll, can ""';V(: lion, lime in estuaries and wi!! repeal
edly ",vi,i l [,;ngi", manhes whenevtt "'lable o;onditiom ~m. 

Intertidal Marsh Ecosystem Processes 

v.s" complex network. Q( 'idal .reck, fill .1\\1 dn;n the manh UCl:pI whe", 
udal rangu arc very low. TIle inlrica.o;Cs of these ne,works ~ best ",veale<! 
wben yicwed from abo..e (Figufl: 1.3). The ]idal dw'nels of Fipre I.J :are All 
cumplc: of "hierarchica! KIf-<II"J .... i .. ion~;n *hich many ,mIllet un,1$ $IlP
pan fcwer IlrICf ones dll' m_ some conuol or $IllKidy ro ,be ~ller $IlP
fIOninl un;ts. The hierarchy of udal dlannels ruuh. from Ihc mutu.1 inlenoc_ 
1100 of ,idll c""rgy. sc:dimenll. Ind m.1"h ¥c~lIlion. As ,idll Of nye. wlte" 
."read into lbe ma"h, cnerlY dissipates ... d ,hln""ls of yarious si zcs are 
formed. Nearer to open *atcr, tbe lreotcr .""1lY results in I~rler ellannels., bul 
~. ,he wllc" lose c""'BY. smilier clwl""b OCC<Jr until finally tbe wlltt spn:ads 
\JUt 11l"IOI'I, the grasse.I.1Id Vi:ry liule physICal ttlC!1Y remlins. The location of 
[be IlrIc. chan""ls dc:tcnnines lha[ of Ihc smallcr channels. 

A dllln",,1 hi.norchy results in mote produoctiyi[y Ind diY'Crli[y Ihln would 
likely occur without [bese channels. The hydrodynamic action Ihroo,h,1Ie ,idal 
chan""ls focili latcs nU lricnl exch.nge and rcmQyal of ncu. sulfides and salls. 
The energies of the wind ... d lide subsidize tile growlh of marsh Vi:gclOlion in 
llIe same sense lhal rr«h.anical lilling and applications of fenihun alld pes· 
lidda oubsidize I,"""hurn crops (Scllelskc IIId Odum, t\l6l: Odum, 197t). 
Howcycr. il lakes oome [;1\"Ie fOf tile sediment to accumull1(:, Ihc YCiC'ullVi: 
"rvc"l urc 10 de""lop. and ,he channet.. 10 <l<J:lniU. The IUIIII of [hIS process of 
s-clf-<Nllfl;l.I[ion an be y;"wed IS Ihc McapilllM of [lie CC05ystcm. analoflooll 10 

capilli inveslmenl in farm buildings and machinery. 
The cha.",,1 hicrarchy also focilitales a living hierarchy. 0.. lhe OUlgoing 

litlc:. lhe prodl>CU of lhe t.ro.d .,U of gno .. (<l<J:anic miller. young animals •• nd 
rich nUlrilion) conyer", from [be smallcr c=ks 10 Ihc largo. and ulumllely 

" 

Figure 1.3 Acrial Yic ... cf .. i"",nidal marsh near r"" """"h 01,,,,, Suw .. ~ 
Rive •. Note ,1>0 network oI,idaJ ."",ks. (From MonlaIU<..-.J Wie&<n. 1!l9O.) 

enhance tbc: supply of food to tile IatJer fi$h and Olbcr biota of lhe largo. 
channels and nearby open COOlStal ... aten. Small animall an: food for I ....... 
ones thll in ,urn ""ulale Ihc populations of the smaller one •. Since the: smaller 
[i<.\.11 creeks scrv~ IS panial refuges for lhe ,mailer fish. tbe chln""ls of YariO<lI 

.izes conlroithe spalial patterns of biola. 
Vegcl.3tion of len grows taller ncar [he edges of the ,~ks. perha", due 10 

a combinalion of grcalef.idaJ ene.S)', nutrient availabili[y, Ind soil-waler u· 
change: (Kruc:zY"'~; eI at., 1978; CoultaS and Weber. 1980: Montague and 
Wiegert, 1990). Foddlct crab bunows aIJo stimulMe mM1h plant powlh. and 
they an: mote abundlfll ""'" cr<:C4 ( Monti"",. 1982). 

Tidal cn:ck.l.", perhaps ,he key 10 50mC of ''''' grealest vllues 0( i" .. nidll 
ma"hl.nd to estuarine Inimallife (Horlick and Subrahm&nylm. 1993; Monl.3guc 
and wi-ciC'n. 1990). They a", access points for lhe ing"'" and e~. of fish 
and in""nebmes (Subnhmanyam ,...:I Drake, 197~; Subrahmloyam el 11., 1976: 
Subnohmany.m.nd Coulw, 1980) and f«ding sites of wadinl bird ... 



20 Setrings and Filllcriotu 

Salt Marsh BiolQ, Food Chains, and Export 

The d~minanl ;"tenidal m, .. h vegclltion is black ncedlerush ("mews 
'~"'~,"Ilnus). Lene. amounts of the grec"", smOOlh (O,<lg''', (SfNJ"ifl(l 
a/tunijlortJ) OCCur nearer !he water', cd",. wbere lidal flooding alld draining 
• '" more (req""nl and con.islen!. Cordg,. ... often forms a narrow borde. a1 the 
edg .. ~f creeks_ Seve,:""' other specie, of granes and a few sU\Xu!ent plant!; 
occur In marsh OIl sed"'.enlS abo"" mean high Wiler (high mat$h) (Kun and 
Wag"" •. !9~7; Mont,ague and Wi.gen, 1m). The landward edge of lhe marsh 
may grade InlO mlnbme ~oresl; wn mynl.o, junipers (red ced .... ). cab""ge 
palms , and I,he dll'K'l(:ns[,. densely branclled liv ..... k •• or i{ may con,i'l of 
flatwoods wuh p'nes. ""Imelloo, glUbeny, Ind OIher scrub vegel:lliorl. 

MO$( of tho: plam biom ... within Florida', Gulf ;nlenidal marshes is pro-
ducc.d by • r.ew ~pecie$ of ... Il·tolerant vlscular pllnu Ind I large number of 
.peoes of SOIl mlcroalgae (moslly microscopic dialOms and bl<>e-g=ns). Only 
'bool. I()<l, of lite vll$C"ular planl produclion is cllcn Ilive. 1IIO$'ly by he:rbivo
"."" Insecil. Ncvenlteles .. Ihis small lmoonl gives rise 10 I productive and 
dl,".e,.,., anhlOpod COIlImunily (in""'lt Ind spide .. ) Ihal f«ds seve~1 'peci ... of 
"",denl pusenne bIrd. as weli as a variely of Iviln lI"ansienlS. Alll10ugh hosed 
On only a frac1ion of lOlal prodo>clion. secondary (animal) produclion from Ihis 
Insecl-dom,nale<l. lerreSlrial_like grazing food chain is oomp.~'iv.ly high 
(pfeiffer Ind Wiegert. 1981). 

The Irth~ communilY of lite marsh il Ye'Y diYerse: (McM ahan el II.. 
1972). especlil ly oompa",d wilh lh.1 in Dlher !!IOlIOlypic ecosysteml. so>ch as 
~gncul!ural crops (Pfeiffu a~ Wiegert. 1981). Thi. dive .. ily occu .. perhaps 
In . pan bee.u."" I~ lienal po"10n of ,he: planlJ. which is lhe: prima,), habillt of 
lhlS commu""y. II less ,ubjecl ~ lite ~Item.t.ing levell of .... ter, OlliS. lempera_ 
IU",. and oxygen. The lICk of .",demlc dIsease in inlel1id.1 marshes may ",sull 
from lhe: compk xny of tlte al1hropod communilY. 

Mos.I of tlte v~ular pllnts die and decay in lbe marsh. decompose by I 
Pf?d\lC1Jve communl.'y of baeten. aoo fungi. and fonn delri,u •. Along Wilh 
mlCroal~ac. delnlu. IS food for I w<:b of consumers ranging in 'i«: from mi. 
Croscop'C Inlmall 10 .nails. fiddler crab .. shrimp,. minno ... s. oy.ters. and juve_ 
nl~ '''ges of SOme larger fish and Invencbnlle$ (Monlague et aI., 1981). These 
antmals.", food for a variely of mol1ly transient fi.h and bird. ar.d e""n a few 
mammlls (Montague ar.d Wiegert. 1990). 

~l micn»lgae c",,'ribu'e only about I ()<l, of lhe lOull maBh primary pm
dU~llon because lbey grow in tlte.~ of lite .oscular pl.nll oron lbe narro ... 
Slrl~ ?f bare mud at the .... ater·. edge (Pomeroy. J959). These algae are ~e'Y 
nUlnt~ous. how~v.r, and coo,ribule a. much 10 lhe food w<:h 11$ the grealer 
quantl~y of ~'n!u, (Pelerson ond PeleBOn. 1979; Montog<>e el al .. 19870). 

ThIs delnm .... lgac food chain" lhe eno'8Y balis (or early life slages of 
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many e!t~.rino animals of commercial Ir.d ~",alionll imponance. Only a 
small f!"Ktion of inlertidal prodo>ction is converted inlO this form (Montague e' 
al.. 1987&). but lhis ponion is highly nlued. Faclors that oonlrol Ihe quami,y 
ar.d lype of aqualic animals produced in marshes art slill poorly UndoBlOOd . 
bul probably ",late 10 I~ density of manb crech (Monlague ct al .. 1987.; 
Montague and Wiegert. 1990). 

The abo<>dant detrilus produced in inlenidal marshes accumul.te. in sedi
menl and decomposes slowly .... hile being incorporaled into lbe soil and soil 
microbes Ind on into the detrituS food chain. This lC<'umulation .",ale$' groal 
oxygen demlnd. which ",.ults in anaerobic sediment. Anaerobic microbial 
proce.ses control the supply of nilrogen Ind lhe mobility of poo'phoru. in 
marsh soils. Thus. in a dynamic coaltal environment in which primlU}' prodoc_ 
lion is potentially v.riable from year 10 year. lbe lC<'omulalion of delrilus 
buffe .. Of smooths n"",ul1ioos in lhe supplies of food arod nulrienls 10 anim.l. 
Ind planls ar.d lbe levels of nUlrients and oxygen in sedimenl and water (Kalber. 
1959; Ni~on. 1980; Simp50ll el II.. 1983). Certain .naerobic microbi.1 pro-
=ses ""'oce sulflle ar.d niU-ale 10 '""'s and Ihus complclc Ihe cycles of Ihese 
elements back to lhe almosphe",. lhereby preventing excessive accumuillion in 
sediment and ..... ter ar.d oonlribulinjl to globallllllO$plterlc bala""e (Lovelock. 
1979). 

Exchange Between Marshes and Coastal Waters 

Inlenidal marsbes may buffer chang<:s in estuarine water quality by lransfonn· 
inll Ind exch.n,ing m.lerill. wilh .Sluarino ","Ier. As lhe marsh beeomes 
inundated. p.rticulale .nd di""lyed material. will se!lle or be aclively ex· 
'.-acled from water by planl., suspen.ion.feeding .nimll<, and mkrobe •. Simul. 
tane<)l.lsly. living "'l"ni,ms.r.d ad.eclive--diffu,iYe proce ... s add panicles and 
diuolved material. 10 lbe water. Wbe. lbe waler recede ... ny malerials added 
... hile on ,be marsh become part of the pool of sim ilar mllerills in adjacent 
wate ... Whelher more materiallelves than enten dcpeods upon seYeral hydro
logical and biological factors. recenlly reviewed elsewhere (Monlague el al.. 
19870). including lid.1 range Iud frequency and lbe amount of surface and 
groundwater now. As glOtlndwater now flOm lbe Rondon aquifer is con"der_ 
able in lbe Big Bend ma .. hes. an overall nol .xpon of some maleri.ls 10 thc 
surrour.ding esluarino .... ter may be expected. Alll10ugh net expon is also likely 
during intense raj"" II low lide. it is In open q<>e.lion wbelber the quanlily lhu, 
e~pol1ed e~=ds possible imports at OIher times. 

n.. ecological signiftcln"" of Iny material. added to e.ruanne waters de· 
per.ds upon .. veral factors. For delril~I, lhese (aclors i""lude ease of deeOnl
posilion. lhe nUlrienl Ir.d o .yge. demand ellened on lhe system ... ben dclntu> 
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decomposes, and the ",Ial;"" quantity of simil ... materials available from Oilier 
>OOf'CCS (Ni~oo. 1980; MontAgue C1 a1.. 19871). Wl\elhcr any marshes in coast.1 
Florida upon significant quamities or uscfuloonliving mMe';.I. i, unkllOw". 
Nel lrlnspon me •• urements In: dimcull and hIve bttn accomplished for ftwo. 
than 20 intertidal mmh siles worldwide wilh vari.ble "'lulls (Moot_guc et .1.. 
19870). 

Marsll ve,clIUon nelIm" to tidal c_h (c.I-. SpiJn;"" aJ,nnijlora) "'gu
larl)' dn.>p$ dYing ti .. ucs mil> the tidal WMet$. .... betas >qewi"" produoctlon 
fun"", away ("'''' channell (e.I., }III1C1<1 .... ""'riDnou and hip..marVI plInlS) 
IC...u, 10 ICC\Imull\e and .... ,. dtoompoK (or monll .. or e~ yean ber"", Iny 
I, washed into estunes durin. I humc&IIe or lOm:nt;.1 nlin. This ,"'"le' ",. 
IcnliOlllime ",suits in len nCI community production and less expon from '''''h 
"reu, AI the biom ... of the pl.ntl decompose., bow.ve •• it fuels I productive 
web or residem marsh Inimlls; lienee. secondary production should be g ... ater 
within such I"'''. With suffocienl 1ICCel$, I1&n.ient animals from the estuary ~ 
large CIIl Itill feast on !be por1uops """te, production of m~ lQilkntJ tban 
m'gl\{ occur in marshes with ,"'11eI" upon. 

S, imuillioft of grwerproduction ofruilknl ... imals can result from jpUler 
food supply only if the oI...ady ""ry prodIM;tl"" ... imal. arc food Iimite4. MosI; 

feed on detriM and microolSac. Because Ik,ritus is especially abuDdlIM. it may 
he difficull 10 imagine how dc!ritivore. in the man" could be food limited. 
DeU;IU" ho~""r. i. IlOl particularly nulritiOll. arod lhe more nutrilious mic=lgae 
are not very productive. $illCC ,he consu"", ... re >0 plent,ful. nutrilion por 
C"O<\lumcr may be rel~ively low (Mon'lgue. 19W.. 198Ob; Montague e' 01.. 
1981; Montlgue et II.. 1987a; Montq:ue and Wiesen. 1990). To lCSI whelher 
fiddler crabs arc food limited. Gcnoni (1985) added S. IJ/umijl".." dclritus 10 
a ult marsil. Signifccandy a:reater rcmcitlllCllt of fiddler crab$ was found in 
pIou with added detritus. 

Intertidal Marshes and Coastal Development 

Co.stal1Ol1cs in Florida are intenlively used for a variety of purpOses (Table 
t .11). In lhe p"SI. interest in the lar,ely uoqu"'"tified public values of intenidal 
m .... hes has paled wilhin tile broader conte.t of coaslal Ikvelopmcnl. A. de
vdopmeflt 0{ lhe 00ISUI1 zone continues, public policy queslions involving 
,n'enidal mlrshes will in"'miry. 

In 1993. 0"", 1.Ic=-quancn of F!orid.o·1 estimated 13.6 million pcOpk lived 
'n coaslll c;ounties (Bureau of &ooomic and Businc:ss Resean;h). Although 
they c;omprise only 57'11 of Florida'l land are ... !bese counties prod,," soo. of 
lhe "atc', personal il"lCome and 87'11 of itl municipal w.stcs and sperK! 85'11 of 
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Table 1.9 s.~ Eeoflomic and Eari ...... _UII St.otlstla 
(Or tlorid.', c .... ta1 C .... ntics 

C""",II C"""di G~if'" 

co"''';,, " of c""IIai 

Slatisr;c UW;IJ 'OUlI srlll. /Ola/ '0«>/ 

'-'" 
Total perI'J'I'lI i-" " • 11 SIyear " 

., ~ 

ValUe added by ".0' SIynr " n " 
manuf""","",. 

oor ..... Ooputmen, ".0' $Iyat , .. " ., 
.. po"";IU"'" 
R""", .. ,oo and "",ri.m at ,,10' $/)"<lr H "" " ..... 
fisher)' Iand,n" .al ...... K10' $/)"eM 0.11 "" " 
Eocol.--_AtaI ...., .... ,,10' ~ ... N.' " " 
1990 ""mated population' ,," ,., N " 
WUlC (",.unenI di"'/wJeS' 

Mun''';pol ,,111 m'lllay ,., " ~ 

Comme",i.lo< ,""""rial KIO'm'lday , .. " " 
S\aIe "",""uil<> """"01 fuod>' ><10' $/)" .... " " 

,. 
• Shoem)'e'l<:l. II. (198Il. 19i9~ 
• Pmonal ""~ .. ,",, by """"'""" ond risjlOR (Belt IftII Lcewon/ly. 1916~ 
, Eou......, based 011 disuibootiool of .......... of 0"4'1<>1""" ;" lOUripn..reIMcd buIi ........ . 
• f"1SIIety _np ......... ,he ............ ..,16", price ond do IlOl ;"" .... !be ......... ...... 

10 ,he """""'1) aI\er ,he docbode ..... Tbis .... , be ,\00 10 .. """ " ..... pearn ,two 
lhe landin" •• 1 ..... 

lhe ,(ales mosquilO conlrol fundi (i.ble I .9). Popul.lion den,ily alon8 florida'. 
Allanlic ~(e.limated 10 be aboul 300 pcoplelkm' in 1990) il mIlCh h;g~, 
Ihan lhe SUte .verI£C of93 pcoplcJkm'. but along lhe Gulf. high den.ilies an-: 
found only between Tompa I»y and Charlotte Hatbor(Pi~lIas 10 Lee coun1ies. 

see Table 1.2). 
F10rida has seV<c11l1 major .ir fon:c and nau' ~ along its ~ Thcl.c 

military bases makc consldel1lble COnIrlbutions 10 the state'S economy (Table 
1.9). Expendilures in c=1I1 countie. by the federal Oepa",""nl of Oden .. 



OICcoont for 73~ of tOl~1 Depanment of Defense e. penditui'es in Florida. Coastal 
'''''''$ have al so allracted !te1"Y induSlry. both for waterlx>me .hipping of raw 
• nOlerill. and finished SClOd.lnd for lhe: aoondant water for manufoclurins pr0-

teose •• coolin, of ~r planls. and dispooal of .. utes. FIorida's ~al coo ... 
heo eonlribllte n .. of I"" WII.., added 10 the FIonda economy by m_foclu,
,nl: and 14'lo of !he commen::iaJ Ind indullrill .. aste d,,,,1wJies (Table 1.9). 

Co-oca<rring with ~vy induSirial and miliwy II$tS of row.1 Wnell are 
n:<:realion. IOUri5lIl . and commere'alli<hinJ. 'The$e lCIivilies depend "lOf'e hel"ily 
lh"n defense ond mlnufacturin, OIl a lleallhy COIIIII ecosystem Ihal includes 
", • .,he •. The contribulion of lhese induSlrie'IO lhe 101a1 economy i •• howe""r. 
con,i<;lenbly Ie .. Ihan llIal from heavy indu$U}' and ddtnse <see Tobie 1.9). 
S,II mmlles neu lhese ~ co;:onomiaolly ,i,niflClllnl "",ivilia lII"" btttI 
rJcSlroyN for .irfields. sbippon, tenninall, and pons. 

Yet nearly tlIree-quancro of the lOIaI penonll in.c:ome gene ... 1ed in COISI.I 
"""nliu is not uplline<! by mlnufaclUrin, Ind <;Iefen ... e<pend'lure,. Some of 
IhlS income i. undoub1edly derived from the iml,e cre>ted by lhe: nltural 
«~"al environmenl. of whIch ma .. lles are In inle,ral part. On Floridl·' Gulf 
( • .;lSI. lhi, image i. Cn:lled by I w.nety of nllural ecosy5tem. incl\H.!in,. and 
mUlu,lly interdependenl w"h. intertidal monhes. The eou<ll im.age atlrxl. IlOl 

unJy lOUrilU but lbo permilllmi n:si<lenu who wort in !he lIea"y induSiria. 
huy n:sidenl;,1 real e>latc, Ind provide ",rvM;:Q.. 

Allerarion of Inrertidal Marshes 

In Florida. the most ulensive intertidal mmlles In: in Ire .. of lowest popu
lalKlll densilY (see Tlble 1.2). lack of nearohon: deep water and hi,h ,round 
•• .IS cauoed dc""lopmcm 10 1-.: in areas .. lien: intertidal marshes aft Ilalurally 
'nQ$1 upan""". Nevenheleu. lCliwilies associMed w,1lI coaSIai de""iopmcm in 
Florida lIIve locally eliminlled • Iar&<' fraction of marsh IfU. 

Inlertidal marshes ha"" been eliminaled by reducin, l'dalle""ls. incn:allnll 
'I!pogrlphic olop"'. Of n:duein, ",dimenl supply. Re$loralion requires re"crsing 
lhe'" p<OCC''''s. Filling Ind blJlkheading (10 develop .hipping lenninlls and 
re,idenl,"1 &rc .. ) and disposal of various malerills eliminaled Ippro.imalely 
~0'iI> of the intertidll marshes around Tampa Bay helween 1948 and 1978 
(Eslevn and Mosu .... 1985). 

tn lheir ... 1 ..... 1 state. manbes have comidenble vllue 10 !he public. ilIey 
co" be ahered. bowever. 10 enhlnce habiw for cen.i" liu. and wildlif. or In 

elimln.te nui.ance mosqUitoes. llId lhey cln easily he eliminated by r,lIin, to 
crUle very valu able ",al tSllle. They IuIvt .Iso been used 1$ dump site, for 
,,,,,II. """iment< dredged from shipping channels. Wille. from phosphale on: 
j>RlCcslin,. Ind WUlewlter (Man!>., .... and Wieecn.. (990). 
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Mosquito Control 

At times. enormous population. of bilin, sail ma .. h n'IO$'Iuiwes make human 
habilation ncar coastal rrwshts almost unbearable. Sall marsh ~,tocs (Ae~ .. 
r/Jeniorll~ Ind A. st>llidruns) t.:ud in ICmporary pools above mean_ hl,h 
WIlCt when: lishes eannot reach !he mooquiln larvae. Whenc¥Cf heavy nuns or 
nccptionally hi,h IldeS occur. pool. can remain long enouJh ,n lheSC ItCH 10 

pro<Iuce lnother crop of mosqUitoeS. Any dillurbancc IlIIt resutl> ,n grea~t 
temporary ponding of water above mean hi,1I wlter uacerbalC$ the mosquno 
problem. Eumplel include roads, dikC$ 10 Iry 10 keep ""ll,dll wlter, and hoof 

deprt'SSions of ,rwnll Iive<lOCk. _ . . 
All musu.u 10 elimiMte mosquilOCS are COIIlro""nllL. Pcllicidcs Iff~1 

much of the aql.lllic food chain IIId an: ",If..xfcalin, beuuIol: lhey n:sul~ In 
",lection of fUiilllll "",ins of pC$lS.. By knockin, 001 !he complu. controlling. 
Irthropod wet<. inoccticides mlY liso diminl'" nalu ... l ~lllion coo:'lrois 011 

1"'" in>ecls. !hen:by incn: .. in, lhe: pOIentill for el"dem,cs of planl dl .. ..., ,n 

saIl m."hcs. . . 
DilchinlllO drain pools allow lide and incre..., ICC ... ~f rlsl~S II hlih I"\c 

hu lefl canal, wilh hills of <poil lh,\ intemlpt manti "reulallOl'l. Th,s (an 
reduce llle henee","l cffocu of the physical eneif,)' of the lide and can .""n 
~'r},Qnu mosquilO prod...:Uon behind !hoc ~l piles.. Newefforts to ,mpro"" Ille 
effttli""nelS of ditchin, and reduce negll;"" suit effCClS (ope~ monh w,ler 
management) have not yel been ~rfceted in FIori_da. 001 are be,ng tes~~!nd 
should improve wilh sufficienl In.l •. ll,.oe t«:hmqlKs ~se very s~all ¥._ .. e, 
(hal are cucfully \oCa",d in mosqui\Oobn:edin, !tot·spOls. lhc spo,1 from Ihe 
ditching is spread widely o""r the mar$h. Such diIChe. could .~en enhance 
mmh production if lhe)' liso incfUSC !he diwiblJlion of hy~hc ene~y_ In 
!he mmh. allbouB" too ",""y ditcllcs may create depadltlon. QuanlrWlve 
dclCrminaliOll of opllm.al ditch <len,ily il an open area for """arc~. 

Impound i., wile' on tile marsh il lnochcr method of tnOSq",1n coni':"'!. 
Unlike mlny mosquiloe •. ,,"II mlrsh mosqUilOC< will not Ily cu:s 011 'Iand,ng 
waler. Hc",,". Ihis melhod e««:lively bn:akl IIIe hfe cycle of ,,"II marsh ':"'S· 
quilOCS. Im(lO\lndmenlJ Ilso provide habilll for certain waterfowl. wading ~,rdl, 
11Ii,aton. Ind OIhe. wildlife. thou'" pcrlIaps II the expen'" of Oilier organisms. 
For uample ... nless lhen: ano specill arranlCm(:nIS for I ...... 10 cnler ~nd 
luse' animals 10 JO bock Ind fonh bctwoen !he e>luU)' and !he llhallow ''.''
pounded wilen. !he CSI<Wine nursery functiom of !he manti Ire lost Wllh 
impoundmenl <MOIltlglK eill.. 198~. 19871, 198Th; hreivil <I II.. 1987; Zoic 

<I II.. 1987). . f 
Impounding m'rshc. for mosquilo conlrol hu ruulled in the ~Ite""on_o 

45'" of lhc Indian Rivt1 Lagoon's marsltel (Allantic coull. TIt .. llIOWIU'1O 
eontrol practice has not been pR:'IIllcnl liong the Gulf COlIC IlOl only beelU", 
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clc:vclopmenl ha$ lagged here. bul al$O because tidal I'lIlgeJ are much ,,"Le' 
• Ion, 1M Gulf rout Ihan in lhe Indian Rivc. Lagoon. Orcaler Jidal I'In", 
"gnifiuntly reduces ... 11 marsh mosquilo;o.breeding are. (Pro_I, 197), 1974. 
1976, J 977). 

~her Altera/ions 

Slullow impoundrnml5 ha-c.oo bcm COftSIroaed in intm,dlJ rna",," tolel)' 
to bene/it fiolland wildlife, IlOlably ducks. Impounded mushes arc .wc«UfulJy 
manlsed fc. wildlife aI [he Di", Dani", (Sanibel bland) and lhe 51. Marb 
Nal'oml Wildlife Refuges. 

Dam, on rivef1 IraI' scdif'JlC:nlJ arw,l may red""" t/Ic ..,dime,,! .v.illbl~ for 
.aT! manh dcyclopmcnt (Mud< and Parker, 198~). In the MilSlasippi Rive. 
deli., levees constructed 10 .tlbiliK river channels and control floodin, h • ...., 
rcmo~ the supply of scdimcm 10 ;nLenidll mmlles. 1'hcse Kdimelll-SlIrvcd 
marshes can 110 longer grow ",,"kIll), to keep pace wilh risinl sci level, and 
1~l'Je up.anSCI or marsh an: diuppeannl ('l\Imcr. 1m; Browder cc at .. 1939). 
o.mlon die Apolathicola Rlvc. ml)' aff«t the (uture C~lClII 01 ro.ulal marshc:s 
,n Ap.:Ita.:h~ Oay and perhaps etscw~, deptndi"l upon 1hI: fUlu~ d;~
lion of U'an~pon 0( fine S('(j,menlf .l$ sca le",,1 rises. 

In &Orne .reas .... be:re lbe: ~nera! .J'IPt ..... ~ of in«ttidal mll$be:$ $C(:ml 
unch.n,ed. uSC by fish and .... ,Idlife m.y 'till be reduced b~ ne.rby di$!Ur_ 
M.nee! (l\Oisc. dimacli~~ mo""mcnt) or took malerial$ (streel dr.inoge. indus_ 
lrial effluent. Ind solid WUtc.). 'These more in.idious red"",iOllI in use by n.h 
.nd wildlite are difficult to use$l .... ithout ~lIl:fully conlrolled Studiel (Odum. 
(970). 

El1gineerif19 Uses of Il1ter1ld~1 Marsh 

Intenid.1 marshes ha"" been .... ;"nrulI~ con~ by adJult;n, lho eleva
t,on and.1ope of otdiments and replaminl mlrsh lrustl or by simpl~ IWlilinl 
n.lurll "<'gCllt'''<' gmwth on lho otd'mcnll (Krone:, 1982). Where the hydn>-
1"~i~.1 reGilllC ..... s suitable, ml"'" ,r",sc, Ind some associ.ted Ofgan;sms have 
~n) .... n in l um-tnlle. of humon Drillin such.l$ ,ravel Ind broktn pavement. One 
"f ul (1fTO) hu obscrval mlJ"lih ,rllse. growing Ihroullh road asphalt Mili_ 
j;,lIon projccli in hydraulicilly less IU;lable .re .. hne n(JI been.l$ SUCCUlful. 
The ~tel of leg.lly requ;red mlt'&alton (addrascd in Chaper I I) ftlqUire 
prod""in, fuU~ fUllC1ional erosylle"";n a Iohon time, which hal been difflt\llt 
,n m.ny CIlStl. Proacti"" ccoIo&ial engineerina. how.:""r. may oIIYllle oomc 
"f these ronccm. by provid,n, lOme mardi functions, t"""lh ilOCOmpicte fOf a 
lOme. in areas .... lIere lhey are needed. 
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Salt marsh ecosystems may be used to t~ w'lIe. Nutrlcnl-rich .... aters 
fmm trelted ..,wlle It;mullte and Ire .bso<bed plnly by intett;dal mlJ"lihts . 
'The nUlrienii occclerate produo;tivily and Cln enh.roc:c eSluarine nursery func· 
1;011. of ma ... he. (M.rsh.ll. 1970). Allhoogh odding se ..... ge 10 nllural """he. 
is COIItro""rsial, new ;nlenidal m.rshe. may be COIIIINCled ••• buffer bel .... een 

.., ..... '" oulfans .nd ellua""l. 
A ..,,,,ooipilOU' eumple one 0( ul (trrO) has ~ OYCl' some )'tars i. 

the sewage wasle oulRow from. small trealment plant II !'on Arlnsas. Tau. 
WlMe! we", rekascd to a bini SIIld nil SW\in,.t.out 19S0. kI the popu"tton 
~W. wasteS increased. Now the~ II an upltU""" manh wilh a wmtion of 
. pccies OUlward from the oulf.lI. F",shwaler caltail mll$h oc.:urs immediately 
.1'0I,II><I llIe oolf.ll. Bcyood Ihll i •• sail mlrsl1 of SlH'niIUJ Ind JUIlCUS through 
whl,h Ike waslewllers drain before relChing &<Ij.aml COIIIIII .... Ile ... 

Eoonomic activilies on tand generate discharges. Slorm Nooff from "ree" . 
.w: .... age in vlriOUS deB",es of lreatment. and even tome indullrial wute. now 
flow d,~I~ inlO many coulll ...... ers .... ilhool r,m PUSln, thsough coaslll 
marshes. By first Rowin, throua:h binds 0( intettidal marsh ..... bstantts in tt.:se 
di.w:lwJcs may b<' lrIndormcd inlo rtIOft inl'1OCUOUl and even uKfu! r""". by 
be.n, bound into lXiamc mauer, Iuitd in arne,,". or «KIvencd;1\IO gase. 
Ind vapors. Heavy melals can e'o'Cn be ",mo""'" by marshes (WoI""tton and 
Sound •. 1988). 

In mlnlging Ind reltorina mlrshes and buildin, inlerfaa:s belween human 
SClllemen15 and eStulricl. w.: sl>ould remember tke hlc!lIfI:hieal. branching. ~nd 
lOpering geomelry of I 'yllem o( tidll ,,,,ek •• which II buill b~ Il'It ..,If_g.· 
nillnll m~rsh as ilf o .... n funct;onll pcrfonn.u>o;e imp<O>'eJ. Fot Ulmplt. ralher 
Ihan ",!uare-<:Om<'red. bl>lkl'ltodtd ~fi nger canals" for boats or for mosqUIIO 
~'o'CnlOon.. hieran:hicll. tapc:nn, ' .... 10 with ",nlly lloped banb provide ..,If· 
nU"'lnl and an ;lIIettidal lurf_ for the IfO""Ih of IOIt'OC sall marsh. In thll 
wly. IItttSS is supplied for smlll bolls. and belle. lidal nushin, t"C<Iuces Ike 
,""muillion 0( lO~ic bottom-painl leachate and the depletion of dissolV<'d 
ooy", •. Beller flushin, II also • key 10 salt marsh mosqUito c:ocotrol. 'The mon: 
geomelrically natural canal, hl'o'C blinks thac are inelpc:nl''o't to constnltl and 
Ire .w:lf_mainlaining; ",ildlife and nursery role. on: retained • • nd vettieal bulk· 
head ",.11 •. which trode and . re dlngerous to child",n, Ire avoided. 

[ksign and impltmcntallon of lioRl creeb in COIIIINCIed ...... he. i. I lit .... 
en,ineering challen", lhat tan be met with .ppropriate consideration 0( Ike 
lmounl 0( hydraulic lidal ent'l1 ... hit: ancIlho ruilUII>o;e of the marob 10 
eroslOll. Adding I,dal ~~kl .llows ~I wate .. 10 CIrculate throIIgh Ike 
manh and p<O>'idt:s euenl,.1 IICttU for fish. .... adin' birds, and 0111« .q .. allC 

.nlm.I •. 
Oc.cnnininllke ", .. I value or all the n~lural (ulIO;\,on' or inlenidll mltsh<:s 
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~"d effcc' ivcly mit;gat;n, these vailles remain scientific and economic impera_ 
tives (or rescarch. Scientific as wcll as social controversy remains. how<:ver. 
'''cr ways of evaluating nalure. Several ways to quantify ;m"nidal marsh val_ 
ucs an: pre<ent«! in Chlpccn 8, 9. and 10. Each way yields a different vllue 
because each differs in what is measuml. One OlCthod. MEMERGY .ynllle,isM 
",pelle<! with an m, for embodied energy). estimate. the public vlluc or inlcr_ 
"d.t marsh by evalua,ing the work of nalure and il< percentage in the 100ai 
work or the coaSial CCOJ>omy (Odum and Odum. 1987), This approach csti_ 
m'l~S ,the marsh's indirect ,u!'POn of the economy through (u""'ioo. stICh 1$ 

rece,v.ng and trca,ing Waste. or proteCling the co •• t from '(O<mS. Nalural pr<>

ce .. ". thus contribute to tile public welfare without requiring lUes. 
-:-Itemative approaches com>"". the economic ml"'.' value. the human 

",dhngness 10 pay for maflh (or lO pay for being .... ufl'd th.1 healthy marsh 
sull eXIII,). and the marginal value of marsh ... it fl'1.te. 10 the market value 
?f a m."h-dependcm prodtICl .tlCh., blue crabs. As lhe iss"" of monk ~alue, 
~' a<idfl"sed m<>fl' .nd m<>fl' in lhe coor!> (Ke Cupter II), a dear di"inclion 
!n each case ",ill be ne.ce'$ary bet"'een individual human rights (market value) 
and the "",Ifafl' of the public economy (natufl"S direcl and indirecl work for lhe 
public, of which the public may 001 be awafl'). 

The proce.se, that ge"Crate each of these kinds of value afl' .bown in the 
e"Crgy .y.lems diagram in the IDlrodl>Clion (sec MgUfl' 1.1). Martet value i, 
measured by lhe now of mooey at the inlerface of the eco,ystem with the 
coa,t.1 ecotIQmy, as Wllh the $aJe of fishery products. I'I.tbhc v.lua~on involves 
the extensive environmental basi, for productiQll of "'eaIth (on the left 'ide of 
Ihe d,agr.m) for which no m<>lley i, ever paid (money;, only paid to people, 
hut the work of the marsh is considefl'd to be free), 

Much of the hislOry of Florida', econQmic development h .. invol~ed inter
tidal marshes and their val"" •. Perceptions on the one ~nd have ",nged from 
wonhless, mosquilo-ridden. briny ",.,leland. that needed to be "reclaimed" to 

a more modem view of marshes as a place of beauty, lhe ba,i, of f"heries, rell 
c.tate 5C<:nlC vi.tas, and pan of Our life_.upport system to be protected. 

Development pre .. ufl's Ifl' illCfl'lIing around many Gulf towns Ilear expan. 
. ive marshes .. Ilewcomers discover the n.tural beauty and serenilY of the area 
(Crystal River. Cedar Key. and Steinhatchee, for e .. mple). An appreciation of 
lhe .hislo,?, o.f :he cffecl$ of uncontrolled ~outal development elsewhere in 
Flonda ~'U, 'I." ho.ped, encoo"'ge all FIoridiM' to m<>re effectively preserve 
lhe rem.,nmg ,ntertldal mll$hes (and Iheir inveSlmen!) for the future. 

Al(empling • publicly acccpl&ble balance amoog marsh Pfl'servatiOll, ~se, 
and de~dopmem within lbe: eo.:ooomic diversity of the co.,tal zone is an ongo> 
109 pol,!!c&l process that inVOlves management agencies, businesses, citizen 
groops, and (he rouns. Teaching the nltu",lIy subsidized public values of in_ 

Cloy L. MOMi<lg"t <lnd Howard T. Odum 29 

tenidal marshes will create a more infonned public &I future decisions are 
mode. It is hoped th.tthis txxlk will become an inlegral p.n of thi5 educational 
process. 

End-of-Chapter Note 

Gro .. primary production i. the formation of organic matter from raw malerial> 
(carbon dioxide, ",ater, nutrient.) u.in~ visible sunlight Ind .ided by Olhcr 
energy input •. i.e" water circulatiQll and infrared i,wlalion (which may a, d 
lran'pi"'tion by salt marsh plam.). The "Ct production wilhin the mll$h. how
ever, is of special interest to those' considering the organic food maner that goes 
into the estuary to support all aquat;,: food ch'ins_ltimately the growlh of 
mMy commercial.peeie, of shrimp. crabs. and (i,h. Because much of the gro"" 
pholOsymhe.i, is being used by the respiralion of planl (issues. anim.ls, and 
some microorg.nism. at the .. me time IS the production is occurring. ",h.t i. 
often measured i. the difference between productioo and cOllcu.,..,nt consump. 
tion. The diffefl'nce belween gross production and respiration is "net prod",,· 
tion.M Although there are m.ny uses of this tetm in this txxlk and els.ewherc. 
the term """t prim<lry production" is only properly us.ed when only plam res
piration is ,ubtl'Xled from gross produeti"". If respiration by unk""wn animal 
and microbial component. is included, the interpretation of net produc,iun 
becomes difficult. Reported rneasufl'ment, nf net production in inlenid.1 ml\rshcs 
are highly variable (Montague and Wiegen, 1990). Grell clution is required 
",hen comp.ring net production amoog various coooilions of measurement . If 

net producti"" in the same system is meuured over III hour, I d.y. I mont h, 
a season. a yur, or 10 years. entirely different fl'.ult. are obIaine<!. becau ,e 
different amount. of con.umplioo are included. The .horter the time, the i re"e' 
,he ..,;0 of produetion to conlumplion, and thus the greater lhe net communit y 
production appears. Likewise. inclusion of different ImOUnts of area ,Iso re
sui" in diffefl'nt fl'suh •. GrtOle, oreas arc more likely IQ include m<>re of the 
larger (bul raret) con'umers, Although m,:aSUfl'ment. of Ilet production ",ay 
differ for OIher technical fl'aso'u. tbe time and spatial scale of measure men, 
must be considered first in comparing measufl'mentl of nel produclion. 
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